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RESEARCH ON THE CRITICAL 
POINT OF WATER. 
By Dr. J. Haviicex. 

In his study of the properties of steam in the 
neighbourhood of the critical point, Professor H. L. 
Callendar* has shown that the border curves of 
water and steam do not join up continuously in a 
horizontal tangent at the critical point, and further, 
that, at this point, neither (52) nor (<4) is zero, 

Ov/T Cov!/T 

as is required by the hitherto accepted theory of van 
der Waals. He has, in fact, shown that, when the 
meniscus vanishes at the critical point, each of 
these expressions has a finite value, differing from 
zero. Hence, both the specific heat of water and 
that of steam remain finite instead of becoming 
infinite at the critical point, as has hitherto been 
assumed. 

In support of these experimental results, the 
present writer intends to give here an account of 
a theoretical investigation, made in 1915, in which 
he studied the change from an “ideal” liquid 
to an “ideal” vapour, both phases retaining their 
ideal properties at all temperatures and at all 
pressures. It was hoped to obtain from the simple 
results thus reached, guidance as to the behaviour 
of actual liquids and vapours. 

The equations deduced, on the assumptions stated, 
showed that the border curves of the ideal substance 
would meet in a cusp and not in a horizontal tangent. 
They also showed, that, as confirmed by experiment, 
there was a critical temperature above which only 
the gaseous phase could exist, no matter how 
high the pressure. These results show that the run 
of the border curves, as determined experimentally 
by Callendar, in no way conflicts with the laws 
of thermodynamics, but is, on the contrary, in- 
herently more probable than that deduced from the 
equation of van der Waals. It seems, therefore, worth 
while to publish a description of these theoretical 
studies, which were commenced in 1915, were 
then interrupted and are still incomplete, but may 
perhaps be considered as a starting point for some 
similar inquiry into the change of an actual liquid 
into an actual vapour. 

Most natural phenomena are too complex for 
direct mathematical treatment, the equations in- 
volved being beyond solution by any method as 
yet known. The actual problem must therefore 
be simplified, a procedure which, though it involves 
a departure from the actual facts of the case, repre- 
sents at any rate an approach to them. The results 
thus obtained are necessarily in error, but may be 
accepted as approximations, valid within certain 
limits which should be specified, and the magnitude 
of the error estimated. It may thus prove possible, 
in this way, to deduce correctly certain results, 
and to use these results as the foundation of a 
more complete theory in which due account is 
taken of the many special properties of actual 
substances, 


* Proc. Roy. Soc., vol. exx, and ENGINEERING, vol. 
©XXvi, page 530 et seg. (1928.) 











The change from liquid to vapour is a pheno- | 
menon of extraordinary complexity. The many | 
formule framed to represent it, whether purely | 
empirical or based on the kinetic theory of gases 
or on thermodynamics, are at most correct only 
in part, or in principle. A complete solution of 


the problem, satisfying all objections, and applicable 


to all substances, is still to be sought. 
The importance of the formula of van der Waals, 


viz : (p a _ b) 


\ 
o ) (v 
beyond dispute. It represents 


the variation of the latent heats of evaporation. 
Fig. 7. 
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NoTE.—In Fig. 1, 
AB=-—A dp 
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aa ae A Rd [log (p + K)]. 


and the specific heats, although the absolute values 
are not in accord with the facts. The formula 
leads, however, to a general law applicable to all 
substances and to all states of aggregation whether 
liquid or vapour. From it was deduced the fertile 
law of corresponding states. It is proposed, in 
what follows, to examine whether, and under what 
conditions, this law will retain its validity in the case 
of ideal liquids and ideal vapours. 

With many liquids the coefficient of expansion is 
constant within wide limits. The ideal liquid will 
be assumed to have the following properties : 
(1) At 0 deg. absolute, the volume is not zero, but 
has a definite minimum value which will be denoted 
by b; (2) the temperature and pressure coefficients 
will be assumed to satisfy a modification of van der 
Waals’ formula, based on the fact that at low 


pressures the term a 


but at high pressures and temperatures becomes 
negligible in comparison with p. Hence, we shall 
replace the variable term — 
that the equation of state for the ideal liquid takes 
the form (p+k)(v—b)=RT.; (3) the ideal 


remains nearly constant, 


by a constant k, so 


RT, has been established 


approximately 


liquid will, moreover, be assumed to retain its 
fluidity right down to the absolute zero of tempera- 
ture, and the solid phase will, for the present, be 
disregarded. 

The ideal gas is commonly assumed (in accord- 
ance with the kinetic theory and with numerous 
| experiments) to have as its equation of state the 
| expression p v = RT. 

A closer agreement with observation is obtained 
if we assume that in no conditions can the volume 
be reduced below a minimum represented by b; 


RT 


we then get v — b and this is the form 


| which will be adopted here. It will also be assumed 

| that b for the liquid is the same for both phases. 

| In developing the equation for vapour pressure, 

|it will be assumed that both the liquid and the 

| Vapour retain, in all circumstances, their ideal pro- 
perties, even in the neighbourhood of the satura- 

| tion line. 

| By combining the first and second laws of thermo- 

| dynamics, it can be shown that, if c, denotes the 

| specific heat at constant pressure and c, the specific 

| heat at constant volume, then 

| [2% | -AT (= : 


Op JT 0 ™), 
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[Sele T (sae), 
From the equations of state assumed for the 
ideal liquid and the ideal vapour, it follows that 
ev 


both (se) and (2S 


ny P o 
0¢ cc 
($2 ] = Oand [°°] - 0. 
Op jt ov 
Integrating these expressions, we get 


5 constant + fi (T) 
Cy = constant + f, (T) 


where the functions f; (T) and f,(T) are arbitrary 
and may each be a constant. This is the case with 
the ideal gas of the kinetic theory, the specific 
heats of which are both independent of the tempera- 
ture. 

Experiment has shown that, for many liquids, cp 
remains constant within wide limits, and in the 
case of the monatomic gases the constancy of cp has 
similarly been proved to hold good from tempera- 
tures approaching the absolute zero up to the 
highest attainable. 

Hence, in the following theoretical discussion it 
will be assumed that the ideal liquid has a constant 
specific heat cy = c, and, similarly, that for the ideal 
gas the expression cp = ¢, + R holds good at all 
temperatures and pressures. 

On this basis we note, on referring to the entropy 
diagram reproduced in Fig. 1, that 

AF= AB+BC+CD+DE+EF 
= AB+BE+EF 
= GH+HI+CA. 

Substituting for these measured lengths their 

physical equivalents, we thus get 





) are zero, and hence 
- 





AR.d [log (p + k)] + S + ep d[log T] = AR. [log p] 
+$+d8-+c.d [log T], 


-. 
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2 
or | Then (5) takes the form m (c — Cy) were also constant and independent of 
— d8 = (c — ep) dlogT + AR. [log p] — ay the nature of the fluid, the equations above found 
A R.d [log (p + k)]. Feet + B, would hold good for every substance, and we should 
Hence ss | have 
— S = (c — cp) log T + AR. logp — | the solution of which is | ¥ = 
A R log (p + k) + constant, log ———~ = constant (- loga + 1+ loga, — =) 
_ constant: | y¥+1 - 
or y= —ax+at+B+ —— 
p e% | and 
—S = (c — ep) log T+A R. log —— + constant (1) | 
pt+k Hence, replacing y, 2, a and B by their values, we | mS = m(c — cp) (2 = : 
From Clapeyron’s equation, the increase in| get | - ) 
entropy due to evaporation is | p ice i. tS pee According to the law of corresponding states, 
ee dT ae. log Pes “ae z °8 - i a o8T) | m (c — ¢p) is the same for all substances. 
S=A(v—s) 5 aio : (2) | - constant “i In the case of water, we have 
But as si | a m (¢ — ¢p) = 18(1 — 0-45) = 10. 
v= — th ade pt+k + 6, | which is the equation to the saturation pressure of| [f this value be assumed to hold good with 


| our ideal fluid. 


and on substituting these values in (2) we get : : 
. (2) . Substituting the value thus found in the equation 





“se RT RT . | : Per 
S=A ( . “ae :) aT (3) | for the entropy, we get ; 
When v = 8, we have S=0. This will be the} — S = (c — cp) logT + AR. log reo (¢ — ep) log Ty 


case when p = #, as the expression on the a of | 
(3) then vanishes, since p is then si aor to p+ k. | 
In this case, (1) takes the form — 0 = (c¢ — ty) | 
log Ty + 0 + constant, from which the value of | 
the constant in (1) is found to be — (c — cp) log Ty, 
where T, denotes the boiling point corresponding 


(c — cp) log T — (¢ — ep) log T + (c — ep) + 


AR 
(c — cp) log Ty+ T constant — (¢ — cp) log Ty 


R 
- , constant. 


A 
= (¢ — Cp) + 
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SN eee 


other fluids, we should get, as a general law for the 
saturation pressure, the expression 


log + =5[ - loga + 1+ log a — £°| 


ms = 10 (@ — 1). 
a 


Thus for, « = 1, y = 1, the equations take the form 
log} = 5(— 0 + 1 + log ay — a), 


y 
and 
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stant, we put T= Th, 
p=), and S= 0, and 
we thus get 
AR 
am! 0 25-16 = a Ryecednas 
¢ (c Cp) +4 T 
0 12 constant. 
-%3 -% -2A -22 - 18 -16 -#4 +4 +8 + +14 + +18 +20 +22 
766 B ms —>Entropy of 1Mol ane i 
( ) PY ENGINEERING in (6), we get 
to p=. This constant of integration may, how- | 7 Pp et ee c — Cp 
ever, assume other values in the case of actual | ptk AR AR 
substances. Adopting the above value, however, | Pai " nia 
equation (1) becomes | + yR eT - aR oe 
s] . ” y" ¥ Pi. —_ 
8S = (« ¢p) log T + AR. log | E tm [- i ici . = 
= ; og } + log Ty — ; 
p (c — ep) log Tp. | AR ™ 


whilst 


If we substitute in this in the value of S from | 


Clapeyron’s equation, we get 


S = (ce — co) | _ 1 |, 


oP _, r P nee 
— A (v — 8) Fa = (¢ — cp) log T + AR. log p+k The latent heat of evaporation is then 
ms — (¢ — cp) log Ty, | ee ee 
| 
A (* ae a ) dp (c —cp)logT | There isa definite boiling point, T;,, corresponding | 
P pt+k dT | to the pressure p =k, and we may express all 
- AR. log —? — (c — cp) log Ty | temperatures and pressures in terms of T; and k, 
p+ |so that 
Hence, T =aT,x and p = yk. 
q AR k 1 are . - 
ART ( 1 P i) 77 a Ly ee oF | On substituting these values in the equations | 
aii p J -s deduced above, we get 
= (c — ep) log T AR. log (c — ep) log Ty) | 
pt+k yk c — Cp 
(4) log ( ; ) =——. [- log a + log Tx 
But eee = 
kd P Pp a, T; 
sph 728 soy + 1 + log ay + log Te — bs 
so that (4) can be written in the form ” oe a] 
log : >| - log@ + 1+ loga,— —° |, 
d log. es ; = A “s 8 F % a | 
—AR. or & = > (c—cp) logT + AR. log Ps p — | whilst 
— (¢ — Cp) log Ty (5) S = (c.— cp) [= — 1 |, 
Let us put . 
p | ' a In these expressions (c — cp) and R are the only 
4. "3" log T = 2, {R= @ and | terms depending on the nature of the fluid. 
¢ er | But if m be the molecular weight, then for all ! 
A R : igases we have mAR = 1-982. If the quantity 











To determine the con- | or 








— log 2 = 5 (1 + log ap) — ap), 
| 4.0.5 

0- _ 
| = 1 + log a — a, 
|or 
| ay) — log a» = 1-138, 
so that 


a = 1-608. 


if Hence the entropy corresponding to the latent 
pe eat of evaporation when « = | and y = 1 is given 
| by the formula 

| 


mS = 10(1-608 — 1) = 6-08, 


| and the general equations become 


eee 1-608 1-608 x 
ae 5 (1+ log m3 ) (7) 
| ms = 10 (* moe 4) (8) 


If the temperature be referred to Ty, instead of 


| to T;, whilst still expressing p in terms of k, (7) and 
| (8) take the forms :— 
‘ - 
| log 7 = 5 (1+ log - — =) (7A) 
; and 
mS = 10 (— —] ). (8A) 


| Values obtained from these latter expressions are 
given in Table I, on page 3. 

Though, on the assumptions made, the same 
formulas for the saturation pressure and the latent 
| heat of evaporation will hold good for all substances, 
this is not the case with the entropy, if this be 
| computed for one mol. of the substance under dis- 

jcussion. This will vary from fluid to fluid, because, 
| whilst the product m (c — Cp) remains constant, both 
mc and mc, vary with the molecular constitution 
| of the fluid. 
| In plotting the entropy diagram for water, 


me = 18, and mcp = 8. 
With p constant, we have 
Sw —- 8S) =m c log. = mc (log a — log ap) 


| Sp — Sp = mcp (log a — log ap). 
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With T constant, we have for water 
S, —S, =AR. [log (pg + k) — log (p, + &)] 
= AR [log (v2 + 1) — log (y, + 1)) 
and for steam, 
8, — 8, = A R (log 7, — log 7). 

The entropy diagram for the “ideal” water has 
been plotted in Fig. 2 from these equations. The 
transition from one substance to another is easily 
made, and we proceed now to show how Fig. 2 may 
be applied to other substances.* 

In the case of solids, the molecular heat is, accor- 
ding to the law of Joule and Kopp, equal to the 
sum of the atomic heats of the constituent atoms. 
With some exceptions, these atomic heats may be 
taken as constant, as found by Dulong and Petit, 
the value of the constant being six calories. With 














TaBLeE I. 
Entropy 
Temperature. Pressure. for 1 mol. 
a. y: 8. 
| 
1-0 | a 0-00 
0-996 | 100 0-05 
0-934 | 33°3 0-71 
0-872 17-3 1-42 
0-809 ey | 2-30 
0-747 | 4-18 3°35 
0-685 1-9 4-50 
0-622 1-0 6-00 
0-591 0-74 6-92 
0-56 | 0-526 7-90 
0-529 | 0°378 8-92 
0-497 0-256 10-00 
0-466 0-135 11-40 
0-435 0-1063 12-85 
0-404 wt a aa -.| 0-0614 14-75 
0-373 —Ci«w yj aia ee -.| 0-03075 16-8 
0-342. —w««z 2S ae -.-| 0-0142 19-2 
0-311 a RY Pee -.| 0-00535 22-0 
0-28 ag ite we -.| 0-00150 25-0 
"0-249 —w ae Ey -.| 0-000288 30-0 
0-218 .. wa ee ..| 3°04x10-5| 35-7 
O-187 .. re a --| 1°5x10-6 43-4 
0-1555 xg aa — 54-0 
G-1268 .... as i FO “= 70-0 
0-0934 .. aa ae at -- 97-0 
0-0622 .. is te af — | 150-0 
0-0311 | _ 310-0 
\ 





substances of complicated chemical constitution, 
the molecular specific heat of liquids and gases may 
change in similar ways, but in corresponding states 
the product m(e—c,) remains the same for all 
substances. Thus, in corresponding states, the mc 
of any fluid must be equal to the m c of water + «,. 
In the same way, the equation 
Mm Cp = [m op Ino + ay 

must hold for the gas. 

Hence the difference in the molecular entropies of 
two states A and B must be the same for all sub- 
stances in their equivalent corresponding states, but 
the entropy diagrams plotted for one mol. may 
differ greatly. 

The hydrogen molecule consists of two atoms, and 
for it the value of m cp is less than for water. There 
are 12 atoms in the benzene molecule, and its m cp is 
greater than that of water. Hence, the entropy 
diagram for hydrogen seems twisted to the left when 
compared with that of water, whilst that of benzene 
is distorted in the opposite way. 

The water diagram may, however, be applied 
to other bodies, with fair approximation, if we 
alter the adiabatics by a correction + a, found by 
a comparison of its properties at some particular 
point with that of water in the corresponding state. 
The new adiabatics thus obtained are based on the 
following considerations: In Figs. 3 and 4, let the 
lines of constant pressure for two substances having, 
respectively, molecular specific heats mc, and 
m Cy + a, be represented as indicated. We then 
have 





AB=d8,=".dt, 
MN=d8,=°T "au, 
ACadS,="*"?. at, 
at 
Ban «2, 
T 


The equation of the new adiabatic, as plotted in 
the original diagram, is, therefore, 


S = +alogT + constant. 





* See Dr. 5. Havlitek, ‘‘ Kritik der Warmekraft- 
‘maschinen ” Technische Mecanik Erginzungsheft der 
V.D.I.-Zeitschrift, vol. 1xix, December, 1925. 





All the adiabatic lines being congruent, it is 
sufficient to determine one of them, since all others 
can be obtained by parallel displacements of this 
line. 

The adiabatics for benzene and hydrogen have 
thus been added to Fig. 2. This diagram shows that, 
with an ideal water represented by the equation of 
state (p + k) (v — 6) = RT, and of an ideal gas 
with the equation of state p (v — b) = RT, the laws 
of thermodynamics require the existence of a critical 
temperature T,, above which the substance in 
question can only exist in the gaseous phase, even 
if the pressure be infinite. It follows, further, that 
the border curves cannot pass continuously into each 
other in the manner assumed by van der Waals, 
but must meet in a cusp, which was exactly what 
was observed by Callendar in the case of water. 

In developing our formula for the saturation 
pressure, both liquid and gas have been assumed 
to be “ideal,” characterised by a constant specific 
heat ¢ for the liquid and a constant value of cy for 
the vapour. Neither condition is satisfied by any 
real fluid. The specific heat of liquids near the 
saturation line increases with increasing pressure, 
whilst in the same neighbourhood the specific 
heat of the vapour is higher than if it be slightly 
superheated. As the temperature rises above the 
saturation value, cp at first falls rapidly, but at 
still higher superheat it slowly increases again. 
This latter phenomenon has been observed to 
occur with all gases except the monatomic type, 
such as helium, argon and mercury vapour. The 
higher the pressure the greater is the specific 
heat of the vapour near the saturation line, and its 
value is probably a maximum at the critical point. 
This rise of specific heat was first established by 
Knoblauch and Jakob, whose paper was pub- 
lished in the Z.V.D.I. in 1912, page 1918. 

Corresponding to this increase in the specific 
heat. there is an irregularity in the rate of expansion 
of the fluid. In the case of the liquid, we have 
then 


v= BT + b+ a4 correction, 
pt+k 
whilst, for the vapour, we have 
v= = + b — acorrection. 


From this it follows that : (1) In the neighbour- 
hood of the saturation line the volume of a real 
liquid is greater than that of the ideal liquid. (2) In 
the same region the volume of the vapour is smaller 
than that of the ideal vapour, and at the critical 
point the actual volume is hardly more than one- 
third to one-fourth of the ideal value. 

These phenomenon may be explained by the 
following hypotheses: Up to a certain temperature 
neither vapour nor liquid is really homogeneous. 
Dissolved in the liquid are a definite number of 
vapour molecules, the proportion being fixed by 
the laws of mass action. The presence of these 
molecules causes the volume of the liquid to increase 
more rapidly than would that of an ideal liquid. The 
higher the temperature the greater the proportion 
of vapour molecules dissolved, and, consequently, 
the more rapid is the increase of liquid volumes. 
At a certain “critical temperature,” the liquid 
will contain in solution some 25 to 30 per cent. of 
its own weight of vapour molecules, and its structure 
is thus loosened and its cohesion lessened, so that it 
becomes incapable of maintaining a level surface. 
It seems to turn into a gas, with the same two 
phases present as before this stage was reached. 
From considerations of continuity it may be assumed 
that both phases continue to exist in equilibrium 
according to the laws of mass action, but, as the 
temperature is further raised, the liquid phase 
begins to disappear and finally vanishes at the 
theoretical critical temperature of the ideal sub- 
stance. This ideal critical temperature is higher 
than that at which the meniscus disappears. 

As the saturation pressure is lowered below the 
critical, the proportion of water molecules in the 
vapour rapidly diminishes, vanishing when the 
pressure is reduced to zero. Another hypothesis is 
that, in steam near saturation, beside the simple 
molecules there are also co-aggregated multiple 
molecules. Moreover, the dissociation of simple 
molecules may possibly have some influence on the 
vapour state. By the fact that the expression 





RT 
Pk Uk 
the critical point which lies between 2-85 and 4-5, 
the vapours of all these bodies would on the 
second hypothesis, at the critical point, have to be 
composed of multiple molecules ; the values found 
experimentally for different bodies are given in 
Table II. For simple molecules, the theoretical value 
is unity. 


has, for all bodies so far examined, a value at 




















Taste II. 
RT RT 
Substance. — Substance. os 
PR Ue Pr VK 
Argon 2-853 Todine 3-7 
Krypton 3-014 Bromine 3-8 
Xenon .. 3° 232 CO2.. 3-486 
Hydrogen 2-860 Benzene 3-755 
Oxygen 3°5 Ethylene 3-885 
Nitrogen 3-663 Water 4-458 








The equation obtained above for the saturation 
pressure of an ideal fluid, is not in good accord with 
that representing the behaviour of actual fluids. 
The discrepancy may be due to a number of causes : 
the equation of state adopted for the ideal liquid 
may be inexact, and the assumption of constant 
specific heats may be unjustified. 

The equations for the ideal fluid might be brought 
into better accord with observation if specific heats 
varying with the temperature only were adopted. 
It might then become possible, by applying the 
laws of mass action to Callendar’s formula 

Vv H-st 

‘oe h—el 
to pass from the entropy diagram of the ideal to 
that of real fluids. 











THE NEW ENTRANCE LOCK OF THE 
NORTH SEA CANAL TO THE PORT 
OF AMSTERDAM. 

By Brysson Cunnincuam, D.Sc., M.Inst.C.E. 


AFTER constructional operations extending over 
a period of fully ten years and costing a sum of 
about 1,600,000/., the large new lock, a view of 
which is given in Fig. 1, page 4, at the entrance to 
the North Sea Canal at Ymuiden, Holland, forming 
the principal approach to the port of Amsterdam, 
is expected to be in commission shortly. It is the 
largest structure, though exceeded in length, but 
not in width and depth, by Lock No. 8, on the 
Welland Ship Canal, now in Service. The dimen- 
sions of the new North Sea Lock at Ymuiden are 
400 m. (1,312 ft.) in length, 50 m. (164 ft.) in width, 
and 15 m. (49 ft. 3 in.) depth over sills. The locks 
of the Kaiser Wilhelm or Kiel Canal, connecting 
the North Sea with the Baltic, are 300 m. (1,083 ft.) 
in length, 45 m. (148 ft.) in width, with 13-77 m. 
(45 ft.) depth over sills. The Panama Canal locks 
have standard dimensions of 1,000 ft. useful length, 
110 ft. width between side walls, with depths of 
41 ft. 8 in. over sills for the fresh-water locks and 
40 ft. over sills for the sea locks. 

The inception of the North Sea Canal, which has 
a length of 153} miles, dates back to 1863. For 
thirty years prior thereto, the principal approach to 
Amsterdam had been by the Great North Holland 
Canal, 50 miles in length, with its entrance at Nieu- 
wediep, near the Texel Roads, and affording passage 
for vessels up to 16 ft. draught. Before this and 
right up to the Nineteenth Century Amsterdam’s 
sole connection with the sea lay through the Zuider 
Zee, which, with its mud bars and sand flats, 
restricted the draught of shipping to 12 ft. 

When the North Sea Canal was opened for traffic 
in 1876, it was provided with a couple of entrance 
locks, the larger of which was 120 m. (394 ft.) long 
and 18 m. (60 ft.) wide, with a depth over sills of 
8 m. (264 ft.). The rapid development in sea-borne 
traffic soon necessitated the construction of a new 
and enlarged lock entrance, which was opened in 
1896. As will be seen from the general plan in 
Fig. 2, it was constructed parallel with the original 
locks and north of them, with a curved connec- 
tion leading into the canal. It had a length of 
225 m. (737 ft.), a width of 25 m. (81 ft.), and a 
depth over sills of 10-15 m. (33 ft.). At this point 
it should be explained that depths in the canal and 
its subsidiary works are measured below N.A.P. 
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(Niew Amsterdamsch Peil), which is the water datum | 
for Holland, and corresponds to half-tide level of the | 


North Sea at Ymuiden, mean high water being 


0-74 m. above and mean low water 0-87 m. 
N.A.P. 


below | 
| lock at the level of 6 meters below N.A.P. 


The dimensions of ships continued to expand | 
rapidly, and very soon it was realised that another | 


and still larger lock was required in order to accom- 
modate the larger class of vessels trading to and 
from Amsterdam. A commission, appointed by 
the Netherlands Government in 1909 to inquire 


into the matter, reported in favour of a Jock with | 
dimensions of 350 m. (1,148 ft.) by 40 m. (131 ft.) | 


by 13-5 m. (44} ft.). Then the war intervened, 


and when the project was resumed in 1917 and | 
excavation work actually commenced in 1919, the | 
dimensions decided upon were those already given | 


in the paragraph above, viz., 400 m. by 50 m. by | 


15 m. It was considered that possible further 


| 


developments in shipbuilding required a larger | 


margin than that adopted by the commission, 


and, on the other hand, it had to be recognised from | 


a study of the littoral contours that a depth of | amount to more than 4 m. 


15 m. below N.A.P. marks a practical limit to which | 
the other dimensions must needs conform. 


Fig. 4 
is a typical cross section, while a longitudinal 
section is given in Fig. 5. 

The following table gives a statement of the 
external and internal water levels of the canal at 
various stages of the tide. External levels :— 


Highest water level 3-7 m. above N.A.P. 
Ordinary high water 0-75 - % 
Ordinary low water 0-9 below 
Lowest low water 2-5 »» ” 


Internal levels :— 


0-2 m. above N.A.P. 
0-5 m. below 
0-8 


Highest water level 
Ordinary water level 
Lowest water level 


” 


” ” 


With the highest known external water level of | 
3-7 m. above N.A.P. the internal water level would | 
simultaneously be not less than 0-3 m. below N.A.P., 


so that the maximum difference in level will not | 


Fig. 3, | 


opposite, shows a horizontal sectional plan of the | 
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Differences greater than 
1-75 m., in fact, will be exceptional. 

The contemplated ultimate enlargement of the 
canal provides for a bottom width of 100 m. with 
a depth of 15-5 m. below N.A.P.  Provisionally, 
a bottom width of 75 m. and a depth of 12-5 m. 


| below N.A.P. will suffice for immediate requirements. 


The outer harbour and canal approaches are to be 
dredged to corresponding depths. 
On account of its abnormal size, in addition to 


|the peculiarities of location, the lock presents a 
‘number of points of interest in design and con- 


struction. 

Drainage.—The site had to be carefully studied, 
especially in regard to the foundations. The 
projected depth of the excavation was such as to 


| render possible serious interference with underground 


water supplies, which were utilised by local indus- 
tries and for domestic consumption in several 
neighbouring towns and villages. It was ascertained 
by means of borings that the ground consisted 
mainly of beds of fine and coarse sand, intersected 
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by three horizontal layers of clay, lying respec-| at 40 m. below N.A.P. a trial drainage was made. 
tively at depths of 17 m. to 18 m. below N.A.P.,| At a certain point filters were placed between 
38 m. to 40 m. below N.A.P., and about 100 m. 18 m and 40 m. below N.A.P., and 70 litres of 


below N.A.P., as in Fig. 6. The water in the upper- | 
most sand bed was brackish, due to percolation | 
from the canal, but below the first bed of clay | 
perfectly fresh water was encountered as far as | 


| water per second were pumped out. Around this 
point, at distances of 40 m., 60 m., 200 m., 400 m., 
600 m. and more, groups of observ ation pipes were 
| placed. Each of these groups consisted of three 





the second clay layer and even to about 105 m. | pipes which terminated in filter points at depths of 
or 110 m. below N.A.P., overlying the brackish | 16 m., 32 m., and 48 m. below N.A.P., as indicated 
and salt water underneath. The topmost water- | in Fig. 6. One terminated above the upper clay 
bearing stratum had a free table; the lower | layer, “the second between the upper and middle clay 
fresh water was under pressure. The danger lay in| layers, and the third below the middle clay layer. 
penetrating the first clay bed, which acted as a| Before pumping began, the water in these pipes 








cover to the fresh-water reservoir, thereby dis-| stood at nearly the same level. 


turbing the equilibrium between the fresh and 
brackish water and causing contamination in the 
water supply to Ymuiden and elsewhere. Below 
the 110-m. level the chlorine content increased 
rapidly from 40 mg. per litre to about 15,000 mg. 
per litre at a depth of 125 m. below N.A.P. The 
isolation of the excavation below the uppermost 
bed of clay was therefore an obvious necessity. 

The investigation of the conditions is thus 
described by Mr. J. A. Ringers, the Chief Engineer 
in charge of the works at the time, who is now 
— in directing the Zuider Zee reclamation 
WOrks, 

To find out the bearing of the layer of clay 





During pumping 
no change was observed in the highest bores, but 
the water went down considerably in the middle 
water basin and less in the pipes with the lowest 
filters. This was only possible if the upper and 
the middle layer of clay extended over the whole 
of the lock site. The slight fall in the under water 
indicated the termination of the middle clay layer 
at some distance from the lock site. 

The conclusion arrived at from these experiments 
was that to enable the work to be constructed in 
the dry, it would be necessary to surround the exca- 
vation with steel sheet piling extending to between 
the first and second clay beds. On account of the 
heavy expense involved in this procedure, it was 





decided to limit it to the lock heads and to find 
some other expedient for dealing with the lock 
chamber. 

The pits for the lock pierheads were accordingly 
formed by enclosures of steel sheet piling, as shown 
in Fig. 7, of a length of 26 m., extending from 13 m. 
below N.A.P. to 39 m. below N.A.P., 7.e., 1 m. into 
the lower clay. The driving of the piles was not 
attended by any special difficulty. Two water 
jets were used under a pressure of 9 atmospheres 
(128 Ib. per square inch). The final 2 m. were 
driven without the aid of the jets in order to 
avoid piercing the clay bed. 

The removal of the top spoil entailed special 
precautions on account of the upward pressure 
of the confined water in the middle stratum, 
which would have tended to lift the top clay bed 
as soon as the weight of the overlying sand was 
removed. Before opening out, therefore, a number 
of wells were sunk and provided with filter points 
from about 22 m. below N.A.P. to 32 m. below 
N.A.P., as in Fig. 7. By pumping from these wells 
the level of the water in the middle stratum was 
reduced from 9 m. to 11 m. below N.A.P. Under 
the pressure due to the reduced head, equilibrium 
was established between the weight of earth 
above 18 m. below N.A.P. (the specific gravity 
of the material being nearly 2), and the hydrostatic 
pressure of 9,000 kg. per square metre. For the 
purpose of minimising the extent of pumping 
operations, it was decided to deal with one pierhead 
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at a time, and the inner pierhead was commenced 
first. The rate of pumping in these relief wells was 












| with the two caisson chambers and the system | increasing to 60 sq. m. (645 sq. ft.). The axis of 
of levelling culverts passing round the chambers. | the culverts at the outlets is directed towards 


from 70 litres to 80 litres per second, which was | Fig. 17 is a plan of the inner pierhead and caisson | the lock gates so as to diminish the possibility of 
found to meet requirements. This, of course,|}chamber. Details of the various parts are given | turbulence against a ship’s sides. With these pre- 
represented so much loss to the fresh-water basin ;|in the sections Figs. 9 to 16 and Figs. 18 to | cautions, longitudinal culverts have been aban- 
and, in order that the pumped water might not | 22, respectively. Views of the pierheads during | doned in favour of a system of double sluices or 
be wasted, it was conveyed through a pipe line | construction are shown in Figs. 27 and 30, Plate I. | culverts confined to each pierhead, that is, round 





12 in. in diameter to the provincial water supply | 


station at a distance of 4 km. from the site. 
Pierheads.—The pierheads were founded on a 
system of bearing and sheeting piles of reinforced 
concrete, driven after the excavation had been 
carried out. The inner pierhead rests on 3,500 
bearing piles and 1,000 sheet piles; the outer 
pierhead on 7,000 bearing piles and 1,500 sheet 
piles. The object of the reinforced concrete sheet 


piles is to prevent water passing under the sills | 
when the longer steel sheet piling—employed, as | 


described above, for temporary drainage purposes— 
shall have disappeared or become impaired by 
corrosion. 


head piling. In making use of the piled foundation, 


it was considered that the settlement of the structure | 


would be very trifling and approximately the same 
for the heavy portion (the walls) as for the lighter 
portion (the sills). One disadvantage, however, 
of such a foundation is that the walls have no 
bearing on the substratum, particularly as at 
Ymuiden the water jet was used for sinking the 
piles. Consequently, no account could be taken of 
friction between the underside of the walls and the 
surface of the ground as an absorbent of the 
horizontal forces. For that reason it was necessary 
to buttress the walls effectively, and where this was 
not practicable to drive inclined piles to take the 
horizontal thrust. 

Detailed plans of the pierheads are given in 
Figs. 8 and 17. Fig. 8 shows the outer pierhead 


Fig. 28, Plate I, shows some of the pier- | 


‘eross sectional area of 26-50 sq. m. (284 sq. ft.)! municipal extension works for filling in certain 


The question of the foundation for the side walls | the outer pierhead (for reasons to be dealt with 
|of the lock chamber involved not only the econo- | later) and across the inner pierhead. 

_mical consideration mentioned above, but also the| In conformity with this solution, the side walls 
determination of whether the culverting system | of the lock chamber were constructed as simple re- 
|for lock levelling purposes could be satisfactorily | taining walls on a piled foundation (see Fig. 4, Fig. 16, 
|limited to the neighbourhood of the pierheads, | and Fig. 29, Plate I) at a much less cost than would 
instead of being continuous along the side walls, | otherwise have been possible. The foundation level 
as is commonly the practice when it is desired to| of the walls is 7-50 m. below N.A.P. and on the 
avoid turbulence, the water entering the chamber completion of the walls the chamber floor was 
being in this way distributed over a wide area ;|deepened from 7-50 to 15:50 m. The walls are 
sufficient depth must of course be provided to locate | sheet piled in front with conerete piles having a 
the culverts at a fairly low level so as to avoid direct | length of 12 m. and the remarkable thickness of 
impingement on the sides of a vessel in the lock. | 0-53 m. (almost 21 inches). 

A series of experiments specially made at the} All piles, sections of which are given in Figs. 25 to 
German State Hydraulic Laboratory at Charlotten- | 29, numbering in the aggregate 15,500 bearing and 
burg, Berlin, with a model of the lock to a scale | 3,500 sheet piles, were precast and matured in most 
of 1/40th, demonstrated that a system of pierhead | cases for 60 days before driving. The water jet was 
culverts would be feasible, subject to certain restric- | used (30 litres, say 7 gallons per second under a pump 
| tions involving the rate of manipulation of the| pressure of 128 Ib. per square inch) to facilitate 

penstocks and the cross sectional profile of the} sinking; the final metre of depth was driven by 
|culverts. Accordingly it has been arranged that | means of a steam hammer weighing about 4,000 kg. 
the raising of the penstocks shall take 9} minutes | (9,000 lb.). With a stroke of 2} ft. the final set 
| for the purpose of filling the chamber in 12 minutes | was 2} mm. to 3mm. per blow. The piles sustained 
| under a head of 4 m. With a normal head of 1} m. | a test load of 100,000 kg., or about 100 tons—the 
the filling can be done in about 7 minutes. The sec- | actual in situ loading does not exceed 50 tons. 
| tional profile of the culverts is rectangular, tapered | Excavation.—The total quantity of excavation 
inwards at the bottom near the penstocks. Figs. 19} has amounted to about 20,000,000 cub. m. (about 
/and 20 show the form adopted. In addition the | 26,000,000 cub. yd.). The spoil, which consisted 
| culverts are enlarged about 2} times from the pen- | largely of sand, was mainly conveyed in barges to 
| stock to the outlet ; that is to say they have a normal | Amsterdam where it was utilised in connection with 
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Fig. 23 


23. F.I.A.T. RAIL-CAR WITH AIRLESS- 
HEAVY SHEET PILE. 


INJECTION ENGINE. 


THE abundant water power available in Italy renders 
railway electrification in that country a particularly 
attractive proposition, and the conversion from steam 
to electrical operation is being rapidly pushed forward 
on all the main lines. There are certain districts, 
however, where the traffic conditions hardly justify 
such conversion, and in these areas, experimental 
services have been run for some time with locomotives 
driven by heavy-oil engines, or with rail cars having 
similar motive units. The first locomotive of this 
type, which was put into service some four years ago 
in southern Italy, was built at the Stabilimento Grandi 
Motori of Messrs. the F.I.A.T. Company, at Turin. 
The locomotive incorporated a full Diesel engine of the 
company’s submarine type, and was fitted with electric 
transmission. The engine operated on the two-stroke 
cycle, and had six cylinders developing a total of 450 
brake horse-power, at a crankshaft speed of 500 r.p.m. 
This locomotive is still running, and has operated quite 
successfully throughout its four years of service. 

Following on this, the Italian State Railways 
ordered four rail-cars from the same company. These 
rail-cars were also fitted with electric transmission, but 
instead of a two-stroke Diesel engine, four-cycle airless- 
injection engines were employed for the power unit. 
These engines were again of the six-cylinder type, 
| developing 200 brake horse-power at 750 r.p.m. The 
| first of these rail-cars was put into service early in 1928, 
jand the second somewhat later, while the remaining 
low-lying marsh lands. About 40 per cent. of the | two have just been completed. The two cars in service 
total amount, principally in the approaches, has|°™° reported to have given every satisfaction to date. 

>I pally PP : The design is illustrated in Figs. 1 to 6, on pages 7 and 8, 
been dredged, partly by bucket dredgers and partly | hut before entering into details, it may be mentioned 
by suction dredgers. | that a locomotive with a similar engine and transmission 

Excavation in the dry was carried out in succes- | is engaged on haulage work in the F.I.A.T. car works 
sive stages. The entire site with a general natural | at Turin, and that two similar locomotives are now 
level of 8 m. above N.A.P. was first brought down | under const ruction for shipment to Italian Somaliland. 
to 5 m. above N.A.P. From this level to 8 m. below | Finally, it may be added that both a locomotive and a 
N.A.P., the work was divided into two sections. | rail-car have been constructed, each fitted with an air- 
Two systems of draines . atid. te | less-injection engine developing 180 brake horse-power 
‘ a Ss ee ee ee | at 1,500 r.p.m. Full details of these two units are not 
known as the primary drainage, with filter tubes | ot available, but it is interesting to note that the 
sunk to 20 m. to 34 m. below N.A.P., served, as | Crankshaft speed is higher than that previously 
previously described, to reduce the hydrostatic | ¢mployed by any maker of airless-injection engines. 
pressure of the fresh water on the underside of the; Turning now to the rail-car forming the subject of 
layer of clay. The secondary drainage with filter | our illustrations, a general view of the complete vehicle 
points from 14 m. to 16 m. below N.A.P. dealt with | is given in Fig. 1. There is seating accommodation 
the brackish water above the clay. Under the dual | for 8 persons in the first-class compartment, and for 
system, the excavation was lowered to 13°50 m,| 20 Persons in the third-class compartment. The 
below N.A.P_ Thaesad ale ‘li | overall length over buffers is 18-15 m. (60 ft. approxi- 
thal ex ere ed ‘ lg ect piling, o | mately), the length of the body is 17-2 m. (56-5 ft.), 
Larssen type piles weighing 155 kg. per square | the width of the body being 2-86 m. (9-4 ft.). The 
metre, was driven and the sealed enclosure formed, | total weight of the vehicle in running order is 44 tons ; 
within which the excavation was lowered to the it has a minimum speed of 55 km. per hour, and is 
fina! depth. | capable of climbing a gradient, when fully loaded, of 
| lin 20. The minimum curve which can be taken is one 
| of 80 m. (264 ft.) radius. The frame is carried on two 

bogies, the distance between the bogie centres being 
ot ie res Nee . _ | 14-075 m. (46-2 ft.). The two axles on the front bogie 
2 a aay Poe he Seeih production | are 2 m. (6-50 apart while those on the rear bogie, 
totalled 400,900 tone during the period January to| *° 2-15 m. (7:1 ft.) apart. The two forward axles 
The main frame 


to | 
Mary | 
carrying the body is fitted at the two ends with the 


spon 
thre standard couplings and buffers employed on the 
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. 1929, compared with 332,900 tons in the corre- | only are driven from the engine. 


ng period of 1928, and 319,300 tons in the first | 
‘months of 1927. 




















Italian State Railways, and is suitably strengthened 
at the forward end to carry the driving unit. The 
body is built partly in wood and partly in steel, and 
incorporates a driver’s compartment at each end, an 
engine compartment, lavatory, separate compartments 
for luggage and postal packages, first and third class 
compartments for passengers, and an entrance vestibule 
between the two latter compartments. The vestibule 
is entered from either side through swing doors, and is 
separated from the passenger compartments by doors 
of the same type. Sliding doors are provided for enter- 
ing the luggage compartment from the outside, and 
through communication is provided between all the 
compartments. In addition, there is a door at each 
end of the rail-car for intercommunication when the 
vehicle is hauling one or more trailers. The roof is 
supported on steel and wood beams, and is covered 
on the outside with larch protected by impermeable 
fabric. The interior fittings are generally similar to 
those in other rolling stock in use on the State railways. 
The windows are of large size, and can all be lowered. 
The equipment of the rail-car includes both hand and 
Westinghouse air brakes, operated from either control 
compartment, and acting on all eight wheels. The 
brakes on the forward bogie can be seen in Fig. 2. The 
sanding gear and whistle are operated by compressed 
air, and the car is lit electrically, the accumulators also 
serving for certain auxiliary services. The passenger 
compartments are heated in winter by circulating the 
engine cooling water through radiators. Illustrations of 
the engine compartment are given in Figs. 2, 3 and 5. 
The off-side of the engine can be seen-in Fig. 5, 
while the near side is shown in Fig. 4. A section 
through one of the cylinders is given in Fig. 6. The 
engine was specially designed for locomotive or rail-car 
work, and, as already mentioned, is of the six-cylinder 
type operating on the four-stroke cycle. The cylinders 
have a bore of 200 mm. (7-84 in.), and the piston stroke 
is 270 mm. (10-7 in.). The normal power developed 
is 200 brake horse-power at 750 r.p.m., but the engine 
is capable of developing 220 brake horse-power for 
short periods. It is of considerable importance that 
the engine should be well balanced on a rail-car, as 
vibrations would be communicated direct to the passen- 
gers, and as is well known, the six-cylinder line ahead 
engine is balanced as regards both primary and secon- 
dary harmonics if the the reciprocating parts are of 
equal weight. The latter point has received careful 
attention in the engine for this vehicle. The engine, 
together with the dynamo, is carried in a stiff cradle 
of cast steel, as shown in Fig. 4, this cradle being rigidly 
bolted into the main frame of the car. At the engine 
end, the cradle constitutes the base of the engine, 
or lower half of the crankcase, and forms a reservoir 
for the lubricating oil. The upper half of the crankcase 
and the cylinder block are in one piece, as shown in 
Fig. 6. This portion of the engine is also of cast steel. 
The cylinder liners are separate sleeves of close- 
grained cast iron, and as will be clear from the same 
figure, are held by a flange at the top, and have freedom 
to expand through glands in the horizontal flange 
forming the base of the water jacket. The cylinder 
heads are steel castings, held on to the cylinder block 
by means of studs. There is a separate head for each 
cylinder, and each head carries two inlet valves, two 
exhaust valves, and the atomiser, the latter being 
in the centre of the head. Only one inlet and one ex- 
haust valve are shown in Fig. 6, as this drawing of the 
head is a false section taken through the centre of the 
seatings of these two valves. The inlet passages are 
cast in the head on the near side, and the openings 
are bridged by a manifold communicating with the 
crankcase through the auxiliary-gear casing, as shown 
in Fig. 4. The exhaust gases leave on the off-side, 
and are delivered into a silencer located in the roof, . 
as shown in Fig. 2. Again referring to Fig. 6, it 
will be seen that the piston is made in two parts, 
bolted together. The upper part, or crown, is made 
of stainless steel, and is grooved to take five piston 
rings. The lower part is made of aluminium alloy 
and forms the skirt. As will be clear from the illus- 
tration, the latter is ribbed internally, and carries 
the bosses for the gudgeon pin. A sixth piston ring 
is located at the joint of the two parts. The con- 
necting rods are steel forgings of circular section, 
lightened by being hollow bored. The gudgeon pin 
works in a phosphor-bronze bearing in the connecting 
rod, the ends being held in the piston. The big-end 
bearings are split, and are fitted with phosphor- 
bronze bushes with white-metal linings. The crank- 
shaft is a single-piece forging of nickel-steel, and is 
carried in seven bearings lined with white metal. The 
shaft is provided with a flange, on which the flywheel 
is mounted, at the forward end. The timing gear is 
driven by skew gearing at the rear end of the shaft, 
and the drive for the fuel pump and the governor 
is also at this end. It will be observed from Fig. 6 
that the camshaft is completely encased, but it can 
readily be inspected at any time by removing one of the 
three large covers on the front of the casing. These 
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covers, which are of aluminium alloy, are clearly visible | 


in Fig. 4. The valve gear is shown in Fig. 6, but it 
should be explained that there are three cams per 
cylinder on the camshaft; The central cam actuates 


the two inlet valves by means of a single push rod, | 


terminating at the top in asingle valve lever, with 
forked arms bearing on the two valves. The outer cams 
work the two exhaust valves by means of separate 
push rods and rockers. The valves are made 
stainless steel, and the ample size of the seatings, 


of | 


together with the effective cooling arrangements, will | 


be clear from Fig. 6. 


As already stated, the fuel pump is located at the | 


rear end of the engine. 
each cylinder, and these are operated by six cams 
on the fuel-pump camshaft. The pump body is of 
steel, and the quantity of fuel supplied to each atomiser 
is regulated on the by-pass principle. There is thus 
an inlet, an outlet, and a by-pass valve for each pump 
plunger, the last-named valve being controlled by the 
governor in the usual way. The fuel pumps are, in addi- 
tion, provided with a separate control shaft, operated | 
from the driver's compartment by a compressed-air 
servo-motor, by means of which the by-pass valves can | 
be held open to stop the engine. The governor is of the 

centrifugal type, and is mounted directly on the end 

of the crankshaft. All the more important bearings 

throughout the engine are lubricated under pressure, 

the lubricating pump being of the gear type. This 

pump is placed with the fuel pump and other auxi- 

liaries at the rear end of the engine, and is driven by 

gearing from the crankshaft. There are two radiators, | 
the first being mounted along the main portion of the 

roof, as shown in Fig. 1. This radiator is made up of 

20 interchangeable elements of the finned type, the 

elements being in copper. The end header reser- 

voirs are of cast iron, and the radiator has a cooling 

area of 52 sq. m. The second radiator is of the 

horizontal tube type, and is also mounted in the roof, 

but directly over the engine compartment, as shown in 

Fig. 2. The air is drawn through the radiator by the fan 

shown in the same figure. This radiator can be cut out 

ip winter by means of a three-way valve. The cooling 

water is circulated by a motor-driven centrifugal 

pump, which is independent of the engine. This 

pump can be seen in the lower right-hand corner of 

Fig. 3. 

The transmission system may now be considered. 
As will be clear from Figs. 2 to 4, the main dynamo is 
mounted on an extension of the engine bed-plate, 
the two units being direct-coupled. The generator is 
of the separately excited type, and has six main and 
six commutating poles. It is designed for a normal 
output of 85 kw. when running at 750 r.p.m., the 
maximum voltage being 360 in these circumstances. 
The machine will, however, safely withstand a con- 
tinuous overload of 100 kw. at 450 volts for periods 
not exceeding one hour. The generator runs at constant 
speed, the speed of the traction motors being altered 
by varying the excitation current on the generator by 
the insertion of resistance in the field circuit. This 
has the effect of varying the voltage on the motors, 
and therefore their speed. The traction motors, of 
which there is one for each axle of the forward bogie, 
are series wound, and, like the generator, have six 
main and six commutating poles. They are provided 
with ventilating fans, and drive on to the axles through | 


There is a separate plunger for | 
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spur gearing with a reduction ratio of 21 to 74. When 
running at 810 r.p.m. the motors take 150 amperes at 
400 volts, but they are capable of withstanding an 
overload of 220 amperes, at the same voltage, for one 
hour. They are connected in parallel on the main 
dynamo circuit, and are reversed by reversing the 
direction of the current through the armature winding 
with respect to the field windings. 

The machine for the field excitation of the main 
generator is bolted to the top of the casing of the latter, 
as shown in Figs. 2 to 4, and is belt-driven from a pulley 
on the end of the main-generator shaft. It has an 
output of 85 amperes at 190 volts when running at 
2,000 r.p.m. Besides serving for the excitation of the 
main generator, this machine provides current for 
such purposes as the circulating pump and fan motors, 
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and also for charging the accumulators. The latter 
are of the nickel-iron type, and supply current for 
starting up the main engine, and also for lighting and 
other auxiliary purposes. The main engine is started 
up by utilising the main generator as a motor, which for 
this purpose is furnished with secondary windings In 
series with the armature. Duplicate controllers are 
fitted in the two control compartments. These con- 
trollers are provided with resistances for varying the 
excitation of the main generator, as explained, and 
with contacts for reversing the armature current of 
the traction motors. ; 

As regards the electrical auxiliaries, the pump unit 
for the circulating water, already referred to, can be 
supplied with current either by the field generator or 
from the accumulators. The pump runs at 2,400 r.p.m.- 
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_RAIL-CAR WITH AIRLESS INJECTION ENGINE. 


CONSTRUCTE TURIN. 
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and has a capacity of 250 litres (55 gallons) per minute 
against a head of 23 m. (76 ft.). The power required 
forthe motor is 2-2 kw. The air compressor for the 
brakes has a capacity of 355 litres (12-5 cub. ft.) per 
minute at a pressure of 7 atmospheres, and absorbs 
26 kw. The radiator fan has a capacity of 700 cub. m. 
(24,717 cub. ft.) of free air per minute. It runs at 





370 r.p.m. and takes 4:5 kw. 
In conclusion, it may be mentioned that tests carried 
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out on the engine in the maker’s works included a 
reliability test of 100 hours at 180 brake horse-power, 
followed by a further 30 hours at slightly over 200 
brake horse-power. Throughout this test the engine 
ran smoothly, and no involuntary stops occurred. The 
fuel consumption averaged 190 grams per b.h.p.-hour, 
and the lubricating oil consumption averaged 5 grammes 
per b.h.p.-hour. As regards tests carried out on the 
complete vehicle, a number of such tests were carried 





out in May, 1928, on the Trofarello-Chieri and Chivasso- 
Aosta lines, in all of which the vehicle gave complete 
satisfaction. It was afterwards put into service under 
guarantee on the Florence-Faenza line, and up till 
January 17 in the past year had run 14,475 km., repre- 
senting 376 hours’ running. During the whole of this 
period no trouble was experienced, and the unit is 
still giving satisfactory performance in service. The 
fuel consumption in grammes per b.h.p.-hour is shown, 
in relation to brake horse-power developed, in Fig. 8, 
while the speed in kilometres per hour, in relation to 
the total load on various gradients, is shown in Fig. 7. 


Tue Wortp’s Trin Consumprion.—The total world 
consumption of tin during the period from January to 
September, 1929, was 125,178 tons, compared with 
113,084 during the corresponding period of 1928, and 
102,351 during January to September, 1927. 
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YEAR BOOKS AND ANNUALS. 


Forcke’s Manual of Electrical Undertakings.—As we 
have often pointed out, the electrical industry is 
exceedingly well documented, but the value of much 
of the data is not so high as it might be, owing to 
the delay which occurs in making it public. Congratu- 
lations are, therefore, due to the compilers of Garcke’s 
Manual of Electrical Undertakings, the thirty-second 
edition of which has just been published by the Elec- 
trical Press, Limited. Fisher-street, London, W.C.1. 
(price 35s. net), for producing a volume, the statistics in 
which have been corrected to September, 1929. At this 
stage in its history, it is hardly necessary to state in 
detail exactly what this useful book contains, except to 
say that its contents may be conveniently divided into 
five sections, which cover electricity supply and trac- 
tion, telegraphy and telephony, electrical manufac- 
turing, British Dominions, and a directory of officials. 
It is, perhaps, also needless to add that the book is 
larger than before. The Progress Section at the 
beginning of the book shows that the amount of 
capital subscribed to 1,618 undertakings in all branches 
of the electrical industry now amounts to over 
944,000,0001., of which electricity supply accounts for 
359,000,000/., and manufacturing, rather surprisingly, 
for only-166,000,0001. This is a good reason, if one 
were needed, for making better use of the sums in- 
vested in the former branch. The average overall rate 
of dividend paid was 6-18 per cent., the figure for 
electricity supply being 6-46 per cent., for manufac- 
turing 8-43 per cent., and for traction 4-39 per cent. 
Much of the information given is as complete as, and 
certainly more up to date than, can be obtained else- 
where, and “ Garcke,” therefore, is likely to be in- 
creasingly referred to during the coming twelve months. 





The ‘* Practical Engineer’? Mechanical Pocket Book 
and Diary, 1930.—This year book, published by 
Mr. Humphrey Milford for the Oxford University 
Press, Amen House, Warwick-square, E.C.4, is now 
so well known that the great majority of our readers 
will no doubt be familiar with the arrangement and 
scope of the contents. In reviewing the forty-second 
edition, attention may, therefore, be confined to the 
changes which have been made with respect to earlier 
issues. Of the new notes, perhaps the most important 
are those relating to steam traps, reducing valves, 
steam-control valves, water-tube boilers, and Diesel 
and other oil engines. Space does not permit of our 
referring to the additions in detail, but it may be said, 
in general, that every effort has been made to keep the 
work in phase with the latest developments in boiler 
practice, although an exception occurs in the case 
of pulverised-fuel firing. The only reference to this 
important development appears to be a description of 
the Resolutor pulveriser, and it would add to the 
value of the pocket book if some short notes were given 
on the increasing application of pulverised-fuel firing, 
both on land and sea. It must, of course, be appre- 
ciated that the selection of the data for a pocket book 
from the mass of material available is a problem of 
great difficulty, and must, to some extent, always be a 
matter of opinion, but short notes on current develop- 
ments are undoubtedly of great value to the busy 
engineer. The book has been brought up to date 
by the inclusion of the latest Standard Specifications 
issued by the British Engineering Standards Associa- 
tion. The price is 2s. 6d., in cloth binding, and 3s. in 
Pluviusine. 

All the World’s Aircraft—The 1929 edition of 
the informative annual, founded by the late Mr. F. T. 
Jane, viz., All the World’s Aircraft, reflects, in its own 
growth, the great increase of activity in this branch 
of engineering. The number of aeroplanes dealt with 
in this volume is 664, as compared with 548 in 
the last one, and 61 more pages in the aeroplane 
section alone are required in which to describe them. 
In addition to many quite new machines, certain 
of those illustrated by photographs only last year are 
now fully described. It is interesting to note that the 
aeroplanes dealt with are all proved practical machines, 
freak and experimental aeroplanes, of which the year 
has seen several examples, having been ignored. The 
same practice has been followed in the engine 
section, which has further been improved by the 
rejection of types of engine showing a tendency to 
become obsolete. Engines, to the number of 163, are 
now dealt with, as compared with 148 last year, and 
illustrations of swash-plate and compression-ignition 
engines that have actually been flown are described 
for the first time. Naturally, the airship section is 
considerably extended also. The sections dealing 
with foreign air ports, particularly as regards civil 
aviation, are full of interest. The descriptions of 
French and German aviation developments are 
excellent, while the interesting account of Russian 


civil and military aviation can by no means be neg- 
lected. The volume reflects great credit on the Editor, 





Mr. C. G. Grey, on the compiler, Mr. L. Bridgman, 
and on the publishers, Messrs. Sampson Low, Marston 
and Company, Limited, 100, Southwark-street, Lon- 
don. The price of the volume, as of previous editions, 
is 42s. net. 





Jane’s Fighting Ships, 1929.—The thirty-third annual 
issue of the fully-illustrated account of the navies of 
the world, known as Jane’s Fighting Ships, should 
attract more than the usual amount of attention just 
now when the air of the political world is filled with 
talk of naval limitations. The volume, however, 
indicates, by the completeness of its information, 
which has been added to right up till the moment of 
publication, that naval constructors are still working 
to increase naval efficiency. Thus, in the section 
devoted to Germany, a plan and particulars are given 
of the remarkable 10,000-ton cruiser, or, more correctly, 
battleship now building, with her electrically-welded 
hull and her Diesel engines of 50,000 h.p., providing a 
rated speed of 26 knots. Again, in the Japanese sec- 
tion, the formidable-looking cruiser Nachi, the anti- 
submarinenet-layer Shirataka, and the destroyer Fubuki 
will all be found to include up-to-date features ; for 
example, the last-named vessel has gas-proof gun houses 
instead of open shields for the guns. The French flotilla 
leaders, the largest and most heavily armed afloat, are 
dealt with. Of these vessels, the Verdun recently 
reached a speed of 40-18 knots on her trials. The latest 
photographs of British ships include one of the later 
stages of construction of the cruiser York. Generally 
it may be said that there appears to be an increasing 
disposition on the part of foreign governments to 
contribute information, and the editors, Messrs. Oscar 
Parkes and F. E. McMurtrie, are again to be com- 
plimented on producing such a comprehensive work. 
The book is published by Messrs. Sampson Low, Mars- 
ton and Company, Limited, 100, Southwark-street, 
London. The price, as in former years, is 42s. net. 





The Practical Engineer Electrical Pocket Book and 
Diary for 1930.—A number of compilers of electrical 
pocket books include the various rules and regulations 
with which the industry is beset, we hardly like to say 
as padding, but as appendices which their readers 
may find useful for reference. The editor of the 
Practical Engineer Electrical Pocket Book and Diary for 
1930, which is published by Mr. Humphrey Milford, 
Oxford University Press, Amen Corner, London, at 
2s. 6d. net, has adopted the wiser course of redistribut- 
ing the tables from the Wiring Regulations of the 
Institution of Electrical Engineers over the sections 
to which they are most appropriate, and has in this 
way added a certain official cachet to the informa- 
tion which he gives. As we noted last year, a con- 
siderable amount of space is devoted to illumination, 
and on this occasion the section has been brought up 
to date by adding some interesting information regard- 
ing the lighting of cinemas. The section on telephones, 
however, requires enlarging, or, if that is not possible, 
bringing up to date. Inthe traction section, something 
might be added about Diesel-electric locomotives, 
while we are not sure that the figures, due to Mr. R. 
Hammond, for the depreciation of electrical machinery 
still have the authority that once attached to them. 
As a whole, however, the book should prove extremely 
useful to those for whom it is intended. 


Diaries and Pocket Books.—We have received a 
handsome pocket diary from The Association of 
Engineering and Shipbuilding Draughtsmen, 96, St. 
George’s Square, London, 8.W.1. In addition to 
postal and other general information, it contains 
80 pages of technical data, useful hints, tables and 
formule.—A neat little leather-bound pocket diary 
has reached us from Messrs. The General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2. Several pages of useful information intended 
for electrical engineers are included.—Messrs. The 
Staveley Coal and Iron Company, Limited, Foundry 
Sales Department, near Chesterfield, have forwarded 
to us a useful leather-bound pocket diary, which con- 
tains a considerable number of pages of tabulated 
information relating to cast-iron pipes for water, 
gas and sewage. Many other tables of miscellaneous 
data are also included.—A neat leather-backed pocket 
diary and season-ticket case combined, has come to 
hand from Messrs. R. White and Sons, Railway Engi- 
neering Works, Widnes, Lancashire. The book contains 
illustrations of the firm’s principal products, namely, 
points and crossings, tipping wagons, railway track- 
work, and aerial ropeways.—Messrs. Ateliers de Con- 
structions Electriques de Charleroi, Belgium, have 
sent us a useful pocket diary containing a number of 
pages of tabulated data mainly dealing with electrical- 
engineering matters.—We have received from Messrs. 
Fried. Krupp A.-G., Essen, a useful leather-bound 
diary containing over 150 pages of general-engineering 
data, conversion and other tables, and formule. 











THE LATE MR. M. MANNABERG. 


Tue death of Mr. Maximilian Mannaberg, which 
occurred on December 18 last, at his home, 48, Hans 
Mansions, London, S.W.3, after a long illness, removes 
an important figure from iron and steel circies in this 
country. Mr. Mannaberg, who was intimately con- 
cerned with the manufacture of basic steel in England 
almost from the commencement, was born in 1857 at 
Leipnik, Moravia, then a province of the Austro- 
Hungarian Empire, but now a portion of Czecho- 
slovakia. He received his general education at a 
school in Leoben and afterwards studied science 
in Vienna. He came into contact with Messrs. 
S. G. Thomas and P. C. Gilchrist, the inventors 
of the basic-steel process, while still in his early 
twenties and came to this country in 1884 at the 
request of the latter. He was given the task of 
constructing, and subsequently managing, the basic- 
steel plant at Wishaw of the Glasgow Iron and Steel 
Company. Three years later, he visited India at 
the request of the British Government, in order to 
report on the possibilities of steel-making in that 
country. Upon his return, he proceeded to Froding- 
ham, Lincolnshire, to manage a new installation in 

which the basic process was being adapted to the 
open-hearth furnace. Prior to 1888, work at Froding- 
ham had been limited to the manufacture of pig 
iron from Lincolnshire ores, but, when Mr. Manna- 
berg retired from the position of manager in 1920, the 
Frodingham Works had become one of the great steel- 
producing centres of this country. It is interesting to 
record that, largely owing to his initiative, the Talbot 
continuous process was introduzed at Frodingham in 
1905. During the European war, Mr. Mannaberg was 
mainly responsible for the reconstruction and reorganis- 
ation of the Scunthorpe Steel Works of The Appleby 
Iron Company, Limited, which had been acquired, 
in 1912, by The Frodingham Iron and Steel Company, 
Limited. 

At the time of his death, Mr. Mannaberg was a 
director of The Frodingham Iron and Steel Company, 
Limited, The Appleby Iron Company, Limited, The 
United Steel Companies, Limited, Messrs. Bolckow, 
Vaughan and Company, Limited, and Messrs. Eston 
Sheet and Galvanising Company, Limited. He took 
a prominent part in the formation of the British 
Engineering Standards Association, and was a member 
of the main committee of the Association until the 
end. He was largely instrumental in the establishment 
of the National Federation of Iron and Steel Manu- 
facturers, and, until quite recently, served on the exe- 
cutive council of that body. He was also a member 
of the National Fuel and Power Committee, the Area 
Gas Committee and the Melchett-Turner Conference, 
and was a member of the Council of the Federation 
of British Industries. He was elected a member of 
the Iron and Steel Institute in 1888, and, after serving 


‘for many years on the Council, became a vice-president 


of the Institute. He was a founder member and one 
ot the first. vice-presidents of the Institute of Fuel, 
and afterwards became a member of the Council. 
During a period of nearly 50 years, he rendered devoted 
and unselfish service to the country of his adoption. 
Although an important figure in the iron and steel 
industry, he never sought publicity and was little 
known outside his own profession. 








THE LATE MR. WILLIAM BROWN. 


THE death of Mr. William Brown, which took place 
on December 24, will be deeply deplored in shipbuilding 
circles generally, and particularly on the Clyde. His 
association with the firm of Messrs. William Simons 
and Company, Limited, of Renfrew, commenced with 
his apprenticeship 1n 1866, and continued throughout 
his life. He was born in Glasgow in 1850, and, after 
receiving his early education at the Renfrew and Paisley 
Grammar Schools, entered Glasgow University, where 
he had the good fortune to be under Professor Rankine. 
He remained with Messrs. Simons on completion of his 
apprenticeship, and became assistant manager on the 
engineering side in 1872. Twelve years later, he was 
made a partner, a position already occupied by his 
father. On the death of the latter in 1907, Mr. Brown 
was elected chairman and managing director of the 
company, which position he retained to the time of 
his death. The work of the firm during the period 
of his directorship is too well known to require repeti- 
tion. Mr. Brown was deeply interested in the civic life 
of Renfrew, and was a Town Councillor of the Borough 
and a magistrate for over 30 years. He was also 
associated with the work of a number of benevolent 


institutions. He was a Freeman of the Borough of 
Renfrew, and became a Commander of the British 
He 


Empire in 1918, in virtue of his war services. 
was also a member of the Institution of Civil Engineers, 
the Institution of Naval Architects, the Institution of 
Mechanical Engineers, and the Institution of Engineers 


| and Shipbuilders in Scotland. 
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LABOUR NOTES. 


Art the end of November 9, 921 members of the Boiler 
Makers and Iron and Steel Shipbuilders Society were 
“signing the books’? as compared with 11,082 a 
month earlier. Commenting upon those figures, 
Mr. Hill, the General Secretary, says :—‘‘ If we are 
ever to find employment for all our members we must 
look a little more keenly outside of the bigger branches 
of our trade. It is worth while. Our members are 
aware of the efforts we are making to secure additional 
employment. In this effort we have asked the branches 
to co-operate. As a result members of the Government 
and Parliament are now giving some attention to the 
claims and needs of the men employed in the engineering 
and shipbuilding industries. On a number of questions 
we have been acting jointly with the A.E.U., and we 
have gained the sympathy and support of members of 
the Government and many Members of Parliament. 
The General Council of Congress is going into the 
question of finding alternative employment for the 
men affected by the peace policy of the Government. 
The Government has cut down the programme of ships 
and armaments, and we say it is the duty of the Govern- 
ment to devote some of the money saved on ships and 
machinery of war to the production of machinery for 
trade and commerce. I am a member of that special 
committee. The committee is just at the beginning 
of its work, but already we have evidence of good 
results.” 





“In regard to constructional work,’ Mr. Hill goes on 
to say, ‘‘ we have always endeavoured to improve the 
organisation of this branch of our trade. In certain 
districts the constructional work is entirely in the hands 
of our members. In other districts there is room for 
improvement. The chief difficulty is with the outside 
erecting work. In recent years the development of 
steel construction in buildings has been so great that 
to-day more steel is used in constructional work than in 
shipbuilding. We are again giving special attention to 
this branch of our trade, and we are asking the co- 
operation of all full-time officials and branches. Our 
chief difficulty is the erection and riveting together of 
this work on the building. Our members appear to 
fight shy of this work. It is not work of a kind which 
every member could do. At the same time, we have 
hundreds of our members on the streets fully capable 
of this work, and it is no more dangerous than that 
which they have been accustomed to. The rapid 
increase in the volume of this work makes it imperative 
for us to give increased attention to the question of 
organisation.”’ 





Members are warned to be alive to the new oppor- 
tunities which changing methods bring. “ What of 
motor cars,” Mr. Hill asks, ‘“‘ which are now being 
fitted with bodies built of light steel plates? The 
chassis of motor cars are of angles and bracket plates 
riveted together. Thus, the hull of a motor car, like 
the hull of a ship, is work for our members. There is 
room for additional members in this branch of trade. 
Aeroplanes are now being built of steel—wings and all. 
I saw one of these new ’planes with thousands of rivets. 
I wonder how far our members and officials have been 
successful in obtaining this work. The success of iron 
and steel shipbuilding in this country was due, primarily, 
to the discovery that boilermakers were the only crafts- 
men who could do the work satisfactorily. Some of the 
newer industries are not quite so successful, and it is 
due to the fact that the value of our craft has not been 
fully recognised. These new developments are worth a 
little more time and attention than we have hitherto 
given to them.” 





The award of the Industrial Court on the hours’ 
claim of the Federation of Post Office Supervising 
Ofticers has now been issued. The application was for a 
42 hours’ week. Certain of the grades of officers are 
to be conditioned to a 42 or 44 hours’ week and there is 
to be no change in the hours of the others. The 
Court’s opinion was, the award states, that no general 
reduction of working hours, such as was asked for, was 
warranted. The applicants numbered 7,695, of whom 
7,233 are engaged in the supervision of the staff em- 
ployed on the ordinary postal telegraph and telephone 
manipulative work of the Post Office, and associated 
clerical work. The remaining 462 are employed on 
various miscellaneous duties of a technical or super- 
visory character. The classes on whose behalf a 42-hour 
week was claimed at present are in general liable for a 
48-hour week, inclusive of meal reliefs on day work, or 
a 42-hour week, inclusive of meal reliefs on night work. 
The grades to work from 42 to 44 hours a week under 
the award are the male indoor supervising classes, the 
male outdoor supervising classes, male miscellaneous 
classes, and female supervising classes. 





On December 16, 1929, the number of unemployed 
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persons on the registers of Unemployment Exchanges in 
Great Britain was 1,303,600. Of these, 960,100 were 
wholly unemployed, 267,600 were temporarily stopped, 
and 75,900 were persons normally in casual employ- 
ment: 1,011,500 were men, 30,700 boys, 234,300 
women, and 27,100 girls. Of 1,309,504 on the registers 
on December 9, 1929, 966,875 were wholly unemployed, 
268,260 were temporarily stopped, and 74,369 were 
persons normally in casual employment; 1,011,418 
were men, 31,693 boys, 238,253 women, and 28,140 girls. 
The number of unemployed persons on December 17, 
1928, was 1,271,122 of whom 1,010,219 were men, 
31,184 boys, 202,752 women, and 26,967 girls. 





A steady increase in the membership of the Inter- 
national Federation of Trade Unions is recorded in an 
official statement issued by the Secretariat at Amster- 
dam. The aggregate membership of the trade unions 
in the 26 countries affiliated to the I.F.T.U., at the end 
of 1928, was 13,525,263, as against 13,145,225 in the 
previous year. This represents an increase of 2-9 
per cent. as compared with an increase of 2-4 per cent. 
in the previous year. There are 28 national centres 
affiliated to the Federation. One of them, the Federa- 
tion in Lithuania, was obliged to terminate its affilia- 
tion in 1928, as a consequence of conditions in that 
country, but this loss was compensated by the affiliation 
of Greece. 





Addressing a conference of the Engineering and 
Shipbuilding Draughtsmen’s Association, Mr. Citrine, 
the General Secretary of the Trades Union Congress, 
stated that administrative, technical and clerical 
staffs in industry ‘n this country had increased from 
473,000 in 1907 to 755,000 in 1924. That was in 
industry alone, but if all occupations were included, 
there were over 2,500,000, including over a million 
clerical workers, 632,000 professional workers, teachers, 
journalists, &c., and 560,000 civil servants and local 
authority officials. Many of these were organised in 
separate professional associations, but about 30 per cent. 
of them were organised in trade unions. That was, 
he thought, a very encouraging figure considering the 
comparatively short time organisation had been taking 
place. It was essential in the interests of all that both 
manual and non-manual workers should be brought into 
close association with each other. In some respects 
non-manual workers worked under even worse con- 
ditions than those of certain grades of manual workers, 
and all workers had the same general needs and shared 
the same broad aspirations. 





An inquiry into the causes of accidents, carried out 
by the Bureau of Statistics and Information in the 
Department of the Industrial Commissioner of New 
York State has yielded some interesting results. 
Injuries in handling objects and tools, for example, 
have been found to make up over one-third of all 
compensated injuries, and to be nearly twice as 
numerous as those from falls, which are second in 
number. “This group, therefore, looks much more 
important,” the report states, “than it really is. It 
is the group with the greatest exposure, because 
practically every person who works has occasion to 
handle things in the course of his daily work. It may 
even be that fewer people are hurt in handling things, 
compared with the number of workers and the number 
of times they need to handle something, than are hurt 
in any other way. In other words, while the number 
of accidents from handling objects and tools is high, 
the accident frequency rate is probably comparatively 
low. This can reasonably be expected, because a 
worker has a certain amount of control over the 
things he has to handle. From the point of view of 
severity and cost, injuries in handling objects and 
tools were less serious than any other main group. 
Most of the other accidents averaged over twice as 
much per case. The total cost of injuries in handling 
things, however, was high, because there were so many 
more of them.” 





According to the Bureau, the greatest number of 
injuries in handling things were caused in handling 
objects that were heavy or unwieldy in size or shape. 
‘These alone accounted,” the report goes on to say, 
“for nearly one-fifth of all compensable cases for the 
year. The most numerous of these injuries were 
strains, such as hernias or back strains. Fractures 
and crushing injuries caused by heavy objects which 
dropped in lifting, carrying, loading, piling, &c., were 
second. The others were less serious lacerations and 
bruises received when objects slipped, but did not fall, 
or when they caught workers’ hands or legs because 
they were difficult to manage. Lacerations, cuts and 
punctures in handling sharp and rough objects were also 
numerous. These, as a rule, were not as serious, unless 
there was some complication such as infection.” 





“Tools,” the Bureau points out, “ generally caused 
lacerations and cuts when they slipped or glanced. 
The seriousness of the injuries depended mostly upon 
the weight or sharpness of the tools, the force exerted 
in using them, or the presence of infection. A less 
numerous, but often a serious type of injury were 
those where the eyes of workers were struck by flying 
particles set in motion by tools. Another significant 
fact in regard to handling accidents is,” it is added, 
“that they have been increasing more rapidly than 
accidents as a whole. That is particularly striking, 
because the use of machinery to replace handwork is 
presumably increasing with each year.” 


The weekly organ of the International Labour Office 
states that the question of old age pensions is attracting 
increasing attention in the United States, where the 
growing industrialisation of the country, the strenuous- 
ness of employment under present conditions, will 
make it hard for men past middle age to secure work, 
and the growing proportion of the population which 
attains advanced age have created a problem of old-age 
dependency calling urgently for solution. Some 500 
private undertakings are paying pensions to about 
100,000 aged or disabled employees, while the trade 
unions are providing about 10,000 of their members 
with superannuation benefit, but, if the estimate of 
1,800,000 to 2,000,000 as the number of persons over 
65 dependent on children or charity be accepted, it is 
clear that employers’ and trade union pensions schemes 
do not cover a tithe of the dependent aged. Hence, 
in the last ten years, a strong movement has arisen 
throughout the country in favour of State old age 
pensions, and is now directed by the American Associa- 
tion for Old Age Security. 





A “standard Old Age Pensions Bill’? has been 
drafted by the American Association for Labour 
Legislation in conjunction with other national organisa- 
tions interested. The non-contributory basis has been 
preferred, partly on account of its simplicity, and partly 
because American individualism still finds compulsory 
insurance repugnant. The Bill grants a pension which, 
together with income from property, equals 1 dol. a 
day, to persons over 70 who have resided in the State 
for 15 years, the cost to be borne by the State. Acts 
more or less influenced by the “standard Bill’? have 
been adopted in Alaska, Montana and Nevada (1923), 
Wisconsin (1925), Kentucky (1926), Colorado and Mary- 
land (1927), and California, Minnesota, Utah and 
Wyoming (1929). Some grant pensions at 65 and others 
at 70, while the maximum pension varies from 240 dol. 
to 365 dol. a year. With the exception of Alaska, no 
scheme follows the provision of the “ standard Bill” 
to the effect that the cost shall be borne by the State. 
In California, the State pays half and the counties half, 
and in Wisconsin, the State pays one-third and the 
counties two-thirds. In the remaining States, the 
counties or other units of local government pay the 
whole cost. 





The corollary of imposing the cost on the counties is 
that they are left free to apply the Act, or not, as they 
think fit; thus, with the exception of Alaska, the 
application of the Act is not compulsory. The conse- 
quence has been that the effective operation of the 
Acts is disappointingly limited in extent. An enquiry 
covering the six States which had passed legislation at 
the end of 1928, was carried out for the purpose of 
ascertaining to what extent the counties had availed 
themselves of the opportunity of applying the Acts. 
Information was obtained concerning 262 out of 
the 351 counties in Colorado, Kentucky, Maryland, 
Montana, Nevada and Wisconsin. It revealed that 
only 52 out of the 262 counties reporting had applied 
the law. 


To assist elderly employees, who find it difficult 
under the new conditions to get work, the Swiss 
Association of Commercial Employees has set up a 
mutual guarantee fund. Applicants for assistance 
are required to fill up a form showing their position in 
the Association, their previous experience, particulars 
of their families, and the use they propose to make of 
the loan applied for. If the loan is granted, the 
applicant must undertake to keep regular accounts, 
submit an annual balance sheet, and allow the fund 
to investigate his financial position. Persons to whom 
loans are granted are also required to insure them- 
selves, and if possible their families, against sickness, 
and against accidents if necessary. During 1928, 37 
applications were made, and 17 loans were granted, 
amounting to 36,300 francs, of which 7,000 francs 
have been repaid. The loans were used to finance in 
whole or in part the setting up of agencies and smali 
shops. 
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Laiw down in August, 1927, under the 1926-27 
Estimates, H.M. Fleet Repair Ship Resource, of which 
a photograph is reproduced on this page, has recently 
been completed at the Barrow-in-Furness Works of 
Messrs. Vickers-Armstrongs Limited. She is a steel, 
twin-screw vessel, the general construction of the hull, 
except where modified by special requirements, being 
in accordance with Lloyd’s Register Rules to Class 
100 A.1., although the vessel was not built under 
Lloyd’s Survey. The principal dimensions of the 
Resource are as follows :—Length, between perpendi- 
culars, 500 ft.; length, overall, 534 ft.; breadth, 
moulded, 83 ft.; depth, to upper deck, 49 ft.; and 
load draught, 23 ft. As the vessel is not intended 
for fighting purposes, only defensive armament, com- 
prising four 4-in. H.A. guns, is provided. In connection 
with these, however, a system of fire control is fitted, 
including a high and low-angle director sight, a 15-ft. 
base rangefinder, and two 36-in. searchlights. 

The hull is provided with a deep double bottom, in 
which is carried about 400 tons of oil fuel for fuelling 
other vessels, in addition to the fuel supply for the ship’s 
own use. About 100 tons of lubricating oil, 200 tons of 
distilled water, and 200 tons of feed water can also be 
carried for the supply of other vessels. A filling system 
has been installed, with three deck connections on each 
side, which enable the vessel to be fuelled at the rate 
of 600 tons per hour. The same system and deck 
connections are used for transferring oil fuel to other 
vessels, and similar systems are fitted for handling 
lubricating oil, Diesel oil, fresh water and distilled 
water. The store rooms are of sufficient capacity 
to stow the necessary provisions for 100 days, a cold 
chamber of about 2,800 cub. ft. capacity and a cool 
chamber of about 1,200 cub. ft. capacity being provided 
for carrying meat and other perishable stores. The 
refrigerating plant for these chambers, and also for the 
magazine, was supplied by Messrs. J. and E. Hall, 
Limited. Provision is also made for stowing large 
stocks of steel plates and sections, billets, blooms, 
crucibles, piping, metals, tiraber, fittings, &c., required 
for repair work in the vessel’s own workshops or on 
ships alongside. 

The officers are accommodated on the main deck aft, 
in separate single-berth cabins, a large ward room 





with an adjoining ante-room being provided. Warrant 
officers have a separate mess room on the middle 
deck, aft, while petty officers, artisans, and crew are | 
accommodated in separate messes on the main and 

middle decks, forward. Separate galleys are provided 
for the captain, officers, warrant officers and crew. | 
Special attention has been paid to the lighting, heating 

and ventilation of the vessel, to render her suitable for | 
prolonged service in either tropical or cold climates. | 
The living spaces are ventilated by electric fans supply- 


hee 





weather decks are all completely covered with double 
awnings and curtains for use in tropical waters, and 
provision has been made for about 500 men to sleep 
in hammocks on the weather decks in hot weather. 
Hospital accommodation, equipped with the latest 
surgical and dental appliances, is provided for the 


treatment of both officers and men. A laundry, with 
a complete outfit of washing and ironing machines, 
&e., and ample drying-room accommodation, is also 
provided. 

The propelling machinery consists of two sets of 
Parsons steam turbines with single-reduction gearing, 
each set comprising one high-pressure and one low- 
pressure turbine working in series and driving separate 
pinions which engage with the gear wheel on the 
propeller shaft. The high-pressure turbine is of the 
impulse-reaction type, and the low-pressure turbine 
of the reaction type ; an astern turbine, of the impulse- 
reaction type, is incorporated in each of the low-pressure 
turbine casings. The total power developed is about 
7,500 shaft horse-power. Steam is supplied, at a 
pressure of 235 lb. per square inch, by four water-tube 
boilers of the Yarrow three-drum type, arranged for 
oil-burning only and working under the closed-Stokehold 
system of forced draught. In addition to the usual 
auxiliaries, which call for no particular comment, 
electric-generating sets, with an aggregate capacity of 
2,300 kw., are installed for supplying light and power 
for the ship’s requirements, and also for ships lying 
alongside when necessary. The installation includes 
three turbo-generators, each of 500-kw. capacity, 
constructed by Messrs. Metropolitan-Vickers Electrical 
Company, Limited, and two 400-kw. Diesel-engine 
driven sets. Three electrically-driven air compressors 
are provided for general service, with connections to each 
machinery compartment and to each workshop. They 
are used for testing condensers, cleaning boiler tubes 
and operating pneumatic tools. Each set is capable of 
compressing 600 cub. ft. of free air per minute to 120 lb. 
per square inch. In addition, there are two electrically 
driven air compressors, each capable of supplying 
25 cub. ft. to 30 cub. ft. of air per hour, at a pressure of 
3,500 Ib. persq.in. Two steam-driven hydraulic pumping 
sets are fitted for operating various hydraulic machines 
in the workshops; each set has a delivery capacity 


| of 45 gallons per minute at a pressure of 1,500 Ib. per 


square inch. The distilling machinery installed has 
an aggregate normal capacity of 300 tons per 24 hours, 
and is arranged in three separate sets, each having two 
evaporators. The steering gear, which was constructed 
by Messrs. John Hastie and Company, is of the right- 
and left-hand screw type, operated by a steam engine 
controlled from the bridge by telemotor gear supplied 
by Messrs. Brown Brothers and Company, Limited, 
Edinburgh. The telemotor gear is in duplicate, and 
hand steering wheels are fitted in the steering compart- 
ment for use in the event of a breakdown of the engine. 

The most interesting portion of the vessel is, how- 


ing air to trunks fitted with punkah louvres. The} ever, the workshops, which are fully equipped with 








machine and other tools for all classes of engineering 
work. The light machine shop is provided with 
sensitive and radial drilling machines, a power hack 
saw, @ centring machine, a vertical drilling machine of 
the pillar type, a slotting machine, a number of lathes 
of from 8 in. to 24 in. centres, tool grinders, a universal 
milling machine, a small shaper, and a large, horizontal 
drilling, surfacing, boring and milling machine. The 
heavy machine shop is equipped with lathes of up to 
24 in. centres, capable of taking work up to 20 ft. in 
length between centres. Other tools in this shop are 
a vertical boring and turning mill, a horizontal drilling, 
surfacing, boring and milling machine, a variety of 
drilling machines, a planer, and a number of gear- 
cutting machines. The latter include a planer for 
spur and spiral gears, a combined worm-wheel and 
worm-cutting machine, a bevel-gear planer, and a 
universal gear cutter. All the above-mentioned tools 
are motor driven, and the heavier machines are served 
by a travelling crane; a system of runways and 
travelling blocks serves the lighter machines. 

Adjoining the heavy-machine shop is a foundry, 
fitted up with all the necessary appliances for the 
production of castings of moderate size. The equip- 
ment includes one large and two small cupolas, three 
crucible furnaces of the tilting type, mould and core 
ovens, a plate-moulding machine, loam-mixing machine, 
sand-blast plant, pneumatic sand sifter, git-cutting 
machine, band saw and testing machine. Aft of the 
foundry is a coppersmiths’ shop, provided with the 
usual equipment for pipe and plate work, and a grinding- 
machine shop fitted for grinding crankshafts, cylinders, 
tools, &c. The grinding shop is also used for a variety 
of light repetition work, such as the production of 
condenser ferrules. Other shops which may be men- 
tioned are the electrical shop, welding and cutting shop, 
plumbers’ shop, internal-combustion engine shop, tool 
room, pattern shop, instrument-repair shop, wood- 
working shop, and heavy and light plate shop, all of 
which are well equipped with the necessary tools and 
lifting appliances. 

For embarking heavy loads, an electric crane has 
been supplied and fitted on the upper deck forward, 
by Messrs. Sir William Arrol & Company, Limited. 
This crane is of the hammer-head type, and has been 
arranged to serve the hatches to the foundry and 
heavy machine shop. It is capable of lifting a load 
of 25 tons from a point 15 ft. clear of the ship’s side, 
to the hatches above referred to, and has a vertical 
lift of 30 ft. above the upper-deck level. It can also 
lift 15 tons to a point 30 ft. clear of the ship’s side, 
and is arranged to move the load radially, as well as 
circumferentially, separate motors, rotating with the 
crane, being provided for each motion. ‘Iwo smaller 
electric cranes, also supplied by Messrs. Sir William 
Arrol, are fitted on the side of the upper deck opposite 
to that on which the heavy crane is mounted, each 
crane being capable of lifting a load of 3 tons at 120 ft. 
per minute, and of slewing at one revolution in 3U 
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sec. ; they can lift a load 15 ft. clear of the ship’s side, 
and 15 ft. above the upper-deck level. It may be here 
mentioned that two embarking ports, or double doors, 
are provided on the starboard side of the vessel, 
between the main and upper decks, to enable material 
or work to be passed directly into the workshops, 
instead of being taken on deck. On the after side of 
the main mast, a heavy derrick is fitted for handling 
the vessel’s power-driven boats. Electric boat hoists, 
supplied and fitted by Messrs. Harfield and Company, 
are accommodated in a separate compartment on the 
upper deck, aft. These hoists are capable of exerting 
a pull of 10 tons direct from the barrel, at a speed of 
160 ft. per minute. A two-ton davit is fitted aft for 
lifting torpedoes on board, and a one-ton davit is fitted 
on each side forward for the shipment of stores and 
ammunition. To serve these davits, and for handling 
the boats on the boat deck, two 2-ton electric winches 
are fitted on the upper deck and two on the boat 
deck; a one-ton electric winch is also fitted under 
the forecastle deck for shipping stores. Another 
2-ton electric winch is fitted on the upper deck, 
forward, for pulling the boat trolleys into and out from 
a covered working space, which is capable of accom- 
modating four 50-ft. motor pinnaces for repair purposes. 
The boat trolleys run on a 3-ft. gauge railway, which 
extends over the full length of the forward part of the 
upper deck and the covered working space. All the 
winches referred to were supplied by Messrs. Harfield 
and Company. Arrangements have also been made 
to enclose the after portion of the covered working 
space temporarily for use as a torpedo workshop, and 
for this purpose, stowage is provided for 10 torpedoes, 
with the necessary equipment for testing, charging, 
&e. 

The boats carried inelude two 32-ft. life cutters, 
two 27-ft. whalers, a 30-ft. gig, and a 16-ft. dinghy, 
all of which are stowed in the boat deck on crutches 
under davits, while two 50-ft. steam picket boats, a 
45-ft. motor launch, and a 36-ft. motor launch are 
stowed on crutches on the upper deck, aft, under the 
main derrick. In addition to the boats, one Balsa raft 
and four Carley floats are carried for life-saving pur- 
poses. In connection with the wireless equipment, 
which includes a main and auxiliary set, as well as 
direction-finding apparatus, we may mention that a 
Sturtevant pneumatic-tube installation has been 
provided for the transmission of the messages on the 
ship. A complete outfit of bow-protector gear is 
fitted, consisting of four paravanes with the necessary 
lerricks, fairleads, wires, &c. Two 2-ton paravane 
winches are provided on the forecastle deck for recovery 
purposes. Three stockless anchors, each of 125 cwt., 
are fitted forward on 23-in. stud-link cables. They 
are operated by steam capstan gear, comprising 
ne capstan and three cable holders, supplied by 
lessrs. Napier Brothers, Limited. This gear is 
‘apable of lifting 40 tons at 25 ft. per minute, and of 
eaving slack cable at 40 ft. per minute. One 60-cwt. 
vachor, with a 64-in. stee]-wire hawser, is carried at the 
tern, this anchor being operated by an electric capstan 
constructed by Messrs. Napier Brothers, Limited. 
\rrangements are made for the vessel to be taken in 
‘ow, and also for towing other vessels or battle-practice 
targets, the fairleads and bollards at the bow and stern 








Fia. 


3. 


structed and equipped so that her duties can be 
carried out efficiently and expeditiously, and there can 
be no doubt that she will form a most useful addition 
to H.M. Navy. 








PLANETARY REDUCTION GEAR. 


Amoncst the mechanisms for increasing or reducing 
the speed of a shaft above or below that of the prime 
mover, the planetary spur gear is notable for its high 
degree of mechanical efficiency, the advantage it pos- 
sesses of ease of insertion in a straight-line drive, and 
the small space it occupies. The gear illustrated in the 
accompanying Figs. 1 to 3, known by the makers as 
the Moss planetary speed transformer, is a particularly 
neat example of such a mechanism. It is a recent pro- 
duction of Messrs. The Moss Gear Company, Limited, 
Crown Works, Birmingham, who have also taken the 
opportunity afforded by the construction of their new 
works of completely re-designing and increasing the 
range of their worm and double-helical reduction gears. 
The planetary reduction gear is made suitable for 
powers up to 40 brake horse-power, and ratios up to 
100: 1, and it is claimed that high efficiencies are 
obtained and maintained under working conditions. 
Thus, with a 60:1 ratio, the mechanical efficiency is 
stated to be 95 per cent. 

As will be seen, the planetary system is compounded 
—that is, there are two internal rings, a stationary 
one attached to the casing and a rotating one keyed 
to the low-speed shaft. The planetary pinions are 
likewise duplicated, and are carried on a double spider. 
The rotating internal ring is shown to the left of 
Fig. 1, and the fixed ring, which has a larger pitch circle, 
to the right. The planetary system is seen in the centre 
of the figure with one of the discs of the spider removed. 
It will be noticed that the coupled planetary pinions 
have pitch circles of different diameters. Each pair 
is, of course, made from a solid forging so that the two 
pinions revolve together on the spider shafts. The 
smaller pinions, viz. those in front of the figure, mesh 
with the pinion on the high-speed shaft on the one 
hand and with the rotating ring on the other. The 
short projecting portion of the high-speed shaft 
enters a bush on the low-speed shaft. The other and 





being specially designed for this purpose. 
Generally, it will be seen, the vessel has been con- 


longer end of the high-speed shaft passes between the 
larger planetary pinions, and is suitably prolonged. for 


connection to the drive as seen in Fig. 2. The larger 
planetary pinions, of course, mesh with the stationary 
internal ring, and cause the rotation of the planetary 
unit as a whole. The respective number of teeth in 
the two sets of planetary pinions is varied, together 
with those of the two internal rings, as may be required 
by the ratio between the speeds of the two shafts. 
The assembly of the planetary gear is shown in Fig. 2, 
the stationary ring being removed from the casing to 
show its relation to the pinions with which it meshes. 
The external view of the complete gear given in 
Fig. 3, illustrates very well its compactness. 

As regards materials, the driving gears, pinions and 
shafts are made of heat-treated alloy steel, and the 
internal rings are machined from solid forged blanks 
of steel of from 40 to 45 tons tensile strength. Except 
on the very smallest sizes, ball or roller bearings are 
used throughout, and the friction is thus reduced to 
a minimum. In the smaller sizes, the gearing operates 
in an oil bath, but in the medium and larger sizes, 
oil under pressure is supplied to both gears and bearings. 
The disposition of the highest speed elements in the 
centre of the gearing eliminates oil-churning. The 
gear is symmetrical, and is therefore balanced, with 
the result that a quiet drive is obtained. Drainage 
plugs and inspection covers are provided in the casing. 
The example shown in Fig. 3 is intended for a chain 
drive, but the gear can be used with any other method 
of drive, while in cases in which excess starting 
torque and overloading are likely to be experienced, 
shock-absorbing mechaiiism can be fitted. 


Empire MINING AND METALLURGICAL CONGRESS. 
As already announced, the third triennial Empire Mining 
and Metallurgical Congress will be held in South Africa 
from March 24 to May 9, 1930, beginning and ending at 
Cape Town. Sessions will be held in Cape Town, Johannes- 
burg, Bulawayo, and Durban, and visits to mines, works, 
and places of interest have been organised. Full infor- 
mation may be obtained from the Secretary of the Con- 
gress, P.O. Box 4604, 100, Fox-street, Johannesburg, 
South Africa. 


FLoatinc Dock oN THE RiIveR GANGES.—Messrs. 
Swan, Hunter and Wigham Richardson, Limited, 
Wallsend-on-Tyne, have constructed a floating dock 
which, after erection at Wallsend Shipyard, was dis- 
mantled, and has just been shipped in parts to India. 
The dock is of the sectional pontoon type, and is self- 
docking. The two walls are each a separate and com- 
plete structure, resting on four pontoons, and each of 
the latter is divided into watertight compartments. 
The dock will be re-erected by native labour, under 
European supervision, on the right bank of the River 
Ganges, at Mokameh Ghat, about 50 miles below Patna, 
in the United Provinces. With the rise of the river 
during the rainy season, the dock will be floated into 
the stream. The overall length of the dock is 210 ft., 
the width between the walls being 56 ft., and the overall 
width about 66 ft. The lifting capacity of the dock 
will be 500 tons, and the depth of water over the keel 
blocks will be 44 ft. In a house on one of the walls is 
placed the controlling gear to operate the valves for filling 
and draining the dock. On the top of one wall is a 
vertical multitubular Cochran boiler, supplying steam 
to an engine which operates the pumping machinery 
through a vertical shaft. The dock will be employed 


in repairing shallow-draught paddle steamers, barges, 
and landing stages, there being a ferry service between 
Mokameh Ghat and Semaria Ghat, on the left bank of 





the river. 
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HYDRAULIC BOILER-PLATE 
FLANGING PRESS. 


THE progressive method of flanging boiler plates 
was evolved many years ago, in order to avoid the high 
cost of dies of the male-and-female ring type previously 
employed. The former method was also found to be 
more suitable for working on the larger and thicker 
plates required as boilers of greater dimensions, and 
for higher working pressures, came into general service. 
An excellent example of a modern hydraulic press 
for flanging boiler end-plates on the progressive 
principle is illustrated on page 16, the general arrange- 
ment of the press being shown in Figs. 1 and 2, on 
which the main dimensions are also given, while Fig. 3 
is a reproduction of a photograph showing the 
machine erected in the makers’ works. The press was 
made by Messrs. Rice and Company (Leeds), Limited, 
Neville Works,- Elland-road, Leeds, and has _ been 
supplied by them to a firm of marine-boiler makers on 
the North-East Coast. The only dies required for a 
machine of this type are an anvil block fixed to the table, 
and a. plough block attached to the inner of the two 
vertical hydraulic rams. In the particular machine to 
which we are now referring, these blocks are provided 
with loose faces, which can be renewed when worn ; 
face pieces of different radii can also be attached, 
as required. 

In operation, a circular plate, which has been heated 
at the part to be flanged, is placed on the anvil block 
and gripped by the outer of the two vertical rams. 
The inner ram, carrying the plough block, then descends, 
and turns down the edge of the plate, and after this 
ram has been withdrawn upwards, a horizontal ram is 
rapidly advanced to square the flange against the 
edge of the anvil block. This horizontal ram, it will be 
noticed, works in a guide block bolted to the table, 
and also serving to take the lateral thrust on the plough 
block. The whole operation, which occupies only a 
few seconds, is repeated until the flange is completed. 
It may here be pointed out that, to ensure the flange 
being formed to a true circle, an attachment is fitted 
to the centre of the plate, so that the latter can be 
centred on an adjustable pivot, which can be fitted in any 
position on an extension plate hinged to the main 
table. The length of this plate is the only limit to the 
size of boiler plates that can be flanged on the machine. 
The two vertical rams, which are 14 in. in diameter, 
with a stroke of 24 in., are each capable of exerting a 
force of 100 tons, which is suitable for flanging 
plates up to 1} in. in thickness. The ‘* daylight,’’ i.e. 
the distance between the faces of the vertical rams 
in their h‘ghest positions and the surface of the 
work table, is 4 ft. 3 in. The horizontal ram for squaring 
up the flanges is 12 in. in diameter, and has a stroke 
of 16 in. ; it is capable of exerting a force of 75 tons. 

If desired, small end plates can be flanged in one 
operation by using full blocks. In this case, the male 
block is bolted on to both vertical rams, which then 
move together, exerting a combined force of 200 tons. 
A jack ram is also fitted to the table midway between 
the two vertical rams, as shown in Fig. 1, and this 
ram, which is capable of exerting a force of 40 tons, 
can be used for pushing the flanged plates out of the 
female block, if required. In order to ensure the 
greatest possible economy.in pressure water, the three 
main rams have been fitted with power-saving valves, 
each of which is controlled by a single hand lever. 
They work in conjunction with the draw-back cylin- 
ders, which can be seen in the illustrations mounted 
above the main vertical cylinders. The valve first 
admits water above the piston in the small cylinder, 
and the resulting downward movement of the main 
ram draws in water from an open overhead tank. As 
soon as the ram encounters any resistance, however, 
the pressure in the sriall cylinder increases, and the 
increased pressure, acting on a spindle in the filling 
valve having two parts of slightly different diameters, 
causes this valve to open and admit pressure water to 
the main cylinder. It should, perhaps, be mentioned 
that the power-saving valves do not reduce the speed 
of the rams which, the makers state, have actually to 
be retarded to prevent them from moving too rapidly. 
Both the standard and the cylinders of the press are 
castings of Siemens-Martin steel, and great care has 
been exercised in the desig1 to ensure the minimum 
deflection under load. 

To render the machine self-contained and indepen- 
dent of the shop overhead crane, a 4-ton hydraulic 
crane, with a counterbalanced jib, has been mounted 
on the main standard, as shown in the illustrations. 
The crane has a lift of 9 ft. 6 in., and a maximum 
radius of 15ft. Racking is effected by hand chain, and 
slewing is also done by hand, the minimum of effort 
being required for this operation, since the footstep 
is fitted with a ball bearing and a roller track is provided 
in the bracket. Pressure water is admitted to the hoist- 
ing cylinder, shown in Fig. 2, through a swivel fixed 
on the centre of the bottom gudgeon pin, the arrange- 
ment enabling the crane to be continuously rotated in 
either direction. : 





TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Waterworks Plant.—The supply and installation of 
pumps, filters, and 400 metres (1,312 ft.) of steel piping, 
and the boring of one artesian well. The Egyptian Minis- 
try of the Interior, Cairo; February 25. (Ref. No. A.X. 
8954.) 

Crane.—The supply of one 74-ton single girder hand- 
operated overhead travelling crane. The New Zealand 
Public Works Department, Wellington; January 28. 
(Ref. No. A.X. 8959.) 

Mild-Steel Bars.—The supply and delivery of mild- 
steel bars for concrete reinforcement of gate and road- 
bridge arches. The India Store Department, New Delhi» 
January 21. (Ref. No. A.X. 8964). 


Road-Making Plant.—-The engineer to a Provincial 
Divisional Council in South Africa is desirous of receiving 
from British manufacturers complete catalogues relaiing 
to road-making and maintenance plant and materials. 
(Ref. No. A.X. 8933.) 

Pumping Plant.—The supply and delivery of two verti- 
cal-type centrifugal or propeller pumps with electric 
motors and accessories. The Dunedin Drainage and 
Sewerage Board, Dunedin; February 1. (Ref. No. 
A.X. 8961.) 








BOOKS RECEIVED. 


United States Bureau of Mines. Mineral Resources of the 
United States. I:1. Arsenic, Bismuth, Selenium, 
and Tellurium in 1928. By V. C. Herkes. [Price 
5 cents.] I: 25. Copper in 1927 (General Report.) 
By C. E. Jutrau and H. M. Meyer. [Price 10 cents. ] 
Washington : Government Printing Office. 

Institute of Physical and Chemical Research. Vol. VIII. 
Bulletin No. 11. Scientific Papers Nos. 207, 214-218. 
Tokyo: Institute of Physical and Chemical Research. 

Canada. Department of Mines. Mines Branch No. 696. 
Investigations of Fuel and Fuel Testing. 1927. 
Ottawa: Department of Mines, Mines Branch. 

United States Geological Survey. Bulletin No. 800. 
Geology and Mineral Deposits of South-Eastern Alaska 
By A. F. Bupprneton and T. CHaprn. [Price 85 
cents.] No. 804. Geology and Coal, and Oil Resources 
of the Hanna and Carbon Basins, Carbon County, 
Wyoming. By C. E. Dossin and others. [Price 
60 cents.] No. 812-A. The Forsyth Coal Field, 
Rosebud, Treasure, and Big Horn Counties, Montana. 
By C. E. Bossry. [Price 20 cents.] Washington : 
Government Printing Office. 

All the World’s Aircraft, 1929. Compiled and edited 
by C. G. Grey, LEONARD Bripeman, and L. Howarp 
FLANDERS. London: Sampson Low, Marston and 
Company, Limited. [Price 42s. net.] 

United States Geological Survey. Water-Supply Paper 
No. 597-C. Problems of the Soft Water Supply of the 
Dakota Sandstone. With Special Reference to the 
Conditions at Canton, SouthDakota. By O. E. MEINZER. 
No. 597-E. Surface Water Supply of the Sacramento 
River Basin, California, 1895-1927. By H. D. 
McGuasHam. [Price 10 cents.] No. 611. Surface 
Water Supply of the United States, 1925. Part XI. 
Pacific Slope Basins in California. [Price 50 cents. ] 
No. 612. 1925. Part XII. North Pacific Slope 
Drainage Basins. A. - Pacific Basins in Washington 
and Upper Columbia River Basin. [Price 25 cents.] 
Washington : Government Printing Office. 

Reminders for Company Secretaries. By HERBERT W. 


JORDAN. Fifteenth edition. London: Jordan and 
Sons, Limited. [Price 2s. 6d. net.] 
Manchester Association of Engineers. Transactions. 


Session 1928-29. Manchester: Offices of the Asso- 
ciation. 

United States Geological Survey. Professional Paper 
No. 158-A. The Occurrence and Origin of Analcite 
and Meerschaum Beds in the Green River Formation of 
Utah, Colorado, and Wyoming. By W. H. Braptey. 
Washington : Government Printing Office. 

The Common Commercial Timbers of India and Their 
Uses. By H. Trotrer. Calcutta: Government of 
India, Central Publication Branch. [Price Rs. 1-12, 


or 3s.] 








PreRSONAL.—Mr. B. C. Holding, for the past three 
years Editor of The Electrician, has resigned that position 
to take up an appointment with the International Stan- 
dard Electric Corporation, London.—The firm of Messrs. 
Browett, Lindley and Company, Limited, Sandon Works, 
Patricroft, Manchester, which has been in the hands of 
the Receiver on behalf of the debenture bond holders, is 
to be reconstructed early in the new year. The scheme 
will be made public shortly—The Chicago office of Messrs. 
Wagner Electric Corporation, Saint Louis, U.S.A., 
has been transferred to 1935, Indiana Avenue.—The 
Montreal Locomotive Works, Limited, Montreal, Canada, 
and the American Locomotive Sales Corporation, New 
York, U.S.A., have each opened a branch office at 25, 
Victoria-street, S.W.1. The agency heretofore carried 
on for both firms by Messrs. Davis and Lloyd, of 26, 
Victoria-street, S.W.1, has now ceased.—Messrs. Caprotti 
Valve Gears, Limited, have opened an office at 66, 
Victoria-street, London, S.W.1. Mr. F. A. Pudney, late 
of Messrs. William Beardmore and Company, Limited, 
has been engaged to take charge of technical matters 
concerning the Caprotti valve gear. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—With foundries and steel - 
works shut down for the holidays, consumption of 
Cleveland iron has been greatly reduced, and makers’ 
stocks have been considerably added to. Increases at 
producers’ works have not, however, weakened the 
hands of ironmasters who continue to adhere firmly 
to their fixed minimum figures. Second hands have 
command of very little Cleveland pig, but some of them 
are extending their business in iron from other home 
centres, and report home and export sales of Midland 
qualities. Consumption of Midland foundry iron in this 
district is stated to be increasing to some little extent. 
No. 1 Cleveland is 75s.; No. 3 g.m.b., 72s. 6d.; No. 4 
foundry, 71s. 6d.; and No. 4 forge 71s. 


Hematite.—Manufacturers of East Coast hematite 
are taking quite a firm stand, and merchants are in no 
hurry to unload their rather considerable holdings at 
current rates. Confidence is expressed in the continuation 
of the gradual improvement in this branch of trade. Home 
users are expected to buy fairly freely, and further 
business with firms abroad is regarded as not unlikely, 
despite the comparative cheapness of Continental hematite 
in markets abroad. For delivery of ordinary qualities 
over the first quarter of the year, 80s. has been paid, 
and that figure is generally named, but customers claim 
that they can buy small lots from second hands at less 
for early supply. No. 1 hematite is at a premium of 6d. 


Foreign Ore.—Definite terms at which lengthy contracts 
in foreign ore might be arranged are not ascertainable. 
Consumers are well bought, and are off the market, 
while merchants have little ore to offer. Spot sales are 
stated to have occurred at prices well below the figures 
which would be accepted for substantial contracts. 


Blast-Furnace Coke.-—Durham good medium qualities 
of blast-furnace coke are on sale at 23s., delivered here, 
and supply is plentiful. 

Manufactured Iron and Stcel.—Quite a lot of manu- 
factured iron has yet to be turned out in fulfilment of 
running contracts, and semi-finished steel firms have 
still good orders to execute, while producers of several 
descriptions of heavy finished steel have substantial 
contracts arranged. Departments turning out ship- 
building material, bridge-building requisites, and neces- 
saries for railways have work secured that will keep 
their plant busy forsome time. All quotations are steady 
and firm. Common iron bars are 101. 15s.; best bars, 
11/. 5s.; double best bars, 111. 15s.; treble best bars, 
121. 5s.; iron rivets, lll. 10s.; packing (parallel), 
8l.: packing (tapered), 10/.; steel billets (soft), 
6l. 17s. 6d.; steel billets (medium), 7/. 12s. 6d.; steel 
billets (hard), 87. 2s. 6d.; steel rivets, 111. 5s.; steel 
ship plates, 8/. 15s.; steel angles, 8/. 7s. 6d.; steel 
joists, 8/. 10s. for parcels of 500 tons and over, and 91. 
for smaller lots; fish plates, 121. 10s. to 13/.; black 
sheets, 9/. 17s. 6d.; and galvanised corrugated sheets, 
121. 128. 6d. 


NOTES FROM THE SOUTH-WEST. 


CarRDIFF, Wednesday. 


The Coal Trade.—The New Year has commenced with 
collieries behind with deliveries, owing to the December 
gales having thrown shipping out of position. The result 
is that vessels which should have loaded last month 
are now in port or due to arrive. The action of the coal 
trimmers and tippers in refusing to work overtime for 
the week before Christmas has also upset matters, for 
it was expected that with a temporary extension of the 
working hours some of the time lost would have been 
regained. Most collieries are booked up with orders, 
and with a plentiful supply of shipping in dock are 
able to work more regularly than has been the case for 
some months past. At the same time prices are main- 
tained, though buyers, where practicable, abstain from 
purchasing, anticipating that as stems become easier, 
they will be able to obtain their requirements on more 
favourable terms. Large coals are now about 3d. above 
the minima schedule, with smalls ls. above the scale and 
sized descriptions anything from ls. to 2s. higher than 
the stabilisation prices. The collieries are also expect- 
ing to book up the Italian State Railway order for 
1,000,000 tons of coal over this year, at any time, while 
news is due of the Brazilian Central Railway contract for 
200,000 tons delivered during the next four months. The 
price of best house coal at the pithead has been increased 
by ls. 6d. per ton to 26s. 6d., and the retail price from 
41s. to 42s. 6d. per ton delivered. This is the first change 
in this class of coal since March, 1927, when the pithead 
price was reduced by 5s. per ton. Collieries have received 
their allocations under the regulation of output scheme 
for the first quarter of this year. In respect to bitu- 
minous coal, the allocations are on the basis of 40,000,000 
to 41,000,000 tons per annum and for anthracite coal 
approximately 5,500,000 tons a year, which is slightly 
above the production rate for 1929. 


Lost Ship Repair Contract.—The contract to repair 
the steamer Neville has been secured by Messrs. Brigham 
and Cowan (Hull), Limited, who have undertaken to do 
the work at a price more than 2,000/. less than the lowest 
South Wales tender, and in 22 working days against 30 
quoted by South Wales. The Neville, which ran ashore 
on the rocks at Sully, near Penarth, will require a new 
bottom, besides tanks and about 100 frames, in addition 
to repairs to the stern frame, rudder and_ propeller. 
The vessel will be towed to Hull from Cardiff by two 
tugs and re-delivered at Cardiff. After allowing for this 
expense, it is estimated that 1,000/. will still be saved 
on the lowest Welsh tender. 
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NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—As the past year was drawing 
to a close there was a slackening off in the demand 
for steel material, and deliveries were on a small scale. 
Now that the holiday season is on, stock-taking and 
necessary repairs are being carried out, and there will be 
ample time for this as the stoppage will be of longer 
duration than usual. Order books at the moment have 
not a very healthy appearance, and it is hoped that by 
the time a start is made orders will have increased consi- 
derably. There is a very confident feeling all round that 
there will be a revival in business before the new year 
has run very long. Colour is lent to this by the trend of 
recent events on the Continent, and as foreign manu- 
facturers have realised the necessity of securing higher 
prices, there is every possibility that home producers 
will obtain a better share of the export business than has 
recently been their portion. During the past year the 
Scottish steel makers seem to have done a little better 
than during 1928, but from all accounts the business 
generally was of an unremunerative nature. From time 
to time some difficulty was experienced in obtaining 
specifications in sufficient volume to keep plant running 
steadily. The consumption in the shipbuilding industry 
was quite satisfactory, generally, and it is gratifying to 
know that the majority of the large consumers in the home 
area participated in the rebate scheme which gave them 
a concession in prices. The steel makers were thus 
assured that they were not losing much of the local 
business to the Continental makers. On the other hand, 
the export trade was not so satisfactory, but the outlook 
is now much brighter, and there are great hopes that the 
new Export Sales Association will manage to stimulate 
foreign business. Prices during the year showed but 
two changes, one in May and one last month. In May 
prices were raised by 5s. per ton, and a fortnight ago an 
advance was made, for home delivery, of 2s. 6d. per ton 
in plates, 5s. per ton in sections, and 7s. 6d. per ton in 
joists. The latter advance applies to all home districts 
except that plates from the Midlands of England and 
South Wales are exempt meantime. The local prices 
at the close of the year were as follow :—Boiler plates, 
101. 10s. per ton; ship plates, 8/. 15s. per ton ; sections 
(angle basis), 8. 7s. 6d. per ton; and joists, 8/. 10s. 
per ton. 

Black-Sheet Trade-In the black-sheet trade the 
makers have quite a fair amount of work booked, and 
for the first few months of the new year they should be 
well employed. The holiday stoppage will not be of 
longer duration than the usual. During the past year 
business was of a mixed nature and varied somewhat. 
The thinner gauges were generally in quite good demand, 
but the heavier sorts were more often quiet. Galvanised 
flat and corrugated sheets were somewhat irregular 
during the past twelve months, but quite a fair tonnage 
was shipped overseas. Bookings are fairly satisfactory, 
and the outlook for the new year is considered reasonably 
good. Prices in 1929 moved up and down, and at the close 
were as follow :—Black sheets, }-in., 9/1. per ton; gal- 
vanised corrugated sheets (No. 24 gauge), 13/. per ton 
for home delivery, and from 121. 10s. to 12l. 17s. 6d. per 
ton for export lots. 

Malleable-Iron Trade.—A quiet tone has characterised 
the West of Scotland malleable-iron trade of late, and 
the year-end stoppage was welcomed. During the whole 
of the past year there has been rather a scramble for 
work except during the few weeks following the settle- 
ment of the strike on the hours and wages question. 
When the accumulation of orders had been worked off 
the old state came on again, and a short week was all too 
general. The price of ‘‘Crown” bars has remained 
steady at 101. 5s. per ton for home delivery, and from 
10/. to 91. 15s. per ton for export lots. The latter is the 
current figure. In the re-rolled steel-bar sections the 
conditions were very similar, and the competition from the 
Continent was, and still is, very keen, with the result 
that unremunerative prices have had to be accepted. 
The outlook is not very bright. During the year the 
course of prices varied very little, and, at the close, both 
the home and export figures were 7/. 15s. per ton. 

Scottish Pig-Iron Trade.—The conditions ruling in 
the Scottish pig-iron industry during the past year have 
not been altogether too encouraging. With less than a 
third of the blast furnaces of the country in commission, 
there has been ample pig-iron to meet the calls of con- 
sumers. Such a state is not a healthy one, particularly 
as the import of the foreign product has been on the 
increase. The local makers have had a severe struggle 
all the year and as raw material and fuel kept rising, any 
advances made in prices still left the latter unremu- 
uerative. In January last, No. 1 iron was 75s., and No. 3 
‘Us. per ton, both ex works, but in the following month 
fixed minimums were arranged at 73s. 6d. and 71s. 
per ton, and a month later these prices were raised to 
‘os. and 72s. 6d. per ton, respectively. In June the 
quotations became 77s. and 748. 6d. per ton, and then 
‘8s. 6d. and 76s. per ton were touched in July. These 
quotations remained in force until about the beginning 
of December, when a further advance became necessary 
and the prices then fixed—80s. 6d. and 78s. per ton— 
tuled at the close of the year. Despite the steady 
advances during the year, the producer has not had 
much benefit, and full consideration was given before 
any change was made in prices. In the case of hema- 
‘ite iron, the state is very similar to that governing 
foundry grades, and prices have gradually increased 
curing that period. At times there was quite a good 
business being put through, but the demand never 
reached an extra high level. When the steel makers 
were busy, deliveries were good, but unfortunately this 
did not last very long. During the year the price, de- 
livered at the steel works, advanced from 75s. per ton to 
81s. per ton, which was the quotation at the close of 1929. 





NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. Thomas Lowe Gray 
Lecture. ‘Progress in Marine Engineering,” by 
Eng. Vice-Admiral R. W. Skelton. 


INSTITUTION OF ELECTRICAL ENGINEERS.—To-night, 
7 p.m., Victoria-embankment, W.C.2. Meter and Instru- 
ment Section Meeting. ‘‘ Instrument Transformers,” 
by Mr. J. G. Wellings and C. G. Mayo. Thursday, 
January 9, 6 p.m., Ordinary Meeting. ‘‘ Recent De- 
velopments in the Protection of Three-Phase Transmission 
Lines and Feeders,” by Mr. T. W. Ross and Mr. 
H. G. Bell. 


Junior InstTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. ‘‘ Speedy Draughtsman- 
ship,” by Mr. F. T. Woods. Friday, January 10, 7.30 
p-m. ‘The Track Circuit in Railway Signalling,’ by 
Mr. J. N. Riddle. 

INSTITUTE OF BRITISH FOUNDRYMEN. — Lancashire 
Branch : Saturday, January 4, 4 p.m., College of Tech- 
nology, Sackville-street, Manchester. ‘‘ Some Develop- 
ments in Aluminium Metallurgy,” by Mr. N. C. Ashton. 


INSTITUTION OF AUTOMOBILE ENGINEERS.— Western 
Centre : Monday, January 6, 7 p.m., Merchant Venturers’ 
Technical College, Bristol. ‘‘ Organisation of Public 
Service Motor Vehicle Repair and Maintenance Systems,” 
by Mr. L. Morgan. London: Tuesday, January 7, 
7.45 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. “‘ Roller Bearings,’’ by Mr. T. W. Cooper. 


BRADFORD ENGINEERING Socrety.—Monday, Jan- 
uary 6, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. ‘‘The Constant Pressure Steam Accumu- 
lator,” by Mr. C. F. Wade. 


Rattway Cius.—Monday, January 6, 7.30 p.m., 
57, Fetter-lane, E.C.4. ‘‘ Notes on Railways of the 
Near East,’’ by Mr. A. D. St. G. Walsh. 


WOLVERHAMPTON AND District ENGINEERING So- 
clieTy.-—Monday, January 6, 7.30 p.m., Victoria Hotel, 
Wolverhampton. ‘‘An Up-to-Date Electric Drive for 
a Reversing Mill (Ward Leonard Control),” by Mr. W. E. 
Taylor. 

INSTITUTE OF FurEL.—Wednesday, January 8, 6 p.m. 
Chemical Society, Burlington House, Piccadilly, W.1- 
‘*Fuel Economisers with Special Reference to their 
Construction, Materials and Recent Developments,” 
by Mr. O. Kubalek. 


INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS. — Wednesday, January 8, 7 _ p.m., 
Swedenborg Hall, 20, Hart-street, Bloomsbury, W.C.1. 
‘* Combustion, Wind and Flue Equipment,” by Mr. C. A. 
Masterman. 

BELFAST ASSOCIATION OF ENGINEERS.—Wednesday, 
January 8, 7.30 p.m., Municipal College of Technology, 
Belfast. ‘‘ Powdered Fuel on Board Ship,”” by Comm. 
A. C. H. Campbell. 


INSTITUTION OF PRropDUCTION ENGINEERS.—Coventry 
Section : Wednesday, January 8, 7.30 p.m., King’s Head 
Hotel, Coventry. ‘“* Electric Heat Treatment Furnaces,” 
by Mr. A. G. Lobley. 

INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednesday, 
January 8, 7.30 p.m., St. Bride Institute, Bride Lane, 
E.C.4. ‘‘ Steam Boilers: and Fuel: Economy,’’ by. Mr. 
W. F. Goodrich. 

INSTITUTION OF SANITARY ENGINEERS.—Wednesday, 
January 8, 7.30 p.m., Denison House, 296, Vauxhall 
Bridge-road, 8.W.1. Presidential Address by Mr. W. L. 
Jenkins. 

BritisH ASSOCIATION OF REFRIGERATION.—Thursday, 
January 9, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, S.W.1. ‘‘ Some Considerations 
in Design of Modern Refrigerating Plant,” by Mr. B. C. 
Oldham. 

INSTITUTION OF CIvIL ENGINEERS.—-Birmingham and 
District Association: Thursday, January 9, 6 p.m., 
Chamber of Commerce, New-street, Birmingham. ‘ The 
Design and Construction of Superimposed Sewers,” by 
Mr. R. H. Lee. Manchester and District Association : 
Thursday, January 9, 6.45 p.m., Manchester Literary and 
Philosophical Society, 36, George-street, Manchester. 
‘‘Constructional Problems in Early Architecture,” by 
Mr. J. T. Halliday. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
January 9, 6.30 p.m., 10 Upper Belgrave-street, S.W.1. 
‘* Engineering Contracts : Some Legal Problems Affecting 
Structural Engineers,’ by Mr. E. J. Rimmer. 


Roya AERONAUTICAL Socrety.-~—Thursday, January 9, 
6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. “The New American Wind Tunnels,” by 
Mr. McKinnon Wood. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Thursday, 
January 9, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘‘ Protective Coatings for Iron and Steel,”’ 
by Mr. E. O. Jones. 

Institute oF Metats.—London Local Section: 
Thursday, January 9, 7.30 p.m., Society of Motor Manu- 
facturers and Traders, Limited, 83, Pall Mall, S.W.1. 
‘*The Aluminium Industry,”’ by Mr. G. Mortimer. 


Royat Socrety or Arts.—Friday, January 10, 
4.30 p.m., John-street, Adelphi, W.C.2. ‘‘ The Economic 
Progress of India,” by Sir B. P. Blackett. 

Norts-East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, January 10, 6 p.m., Mining 
Institute, Newcastle-on-Tyne. “Design and Con- 
struction of the Rail-Car-Carrying Steamship ‘ Seatrain,’”’ 
by Mr. L. C. Burrill. 





Socrety or CHEMIcAL INDUSTRY: CHEMICAL ENGIN- 
EERING Group.—Friday, January 10, 8 p.m., Chemical 
Society, Burlington House, Piccadilly, W.1. ‘‘ Auto- 
genous Welding in Chemical Works,’’ by Mr. J. R. 

ooer. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Though work has been restarted at 
intermediate departments, production is by no means 
in full swing. Next week will witness a more general 
resumption. Prospects are patchy, but in the main 
hopeful. A distressing development is the closing of 
the ircn section of an old-established Sheffield steelworks. 
This follows successive losses over a ‘number of years, 
and arises mainly from underselling by Belgian competi- 
tors, who are able to dump surplus products in the home 
market at prices pounds per ton below the British selling 
price. Over four hundred men will be thrown idle. 
Makers of bulk steel have moderate order books, and 
are disposing of an increased share of their output to 
inland users. The probability of a recrudescence of 
Continental rivalry is being watched with special atten- 
tion. Sound progress is being made in locomotive and 
automobile castings. Research work has_ proved 
invaluable in enhancing local quality, with the result that 
orders have been booked from Germany, Switzerland and 
Czechoslovakia. More will be heard of rationalisation 
developments among local firms with a world-wide 
reputation within the next few weeks. This principle 
is gradually being applied to the greater part of the local 
heavy trades, but its adoption in the lighter sections is 
likely to be less rapid, owing to a variety of factors 
affecting organisation and distribution. Good business 
is to hand in the tool trades. Home and overseas orders 
for high-speed twist drills and cutters, boring and 
crashing implements and mechanics’ small tools are 
maintained at a high level. The gradual modernisation 
of the cutlery trade by the adoption of mechanical 
methods, in place of the old hand processes, has given 
rise to a demand for special machinery. 


South Yorkshire Coal Trade.—Most sections of the 
South Yorkshire trade are still in the grip of the holiday 
influence. Distributors are more or less marking time, 
pending industrial developments in the new year. 
Steady deliveries have been resumed under contract to 
inland iron and steelworks, but fresh trading on shipment 
account is of a restricted character. Best quality 
domestic fuel isin demand. No improvement is reported 
in secondary sorts, which are in surplus supply at pits 
and depots. The strength of the market in furnace and 
foundry coke is undiminished. Quotations: Best 
branch hand picked, 26s. 6d. to 28s. ; Derbyshire best 
brights, 21s. to 23s.; Derbyshire best honse, 20s. 6d. 
to 21s. 6d. ; screened house coal, 18s. 6d. to 20s. ; screened 
house nuts, 16s. 6d. to 18s. ; Yorkshire hards, 15s. 6d. to 
17s. ; Derbyshire hards, 15s. 6d. to 17s. ; rough slacks, 
9s. to 10s. ; nutty slacks, 7s. 6d. to 8s. 6d. ; smalls, 3s. to 
58. 








Coat tn Morocco.—The finding of outcrops of coal 
near Chichaoua, south of the City of Morocco, North 
Africa, has led to the discovery of what appears to be an 
important coal deposit. Prospecting is still being actively 
carried on. 


ConGRESS OF CONSULTING ENGINEERS, VIENNA.—A 
congress of consulting engineers, organised by La 
Fédération Internationale des Ingénieurs-Conseils, is to 
take place in Vienna in 1930. The Federation is com- 
posed of ten associations of consulting engineers, namely, 
those of France, Austria, Belgium, Denmark,. Holland, 
Norway, Poland, Sweden, Switzerland ‘and. Czechoslo- 
vakia. The Federation also has corresponding members 
in Greece, Hungary and Italy. The President is M. L. 
Prangey, chairman of the Chambre des Ingénieurs- 
Conseils et Ingenieurs-Experts de France. 





Contracts.—The full working designs of high-pressure 
steam Yarrow boilers for a large and powerful liner 
ordered by Messrs. Lloyd Sabaudo, Genoa, from Messrs. 
Stabilimento Tecnico Triestino, Trieste, are being pre- 
pared by Messrs. Yarrow and Company, Limited, Scots- 
toun, Glasgow, W.4.—-Messrs. The Mirrlees Watson Com- 
pany, Limited, Scotland-street, Glasgow, have received 
a further order from the Mid-Kent Water Company, 
for pumping machinery for the Charing pumping station. 
The duty of the new pump will be from 26,400 to 38,400 
gallons of water per hour against total heads of 464 and 
412 ft., respectively. ‘The pump will be driven, through 
double helical gear, by a Mirrlees, Bickerton and Day 
three-cylinder Diesel engine, the normal rating of which 
is 135 b.h.p., and the speed 230 r.p.m. The speed of the 
pump will be 900 r.p.m.—Messrs. W. H. Allen, Sons and 
Company, Limited, Bedford, have secured a contract 
for 10 steam turbines and condensing plants for driving 
hot oil centrifugal pumps for the new oil-cracking plant 
of the Anglo-Persian Oil Company, Limited, at Abadan.— 
Messrs. The British Thomson-Houston Company, Limited, 
Crown House, Aldwych, London, W.C.2, have obtained a 
twelve months’ contract from the Great Northern 
Railway Company (Ireland), Dublin, for the supply 
of Mazda gas-filled electric lamps.—The contract for the 
re-signalling of the Metropolitan Railway from Uxbridge 
to Rayners Lane has been awarded to Messrs. The 
Westinghouse Brake and Saxby Signal Company, 
Limited, 82, York-road, London, N.1.. The contract 
includes the supply and installation of 22 main colour- 
light signals, fog-repeater signals, 22 electric train stops, 
50 condenser-fed track circuits, illuminated diagrams 
and alternating-curront relays. 
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THE TECHNICAL INSTITUTIONS 
AND INDUSTRY. 

For some time past it has been our practice, in 
the early issues of each New Year, to review the 
industrial aspects of the engineering activities of 
the country, and to attempt some forecast of pros- 
pects in the year ahead. In the article on page 20, 
of this issue, which opens our new consideration of 
this subject, it will be found that no very optimistic 
tone has been adopted. This will surprise no one 
who is in touch with the industries of the country 
as a whole. There is no need here to anticipate, 
or repeat, anything from that series of articles, 
but there is an aspect of the whole question of the 
prosperity of our engineering industries which lies 
outside their scope, but which is, none the less, 
worthy of careful consideration. 

During latter years, our engineering firms have 
many times been charged with showing less enter- 
prise in the development of new methods and the 
introduction of new types of plant than some of 
their competitors. Many of the things which have 
been said have been exaggerated, while some have 
been unfair, but in certain directions, and in some 
particulars, there is little doubt but that the charge 
may be justified. Fully to analyse the basis for the 
charge, it would be necessary to discuss such ques- 
tions as home markets, sheltered labour, taxation, 
and other subjects with which the complex activities 
of British industry are so closely interrelated. 
These matters are, however, not our present con- 
cern. We wish to discuss a further interrelation of 
British industry which has a bearing on the charges 
to which we have referred. This interrelation con- 
cerns the important institutions which represent the 
technical sides of its various engineering branches. 

Before going further, it may be well to say that 
we are not forgetting that our technical institutions 
are not trade associations. They are societies of 





technical men rightly tai of the status of those 
they admit to their membership. Some of them 
have special classes to which they admit suitable 
persons professionally interested in their activities, 
but not technically qualified for full membership ; 
but none, we think, admits anyone who could pro- 
perly be described as a trade representative. As, 
however, success or failure of the British engineering 
industry must in the long run depend on its technical 
men, it must be that success or failure is some 
function of the activities of our technical institu- 
tions. The nature of that function it would be 
difficult to trace in detail, but some of its broader 
features may be observed, and an aspect of the 
function may possibly be traced in connection with 
the common charge that to an excessive extent 
British firms are content to purchase designs for 
new developments from abroad, instead of en- 
couraging their own designers and giving proper 
attention to original research. 

Most modern developments in the engineering 
field have not appeared fully matured from the 
brain of their inventor, like Pallas Athene from the 
head of Zeus. Usually they represent the fruition 
of ideas which are in the air, and are the common 
property of many workers, and it is here that one of 
the services of the technical institutions comes in. 
Their meetings give opportunities for men working 
on similar problems to meet and discuss their 
difficulties and hopes. The meeting and the 
discussions at the meeting create the atmosphere 
in which germinant ideas may blossom. The 
discussion and conversation for which the meetings 
make an opportunity are of definite value to most 
workers, and essential to some, in developing their 
own ideas. A Newton possibly may be able to 
develop revolutionary conceptions in solitude and 
unassisted ; but most men are not Newtons, and the 
stimulus given by criticism and the interchange of 
ideas is necessary if they are to develop the best 
that isin them. The stronger and more active the 
technical institutions are, the more likely are our 
younger men to be able to make the best of their 
own possibilities, and to assist in keeping a leading 
position for this country in engineering develop- 
ment. And, apart from any of the economic 
factors to which we have briefly referred, it is 
certain that our engineering industry can, if for 
this reason only, greatly benefit from the work of 
our technical institutions. That those institutions 
are in this way a function of the fortunes of that 
industry is the text of this article. 

While it is frequently an advantage to talk in 
general terms, it is sometimes better to point the 
example of the particular. There are two technical 
institutions in this country which, we trust without 
offence, may be used to illustrate our thesis and to 
form a comparison which, if perhaps a little forced, 
appears, none the less, to be suggestive. The 
organisations to which we refer are the Institution 
of Electrical Engineers and the Iron and Steel 
Institute. The Institution of Electrical Engineers 
represents the technical side of one of our’ more 
successful branches of engineering; the Iron .and 
Steel Institute represents one that for many years 
has been far from prosperous. It may be coinci- 
dence, but it is worth noting that the prosperous 
industry is represented by an institution with a 
vigorously growing membership which has reached 
the highest figure of that of any similar organisa- 
tion in the country. The depressed industry is 
represented by an institute, of which, we believe, 
the membership has been practically stationary 
over a considerable number of years. It may be 
held that this is a natural state of affairs, and that 
the technical institution must follow the fortunes of 
the branch of industry with which it is concerned. 
This may be so, but. we would prefer to look at the 
matter from the other point of view. While it 
would be ridiculous to say that the state of the iron 
and steel industry is determined by the state of the 
Tron and Steel Institute, it is far from ridiculous 
to say that a stronger and more active Iron and Steel 
Institute could do nothing but good to the industry. 

We have not the temerity to suggest that the 
fortunes of the iron and steel industry are centered 
at 28, Victoria-street, but we very certainly have 
the temerity to suggest that one of the ways in 
which those engaged in this industry can do some- 
thing to assist it is in supporting their own technical 
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institution. There are very many men engaged on 
the scientific and works side of the heavy metal 
industries who are not members of the Institute. 
If they will join, they will directly benefit them- 
selves, and will both share in and help to intensify 
that atmosphere of scientific interest and enquiry, 
which it is so much the business of our technical 
institutions to foster. An active scientific and 
technical side in any engineering industry must 
very certainly react favourably on its industrial 
fortunes, and radically affect and guide those who 
are concerned with its commercial side, and to whom 
we are perhaps too much inclined to attribute all 
our ills. 








THE ELECTRICITY COMMISSIONERS’ 
REPORT. 


THE passing of an Act of Parliament to make 
certain developments possible does not always mean 
that those developments take place without delay, 
or even at all. It is therefore satisfactory to learn 
from the Ninth Annual Report of the Electricity 
Commissioners, which covers the twelve months 
ended March 31, 1929, that the principal feature of 
the year under review was the great progress made 
in preparing and carrying out the regional schemes 
for co-ordinating generation and transmission, as 
laid down in the Electricity (Supply) Act of 1926. 
The five schemes, which had been adopted at that 
date, cover about 43 per cent. of the total country, 
75 per cent. of the population and include the areas 
of 450 undertakers, who between them accounted for 
upwards of 80 per cent. of the total electricity sold. 
The actual work is also progressing satisfactorily 
and on March 31, 1929, contracts of an aggregate 
value of 8,150,0001. had been placed by the Central 
Electricity Board. In addition, satisfactory solu- 
tions are being found for the various administrative 
problems which must arise in the course of such a 
re-organisation and, as will be gathered from the 
information given in more detail below, close 
attention is being paid to the development of 
urban and rural distribution, without which the 
“grid” must fail of its principal effect. 

As usual, the report, which is published by H.M. 
Stationery Office at the price of 3s. net, contains a 
considerable amount of statistical matter, some of 
which was dealt with on page 532 of our issue of 
October 25, 1929. It may be stated, however, that 
at the end of the year, 659 undertakings held supply 
powers, or 17 more than in the previous twelve 
months, and that the electricity consumed amounted 
to 171 kw.-hours per head of population, as com- 
pared with 155 kw.-hours in 1927-28. This is a 
satisfactory rate of increase. Two regional schemes 
were completed and transmitted to the Central 
Electricity Board during the year, and with 
those already approved cover 96 “selected” and 
36 “ non-selected ’’ generating stations, aggregating 
4,916,429 kw. of plant, together with 1,770 miles of 
transmission line and 5,635,000 kv.-a. of trans- 
forming equipment. It is, therefore, important that 
this development should be utilised to provide an 
economic electrical service for the rural population, 
and considerable space is devoted to showing what 
is being done in this direction. 

In many areas such provision is dependent upon 
the outward extension of the supply system of a 
neighbouring undertaking. The electrical develop- 
ment of such areas will proceed on the basis of the 
establishment of a nucleus of compulsory mains, 
where such are prescribed by the Order or Act con- 
cerned, and the provision of suitable and sufficient 
distributing mains to meet the demand in the various 
parishes. On the other hand, there are considerable 
tracts of territory where the prospects of electrical 
development during the next few years are depen- 
dent on the formulation, and carrying out, of schemes 
in such portions of these areas as show a demand 
and a reasonable prospect of the supply becoming 
remunerative. Certain authorities are concerned 
with rural development on this basis. Up to the 
end of March, 1929, proposals had been submitted 
for the development of about 3,400 square miles of 
territory with a population of 460,000, and involving 
a capital expenditure of 1,000,000/. over a short 





period of years, while additional proposals were in | 
course of preparation. It is evident, therefore, 
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that during the next four or five years an important 
contribution towards the electrification of rural 
areas will have been made. On March 31, 1929, 
1,435 rural parishes had a supply and 3,047 were 
not electrified. It is proposed to continue a syste- 
matic review of the progress made in the provision 
of mains in these areas and to explore the reasons 
for non-development, in order to facilitate the 
supply of electricity in all cases where it can be 
given on a remunerative basis. From the informa- 
tion given in the report it is obvious that the task 
will not be altogether light, especially in the more 
sparsely populated districts. 

As regards generating plant for new and existing 
stations, 602,818 kw. was sanctioned during the year, 
compared with 668,357 kw. in 1927-28. The 
difference is accounted for by the slowing up in 
construction of new stations. Since January 1, 1920, 
a grand total of 4,840,186 kw. of plant has been 
sanctioned. The three principal sanctions given 
during the year were for the West Midlands Joint 
Authority station at Ironbridge, the Clarence Dock 
Station of the Liverpool Corporation and the 
Maentwrog station of the North Wales Power 
Company. In no other case did the capacity of the 
station exceed 600 kw., and in one it was as low as 
7-5 kw. That such sanctions are still essential 
points forcibly to the necessity of pushing on with 
the construction of the “grid.” The construction 
of about 150 miles of the “‘ grid ” had been approved 
by March 31, 1929, while, in addition, consents to the 
erection of 22 other transmission lines were issued. 
In ten cases the working pressure was 33,000 volts. 

As usual a very large portion of the 213 pages of 
the report deals with what may be called the routine 
work of the Commissioners. This covers the various 
duties laid upon them by Parliament since 1919, 
or taken over by them from their predecessors. In 
addition, the reports of the Joint Authorities and 
other similar bodies are summarised in appendices. 
Nevertheless, though the Commissioners do so much 
and such useful work, their annual cost to the 
industry was only 47,0001. or 1-65d. per 1,000 kw.- 
hours sold. In addition, 23,7601. of revenue were 
obtained from other sources. 








NOTE. 
Tue New Year’s Honours List. 

Tue New Year’s Honours List, which was issued 
on Wednesday, contains several names whose 
holders have some connection with engineering. 
As usual, the majority of these are practising 
their profession in a more or less official capacity. 
Baronetcies have been awarded to Sir Gregory 
Foster, who has just retired from the provostship 
of University College, London, and who is still 
Vice-Chancellor of the University of London, 
and on Sir Eustace Tennyson-D’Eyncourt, who was 
Director of Naval Construction at the Admiralty 
from 1912 to 1923. Knighthoods have been con- 
ferred on Lieutenant-Colonel H. W. G. Cole, 
Director Exhibitions Department, Department of 
Overseas Trade; on Mr. Archibald Page, Chief 
Engineer and Manager, Central Electricity Board 
and Past-President of the Institution of Electrical 
Engineers ; and on Mr. A. M. Rouse, Chief Engineer, 
Indian Service of Engineers. Sir E. T. F. Crowe, 
Comptroller-General of the Department of Overseas 
Trade, is made a K.C.M.G., while Messrs. A. Dry- 
land, County Surveyor of Middlesex, and S. Stallard, 
Divisional Road Engineer, Ministry of Transport, 
receive the C.B.E. The O.B.E. has been given to 
Mr. T. S. Hawkins, civil engineer, Ministry of 
Transport, and the M.B.E. to Mr. E. E. Rogers, 
Examiner of Technical Accounts, Electrical Engin- 
eering Department, Acmiralty. Messrs. W. P. 
Roberts, Superintending Engineer, Cauvery-Metur 
Project, J. L. Sale, Superintending Engineer, 
Indian Service of Engineers, and 8. Walker, Chief 
Engineer for Irrigation, North-West Frontier 
Province, receive the C.I.E. 








S1aMEsE-CocuHIn Cutna Rattways.—The construction 
of a railway line from Saigon, in French Cochin China, 
to Battambang and Sisophon, in Cambodia, has been 
decided upon, and the work is to be put in hand shortly. 
The line will be linked up with the railway from Bangkok, 
the Siamese capital, to the Cambodia frontier, which is 
at present under construction. 








THE ENGINEERING AND POWER 
CONFERENCES IN TOKYO. 


(Concluded from vol. cxxviii, page 746.) 


THE programme of visits which was arranged in 
connection with the Engineering and Power Con- 
ferences in Tokyo, was overwhelmingly full, and 
it was therefore impossible for any one member to 
participate in more than a few of the items. In the 
same way, space prevents us from doing more than 
giving a few details of the more important works 
and institutions which were thrown open to visitors, 
but these will, we think, be sufficient to show that 
Japan has made good her claim to have attained 
full status as an industrial nation. 

In Tokyo itself, and the surrounding neighbour- 
hood, ample opportunity was afforded for seeing 
what was being done in such widely differing spheres 
of activity as research institutes, engineering works, 
railway shops, hydro-electric plants and breweries, 
as well as for inspecting the large amount of 
reconstruction which, in consequence of the 1923 
earthquake, has since been necessary in both the 
engineering and building industries. 

Turning to the individual works and institutions, 
mention may first be made of the Tsurumi factory of 
the Shibaura Engineering Works, Limited. This 
firm was started in 1875, and, after being engaged 
for some years in the manufacture of general 
engineering plant, concentrated on the production 
of electrical machinery in 1911. The works at 
Tsurumi were built in 1922, on a site of 110 acres, 
and comprise a heavy machine shop, forge and 
pattern shop, all of which are equipped with modern 
electrically-operated tools. The firm has_ been 
responsible for the manufacture of a number of the 
large hydraulic turbines and alternators which are 
now in use in Japan, as well as for much electrical 
plant for iron and steel works and for locomotives 
for the State Railways. A modern undertaking of 
another kind is the Asano Portland Cement Com- 
pany’s works at Nishitama. This is a wet-process 
plant, and is the first of its kind to be built in Japan. 
It is, at present, equipped with two kilns, with a 
total output of 3,000 bushels of cement per day, 
and with sufficient grinding plant to serve a third 
kiln now being instaJled. The raw limestone is ob- 
tained from the hill, at the foot of which the factory 
is built, and contains, on an average, 97 per cent. of 
calcium carbonate. The shale is also drawn from 
a deposit near by. The quarries are at the same 
level as the crushing plant in which the rock is 
crushed in twostages. It is then transferred to the 
bins above the grinding mills by belt conveyors. 
The mills are driven by 510-kw. slow-speed motors, 
which are placed outside the mill room. The 
slurry, which has a water content of 38 per cent. 
and a fineness of 5 per cent. on a 4,900-mesh screen 
per square centimetre, is stored in tanks, where it is 
blended and mixed by compressed air. The kilns 
are provided with a complete set of measuring 
instruments, which, together with the motor-control 
apparatus, is concentrated on a special board. 
The clinker is discharged on to a shaking con- 
veyor, which transports it to a storage building, the 
finished cement being dealt with in the same way. 
The waste heat from the kilns is utilised in a power- 
house with an installed capacity of 3,500 kw. 

An interesting civil engineering project which 
was visited, is the improvement works on the River 
Arakawa. This consists of excavating and forming 
embankments for a new flood channel to carry 3,400 
cub. m. of water per second. This channel diverts 
all the water, except 800 cub. m. per second, from 
the old channel, and so relieves the low-lying land 
in the north of Tokyo from the risk of flood. Nearly 
40,000,000 cub. m. of spoil has been excavated, of 
which about three-quarters has been utilised in the 
banks. The latter are, in most places, covered wit h 
sods, but, nevertheless, there is some 33 km. of 
stone or concrete revetment. At Iwabuchi, where 
the channel diverges from the river, there are five 
sluices, each 9 m. wide. These are equipped with 
Stoney-type gates, one of which has double leaves to 
facilitate navigation. At Onagigawa, not far from 
the sea, the principal canal in the neighbourhood is 
crossed, connection being effected through four locks 
each about 11 m. wide. Two of these locks are 
equipped with mitre gates, and the others with 
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lifting gates. The flood channel has a reserve 
capacity of 2,200 cub. m. per second above the 
4,200 cub. m. to which the retarding reservoirs 
up-stream are designed to reduce the flood discharge. 
Experience-has shown that the channel completely 
fulfils its object in time of flood. In this connection, 
it may be mentioned that the reconstruction work 
necessitated by the earthquake of September 1, 
1923, is expected to be completed by the end of 
next March. Visitors to Tokyo had the oppor- 
tunity of inspecting the progress that has been 
made in this direction, and of appreciating the 
details of the organisation which has enabled this 
very difficult work to be successfully carried out. 


Among the Research Institutes which were open 
for inspection, mention may be made of that 
devoted to aeronautics, which was founded in 
1918, and, after first being located at Etchujima, 
has, since the earthquake carried on its work under 
the direction of Baron Shika, at Komaba. It is 
incorporated with the Imperial University of Tokyo, 
and is divided into a number of departments in 
which, in addition to purely aeronautical problems, 
physical, chemical and metallurgical investigations 
are undertaken. Pure physical and chemical re- 
search is carried out, under the superintendence 
of Viscount Okochi, in the Institute bearing that 
name. This establishment includes an instrument- 
manufacturing section, in which outside orders are 
executed. Industrial chemical research is concen- 
trated in an establishment at Yoyohata. This 
is under the control of the Minister of Commerce 
and Industry, and, among other works, makes tests 
on samples and acts in a consulting capacity. A 
special feature of the well-equipped Fuel Research 
Institute at Kawaguchi, is that the tests are mainly 
carried out on a semi-industrial scale. For instance, 
the gas producer and low-temperature carbonisation 
retort with which it is equipped have a capacity of 
3 tons and 6 tons per day, respectively, and con- 
tinuous tests lasting from 7 days to 10 days are 
made. It may be added that the Imperial Univer- 
sity, with which the majority of these institutions 
are affiliated, occupies a site of 82 acres, near the 
centre of the city, and provides education in seven 
faculties. Like most other bodies, its activities 
have recently been retarded by the need for an 
almost complete reconstruction of the buildings. 
In this connection, too, mention may be made of 
the well-equipped research laboratory, which is 
attached to the electric lamp works of the Tokyo 
Electric Company. This factory covers some 28 
acres, and comprises about 609,000 sq. ft. of floor 
space. It includes, not only shops for making 
lamps, lighting accessories and meters, but a glass 
and pottery factory. The company supplies about 
90 per cent. of the home demand for lamps. In 
the research laboratories, investigations are carried 
out into the properties of the various materials used 
in the lamps, as well as on the lamps themselves, 
vacuum and X-ray tubes, and wireless and television 
apparatus. The company also controls a Lighting 
School, which is equipped with demonstration rooms 
for domestic, factory, studio, and stage lighting. 

Much interest was evinced by railway engineers 
in the organisation and equipment of the locomotive 
and rolling-stock repairs works of the Government 
Railways, at Omiya, which were described in one 
of the papers read before the Congress. This is 
arranged to deal with both steam and electric 
locomotives, and with passenger and goods rolling- 
stock, and has enabled the time lost in the shops 
by these vehicles to be greatly reduced. 

Among the plants and factories which were open 
for inspection in other parts of the country, mention 
may be made of the hydro-electric station at 
Inawashiro, which derives its power from the lake 
of that name. Together with three other lakes, it 
provides a storage capacity of 220,000,000 cub. m., 
and the four stations supplied in series will have 
an ultimate aggregate capacity of 200,000 kw. The 
first of these stations started operations in 1912, 
With a capacity of 37,500 kw., and was connected 
to Tokyo by a line working at a pressure of 115 kv. 
T he intake canal is controlled by 16 sluice gates, 
which are erected at the outlet of the River Nippashi, 
to regulate the water level in the lake. The total 
length of canal is 8,322 m., the discharge capacity 
being 55 cub. m. per second. The effective head 











at the four stations is 106°8, 69°5, 40°6, and 63 m., 
respectively, and their capacities are 37,500, 
24,000, 14,000, and 21,700 kw. Two of the stations 
are equipped with horizontal and two with verti- 
cal turbines, all being of the double-spiral Francis 
type. Three-phase energy is generated at 6,600 
volts, and is stepped up to 115 kv. and 89 kv. for 
transmission. Two double-circuit transmission lines 
are in use at the former pressure, their total length 
being nearly 450 km. 

Another hydro-electric station visited was that at 
Oi, on the Kiso River, where a reservoir has been 
formed by building a dam some 300 yards above the 
power-house. The intake is located about 80 yards 
above this dam, and is connected to the station by 
two pressure tunnels, each of which is divided into 
two parts. Each divided tunnel is provided with a 
separate surge tank, which in turn, supplies a pen- 
stock. The dam is of the gravity type, and is 
equipped with twelve Tainter gates, while the intake 
is provided with six gates. The main generating plant 
consists of four 18,000 h.p. vertical single-discharge 
Francis turbines with spiral casings, and, in addi- 
tion, there are two 1,000 h.p. exciter sets of similar 
design. Three-phase current is generated at 6,600 
volts and a frequency of 60 cycles, and is supplied 
to three banks of 9,200 kv.-a. transformers, in which 
it is stepped up for transmission. Inspections were 
also made of the Kanose and Toyomi stations, de- 
scriptions of which were given in one of the papers 
presented at the Congress, abstracts of which were 
published on page 789 of our last volume. 

An interesting factory in the neighbourhood of 
Nagoya is the Toyoda Automatic Loom Works, 
Limited, the chief product of which is a high-speed 
automatic loom. A special feature of this machine, 
every part of which is made to gauge, is that it can 
be run at high speeds without danger, while the use 
of an ingenious positive let-off motion enables the 
breakage of the warp yarn to be reduced to a 
minimum. Experience shows that the loom can 
be run continuously at a speed of 250 r.p.m., without 
giving any trouble, and it is now being used in an 
increasing number of Japanese works. It is fitted 
with a non-stop shuttle-changing motion, while a 
special device is provided to stop the flying shuttles 
at a certain position. Great care has been taken 
to keep the tension even independently of the 
decrease in the diameter of the beams. The same 
firm operate spinning and weaving mills in the neigh- 
bourhood, with an aggregate equipment of 80,224 
spindles and 1,916 looms. All the latter are of the 
Toyoda automatic type, and 40 to 50 can be con- 
trolled by one operator. 

The Yosami transmitting station, which is being 
built for wireless communication between Japan 
and Europe, was also open for inspection. The 
aerial at this station is of the inverted L type, and 
is supported on eight 250-m. steel towers. The 
tops of the towers are connected in pairs by messen- 
ger wires, to which sixteen aerial wires are attached. 
The area covered by the aerial system is 720,000 
sq.m. The earth is of the counterpoise type, and 
is buried about 60 cm. below the surface of the 
ground. It is made up of 177 hard-copper wires at 
right angles to the aerials, and 17 wires parallel to 
the aerials, the total length being 180 km. and 
the area covered 1,550,000 sq. m. This earth 
is connected to the station by wires which are 
carried on wooden poles. The aerial output is 
550 kw. at a wave length of from 15,500 m. to 
17,200 m., and 510 kw., at a wavelength of 19,000 m. 
The generating plant consists of two sets of 920 kw. 
motor-generators, two sets of 50 kw. motor-gene- 
rators, two sets of 5-kw. motor generators, and 
two sets of 872 kv.-a. high-frequency generators. 
The sending efficiency is over 12,000 metre-amperes, 
so that the signals are easily received in all parts 
of Europe. A supplementary short-wave set, with 
an output of 10 kw. is also provided. All messages 
are controlled from Nagoya, over a line 31 km. long. 
The other visits paid in this district included an 
inspection of the works of the Japan Porcelain 
Manufacturing Company, where a large amount of 
power is employed, and of the Nippon Brewery 
Company. 

In the neighbourhood of Osaka, one of the prin- 
cipal engineering establishments is that of the 
Railway Rolling Stock Manufacturing Company, 





Limited. This organisation was established in 
1896 by Viscount Inouye, the pioneer of railway 
construction in Japan, on a site which provides 
ample facilities both for sea and land transport. 
It has since been considerably extended, and now 
covers about 300 acres, of which rather over 100 
acres are occupied by buildings. Nearly all the 
machines are electrically driven, the horse-power 
installed amounting to 4,888. The firm has a 
second factory of about the same size at Tokyo, 
and turns out, on an average, 50 large and 60 small 
steam locomotives per annum, together with 30 
electric locomotives, 350 passenger vehicles and 
tramcars, and 2,500 goods wagons, together with 
20,000 tons of steelwork for bridges, as well as 
points and crossing and boilers. 

The steel industry is also represented in the 
neighbourhood by the Sumitomo Steel Mill Com- 
pany, Limited. This concern produces both cast- 
steel and forged-steel products, as well as special steel 
of various compositions, and machine tools. The 
furnace equipment consists of acid and basic open- 
hearth furnaces of various capacities and a 3-ton 
electric furnace, the aggregate annual output being 
about 45,000 tons. During last year, about 8,000 
tons of steel castings were also produced. Forg- 
ing is carried out by a 2,000-ton hydraulic press 
and steam and pneumatic hammers of different 
sizes, the annual output of this shop being 8,000 
tons. In addition, the factory is completely 
equipped with machine tools for finishing crank- 
shafts, and wheels and axles, and for the manufac- 
ture of gearing for the railway, marine, and electrical 
industries. 

Mention may also be made of the Imperial Mint> 
which was established at Osaka in 1868. This was 
primarily equipped with plant transferred from 
Hong Kong, and was, at first, staffed by foreigners. 
Since 1889, however, the work has been entirely 
carried out by Japanese. The chief business of this 
establishment is the production of silver, nickel and 
copper coins, the annual output of which is now 
400,000,000. In addition, the refining of gold and 
silver and their certification is carried on, while 
alloys and medals are manufactured and minerals 
assayed. The site occupied has an area of some 25 
acres. Research work connected with the chemical 
and ceramic industries is carried out in the Osaka 
Industrial Research Institute, the laboratories of 
which are available for public use at a regular 
charge. The Institute itself also undertakes tests 
and investigations for private firms and individuals. 

At Kobe, a visit was paid to the Kawasaki Dock- 
yard, which is one of the largest in the Far East. 
It was started over fifty years ago by the local 
authority, but was handed over to private enter- 
prise in 1886. It consists of a shipbuilding and 
engineering works, the former being equipped with 
six slips on which ships up to 40,000 tons can be 
built, and where many warships and mercantile 
vessels for both native and foreign shipowners have 
been constructed. It played a great part during the 
war in assisting to increase the tonnage of the Allies. 
The engineering shops are completely equipped on 
modern lines for the production of turbines, engines, 
boilers, electrical machinery and hydraulic plant. 
Near by, the same firm has established an aircraft 
works, where Kawaski-Salmson and Kawaski-— 
Dornier aeroplanes and flying boats are built and 
equipped for both military and civil purposes, while 
at a third factory steam and electric locomotives 
and railway rolling-stock are constructed. Kobe is, 
of course, the chief importing port of Japan, and, 
since it did not suffer from the earthquake, its 
prosperity in recent years has been increased by the 
diversion to it of some of the silk trade of Tokyo and 
Yokohama. In 1927, it handled 35 per cent. of the 
export trade and 44 per cent. of the import trade 
of the country. 

At Yawata, a visit was paid to the Government 
steel works, which is the largest producer of that 
material in Japan. The present annual output is 
900,000 tons, which is 40 per cent. of the country’s 
total demand, and about 20,000 men are employed. 
The works are favourably situated with regard to the 
coalfields. The necessary pig-iron for the manu- 
facture of the steel is produced at works at Tobata, 
which are also under Government control. The 
equipment at Yawata consists of six blast-furnaces, 
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with a total annual output of 552,000 tons, 42 steel 
furnaces of various patterns, as well as rolling mills 
and coke-ovens. Steel is produced in the form of 
plates, bars, structural sections, rails, axles and tyres, 
while a considerable business is done in coke-oven 
products, such as sulphate of ammonia, coal-tar, 
pitch, creosote, naphthalene, cresol, benzol, toluol, 
slag cement, slag bricks, and slag wool. The works 
control a research laboratory and a training school 
for the workmen, and are generally organised on 
modern lines. 


The coalfields in this area are also the most 
important in Japan, and have an eventual capacity 
of 1,200,000,000 tons. Both the bituminous, caking 
and non-caking types are available, and are largely 
used in gas manufacture, for steam raising, for the 
production of metallurgical coke, and in the cement 
and glass industries. The field has been worked 
for over 200 years. At first, transport was mainly 
by water, but, with the introduction of steam power 
for pumping and other purposes in 1881, and the 
construction of railways, this has largely been given 
up. In addition to the Government steel works 
already mentioned, numerous other factories have 
been established in the neighbourhood to take 
advantage of the fuel facilities. At present, 109 
mines are in operation, three of which produce 
over 1,000,000 tons annually, while six produce 
between 500,000 and 1,000,000 tons, and 23 over 
100,000 tons. The long-wall system of working is 
now gradually replacing the pillar-and-stall method, 
while explosives are being increasingly used in place 
of hand getting. Since the coal generally contains 
silicified wood, in the proportion of as much as 
20 per cent., the use of cutting machines is trouble- 
some, and there are only a few mines in which they 
can be normally employed. Careful investigations 
into this problem are, however, being made, in order 
that the productive capacity of the field may be 
increased. Electrically-operated mechanical haul- 
age is largely employed, and electricity is also used 
for operating the pumping and ventilating plant. 
Neither water nor gas are, however, present to any 
great extent, and naked lights can often be used, 
though there is an increasing tendency to employ 
electricity for both fixed and portable lamps. 
Compressed air is mainly used for drilling purposes, 

Another shipyard, of which mention may be 
made, is that of the Mitsubishi Shipbuilding and 
Engineering Company, at Nagasaki. This occupies 
a total area of about 156 acres, with a water frontage 
extending for two miles along the west shore of the 
harbour. The yard comprises six building berths, 
three dry docks, which are capable of accommo- 
dating vessels up to 20,000 tons gross, and engineer- 
ing shops in which the complete equipment of the 
ships can be carried out. In addition, the company 
possesses its own experimental tank and research 
laboratory. 

Research work on iron, steel and other metals, 
is carried on in the Research Institute, at Sendai, 
which is attached to the Tohoku Imperial University. 
This Institute is equipped with some 1,300 instru- 
ments, &c., including X-ray apparatus, microscopes, 
micro-photographic equipment, spectrographs, pyro- 
meters, optometers and devices for the measurement 
of electrical resistance, thermal expansion, specific 
heat, the heat conductivity of refractory materials, 
clasticity and rigidity, and for performing thermal, 
magnetic and chemical analyses. There is also 
equipment for studying low-temperature phenomena, 
while the testing equipment includes an Olsen 30-ton 
testing machine, an Inokuty torsion tester, an Upton- 
Lewis toughness tester, a Rockwell hardness tester, 
and many other appliances. There is also a complete 
range of electric furnaces and machine tools. The 
Institute has been entrusted by the Government 
with the duty of studying the various alloys used 
in aeroplane construction, as well as the materials 
employed in turbines and in ordnance and military 
equipment of all kinds. 

Though it is not possible even to mention the 
numerous other works and examples of Japanese 
engineering activities which were visited in the 
course of the Congress, enough has probably been 
said to show that the country has now reached a 
high place in the engineering industry. It has been 
helped to do this by the conditions imposed during 
the war, when imports ceased almost entirely, and 
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| Factor, n 
| | 
kg./mm.2 } 0-6350 | Tons per sq. in. (British) 1-575 Tensile strength. 
¥ | 0-7112 | a a ys (U.S.A.) 1-406 He 7 
kg./em.2 | 14-223 Lb. per sq. in. .. ae Ss 0-07031 | Steam pressure, &c. 
kg. /m.2 | 1-843 | Lb. per sq. yd... 0-5426 | Weight of fabrics and paper. 
of | 02048 | Lb. per sq. ft. .. 4-883 “2 i > 
G./m.2 ee ey Oe ss, ass. as 4883 Low pressure. 
mR - 5s ae 0-003277| Oz. per sq. ft. .. 305-2 ” ” 
e aie os ao) 0-02949 | Oz. per sq. yd. 33-91 < ae 
G./em.2,. be -.| 0-2275 Oz. per sq. in. .. 4-395 ”» % 
G.jeom.3.. v oer 0-03613 | Lb. per cub. in. 27-68 Weight of metals. 
kg./m3.. ss sil 0-06243 | Lb. per cub. ft. 16-02 Specific weight. 
os * Pa i 0-9983 Oz. per cub. ft. 3 1-001 Gas density. 
G./m.3 0-4370 Grains per cub. ft. ae m 2-288 Dust in gases. 
- 0-07008 =e gallon (British) 14-27 | Solids in liquids. 
” 0-05838 eS mi (U.S.A.) 17-13 | Pe 2 
kg./m. 2-016 Lb. per yd. A “a 0-4960 | Weight of rails and bars. 
. 0-6720 Lb. per ft. : se 1-488 ” ” 
* 0-05599 | Lb. per in. ' 17-86 “2 ae 
kg. /t. 2-240 Lb. per ton (British) 00-4464 Proportion of metal in ore. 
a <a 2-00 (U.S.A.) 0-50 ss »» 
kg. /h. P. (metric) - oselt 2-235 Lb per h.p. 0-4474 Fuel consumption. 
kg./km 5 oe 3-604 Lb. per ton-mile (British) 0-2775 * Re 
a 3-219 os i (U.S.A.) 0-3107 ” 
G/ bo kg. m.3 0-01001 | Lb. per gall. (Brita 99-89 Solutions. 
os Rs 0-008340) ,, ” (U.S.A.) 119-9 *” 
*” 0-1602 Oz. per gall. (British) 6-243 * 
% 0-1334 ” pa ada 7-494 * 
L/km 1-418 Quarts per mile (British) 0-7054 Fuel or oil consumption. 
*” 1-702 o Ror (U.S.A. 0-5877 ” ” ” 
” 0-3544 Gallons per mile (Brtisiy 2-822 ” ‘5 ” 
99 0-4254 ce a (U.S.A.) 2-351 ” ” ” 
L/m.2 0-1841 Gallons per sq. yd. (British 5-431 Tar on roads. 
” 0-2210 * (U.S.A. 4-525 *” 
kg.m. 7-233 Foot-lb. ay és 0-1383 Energy. 
” 0-003229| Foot-tons (British) | 309-7 ” 
” 2 0003616 eS ae an (U.S.A.) | 276-5 9 
kg.m./mm.2 2-083 Foot-tons per sq. in. .. (British) 0-4801 Impact tests. 
ae 2-333 ” ” ae (U.S.A.) 0-4286 » ” 
kg.m./em.5. . 0-05291 | Foot-tons per cub. in. (British) 18-90 Work of —-we 
” 0-05926 os Pa (U.S.A.) 16-87 
kcal. 3-968 B.Th.U. av 2 0+2520 Heat unit. 
kcal. /kg. 1-800 B.Th.U. per lb. 0-5556 Calorific value, — heat. 
kcal. ag ; 0-3687 | B.Th.U. per sq. ft. 2-712 Heat transfer. 
kcal. / a2 0-1124 | B.Th.U. per cub. ft. .. : 8-898 Calorific value, specific heat. 
kcal. / nwt 2 /hr. deg. Cent. 14-22 B.Th.U. per sq. in., per hour, per 0:07031 | Heat radiation. 
deg. Fahr. 
kcal. /m.2/hr./deg. Cent. 0-2048 B. Th. U. per sq. ft., per hour, per 4-883 6 ” 
deg. Fahr. 
keal./em.2/em./hr./deg. C. | 5-598 B.Th.U. per sq in., per in. per hour, 0-1786 Transfer of heat through walls. 
| per deg. Fahr. 
keal./m.2/m./hr./deg. € | 0-6716 B.Th.U. per sq. ft., per ft. per hour, | 1-489 oe 4 
per deg. Fahr. | 


when, as a result, substitute products had to be manu- 
factured. Considerable stimulation was thus given 
to scientific and industrial research, in order that 
this work could be carried out on the most efficient 
lines. The result has been the establishment of 
many factories systematically planned on a large 
scale, while the extensive development of cheap 
electricity from water-power has greatly assisted 
progress, especially in the heavy industries. Never- 
theless, the present excess of imports over exports 
is regarded with anxiety, and both financiers and 
industrialists are working hard to adjust the 
balance. The results of their endeavours will be 
watched with interest in this country. 








THE CONVERSION 
METRIC UNITS 
UNITS. 

On page 490 of our last volume, we published an 
article by Dipl.-Ing. Emil Klapper, under the above 
title, covering a comprehensive table of factors for 
converting quantities expressed in combined meric 
units into the corresponding quantities expressed 
in British or American units. Unfortunately, as 
already stated in a paragraph printed on page 677 of 
vol. exxviii, this table contained a number of errors 
which seriously detracted from its general utility, a 
circumstance to which our attention was called by 
several correspondents. We greatly regret these 
errors, and although only a few of the factors were 
inaccurate, we now reprint the complete table with 
certain additions. Every care has been taken in 
checking this table as it now appears, and it is 
believed to be entirely reliable. It is, however, 
hardly necessary to remind our readers of the fact 
that slips are particularly liable to occur in opera- 
tions, such as the calculation of these conversion 
factors, which, in some cases, involve considerable 
arithmetical work. We may, perhaps, mention, as 
an illustration of this circumstance, that some of 
the “corrections” sent in by our correspondents 
were themselves erroneous. Nevertheless, we are 
greatly indebted to those of our readers who have 
communicated with us on the subject, notably to 
Mr. J. A. Orpin, to whom some of the additional | 
factors are due, 


OF COMBINED 
INTO BRITISH 








The use of the table requires but little explanation, 
being practically self-explanatory. Quantities ex- 
pressed in the metric units given in column | are 
converted to the corresponding quantities in the 
British or American units given in column 3 by 
multiplying by the conversion factor n given in 
column 2. Similarly, by multiplying quantities 
expressed in the British or American units of 
column 3 by the reciprocal of the conversion 
factor n, given in column 4, these quantities will be 
expressed in the metric units of column 1. Column 5 
indicates the purpose to which the combined units 
are usually applied. The following are the metric 





cm., and mm. ; area, m*., cm.?, and mm.?; volume, 
m.°, litre (L) and cm.?; and weight, kg, gramme (G), 
and tonne, t (= 1,000 kg.). The centigrade heat 
unit, the kilogramme calorie, is designated by the 
symbol kcal, for which German publications some- 
times employ WE. The international definition of 
this quantity (see page 751 of vol. exxviii) is ]° 

1 kilowatt hour. 


360 The British ton used in column 3 


is the long ton of 2,240 Ib., and the U.S. ton is 
the short ton, of 2,600 Ib. The British gallon is the 
Imperial gallon, and those marked “ U.S.A.” in 
column 3 are the old Winchester gallons of 231 
cub. in., still used in the United States. 








THE ENGINEERING OUTLOOK. 


I.—Economic RETROSPECT AND PRosPECTS FOR 1930. 


At the beginning of 1930, there is an absence of the 
usual end-of-year optimism, and it is very right 
in existing circumstances that this should be so. 
The present despondency i is largely due to the recent 
spectacular disasters in the City of London and on 
Wall Street, but unfavourable factors of a more 
deep-rooted nature are likely to prove even more 
damaging and more persistent in their effect. 

In January last, it was possible to look forward 
to a continuation of the slow improvement in the 
engineering industry, which has characterised the 
post-war years since 1923. It was anticipated that 
this result would be achieved partly by continued 
expansion of exports and partly by increased home 
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production. Actually, the export position has 
shown only a very slight improvement, though the 
home market has been decidedly better as regards 
volume. This improvement is, of course, com- 
pounded of various movements between the several 
branches of the industry. Before proceeding to 
internal analysis, it will be desirable, as before, to 
consider the engineering group of industries as a 
whole in relation to the external economic situation. 

During the first six months of 1929, the volume 
of production increased even more satisfactorily 
than anticipated, and was not apparently much 
affected by the general election. This position 
is clearly reflected in the statistics of employment 
of insured persons between the ages of 16 and 64. 
These statistics for 1929 are strictly comparable 
with those of 1928, though the figures for 1927 
and earlier years included persons of 65 years of 
age and over. In 1927 these numbered no less 
than 33,170. 


TaBLE I.—Engineering, Construction of Motors Cycles and 
Aircraft and Allied Industries, 





Numbers Numbers Numbers 
insured. | Unemployed, | Employed. 








| 
Week ending— | 








July 23, 1923 | 1,115,940 | 192,738 932,292 
», 28, 1924 ..| 1,080,000 133,236 946,764 
, 27, 1925 ..| 1,100,850 | 122,439 978,411 
, 26, 1926 ° ..| 1,100,350 | 176,150 924,200 

25, 1927 1,094,150 | 99,763 | 994,387 
, 23, 1928 1,075,330" | 103,386 | 971,944 
22, 1929 1,100,770* | 89,650 | 1,011,120 

| | 


~* Person between the ages ‘of 16 and 64 only. 

From the above table it will be apparent that 
there has been a net influx of workpeople into the 
industry and that, coupled with the decline in the 
numbers unemployed, had, by July, 1929, brought 
about a much higher number employed than 
in any post-war year. A considerable number of 
persons, aged 65 or over, are still, no doubt, employed 
in the industry, and perhaps a further 20,000 fall 
to be added to this account, if a strict comparison 
is sought with the years prior to 1928. 

The above figures being a comparison of the 
numbers insured with the numbers unemployed, at 
the same date, may be regarded as accurate within 
vry narrow limits, and are free from the errors 
incidental to calculations based on the unemploy- 
ment percentages. This increase must be attri- 
buted in the main to an expansion of the home 
market with only a very slight assistance from 
export demand. In the following table, statistics 
of the volume, value and value per ton of machinery 
exports are given. 


TaBLE II.—-United Kingdom Exports of Machinery. 














, | ow . Declared Value 
Year. | Volume. Value. | per ton. 
£ £ 

1913 689,389 33,602,474 48-7 
1923.. 432,486 44,516,164 102-9 
1924.. 463,447 44,782,960 96-6 
1925.. 517,152 49,163,045 95-0 
1926.. 476,333 45,686)987 95-9 
1927.. - 512,460 49,943,569 97-4 
1928.. 565,960 53,721,526 94-9 
1929 565,937 54,491,431 96-3 








-* Estimated on incomplete returns. 


Although the volume of these exports in 1928 
was not quite maintained in 1929, there was suffi- 
cient increase in their aggregate value to raise the 
value per ton figure perceptibly. This increased 
value might be sufficient to account for the employ- 
ment of 2,500 additional workpeople on the average 
for twelve months. 


TaBLe III.—United Kingdom Retained Imports of 

















Machinery. 
, - Declared | Value 
Year. | Volume. Valtie. | per ton. 
! 
| £ £ 
..| 82,769 | 5,960,866 72-0 
50,047 | 8,202,301 163-9 
| 55,577 9,290,777 167-2 
“"] 57,984 | 10,512,979 154-7 
Li] 74,572 11,427,826 153-2 
| 95,399 14,415,645 151-1 
..| 98,276 15,102,416 161-9 
‘| 107,126 17,464,461 | 163-0 
' 











" * Estimate on incomplete returns. 
The import figures, Table III, corroborate the im- 
pression gained from Tables I and II, that there 
has been an increased demand in the home market. 
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An increase in volume of so decided a character 
undoubtedly implies a _ considerably larger 
demand at home, though the parallel increase in 
value and value per ton also argues a greater 
competitive efficiency of foreign manufacturers in 
high-grade machinery. For several years in succes- 
sion, attention has been drawn to the regrettable 
but persistent increase in imports of this type in a 
period when some 100,000 British engineers have 
been unemployed. The experience of 1929, so far 
from affording any hope of a mitigation of the influx 
of foreign machinery, gives a new high record of 
imports amounting to nearly one-fifth in volume 
and one-third in value of British exports. 

Having glanced briefly at these three main 
statistical indices, it may be desirable to return 
for a moment to the employment figures to gain 
a correct appreciation of the experience of 1929, 
before proceeding to the outlook for 1930. In the 
first place it must be noted that the statistics of 
employment quoted above relate to the month of 
July. In normal years, this month is fairly repre- 
sentative if a little on the low side of the year as 
a whole. In 1929, however, the crisis which 
developed after the summer holidays has taken 
the place of the usual autumn expansion, and by 
December had reduced employment by at least 
10,000 instead of showing a normal increase. 

Again, the general increase in home demand, 
which is reflected by July employment and the 
year’s imports alike, did not proceed evenly through- 
out the year. For the first three months, the 
development was steady and according to anticipa- 
tion. After that there was an increase which 
was certainly not anticipated in this series last 
year, and for which, it may be suggested, there 
was no sound basis. There is good reason to think 
that much of this activity was a reflex of unsound 
speculative activity, and certainly it has collapsed 
rapidly with the collapse of the conditions to which 
its origin can most probably be attributed. Looked 
at from this angle, it would seem that the develop- 
ment of the industry by the end of 1929 had reached 
approximately the position which it would have 
reached by the anticipated slow progress; only, 
instead of having steadily reached this point by 
a slow upward movement, it has receded from a peak 
to a level only slightly higher than twelve months 
ago. The paramount problem is now whether this 
recession is yet at an end, or whether an excessive 
reaction must be looked for, corresponding with the 
unsound activity of 1929. Unfortunately there is 
every indication that last year’s position is not yet 
fully liquidated. 

As regards the professional speculator, it is not 
perhaps a very serious matter to industry that 
he will for some months to come be licking his 
wounds. But such events as the Wall Street crisis 
have also a very direct influence on many of our 
leading industrial concerns. With such ramifica- 
tions of international finance as exist nowadays in 
all large scale business, it is impossible for any 
considerable concern not to have been implicated 
or affected in some form or shape. Apart from its 
material aspect, the psychological atmosphere is 
as unfavourable at present to new enterprise as 
it could well be. 

Altogether the New Year starts with a most un- 
fortunate legacy, and one “hat may be expected to 
dominate the position at least for the next nine 
months in this country. For it may be hazarded 
that the United States, with the greater recuperative 
powers of youth, will be convalescent before this 
country is. Nor, if we look forward to the probable 
course of events external to the industry, are there 
many favourable features to point to. With the 
reversal of the efflux of gold, a lower Bank Rate 
may be expected, while the development of the 
plans of the Electricity Commissioners may be 
expected to create work for at least one branch 
of the industry. On the other hand, the handling 
of the unemployment question by the Lord Privy 
Seal does not altogether inspire hopefulness. A 
year ago emphasis was laid on a vigorous policy 
of national reconstruction, as the one conscious 
activity which could effect a marked improvement 
in the prospects of the Home market. Mr. Thomas, 
so far from showing any inclination to develop such 





a policy, has definitely ranged himself with his 


predecessors, as an advocate of tinkering. Nor, if 
under the stress of public anxiety he were to make 
any belated efforts, is there much security that he 
would remain in office long enough to carry them 
into effect. Another general election of a more 
unsettling character than the last is a definite 
possibility, with both the larger parties divided 
against themselves. 

Whoever introduces the Budget is likely to be 
faced with a deficit of some 40,000,000/., a figure of 
a magnitude to necessitate increased taxation on a 
considerable scale. Nor, apart from a problematical 
reduction: in expenditure on armaments, is there 
any prospect of economies in the near future, which 
might hold out a hope that these new burdens 
will be of short duration. The present Government 
is on the contrary committed politically to further 
extensions of the Social services, which will call 
for yet further taxation. Apart from the purely 
political aspect, the industrial outlook is not har- 
monious in the cotton, coal and wool industries, 
while there is a reappearance of friction in railway 
labour circles. In any, or all, of these basic indus- 
tries and services, there is a possibility of disputes, 
or, alternatively, the adoption of some uneconomic 
expedient to prevent a dispute during the next 
twelve months. Nor is there any certainty that 
the wages problem in the engineering industry itself 
will not become critical in the course of the year, 
though this need not be expected to develop pre- 
cipitately, having regard to the good sense shown 
by both sides in the negotiations which have been 
carried on since 1924. 

Abroad, the competitive situation becomes in- 
creasingly difficult. The United States, with their 
highly developed specialisation, are continually 
making inroads into the high grade demand of the 
export markets. Germany, for the first time in 
history, surpassed in volume the machinery exports 
of Great Britain in the year 1929. This is the logical 
outcome of the pressure put upon her to create an 
active balance of payments by the Dawes Plan, 
and was foretold in these columns in 1924, when 
her exports were approximately half their present 
level. She has also surpassed her own pre-war 
exports, whereas this country is only exporting 
five-sixths of the 1913 figure. 

Looking at the markets themselves there is no 
greater room for optimism. The world generally ° 
has been affected unfavourably by the financial 
crisis, while, within the British Empire, the position 
is not re-assuring either absolutely or from the point 
of view of British industry. Canada, though most 
affected by the American debacle, is also probably 
the most soundly placed of the Empire countries, and 
most likely to recuperate rapidly. New Zealand 
would also appear to be in a sound condition. 
Australia on the other hand can hardly avoid 
going through an economic crisis of the first mag- 
nitude during the next few years, having elected 
politically to reject the wiser counsels which were 
seeking to remove the causes of the troubles of 
1928. In South Africa, the principle of Imperial 
preference has been undermined by the Trade 
Treaty with Germany, while in India, the recent 
large locomotive contract placed away from this 
country is symptomatic of the trend of trade 
politics in that country. 

Last year it was suggested that export prospects 
might be revolutionised by the re-opening of the 
Russian market. It seems doubtful whether the 
recent negotiations with Russia have been con- 
ducted in such a way that any immediate relief 
from that quarter may be expected. None the less, 
Russia remains the one great export possibility, and 
might even now introduce much needed stimulus 
to export business. Development of trade with 
Russia, the conscious adoption of a policy of 
national reconstruction, and continuous progress 
with the rationalisation of industry itself, are the 
policies which, if carried out, should enable the 
engineering industry to maintain its position in 
1930, and emerge into a more prosperous period. 
It cannot, however, be expected at best that it can 
do more than hold its ground, while a distinct 
recession is possible. With this general economic 
background an attempt will be made in subsequent 
articles to define the outlook of the more important 
branches of engineering individually. 











LETTERS TO THE EDITOR. 


JOURNAL BEARING PRACTICE. 
To THE Epitor oF ENGINEERING. 

Srr,—Mr. Hodgkinson’s recent paper before the 
Institution of Mechanical Engineers is doubly inte- | 
resting in that it embodies, on the one hand, a very clear | 
statement on the matter of film lubrication, and, on 
the other hand, gives exact results of experience for 
comparison with theoretical considerations. 

Experimental results are always interesting and | 
fruitful, even when they seem to disclose apparent | 
lack of harmony which a more complete considera. | 
tion should always explain. There are two points of | 
particular importance in Mr. Hodgkinson’s paper. | 
The first of these relates to the curves of pressure at | 
230 and 1,730 revolutions per minute with a film of | 
air (Fig. 6, ENGINEERING, vol. cxxviii, page 692). | 


The second relates to the variation of frictional resist- | 
ance when the speed of rotation falls below a certain | 
limit (Curves of Retardation, in Figs. 4 and 5 of the | 
paper, and loc. cit. page 691). 

Curves of Pressure.—It should first of all be noted | 
that experiments on films of air have two great advan- | 
tages as compared with experiments on films of oil. 
Firstly, because in the phenomena of friction the | 
effect of variation in the temperature of the fluid are | 
eliminated, whilst the viscosity of oil varies con- | 
siderably with temperature (in the relation 15 : 1} 
between 30 deg. and 60 deg. for “A turbine” oil) | 
the “ viscosity” of air varies but slightly with | 
perature (in the relation 1-8 : 2-3 between 20 deg. | 
and 10 deg.). At the same time, the viscosity of | 
air is practically independent of pressure, as is the | 
viscosity of oil. Hence it follows that curves of | 
pressure obtained for films of air should agree all the | 
more closely with theoretical curves obtained under | 
the condition that the effect of temperature variation 
is rejected. 

Secondly, in the case of “ mixed ”’ friction, the use 
of air eliminates the complexities incidental to greasy 
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Point of Minimum Thickness.—For the theoretical 
curves, the point of minimum thickness is always at 
90 deg. “downstream” from the direction of the 
load. These curves are obtained on the assumptions 
that there are no losses of the lubricating fluid, and that 
there are no “losses of pressure.” In other words, 
that there is no variation of pressure in the direction 
of the axis of the bearing. These two assumptions 
are obviously at variance with actual facts, especially 
in the case of air as the viscous fluid. Further, it is 
possible that centrifugal force also exercises a disturb- 
ing influence. It is, no doubt, these considerations 
that explain the lack of agreement between the 
theoretical and actual positions of the point of mini- 
mum thickness, the divergence being the greater with 
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account come to a sudden stop. In the “ nozzles” 
adjacent to the point of contact, there are “ direct ” and 
“return” currents set up, as indicated by the arrows 
in Fig. 3 herewith. 
correspond to an excess of pressure the resultant of 
which is Rm; on the “ downstream ” side, they corre- 
spond to a reduction of pressure R,. The resultant R, 
partially balances the load. 

Theoretical consideration shows that the resultant 
Rr is proportional to the coefficient of viscosity and to 
the speed. If then the film breaks down for a speed 
wu, the frictional resistance immediately prior to rupture 
is expressed by 

Toa f.P, 


where P is the total load and f is the coefficient of 





the higher speed of rotation. In accordance with the! friction. T, is proportional to the retardation. 
Fig.1a. Fig.1b. Fig.tc. 
1730 RPM. 1730 RPM. Eccentricity = 0-2 
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lubrication, and substitutes for them the better-known | (1804.4) 
conditions of dry friction (Coulomb’s Laws). This | 
Fig. 2. Fig. 3. 
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advantage will be particularly apparent when examin- 
ing the curves of retardation. 

In the paper on “ Oil Films and Bearings,” read be- 
fore the Institution of Naval Architects in September 
by Messrs. H. Brillié and A. M. Robb (see ENGINEER- 
ING, vol. exxviii, page 431), it is shown that the unit 
pressure at any point of a bearing with a complete 
film is given by 

P = (100QA).u. _ xX p 
r2 

where p is obtained from curves determined once and 
for all and illustrated in the paper. In that paper 
it is shown that so long as the eccentricity of the 
journal in its bearing does not exceed 0-6, the total 
load per unit length of bearing can be expressed by 

» 2 

Pr = (100A) u. a x 2,000 

l ror 
where Py is in kilogrammes, / is in centimetres, u is 
in metres/sec., R is in decimetres, r is in tenths of a 


“De 6. * + . ys 
millimetre, — is the ecceatricity, and \ is the coefficient 
. 


of viscosity in kilogramme, metre and sec. units. 

In Fig. 1, herewith, are shown :—{a) The curves of 
pressure shown in Fig. 6 of Mr. Hodgkinson’s paper. 
(b) Curves (a) amended to show the pressures in 
relation to the minimum pressure as origin, and the 
pressures plotted from the circumference of the circle 
ABC as base-line. (c) Curves from the paper on 
‘* Oil Films and Bearings *’ for-eccentricities 0-2 and 0-6. 
On each pressure curve there are shown the positions 
of maximum pressure and of minimum film thickness. 

It does not seem necessary to enlarge upon the simi- 
larity between the theoretical and experimental curves, 
which is readily apparent, but it is worth while noting 
the seeming differences, 





theoretical consideration, the positions of maximum 
and minimum pressure are approximately symmetrical 
with respect to horizontal planes passing through the 
centres of the journals. 

The rotary speeds of 230 and 1,730 r.p.m. are in the 
ratio 1:7, approximately ; hence, the corresponding 
eccentricities should be approximately in the relation 
7:1. Actually, the comparison between the theoretical 
and experimental curves is made for eccentricities in 
the relation 3 : 1 for the former results. 

Curves of Retardation.—Mr. Hodgkinson’s curves of 
retardation give rise to some especially interesting 
considerations. As the rotary speed decreases, the 
conditions become similar to those corresponding to the 
rupture of the film, and the eccentricity increases. 
From the results of the calculations given in “ Oil 
Films and Bearings,” it is shown that, for large eccen- 
tricity, the coefficient of friction is independent of 
eccentricity and hence of speed. There should, there- 
fore, be a constant rate of variation of angular velocity, 
or constant retardation, and this is exactly what is 
shown in Fig. 5 of Mr. Hodgkinson’s paper. 

If the conditions change sharply from film lubrication 
to dry friction, there is a sudden increase of retardation, 
the new coefficient of friction having a value 10° 
times that of the earlier one ; in other words, the curve 


of retardation should be similar to that shown in Fig. 2 | 
herewith. The character of the curves in Fig. 5 of | 
Mr. Hodgkinson’s paper is quite different, and indicates | 


that there are actually the phenomena of “ mixed ” 
friction—film friction and dry friction—not at all in 
keeping with the consideration underlying Fig. 2. 
When, however, the actual film is ruptured; in other 
words, when the journal comes into contact with the 
bearing, the phenomena of viscosity do not on that 


When the speed decreases, the load on the bearing 
varies as (uw, —- u) and corresponding to this load there is 
| coefficient of friction F of the order of magnitude 
F = 10° f, such that the “dry ” frictional resistance 
is expressed by 
ug —- u 


T,= 10f.P. 
8 f 7 


It, therefore, follows that, on theoretical considera- 
tions, the curve of retardation ought to have the 
character of curve Ry in Fig. 4. Actually, there is not a 
sharp corner as indicated, but a fairly rapid curvature. 
This indicates that, when the oil film is-on the point of 
rupture, and when, in consequence, the thickness of the 
film is of the order of magnitude of molecular dimen- 
sions, there is set up a molecular phenomenon which 
forms a transition stage between the normal film and the 
interrupted film; this seems reasonable. 

It should be noted also that, for sufficiently high 
velocities, and so decreased eccentricities, the coefficient 
of friction on the film increases. Hence the retardation 
should increase so that the general character of the 
theoretical curve of retardation should be as indicated 
in Fig. 5. 

Here arises a very slight disagreement between the 
theory and the experimental curves. The coefficient 
of friction on the complete film being independent of the 
coefficient of viscosity, the values of the retardation 
should be independent of temperature when the film is 
formed, instead of being very slightly different, as 
indicated in Fig. 5 of Mr. Hodgkinson’s paper. 

When the film is ruptured, and the journal tends to 
| come into contact with the bearing, the easing of the 
pressure of the journal produced by the phenomena ‘ of 
viscosity is the more marked, as the viscosity is the 
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higher. The pressure of the journal, and consequently 
the retardation, therefore decrease with viscosity and 
temperature, and this is in agreement with the results 
obtained by Mr. Hodgkinson. 
Yours truly, 
H. Britxté. 
Paris, December, 1929. 





To THE EpIToR OF ENGINEERING. 


Srr,—During the discussion after Mr. F. Hodgkin- 
son’s paper on “Journal Bearing Practice,” at the 
Institution of Mechanical Engineers in London, on 
November 15, I took exception to the “ two-pad” 
bearing then shown being described as a ‘“ Michell” 
bearing, and stated that a two-pad scheme had been 
tried and abandoned long ago, mainly on account of 
troubles at starting and stopping. 

In ENGINEERING of December 13, page 768, there is 
an account of a further discussion, when the same paper 
was read at the North-Western Branch of the Institu- 
tion at Manchester, arid Mr. K. Baumann instances 
tests made by his firm of a two-pad Michell journal 
bearing some six years ago. The load was carried 
on two pivoted pads “of bronze without white metal 
facings,” and while the frictional loss recorded was less 
than half that of a plain bearing of double the projected 


“TWO-PAD” BEARING 


Fig.1. 












Load 





“THREE-PAD’ BEARING 
WITH WHITE-METAL | 
(AS IN “MACKAY & CHANZY’) 








(1803) 
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area, initial troubles were experienced, just as might 
have been expected. I should like to emphasise the 
fact, as a matter of technical history, that this disposi- 
tion of bearing pads has been obsolete ever since the 
period of the tests referred to. 

It is now over ten years since I fitted the first Michell 
journal bearings (9-in. diameter by 33-in. long, 1,800 
r.p.m., and loaded to 550 1b. per square inch) in one of 
H.M. destroyers of 40,000 shaft horse-power, and these 
have never given the slightest trouble or shown any 
signs of wear. Similar bearings were fitted throughout 
the turbines and double-reduction gear cases of the 
twin-serew steamer Gouverneur-General Chanzy in 
1922; and in 1926 throughout the geared-turbine 
machinery of H.M.S. Ambuscade, considerable space 
and weight being saved thereby. 

Many other cases might be cited; but the point is 
that none of these were “ two-pad” bearings, and 
service results have been uniformly perfect. The 
weight of the shaft is taken by one pad directly under- 
neath, the remaining pads acting as auxiliaries or 
steadiments, and functioning only when the shaft 
revolves. Figs. 1 and 2 show at a glance the vital 
differences between what may be termed the “ two-pad”’ 
and ‘ three-pad ” bearings. 

The two-pad arrangement was put forward in all 
good faith to ensure equal distribution of load, and 
functions well enough at speed, and without white- 
metalled surfaces, so long as the revolutions are main- 
tained and the oil is clean. But in shutting down, the 
oil film disappears during the last few revolutions 
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dry—a condition that may have serious results in a 
non-babbitted bearing, and which may not show up 
until re-starting. 

On the other hand, as the shaft comes to rest in a 
three-pad bearing its weight is taken on the bottom 
pad only, and as all pads are bored slightly larger than 
the shaft, there is a thin wedge of lubricant retained on 
the surface on each side of the central vertical plane, 
and rather more at the leading side if the pads are off-set. 
The side pads, due to shaft clearance, retain an appre- 
ciably thick oil film. Consequently on re-starting, 
either ahead or astern, the essential oil film is “‘ struck ” 
at once, and as speed increases, every pad functions 
in generating the series of tapered pressure oil films, 
thus maintaining the pre-determined shaft centres— 
so necessary, for instance, in the operation of toothed 

ears. 

. Experience has proved the advisability of white- 
metalled surfaces, however thin; and for two very 
practical reasons. First, any bits of grit carried through 
by the oil are buried out of harm’s way ; and secondly, 
segmental pads, like half brasses, tend to distort 
at even ordinary running temperatures, and any such 
distortion is immediately compensated for by the 
plasticity of the softer bearing surface. : 

I do not think that the above points have ever been 
thoroughly appreciated; certainly they have never 
been publicly discussed, and in view of their importance 
to users of bearings generally, I trust you will find space 
for this letter. 

Yours faithfully, 
J. Hamitton Gipson. 
Westminster, S.W.1. 
December 28, 1929. 








THE DISCHARGE FROM THE SLUICES 
OF THE ASSOUAN DAM. 


To tHe EpITor oF ENGINEERING. 


Sir,—Although no one has a greater admiration 
than myself for Dr. Hurst’s work, there are certain 
points in his letter in your issue of December 27 that 
should not pass without comment. 

Dr. Hurst is concerned with finding the exact 
behaviour of existing sluices under existing conditions, 
whereas I am interested in forecasting behaviour of 
a job which is only in the “ paper’’ stage, hence the 
question of “ criticism ’’ does not arise, and the Assouan 
measurements are the only reliable ones available for 
the checking of a formula devised for my, not his, 
purpose. 

We have both used a formula of the type Q = cD.B 


/29(H — kD), but whereas I proposed c = k = 3, 
Dr. Hurst, on page 5 of the report, gives (to take only 
the R.L. 100 Type A sluices) :— 


Opening= Im. 1-5m.2m. 2-5m.3m. 3-5m. 
¢  =0-680 0-697 0-707 0-729 0-785 0-068 
k  =0-80 0-848 0-80 0-803 0-848 0-876 


with similar lists for each of the other types. 

I think it is obvious that while such compilations 
represent the facts, they are not much help unless one 
happens to be practically duplicating the particular 
sluices for which they have been evolved. 

Apropos Dr. Hurst’s reference to the “ elementary 
text-books,” my own opinion is that if a type-formula 
cannot be shown by such methods to be sound or 
unsound, it is simply not worth two hoots—Nature 
is very simple-minded really—but, quite apart from 
that, I personally should be grateful for knowledge of 
any existing text-book which shows the discharge in 
this case to depend on the head to the top of the orifice. 

In showing the discrepancies of the simple formula, 
he has chosen practically the case exemplified by the 
instability shown by the table above, and the type of 
discrepancy whose existence I anticipated in my article 
(Loc. cit., page 416) when trying to explain logically 
the limitations that obviously must exist, and has, of 
course, “* squared the error” by plotting an against 
H, so that even here, in a case where I should not 
dream of applying the simple formula uncorrected 
(see article mentioned), the maximum (uncorrected) 
discrepancy is no more than 14-5 per cent. 

As a simple criterion, would Dr. Hurst use any, and 
if so, which, of his very many published coefficients 
in forecasting the discharge through, say, a 60-ft. 
gate, impounding 18 ft. of water, and raised 2 ft. off 
its sill ? 

That is probably the best illustration I can give 
of the difference in aim of our proposals. 

And now, Sir, in view of the date appended, will you 
permit me to wish Dr. Hurst a year’s continuance of 
the valuable work for which we are indebted to him so 
frequently. 

Yours faithfully, 
J. H. Jonsgs. 





before actual stoppage, and the surfaces tend to run 


Kilmarnock, December 31, 1929. 





COMPARATIVE INTERNATIONAL 

WAGES IN THE COAL INDUSTRY. 

By request of the Economic Organisation of the 
League of Nations, the International Labour Office is 
engaged in an investigation into the international coal 
situation. The first report, dealing with wages in 
1927, has recently been published, and is of special 
interest at this time to industrialists in Great Britain. 
The method adopted for determining the wages of 
workers is the same as that followed in a similar 
inquiry for the year 1925. Wage earners only are 
considered, but in Great Britain certain other grades, 
such as deputies, have been included, as their earnings 
are covered by existing wage agreements. The num- 
ber of such officials is, however, so small comparatively, 
that the influence of this inclusion on the general 
figures is said to be negligible. The statistics may, 
therefore, be taken as being fully comparative. 

The relative levels, in 1927, of average earnings per 
year per underground worker in coal mines, expressed 
in index numbers (a) in terms of gold and (6) in terms 
of purchasing power in the home market, are as given 
below, the index figure of 100 being given to Great 
Britain in both cases. The Netherlands is the first in the 
list, with 100 and 118, respectively, the other countries, 
in alphabetical order, being: Belgium, 58 and 85; 
Czechoslovakia, 56 and 67; France, 64 and 79 (for 
Nord and Pas de Calais only); Germany, Ruhr 88 
and 85, Saxony 78 and 69, Upper Silesia 67 and 64 ; 
Poland, Dombrowa 41 and 58, Upper Silesia 44 and 57 ; 
and the Saar (per man-shift), 70 in terms of gold and 
77 in terms of purchasing power. 

Various allowances made to workers, in addition to 
money wages, make the actual cash received very 
misleading features upon which to base conclusions. 
The importance which these items have on average 
earnings is indicated by the inclusion in the report 
of a table detailing in terms of percentage the net 
money wages and other elements of earnings of all 
workers. The several items include workmen’s in- 
surance contributions, cash allowances, free or cheap 
coal, other allowances in kind, and payment for holi- 
days. Of the 100 per cent. average earnings in Great 
Britain, only 6-6 per cent. is represented by these 
allowances. The figure for Belgium is 7-8; Czecho- 
slovakia, 20-6; France, 19-4; Germany, Ruhr 
22-5, Saxony 22-7, Upper Silesia, 21-6; the Nether- 
lands, 14-4; Poland, Dombrowa, 27-9, Upper Silesia 
23-1; while in the Saar 21 per cent. of the total earn- 
ings is taken up by various allowances. Great Britain, 
Belgium and France are the only countries where 
holidays are not paid for; all countries give free or 
cheap coal and pay insurance contributions (other than 
social insurance). Great Britain is the only country 
making no cash allowances, and all, save the German 
districts, make other allowances in kind. 

Variations in the standard of living, as disclosed by 
the average earnings expressed in purchasing power, 
are reflected in the average output per man-shift, and 
in the wages paid per ton of saleable coal produced. 
Great Britain is again given the basic figure of 100 in 
both calculations, in comparison with which the 
other ten coal-producing districts take the following 
places :—Belgium, output per day, 47, and wages 
per ton, 100; Czechoslovakia, 90 and 60; France, 
58 and 97; Germany, Ruhr 108 and 73, Saxony 61 
and 117, Upper Silesia, 128 and 46; the Nether- 
lands, 91 and 89; Poland, Dombrowa, 95 and 36; 
Upper Silesia, 122 and 31; and the Saar, 67 and 93, 
respectively. From these figures, it appears that the 
highest output of coal per shift in 1927 came from the 
two Upper Silesian districts (approximately 25 per 
cent. more than in Great Britain), and the lowest 
from Belgium and France (approximately 50 per cent. 
less than in this country). It should be added that all 
the above figures exclude employers’ contributions to 
social insurance, and that the International Labour 
Office intimate that their report is subject to a number 
of reservations. Further statistics, dealing with hours 
of labour, are being prepared, and will be issued later. 

In conclusion, it may be said that, under a recent 
decision of the National Joint Committee for the 
Mining Industry of Belgium, increases of 3 per cent. 
in the wages of all workers in Belgian coal mines, with 
an additional increase of 3 per cent. to all underground 
workers engaged in transport work, has been granted. 
The advance came into operation from October 20 last. 
In Poland, an arbitration award gives a general increase 
of 4 per cent. to the miners in Upper Silesia, with addi- 
tional permissible supplements of approximately 1 per 
cent. in certain cases. These concessions were opera- 
tive from September 15 last. Other decisions of the 
Arbitration Committee, which was composed of repre- 
sentatives of miners and mineowners, with a Govern- 
ment-appointed Chairman, give increases to various 
categories of workers amounting to 20 per cent. It is 
stated that this makes the ninth increase granted to the 
miners in the Upper Silesia area of Poland since 1926, 
and makes an aggregate increase of 79 per cent. in the 





three years. The average daily wage has risen from 
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5-33 zloty to 9-54 zloty (approximately 2s. 54d. to 
48s. 44d.; 1 zloty equals 5}d.). In the Dombrowa and 
Cracow areas, increases ranging from 6 per cent. to 
8} per cent. in day rates, and of 2 per cent. in piece 
rates, have been granted from October 1 last. Prior 
to this agreement, the average daily earnings of all coal 
miners in these areas were 8-10 zloty (3s. 8d.), the 
hewers receiving 12-38 zloty (5s. 8d.). This decision is 
to stand for twelve months, but a review may be de- 
manded by the miners if in the meantime the cost-of- 
living index number advances by more than 10 per 
cent. 








LAUNCHES AND TRIAL TRIPS. 


‘“* Maron.”’—Twin-screw passenger, Oriental pilgrim 
and cargo motorship; six-cylinder, four-stroke, single- 
acting Diesel engines, arranged to work with Biichi 
superchargers, supplied by Messrs. The North East- 
ern Marine Engineering Company, Limited, Wallsend. 
Launch, December 17. Main dimensions, 426 ft. 6 in. 
by 56 ft. by 31 ft. 9in. Built by Messrs. Caledon Ship- 
building and Engineering Company, Limited, Dundee, 
for Messrs. Alfred Holt and Company, Liverpool. 

‘* FORTHBANK.”’—-Single-screw cargo steamer ; quad- 
ruple-expansion engine. Trial trip, December 18. Main 
dimensions, 420 ft. by 56 ft. 6 in. by 36 ft. 3 in. 
Built by Messrs. Workman Clark (1928), Limited, Belfast, 
for Messrs. Andrew Weir and Company, Bank Line, 
Limited, London. 


** BARCELONA.”’—Twin-screw, shallow-draught, cargo 
motorship for river service ; six-cylinder, airless-injection 
Harland-B. and W. Diesel engines. Launch, December 
19. Main dimensions, 275 ft. by 43 ft. by 13 ft. Built 
by Messrs. Harland and Wolff, Limited, Govan, Glasgow, 
for Messrs. The Argentine Navigation Company (Nicolas 
Mihanovich), Limited. 

* ALIcE.”’—-Twin-screw motor yacht; Sulzer two- 
stroke Diesel engines installed by Messrs. Wallsend 
Slipway and Engineering Company, Limited. Trial trip, 
December 19. Main dimensions, length, 178 ft., beam, 
27 ft.; mean draught, 9 ft. 6 in. Built by Messrs. 
Swan, Hunter and Wigham Richardson, Limited, Walls- 
end, for Sir R. A. Cooper, of Boxmoor, Herts. 

‘* YEARBY.’’—Cargo steamer, triple-expansion engines. 
Trial trip, December 19. Main dimensions, 448 ft. 7 in. 
by 55 ft. 6 in. by 31 ft. lin. Built by Messrs. William 
Gray and Company, Limited, West Hartlepool, to the 
order of Messrs. Sir R. Ropner and Company, Limited, 
West Hartlepool. 


““ CoRRALES.”’—Single-screw passenger and benana- 
carrying steamer; triple-expansion engines. Launch, 
December 27. Main dimensions, 400 ft. by 51 ft. by 
33 ft. Built by Messrs. Alexander Stephen and Sons, 
Limited, Linthouse, Glasgow, for Messrs. Elders and 
Fyffes, Limited, London. 

““ MARATHON.”’—Single-screw oil-tank steamer ; triple- 
expansion engine. Launch, December 30. Main dimen- 
sions, 440 ft. 3 in. by 58 ft. 6 in. by 33 ft. 9in. Built by 
Messrs. Swan, Hunter and Wigham Richardson, Limited, 
Wallsend, for Messrs. Halle and Peterson, Oslo, Norway. 








Tue Late Mr. Louis PeENNy.—We regret to note the 
death, on December 14 last, at his home, Cranfield, East 
Grinstead, Sussex, of Mr. Louis Penny, for many years 
manager and later director of the Bombay Gas Company, 
Limited. The second son of the late Mr. Alfred Penny, 
M.Inst.C.E., of Beckenham, Kent, Louis Penny was 
born on August 14, 1842. He became a pupil of his 
father in July, 1860, and remained in that capacity until 
July, 1867. In September, 1867, he was appointed 
engineer and manager of the Oporto Gas Works, Portugal, 
and held this position until 1874. A year later, he was 
appointed engineer and manager of the Para Gas Works, 
Brazil, and retained this post for four years. After 
spending a year in Oporto, during which he erected 
and operated a sugar-refinery, in conjunction with Mr. 
W. P. Routh, he proceeded to India to take up the 
appointment of resident engineer and manager of the 
Bombay Gas Works, a position he continued to occupy 
for nearly 20 years. He afterwards became a director 
of the Bombay Ges Company, Limited, and was still 
holding this position at the time of his death. Mr. 
Penny became a member of the Institution of Civil 
Engineers on December 6, 1892. 


WatTeR Power IN NiGerIA.—The Bauchi plateau, 
Nigeria, upon which a number of tin mines are situated, 
covers an area of several hundred square miles and rises 
some 4,000 to 5,000 ft. above sea level. It is about 
750 miles distant from the coast. The cost of coal being 
high, attention was turned, some years ago, to the possi- 
bilities of developing hydro-electric power in the region. 
A suitable site near the southern edge of the plateau 
was discovered, and a company, named Messrs. Nigerian 
Electricity Supply Corporation, Limited, was formed to 
develop the project. Two dams, providing a storage 
capacity of about 5,000 million gallons of water, have been 
constructed. The dams are of earth and concrete cored. 
The turbines will operate under a head of 750 ft., and 
three 2,000-h.p. and one 6,000-h.p. generators are being 
installed. We understand that the first 4,000 h.p. of the 
plant will be put into service during the summer months 
of this year. The main contractors for the plant and 


equipment are Messrs. The British Thomson-Houston 
Company, Limited, Rugby, and Messrs. English Electric 
Company, Limited, Rugby. It is anticipated that, when 
the power plant is completed, a substantial reduction 
in mining costs will result, and that the prosperity 
of the industry will increase rapidly. 











ENGINEERING. 


FITNESS FOR INDIVIDUAL 
VOCATIONS. 


Some three years ago observations, began to be made 
for the Industrial Fatigue Research Board, on the extent 
to which selected measurable qualities in workpeople 
were associated with greater or less liability to accident. 
The results, until now, have not been very conclusive, 
and the Industrial Health Research Board, which is 
the old body under a new name, has now published 
a report in which such questions are considered on a 


larger scale than in previous investigations. ‘his is | 


the Industrial Health Research Board Report No. 55— 
A Study of Personal Qualities in Accident Proneness and 
Proficiency, by Eric Tarmer and E. G. Chambers 
(published by H.M. Stationery Office. Price 3s. net). 
The investigations were made mainly on the records 
of some 1,500 apprentices, about 1,100 of whom were in 
one or in two training centres of the Royal Air Force, and 
about 400 in the Royal Dockyards. Their ages ranged 
from 15 to 20, and the available record of accidents, 
and, in the case of the Royal Air Force, of proficiency, 
extended, in most instances, over three years to four 


years. The trades represented among the Royal Air | 


Force apprentices were aero-engine, petrol-engine, 
and armourer fitters, carpenters, coppersmiths and 


turners, and those of the Dockyard boys are said to | 


have been similar. A series of 13 tests, psychological 
or physiological, was devised, one of which was applied 
to the whole of the boys, and the others to anything 
from two to eight of the 10 groups into which the 
boys were divided. The simplest of the tests, and the 
only one that was purely physiological, was the measure- 
ment of the grip of a spring dynamometer. Six of the 
remaining tests measured the extent of accuracy with 
certain more or less complex operations, which were 
performed in response to signals given by sight, sound, 
or touch, three related to sense of form, one to accuracy 
of perspective vision, one to linguistic intelligence, 
and one mainly to mechanical intelligence. The boys 
were marked in accordance with the extent to which 
they satisfied the several tests applied to them, and 
the scores so obtained were compared statistically, 
both with each other and with the records of the 
same persons in respect of accidents and of proficiency. 
The results of some pairs of tests, as might have been 
expected, showed no sort of relation with each other. 
Even, however, where some relation appeared between 
the results of various tests among themselves, or 
between the results of the tests and the records of 
proficiency and accident, the extent of statistical 
relation was exceedingly small. 

Attempts were made to summarise the total effect 
of these tests by combining the results of all tests for 
all boys, weighted according to the extent to which 
each test seemed to stand in statistical relation to 
accidents, or to proficiency. Even with this treat- 


ment no statistical evidence appeared to show that | 


the tests measured more than a part of the factors 
involved in accidents or proficiency, or that the factors 
so measured were the more important. Only one test 
was applied to all groups, and the remainder to numbers 
which varied upwards from less than an eighth of the 
total. In respect to records of accidents and sickness, 
again, the material, as the report points out, is very far 
from homogeneous. The form in which the Royal Air 
Force records of accidents were kept made it very 


difficult to distinguish between an original accident | 


and subsequent attendances at hospital for dressing 
and other purposes, so that on the face of the figures, 
the Royal Air Force apprentices seemed to have about 
half as many accidents again as the Dockyard appren- 
tices, in spite of the similarity of their physique and 


occupation. Still more extraordinary discrepancies | 


appeared in the rates of sickness, which were from 
10 times to 20 times as high among the Air Force youths 
as among those of the Dockyard. This anomaly is 
thought to be connected with the fact that in the Dock- 


yards, boys who go sick lose pay, and in the Air Force | 


do not. 

Taken as a whole, the tests accordingly seem unlikely 
to furnish a practical acceptable criterion of the 
probability that the individuals to whom they are 


applied will either avoid accidents or attain proficiency. | 


Doubtless, some of them may have some relation to 
these results, but so far, the relations have not been 
close enough to enable them to be used satisfactorily, 
or to exclude the possibility, and perhaps the prob- 
ability, that better tests could be devised. Even as 


they stand, however, it seems that some of them might | 


have practical use. In one group of three tests, the 
scores, weighted for each group of Dockyard boys, in 
accordance with the extent of statistical relation that 
appeared between the results of the tests and those 
of proneness to accident, were arranged in the order 


of their test scores, and it was found that the worst | 


25 per cent. of lads so arranged had about twice as high 


an accident rate as the remainder. When the boys were | 


arrangedjin an order determined by a combination of the 
results of the tests and of the entrance examination, the 


accident rate of the worst 25 per cent. was nearly | 
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twice and a half times as great as that of the remainder. 
If, therefore, of these apprentices the 25 per cent. 
lowest in these tests, with or without the results of the 
entrance examination, had been rejected, the accident 
rate of the remainder would have been considerably 
lower than that of the whole number of apprentices. 
Among the Air Force boys, too, whose occupations are 
very similar to those of the Dockyard boys, those who 
did well in the tests seemed also to do better than the 
| others at their work, and the figures quoted above tend 
to show, therefore, that rejection of the Dockyard boys 
who were least successful in the tests would not only 
exclude a small number of boys with a high accident 
rate, but select a large number with more than average 
industrial proficiency. 














| EFFICIENCY OF GRINDING MILLS. 

; IN conjunction with the United States Smelting, 
Refining and Mining Company, the International 
| Smelting Company, and the University of Utah, the 
| United States Bureau of Mines has been testing the 
| efficiency of grinding mills at the Midvale and Toele 
| plants of the two companies mentioned. The report 
| by Messrs. J. Gross and 8. R. Zimmerley, of the Bureau 
|of Mines (Efficiency of Grinding Mills, Investigation 
| Report, Serial 2952) deals chiefly with the methods by 
| which this efficiency can be estimated by sampling, 
| sizing, tonnage measurements, classifying, &c., and does 
| not discuss the suitability of different kinds of grinding 
| mills. The ores treated in the two plants were similar, 
the predominating ores being galena, sphalerite (zinc 
blende) and pyrite in a gangue of quartz, the im- 
purities of which (calcium, aluminium, &c.) were 
regarded as quartz for the surface estimations. At 
Midvale, a rod mill primary and a ball mill secondary 
were used in a closed circuit with Atkins classifiers, 
while at Toele a ball mill primary, two ball mill 
secondaries and Dorr classifiers formed the equipment. 
The operating results, not varying appreciably, did 
not appear to warrant comparisons. 

The Rittinger law, which was accepted as applicable 
to crushing operations, requires the determination of 
the surface of the ground ore, and the report explains 
how this was done, and how corrections for the density 
and shape of the same-sized mineral particles were made, 
by separation into sizes by sieves (first wet, then dry) 
for materials coarser than 200 mesh, and then by 
elutriation of the finer particles, and other means. 
Grinding efficiency figures are seriously affected by 
the finer particles. The amount of work represented 
by sieve sizing is, as a rule, so small that the operations 
can be simplified by using alternating sieves only, 
but the separation of the finer particles (minus 200 
mesh) should be as accurate as possible. The sizing 
of the quartz by sieves was to 1,765, 879, 442, 221, and 
110 microns respectively, and by elutriation to 38, 
20, 7, and 1-5 microns, the latter figures corresponding 
to surfaces of 1,150, 2,100, 5,400 and 24,000 sq. cm. per 
gramme. In the elutriation, a large amount of the 
relatively coarse ore particles (sufficiently fine for 
flotation) was found to be carried along with the 
overflowing sand in the circulating load, and it is 
therefore suggested that this material should be 
removed as finished product, possibly by table con- 
centration or by the introduction of flotation on the 
circulating load. Grinding for flotation does not 
always appear to be advisable; gravity concentration 
| previous to flotation might result in lower grinding 
| costs and higher recoveries. Ordinary sieve analysis 
| gave no indication of size in the mineral constituting 
| the minus 200-mesh portion, or of useless over- 
| grinding. . 
The grinding efficiencies, deduced after allowing 
|for the crushing resistances of the various minerals, 
| were higher than those of laboratory tests, and were, In 
fact, so high as to suggest little hope of improvement of 
grinding appliances. It must not be overlooked, how- 
ever, that there is usually a critical size of particles at 
which a maximum recovery will be realisable. Above 
and below that critical size, the recovery may be 
| smaller, so that grinding finer than the critical size is a 
waste of power. Many flotation operators recommend 
grinding to 200-mesh. Most of the product will then, 
| however, be much finer than 200-mesh (74 microns), and 
much of the work done (over 70 per cent.)—especially 
in the finer-grinding secondary mills on the pyrites 
and on the gangue—was found to be useless. The grade 
of the concentrates being also lowered by too fine 
grinding, grinding to not less than 20 microns seems 
to be most economical. 














AGRICULTURAL IMPLEMENTS IN CANADA,—The pro 
duction of agricultural implements in Canadian factories 
| during 1928 had a total value of 41,199,841 dols.. 
compared with 42,996,288 dols. in 1927. The value 
of imports, on the other hand, increased irom 
26,101,338 dols. in 1927 to 39,893,490 dols. in 1925. 
| These imports included traction engines, threshing 
| machines, harvesters, ploughs, and cream separators 
Nearly 99 per cent. came from the United States and 
ess than I per cent. from Great Britain. 
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each fitted with semi- eliptical springs, and the latter|the further stresses induced by running in a large 
| having also nests of springs arranged at the rear ends | variety of road circumstances. The study of the charts 
|of the master leaves. The loaded _—. of the | enabled a great deal of information to be accumulated 


Jr will be remembered that the experience of the | former were 3 tons on the rear axles and 1 ton on the | in regard to the behaviour of the springs under various 





EXPERIMENTS ON LAMINATED 
SPRINGS. 


war showed unexpected weakness in the laminated 


springs of motor vehicles, and since its termination 


work has been going on in many quarters with the 
object of explaining and avoiding the causes of failure. 


Among the more extensive of these investigations are | 


those instituted in 1922 by the Department of Scientific 


and Industrial Research with the co-operation of the | 
industry, the scope of which was widened subsequently | 
to include coil springs. They include experimental | 


enquiries made at the National Physical Laboratory 
into a number of aspects of the subject, accounts of 
which are being published in the Department’s Special 
Engineering Reports. Three recent reports, of which 


we give some account below, are concerned with | 
laminated springs. These deal respectively with their | 


displacements while running, the effect of “nip” 

their mechanical properties, and in continuation of the 

latter work a further enquiry into their endurance. 
Laboratory and Road Tests.—In the laboratory it is 


easy to measure the deflection and curvature of a/| 


spring produced by a given static load, to calculate the 
accompanying stress, to count the number of repe- 


titions of such stress that will produce fracture, and to | 


estimate the maximum stress the spring can endure 
for indefinitely numerous repetitions. For this 
information, however, to have practical importance it is 
necessary also to know the ranges of stress that occur 


under road-running conditions, so as to correlate them | 
with those applied in the laboratory. In a report by 


Mr. J. H. Hyde an account has been given of an investi- 
gation made with the primary object of obtaining and 
recording data for such correlation, and incidentally 
both of designing suitable apparatus for the purpose 
and of observing the behaviour of the springs under a 


variety of conditions, some of which apparently reached | 


the limit of safety.* 
The recording arrangement was fitted with a paper 
roll 75 ft. long, driven during each test at a constant 


speed, which could be varied when desired to suit the | 
speed of the vehicle and the amplitude and frequency | 


of the vibrations of the spring. Two pens marked out 


time and distance intervals, the time pen being dis- | 
placed momentarily from its normal position every half- | 


second, or at other fixed intervals, by an electro-magnet 


controlled by the recorder clock, and the distance pen | 
being operated electrically by contact between a brush | 


and an insulated segmented disc fitted to a road wheel 
of the vehicle. Two additional pens were provided 
for measuring the spring deflections when running over 
a flat road, that is, giving the zero displacements, 


while another pair was provided for either the vertical | 


deflections of any two springs under test, or for the 
simultaneous vertical and horizontal deflections of 
any single spring. The vertical displacements of the 
springs were transferred to the pens by a Bowden 
wire arrangement, which was shown to record at the 
speed of the experiment to an accuracy within 0-02 in. 
The operating end of the wire was held rigid by a 
small clip attached to the spring under test, and the 
operated end was constrained to move across the chart 
in a straight line, along which it actuated its pen. 


Suitable arrangements enabled the length of the wire | 


and the position of the record across the width of the 
paper to be adjusted as might be convenient, and by 
means of a pair of levers the record of the spring 
deflections could be reduced in such ratio as would 
bring it within the 3-in. width of paper available on the 
chart. Lateral displacements of the springs were 
measured off the end of a spring plunger in a horizontal 
barrel secured to the chassis, the plunger being in 


constant contact with a vertical plate fitted to the | 


spring, and its motion being transferred to the pen 
by an arrangement similar to that used for vertical 
displacements. 

Typical varieties of charts obtained with this appara- 
tus are shown in Figs. 1 to 5. Fig. 1 shows the simul- 
taneous vertical deflections of the left-hand springs 
when the vehicle was run at about 13} m.p.h. over a 


rough road, and Fig. 2 a similar chart taken at 10 


m.p.h. with the paper run at a greater speed than | 


before, so giving a more open scale. Fig. 3 gives the 
simultaneous vertical and !ateral deflections of the left- 
hand rear spring when geing over a l-in. board at 
3-4 m.p.h., Fig. 4 the same when going round a right- 
hand curve (radius not stated, but possibly 25 ft.) 
at 11-5 m.p.h., and Fig. 5 the vertical deflections of the 
rear springs when going round a left-hand curve at 
15 m.p.h. The vehicles principally tested were a 


30-cwt. Army motor lorry fitted with pneumatic tyres, | 


and a high-speed motor-car with two seats and a dickey, 


4 Department of. Sei ientific and Industrial “Research. | 
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Engineering Research: Special Report No. 8. Researches | front, and of the latter 1,845 Ib. on the rear axle and | conditions, including a series of records made with ~ 
on Springs: 2.—The Measurement of the Displacements of | : 
Vehicle Springs under Road Running Conditions, with 
Description e the Apparatus _ a By J. H. Hyver 
A.M.Inst. C.E., A.M.I.Mech.E. H.M. Statione ry Office. 
[ls. 6d. net.) 





1,332 lb. on the front. Figs. 1 to 4 refer to the lorry | lorry on a smooth flat road at speeds varying from 
and Fig.5 to the car. The deflections and stresses | 5 to 32 m. p-h. while the wheels were driven over a 3-in. 
imposed by the weight were determined by static load-| plank. From the records, coupled with the static 
deflection tests, and the curves of the chart recorded | Joad-deflection tests and the measurements of th 
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curvature, the maximum and minimum stresses in the 
master leaves were calculated, and are plotted in Fig. 6 
which refers to the 30-cwt. lorry. The vertical deflec- 
tions did not alter appreciably up to 25 m.p.h., and they 
may decrease above this point. To ascertain the distri- 
bution of the amplitudes of vibration of these springs 
and the corresponding stresses, an analysis was made 
of a typical length of record, taken over a rough road at 
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illustrated in Fig. 9, and shows the effect that fric- 
tion may exert on the working of such springs in 
practice. 

The Effect of ‘‘ Nip.”’—A laminated spring is said to 
have “nip” when its longer leaves are less curved 
than the shorter, so that when they are laid on each 
other they have gaps between them, until they are 
clamped or pulled together to about the same radius of 
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18m.p.h. Fig. 7 shows for each spring the number 
of vibrations per hour of each amplitude, and the 
diagram thus represents the number of times per hour 
each stress is attained in each master leaf of similar 
shape. A variety of similar diagrams were obtained 
with the high-speed motor car, and Fig. 8 is one taken 


at 5 m.p.h., showing the number of times per hour 
each stress was obtained near and 12 in. from the 
centres of the master leaves of the front springs and 
near the centres of the shortest leaves. Similar charts 
were taken with a 3-ton Army lorry. Illustrating the 
effect of rust and dirt it was found that with the 
Springs in the condition in which the lorry was taken 





ee, half the maximum load could be removed or 
added without altering the deflection. This is 
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curvature. The effects of this practice on the friction 
between the leaves, the stresses in them, and the 
endurance of the completed spring have been the 
subject of investigations at the laboratory, the results 
of which have been published in a report by Mr. 
Batson and Mr. Bradley.* 

Two sets of springs of 39-in. span with 10 leaves were 
tested, each of plain carbon spring steel, water hardened, 
one set designed for 24 cwt. and one for 10 cwt., and 
each set consisting of three springs with varying degrees 





* Loc. cit. “Special Report No. 11. Researches on 
Springs: 5.—The Effect of “Nip” on the Mechanical Pro- 
perties of Laminated Springs. By R. G. Batson, A.K.C., 


of “nip.” The observations made were the gaps 
between the leaves, with the leaves free, the force 
required to bring them together, the load-deflection 
relations, the coefficient of friction, stresse in the 
leaves, and endurance tests on the complete springs. 
A spring is shown in Fig. 10, on page 28, with its 
centre bolt removed so as to apply to the centre of the 
shortest leaf the load necessary for closing the spring, 
the centre of the master leaf being supported in the 
testing machine. The distribution of the gaps was 
irregular, varying in the light springs from 0 to 1 in. 
and in the heavy from 0 to 1-47, and the closing loads 
necessary to make the aggregate gap in each spring 
0:05 in. were 66, 340 and 386 lb. for the light and 
250, 950 and 1,290 for the heavy springs according to 
the respective extent of their nip. Evidently the 
distinction between moderate nip and unusually high or 
low nip was not very definite. 

The coefficient of friction was determined on the 
light springs with concordant results by two 
independent methods. In one of these the springs 
were loaded from 0 to a maximum and back again, the 
work done as friction appearing as a loop on the 
diagram, and the coefficient calculated from the 
resultant data coupled with the relative movement of 
the leaves and the pressure between them. In the 
other method two of the springs were clamped sym- 
metrically under a definite pressure on each side of two 
flat steel plates, and the plates pulled in opposite 
directions until slipping occurred. The outstanding 
effect of these tests seemed to be that, short of seizing, 
the state of lubrication of the leaves is of much less 











M.Inst.C.E., M.I.Mech.E., and J. BrapuiEy, B.A., B.A.1. 
H.M. Stationery Office. [ls. 3d. net.] 
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importance to frictional resistance than the extent of 
their roughness. 

The stresses in the leaves were calculated from measure- 
ments made on their change of curvature under load. 
For this purpose a sort of flat spherometer was used, 
consisting of a plate with three points at 4-in. span, 
and a central micrometer by which the depth of the 
curve was read when the plate was applied to the spring. 
For convenience only the master and the shortest 
leaves were measured, and the determination was made 
on the unstrained leaves before assembly, on the nipped 
but not loaded spring, and with various additional 
central loads. Here again, as in the measurements 
of the load required to bring the leaves together, the 
definition of the different varieties of nip seems to 
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have been uncertain. Taking “nip” to be adjusted 
correctly when in a series of repeated loadings it 
makes the mean stress in the master leaf zero, the results 
showed that even the so-called moderate nip was 
excessive. 

The most interesting part of the report is, perhaps, 
that which deals with methods of investigating endur- 
ance, the machine designed for which is shown diagram- 
matically in Figs. 11 and 12. The spring under test is 
carried in ball bearings from links BB, and a saddle 






Fig.10 


S614) 


Fig.i2 F D 


the adjustable scale S. The counter A, which registers 
the number of deflections, is so designed that it will 
only register deflections within 5 per cent. of the desired 
value. Recording devices have also been added to 
measure the work done per oscillation by the spiral 
spring on the spring under test, and so enable the 
changes in friction within the laminated spring to be 
followed. 

An ingenious apparatus, détails of which are indicated 
in Figs. 13 and 14, has also been devised for controlling 
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intermittently with mechanism operated by the spring 
under test. By reference to Fig. 14, it will be seen that 
the pumps A and B are so connected to a reservoir 
that either A delivers oil to the chamber G, or B with. 
draws it from G and returns it to the reservoir. The 
height of the column of oil above G, the pressure of 
which operates the mercury switches in the U-tube, 
depends therefore on the difference between the quan- 
tities pumped into G by A and withdrawn from it by B. 
The pump A is actuated at Q by the oscillations of the 
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C over its centre is loaded with the weight W necessary 
to produce the desired mean stress. One end of a light 
spiral forcing spring F is attached to this saddle, and the 
other end is connected with a motor-driven pin-and-slot 
mechanism D, which imparts to it an approximately 
simple harmonic motion, the period of which can 
be made nearly equal to the natural period of the test 
spring under the load W. The period of the motion 
so produced on the test spring can be varied as desired 
by varying the speed of the motor, and consequently 
the period of the forcing spring, and is set to corre- 
spond with the range of load in the test, as calculated 
from the static load-deflection tests, and indicated on 
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spring through the lever QP, pivoted at P, and its 
delivery for a given speed of motor is thus proportional 
to the amplitude. The auxiliary or correction 
pump B is operated by the lever PD, which is connected 
to the lever PQ through the springs HK pressing on the 
pins L, M, and N, and ceases to be operated by PQ 
when the projection on the pump rod of B is held up 
against one or other of the adjustable stops EF. The 
distance between these stops is accordingly set by 
a micrometer to a length corresponding with the 
| desired maximum amplitude of oscillation, and the 
|head of oil thus controlled maintains this amplitude 
constant. The experiments on endurance, which are 
|not yet completed, were carried further and will be 
| best considered in connection with the next report. 
Further Static and Endurance Tests —Among other 








| results, the endurance experiments in the last investi- 
the deflection of the spring under test automatically, | gation had shown much lower values than had been 
so as to reduce the attention involved in continuous | obtained from machined test pieces of the same mate- 
running. The principle of the design is that the ampli- | rial. Accordingly, it was decided to carry out tests 
tude of the deflections is determined by the speed | from which the limiting range of stress for various 
of the machine, which is controlled by a series of | springs could be estimated, i.e., the range that the 
mercury electrical contacts in a U-tube. This arrange- | springs could stand an indefinite number of times, and 
ment adjusts the speed within the limits of the contacts, | their values, compared with those obtained on machined 
and stops the machine if the level of the mercury exceeds | test pieces.* The scheme of experiment consisted, a 
or falls below them. The mercury is operated by the | : : = SIE 
pressure of a column of oil admitted to one leg of the | , ay Pn as gee et es tone 
U-tube, the height of this column being determined | made of Carbon and Alloy Steels. By R. G. BATSON, 
by the differential action of two plunger pumps, one | A.K.C., M.Inst.C.E., M.I.Mech.E., and J. BRapvey, 
of which is connected permanently and the other| B.A., B.A.I. H.M. Stationery Office. [ls. 3d. net.] 
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HIGH-SPEED DRILLING MACHINES. 


CONSTRUCTED BY 


MESSRS. 


LUDWIG LOEWE AND CO. A.G., 











Fig. 1. 


in the previous investigation, in making load-deflection 
observations and stress determinations on the master 
leaves, in order to obtain figures by which endurance 
tests made on the machine described on page 28, 
might be evaluated. The springs were made of a 
variety of materials and subjected to various heat 
treatments. In addition, moreover, to 10-leaf springs 
of a design taken from practice with thick master leaf, 
a 6-leaf spring with all leaves of equal thickness was 
designed by Mr. H. S. Rowell, the Director of the British 
Motor and Allied Manufacturers’ Research Association, 
on which the majority of the endurance tests were 
carried out. Each type was designed for a working load 
of 392 lb., but the 6-leaf spring was only about two- 
thirds the weight of the 10-leaf. The designs of these 
springs are shown in Figs. 15 and 16, page 28. Fig. 17, 
which plots the mean range of stress at various points 
of the springs under loads from 0 to 1,064 1b., shows that 
the deviation from the average stress found at various 
points is very much smaller in the 6-leaf than in the 10-leaf 
spring. For this reason, and also because in it the 
range of stress in all the leaves is the same, the 6-leaf 
type of spring was adopted throughout the endurance 
tests as a more suitable standard of comparison than 
the other. All springs were made with the least possible 
nip, but there were considerable variations in its 
amount, as there were also in the gaps between leaves, 
the stiffness (load per 1-in. deflection), and the Brinell 
hardness of the same materials treated in what was 
intended to be substantially the same way. 


The number of variables in these experiments was, | 


indeed, so large that it seems difficult to draw general 
conclusions from the results. As was pointed out in the 
first of these reports, dealing with the endurance 
of spring steel plates, the endurance of unmachined 
plates is much lower than that of machined test pieces 
tested in the cantilever machine, and further experi- 
ments are to be made to check the suggestion that the 
difference is due to a skin effect. The present experi- 
ments are said to support this impression; but on 
the other hand, two pairs of chrome vanadium steel 


springs gave much the same limiting fatigue range, | 
of the table, while the flat backs are gripped by clamps. 


though the leaves of one had been ground all over, 
and of the other had not. The limiting fatigue ranges 
of most of the springs were not very different from each 


other, but notably the worst was a chrome-vanadium | 


steel, and the best a carbon steel, though there is said 
to have been reason for expecting the alloy springs 
to be 50 per cent. better than the carbon. 
perhaps be hoped that in the continuation of these 


experiments some attempt will be made to limit the | 
number of variables that are changed simultaneously. | 


Doubtless this may make an investigation take propor- 


tionately longer, but the indecisive results of this report | 
Seem to show that the longer and more orthodox way | 


round may be the shorter way home. 


AUTOMATIC DRILLING AND TAPPING MACHINE. 


|the withdrawal of finished parts and the supply of 


It may | 


ENGINEERS, BERLIN. 




















HIGH-SPEED AUTOMATIC DRILLING 
MACHINES. 

Two interesting high-speed automatic drilling ma- 
chines manufactured by Messrs. Ludwig Loewe and Co. 
A.G., of Berlin, are illustrated above. The machines 
are supplied in this country by Messrs. George H. 
Alexander Machinery, Limited, 83 and 84, Coleshill- 
street, Birmingham. The photograph reproduced in 
Fig. 1 does not show a complete machine, but illus- 
trates a combination of two heads to perform two 
different operations in successive order. The heads 
may be used singly or in groups up to four, and two 
types are made, one of which, intended for mass pro- 
duction has a drive of eight speeds, viz., 420 r.p.m. 
to 2,100 r.p.m., though plain change pulleys. The 
other, intended for ordinary work, has four speeds, from 
600 r.p.m. to 2,000 r.p.m., obtained by stepped pulleys 
controlled by a handwheel. Each of these two types 
can be had with one or other of three kinds of feed, 
namely, hand feed, by means of a sensitive lever ; semi- 
automatic when the drill is fed down to and _ through 
the work and then, after returning to its starting point, 
stops; and fully automatic, when the drill is moved 
rapidly up and down continuously. The heads can 
also be coupled together in two ways, i.e., directly 
when the coupled spindles travel the same distance at 
the same rate of feed, or indirectly, when the spindles 
can operate in a desired sequence with either different 
amounts of travel and different rates of speed, or 
identical ones. 

It will be clear that the number of combinations 
which may be made with the different devices provided 
is too great to describe, and one example must suffice. 
Thus, in Fig. 1 is shown two heads directly coupled, 
that is, one spindle controlling the other, and engaged 
on simultaneous fully automatic operations. The left- 
hand spindle is fitted with a double tapping head, and 
the right-hand one with a double drilling head, the 
twist drills being supported by bushes. The table is 
arranged for carrying the bases of domestic flat-irons, 
the noses of which are held in notches at the centre 


Three of these clamps are shown retracted to permit 


new ones. The table is rotated by bevel gear from the 
driving shaft, which is horizontal, and the desired inter- 
mittent motion, to alternate with the drilling and 
tapping periods, is obtained by suitable trips. The 
operator has, therefore, only to keep the flow of work 
continuous. These machines will drill holes up to 
55.in, in diameter and tap holes up to #5-in. in dia- 
meter. The greatest drilling depth with automatic feed 
is 5, in., and the feeds per revolution of the spindle 
are 0-0039, 0-0078, and 0-0118 in. The distance 





between the columns and the spindle is 8; in., and ; 


Fie. 2. Seir-ContarNnED ELECTRICALLY-DRIVEN BENCH DRILL. 


between adjacent spindles 9; in. The average power 
required per spindle is about 1-5 to 2 h.p. 

The machine shown in Fig. 2 is an electrically- 
operated high-speed bench drill. ‘The column is bolted 
to a small work table when the spindle is used vertic- 
ally, but, as the driving motor, with its gearing, forms 
a self-contained unit with the drill, there is nothing to 
prevent the column being detached and the machine 
being used equally effectively in a horizontal or an 
inclined position. The motor is of 4-h.p. and the 
spindle is driven by a belt, three changes of speed being 
possible. For soft metals these lie between 8,000 and 
12,000 r.p.m., for brass, between 4,000 and 6,000 r.p.m., 
for copper and bronze, and for steel and cast-iron be- 
tween 1,500 and 4,500 r.p.m. This machine has three 
methods of spindle feed, viz., sensitive hand lever ; 
semi-automatic, in which the drill feeds through a 
pre-determined distance and withdraws automatic- 
ally from the work, but needs re-starting to make 
another cycle; and fully automatic, in which the 
feeding and withdrawal motions may be made to alter- 
nate continuously as long as desired. As will be gathered 
from the low power required, the machine is intended 
for light work only, the greatest diameter of hole which 
can be drilled being $? in. with a maximum depth of 
131 in. The distance from the centre of the spindle to 
the side of the column is 4, in., and the head may be 
adjusted through a range of 73 in. on the column. 








Parnt Matertats ror Inp1a.—The Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1, 
has received a copy of the specifications for oils, paints 
and painters’ materials issued by the India Store Depart- 
ment, in connection with a recent call for tenders, the 
closing date of which has now expired. The time 
allowed for the presentation of tenders was insufficient 
to enable the Department to notify British firms in 
time for them to submit a tender, but the specifications 
and particulars of the contract may be of interest to 
firms who desire to tender on a future occasion. Interested 
British firms may obtain further particulars on applica- 
tion to the Department, at the above address, quoting 
Reference No. B. 5981. 

FEDERATED Matay States Pusitic Works Deparrt- 
MENT.—A hydraulic branch of the Federated Malay 
States Public Works Department has been in process 
of formation since the beginning of 1928. It has replaced 
the Irrigation Engineer’s Department, and has taken 
over all work previously carried out in that Depart- 
ment. In addition to research duties and the collection 
of data, the new department deals with the conservancy 
of rivers and certain other executive duties. At the 
commencement of 1928, the department possessed eight 
civil engineers. At the end of that year, this staff had 
been increased to 16, while 25 assistant engineers were 
recruited from England, in order that the strengthening 
of the staff of this branch might not unduly deplete the 
ranks of the other branches. 
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PROPERTIES OF LOCOMOTIVE 
FIREBOX STAYS AND PLATES.* 


By 0. F. Hupson, D.Sc. ; T. M. HerBert, M.A., 
A.M.I.Mech.E.; F. E. Baty, Ph.D., B.Sc., A.I.C. ; 
and EF. H. Bucknat., M.Sc. 


From relatively early days, the problem of the wasting 
stayhead has troubled successive locomotive engineers, 
who, from time to time, have devoted considerable 
attention to investigating the causes of and considering 
remedies for the trouble. Lack of opportunity for 
sustained attack upon a most difficult problem pre- 
vented their efforts from bearing any very definite 
fruit, and there is little published literature on the 
subject. The only paper of any magnitude is that by 
F. W. Webb, in which tests on the determination of 
stay and plate temperature are described, as well as 
trials of stays of different copper alloys. In 1924, the 
British Non-Ferrous Metals Research Association was 
asked to undertake an exhaustive investigation into 
this question, the British railway groups making 
substantial financial contributions, through their 
membership of the Association, towards this research. 
In the course of this research, the consideration and 
study of the properties of materials for firebox plates 
and stays, particularly arsenical copper, has naturally 
engaged much of the attention of the investigators, 
and the present paper has been written to present some 
of the results of more direct metallurgical interest in 
relation to the conditions prevailing in a locomotive 
firebox. 

As the result of testing samples of firebox gas, 
taken on a locomotive while running, evidence was 
obtained that immediately after firing, a brief, almost 
momentary, period of reducing conditions could occur, 
but by far the largest portion of the time was given 
over to oxidising conditions, though not of a very 
pronounced nature. The atmosphere in the upper 
portion of the firebox was more oxidising than in the 
lower areas. Much speculation has existed in the 
past with regard to tne actual surface tempera- 
tures attained at stayhead and plate surfaces. As 
a result of investigation inte the conditions under 
which a stayhead has to operate, however, the con- 
clusion is reached that a temperature of 300 deg. C. is 
a fair average, and that this is increased by dirt in the 
water space, or by “thrashing” the engine, to a 
maximum of 350 deg. C. These changes of temperature 
with external conditions correspond most noticeably 
with observed differences in the amount of leakage and 
rate of wastage. 

Leakage.—Quite distinct from the direct effects of 
atmosphere and temperature are the influences of a 
further phenomenon, namely, leakage. Although stays 
are carefully screwed into the firebox plates, and are 
initially watertight under hydraulic and steam tests, 
the distortions due to service conditions eventually 
result in some leakage being set up from the stays, 
mainly those in the lower half of the firebox, where 
stresses and temperature are higher. Such leakage 
usually manifests itself when a boiler is being cooled, 
and is noticed to start when the pressure has fallen to 
about 50 Ib. per square inch. At first a mere sweat 
or 00ze occurs, which becomes more noticeable, though 
never copious, as the boiler further cools. On firing 
the boiler again, all signs of leakage disappear as soon 
as a certain pressure is attained ; or, to use an everyday 
expression, the stays ‘ take up” in steam. 

The causes of this leakage are thought to lie in the 
plastic deformation of the copper plates and of the 
parts of the stays screwed into the plates, which occur 
when the engine is in steam owing to the differential 
expansion of the firebox proper and outer shell, partly 
owing to temperature differences and partly, in the 
case of copper boxes, to the difference in the coefficient 
of expansion between copper and steel. It is well 
known that the two boxes are rigidly stayed together, 
so that this differential expansion results in compressive 
stresses within the inner firebox plates, and correspond- 
ing tensile stresses in the shell. Such stresses will 
cause permanent distortion of the stayholes, according 
as to whether or not the elastic limit of the material 
has been exceeded, so that the occurrence of leakage 
depends primarily on temperature, which determines 
the amount of expansion, the elastic limit of the 
material, and the resultirg stresses and distortions. 








This theory appears to account for most of the 
observed phenomena in connection with leakage. ~The | 
compressive stresses at the higher temperatures and | 
pressures ensure the tight grip of the plate round the | 
stays under these conditions, and consequent immunity | 
from leakage. On cooling down, the copper which has | 
been stressed beyond its elastic limit fails to return | 


to its original configuration, and slight gaps occur | 


between the threads, which thus initiate leakage paths. | 


If this argument is correct, there is probably little 
advantage to be gained by more exact fitting of the 
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stays, so long as the material does not possess a definite 
elastic limit, and such tests as have been carried out 
to elucidate this point have shown that there is little 
difference in service in the case of stays particularly 
tightly and carefully inserted, and those not so carefully 
fitted. On the other hand, a refinement in the accuracy 
of the screw threads and the fitting may play an 
important part in securing freedom from leakage, when 
a material is available possessing marked elastic 
properties under the conditions of service. 

Wastage.—General wastage, which is by far the most 
usual and troublesome, occurs on the stayheads over 
most of the sides below and near the top of the brick 
arch, and also on the tube plate, and bottom half of 
the door plate. In all cases, the wastage is most 
violent away from the seams. Stays in the top of the 
box are also, as a rule, almost unaffected. As the 
result of this trouble it is no uncommon thing, in a 
large box, to renew several hundred stays after 50,000 
miles of normal service. Such a procedure has to be 
adopted because the heads are worn perhaps almost 
flush with the plate, as the result of the stays leaking 
badly. The renewal of stays necessitates their replace- 
ment by stays of a larger diameter, as the thread in 
the plate requires retapping owing to distortion, or 
damage in extracting the old stay. The enlargement 
of stay and hole in this way eventually becomes objec- 
tionable, and many otherwise good firebox plates are 
scrapped on account of enlarged stay holes. Extensive 
bushing of such enlarged holes is not good practice. 
Quite apart from the intrinsic cost of replacing large 
numbers of firebox stays, it will be appreciated that 
boilers are out of service for lengthy periods while this 
is being done. 

As regards wastage of the plate, this occurs princi- 
pally at the flanges, where the landing is apt to wear 
to a feather edge, partly due to oxidation, and much 
accelerated if leakage occurs. Similar wastage occurs 
at the firehole lap where the plate is riveted to the 
firehole ring, and not so directly water-cooled. A 
certain amount of wastage also occurs round and 
between the stays; sometimes, especially in the 
vicinity of leaking stays, the grooving of the plate is 
very pronounced. This general wastage of the plate, 
which occurs in the region of maximum stay wastage, | 
sometimes results in the scrapping of a firebox, though | 
as a rule this is due to enlargement of the stay-holes | 
as a result of frequent renewals. | 

Properties of Firebox Copper.—The material used for 
both firebox plates and stays is subjected to the oxidis- | 
ing action of the firebox gases at temperatures which 
it has been shown are of the order of 250 deg. C. to | 
350 deg. C. at the exposed surfaces. The arsenical | 
copper used in the firebox is oxidised under these | 
conditions, but the oxide skin formed is normally 
very dense and hard, and protects the underlying copper 
from rapid oxidation, the scale being extremely difficult 
to remove by mechanical means. Under the influence 
of leakage water, however, the oxide skin is altered 
in character, becoming readily detachable, thus exposing 
fresh surfaces of copper to oxidation. The firebox 
material, especially the firebox stays, is also called 
upon to resist any corrosive action of the boiler water 
in the space between the inner and outer shells of the 
firebox, at all temperatures up to that corresponding 
to the maximum boiler pressure. In this respect, 
copper is a particularly suitable material, undergoing 
practically no corrosion under these conditions. Many 
other non-ferrous materials could be suggested which | 
would resist oxidation and the effects of leakage | 
water to a much greater degree than copper, as well as | 
being immune from corrosion in the water space. 
Nevertheless, the toughness, ease of working, and 
resistance to corrosion, together with the sufticiently 
high tensile strength which copper possesses, leave it, 
in the opinion of most engineers, still the best firebox 
material, in spite of the very serious objection of the 
wastage of the heads of copper stays. 

The primary duty of the firebox stays is to secure 
the inner and outer shells of the firebox firmly together 
and to prevent any collapse or distortion under the full 
boiler pressure. While the main stresses in the stays | 
are the tensile stresses due to the boiler pressure, it | 
has been pointed out that the stays have also to with- | 
stand the effect of complicated bending and compressive | 
stresses due to differences in temperature in different 
parts of the box, and to differences in coefficient of 
expansion, as well as the effect of vibration. The 
material for stays must therefore have a sufficiently 
high tensile strength combined with high degree of 
ductility and toughness. It must also be soft enough 
to undergo, without sign of cracking or failure, the 
severe cold-working in the formation of the riveted 
head, where this is employed, and it must possess good 
machining qualities for turning and screwing. Similar 
combinations of strength and ductility and machining 
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shell of the firebox. 


Besides having other desirable qualities, such as | 
good thermal conductivity and high scrap value, | 


Germany, on Wednesday, September 11, 1929, Abridged. copper possesses the required strength and toughness, 





and in the annealed condition the necessary softness ; 
and in Great Britain and many other countries it is used 
almost entirely for the inner shell of the firebox as 
well as for the great majority of firebox stays. The 
work of this research has led to the conclusion that 
the absence of an elastic limit in fully annealed copper 
is a serious drawback to the use of copper in firebox 
construction, and one which hitherto has not received 
sufficient consideration in this connection. In a 
previous section in which the causes and effects of 
leakage have been discussed, a theory to account for this 
trouble has been suggested, viz. that at certain periods 
the stresses set up in the firebox plates and stays exceed 
the very low elastic range present in ordinary arsenical 
copper at firebox temperatures, causing plastic and, 
therefore, permanent distortions which destroy any 
initial tightness between stay and plate. 

Unfortunately, the magnitude of the stresses in the 
firebox plates is practically indeterminate. The 
authors, however, have been led to the belief that, 
if a copper or copper alloy could be found which 
would retain, at temperatures up to 300 deg. C., a 
sensible elastic limit during its life in a firebox, leakage 
would be very largely overcome, and with it the wastage 
for which it is in so great a measure responsible. 
To provide such a material has been the principal 
aim of the research in its later stages. It must be 
remembered, however, that while elastic properties 
can be developed to high degree by alloying or cold- 
working, such effects are only obtained at the expense 
of decreased ductility or increased hardness. The 
former is objectionable as being likely to give rise 
to more broken stays, while the increase in hardness 
makes riveting both difficult and deleterious. A com- 
promise is therefore necessary, and a description of 
the results already obtained in this investigation, 
which is still in progress, is given below. 

In this work two lines of investigation have 
been followed: (1) The determination of the effect 
of a wide range of other elements, including 
aluminium, arsenic, cadmium, chromium, iron, mag- 
nesium, manganese, nickel, phosphorus, silicon, 
silver, tin, zinc, and combinations of these elements, 
on the temperature of softening of copper in different 
degrees of cold-work, in order to ascertain the materials 
which are most resistant to softening, at firebox tem- 
peratures. (2) The determination of the elastic limit 
(limit of proportionality) at the ordinary temperature, 
and also at temperatures which might be reached in 
the firebox, of promising alloys, as indicated by the 
results of preliminary softening tests, after subjection 
to low-temperature annealing for various lengths of 
time. 

Elastic Limit.—Beyond the very general agreement 
that annealed copper has no real elastic limit, and that 
as the result of cold-working there is conferred upon 
it a limit of proportionality, as determined in ordinary 
static tests, reference to the literature gave very little 
definite information on the precise effect of cold-work 
‘ageing’ or low-temperature annealing, or the effect 
of impurities on its elastic properties. Tests which 
have been carried out for the British Non-Ferrous 
Metals Research Association by the Engineering Depart- 
ment of the National Physical Laboratory have shown 
that while annealed arsenical copper (As 0-31 per 
cent. and As 0-42 per cent.) had no real elastic limit 
either at air temperature or at a temperature of 250 deg. 
C., a sample of hot-rolled arsenical copper (As 0-44 
per cent.) had an elastic limit of nearly 4 tons per 
sq. in., when tested at ordinary temperatures. This 
sample although nominally hot-rolled had thus evi- 
dently been rolled under conditions of finishing tem- 
perature such that it had undergone a certain amount 
of cold-working. It was, moreover, found that the 
elastic limit of nearly 4 tons per sq. in. was fully 
retained by this hot-rolled rod when a tensile test was 
carried out at 260 deg. C. . 

Softening and Recrystallisation.—The information 
available in the literature with reference to softening 
is more extensive than in the case of the elastic limit of 
copper. Itis now generally known that the temperature 
at which copper softens depends upon: (1) Presence 
of impurities ; (2) the amount of previous cold-work ; 
(3) The length of time of annealing. Generally, the 
presence of a foreign element raises the softening and 
recrystallisation temperature, but the effect varies 
considerably with different elements. Results obtained 
at the National Physical Laboratory, in the course of 
the British Non-Ferrous Metals Research Association s 
research on the effect of impurities on copper,* have 
provided data as to the effects of iron and arsenic, 
and in as yet unpublished work, of phosphorus and 
nickel, on cold-rolled strip after short annealings. 

The Present Research.—In the present research rods 
of copper of low-alloy content covering a wide range of 
foreign elements were supplied in the cold-drawn 


qualities are required for material forming the inner | condition, in all cases in two degrees of hardness, 


corresponding to the “hard” and “ half-hard ” 





* See ENGINEERING, vol. exxiil, page 303 (1927), and 
! Journal Inst. Metals, vol. xxxii, page 356 (1924). 
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conditions, and also in most cases in an intermediate 
degree of hardness with 20 per cent. reduction. For 
the softening tests the rods supplied were } in. in 
diameter, and for elastic limit tests % in. or 1 in. 
in diameter. Table XII gives the composition of the 
alloys which have been supplied for this work. The 


TaBLE XII.—Copper Alloys used (Softening and 
Tensile Tests). 





Composition by 


| 
Nominal | Composition by | ut a 
Composition. | Analysis. 4-in. Rods. | i. Rie a 
Per cent. | Per cent. | and §-in. Ss. 
| 


| Per cent. 





Sn 0:5. | Sn 0-49, Fe trace | Sn 0-48, Fe 0-003 
P O11. | P 0-09, Fe 0-006 | — 
| O 0-036 oe = 
Si, O15. | Si 0-10, Fe 0-005 | = 
Ag 0-006, Ni 0-03 | = 

Mn 0-5 . | Mn 0-46... .. | Mn 0-37, Fe 0-07 
Sn 1-0.. |} Sn 0-97... -. | Sn 1-02 

Si 0-03.. | Si 0-025.. ..| Si 0-02, Fe 0-005 
Cd 0-9. | Cd 0-86... | — 
Ni 0-5. Ni 0-50 .. a = 

Ag 0-1 .. Ag 0-08, Fe0-01 | Ag 0-093,Fe0-007 

As 0:5 .. — | As 0-47, Fe 0-005 
| Sn 0-005 
As 0:5... | As 0-48 ., | As 0-43 
Al 0-5 .. oo | ae 
Ag 0-05.. | Ag 0-05 .. ..| Ag 0-05 
Fe 0-5 .. Fe 0:52... ..| Fe 0-52 
Si 0-75.. Si 0-74... .. | Si 0-74 

Sn 0-8 .. Sn 0-82,Cd0-30 | Sn 0-82, Cd 0-30 
Cd 0-8 .. — — 
mn 0-5 .. Zn 0-48... .. | Zn 0-48 
As 0:5. As 0-40, Ni 0-025 | — 
Pb 0-002,Sn0-003 = 
Al 0-4. Al 3-97, Fe 0-01 ct 
Mg 0-5. Mg 0-43, Fe 0-006 | = 
Cr 0-1. = | = 
Ni 0:4 e | _ | _ 
Ce O-2 . | — | — 
Ag 0-1. = | = 
As 0:5. — | — 





specimens used for the softening tests were small 
cylinders approximately 4 in. long, sawn, or parted off 
in the lathe, from 4 in. diameter rod. The specimens 
were turned in the lathe so that their upper and lower 
surfaces were plane and parallel. Both surfaces were 
ground on emery-paper to remove all trace of tool 
marks, and one surface was polished carefully on 0 
and 00 French emery-paper. Brinell impressions were 
made on this surface, using, in early tests, a 1-mm. ball 
with 10-kg. load, and in later tests a 2-mm. ball and 
40-kg. load, which was found to be more convenient 
and to give on the whole more consistent results. 
The period of loading was in all cases 30 seconds. Three 
impressions were made on a surface, evenly spaced 
across a diameter, one impression in the centre and the 
other two approximately midway between centre and 
outside. The average hardness number obtained 
from the diameters of these impressions is the figure 
given in Table XVI below. 

The tensile test pieces used were made to dimensions 
of the standard British Engineering Standards Associa- 
tion test-piece with screwed ends and diameter of 
0-564 in. on the parallel length. The figures for limit 
of proportionality in all tests were obtained from 
stress-strain diagrams, each increment of load in a 
test being 0-1 ton (0-4 ton per square inch), the strain 
being measured on a 2-in. gauge length. The stress 
could be applied from the commencement of the test 
with an accuracy of 0-2 per cent., and the strain 
measured to an accuracy of at least 0-000012 in. In 
the case of tests at elevated temperatures, the magni- 
fication obtained with the instrument was approxi- 
mately two-thirds of that of the standard type of 
instrument. The test-pieces were annealed, after 
machining, in an electric-resistance tube-furnace, in 
which an atmosphere of nitrogen was maintained. 

Discussion of Results.—(a) Softening Tests—The 
results for the alloys having a final reduction by 
cold-work of 50 per cent. and 28-6 per cent., show that 
in nearly every case the effect of small quantities of 
other elements is to raise the softening temperature to a 
greater extent than does arsenic (0-4-0-5 per cent. As). 
The effect of very small quantities of silver is most 
marked; 0-05 per cent. silver raises the softening 
temperature nearly 100 deg.C. Of the other impurities, 
the effect of iron appears to be the greatest ; whereas 
arsenical copper (0-43 per cent. As) is almost completely 
softened at a temperature of 300 deg. C., copper con- 
taining 0-5 per cent. iron is only partially softened after 
2 hours at 400 deg. C. Tin, silicon, and manganese, 
also markedly raise the softening temperature. 

In the case of alloys reduced 5 per cent. to 10 per 
cent. by cold-work, the temperature of complete 
softening was always above 375 deg. C. The original 
Brinell hardness number did not generally exceed 75, 
and in most cases was less than 70. The investigation 
showed that the difference between this and the 
hardness number of the fully softened alloys was less 
than 25. The results of preliminary experiments on 
saliples of copper containing chromium (0-1 per cent. 
Cr), and nickel and chromium (0-4 per cent. Ni, 


with those materials reduced 10 per cent. by cold-work, 
have been to show that neither of these materials is 
fully softened by annealing for 1 hour at 350 deg. C. 
In the case of copper containing 0-1 per cent. chromium 
alone, the Brinell hardness fell from 76 to 61. The 
drop in Brinell hardness in the case of the material 
containing nickel as well as chromium was from 
82 to 65. The Brinell hardness of the fully softened 
material was 40 to 42. In addition, Brinell hardness 
determinations have also been made on specimens 
sawn from the screwed ends of test pieces employed 
in the determinations of elastic limits and tensile 








strengths at room temperature. The results show 
that with a small percentage reduction (5 per cent. 
to 10 per cent.) by cold-work, most of the {-in. or 1-in. 
rods suffered little or no reduction in Brinell hardness, 
even after 100 hours’ annealing at 300 deg. C., and 
that only in the case of arsenical copper (0-43 per 
cent. As) with 50 per cent. reduction by cold-work, does 
marked softening occur under these conditions. 

(6) Tensile Tests.—Tensile tests have been carried 
out to obtain the limit of proportionality, Young’s 
modulus, ultimate tensile strength, and percentage 
elongation on 2 in., at room temperature, and in a 
limited number of cases at elevated temperatures 
also. The results show the influence of alloying 
elements, of cold-work, and of annealing on these 
properties. Tests on material in the fully annealed 
condition have been carried out on copper containing 
arsenic, tin, tin plus cadmium, silver, zinc, and 
aluminium. The limit of proportionality of any of 
these alloys when tested at room temperature after 
treatment for 2 hours at 490 deg. C. was very low, 
and with the exception of copper containing tin was 
smaller than could be measured accurately. The ulti- 
mate tensile strength of the fully annealed materials 
ranged from 14-2 tons per square inch (in the case 
of copper containing 0-1 per cent. silver) to 16-7 tons 
per square inch (in the case of copper containing tin 
and cadmium). The percentage elongation observed 
for arsenical copper was 58 per cent., and that of the 
other materials between 65 per cent. and 67 per cent. 

Influence of Cold-Work.—All the alloys tested, 
including arsenical copper, had a limit of proportionality 
varying between 0-4 tons per square inch and 4-4 tons 
per square inch. In general, the limit of proportionality 
of the materials tested was found to increase as a result 
of progressive reduction by cold-work. The tensile 
strength and elongation of alloys reduced from 5-7 per 
cent. to 10 per cent. by cold-work, in most cases, was 
found to be such as would meet existing specifications, 
the only notable exception being in the case of copper 
containing 0-48 per cent. tin, where the tensile strength 
was over 20 tons per square inch, and the percentage 
elongation on 2 in. was 33 per cent. The hard-worked 
alloys (i.e., those reduced 28-6 per cent. or 50 per cent. 
by cold-work) had tensile strengths of 19 tons to 
26 tons per square inch with elongation of 10 per cent. 
to 29 per cent., in which condition they are far too 
hard for stay rods. 

Influence of Low-Temperature Annealing.—The effect 
of low-temperature annealing, except in the case of 
arsenical copper reduced 50 per cent. by cold-work 
(which fully softens at a temperature of 300 deg. C.) 
was to raise the limit of proportionality, lower slightly 
the tensile strength, and raise the elongation measured 
on 2 in. The effect of length of time of annealing 
at 300 deg. C. was investigated in the case of many 
of the alloys, and, with the exception named above, 
the results indicate that a maximum increase in limit 
of proportionality at this temperature was effected 
by an anneal of about seven hours’ duration. Further 
annealing up to 100 hours gave no increase in the limit 
of proportionality, and in some cases caused a slight 
drop. Anneals for more prolonged periods have not 
yet been completed. In Table XVI results are given 
of a number of tests carried out after 100 hours’ 


TABLE XVI.—Tensile Properties at Room Temperature 
of Alloys Annealed 7 Hours at 300 deg. C., Tested, Reheated 
100 Hours at 300 deg. C. 











| | 
Percent- | Limit of | Ultimate | 
Composi- age oa. Propor- | Tensile ieee 
tion. Reduction Nar haw. | tionality. | Strength. Ca Cent 
Per Cent. | by Cold- | 79/45/39, | Tons per | Tons per | “oo Ty” 
Work. | 2/40/30. Sq. In. Sq. In. aac 
ee al | | ess 
As 0°5 10-0 63 3-6 | 15-6 49 
As0:5 | 50:0 | 54 | 1-2 | 15-2 58 
Ag0-:05 | 5:7 | 66 8-0 15-9 52 
Ag0:05 | 28-6 @ | 62 18-0 37 
Si 0-74 | 5:7 69 | 7:6 18-9 48 
Si 0-74 28-6 82 | 8-0 21-7 35 
Fe 0-52 | 5-7 68 8-0 17-2 48 
28-6 79 10-0 | 19-9 34 
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annealing at 300 deg. C. on the test pieces which 
had already been slightly overstrained in the deter- 
mination of the limit of proportionality after an 
original annealing of seven hours at 300 deg. C. In 
the case of those alloys which had been reduced by 





0-1 per cent. Cr), in a condition more or less comparable 


10 per cent. or less by cold-work, the effect of the 


slight overstrain (corresponding to a reduction in area 
of less than 0-002 per cent.) was shown in limits of 
proportionality considerably higher than those of 
similar specimens annealed for 100 hours at 300 deg. C. 
without previous additional overstrain. 

A few materials have been annealed at higher 
temperatures. Specimens of copper containing tin 
(0-5 per cent.) and tin plus silicon (1 per cent. tin, 
0-03 per cent. silicon) were annealed at 350 deg. C. 
for two hours. The effect of this higher annealing 
temperature was reflected in the reduction of the 
limit of proportionality, which was considerably lower 
than in similar specimens at 300 deg. C. Nevertheless, 
the limit of proportionality, even after treatment at 
this comparatively high temperature, had still a definite 
high value. A specimen of silicon-copper containing 
0-75 per cent. silicon, reduced 10 per cent. by cold-work, 
was shown to have a definite limit of proportionality 
after annealing for two hours at 500 deg. C. The effect 
of low-temperature annealing (300 deg. C.) on the 
tensile strength and ductility has been on the whole 
to effect a slight reduction (up to 1 ton per square inch) 
of the ultimate tensile strength, and a slight increase 
of the percentage elongation. In the case of arsenical 
copper reduced 50 per cent. by cold-work, low- 
temperature annealing has brought about the complete 
softening of the material and has resulted in a tensile 
strength of 15 tons per square inch, accompanied by 
a ductility of 58 per cent. 

Tests at Elevated Temperatures.—So far, with the 
exception of arsenical copper, the results of the limited 
number of tests made indicate that the alloys retain 
the greater part of the limit of proportionality which 
they have at room temperature when tested at 300 
deg. C. In all cases there is a drop of limit of propor- 
tionality between room temperature and 300 deg. C. 
Thus, alloys having a limit of proportionality of from 
5 tons to 6 tons per square inch at room temperature 
gave generally a limit of proportionality of the order 
of from 4 tons to 5 tons per square inch at 300 deg. C. 
Results are given in Table XVII. Results have not yet 
TaBLeE XVII.—Limit of Proportionality (Tons per Square 

Inch) at Elevated Temperatures. 
(The Limit of Proportionality at room temperature is 


given in the last column ; all specimens were annealed 
for 2 hours at 300 deg. C. prior to test.) 








Tests at Elevated | ; 
Bens Temperatures. | oe 
, ie, oo 
ag by | : at Room 
iy x Cold-Work. | Limit of Tempera- 
Per Cent. | “per Cent. | Tempera- Propor- ture. 
| ture of tionality. | Tons per 
| Test. Deg.C.| Tons per | Sq. In. 
| Sq. In. | 
' | 
. _ 
Ag 0-05 5:7 292 40 | 5-2 
Ag 0-05 5-7 365 2-8 §-2 
Ag 0-05 10-0 296 3-0 4-4 
As 0°43 10-0 296 1-2 3-2 
Zn 0-48 10-0 297 3-6 5-2 
Si 0-74 5-7 300 4-4 6-4 
Fe 0-52 10-0 312 3-2 6-0 
Fe 0-52 10-0 292 4-4 6-0 
Ag 0-093 10-0 305 3-2 3-6 
Ag 0-093 20-0 297 2-4 5-2 
Mn 0-46 10-0 308 3°2 3-6 
Sn 0-82 9 ; 5-2 
Cd 0-30 10-0 298 4°8 ae 

















been obtained on the effect of time of loading, the 
above tests being carried out at ordinary rate of loading, 
but consideration is being given to this factor. Under 
conditions of service in the firebox, the copper is 
subjected to stresses over considerable periods of 
time, at elevated temperatures, such as have been 
used in these tests, and the importance of “ creep” 
must not be lost sight of. A series of such tests will be 
made in future work of the research. 

The investigation on the softening and elastic pro- 
perties of copper alloyed with small amounts of other 
elements is still in progress. The results which have 
been considered in this paper are put forward as a 
general survey of the subject; they have served to 
emphasise the marked effect of some elements, even 
when present in comparatively small amounts—such, 
for example, as so small a proportion as 0-05 per cent. 
of silver—and to draw attention to the possibilities of 
improving the properties of copper for locomotive 
firebox purposes by alloying with other elements in 
place of, or in addition to, arsenic, together with 
suitable mechanical and thermal treatment. Based on 
the results already obtained, service trials of some of 
these alloys for firebox plates and stay rods are being 
undertaken, and the experience to be gained from 
them should be of very great interest to engineers. 

In considering the possibility of using any material 
other than arsenical copper for firebox plates and 
stay rods, the questions of the ease of manufacture 
and the resulting cost of the alternative material 
must be borne in mind. The manufacture of otherwise 
suitable alloys may involve special difficulties or 





considerable increase in cost, as, for example, the 
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necessity for crucible melting. In this connection the 


STARTER WITH COVER REMOVED. 


use of copper containing small additions of silver offers | 
many advantages, since, although silver is itself an | 


expensive metal, the amounts added are so small 


that the price of plate or rod would be increased to | 
a relatively small extent thereby, and at the same time | 


no modification in the normal manufacturing process 


is necessary. 


AIR-BREAK STARTER FOR 
THREE-PHASE MOTORS. 
THREE-PHASE motors of the squirrel-cage type, the 
use of which is now rapidly increasing owing to the 
development of alternating-current supply, can be 
started in a variety of ways. The simplest is to connect 
the motor directly to the mains, an arrangement which, 
except in the smaller sizes, is not viewed with approval 


by the supply authorities, owing to the disturbance | 


which it sets up. It also has the disadvantage of 
requiring some device for cutting out the fuses or other 
overload devices during the starting period. Another 


method is to employ a change-over switch, so that the | 


stator windings can be connected in star when the cur- 
rent is first switched on, and then changed over to 
mesh. This reduces the starting current to about 
twice the rated value, while a torque of about two- 
fifths the normal can be developed. A third method is 
to insert a resistance in the stator circuit, which is 
cut out as the motor runs up to speed. The actual 
method adopted depends, of course, on the conditions 
present, but it may be pointed out that the necessary 
closing and opening of the circuit and modification of 
the connections can be effected in every case by a 
type of air-break starter, which has recently been 
placed on the market by Messrs. Airedale Electrical 
and Manufacturing Company, Limited, of Ryan-street, 
Bradford. This switch can also be employed as a 


four-wire squirrel-cage motors. 

The general design of this equipment will be clear 
from Fig. 1, which shows the switch with its sheet- 
iron cover removed. The body consists of two cast- 
iron end frames, which are provided with feet, so that 


the starter can be fastened to a wall or pedestal. The | 


fixed contacts are mountea on half-inch square steel 
bars, from which they are insulated with bakelite. 
The bars are provided with a lock, so that they cannot 
turn, and are secured to the frame. The contacts 
themselves are shown in more detail in Fig. 3. They 
are of the controller finger type, and are made in four 
parts: A brass carrier, which is fixed to the square 
bar by a clamp; a brass finger, which is pivotted in the 
carrier, and which carries a renewable copper tip of 
the rolling contact type; and an adjusting screw for 
truing-up purposes. A strip of copper foil connects 


the contact tip and the terminal screw, so that no! 


current passes through the joints or screws. The 


Fia. 2. 

















Fie. 3. Frxep Contract. 


moving contacts, as will be clear from Fig. 2, are of 
the drum type, and consist of mild-steel pressings, 
to which the contacts proper are secured. The unit 
thus made up is also fixed to a square steel bar, from 
which it is insulated by a bakelite tube. 


The switch is provided with a low-voltage release, | 


the coil of which is wound on a papier-mache bobbin 
and is contained in a cast-iron housing on the frame, 
with a ventilating duct. It is arranged so that the 


4 : | falling plunger strikes a hold-on catch, thus allowing | 
series-parallel starter for use with two-phase, three and | 


the handle of the switch to return to its off position. 
The overload trips are operated through a relay 
system, the tongues of the latter being mounted on 
a bakelite stem and resting in a V-shaped seating, 
so as to give a large contact area and immunity 
from vibration. The no-volt coil is connected in 


series with these tongues, so that when the plunger | 


of the overhead coils rises and lifts them off their 


seatings the circuit is opened in the way already | 


described. 


When desired, fixed time-lags of the oil dash-pot | 


type can be fitted, and these are attached to the 


lower end of the overload tubes, as shown in Fig. 1. | 


These time-lags can be varied by using different types 
of oil, the ranges obtainable in this way being shown 
in the curves in Fig. 4. It may be added the relays 


are cut-out in the starting position, so that they do | 


not operate with the large momentary current which 
flows at that time. The off position of the handle 
is central, as shown in Fig. 1, and interlocks are 


Drum Contacts. 
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provided, so that it cannot be moved into the 
running position without first going through the start- 
| ing position. 








THE SAMPLING AND ANALYSIS oF Cast IRons.—We 
have received from the British Cast-Iron Research 
| Association, 24, St. Paul’s-square, Birmingham, a 
| pamphlet entitled Recommended Methods for Sampling 
and Analysis of Foundry Materials. This contains 
detailed particulars regarding the sampling and analysis 
of pig-iron, cast-iron, and malleable cast-iron, and the 
|sampling and proximate analyses of coke, coal dust, 
blackings, and plumbagos. The pamphlet is approved 
| for issue by the Council of the Association, and has been 
prepared by its tests and specifications sub-committee. 
The methods of sampling and examination of foundry 
sands will be covered in subsequent reports. Copies of the 
pamphlet may be obtained from the offices of the Asso- 
| ciation at the address given above, price 10s. 6d. net. 





THE MINERAL RESOURCES OF YUNNAN, CHINA.—The 
province of Yunnan, which lies in the extreme south- 
west of China, is rich in mineral resources, but these, 
with the exception of tin and salt, are as yet little de- 
veloped. The tin mines, of which there are_93, are 
| situated in the Kokio district in southern Yunnan. 
Although most of these employ primitive methods, the 
aggregate annual output of tin is 7,000 tons. Hong 
Kong is the main outlet for Yunnan tin; after refining, 
the metal is re-exported to Japan, the United States and 
Europe. The annual output of copper is, at present, 1n 
the neighbourhood of 700 tons. Some 110,000 tons ol 
bituminous coal and lignite are mined in the province, 
| but this is entirely consumed locally, the Yunnanfu- 
| Haiphong railway and the narrow-gauge Kopi railway 
| being the chief purchasers of the fuel. Iron ore, it 1s 
| stated in a recent issue of The Chinese Economic Bulletin, 
exists ‘‘ everywhere ” south of latitude 28, and west ot 
longitude 105. About 10,000 tons of iron in various 
forms are thought to be produced annually in what appea! 
to be small and primitive plants. Gold and silver have 
both been mined for many centuries, the annual pro- 
duction of the former being 2,000 oz., and of the latter, 
100,000 oz. Zine, antimony and cobalt ores are also 
found, but production is relatively low. One of the 
factors which militates against the further expansion 0! 
the metallurgical industry is the absence, In many 
| districts, of efficient means of transport. 





] 
tha 
lim 
pos 
wh 
be: 
is a 

f. 


tior 
bee 
the 
the 
whi 
it 
for 
fro! 
Ad 
Kir 
Kir 
inc! 
Na’ 
anc 
The 
Shi 
Offi 
desi 
wel 
and 
pro 
this 
sior 
Adi 
Boa 
at | 
Wh 
all - 
Adr 
Nav 
abo 
mol 
the 
Offi 
cont 
of } 
of t' 
Her 
£ 
or 
Fisk 
to C 
Gon 
Gon 
time 
who 
Tres 
by | 
mer 
Wy: 
fina. 
time 
law 
on ( 
one. 
servi 
bein 
In ¢ 
Ship 
of tl 
Hen 
Wn 
unti 
Ord: 
expe 
Sury 
1598 
Johr 
adve 
Crov 
T 
ties, 
foun 
Surv 
for s 
Foll« 
Bing 
sequ 
Nav. 





ENGINEERING. 


33 





JAN. 10, 1930.] 





THE DIRECTOR OF NAVAL 
CONSTRUCTION. 


Ir was recently announced by the Admiralty 
that Sir William Berry, K.C.B., on reaching the age 
limit at the end of January, will retire from the 
post of Director of Naval Construction, an office 
which he has held for the past seven years, and will 
be succeeded by Mr. A. W. Johns, C.B., C.B.E., who 
is at present his deputy. 

Although the title, Director of Naval Construc- 
tion, is of comparatively recent introduction, having 
been first officially used in April, 1875, the office and 
the duties appertaining to it can be traced back to 
the reign of Henry VIII. That astute monarch, 
whilst increasing the size of his Navy, realised that 
it was becoming too complicated and unwieldy 
for the administrative machinery he had inherited 
from his father, which consisted of the Lord High 
Admiral, and one Admiralty official, the Clerk of the 
King’s Ships, whose office dated from the reign of 
King John. Slowly and cautiously, the King 
increased the administrative staff, appointing a 
Navy Treasurer in 1514, a Comptroller in 1524, 
and a Surveyor of Ships and Rigging in 1544. 
These three officials, together with the Clerk of the 
Ships, Records, or Acts, were termed the Principal 
Officers of the Navy, and formed what was later 
designated the Navy Board. The Principal Officers 
were lodged in the City, near the Tower of London, 
and received their orders from, and reported their 
proceedings to, the Lord High Admiral, or when 
this high office was placed in charge of a Commis- 
sion, as at present, the Lord Commissioners of the 
Admiralty: The Lord High Admiral and the Navy 
Board, as readers of Pepys’ Diary will recall, met 
at frequent intervals at the Admiralty Office in 
Whitehall, to discuss matters in connection with 
all Naval activities, and to obtain the Lord High 
Admiral’s orders and directions thereon. The 
Navy Board continued until 1832, when it was 
abolished and replaced by an organis1tion considered 
more suitable for modern needs. The Surveyor of 
the Navy, was the only one of the four Principal 
Officers who survived the Navy Board, and he 
continued, as we shall see, until 1860. The Director 
of Naval Construction is the present-day successor 
of the Surveyor of Ships and Rigging, of the time of 
Henry VIII. 

The first appointed Surveyor was William Broke, 
or Brooke, a sea officer, and a member of the 
Fishmonger’s Company, who on being promoted 
to Comptroller in 1545, was succeeded by Benjamin 
Gonson, an erstwhile clergyman, and son of William 
Gonson, a shipowner and merchant, who, at the 
time of his death was Navy Treasurer. Gonson, 
who had assisted his father, was promoted to 
Treasurer in 1549, being succeeded as Surveyor 
by William Wynter, also a son of a shipowner and 
merchant, and former Navy Treasurer. William 
Wynter and Benjamin Gonson were the principal 
financial backers of the seamen adventurers of the 
time, one of these, John Hawkings, being a son-in- 
law of the Treasurer, a post to which he succeeded 
on Gonson’s death in 1577. William Wynter was 
one of the foremost seamen of Elizabeth’s reign, and 
served at sea with the Fleet on many occasions, 
being in command of squadrons at various times. 
In addition to those of the office of Surveyor of 
Ships, he also carried out the duties of the Master 
of the Ordnance of the Seas, an office established by 
Henry VIII in 1544, but which was abolished at 
Wynter’s death in 1589, not to be restored again 
until 1866, with the new title of Director of Naval 
Ordnance. Sir Henry Palmer, a sea officer of much 
experience, succeeded Sir William Wynter as 
Surveyor, and on being promoted to Comptroller in 
1598, the vacant Surveyorship was granted to Sir 
John Trevor, a Court favourite, and apparently an 
=" aturer, who held several other offices under the 

rown, 

_ Trevor, being concerned in some Naval irregulari- 
ties, several serious scandals occurring at the time, 
found it convenient, in 1611, to sell his office of 
Surveyor to Sir Richard Bingley, a sea officer, who, 
for some years, was Admiral of the Narrow Seas. 
F ollowing an investigation into Naval affairs, 
Bingley and the Comptroller, Slingsby, were 
Seque stered in 1619, and the administration of the 
Navy was placed in the hands of the Special Com- 








mission, which had conducted the inquiry. William 
Burrell, a shipbuilder, and the naval architect to 
the East India Company, was the dominant per- 
sonality of this Commission, and although he 
actually carried out the duties of the Surveyor, 
Captains Norreys and Downing, two nonentities 
residing at Chatham Yard, were in turn designated 
as Surveyor of the Navy. The Special Commission, 
after a time becoming corrupt and unpopular, a 
second commission was appointed to investigate its 
proceedings, and as a consequence, the King, in 
February, 1628, dissolved both commissions and 
ordered the return of the Principal Officers to their 
posts. Bingley died in 1625, and the new Surveyor, 
the title having now been changed to Surveyor of 
the Navy, was Sir Thomas Aylesbury, a scholar 
and a patron of the arts, who, on leaving Oxford 
University had acted as secretary to Lord High 
Admiral Nottingham, and after him, to the Duke 
of Buckingham. Aylesbury had secured the 
reversion of the office of Surveyor after Bingley, 
from Lord Nottingham, in 1616. The new Sur- 
veyor, as a baronet of earlier creation, claimed 
precedence on the Navy Board over the Treasurer 
and Comptroller, and these officials resisting his 
claim on the ground that their offices were more 
ancient and important, the transaction of business 
by the Board came to a standstill. The Admiralty 
were appealed to for a solution of the difficulty, but 
considering it beyond their powers, submitted the 
problem to the King, who ended the deadlock by 
appointing Aylesbury, Master of the Mint, in 1632. 
Aylesbury, an ardent Royalist, lost his fortune in 
the Civil War, and died on the Continent in 1657. 
His daughter married Edward Hyde, later Earl of 
Clarendon, and by this marriage and that of 
Clarendon’s daughter to the Duke of York, Aylesbury 
became the great grandfather of Queens Mary and 
Anne. 

Kenrick Edisbury, a clerical officer, and a former 
Clerk of the Survey at Chatham Yard, was appointed 
to succeed Aylesbury. Edisbury, an active, zealous, 
and rather fussy official, retained the post until 
August 1638, when he died at the Navy Office at 
Chatham Hill. There followed some intriguing for 
the vacant post, but eventually it was granted to 
Captain William Batten, a sea officer, and at the 
time a younger Brother of Trinity House. When, 
in August, 1642, the quarrel between King and 
Parliament had reached a crisis, the Principal 
Officers of the Navy were ordered by the King to 
withdraw from their duties at the Navy Office. 
All obeyed except Batten, whose appointment as 
Surveyor of the Navy was confirmed by a Parlia- 
mentary Ordinance in the following month. For 
some time, Batten was in command of the Parlia- 
mentary Fleets, and was thanked by Parliament on 
several occasions for his services. For some obscure 
reason, he was ordered ashore at the end of 1647, 
but returned to his duties as Surveyor. Later, he 
was charged with aiding the Royalists in Essex, 
and resenting his treatment, proceeded secretly to 
Portsmouth, in July, 1648, where he boarded the 
famous frigate Constant Warwick, of which he was 
formerly a part owner, and sailed to join the 
Royalists in Holland. He was offered a minor 
command in the Royal fleet, which, however, he 
considered not important enough for a seaman of 
his ability and experience, and returned to England. 
John Holland, the author of two Naval Tracts, for- 
merly a clerk at Chatham Yard and at the Navy 
Office, and appointed a Navy Commissioner by 
Parliament, in September, 1642, was appointed 
Surveyor of the Navy in February, 1649, in the 
vacancy caused by Batten’s defection. Holland, 
quarrelling with one of the victualling officers, 
resigned his office in December, 1652, and for 
nearly eight years the Surveyor’s Office was vacant. 

In June, 1660, Sir William Batten was restored 
to his office by King Charles, and continued in it 
until his death in 1667, being succeeded by Colonel 
Thomas Middleton, a shipowner, merchant, and 
former Roundhead officer, who, since 1664, had 
served as Navy Commissioner at Portsmouth. In 
September, 1672, Middleton’s patent as Surveyor 
was cancelled, and he became Navy Commissioner 
at Chatham, where he died the following December. 
His successor as Surveyor of the Navy was John 
Tippetts, a shipwright officer, who had been Master 
Shipwright at Portsmouth from 1650 to 1667, and 


had then taken Middleton’s place as Commissioner. 
In the choice of a technical officer for this important 
position, the influence of Samuel Pepys, then the 
outstanding personality in Naval affairs, can be 
traced. Except for the period between March, 
1686 and October, 1688, when the Special Com- 
mission, suggested by Pepys to reorganise the 
Navy, and presided over by Sir Anthony Deane, 
his friend and adviser, controlled all Navy adminis- 
tration, Tippetts continued as Surveyor, until his 
death in June, 1692. He was succeeded as Sur- 
veyor by other officers with a similar technical 
training. Generally, throughout the 18th Century, 
two such officials conjointly carried out the duties 
of the Surveyor, and, during the Napoleonic wars, 
there were three. In June, 1832, Sir Robert 
Seppings, the Surveyor, was forced to retire, and 
the vacancy was filled by Captain William Symonds, 
a Naval officer. 

Captain Symonds, whilst serving at Malta, had 
designed and built a yacht which, on completion, 
proved a fast sailer, surpassing in speed all other 
vessels on the station. The exploits of this yacht 
spread throughout the Navy, finally reaching the 
Navy Board, who, in 1830, ordered Symonds to 
design an experimental frigate, which was built at 
Deptford. For some time previously, complaints 
had been frequent as to the sailing qualities of our 
warships, and in one or two instances, naval officers 
and others had been allowed to design and build 
small vessels, which they claimed would be superior 
to the Surveyor’s designs. Experimental squadrons, 
composed of such ships, were sent to sea to test 
their sailing qualities in comparison with those of 
the older vessels of the same size and type. Conse- 
quent upon the results of these tests, it was claimed 
that Symond’s frigate was superior to all others, 
and for this reason, he was appointed Surveyor. 
He designed many ships on his principle, which 
embodied a beam far in excess of that permitted 
to previous Surveyors, combined with a transverse 
form much finer below water than was usual, the 
shape being a “ peg-top section.” This excessive 
beam and peculiar cross-section together gave an 
increased’ metacentric stability, and allowed the 
ballast, of which 300 tons to 400 tons were carried 
by the largest classes, to be decreased by a very 
appreciable amount. Many further sailing trials 
followed, but the results were generally so indefinite, 
that advocates of the new construction and of the 
old, both claimed superiority. 

The Surveyor had the greatest contempt for 
all scientific principles, and especially for those 
advanced at this time by the former students of 
the First School of Naval Architecture. It is 
probable Captain Symonds was in great part 
responsible for the cavalier treatment the former 
scholars received at the Dockyards, and for the 
lack of promotion which they experienced for 
many years. They naturally resented this, and in 
the Press, in pamphlets, and in other publications 
they criticised the Surveyor’s designs, claiming that 
in securing greater stability Symonds had unneces- 
sarily emphasised this feature, and thereby sacrificed 
other features which were equally important. 
Symonds’ friends, amongst them Captain Marryat, 
stoutly defended his designs, and by the introduc- 
tion of personal abuse, increased the bitterness of 
the controversy. This continued for some time, 
but in the end the critics achieved their purpose, 
for in 1842 Messrs. Reed, Chatfield and Creuze, all of 
the First School of Naval Architecture, were 
ordered to Chatham to design three of the smaller 
types of warships. These were built and proved to 
be superior in many respects to those of the Sur- 
veyor. In 1846, the Admiralty appointed a com- 
mittee to review and advise on all designs prepared 
by the Surveyor, three of the former students being 
members. These steps were bitterly resented by 
Sir William Symonds, and in September, 1847, he 
resigned for reasons of ill-health. Captain Sir 
Baldwin Walker was appointed Surveyor early in 
1848, but the duties of the office were revised, all 
designs being prepared by his two assistants, Isaac 
Watts and John Edye, both technical officers. This 
continued until 1860 when the office of Surveyor of 
the Navy was abolished. A new official, the Controller 
of the Navy, was appointed who, with a seat on 
the Admiralty Board, was made responsible to the 
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technical departments. Isaac Watts, was placed in |in the early years of the 17th Century considered the 
charge of ship design, with the title of Chief Con- | duties of the Surveyor so onerous and important 
structor of the Navy, a position he held until 1863, | that it was beyond the capacity of one officer to 
when he retired and was replaced by Sir Edward | perform them satisfactorily. He suggested that two 
Reed, who resigned in 1870. Reed was succeeded by a | officials, one with an extensive sea training, and the 
Council of Construction, which functioned for two} other an experienced shipwright officer, should be 
years, at the end of which Barnaby, its chairman, | appointed to carry out the Surveyor’s duties con- 
was promoted to Chief Naval Architect to the|jointly. As will be seen from the names and 
Board of Admiralty, his title being changed on} professions of the Surveyors given above, Monson’s 
April 1, 1875, to Director of Naval Construction. | suggestion was not adopted. John Hollond, in 
Sir Nathaniel Barnaby was succeeded in turn by Sir | his Naval Tracts, written about 1640, differed from 
William White (1885 to 1902), Sir Philip Watts, | Monson, and gave it as his opinion, that, “a clerk, 
(1902 to 1912) Sir Eustace T. d’Eyncourt (1912-/ bred in the Navy and properly chosen, would do the 
1924), and Sir William Berry. King more service in one year than either of the 
The duties of the Surveyor of the Navy were | others, seaman or shipwright officer, can or will do 
laid down in some detail in the Duke of York’s| in seven, especially if the times are active, and the 
Instructions, drawn up in 1661, and amongst others | action of the State serious.” By a curious irony of 
included the survey of all ships of the Navy, with | fate Hollond, who satisfied the condition he had laid 
estimates for ‘‘ ransacking, grounding, graving,|down, was appointed Surveyor in 1649, when the 
docking, mooring, and repairing of them as the Lord | times were active and serious, and retained the post 
High Admiral should direct’’; the preparation | for about three and a half years. His resignation 
of the annual demands for hemp, tar, masts, | was readily accepted when he tendered it, and the 
canvas, boats and other naval material ; inspection | office of Surveyor remained vacant for nearly eight 
of all stores and material served in by contract ; the | years, two indications that his tenure of the office 
survey, charge and discharge of warrant officers’ | had not been so successful as he had anticipated, 
stores from H.M. ships; and the survey and repair | when writing his Tracts. In 1699, the office falling 
of all storehouses, yards, docks, wharves, gates, | vacant, andthe appointment of anew Surveyor being 
and other buildings, works and fitments in the} under consideration, the Lords of the Admiralty 
Dockyards. The design of ships was not then a} requested the Navy Board’s opinion, as to the 
part of his responsibilities. This was the duty of | qualifications of the candidates for Surveyor, and 
the master shipwrights, and private firms who built | whether the choice should be a sea officer or a ship- 
the ships, the Surveyor scanning the dimensions | wright officer. The Navy Board was unanimous 
and drawings and advising the builders before the | and emphatic that a shipwright officer ‘“‘ bred in 
construction was proceeded with. In 1677, a/|the Navy” was superior to a seaman for the duties 
standardised list of dimensions for several types | of the post. 
of warships was determined, and other lists were} It may be gathered from the foregoing account 
promulgated in 1690, 1719, 1727, and 1745, the | that the office of Director of Naval Construction is 
dimensions and tonnages being gradually increased | one with a not uninteresting history attached to it, 
with the guns and sail areas. All ships built were | and that, since for a period of 160 years (1672 to 
intended to conform as nearly as practicable to| 1832), the position was held by shipwright officers, 
these standardised dimensions, and for a time)‘ bred in the Navy,” experience had proved that 
all initiative in design was stopped. Sometime | such officers were on the whole best qualified to 
between 1750 and 1760, it was decided that the | carry out the important duties attached to the office. 
Surveyor was to be responsible for the design of | The present Director, Sir William Berry, fulfils this 
ships, and this, with the exceptions referred to | condition, having entered Sheerness Dockyard, like 
above, has been followed since. At the present | Sir Edward Reed and Sir Nathaniel Barnaby before 
time the Director of Naval Construction is respon- | him, as a shipwright apprentice in 1879, at the age 
sible to the Board of Admiralty for the designs} of 14. In 1884, he was awarded one of three Admir- 
which he prepares, and which he submits for Board | alty scholarships, and joined the Royal Naval College 
approval through his official chief, the Controller. _| for a three years’ course of study, passing out in 1887 
Sir William Monson, in his Naval Tracts, written | with a first-class professional certificate, the only one 
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awarded that year. He joined Chatham Yard, as a 
second-class assistant constructor, and in 1891 was 
placed in charge of the Drawing Office. A large 
building programme was in progress at the Yard at 
the time, and he reorganised the office to cope more 
efficiently with the work. He was so successful, 
that in 1895 he was selected by Sir William White, to 
join his staff at the Admiralty, and was placed in 
charge of the design and construction of battleships 
and cruisers. Promoted to constructor at Devonport 
in 1900, he was recalledtothe Admiralty in 1901, and 
was engaged on important work, including the design 
and construction of the Royal yacht Alexandra. In 
September, 1907, he was promoted to chief construc- 
tor at Malta, remaining there until February, 1913, 
when he returned as Assistant Director of Naval 
Construction and was placed in charge of the 
designs of leaders, destroyers and submarines. 
During the early period of the War, he superintended 
the design and construction of the Renown and 
Repulse, vessels which were built in record time. this 
resulting in a letter of thanks and appreciation from 
their Lordships to Sir William’s success. He also 
served as a member of the Board of Invention and 
Research, presided over by Lord Fisher. In June, 
1917, he received the honour of a C.B. and was 
appointed Director of Warship Production, a new 
post in which he most effectively co-ordinated the 
work and efforts of the many firms—shipbuilding, 
machinery and electrical—who were engaged in 
constructing, engining and equipping warships. He 
also accelerated Admiralty procedure by modifying 
the organisation of the overseeing staff, placing a 
senior and experienced officer in charge at each of 
the chief shipbuilding centres, with power to settle 
minor matters, thus relieving the Admiralty of a 
large amount of details. This remodelled system, 
which provides a nucleus capable of easy expansion 
in an emergency, has since been placed on a 
permanent basis. y 
For some time following the Armistice, ‘IT 
William was very busily engaged in settling the 
accounts of the many firms who had been engayed 
on warship construction and equipment, and whose 
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contracts with the Admiralty had been either 
modified or cancelled at the cessation of hostilities. 
This work was of a difficult and delicate character, 
but by the exercise of firmness, tact and good 
judgment, three qualities possessed in high degree 
by Sir William, it was brought to a satisfactory 
conclusion. 

Sir Eustace d’Eyncourt, who had most success- 
fully borne the very heavy burden of the duties of 
Director of Naval Construction during the War, 
resigned at the end of 1923, and, as was expected, 
Sir William Berry was appointed his successor. 
During his term of office, theshipbuilding programme 
has not been a particularly heavy one, but he has, 
nevertheless, seen the completion of the battleships 
Nelson and Rodney, the cruisers of the Kent and 
London classes, several destroyers and submarines, 
and many large and important auxiliary vessels. 
Except for the battleships and Kent class cruisers, 
Sir William has been responsible for the design of 
all these vessels, also of the cruiser York and the 
Acasta class of destroyers nearing completion, and 
other destroyers and submarines now under con- 
struction. Unlike some of his predecessors who 
have been forced by ill-health, caused by the 
burdens of the post, to retire before reaching the 
age limit, Sir William Berry is in the best of health 
and spirits, and his numerous friends will hope that 
he may long enjoy both in his retirement. 

His suecessor, Mr. A. W. Johns, like Sir William, 
was ‘“‘bred in the Navy,” entering Devonport 
Dockyard as a shipwright apprentice in 1887. In 
1891, he was awarded an Admiralty scholarship at 
the Royal Engineering College at Keyham, and 
after twelve months’ study there, passed into the 
Royal Naval College, Greenwich, for a three years’ 
advanced course, leaving in 1895 with a first-class 
professional certificate. He joined Devonport Dock- 
yard as an assistant constructor, third class, and 
after a few months was transferred to the D.N.C. 
Depart ment, Admiralty. In 1898, he was appointed 
residentinstructorin navalarchitecture at Greenwich 
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College, returning in 1901 to the Admiralty, but 
continuing his association with the College as 
visiting instructor. At the Admiralty he was 
engaged on the design of the King Edward VII 
battleships, the Kent class of cruisers, the Invincible 
class of battle-cruisers, the Royal yacht Alexandra, 
and the two large floating docks completed shortly 
before the war. In 1910, he was appointed principal 
ship overseer on the battleship Thunderer, built by 
the Thames Ironworks at Canning Town and 
completed at Dagenham. He returned to the 
Admiralty as a constructor in 1912, and was placed 
by Sir Eustace d’Eyncourt in charge of submarine 
design and construction. This continued through- 
out the war, but, in addition, Mr. Johns was engaged 
on the design and construction of rigid airships 
until this, by a re-distribution of work, was trans- 
ferred to another Department of the Admiralty, 
and finally to the Air Ministry. Later he served 
as the Admiralty representative on the Court of 
Inquiry which inquired into the loss of the airship 
R.38. 

During the past few years, Mr. Johns has 
been engaged on the design and construction of 
cruisers and aircraft carriers, and is at present 
chairman of the Joint Technical Committee on 
Aviation Arrangements in H.M. Ships, on which are 
representatives of the Admiralty and Air Ministry. 
Mr. Johns is a member of council of the Institution 
of Naval Architects, has presented several papers to, 
and has been awarded the premium and also the 
gold medal of, that Institution. He was honoured 
with the C.B.E. in 1920 and the C.B. in July last. 
He was also the recipient of the American Navy 
Cross in 1920. He will not be unknown to our 
readers, as he has contributed a number of historical 
and technical articles to our columns, and we hope 
that his duties will not prove so onerous as to 
preclude him from continuing to contribute in the 
future. We are sure that his wide circle of friends 
will join us in wishing him success and good health 
in his new post. 
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THE ROCKY RIVER PUMPED-STORAGE 
HYDRO - ELECTRIC PLANT, CON- 
NECTICUT. 


THE Connecticut Light and Power Company, 
which operates in Connecticut, in the United States, 
and whose system is shown in Fig. 1, on the opposite 
page has recently placed in operation an unusual 
water-power plant, although several pumped-storage 
stations, to which class it belongs are in service 
elsewhere. This plant operates to generate current 
by means of stored hydraulic power, and at 
other times is employed pumping water back into 
the reservoir, using for the purpose off-peak power 
generated at one of the company’s steam stations. 
The station, known as the Rocky River Hydro- 
electric Development, consists of a storage reservoir 
created on Rocky River, a tributary of the Housa- 
tonic, which empties into Long Island Sound, with 
a combined power and pumping plant on the 
Housatonic River. The power and pumping plant 
are connecte' by a single penstock with the 
reservoir which has an area of about 84 square 
miles, while the Rocky River basin above the dam 
has a drainage area of only about 40 square miles, 
including the reservoir. 

Due to the continued advances in efficiency, and 
also to the somewhat lower capital investment for 
modern steam plants, it is frequently impossible, 
on a river without regulation, to plan an hydro- 
electric development which could compete with 
a steam plant. The run-off on rivers like the 
Housatonic falls as low as 0-2 cusecs per square 
mile for a considerable period—that is, for periods 
of one week and sometimes even for two or three 
weeks. This means that the continuous power of 
such a plant is very low. At the company’s 
Stevenson plant, some distance below the Rocky 
River development, with an installed capacity of 
about 19,000 kw., this continuous capacity is only 
about 4,000 kw., and this merely by using the 
weekly river flow during the working days of 





36 ENGINEERING. [JAN. I0, 1930. 
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the week—that is, not exceeding 55 hours per | 
week. 

From the tail race on the Rocky River develop- | 
ment to tide-water there is a total head of 200 ft., | 
of which at least 191 ft. can be efficiently used. | 
Of this head, only 71 ft. are utilised for hydro- 
electric generation at the Stevenson plant. The 
company owns the water rights and a considerable 
amount of adjacent land over the remaining 120 ft. 
of fall. No further hydro-electric development 
could be made capable of competing with a modern 
steam plant on the river without some regulation. | 
To provide this, and thus enable a further develop- | 
ment of the river, it was decided to undertake | 
the Rocky River development. But even with 
such regulation the continuous power available | 
from the river is still limited, and for this reason | 
the hydro-electric system on the Housatonic 
River is employed only on the upper part of the 
load curve. 

The question might be asked why, in view of 
the above facts, the company went to the expense 
and trouble of developing Rocky River. There 
were two very important reasons for this. In the 
first place it is considered that wherever possible | 
water power resources should be utilised to the | 
utmost, though it frequently happens that it is Fie. 12. Dam anp Core WaLL UNDER CONSTRUCTION. 
not possible to develop a given hydro-electric 
power site economically except in conjunction | of considerable importance, particularly applicable | appreciated by those not acquainted with the 
with existing power companies having considerable|to the development of water powers in New | conditions. . 
There is also another economic reason| England. This is a factor which may not be fully All kinds of raw materials have to be imported 
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into New England over considerable distance by section its bed is very rocky. The shore line of 
rail and some by water, including coal. Any: the reservoir, indicated in Fig. 2, is located, for 
reduction which can be made in the amount of | the most part, on the sides of steep and rocky 
coal shipped into New England, frees the railways | slopes, rising to elevations of from 500 ft. to 1,000 ft., 
to an equivalent degree for carrying other com- | thus embracing an area almost ideally situated for 
modities. This represents an appreciable saving, | storage purposes. 
though it may not be very tangible. Hydro-electric| While many interesting features have been 
developments react favourably on transportation | embodied in the design of this station, tnose which 
in another way. especially demand notice include the following : 
The worst sleet and snow storms, which may | Whereas the drainage area of the reservoir basin 
seriously interfere with railroad and water traffic | will supply only about 1,500 million cub. ft. of 
to New England occur in the latter part of the | water in an average year, yet the useful capacity 
winter and the early spring. Fortunately, this | of the reservoir is 5,900 million cub. ft. The 4,400 
is the time when water conditions are good | million cub. ft. above the natural run-off required 
and can always be depended upon, with the ‘to fill the reservoir have to be pumped from the 
result that coal shipments to power companies} Housatonic River against a head ranging from 
can be greatly reduced during this period. This | 200 ft. to 230 ft. While a considerable amount of 
contributes to the relief of the congestion which | hydro-energy would be available for pumping at 
usually results from severe weather conditions of | various periods throughout the year, all studies 
this kind. ‘and investigations into the economic feasibility 
Branches of Rocky River near Danbury (Fig. 1) | of this development were based on the use for 
flow in a northerly direction, and join a branch of the | pumping of secondary steam energy, from a station 
river from near Sherman (Fig. 2) flowing southward. | owned by the same company. 
From the junction of these branches the river flows| Steam is employed to drive two 8,100-h.p. centri- 
north through some marshy flats, which form the | fugal pumps, which deliver water to the reservoir, 


bottom of the storage reservoir, to within about| while, when developing power, a 30,000 kv.-a. | 











is 61 per cent.; this includes all losses from the 
66,000-volt bus bars at Devon steam station, which 
is used for the purpose, through the pumping units 
into the reservoir and back through the generating 
unit to the 66,000-volt Rocky River ’bus bars. That 
is for every 100 kw.-hr. supplied by the Devon 
steam station in filling the reservoir, 61 kw.-hr. are 
delivered by the Rocky River generating unit, when 
the water is drawn out again. The fact, however, 
must not be overlooked that, below the Rocky River 
plant on the Housatonic River, there is an addi- 
tional total average head of 191 ft. available, of 
which 71 ft. is efficiently developed at Stevenson. 
If the head at Stevenson is added, then for every 
100 kw.-hr. of steam energy, 79 kw.-hr. of hydro 
energy are returned. 

It is generally known that the rivers in the eastern 
part of the United States have a very irregular 
flow, unless some natural or artificial means exists 
for regulation: The Housatonic River, has, how- 
ever, no means of regulation, and the stream flow, 
therefore, shows very wide variations. The only 
period of the year when any reliance can be placed 
on the river flow is the Spring. For the rest of the 
year the flow is very irregular. With river plants 
at Stevenson and Bulls Bridge, operated in conjunc- 
tion with the Rocky River storage plant, the 24-hour 
continuous power of the hydro-system is 11,000 kw. 

The storage reservoir or lake is about 10 miles 
long, and 1} miles across at the widest part. It 
is represented in Fig. 2, and has a shore line of 
approximately 60 miles. The formation of a 
lake of this size made it necessary to abandon 
and relocate highways, &c. Approximately 31 
miles of highway were abandoned and 9} miles 
of new and relocated highway were built. Six 
cemeteries were relocated. Several summer colonies 
located around the four ponds were included in the 
basin, but only some 35 families with permanent 
residences were affected by the construction of the 
reservoir. This is an unusually small number 
considering the area covered. The bottom of the 
reservoir was, for the most part, swampy ground, 
and 4,500 acres were covered with woods. 

The main dam is located across Rocky River at 
a point about 1 mile above its junction with the 
Housatonic River. It is shown in Figs. 3 to 10, 
on page 35, being an earth-fill dam with a core wall. 
The lowest part of the core wall is of 2-ft. section, 
extending on the average 10 ft. above and an aver- 
age of 5 ft. below the ground surface. On the top 
of this concrete section was placed a 6-in. Wakefield 
core wall of triple-lap timber, reaching up to eleva- 
tion + 435 ft. on the west end. The concrete core 
wall was located in solid rock. This rock, however, 
fell away rapidly below the surface at the old river 
bed ; and from this point the core wall continued 
in earth. An aerial view of the dam and reservoir 
is given in Vig. 11, on page 36, while Fig. 12 
shows the dam site and Wakefield core wall. 

To take care of the Rocky River flow during the 
construction of the dam, a concrete conduit approxi- 
mately 4 ft. by 5 ft. was located near the original 
river bed. A small auxiliary earth dam, with 
wooden sheet piling, was erected across the river 
bed near the entrance to this concrete conduit, in 
order to create a small pond from which water could 
be pumped for the sluicing operation. The intake 
in this concrete conduit was equipped with a heavy 
wooden gate hinged at the top, used for closing off 
the flow through the conduit after completion of the 
dam. The material for the dam was obtained 
from the canal excavation, and was placed in the 
dam by sluicing. The relative elevations were such 
that only a very small quantity could be sluiced 
directly. Practically all of the material was 
therefore excavated with drag-line machines, as 
shown in Fig. 13, and placed in large piles. It 
was then sluiced from these piles down into the 
dam. After the dam had reached a certain height, 
the slope in the sluicing line became insufficient, 
this being partly due to the increased distance of 
the drag-line from the dam. When this stage was 
reached the material was sluiced to a pumping 
plant located at elevation + 375 ft. Before being 
delivered to the pumps, the material was passed 


2-5 miles of the junction of the Rocky and| generating unit is worked by the stored water. | through a revolving screen which eliminated all 
Housatonic Rivers. Within this 2-5 miles the| The efficiency of the operation of converting | stone over 6 in. in diameter. 
Rocky River falls approximately 200 ft. In this! secondary steam energy into primary hydro energy| On the dam itself, a drag-line excavator was 
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utilised to throw up small dykes on each edge to 
hold the water within the dam and give the sluiced 
material time to settle. Near the centre of the 
dam was a concrete chimney with openings which 
acted as overflows for the sluicing water. The 
chimney connected at the bottom with the concrete 
conduit under the dam and as the earthwork rose 
the openings were closed. The dyke along the 
canal was constructed in a similar manner, and 
constitutes practically an extension of the main 
dam. 

To meet conditions at certain low points in the 
rim of the basin, five smaller dams were necessary. 
The material for these dams had to be hauled to 
site as tnere was no water available for pumping 
the material from the borrow-pits. It was wetted 
down and rolled. Other dams are constructed 
of concrete. The so-called Lanesville Gap was 
closed by an earth dam similar in design to the main 
dam. Seamy rock at the west end of this dam 
presented considerable difficulties. Here the con- 
erete section on which the 6-in. Wakefield core wall 
rested, was considerably enlarged, and, in addition, 
a large number of grout holes were put in the rock. 
The material was placed in this dam by sluicing. 

The canal leading from the reservoir to the intake, 
shown in Fig. 11 on page 37, was excavated for 
about 3,300 ft. along the east bank of the valley, 
as indicated in Fig. 3. By terminating the dyke in 
the side of the hill, it was possible to construct a 
circular intake tower in the canal with only a short 
length of concrete conduit extending through the 
dyke. Six equal intake openings are located in 
the tower facing the canal, as indicated in Fig. 8. 
Each opening is protected by vertical trash racks, 
provided with a compressed air rack rake, and 
each opening can be closed by steel stop logs 
handled by means of manually operated hoists. 
The end of the dyke and the intake tower are 
well shown in Fig. 14 on page 37. A self-closing 
sliding Broome gate is located at the entrance to 
the concrete conduit in the tower and operated by 
electric hoist. Ample air-vents to the penstock are 
provided in the intake structure at the back of the 
gate. The necessary by-pass pipe connections 
are provided to fill the penstock from the intake 
when the gate is closed, and for filling the intake 
from the canal when the steel stop logs are in 
position. 

(To be continued.) 
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Festschrift Prof. Dr. A, Stodola zum 70. Geburtstag, 1929. 
Zurich and Leipzic: Orell Fiissli. [Price 24 Marks.] 
It is a happy circumstance when a man who has 
done outstanding work is honoured during his life- 
time. A particularly graceful way of so recognising 
the work and personality of scientists and engineers 
—probably more often met with on the Continent 
than in this country—is to present, at some mile- 
stone in the life of the person honoured, a book 
specially prepared to commemorate his work. The 
volume, the title of which is given above, was 
recently presented te Professor Dr. A. Stodola, to 
mark his seventieth birthday and, at the same 
time, his retirement from the Professorship of Heat 
Engines at the Polytechnikum, Zurich. It is 
worthy of the occasion. Presented *‘ by his friends 
and pupils,” and edited by Professor E. Honegger, 
of Zurich, it takes the form of papers specially 
written by over sixty contributors, and which 
cover, in the most complete way, those wide fields 
of engineering in which Frofessor Stodola occupies 

so distinguished a position. 

We will not be misunderstood, and the authors 
of these papers will agree with us, when we state 
that the most interesting parts of the book are, 
on the one hand, the short account of the life of 
Professor Stodola, and, on the other, the list of 
his published works. Dr. Stodola is probably best 
known in this country through his book, on the 
steam turbine. This was first published in 1903, 
in the form of a volume of 220 pages; the sixth 
edition, ‘‘ Dampf und Gasturbinen,”’ which appeared 
in 1925, has 1,157 pages. To every edition, 


“the prospects of heat engines.’”” These volumes 
stand as a record of the development of the steam 
turbine in its various forms, and of the early develop- 
ment of what may possibly be the next important 
form of heat engine, the gas turbine. As text-books, 
these volumes are outstanding. But they are further 
to be distinguished from most text-books by the 
extraordinarily high proportion of the information 
|they contain which is the direct outcome of their 
author’s own researches. It is this fact which gives 
such great interest to the list of his contributions 
to the Zeitschrift des Vereins deutscher Ingenieure, 
to the Schweizerische Bauzeitung, and to this 
journal. In many of these contributions he gave 
to the world the ideas and conclusions derived from 
his own researches ; they are the landmarks in the 
progress of his thought. 

Professor Stodola is distinguished, both in his 
special work on heat engines and as a teacher of 
| engineering, by a great breadth of view, and, on 
| this account, it is interesting to speculate how much 
| he owes to his scientific training. After his early 
/education in what is to-day Czechoslovakia, he 
|attended for two years the polytechnic school in 
| Budapest, where he obtained a scholarship. Follow- 
ing this, he studied for two years at the already 
famous Polytechnikum in Zurich, where, in 1880, 
he took his diploma “ with distinction.” After some 
time in the railway works at Budapest, he studied 
for a time at Berlin, where he sat under Helmholtz, 
the physicist, Adolf Wagner, the economist, and 
du Bois Raymond, the physiologist. In 1884, he 
studied in Paris, but a serious fire which destroyed 
his father’s tannery and leather belt manufactory 
caused him to return home. After a short interval 
in the works of the Béhmisch-Mahrischen Masch- 
inenfabrik, Stodola joined the firm of Ruston & Co., 
engine builders, at Prague. This firm had intro- 
diced the Corliss engine into Austria, and, by their 
many improvements in the design of the steam 
engine, occupied a leading place in the country. 
Stodola’s duties comprised the design of large 
steam engines, mine-pumping engines, pumps for 
blast-furnaces, and power transmission drives, and 
even included marine engines. Such a wide range of 
work gave full opportunity for the development of 
his gifts. His progress was noted by the authorities 
at the Polytechnikum in Zurich, and, upon the 
founding of the Chair of Heat Engines in 1892, he 
was invited to be its first holder. In spite of many 
attractive invitations, amongst others, to Hannover, 
Vienna, St. Petersburg and, it is said, Harvard, 
Stodola remained in Zurich, of which he received the 
freedom in 1905. 

In his thirty-seven years of work at Zurich, 
Professor Stodola’s activities have been wide but 
directly correlated. In his teaching work, he found 
time to take a direct interest in the work of every 
student throughout all courses—a plan which must 
have involved immense labour on his part. The 
introduction of the degree of Pr. Ing. made it 
possible for him to control the post-diploma work 
of his students; it gave him the opportunity to 
direct the researches of his men along the best 
lines and to instil into them some of his own methods 
of attack on engineering problems. Finally, apart 
from his more theoretical researches, he was from 
the beginning in the closest touch with the engineer- 
ing firms of his country, and, in this way, by his 
own work and that of his pupils, has exerted a 
direct influence in bringing Switzerland, a small 
country with a limited industrial population, to the 
forefront as regards the industries in which his re- 
searches lay. Former pupils of Stodola are, more- 
over, to be found in leading positions all over the 
world. 

Stodola’s first important scientific work after 
returning to Zurich concerned researches into the 
governing of turbines. He showed how the com- 
plete system could be investigated mathematically 
as regards stability. His reports on the engines 
shown at the Exhibitions of Geneva (1896), Paris 
(1900), and Dusseldorf (1902) were also important 
works of his earlier period. Only to-day can his 
impatience of those days with the slow acceptance 
of high pressures and high superheats be appreciated 
at its proper value. His great work is, of course, the 
development of truly scientific principles upon 








Dr. Stodola added an interesting supplement on 


which the design of steam turbines can be based. 








His book tells all that is necessary on broad lines 
concerning this, but his own contributions, in the 
form of researches on various sections, deserve 
special mention. The introduction of the use of the 
heat unit equally as a unit of work is largely due 
to him. The development of the entropy chart by 
Mollier might have remained comparatively un- 
known had not Stodola made its usefulness univers- 
ally known. His interest in flow through nozzles is 


; easy to understand, and his many experiments in 


this field were begun as far back as 1903. His far- 
reaching researches into the super-saturation, 1.¢., 
super-cooling, of saturated steam when flowing out 
of nozzles, constitute a noteworthy addition to our 
still incomplete knowledge of the subject. The 
vibrations of turbine-wheels and the critical speeds 
of rotating shafts are another field which has been 
explored by him. He later studied the relationship 
between chamfers, and sharp changes of section, 
and the resulting fatigue strengths. And now, in 
more recent times, he is investigating the conditions 
governing the transfer of heat from fluids and gases 
to the walls. And side by side with all these diverse 
activities, Stodola studied the internal combustion 
engine, and, in particular, the theory of the gas 
turbine. Many of these researches were undertaken 
as a direct result of the close relationship main- 
tained between Stodola and the industry, a relation- 
ship—more common, perhaps, on the Continent than 
here—that was obviously of the greatest benefit to 
both parties. 

Coming again to the book the appearance of which 
has prompted us to take the opportunity of adding 
our tribute to Professor Stodola and his work, it 
may be said that, widely distributed over the field of 
engineering as the numerous contributions are, none 
falls outside the range of Stodola’s thoughts and 
activities. The authors have deemed only their best 
work to be good enough, and, among such work, 
there is little reason for selecting any papers for 
special mention. It is, perhaps, of interest to notice 
that Biichi, Eichelberg, Einstein, Foppl, Havlicek, 
Jakob, Josse, von Mises, Mollier, Nusselt, and 
Prandtl, have contributed on their individual fields 
of work: Biichi on the supercharging of Diesel 
engines; LEichelberg on torsional oscillations ; 
Einstein on the present position of the “field” 
theory; Féppl on the resolution of acceleration 
vectors; Havliéek and Jakob on modern experi- 
ments into the properties of high-pressure steam ; 
Josse on the measurement of steam consumption ; 
von Mises on the critical external pressure on thin 
cylindrical pipes with closed ends; Mollier on the 
Ix diagram for air and steam mixture ; Nusselt on 
whether the absolute zero of temperature is attain- 
able; and Prandtl on an approximate method for 
determining steady flow. This is really a selection 
at random of the papers written to do honour to 
Professor Stodola, but it will suffice to show the 
range of interest of the book. There is only one 
small criticism to make: among so many contri- 
butors, coming actually from six countries, there is 
no representative from Great Britain. 

In conclusion, we would wish to associate our- 
selves in the closest way with the homage paid to 
Professor Stodola on his retirement from his duties 
as professor. It is a source of great satisfaction to 
learn that he does not regard this stage as marking 
the end of his work as an engineer, but that his 
release from academic duties will give him time and 
opportunity to pursue still further his original and 
fruitful work. 





Kinematics of Machines. By Gro. L. Gumuet, MS., 
of the Pennsylvania State College, U.S.A. New York: 
John Wiley & Sons, Inc., London: Messrs. Chapman 
and Hall, Limited. [Price 15s. net.] 

In writing this book, the author has had a definite 

aim in view, not so much with the object of adding 

anything new to the subject matter or its method of 
treatment, but rather to produce a text-book 
for the use of engineering students in their second 
year at college, taking into account the extent 
of their mathematical knowledge at that period, and 
the limitation imposed by the shortness of the time 
usually allotted to the study of kinematics. It 
may be said at once that the requirements of 
the student only have been considered, and no 
attempt made to produce a reference work covering 





the field completely. Nevertheless. the author 
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has shown a decided preference for material of 
practical importance, rather than that which is of 
interest from the theoretical standpoint only, and 
as a result, much of the matter in the book will 
be found quite useful in professional engineering 
work. 

In the first five chapters the author has adopted 
the usual methods for the analysis of mechanisms, 
which originated with Reuleaux, and of which 
in this country the late Professor (afterwards 
Sir Alexander) Kennedy, in his well-known treatise, 
was the great exponent—a fact of which we are 
reminded in the frequent use made of “‘ Kennedy’s 
Theorem ”’ in the volume before us. Unlike Profes- 
sor Kennedy, the author does not subsequently 
include in his work problems connected with the 
static equilibrium of mechanisms, with machine 
dynamics, or with the influence of friction on the 
working of machines, .but confines himself—wisely, 
we think, in his case—to the purely kinematical 
issues occurring in cam machines, rolling contact 
and toothed gearing, gear trains, flexible connections 
and belt drives, and miscellaneous mechanisms, to 
which branches of the subject the remaining six 
chapters are devoted. A series of problems for 
practice in the college drawing office, compiled and 
illustrated by Mr. J. I. Clover, forms a very useful 
appendix, and will prove of great value to the 
student in providing him with experience in the 
practical application of the knowledge which he has 
acquired in the class room. 

The book is clearly written, and is well illustrated, 
the examples chosen having, in the majority of 
cases, a distinctly practical bearing. The questions 
at the end of each chapter have been carefully 
compiled with the same object. Considered as a 
student’s text-book, it will fulfil its intended purpose 
adnirably. 


Applied Geophysics in the Search for Minerals. By A. S. 
Eve, M.A., F.R.S., and D. A. Krys, M.A., Ph.D. 
Cambridge : University Press. [Price 12s. 6d. net.] 

Tae authors, Professor Eve, Director of the Mac- 

donald Physics Laboratory, and Dr. Keys, Associate 

Professor of Physics, both of McGill University, 

Montreal, dedicate their volume to all pioneers. 

The numbers of pioneers and of the methods they 

apply in prospecting are steadily growing. The 

divining rod is still in use for exploring the ground, 
particularly in the search for water, though its 
operation remains a question of dispute. Mag- 
netic instruments were first used by Wrede in 
1843. Before that, in 1830, Fox had discovered 
deposits of copper sulphate in a Cornish mine with 
the aid of copper plates as electrodes and a galvan- 
ometer for measuring the natural current. Within 
the last few years, increasing attention has been paid 
to the numerous electrical methods, in addition 
to the more firmly established gravitational and 
seismic methods. The authors devote a consider- 
able portion of their volume to electrical methods, 
which they regard as more promising than Dr. 

Rankine appeared to do in his recent lectures.* 

But Professors Eve and Keys agree, on the whole, 

with Professor Rankine, and others, that the 

geophysicist would generally have to follow the 
geologist in exploring work for the engineer. As we 
have dealt with the uses, for geophysical prospect- 
ing, of the torsion balance, of magnetometers, and 
with seismic methods on other recent occasions, we 
propose here to refer chiefly to electrical methods. 

These methods offer the advantage that the experi- 
mental equipment required is simple and easily 
obtainable, and that miners are familiar with 
the use of the various instruments. In their 
own researches, conducted first on the northern 
slope of the Caribou mountain and at Ward, both 

in Colorado, and later in Ontario and at other places, t 

Professor Eve and his colleague made use of three 

ordinary wireless batteries of 45 volts each, which 

withstood two months’ fairly constant service, and 
of an induction-coil signal buzzer, of the United 

States Army type, as sources of direct and alternating 





* See ENGINEERING, vol. exxviii, page 63; see also 
page 182, 
. | An account of these researches, carried out in con- 
Junction with the U.S. Bureau of Mines, was given in 
Technic al Paper 434 of the Bureau on Geophysical Pros- 
pecting : Some Electrical Methods. 





currents. To apply the currents to the earth, bare- 
copper wires, 600-ft. long, and 500 ft. or less apart, 
were laid on the ground, and the field was divided 
into squares of 100-ft. sides, for the determination of 
the current in micro-amperes, volts and equi- 
potential lines. The currents were led into the 
earth from the wires by driving angle irons, 16-in. 
long, into wetted ground. The best exploring 
electrodes were found to be the non-polarisable 
porous pots of Schlumberger ; they were filled with 
a solution of sulphate of copper into which a copper 
wire, attached to a wooden pole, was dipped. Other 
measurements were taken by means of wire loops, 
frame coils, amplifiers, wireless sets and telephone 
detectors. 

For the natural current method, no external source 
of electricity is required. A vein of a metallic 
‘sulphide is oxidised by the air and moisture pene- 
trating through the overburden, and, by potential 
determination in the neighbourhood, the locality 
of the vein can be traced. Barus surveyed the 
Comstock Lode by these means in 1882. In the 
parallel-wire method, mentioned above, which 
Lundberg and othere have developed, the equipo- 
tential lines are distorted by the presence of ores. 
The ‘leapfrog’? method of Messrs. Eve and Keys 
makes use of three parallel wires, X, Y, Z, each 
pegged to the ground by three stake electrodes. The 
north ends, for example, of X and Z are connected 
to the battery, the south ends of X, Y and Y, Z are 
connected by voltmeters, and readings are taken and 
compared ; wire X is then shifted farther away, 
beyond Z, and new readings are taken. The method 
gave satisfactory results at Caribou, but not near 
Quebec, where rocky ridges cross the marshy ground 
which itself masks any higher conductivity of the 
ground due to ores. Direct resistance tests have 
given rather discordant results in the determination 
of the conductivities of soils, rock, and minerals, and 
all such observations in the ground depend greatly 
upon the accidental position of the electrodes, 
natural currents, earth and stray currents, and other 
factors. The methods of Gish and Rooney, utilising 
current reversal, and the simpler Megger method 
of Evershed and Vignoles have, however, overcome 
these difficulties, to a certain extent, in the United 
States, Spain and Western Australia. 

More work has been done by electromagnetic 
methods in Sweden, Germany and America with the 
aid of primary loops (vertical or horizontal), for the 
creation of an electromagnetic field in the ground 
which will be elliptically polarised in the neighbour- 
hood of ores, and secondary detector coils for the 
exploration of the equipotential lines or the inten- 
sity and phase of the induced currents. In the 
Bieler-Watson method a square vertical coil and 
a horizontal coil, both connected to a condenser 
and a headphone, are turned together about a 
horizontal axis for traversing the ground; in 
northern Quebec, these observations were disturbed 
by wet clay enclosures in the ground. Mason, 
Slichter and Hay, of Chicago, fix the circular ex- 
ploring coil in the plane of the transit telescope 
without, in Professor Eve’s opinion, gaining much 
by the increased accuracy of the angle measure- 
ments. The Radio Corporation uses a_ vertical 
coil and high-frequency currents for the excitation 
of the field and two secondary coils, mounted like 
a pair of spectacles, which turn together, for 
the determination of any deflection of the magnetic 
vector by conductors underground. The method 
has been used extensively in the United States, 
and the Corporation claims that they can cer- 
tainly discover any considerable conductor within 
400 ft. of the surface. The exact position of an iron 
water pipe near Montreal was easily traced within 
four hours by simple electrical measurements. The 
depth to which electromagnetic waves will pene- 
trate into the ground should be diminished by the 
presence of conductors; but experiments of this 
kind have not been very successful so far. Neither 
are the results of tests of the ground, water and oil 
for radioactive products by electrical methods, or 
by the determination of the geothermal gradient, 
considered promising. 

Electrical methods, however, are beginning to 
rival the seismic methods, which require the services 
of about five trained experts, and the delicate torsion 








balance which can hardly be used in rough country. 


Consequently, there is a demand for a theoretical 
and practical English book on applied geophysics, 
of the type of the German books by Ambronn and 
by Gutenberg. All exploration of the ground is 
expensive, and drilling particularly so. Of 291 wells 
drilled in Damon Mound, a salt dome in Texas, 154 
were dry. On the other hand, a sulphur salt dome 
in Louisiana has yielded 9,000,000 tons of sulphur, 
though very little oil; the sulphur forms a shell 
covered by lime rock in marshy ground round the 
anhydrite which lies on the top of the salt. The 
fact that electrical prospecting has not been a 
success in Australia, is ascribed to the arid surface 
conditions and highly-conducting zones beneath. 





Engineering Drawing Theory with Applications. By 
F. Kerexkes, B.S., of the Iowa State College, U.S.A. 
New York: John Wiley & Sons, Inc. London: 
Chapman and Hall, Limited. [Price 12s. 6d. net.] 

THERE is some truth in the author’s statement that 

most students entering college do not understand 

projection, but merely draw “views” of objects 
presented to them either by models or pictorial 
representation. The same remark might possibly 
be applied to some professional draughtsmen, and 
the author’s attempt to emphasise the importance of 
projection as the essential basis of engineering 
drawing is entirely praiseworthy. He has originated 

a system of instruction, which, if it adds considerably 

to the teacher’s responsibilities, is designed to 

develop a student’s thinking powers, and to produce 

a man of creative, rather than imitative, ability. 

It is to be feared, however, that it will be very 

difficult to carry out the author’s plan in its entirety 

in the time usually devoted to the subject at tech- 
nical schools and colleges. The first four chapters 
contain a very complete discussion of the principles 
of orthographic projection and the preparation of 
working drawings, followed by sections on isometric 
projection, shades and shadows, and perspective 
drawing. A large number of examples, illustrated 
by excellent sketches, are interspersed throughout 
the text to afford systematic practice for the student. 

The second half of the work which deals with the 

development of solids and warped surfaces, the 

intersections of solids, the true shape of sections, 

&e., has been treated in quite an original manner, 

and the examples chosen for purposes of illustration 

impart a reality to a portion of the work which in 
many text-books is little more than a collection of 
abstruse problems. 

In an appendix, some useful information is given 
on the technique of freehand lettering and dimen- 
sioning. This is an accomplishment much to be 
desired, and the author has adopted a simple system 
of single-stroke lettering which, with a little practice, 
may be executed very rapidly. He states his 
conviction that anyone can make good progress by 
adhering to a few basic rules, and by performing a 
few exercises correctly from the very outset. 

Although the main purpose of the book is to 
impart a knowledge of principles, the special require- 
ments of architectural and structural engineers, 
civil engineers, and mechanical engineers have been 
considered, and the book may be recommended as 
equally suitable for students taking up any one of 
these branches of the profession. 








THREE - CYLINDER LOCOMOTIVE 
FITTED WITH ROTARY CAM 
POPPET VALVE GEAR. 


Two 4-4-0-type three-cylinder express passenger 
locomotives have recently been fitted with rotary 
cam poppet valve gear on the London and North 
Eastern Railway. The gear has been supplied by 
Messrs. Lentz Patents, Limited, Stanley House, Dean 
Stanley-street, Westminster, S.W., and by the courtesy 
of Mr. H. N. Gresley, C.B.E., Chief Mechanical 
Engineer, we are able, in Figs. 1-5, on pages 40 and 
41, to illustrate this interesting application. The 
essentials of the gear are shown best in their relation 
to other parts, in Figs. 4 and 5, but Figs. 2 and 3 give 
the parts themselves to a rather larger scale. A single 
camshaft extends across the engine, and driven by 
transmission from the main coupled axle, operates 
the valves of all three cylinders, both for forward 
and reverse running. 

The camshaft is placed above the cylinders with its 
axis at right angles to the longitudinal centre line 
of the locomotive. It is of high tensile steel and has 








mounted on it stepped cams controlling both the steam 
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admission and exhaust. The following are provided} = | ree 
for each cylinder : a group of cams giving five different 
rates of steam admission for forward gear; a group of | 
cams for two rates of admission for backward gear; | — 
a neutral gear cam ; a group of cams giving three rates | , i 
of exhaust for forward running ; another group of three | 
profiles for backward running ; and a neutral. These | A 
are all indicated in the side or centre cylinders in Fig. 2. | ; 
The admission cams for forward gear admit of rates ; ' 
between a minimum cut-off of 15 per cent. and a maxi- | ‘ ry 
mum of 75 per cent. in full gear. In reverse, the two | ‘ 

rates are full gear, and 35 per cent. cut-off. The neutral | 
cam is provided for ‘‘ mid-gear,” under which conditions | 
the steam valves are closed, the exhaust valves being | 

simultaneously held open by the neutral exhaust cam. O 
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The exhaust cams are designed so that in full gear 
the point of compression starts later than with shorter | 
admissions, making free exhaust and easy starting. | end. The valve events are varied by sliding the cam- 
The point of release is 90 per cent. in full gear, but| shaft lengthwise in the cage. This necessitates a 
80 per cent. for any other cut-off. 

Fig. 3 shows the arrangement of the valves. The /| shaft is fitted with a driving dog, cut with splines. 
valves shown are for the centre cylinder, that on the These engage with slots in a revolving sleeve, in which 
left being a steam valve, and that on the right an the dog slides endwise. On the outer end of the sleeve 
exhaust. They are arranged horizontally with their | is keyed the spiral bevel referred to above, the whole 
spindles parallel with the cylinder axis. This makes | being carried in a casing provided with a cover. The | 
them easily accessible. Four valves are provided per | spiral bevel is driven by a corresponding bevel at the 
cylinder, two admission and two exhaust. The front end of the small shaft to be seen in Fig. 1, protrud- | 
spindles receive their motion from intermediate levers, | ing to the rear of the cylinder casting. Two lengths | 
as shown in Fig. 3, fitted with rollers which ride on| of shaft connect this up with the main drive box. 
the cams. This enables the spindles to be made light, | A ball bearing is provided for the first shaft at the slide- 
a point of importance in a gear of this description, | bar bracket. The second shaft is fitted at both ends | 
and at the same time permits of the use of compara-| with Hardy-Spicer universal joints, that at the front 
tively large port openings for any given cam profile. | being a fixed joint, and that to the rear a sliding 
The intermediate levers are pivoted on fulcrum pins | joint. 
carried by a circular cast-iron cage. The latter is fitted | The main driving box consists of two gears mounted | 
with long bushes which support the camshaft. The | in a dustproof oil-tight casing, a return crank driving 
cage, as will be seen, is arranged in a circular cavity,|the main gear wheel. The gear box is fitted with | 
extending right across the cylinder castings, covers | ball bearings and is held in position by an anchor | 
being provided at each end. The camshaft is driven | link secured to the top of the box and to a bracket | 
by a spiral bevel on the right side of the engine, as | under the running board. 
shown in Fig. 2, the section reproduced in Fig. 5 being| The reversing gear includes a hand wheel in the | 
taken through the camshaft, looking toward the trailing | cab. The spindle of this gear is coupled to a shaft | 


scene forward and terminating in a bevel gear, 


| telescopic drive at the end of the shaft, where the | gearbox fixed to the inside of the main frame. This 


| 
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from which a shaft extend downwards to a self-locking 


box contains a pair of spiral gears, of which the driven 
unit is coupled with the small pinion shown inside the 
left-hand frame in Fig. 2. This pinion will be seen to 
be in mesh with a rack, carried, in ball bearings, on the 
camshaft, to which the required lengthwise motion 
can thus be communicated by turning the wheel in 
the cab. 

Any set of cams can thus be brought into use, or 
the engine reversed ; and as already mentioned, when 


|in mid-gear, the steam valves are held closed and the 


exhaust held off their seats. Under the latter condi- 
tions no movement is imparted to the valves and 
levers. ; 
Lubrication of the camshaft and valve spindles is 
ensured by a mechanical lubricator with connections 
to the shaft bearings and to the valve spindle bushes. 
An anti-carbonising attachment for injecting steam 
into the oil leads is provided to ensure oil-supply of 
the right consistency. ee 
The poppet valves have been found to remain tight 
for long periods of service, and with the engine In 
mid-gear and the regulator wide open under full working 
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LABOUR NOTES. 


A New Year Message over the signatures of Mr- 
John Beard, the president, and Mr. Walter M. Citrine, 
the secretary of the Trades Union Congress General 
Council, appears in the current month’s issue of 
The Industrial Review. It is as follows: ‘* With 
distinct evidence of increasing membership, with a 
greatly enhanced authority in industrial matters, and 
with so many signs of a reviving spirit of determination 
and self-confidence, the Trade Union Movement has 
every right to look forward in the New Year with 
courage and optimism. We confidently hope that by 
this time next year Trade Unionism will have advanced 
to a position where it will be impregnable to all assaults 
from its opponents and free from the factiousness 
which at one time menaced its prospects. Our best 
wishes go to all affiliated trade unions and to every Trade 
Unionist for the prosperous outcome of their activities 
throughout 1930.” a 

In the course of a New Year Message published 
in the National Union of Railwaymen’s weekly organ 
the Railway Review, Mr. J. H. Thomas, M.P., says: 
‘It has so happened that during the past few months 
it would have been most unpopular in the country 
to have attempted to discredit the Prime Minister, 
especially having regard to his successful mission to 
America, and the same would have applied to either 
Philip Snowden or Arthur Henderson, whose work at 
The Hague and at Geneva commanded the admiration 
of every good British citizen. Therefore, for several 
months now, it has been my unfortunate lot to have to 
bear almost the full weight of the criticism of the 
Opposition in Parliament and in the Press, because 
by the very nature of things it was impossible for me 
to show an immediate substantial reduction in the 
number of unemployed.” 


An unusual tribute to a trade union officer has been 
paid by the Amalgamated Clothing Workers of America 
to their president, Mr. Sidney Hillman. The Union 
has established a fellowship in economics and research 
at the University of Chicago to be known as the Hillman 
Fellowship in Economics, and Industrial Relations. 
Every year an able and promising student, properly 
recommended, will receive a sum of 2001. to enable him 
to carry on post-graduate studies in those aspects of 
economics dealing with relations between employers 
and workers. There are, it is explained, ‘‘ no strings 
to the offer,” and the Union attempts to exact nothing 
from the student but interest in the subject of the study. 

The Times correspondent at Berlin states that the 
German unemployment figures, which sank to about 
860,000 at midsummer, are showing the usual seasonal 
increase, and had risen to about 1,600,000 in 
mid-December, as against 1,415,000 twelve months 
before. 





Addressing a meeting at Birmingham last week-end, 
Mr. Ben Tillett, M.P., said that some of their Labour 
friends, apparently without study or knowledge, acted 
the ostrich by imagining that, by hiding their heads 
in the sands of stupidity, they could avoid the inevit- 
able rationalising of industry and its great efficiency. 
Whether they encouraged the revolution or not, 
rationalising must come if the industries of the country 
were to be organised on a scientific basis of economic 
units. Labour, at least, must aid the most effective 
methods of the reconstruction and modernising of 
industry, for industrial decadence could only lead to the 
ruin of the industrial state and of the country. 





The Monthly Review of the United States Department 
of Labour states that the City Manager of Cincinnati 
recently created a citizens’ committee which, in turn, 
has recommended the appointment of a permanent 
committee on stabilising employment. In The Ameri- 
can City for July last, it is stated that recommendations 
have been made that the investigations of the proposed 
permanent committee should include not only Cincin- 
nati but the whole of Hamilton County, Ohio, and Ken- 
ton and Campbell count‘es in Kentucky. For the 
purpose of the investigations, ten sub-committees 
are contemplated. A committee on State-City employ- 
ment exchange is, in co-operation with the exchange, 
to develop a system for classifying applicants and work 
out methods for establishing touch with factory 
employment departments and other agencies with aview 
to the more effective placing of unemployed in work. 
A committee on continuous employment is to endeavour 
to promote the institution of methods of employment 
stabilisation by suggesting, for example, in times of 
industrial depression, the employment of a whole 
personnel on part-time rather than the full-time 
employment of only a small group of employees. 
This committee is also to undertake, in co-operation 
with employers and others interested, a method 
for reporting, by percentages, the rise and fall of 


business activities. It will also be within its province 
to suggest investments of capital, which in periods 
of stress will provide work for the unemployed. 





A committee on temporary employment is to look 
into the matter of available odd jobs about homes, 
factories, &c., in order to discover opportunities for 
employment on such jobs during industrial slumps. 
A committee on public works is to urge the utilisation 
of unemployed men on public works and consult 
with cities, villages and counties on construction 
programmes and the kind of men required for their 
prosecution. The carrying on of additional public 
works during unemployment declines is also to be 
encouraged. A committee on co-operation of agencies 
is to make a study of the co-ordination of public and 
private agencies which, in slack periods, handle the 
residue of the jobless. A committee on budget and 
finance is to outline the financial needs as indicated 
in the budgets and reported requirements of the 
various sub-committees, and to study means of financing 
their activities. A committee on State and National 
co-operation is to make an analysis of State and 
National legislative proposals on employment, in order 
that expression may given to the community’s 
viewpoint on such contemplated legislation. A 
committee is to co-operate with a transient bureau, 
which is shortly to be consolidated with the city 
public welfare department, and study the problem 
of the proper care of transient and homeless workers. 
Information is to be secured on the subject of labour 
supply, and efforts made to deter outside labour from 
migrating to metropolitan Cincinnati, when there is 
no need there for such labour. 


A fact-finding committee is to bring together the 
data collected by the different committees, and to 
devise research methods that will clearly show labour 
conditions in Cincinnati. Finally, a committee on 
publicity and education is to report to the public on 
the employment situation and on the progress of the 
investigations and their results. The members of this 
group will be expected to become familiar with the 
various local opportunities for the vocational training 
of both manual and handicapped persons, and to be in a 
position to formulate educational programmes in the 
further interest of the workers. In conjunction with 
these various inquiries under the supervision of the 
official permanent committee on stabilising employment, 
two other groups will make surveys ; one to discover the 
economic possibilities for negroes in Cincinnati and its 
neighbourhood, and the other to ascertain the effect 
of the employment of married women in industry and 
business. 








At a meeting, on Monday, of the Unemployment 
Grants Committee, Sir John Ferguson, M.P., being in the 
chair, a number of schemes of work, submitted by 
Local Authorities and other statutory bodies for the 
relief of unemployment, were approved for Government 
grant. The estimated cost of the schemes so approved 
was 1,660,884I/., to provide employment for approxi- 
mately 5,316 men. Schemes before the Committee for 
approval, which are now the subject of inquiry, number 
1,021, and are estimated to cost 17,634,492I. 

On December 30, 1929, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain, was 1,510,200. Of these, 1,018,700 
were wholly unemployed, 415,500 were temporarily 
stopped, and 76,000 were persons normally in casual 
employment ; 1,142,600 were men, 39,800 boys, 291,700 
women, and 36,100 girls. Of 1,303,557 on the registers 
on December 16, 1929, 960,073 were wholly unemployed, 
267,549 were temporarily stopped, and 75,935 were 
persons normally in casual employment; 1,011,503 
were men, 30,671 boys, 234,307 women, and 27,076 
girls. Owing to the dismissal of workers engaged for 
the Christmas trade, and to extended short-time 
working, there is normally a large increase in the 
number registered as unemployed immediately after 
Christmas. A year ago, for example, the total for 
December 31 was 249,578 more than that for December 
17. The number of unemployed workers on Decem- 
ber 31, 1928, was 1,520,730, of whom 1,183,733 were 
men, 42,887 boys, 258,681 women, and 35,429 girls. 





The Ministry of Labour estimates that on Decem- 
ber 16, 1929, there were approximately 10,159,200 in- 
sured persons aged from 16 to 64 in employment in Great 
Britain. This was 13,800 less than a month before, 
but 100,300 more than a year before. During Decem- 
ber 1929, the average numbers of persons on the 
registers of Employment Exchanges in Great Britain 
were 976,989 wholly unemployed, 304,378 temporarily 
stopped, and 75,188 normally in casual employment, 
making a total of 1,356,555, of whom 972,825 were 
men aged 21 and over; 69,390 men aged 18 to 20; 





33,658 boys aged 14 to 17; 211,771 women aged 21 





and over; 38,682 women aged 18 to 20; and 30,229 
girls aged 14 to 17. 


A communication made to the International Labow 
Office by the Belgian Section of the Internationa! 
Association for Social Progress contains interesting 
data relating to the results so far attained in the applica- 
tion of the Arbitration and Conciliation Order of 
May 5, 1926. It is pointed out that a special feature 
of this measure is the provision of penalties for failure 
to follow the prescribed procedure. Any employer who 
brings about a stoppage of work before the machinery 
of conciliation and arbitration has been employed, or 
who otherwise refuses to co-operate with the concilia- 
tion committee, is penalised inasmuch as if a stoppage 
of work occurs, his employees who belong to an 
approved unemployment society are placed on the 
same footing as involuntarily unemployed persons, 
and are entitled, from the first day of the stoppage of 
work, to benefit from their unemployment society 
and grants from the National Emergency Fund. If, 
on the other hand, the action of the employees leads 
to a stoppage of work, orin any other way the employees 
fail to co-operate in making use of the conciliation 
machinery, the organisation representing them is 
excluded from the benefit of the provision outlined 
for one year dating from the first day of the strike. 





According to the data given, 40 official committees 
for conciliation and arbitration have been constituted. 
Up till June 30, 1929, these committees had dealt with 
652 disputes, 583 of which concerned wage questions, 
18 conditions of work, 25 dismissals and 26 other 
matters. Of the 522 cases, of which the results are 
recorded, 269 were settled by conciliation, 48 without 
a hearing before the committee, and 221 before the 
committee. In 195 cases, the conciliation proceedings 
failed, in 28 the parties accepted arbitration, in 20 
the committee was declared incompetent, and in 10 
no result was obtained. 





Penalisation of employers was asked for in 62 cases. 
In 34 cases the application was granted, and in 27 it 
was refused. Penalisation of the workers was asked 
for in 104 cases. In 70 cases it was granted, and in 
29 it was refused. The association arrives at the 
conclusion that, judging by the results to date, the 
usefulness of this machinery cannot be doubted, since 
in more than half of the cases a solution was arrived 
at by means of conciliation, while in many others, 
the fact that no solution was arrived at as a direct result 
of conciliation did not prevent the dispute from being 
satisfactorily settled. 


Industrial News, a weekly publication of the Trades 
Union Congress General Council, states that, according 
to investigations undertaken in the United States, not 
less than a million workpeople now enjoy the full 
Saturday holiday in America all the year round. An 
investigation of the question conducted by the National 
Industrial Conference Board, which only partially 
covered the field, shows that in 1928 there were 270 
manufacturing establishments employing 218,000 work- 
people on the five-day week. Many of the firms, from 
whom inquiry was made, state that the shorter week has 
not reduced output, while nearly 20 per cent. of the 
firms reporting, declare that output has actually 
increased. If production is maintained or increased 
there is, obviously, it is claimed, considerable economy 
in stopping the plant on Saturdays, not to mention 
the effect on the workers themselves of having a long 
week-end rest. The American Federation of Labour, 
a year ago, reported, Industrial News says, that there 
were about 400,000 workpeople on the five-day week 
additional to the figures just given. Since then, the 
movement towards the full Saturday holiday has 
spread, particularly in the building trades and the 
printing trades. In the second largest printing centre 
in the United States, an agreement has been negotiated 
for the five-day week for a period of five years, provision 
being made at the same time for increases of wages. 





Among the arguments in favour of the shorter 
working week is the contention that a long week-end 
rest improves the efficiency and morale of the worker. 
There is statistical evidence to show, it is claimed, that 
the general standard of efficiency is lowered when the 
worker resumes with ‘‘ that Monday feeling,” tired 
and resentful of the necessity of getting back to his 
job. The incidence of industrial accidents is thrown 
at the beginning of the week, and again at the end of 
the week ; there are fewer accidents in mid-week than 
at the beginning and the end. This is held by experts 
to be due to the fact that the worker who does not get 
sufficient week-end rest resumes work in a fatigued 
state, and is indifferent and careless until he ‘‘ warms 
up” to his job. As fatigue sets in again on the later 
days of the week, the results become apparent in an 





increase of accidents. 
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LETTER TO THE EDITOR. 


PROPELLER-SHAFT FAILURES OF 
THE ‘‘ GRAF ZEPPELIN.’’ 


To THE EpiToR OF ENGINEERING. 


Sir,—In your issue of October 11, on page 481, 
you mentioned that alterations were made to the 
Graf Zeppelin after the forced landing at Toulon 
on May 16, owing to failures in four of the crank- 
shafts.. It is interesting to know what form the 
alterations took. The airship was driven by five 
Maybach. engines, each developing about 400 h.p. 
at 1,400 r.p.m. The engines were connected to the 
propellers through -the conventional spiral-spring 
type of coupling, and unfortunately, the frequency 
of the torsional vibration of the system corresponded 
to the frequency of the engine impulses at the 
travelling speed of the airship. The result was 
that the building up of energy, with each synchronous 
impulse, produced stresses in the shafts greatly exceed- 
ing the permissible stress for the material. The chain- 
dotted torsiongraph in Fig. 2 shows the resulting 
torsional loads at various speeds, the shaded portion 
covering the normal travelling speed. 

The problem was mainly one of altering the frequency, 
or critical speed, of the system so that it fell outside that 
corresponding to the normal engine impulses. After 
trying various expedients, a Bibby coupling, of the form 
shown in Fig. 1, was tested. The coupling has a steel 
grid spring as its resilient member, while, owing to the 
curvature of the grooves in the driving and driven 
members, the free span, and therefore the equivalent 
pendulum length of the spring, varies with the load. 

If the load increases, the span decreases and, conse- 
quently, the periodicity, so that the tendency is to damp 
Vibrations. By fitting a coupling with suitable charac- 
teristics, the torsion at varying speeds corresponded 
with the full line in the diagram, Fig.2. It will be seen 
how effectively the torsion stresses were kept down at 
the running speed. They were, in fact, reduced to 
one-quarter of the stresses with the previous couplings. 

C ouplings similar to the test coupling were at once 
fitted to all five drives, and the airship made its flight 
round the world free from engine-vibration troubles. 
The airship has now travelled about 35,000 miles with- 
out any alteration in the transmission, and the couplings 
show no signs of fatigue or wear. Similar couplings 
are being made for all drives on three more airships. 


Yours faithfully, 
For the WELLMAN BIBBY Coane, LIMITED, 
- J. Bresy. 
Victoria-station House, London, 8.W.1. 
January 3, 1930. 








Try ORE tn Ucanpa.—During October, 22-5 tons of 
tin ore were shipped from Bukakata, Uganda, making a 
total of 270-5 tons during the first 10 months of 1929. 
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YEAR BOOKS AND ANNUALS. 


The Electrical Contractors’ Year Book.—The 1929-30 
edition of The Electrical Contractors’ Year Book, as 
was the case with former issues, contains much infor- 
mation regarding The Electrical Contractors’ Associa- 
tion. The first 150 pages of the volume are devoted to 
lists of members and officers of the Association, and to 
the annual report of the Council and the presidential 
address, delivered at the fourth Electrical Contractors’ 
Association Conference, held at Bournemouth last 
mid-summer, together with a brief account of that 
Conference. The remainder of the book is of wider 
interest, and contains chapters and sections dealing 
with such matters as wiring specifications, apprentice 
training, law for electrical contractors, and wage 
agreements and working rules in various districts. 
A list of central stations in the United Kingdom is 
included, giving the name of the Company or local 
authority, the name of its chief or resident engineer, 
the voltage of the supply, and brief data regarding 
the system employed. The volume is published by 
The Electrical Contractors’ Association, 15, Savoy- 
street, London, W.C.2, and the price is 5s. net. 

The Colliery Manager’s Pocket Book.—The saleable 
coal raised in Great Britain during 1928 totalled 
237,471,931 tons, and the average number of wage 
earners employed underground during the year was 
744,959. The average net selling value per ton was 
14s. 7-34d. The above figures are taken from The 
Colliery Manager’s Pocket Book, Almanac and Diary, 
1930. The volume is edited by Dr. J. V. Elsden and 
Mr. H. Greenwell, and contains a mass of information 
on all matters connected with collieries. In addition 
to two long chapters, respectively entitled Mining 
Progress during 1929, and Mining Statistics, the book 





contains informative articles on Coal and Its By- 


Products, by Mr. R. Wiggington, on Mine Ventilation, 
by Professor D. Hay, and on Strength of Materials, by 
Mr. J. 0. Cooke. Further sections deal with valuation, 
depreciation, surveying, rescue and ambulance work, 
mining machinery, explosives, and electricity in and 
about mines. Lists of Inspectors of Mines, of Govern- 
ment offices, departments and committees concerned 
with collieries, of mining institutes, and of trade societies 
are also given. Bound in cloth, the price of the book 
is 3s. The publishers are Messrs. The Colliery Guardian 
Co., Limited, 30 and 31, Furnival-street, London, E.C.4. 

The Scientists’ Reference Book and Diary, 1930.— 
Published by Messrs. James Woolley, Sons and Com- 
pany, Limited, 76, Deansgate, Manchester, The 
Scientists’ Reference Book and Diary comprises two 
small books of pocket size enclosed in a leather case. 
The diary portion contains postal and other miscel- 
laneous information, while the reference book proper 
consists of 206 closely printed pages of scientific 
data divided into 37 sections. The subjects dealt 
with include physics and geology, astronomy, micro- 
scopy, barometry, thermometry, hydrometry, dynamics, 
electricity, light, heat and chemistry. Mensuration 
formule, logarithms, conversion factors, tables for 
weights and measures, and a glossary of scientific 
instruments are also included. The price of the 
reference book is 3s. 6d. net. 

Cold Storage Diary.—Described as the pocket com- 
panion of the British refrigerating industry, the Cold 
Storage Annual Diary, for 1930, is a useful little volume 
containing tabulated information specially prepared 
for the refrigerating engineer and technician. The 
tables give quantitative data concerning refrigeration 
by ammonia gas and other substances, while particu- 
lars regarding heat conductivities, humidity, specific 
and latent heats are also given. ‘The diary is bound 
in cloth and is published, price 2s. 6d., by the Cold 
Storage and Produce Review, Empire House, St. Martin’s- 
Le-Grand, London, E.C.1. 

Diaries and Pocket Books.—A neat little leather- 
backed diary, sent to us by Messrs. Ardeltwerke 
G.m.b.H., Eberswalde, near Berlin, Germany, con- 
tains illustrations of the firm’s principal products. 
These include cranes and lifting tackle, castings and 
pipes, hydro-electric constructional work, and struc- 
tural ironwork.—A handy little leather-bound pocket 
diary has been sent to us by Messrs. The Stanton 
Ironworks Company, Limited, Stanton-by-Dale, near 
Nottingham. It contains particulars of the firm’s 
products, including tabulated data concerning cast- 
iron pipes, concrete-lined pipes and concrete pipes.— 
Messrs. Thomas Broadbent and Sons, Limited, Central 
Ironworks, Huddersfield, have forwarded to us a small 
pocket scribbling pad.—We have received from Messrs. 
English Steel Corporation Limited, Vickers Works, 
Sheffield, a handsome leather-bound diary. This 
contains illustrations of the products of the Corporation, 
various tabulated technical data, and a useful atlas of 
the world, comprising nine coloured maps.—A pocket 
note pad has reached us from Messrs. Barford and 
Perkins, Limited, Peterborough.—Messrs. Braithwaite 
and Company (Engineers), Limited, Broadway 
Buildings, Broadway, London, S.W.1, have sent 
us a useful pocket diary containing illustrations of 
bridges, buildings, jetties, pressed-steel tanks and other 
structures erected by the firm. A large number of 
pages of technical and miscellaneous information is also 
included. 

Almanacs and Calendars, d&:c.—We have received 
monthly tear-off calendars from Messrs. The Half- 
Tone Engraving Company, Limited, 25, Farringdon- 
avenue, London, E.C.4; Messrs. The D.P. Battery 
Company, Limited, Bakewell, Derbyshire; Messrs. 
The Bristol Aeroplane Company, Limited, Filton, 
Bristol; Messrs. The Atlantic Transport Company, 
Limited, 38, Leadenhall-street, London, E.C.3 ; Messrs. 
The Texas Oil Company, Limited, 125, Strand, London, 
W.C.2; Messrs. Combustion Steam Generator, Limited, 
1, Southampton-row, London, W.C.1; Messrs. C. A. 
Parsons and Company, Limited, Heaton Works, 
Newcastle-upon-Tyne; Messrs. Aiton and Company, 
Limited, Derby; Messrs. British Insulated Cables 
Limited, Prescot, Lancashire (two calendars); Messrs. 
Crofts (Engineers), Limited, Bradford; Messrs. 
British Brown-Boveri, Limited, 56, Victoria-street, 
London, 8.W.1; and Messrs. John I. Thornycroft and 
Company, Limited, Thornycroft House, Smith-square, 
London, 8.W.1. Daily tear-off calendars have reached 
us from Messrs. Berliner Maschinenbau Actien-Gesell- 
schaft, vormals*L. Schwartzkopff, Berlin, N.4, Ger- 
many; Messrs. Henschel und Sohn A.G., Kassel, 
Germany; Messrs. Henry Simon, Limited, 20, Mount 
street, Manchester ; and Messrs. Le Grand, Sutcliff- 
and Gell, Limited, artesian-well engineers, Southall, 
Middlesex. We have received a daily tear-off calendar 
and note pad from Messrs. John Tullis and Son, 
Limited, St. Ann’s Works, Glasgow ; and The Deutsche, 
Reichsbahn-Gesellschaft, Voss-strasse 35, Berlin, W.8, 
have sent us a tear-off calendar having three days 
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FUEL - RESEARCH SET WITH 
VARIABLE-COMPRESSION ENGINE. 


Untiu recently, the cost of the plant required to | 


determine the anti-knock value of motor spirit was 
so high that the necessary apparatus was only to be 
found in a few highly-equipped research laboratories. 


It has been appreciated for some time, however, | 


that the determination of this factor is fully as important 
as the usual chemical examination of the fuel, and 
there has been a growing demand for a simplified form 
of testing plant at a price within the reach of the 
smaller distributing companies, technical colleges, and 
so on. So far as we know, the first plant of this type 


was that designed by Messrs. Ricardo and Company, | 
described in ENGINEERING, vol. cxxiii, page 638 (1927). | 


It may be recalled that, among other features, the 


engine employed on this set incorporated a built-up | 


crankshaft mounted on ball bearings, and Burt- 


McCollum valve gear. 


Through the courtesy of the makers, Messrs. Sir W. G. | 
Armstrong, Whitworth and Company (Engineers), | 
Limited, Scotswood Works, Newcastle-on-Tyne, we | 
are now enabled to describe and illustrate another set | 


of the same type, but differing in a number of important 


particulars. This set was developed from a standard | 


‘**B”’ type Armstrong engine, in collaboration with the 


research department of the Anglo-Persian Oil Company, | 
for use in routine tests on motor spirits and kerosene, | 


and also for research purposes. It embodies the 
results of several years’ experience with spirit-testing 
plants and long intensive work in the development 
period, since the proper functioning of these sets 
involves exceedingly careful design to secure adequate 
sensitivity and range. 


A general view of the set is given in Fig. 1 on this | 
page, while Figs. 2 to 4, on the opposite page, are, | 


respectively, an outside elevation, a section through the 


engine, and an enlarged section through the bouncing- | 
pin apparatus. One of the most important requirements | 
for the engine employed on a set of this type is that it | 


should be capable of standing up indefinitely to the 
heavy loads set up by the high-compression ratios 
used, and by detonation, and in the engine illustrated, 
this point has received full consideration. The cylinder 
bore is 24 in. and the piston stroke is 34 in., giving a 
capacity of 22-72 cub. in., or 372-5 ¢.c. The cylinder 
is cast in one piece with the crank-case, and, as will be 
clear from Fig. 3, this casting, which constitutes the 
main frame, is designed to give ample rigidity. The 
cylinder bore is finished by grinding. The valves are 
of the side-by-side type, and are exceptionally well 
cooled, the guides passing through the water space, as 
shown in the figure. Provision is made for cleaning 
out the water space when the cylinder head is removed. 
The joint between the latter and the cylinder is made 
with specially treated material only 0-01 in. thick, 
ensuring an absence of any appreciable variation in 
the thickness of the joint on successive assemblies, 
such as may occur with the usual gasket. The ordinary 
working parts of the engine only call for brief comment. 
The piston is of cast-iron, and is fitted with three 
gas rings at the top and a scraper ring in the skirt. 
The connecting rod is an H-section steel stamping, 
and the crankshaft is also a steel stamping, made in 
one piece, with the exception of the balance-weight, 
which is bolted on. The bearings are of ample propor- 
tions throughout ; the gudgeon-pin bearing is bronze- 
bushed, and the big-end and main bearings are lined 
with white metal. 

The lubricating system is exceedingly simple and 
cannot get out of order. No pump is used, its place 
being taken by a small thrower on the balance-weight, 
the thrower dipping into the oil reservoir and depositing 
oil on ledges in the crank-case. From these ledges, 
the oil is fed by gravity to the main bearings. The 
big and small-end bearings and the piston, are splash- 
lubricated. The oil capacity is small, to ensure that 
a steady temperature is reached in a short time. The 
engine can be decarbonised and the valves ground in 
in less than an hour. In addition to the variable- 
compression head shown in the figures, fixed-ratio 
heads of turbulent or non-turbulent design can be 
supplied if required. Spare parts are available from 
stock, an important consileration for an engine which 
may be required for daily tests. 

The construction of the cylinder head will be followed 
from Figs. 3 and 4. It will be seen that the main 
casting is cored out at the base for the water-jacket 
space, and terminates at the top in a vertical cylinder, 
threaded on the outside. The corresponding nut is 
in the form of a handwheel, to which is secured a 
central sleeve. This sleeve extends through a hole in 
the head casting to the combustion space, and carries 
a bouncing-pin mechanism. The joint between the 
sleeve and the cylinder head is made with a gland of 
the usual type near the middle, and a set of rings at the 
bottom. It will be evident that, by turning the hand 
wheel, the sleeve will be raised or lowered, thus altering 
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at first sight, that the cylindrical pocket formed when 
the sleeve is raised would lead to imperfect ignition 
of the mixture, but it has been found in practice that 
this is not the case, the position of the pocket being 
such that it is effectively scavenged. The compression 
ratio can be varied to cover the entire commercial 
range of kerosenes and motor spirits, including Aviation 
spirit and special racing blends. The exact compression 
ratio in use is recorded on a micrometer scale on the 
collar attached to the handwheel. 

Apart from the bouncing pin shown in the illustra- 
tions, practically any of the published methods of 
measuring the anti-knock rating of the fuel can be 
employed. It is possible, for example, to determine 
the rating by the audibility method ; thatis, by varying 
the compression ratio until a given type of knock occurs, 
or by noting the compression ratio for maximum power 
output. If the compression ratio is fixed, a manometer 
may be fitted to the inlet port to measure the depres- 
sion produced by throttling, and the anti-knock value 
expressed in terms of the recorded pressure. Coil 
ignition is fitted, variable over a wide range, so that 
tests can also be made by the method of spark control. 
For those who are not familiar with the bouncing-pin 
apparatus for measuring detonation, introduced by 
Messrs. Midgley and Boyd, of the General Motors 
Research Corporation, a brief description of the method 
employed by these investigators may be given. There 
was an opening in the head of the combustion chamber 
in the form of a long cylinder, and this was fitted with 
a piston, the underside of which was flush with the 
surface of the combustion space, and which was held 
against a suitable collar by a powerful spring. Resting 
on the piston was a heavy steel pin, and immediately 
above the top of the pin there were a pair of contacts 
connected in series with a source of current, a lamp, 
and an electrolytic cell containing dilute sulphuric acid. 
The spring was so adjusted that the impulse given to 








the volume of the combustion space. It would appear, 








the pin at each explosion was only sufficient to cause 
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it to close the contacts when detonation occurred. At 
each detonation, gas was liberated in the cell, and the 
amount accumulated in a given time was taken as a 
measure of the detonation. The apparatus shown in 
Fig. 4 differs from that described in several important 
particulars. Instead of a piston and spring, a tem- 
pered steel diaphragm is employed. This diaphragm 
is 0-0145 in. in thickness, and 0-53 in. in diameter, 
and seats on a lapped surface in the central sleeve. 
The diaphragm is held in place by a hardened cylindrical 
distance piece, of which the lower end is ground flat, 
while the upper end is of spherical form. The distance 
piece is held against the diaphragm with a spherically- 
ended screwed plug, thus eliminating any slight errors 
in alignment and ensuring a perfectly gas-tight joint 
at the diaphragm seat. The screwed plug has a square 
hole through the centre for the reception of a special 
spanner. The bouncing pin passes through the distance 
piece and rests on the diaphragm. The support for 
the contact table is serewed firmly into the central 
sleeve, and the table is locked to the top of this support 
by a knurled sleeve nut.’ The height of the table can 
therefore be adjusted by slackening the nut and turning 
the platform. When correctly set, the bouncing pin 
forces up the lower contact sufficiently to complete 
the circuit while always maintaining contact between 
the blade and the pin. The distance between the two 
contact blades can be varied by the central adjusting 
screw mounted on the crossbar above the table. 

The voltage across the contacts is adjustable by 
means of a potentiometer resistance mounted on 
the switchboard. The usual working voltage is 
from 45 to 50, the current being limited by the resist- 
ance to amaximum steady value of 2-5 amperes. The 
contact gap is shunted by a 0-1 microfarad condenser 
to prevent arcing at the points. The voltameter, 
containing dilute acid of 1-24 specific gravity, }s 
mounted on a board behind the engine, as shown il 
Fig. 2. A little alcohol is added to the solution to 
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MESSRS. SIR W. G. ARMSTRONG, WHITWORTH AND COMPANY, (ENGINEERS), LIMITED. 
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prevent bubbles of gas adhering to the walls of the 
measuring tube. There is a specially overdamped 
miliameter in series with the voltameter, having a 
range from 0 ma. to 200 ma. This instrument con- 
siderably facilitates the adjustment for obtaining the 
corzect feed rate for maximum pinking on a given fuel, 
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and reduces the time taken for a series of tests on a 
sample by approximately 15 min. It is interesting to 
note that, with this apparatus, an accuracy within 
one-sixth of one per cent. of benzole is claimed when 
the results are averaged over five readings. Sufficient 
commercial accuracy is secured by taking the mean of 


three readings, the time required being then about 
half-an-hour. Audibility tests, already referred to, 
can be made in a few minutes, and are accurate within 
about + 2 per cent. of benzole. 

As shown in Fig. 1, the engine is coupled to a 
dynamo, the two units being bolted to a common bed 
plate. With this arrangement, the power output is 
measured by instruments in the dynamo circuit, the 
machine having been previously calibrated to obtain 
the efficiency curves on various loads. This method 
of power measurement is sufficiently accurate for many 
commercial purposes, but if the set is required for 
research work, an electric cradle dynamometer can be 
supplied, as shown in Fig. 2. As is well known, the 
losses in a cradle dynamometer are very small, and 
sufficient accuracy is ensured to enable the engine 
friction losses to be obtained by motoring tests with a 
negligible error. The output from the dynamo is 
absorbed by a wire resistance, which can be seen 
behind the engine in Fig. 1. The switchboard, which 
is shown in the same figure, incorporates battery-charg- 
ing equipment, the usual method of working being to 
charge up the battery during the preliminary warming 
up of the engine. The battery is employed for starting 
up the engine or for motoring tests, and also supplies 
current for heating the air supplied to the carburettor. 
Fine-control rheostats are arranged in series with the 
heater element and with the generator-field regulator, 
so that a constant speed can be maintained without 
difficulty. 

The fuel system is arranged in such a way that 

direct comparisons between samples and blends of 
known standard can be made with rapidity. The 
amount of fuel required is very small, and an experi- 
enced operator can test a sample by the audibility 
method with 100 c.c. or even less, the bouncing-pin 
method requiring about 300 c.c. The fuel system is 
shown in Figs. 1 and 2. It consists of three flow-meters, 
designed in such a way as to'reduce the amount of 
waste fuel space to a minimum, the total allowance 
for draining a meter and clearing the pipe line after 
a test being only 30c.c. The cover of the fuel chamber 
on the flow-meter is sealed, after filling, by closing the 
inlet and vent cocks, the only inlet for air then being 
through the head-equalising pipe, which has an orifice 
close to the bottom of the meter. The fuel flows out 
downwards through a measuring nozzle into the 
carburettor feed pipe, and upwards into a gauge 
glass, the level in the glass determining the effective 
head on the carburettor jet, and indicating the rate 
of flow in pints per hour. Each flow-meter holds enough 
for about an hour’s run, and is coupled through a needle 
valve to a branch pipe directly under the carburettor 
jet. 
"There is no float chamber on the carburettor, as 
it has been found that the use of a float is liable to 
cause erratic running, and, in addition, the chamber 
considerably increases the waste fuel space. At first 
sight, it would appear that the absence of a float 
control would lead to fuel loss during the exhaust, 
compression, and firing strokes, but the surge effect 
which occurs in the inlet pipe when the inlet valve 
closes causes a reverse flow of the fuel towards the 
flow-meter, and the subsequent flow in the normal 
direction is insufficient to permit unsprayed fuel to 
escape beyond the jet into the choke tube. There is, 
however, no difficulty in arranging for float control of 
the fuel should this be required for special work. 

The air inlet to the carburettor is fitted with a 
heating element, by means of which the air can be 
raised to a temperature of 200 deg. F., or even higher. 
The water-circulating system is divided, so that the 
water in the head and cylinder jackets may be at 
different temperatures. 'The head can thus be operated 
at a high temperature without overheating the cylinder. 
The water is circulated by an injector to secure the rapid 
attainment of a steady working temperature, and to 
avoid large temperature differences between the top 
and bottom of the jacket. In conclusion, we may 
say that these sets are being adopted by a number of 
large oil companies at home and abroad. 








VANADIUM AND Its AtLoys.—We recently received 
a copy of the first issue of the Vancoram Review, a journal 
to be published quarterly by the research department 
of the Vanadium Corporation of America, 120, Broad- 
way, New York, U.S.A. It contains a brief account 
of the discovery and present uses of vanadium, together 
with abstracts of articles and patent specifications dealing 
with the metal. 

Higuway Works 1N Paris.—The highways adminis- 
tration of Paris has a number of important works in 
hand. In the first place, some 720,000 sq. yds. of road- 
way are being, or are about to be, resurfaced. Among 
other works, a bridge is to be built in the Avenue Jean- 
Jaurés to replace the existing railway level crossing ; 
the Avenue Daumesnil is to be widened; the Morland’ 
Bridge linking the Quai de la Rapée with the Quai Henri 
IV is to be widened from 32-8 ft. to 46-6 ft.; and the 
roads in the immediate vicinity of the Porte Maillot are 
to be altered so as to permit of the introduction of 
one-way traffic. 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date of 
each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Water Pipes and Accessories.—The supply of cast-iron, 
mild-steel, or corrosion-resisting ingot-iron piping, specials, 
and valves. The India Store Department, New Delhi ; 
January 21. (Ref. No. A.X. 8971.) 

Structural Steelwork.—The supply and delivery of 
structural steelwork, &c., for umbrella roofs for platforms. 
The South African Railways and Harbours Board, 
Johannesburg ; February 27. (Ref. No. A.X. 8972.) 

Water Piping, Valves, d-c.—-The supply of distribution 
piping, specials, valves, and accessories for the water 
supply scheme at Jaipur. The India Store Department, 
New Delhi; January 22. (Ref. No. A.X. 8975.) 

Swing Bridge.—The construction of a swing bridge 
over the El Wadi canal at Zagazig. The Egyptian 
Ministry of Communications, Main Roads and Bridges 
Department, Cairo; February 3. (Ref. No. A.X. 8978.) 


Wood Aeroplane Propellers.—A firm in Winnipeg, 
Canada, is desirous of getting into touch with British 
manufacturers of wood propellers for aero engines up to 
500 h.p. (Ref. No. A.X. 8987.) 

Structural Steelwork.—The supply and delivery of 
structural steelwork, &c., for lifts and gantries of New 
Station, Johannesburg. The South African Railways 
and Harbours Board, Johannesburg ; February 20. (Ref. 
No. A.X. 8988.) 

Carriage Wheels and Axles.—The supply of 44 pairs 
of carriage wheels and axles. The South African Railways 
and Harbours Board ; February 13. (Ref. No. A.X. 8991.) 


Refuse-Collection Vehicles.—The supply of three 3-ton 
petrol or electrically-driven vehicles for refuse collection, 
each of 10 cub. yard capacity. The City of Auckland, 
New Zealand ; January 30. (Ref. No. A.X. 8994.) 


Cutlery, Hardware, &c.—The supply of miscellaneous 
equipment, including enamelled ware, cutlery, iron steam 
piping, fire extinguishers, and india rubber and canvas 
hose. The Director of Stores, Egyptian Department of 
Public Health, Cairo; March 6. (Ref. No. C. 3180.) 


Bridge.—On page 528 of our issue of October 25 last, 
we referred to a call for tenders, on the part of the Main 
Roads and Bridges Department, Egyptian Ministry of 
Communications, Cairo, for the construction of a new 
bridge over the river Nile at Kasr-el-Nil, Cairo. We 
now learn that the closing date has been postponed from 
February 1, to March 1. (Ref. No. A. 8996.) 


Aeroplane Hangars.—The construction of three metal 
hangars for aeroplanes. A firm in Lima, Peru. (Ref. 
No. A.X. 8999.) 

Generating Sets.—The supply and erection of two 
60-kw. sets, comprising two boilers, one economiser, a 
steel chimney, two engines, two alternators, and various 
accessories. Alternatively, tenders are required for 
100-kw. sets. The Municipality of Louis Trichardt, 
South Africa; February 18. (Ref. No. A.X. 8997.) 











SHIPBUILDING IN 1929.—Messrs. John I. Thornycroft 
and Company, Limited, Southampton, launched seven 
vessels, making together 1,455 gross tons.—Five vessels, 
aggregating 30,333 gross tons, were launched by Messrs. 
John Readhead and Sons, Limited, West Docks, South 
Shields. Among these were the three 6,900-ton, Arabistan, 
Gorjistan, and Kohistan.-The total tonnage launched 
at the Hebburn-on-Tyne yard of Messrs. R. & W 
Hawthorn, Leslie and Company, Limited, was 19,068, 
representing 10 vessels, among which were H.M.SS. 
Active and Antelope.—Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, launched from their ship- 
yards on the Clyde, Tyne and Wear, 161,457 gross tons 
of shipping. The largest units were the 14,600-ton 
8.8. Vikigen, the 12,600-ton S.S. Campana, and the 
8,000-ton M.S. Egeroe.—Eight cargo vessels, totalling 
38,779 gross tons, were launched from the Pallion yard, 
Sunderland, of Messrs. William Doxford and Sons, 
Limited. Two steamers, 8.S. Triglav and Avala, were 
over 6,300 tons.-—The vessels launched from the Belfast, 
Glasgow, and North Woolwich shipyards of Messrs. 
Harland and Wolff, Limited, made a total of 145,280 
gross tons. Among these were the Britannic (26,730 tons), 
the Winchester Castle (19,800 tons) and the Highland 
Hope and Highland Princess (each 14,130 tons).— 
Messrs. Vickers-Armstrongs Limited, Barrow-in-Furness, 
launched 11 vessels, including six 550-ton and 600-ton 
submarines, the 4,000-ton Chilean submarine depot 
ship Araucano, the 1,309-ton destroyer H.M.S. Arrow 
and a 640-ton gunboat. The total tonnage was 29,440.— 
The shipping launched by Messrs. Cammell Laird and 
Company, Limited, Birkenhead, totalled 57,929 gross 
tons, and included the 12,700-tons steamer Sultan Star, 
the 9,080-ton motorship Athellaird, and the 7,000-ton 
motorships, Thurland Castle and Penrith Castle.—Six 
vessels were launched by Messrs. John Brown and Com- 
pany, Limited, Clydebank, including the 16,738-ton 
motorships, Rangitata and Rangitane. The total ton- 
nage of the six vessels was 45,007.—Messrs. Sir W. G. 
Armstrong, Whitworth and Company (Shipbuilders), 
Limited, Newcastle-on-Tyne, launched 10 vessels, making 
together, 44,070 tons. Seven of these were over 4,600 
tons, the largest being the oil-tank M.S. Anglo-Swede.— 
Tugs, trawlers, and steamers to the number of 31 and 
totalling 9,707 gross tons, were launched by Messrs. 
Cochrane and Sons, Limited, Ouse Shipbuilding Yard, 
Selby. 


BOOKS RECEIVED. 


Manufatti Stradali. Vol. II. Allargamenti Stradali, 
Gallerie Artificiali, Ponticelli e Ponti in Legno Case 
Cantoniere. By E. Miozzt. Milan: Ulrico Hoepli. 
{Price 80 lire.] 

Motorships of the World and Motor-Shipping Register. 
Edited by A. C. Harpy. London: Sampson Low, 
Marston and Company, Limited. [Price 12s. 6d. 
net. ] 

Ingenieur-Archiv. Vol. I. No. 1. Edited by Dr.-Ine. 
R. GRAMMEL. Berlin: Julius Springer. [Price 9°60 
marks. ] 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 1233. The Graphical and Analytical 
Determination of Stresses in Single Span and Continuous 
Beams under End Compression and Lateral Load with 
Variations in Shear, Distributed Load and Moment 
of Inertia. By B. H. Howarp. [Price 2s. net.] 
No. 1254. Part I. A Method of Calculating Suitable 
Airscrew Characteristics to Meet Given Conditions. 
The Resulting Airscrew Performance. Part II. A 
Comparison of the Observed Change of Performance 
Consequent on a Change of Airscrew and the Change 
Predicted by the Methods of Part I. By R. 8. Capon. 
[Price 2s. net.] No. 1256. The Distribution of Pressure 
over a Section of an Airscrew Blade in Flight, and the 
Variation of Lift Coefficient with the Speed of the Section. 
By E. T. Jones. [Price ls. 3d. net.] No. 1259. 
Theoretical Relationship for a Wing with Unbalanced 
Ailerons. By A. S. Hartsuorn. [Price 9d. net.] 
London: His Majesty’s Stationery Office. 

Ohio State University. Engineering Experiment Station 
Bulletin No. 47. A Method of Predicting Illumination 
from Light Courts. By K. Y. Tana. [Price 50 cents. ] 
No. 48. The Design of Tall Building Frames to 
Resist Wind. By C.'T. Morris and A. W. Ross, junr. 
[Price 50 cents.] No.49. Runoff Formulas and Methods 
Applied to Seiected Ohio Streams. By J. C. Prior. 
[Price 50 cents.] Circular No. 18. Simulative Service 
Tests for Glazed Brick. By J. O. Evernart. No. 19. 
Mining and Cleaning Domestic Coal in Ohio. By H. E. 
Notp and A. H. DrerKer. Columbus: Ohio State 
University. 

United States Bureau of Standards. Circular No. 376. 
Thermal Insulation of Buildings. [Price 5 cents.] 
No. 377. Some Properties of Sponge Rubber. [Price 
5 cents.] Washington: Government Printing Office. 

Elektrobetrieb in der Textilindustrie. By Dr.-INc. WILHELM 
Stiet. Leipzig: 8. Hirzel. [Price 33 marks. ] 

United States Bureau of Labor Statistics. Bulletin No. 497. 
Wages and Hours of Labor in the Lumber Industry in 
the United States : 1928. [Price 15 cents.] No. 498. 
Wages and Hours of Labor in the Boot and Shoe Industry, 
1910 to 1928. [Price 20 cents.] Washington : Govern- 
ment Printing Office. 

Conference of Empire Meteorologists, 1929. Agricultural 
Section. I. Report. Papers and Discussions. 
[Price ls. net each.] London: His Majesty’s Stationery 
Office. 

Outillage des Fabrications Mécaniques. By C. Rovure. 
Paris: Gaston Doin et Cie. [Price 15 francs. ] 

Minutes of Proceedings of the Institution of Civil Engineers. 
Vol. 227. 1928-29. Part I. Edited by H. H. Jerr- 
cotr. London: Offices of the Institution. 

Definitions and Formulae for Students. Building. Com- 
piled by THomas CorkKHILL. London: Sir Isaac Pit- 
man and Sons, Limited. [Price 6d. net.] 

Department of Scientific and Industrial Research. Building 
Research. Report No. 14. The Use of Calcium Chloride 
or Sodium Chloride as a Protection for Mortar or Concrete 
against Frost. By W. N. Tuomas. London: His 
Majesty’s Stationery Office. [Price 9d. net.] 

Mines Department. Safety in Mines Research Board. 
Paper No. 56. The Relative Inflammability of Coal 
Dusts. A Laboratory Study. By A. L. GopBERT 
and R. V. WHEELER. London: His Majesty’s 
Stationery Office. [Price 6d. net.] 

Centenary History of the Liverpool and Manchester Rail- 
way. By C. F. Denpy MarsHatt. London: The 
Locomotive Publishing Company. [Price 30s. net.] 

Electric Overhead Travelling Crane Design. By WILFRED 
A. Barson. London: Crosby Lockwood and Son. 
[Price 15s. net.] 

Energiewirtschaft. Eine Studie tiber kalorische und hydrau- 
lische Energieerzeugung. By Dr.-Inc. MICHAEL SEIDNER 
Vienna and Berlin: Julius Springer. [Price 9 marks. ] 

Der Wasserbau. Ein Handbuch fiir Studium und Praxis. 
Vol. I. By Ine-Dr. TecH ARNIM SCHOKLITSCH. 
Vienna: Julius Springer. [Price 52 marks. ] 

The Concrete Year Book, 1930. Edited by Oscar FABER 
and H. L. Cxmpr. London: Concrete Publications, 
Limited. [Price 3s. 6d. net.] 

Brassey's Naval and Shipping Annual, 1930. Edited by 
Comm. CHARLES N. Rosinson and H. M. Ross. 
London: William Clowes and Sons, Limited. [Price 
25s. net. ] 

Air Ministry. Meteorological Office. The Dines Balloon. 
Meteorograph and the Method of Using It. By L. H. G. 
Drives. London: His Majesty's Stationery Office. 
[Price 2s. net. ] 

Das Wasserschloss bet hochdruckspeicheranlagen unter 
b derer Beriicksichtigung des Kammerwasserschlosses 

mit Uberfall. By Dr.-Ine. Otro STRECK. 

Julius Springer. [Price 9-50 marks.] 





Berlin : 





Atr-BREAK STARTER FOR THREE-PHASE Morors: 
ErrRaATUM.—With reference to our article on the air- 
break starter for three-phase motors, which appeared 
on page 32 of our issue of last week, we very nal regret 
that, in the heading at the top of the page, the place of 
address of the manufacturers, Messrs. Airedale Electrical 
and Manufacturing Company, Limited, was erroneously 





given as Leeds, instead of Bradford. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Business is still very 
quiet. Inquiries for Cleveland pig are rather better, 
but actual sales are not readily arranged, and are almost 
confined to small parcels for home consumption, custo- 
mers abroad still refusing to pay ruling rates. Stocks 
are heavier than before the holidays, but are not in. 
conveniently large. Merchants have command of little 
iron, and makers adhere firmly to the fixed minimum 
figures that have been quoted for some time past. 
Midland foundry iron continues to be used to some 
extent here, and second hands are dealing more in 
iron from other home-producing centres. No. 1 Cleveland 
is 75s.; No. 3g.m.b., 72s. 6d.; No. 4 foundry, 71s. 6d. ; 
and No. 4 forge, 71s. 

Hematite.—Producers of East Coast hematite are 
fairly well sold, but new business matures slowly. While 
further sales for home consumption are confidently 
looked for, export business is checked by the com- 
parative cheapness of Continental iron. Second hands 
are rather heavily bought, and are more disposed to 
unload their holdings than for some time past. They 
offer ordinary qualities at 79s., and buyers claim they 
can shade that figure, but makers are inclined to hold 
out for 80s. for delivery over the first quarter of the 
year. 

Blast-Furnacemen’s Wages Advanced._-The average 
net selling price of No. 3 Cleveland pig iron for the 
last quarter of 1929 having been certified at 68s. 2-71d., 
as compared with 65s. 5-92d. for the previous three 
months, under sliding-scale arrangements, North-East 
Coast blast-furnacemen’s wages are advanced by 2:75 
per cent. for the current quarter, raising wages from 
11-25 per cent. above the standard to 14 per cent. above 
the standard. 

Foreign Ore.—Business in foreign ore is at a standstill, 
consumers being well bought and sellers having next to 
no ore to offer. 


Blast-Furnace Coke.—Durham blast-furnace coke con- 
tinues plentiful and weak in price; good average descrip- 
tions are on sale at 23s. delivered to local users. 

Manufactured Iron and Steel.—Aggregate tonnage 
output of manufactured iron and steel promises to be 
maintained on a heavy scale, as firms have fairly good 
order books, and hope to make new contracts. Pro- 
ducers of shipbuilding material, and bridge-building 
requisites, and railway necessities are turning out a lot 
of work. Common iron bars are 101. 15s. ; best bars, 
11/. 5s. ; double best bars, 11/. 15s. ; treble best bars, 
127. 5s.; iron rivets, 11/. 10s. ; packing (parallel), 8/. ; 
packing (tapered), 101. ; steel billets (soft), 61. 17s. 6d 
steel billets (medium), 7. 12s. 6d.; steel billets (hard), 
8l. 2s. 6d.; steel rivets, 11/. 5s.; steel ship plates, 
81. 15s.; steel angles, 8/. 7s. 6d.; steel joists, 8. 10s. ; 
heavy sections of steel rails, 8/. 10s. for parcels of 500 tons 
and over, and 91. for smaller lots ; black sheets, 91. 17s. 6d. ; 
and galvanised corrugated sheets, 12/. 12s. 6d. Messrs. 
Dorman, Long and Company, Limited, have secured an 
order for 9,000 tons of steel sleepers for Tanganyika, 
Kenya and Uganda. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Insufficient time has elapsed to gauge 
the actual volume and trend of the new year trade. The 
general undertone, however, is one of quiet optimism 
in the future, despite losses incurred by the transference 
of certain types of manufacture to other districts and the 
difficulty of finding adequate substitutes. From the price 
standpoint buyers and sellers of iron and steel are more 
or less marking time. Though not large, stocks are 
generally sufficient to meet current needs, coupled with 
deliveries under pre-Christmas contracts. Price advances 
were foreshadowed several months ago, but since then, 
the Continental position has undergone an important 
change, and in view of the prospect of increased rivalry 
from that quarter, it is unlikely that quotations will be 
increased except under the urge of sheer economic neces- 
sity. A heavy tonnage of steel scrap is going into con- 
sumption at local furnaces, and dismantlers are busy 
renewing stocks at distributing depots. The iron market 
is quiet, with prices fairly satisfactory. Current quota- 
tions are as follows: Siemens acid-steel billets, 91. 10s. ; 
hard basic-steel billets, 77. 12s. 6d. to 91. 12s. 6d. ; soft 
basic-steel billets, 61. 15s. ; Derbyshire foundry pig-iron, 
73s. 6d.; Derbyshire forge iron, 69s.; Lincolnshire 
foundry pig iron, 76s.; crown iron bars, 11l.; iron 
hoops, 12/.; steel hoops, 9/. 15s. to 101. 5s. The force 
of Belgian rivalry in wrought iron continues to be severely 
felt locally, with the result that some hundreds of opera- 
tives are on notice owing to depleted order books. On 
the other hand, local manufacturers have scored a notable 
success in retrieving, from Germany and Belgium, steel 
forging orders for British shipbuilders. To do this it has 
been necessary to quote absolutely rock-bottom prices, 
a process which has been facilitated by the advantages 
of rationalisation. There is considerable activity in the 
production of weldless steel buffers—a process in which 
Sheffield enjoys a monopoly. Railway carriages are 
under construction for Rhodesia. London is utilising 
increasing quantities of the latest type of stainless steel 
for shop-front reconstruction. 

South Yorkshire Coal Trade.—The local trade has not 
quite returned to recent conditions following a holiday 
stoppage, though the position at the pits and depots 
is not far short of normal. Domestic fuel is more in the 
picture, particularly as regards best qualities. Inferior 
grades are still in excess supply, with prices on the weak 
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side. Industrial fuel registers some progress. Inland 
needs, while large, show little variation, but on export 
account, the demand is again opening out, and prices 
generally, are firm. Blast-furnace coke continues a 
strong market, and foundry sorts are in active request. 
Quotations: Best branch hand-picked, 26s. 6d. to 28s. ; 
Derbyshire best brights, 21s. to 23s.; Derbyshire best 
house, 20s. 6d. to 21s. 6d. ; screened house coal, 18s. 6d. 
to 20s. ; screened house nuts, 16s. 6d. to 18s. ; Yorkshire 
hards, 15s. 6d. to 17s. ; Derbyshire hards, 15s. 6d. to 17s. ; 
rough slacks, 9s. to 10s.; nutty slacks, 7s. 6d. to 8s. 6d. ; 
smalls, 3s. to 58. 


NOTES FROM THE SOUTH-WEST. 


CarpiFF, Wednesday. 


ihe Coal Trade.—Shipments of Welsh coal are on a 
good scale, but with quick despatch and slow arrivals of 
tonnage, collieries find it impossible to avoid the diffi- 
culties arising from a shortage of shipping, though 
comfortably placed so far as orders for coal are con- 
cerned. The result is that prices have developed irregu- 
larities so far as large coal is concerned, due to the fact 
that day-to-day inquiries are somewhat meagre, while 
Admiralty large coals are easily obtainable on the basis 
of the minimum of 20s. per ton f.o.b. for best Admiralty 
large. Monmouthshire large coals, however, are in a 
comfortable position, owing to the placing of the Italian 
State Railway contracts. The result is that Black Vein 
large now commands 18s. 9d. to 19s., or 6d. to 9d. over 
the schedule minimum, with other classes in proportion, 
while dry large also commands 20s. to 21s., which is 
more than ls. above the schedule. Small coals are tight 
and scarce on the basis of 14s. 6d. to 14s. 9d. for best 
bunker classes, compared with a minimum of 13s. 6d., 
but dry nuts, though still well above the minima, are 
easier at 30s. to 31s. Shipments of coal foreign as cargo 
in the past week amounted to 619,850 tons, of which no 
less than “192,670 tons went to France and 105,400 tons 
to Italy, 366,760 tons going from Cardiff, 103,110 tons 
from Newport, 88,440 tons from Swansea, 49,180 tons 
from Port Talbot, and 12,360 tons from Llanelly. 


Iron and Steel.—Shipments of iron and steel goods last 
week amounted to 15,177 tons, including 9,870 tons of 
tin-plates and terne-plates, 1,465 tons of black-plates 
and sheets, 1,969 tons of galvanised sheets, and 1,778 
tons of iron and steel goods. 


Iron and Steel Rationalisation—An important step 
towards the rationalisation of the heavy iron and steel 
industries in South Wales has been taken by Guest, 
Keen and Nettlefolds, Limited, and Baldwins, Limited, 
who propose to form a new company to take over and 
operate the coke ovens, blast-furnaces, steel works, and 
heavy steel rolling mills of the two companies, situated 
principally at Cardiff, Dowlais, Margam, and Port 
Talbot. The board of the new company will be consti- 
tuted from the present directorates of Guest, Keen and 
Nettlefolds and Baldwins—Sir John Field Beale, K.B.E., 
chairman of Guest, Keen and Nettlefolds, Limited, 
becoming chairman of the new company, and Sir W. C. 
Wright, Bart., K.B.E., C.B., chairman of Baldwins, 
Limited, the deputy-chairman. The effect of the scheme 
will be that these two important companies, which will 
maintain their separate entities, will become partners, 
instead of competitors, for the purpose of the heavy iron 
and steel trades. The new company will take over from 
Guest, Keen and Nettlefolds the blast furnaces and steel 
mills at Cardiff and Dowlais, with Spanish ore mines, 
coking plant, and such collieries as may be needed ; 
while Baldwins’ contribution will be the Port Talbot 
Steelworks, the Margam Works and Briton Ferry Iron- 
works, together with the coke ovens and by-products 
plants and the generating stations at Margam, together 
with the interests of the company in the Oxfordshire 
Ironstone Company, Limited. 














HIGH-PRESSURE 4-6-2-2 Type LOocoMOTIVE ON THE 
LONDON AND NortH Eastern Rattway: ErRatumM.— 
In our article’on the new high-pressure locomotive recently 
brought out by Mr. H. N. Gresley, chief mechanical 
engineer of the London and North Eastern Railway, we 
stated, on page 850 of our issue of December 27, that 
Messrs. Cockburn and Company, of Glasgow, supplied 
certain fittings. The reference should have been to 
Messrs. Cockburns, Limited, of the Clydesdale Engineering 
Works, Cardonald, Glasgow. 





Contract.—Messrs. Boving and Company, Limited, 
56, Kingsway, London, W.C.2, have received an order 
for two 20,400-b.h.p. Francis turbines from Messrs. 
Electra de Viesgo, Santander, Spain. These turbines 
are of the vertical spiral casing type and are to work under 
a head varying between 82 ft. and 238 ft.; their speed 
is 250 r.p.m. Owing to the wide variation in head each 
turbine will be supplied with two runners, one for the 
range from 82 ft. to 180 ft., and one for the range from 
147 ft. to 238 ft., and the turbines will be so constructed 
that these runners will be quickly interchangeable. 

PEeRSONAL.—The Executive Council of South Aus- 
tralia has approved the appointment of Mr. J. H. O. 
Eaton, as Engineer-in-Chief of the Public Works Depart- 
ment.—A fusion of manufacturing interests has been 
arranged between the Relay Automatic Telephone Com- 
pany, Limited, and The Sterling Telephone and Electric 
Company, Limited. The manufacturing facilities at 
Relay House, Streatham Hill, London, S.W.2, will be 
considerably augmented to deal with the dual output 
of the two companies, which will respectively manufacture 
automatic, and manual telephone apparatus. All 
Inquiries in connection with The Sterling Company’s 
products should now be addressed to Relay House, 
Streatham-hill, London, 8.W.2. 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Scottish Steel Trade.—With the holiday feeling not 
yet over there is practically nothing doing at the Scottish 
steel works this week beyond repairs, &c. Bookings 
are not reported as heavy, but within the next few days, 
makers hope to do better in that line, and to have a 
fair number of specifications on hand to proceed with 
by the beginning of next week. If the prophets are 
anything near the mark we are likely to have a fair 
amount of activity in the industry during the Spring. 
Inquiries so far, however, do not point to any rush of 
fresh business being likely in the meantime. In the 
black-sheet trade the outlook is quite good and producers 
have a fairly satisfactory tonnage of work booked. 
Operations have been commenced at some of the works on 
account of the Spring shipments, and makers are looking 
forward to a busy time during the next month or two. 
Prices are unchanged and are as follow :—Boiler plates, 
10. 10s. per ton; ship plates, 8/. 15s. per ton; sections, 
8l. 7s. 6d. per ton; black sheets, 4 in., 91. per ton; 
and galvanised corrugated sheets (No. 24 gauge), 13/. per 
ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—Little can be said about the 
malleable-iron trade of the West of Scotland this week 
as the works are mostly still idle. Reports regarding new 
business are not too satisfactory, and, on the whole, the 
outlook is not very promising. ‘“‘Crown” bars are 
quoted at 10. 5s. per ton for home delivery, and 9I. 15s. 
per ton for export. Re-rolled steel bars are called 
71. 12s. 6d. per ton for home delivery and for export. 

Scottish Pig-Iron Trade.—There has been little in the 
way of demand for Scottish pig-iron this week as business 
has not generally got under way yet. Stocks are fairly 
heavy on makers’ hands and blast furnaces have not 
been blown in yet. The actual demand will determine 
when these will be re-lighted. Prices current are as 
follow :—Hematite, 8ls. per ton, delivered at the steel 
works ; foundry iron, No. 1, 8ls. per ton ; and No. 3, 
78s. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, January 4, amounted to 619 tons. During 
the corresponding week of last year the total shipped 
was only 30 tons. 

Scottish Shipbuilding.—That the shipbuilding industry 
of Scotland is still able to hold its head high in the air is 
amply proved by the returns of the past year, when, 
during a period in which unemployment was so rife 
throughout the country, the output from the shipyards 
told a tale of steady and hard work all round. More than 
that, it showed very clearly the effort made by the 
workers to back up their employers in their endeavour 
so to cut prices as to secure orders to keep the yards 
going. In many cases contracts were accepted at a 
figure which showed little or no profit, but by careful 
reorganisation of all departments, and with the workers all 
pulling their weight by good time-keeping and overlooking 
certain little grievances, which might easily have been 
the occasion of a dispute, the work was carried out 
expeditiously and the actual return was considered satis- 
factory. The shipbuilders have come through a year of 
much difficulty with great credit. In the case of the 
Clyde yards the five hundred thousand tonnage mark has 
again been passed for the eighteenth time since the figure 
was reached in the year 1901. The total for the past year 
was 565,798 tons, which is some 38,813 tons less than the 
output for the previous year. Everything considered, it 
was a highly satisfactory tonnage and, indeed, it ranks as 
the ninth highest Clyde output on record. With the 
exception of last year it is the best total since the year 
1920 when trade was good all round. The river Tay 
also showed a decline in tonnage of 14,682 tons, as against 
the previous year, but the Forth was better than 1928 
by 10,640 tons, and the Dee by 1,382 tons. For the 
different districts the figures show a total decline of 
41,473 tons when compared with the output of the year 
1928. The following are the output figures for the past 
year and also for the previous one :— 








1928. 
Vessels. Tons. LEP; 
The Clyde ae cee 241 604,611 673,907 
The Forth eae eae 52 25,739 2,650 
The Tay ane sila 11 32,106 8,150 
The Dee aa are 34 6,475 6,810 
Totals Pre 338 668,931 691,517 

1929. 
Vessels. Tons. L.H.P. 
The Clyde... re 234 565,798 750,237 

The Forth ... re 48 36,379 —_ 

TheTay ... ... 5 17,424 4,200 
The Dee oes oor 51 7,857 11,930 
Totals ae 338 627,458 766,367 


It is rather a coincidence that exactly the same 
number of vessels was launched during the last two years. 
It must be noted that although the total tonnage for 
1929 is down, the horse-power is much higher than for 
the year 1928. 

Shipbuilding Contracts.—The Crown Agents have placed 
an order with Messrs. Ferguson Brothers (Port-Glasgow), 
Limited, for a twin-screw bucket-ladder 800-ton hopper 
dredger for Hamilton, Bermuda. 








MARKET FOR AGRICULTURAL IMPLEMENTS IN CUBA.— 
A short report on the market for agricultural implements 
in Cuba has been prepared by the Department of Over- 
seas Trade. British firms desirous of receiving a copy 
of this report should communicate with the Department, 
at 35, Old Queen-street, London, S.W.1, quoting Refer- 
ence No. A.X. 8992. 





NOTICES OF MEETINGS, 


JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘The Track Circuit 
in Railway Signalling,” by Mr. H. J. N. Riddle. Friday, 
January 17, 7.30 p.m., ‘“ London’s Water Supply,” 
by Mr. G. Andrew-Marshall. 


Socrety or CHemicaL INDUSTRY: CHEMICAL ENGI- 
NEERING Grovup.—To-night, 8 p.m., Chemical Society, 
Burlington House, Piccadilly, W.1. ‘‘ Autogenous 
Welding in Chemical Works,” by Mr. J. R. Booer. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
January 13, 7 p.m., Victoria-embankment, W.C.2. 
Informal Meeting. Discussion on “ Efficiency,” by 
Mr. A. Morgan. North-Eastern Centre: Monday, 
January 13, 7 p.m., Armstrong College, Newcastle- 
upon-Tyne. ‘ Voltage Control of Large Alternators,” 
by Mr. H. W. Taylor. Scottish Centre: Tuesday, 
January 14, 7 p.m., North British Station Hotel, Edin- 
burgh. ‘The Heating of Buildings Electrically by 
Means of Thermal Storage,’”’ by Lieut.-Col. S. E. Monk- 
house. North Midland Centre: Tuesday, January 14, 
7 p.m., Hotel Metropole, Leeds. Informal discussion 
on “Colliery Electrification,”” by Mr. I. S. Mackenzie. 
London: Wednesday, January 15, 6 p.m., Victoria- 
embankment, W.C.2. Wireless Section Meeting: “A 
Method of Measuring the Overall Performance of Radio 
Receivers,” by Mr. H. A. Thomas. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Birming- 
ham Centre: Monday, January 13, 7 p.m., Queen’s 
Hotel, Birmingham. ‘“‘ Petrol-Electric Vehicle Character- 
istics,” by Mr. H. K. Whitehorn. 


INSTITUTE OF MeEtTAts.—Scottish Local Section : 
Monday, January 13, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank Crescent, 
Glasgow. ‘‘ Extrusion, and a Consideration of Some 
of the Physical Properties Affecting the Production of 
Rods, Tubes, and Sections of this Process,” by Mr. 
A. Wragg. North East Coast Local Section: Tuesday, 
January 14, 7.30 p.m., Armstrong College, Newcastle- 
upon-Tyne. ‘Chromium Plating,” by Mr. L. Wright. 
Birmingham Local Section: Thursday, January 16, 
7 p.m., Chamber of Commerce, New street, Birmingham. 
‘* Modern Annealing Furnaces,”’ by Mr. J. Fallon. 


INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, January 14, 5.30 p.m., Royal Society of Arts, 
John-street, Adelphi, W.C.2. “Efficiency in the 
Distillation of Light Oils from Crude Oil,” by Mr. A. A. 
Ashworth. 

INSTITUTION OF CrviL ENGINEERS.—Tuesday, January 
14, 6 p.m., Great George-street, S.W.1. “ Railway 
Traction by Oil-Engines,” by Mr. A. E. L. Charlton. 
Wednesday, January 15, 6 p.m. Informal Meeting. 
“Developments in Transportation by Cableways,” 
by Prof. 8. M. Dixon. 


INSTITUTE OF MARINE ENGINEERS.—Tuesday, January 
14, 6.30 p.m., 85-88, The Minories, E.C.3. ‘‘ Water-Tube 
Boilers for Merchant Ships,” by Eng.-Rear Admiral 
W. M. Whayman. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaNp.—Tuesday, January 14, 7.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘‘The Conversion of Mine- 
Sweepers to Passenger Vessels,” by Mr. J. G. Johnstone. 


SHEFFIELD METALLURGICAL AssocrIATION.—Tuesday, 
January 14, 7.30 p.m., 198, West-street, Sheffield. 
Annual General Meeting. Presidential Address by 
Mr. S. J. Hewitt. 

Soctety oF Guass TECHNOLOGY.—Wednesday, Janu- 
ary 15, 2 p.m., The University, Sheffield. ‘‘ The Influence 
of Manganese Oxide on Some Properties of Glass,” by 
Mr. A. A. Childs, Miss V. Dimbleby, Mr. F. Winks, and 
Professor W. E. 8S. Turner. ‘‘ The Physical Properties 
of Soda-Silica Glasses, Part I.—The Therma] Expansion,” 
by Professor W. E. 8. Turner and Mr. F. Winks. ‘“‘ Note 
on the Formation of Sodium Sulphate in Glass Tank 
Furnaces,” by Professor W. E. 8. Turner. ‘‘ Glasshouse 
Refractories. A Study of Corrosion-Resisting Proper- 
ties,” by Dr. J. H. Partridge and Mr. H. C. Biggs. 

INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Centre: Wednesday, January 15, 7 p.m., Chamber 
of Commerce, New-street, Birmingham. Presidential 
Address by Mr. W. G. Groocock. 

INSTITUTION OF MECHANICAL ENGINEERS.— Yorkshire 
Branch: Wednesday, January 15, 7.30 p.m., Grand 
Hotel, Sheffield. Chairman’s Address. ‘‘ Some Engineer- 
ing Problems in South and East Africa,” by Professor 
F. C. Lea, and on Thursday, January 16, 7.30 p.m., Hotel 
Metropole, Leeds. London: Friday, January 17, 7 p.m., 
Storey’s-gate,S.W.1. Informal Meeting. ‘‘ The Pooling 
of Experience—A Function of the Institution ?” intro- 
duced by Mr. T. Walley. 

Royvat MertTeoroLogicaL Soctery.—Wednesday, 
January 15, 7.30 p.m., 49, Cromwell-road, South Kensing- 
ton, S.W.7. Annual General Meeting. Address on 
‘“‘ Weather Cycles and Weather Recurrences,” by Sir R. 
Gregory. 

Roya Society or Arts.—Wednesday, January 15’ 
8 p.m., John-street, Adelphi, W.C.2. “Quality in 
Pottery,” by Mr. J. Burton. 

Oprioat Society.—Thursday, January 16, 7.30 p.m., 
Imperial College of Science and Technology, South 
Kensington, 8.W.7. “The Ross Modification of the 
Hilger Interferometers for Testing large Optical Ele- 
ments,” by Mr. O. G. Hay. ‘‘The Reflection Factor 
of Magnesium Oxide,” by Mr. J. 8. Preston. Demon- 
strations of ‘ Scientific Occluding Glass for Use in the 
Treatment of Squint.” ‘‘ A Visual Test with a New Sys- 
tem of Equi-photic Illumination,” by Messrs. Raphael’s 
Limited. 
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NAVAL ENGINEERING. 


In spite of the discouragement given to both 
engineers and engines in the early days of the 
British Navy, the engineering department of the 
Admiralty has one advantage over the superinten- 
dent’s office of the Mercantile Marine, in that the 
working of officialdom has resulted in the preserva- 
tion of practically complete records. The story of 
marine engineering in the Navy is therefore more 
coherent than of that in the merchant service, in 
which not only was there little systematic effort 
to preserve early records, but the jealousies and 
rivalries of both owners and builders prevented 
much that was useful and interesting from becoming 
generally known. This very completeness of naval 
engineering records imposed a difficult task upon 
the Engineer-in-Chief of the Admiralty, Engineer- 
Vice-Admiral R. W. Skelton, in his delivery of the 
third Thomas Lowe Gray lecture at the Institution 
of Mechanical Engineers, on Friday last. With 
such a mass of material at hand in the way of 
data, plans, detail drawings, diagrams, and service 
reports, with trial and test results in reams, only 
one with a thorough grasp of his subject, such as 
is possessed by Admiral Skelton, could select and 
emphasise the points of real interest. The lecture, 
listened to with undivided attention, had, however, 
in spite of such selection, to be somewhat further 
condensed in delivery, and will consequently 
only be available in its complete form in the 
Proceedings of the Institution., Those present on 
Friday would do well to refer to these, in order to 
make themselves familiar with the omitted portions. 
It would be impossible for us to do anything like 
justice to the lecture by summarising it in the space 
at our disposal. We shall not attempt the task; 


in fact, we can do no more than comment on one 
or two of the turning points in practice which divide 





i as Allan, 30, Church-street. 





One of these is 


naval engineering into epochs. 


the advent of the water-tube boiler in the Navy, 
a change which had far-reaching consequences, and 
in the small-tube boiler, at any rate, was un- 
doubtedly delayed by a deficiency of suitable 
materials and of knowledge of handling them, 
arising from the state of the metallurgical technique 
of the day. Admiral Skelton, while mentioning 
the installation of water-tube boilers by Thorny- 
croft, in 1885, in Torpedo Boat No. 100, did not 
refer to a circumstance which retarded their 
extended use for an appreciable time. As a result 
of the success of this boat, three others were 
constructed by Messrs. Thornycroft for the Indian 
Marine in 1887, and these, after delivery, were 
allowed to lie in reserve at Bombay. An examina- 
tion of the boilers at the end of a year showed such 
serious external corrosion that they had to be 
retubed. No doubt the trouble was of climatic 
origin, but an unfortunate prejudice seems to have 
been created against a boiler, excellent in design and 
performance, and six years elapsed before it was 
seen in H.M.S. Speedy. 

It may be that this experience had some effect 
upon the reactionary policy which enforced the 
fitting of copper tubes to other types of small-tube 
water-tube boiler, a policy which resulted in loss 
of life in at least one stokehold. In the Yarrow 
boilers of the Hornet, in the Normand boilers 
of the Rocket and Shark, and in the Blechynden 
boilers of the Sturgeon (1894), copper tubes split 
under steam, generally in rows next to the fire. 
In the last instance, steel tubes were originally pro- 
posed by the contractors, whose view was set aside. 
The accidents resulted, however, in the concession 
that the four rows of tubes next to the fire might 
be made of steel, and eventually copper tubes were 
abandoned altogether. As these boilers were some- 
times steamed on trials at rates of about 75 Ib. of 
coal per square foot of grate per hour, and the 
pressure was round about 200 lb. per square inch, 
the conditions for copper tubes exposed to the 
flames were undoubtedly severe. 

An experiment was made, after the accidents, 
with a copper tube taken from a boiler that had 
worked for a short time at full power. It was 
1 in. in external diameter, by 0-07 in. thick. The 
experiment was carried out in a smithy, the tube 
containing water, sealed at both ends, and inclined 
at a slight angle, being placed on the hearth. A 
pipe was led from one end of the tube to a pressure 
gauge outside the building. The blower was left 
in operation on the hearth, and the observers 
retired. In about 64 minutes after the pointer of 
the gauge had begun to move, and at a pressure of 
2,000 lb. per square inch, the tube burst along the 
heated portion, becoming quite flattened out in 
the operation. A similar experiment was then 
carried out with a new steel tube, 1} in. in external 
diameter, and 0-104 in. thickness. This tube 
burst at a pressure of 4,789 lb. per square inch, the 
area of rupture being much less than with the 
copper tube. The stress on the copper tube was 
calculated to be about 5-5 tons per square inch, 
when the steam temperature was approximately 
650 deg. Fahr. The stress on the steel tube was 
about 10-75 tons per square inch, with a steam 
temperature of some 800 deg. Fahr. It is clear, of 
course, that working conditions were not reproduced, 
as there was no circulation taking place in the 
tubes, but the experiments showed sufficiently well 
that steel was less seriously affected by overheating 
than copper. In this case, the metal was probably 
much hotter than the steam. Experiments made 
on a Belleville boiler, showed that, when burning 
coal at the rate of 18 lb. to 25 Ib. per square foot 
of grate per hour, the mean temperature of the 
boiler tubes was 112 deg. Fahr. above that of the 
steam. At 300 lb. per square inch pressure, this 
would give a tube temperature of about 534 deg. 
Fahr. At 33 Ib. of coal per square foot of grate the 
difference would be 167 deg. Fahr. 

The increased pressure employed in water-tube 
boilers, with their accompanying higher tempera- 
tures, involved investigation of the loss of strength 
of various metals at high temperatures, which 
investigation was carried out by the Admiralty. 
It is interesting to note, both with regard to the 
state of knowledge of that day on this point, and 








also to present views on metals subjected to modern 
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high superheat temperatures, that 800 deg. Fahr. 
was considered to be a safe limiting temperature for 
mild steel from the point of view of loss of strength. 
The experiments were, in many instances, carried 
out with temperatures as high as 1,300 deg. Fahr. 
A standard temperature of 400 deg. Fahr. was taken 
for comparison with that of 60 deg. Fahr., the 
resulting loss of ultimate tensile strength at the 
higher temperature being given as a percentage of 
the normal. With Admiralty gunmetal, this 
percentage was from 10 to 15, naval brass 5, man- 
ganese bronze 8, ordinary copper 7, compressed 
copper 11. At this period, cast steel was not always 
all it might be. As Admiral Skelton says, it was 
first used for important castings exposed to steam 
pressure on the Belleville boilers, but though a high 
standard was insisted upon, a-good deal of trouble 
was experienced from blow holes. One of the reduc- 
ing valves of the Powerful, a large chest of this 
material some 6 ft. high, cracked in service. 

On the other hand, the malleable cast-iron used 
in the tube-boxes of these boilers proved excellent 
material, though, perhaps, a little troublesome to 
machine. As the latter Belleville boilers steamed 
at 300 lb. per square inch, and the inner boxes, at 
all events, were fully exposed to the furnace gases, 
the employment of this material in modern steam- 
raising practice would be worth investigation. It 
may be of interest to point out, in connection with 
high-pressure joints, that each tube element of the 
Belleville boilers was secured to the cross-feed 
distributor by a single bolt only, and that at one 
side, the joint being made by a nickel thimble on 
a conical steel nipple entering the bottom tube box. 

The above details may serve to illustrate that 
contractors, as well as Naval engineers, had diffi- 
culties to overcome when a major change in 
practice was made, and that these difficulties 
were not always of their own making. At the 
same time, though it has been often said that 
Naval engineering is too conservative, chiefly, we 
suspect, by those who chafe under the rigidity 
of its system of inspection, it must not be for- 
gotten that in the past, the Admiralty has had, 
unlike the great commercial firms, very little 
money with which to make experiments, and it is, 
after all, a wise policy that hesitates to accept 
results at second hand. Possibly, the more general 
recognition of the utility of scientific research, even 
by that most inconsequent body of men, the 
politicians, will, in time, enable Admiralty engi- 
neers to carry out more extensive and specialised 
research work. As to the Admiralty’s future 
policy, at the meeting of Friday last, more than 
one protagonist of the internal-combustion engine 
was present, who, probably encouraged by the 
design of H.M.S. Medway, waited, with scarcely 
concealed eagerness, to hear the doom of the steam 
engine pronounced. It did not come; instead, there 
was an admirably balanced summary of the present 
state of the two prime movers, from which it was 
impossible to escape the conclusion that the time 
of the Naval boilerless ship is not yet. 








ELECTRICITY SUPPLY AND LOW 
TEMPERATURE CARBONISATION. 


Durine the year ended March 31, 1929, some 
9,500,000 tons of coal and coke were consumed 
in the public electricity supply -stations of this 
country. Anything, therefore, which will lead to 
the more economical use of these materials is worthy 
of examination by the engineers concerned, besides 
being of interest to the public generally. On the 
other hand, painstakirg efforts are being made 
to find methods, which will enable the greatest 
use to be made of the constituents of coal, 
and thus increase the value of every ton won, 
without necessarily raising the selling price. This 
search is essential, owing to the falling off in our 
export trade, for reasons which are too well known 
to need re-statement here. One of these methods, 
which, after much difficult and disappointing 
preliminary work, now offers good prospects of 
success is low-temperature carbonisation, as this 
treatment of the coal results in a semi-coke of 
good, if not high, calorific value, and in by-products, 
such as gas, tar and oil, for which there should be 
a not unprofitable market. On economic grounds 





it is, however, necessary that such a process 
be conducted on a large scale, and it is natural, 
therefore, that its protagonists should look to the 
electricity supply industry for assistance. 

For the reason, which we have already given, 
that industry is not likely to turn an unfavourable 
ear to this appeal. But before doing more it will 
need to be assured on certain points. The first 
is whether the initial cost of the carbonisation plant 
will be low enough to enable the semi-coke to be 
supplied at a price, which will compete with any 
other fuels that can be used; and in answering 
this question it must be remembered that the 
criterion is the cost per kilowatt-hour generated. 
In other words, the price per heat unit in the semi- 
coke must be equivalent to the price, calculated on 
the same basis, of the raw coal. It will also 
require proof that the carbonising plant will operate 
without risk of breakdown, and that its adoption 
will not unfavourably affect other parts of the 
equipment. The general impression to be gathered 
from the three papers on this subject, which were 
read at a joint meeting of the Institution of Electrical 
Engineers and the Institute of Fuel towards the end 
of last year, and dealt with English, American and 
German practice respectively, is that the second and 
third questions can be answered in a sense favourable 
to both parties. It is true that each of the authors 
described only one system native to his own 
country, though, as our readers are well aware, 
there are others which have reached, or are reach- 
ing, the stage when they can be practically applied 
on a large scale. This reticence was not, however, 
sufficient to conceal the fact that from the technical 
point of view there is no reason why a coal car- 
bonisation plant should not form part of an electric 
generating station. But when we come to the first, 
and by far the more important, question, it is 
obvious that a categorical answer is not by any 
means so easy. This is shown by the fact that 
there are only three such plants in existence. As, 
however, it is on a favourable solution to the 
economic problem that the proposal must stand 
or fall, it will be well to examine the arguments 
of the various authors in detail. 

The case from the English point of view was 
presented by Messrs. E. H. Smythe and E. G. 
Weeks, who pointed out that the high load factor 
operation, which would be a feature of the new 
base-load stations, was a condition favourable to 
the combination of low-temperature carbonisation 
with electrical generation. To achieve this 
combination was the primary object of the plant 
that had been installed at Dunston-on-Tyne, and 
the results attained with it had confirmed the 
soundness of the idea. This success was due to the 
facts that large quantities of coal were used at one 
spot and that the volatile constituents of this coal 
were not consumed in the boilers, but were utilised 
for the production of such commodities as motor 
spirit, fuel-oil, creosote and pitch. Incidentally, the 
smoke nuisance was reduced. The semi-coke 
resulting from the carbonisation process had a 
volatile content of from 12 to 14 per cent., and there 
had been no difficulties due to ignition or from 
burning out. When pulverised, the semi-coke was 
less hygroscopic than powdered coal, and less liable 
to spontaneous combustion. From one ton of coal 
costing 1ls., products, exclusive of the semi-coke, 
could be derived, the value of which was 8s. 1ld. 
It was claimed, therefore, that a new situation in 
electrical generation had been created, which might 
result in the cheapening of the unit and the pro- 
vision of a smokeless boiler fuel. 

Unfortunately, Messrs. Smythe and Weeks gave 
no figures for capital cost. The reason for this 
omission, rather naively stated, is that the expendi- 
ture on this plant, the details of which had to be 
designed as the work progressed, would not form 
a reliable guide. On the other hand, they admitted 
that there was no difficulty in preparing a close 
estimate for a plant of any desired through-put. 
It is a pity, therefore, that this was not done; 
and the result stated. Fortunately this important 
hiatus was to some extent repaired by another 
author. 

The American point of view was presented by 
Mr. S. McEwen, who considered that a carbonisa- 
tion plant to be successfully used in connection 











with a generating station must have a lower capit:] 
cost and be cheaper to operate than one for supplv- 
ing domestic fuel. To effect this reduction involved 
the production of a gas which could be sold for 
town’s supply, and necessitated an alliance between 
the electricity producer and the gas distributor. 
This possibility has not, of course, been lost sight of 
in this country. Mr. McEwen also gave figures to 
show that low-temperature carbonisation enabicd 
a net revenue to be secured from the sale of by- 
products, which was at least equal to that obtainable 
when high-temperature processes were used for the 
same purpose, and, further, resulted in a solid fuel, 
which would be preferred by the power station 
engineer to raw coal, because it was more readily 
combustible, and could be burned at a higher 
efficiency and at a greater rate per unit of combus- 
tion space. There was also a possibility that the 
operating and capital costs of low-temperature 
carbonisation would before long be reduced below 
those of the high-temperature processes. 

Mr. McEwen also expressed the opinion that 
it was unnecessary either that the carbonising plant 
should be capable of operating at a varying output 
in accordance with the power demand, or that 
it should only be used in combination with a 
base-load station. For pulverised semi-coke can 
easily be stored, and the variation in the demand 
for gas can be provided for in the same manner. 
In many large American towns, moreover, the 
demands for gas and electricity bear such a relation- 
ship to each other that they can be met by the 
amounts, which the carbonisation of coal yields. 
Unfortunately, there was once again no statement 
of capital costs, though from the summary of 
his arguments that we have given it is evident 
that this author is well aware of their importance. 

The paper on German practice, which was read 
by Professor P. Rosin, brought into the discussion 
a breath of pessimism, which was notably absent 
from the other two communications. As is well 
known, a fierce struggle is taking place in Germany 
between the hard and brown coal interests, in 
which, so far as the generation of electricity is 
concerned, the latter is gaining the upper hand. 
For while in 1914 only 23 per cent. of the elec- 
tricity generated in public stations was produced 
from this fuel, at the present time the figure probably 
exceeds 60 per cent., the amount consumed per 
annum being between 25 and 30 million tons. 
Again, although some 170 million tons of brown 
coal are now raised per annum, there is still enough 
and to spare and it is likely to remain cheap. On 
the other hand, the price of hard coal will probably 
increase. 

In Professor Rosin’s opinion this bias in favour 
of brown coal is accentuated by the advantages 
that are derivable from its low temperature car- 
bonisation. The composition of the hard coal 
found in Germany is such that any profit derivable 
from its treatment in this way must arise from 
the sale of the semi-coke rather than from the 
other products. In other words, it must depend 
on the difference between the values of the original 
slack coal and of the lump semi-coke. Moreover, 
hard coal, which is suitable for combustion under 
power station boilers and unsuitable for low tem- 
perature carbonisation, can be bought at a price 
lower than that which the carbonising plants 
would have to pay for their raw material. It 
therefore follows that a combination of a carbonising 
plant using hard coal and a power station canno 
be operated on a remunerative basis, until the 
capital cost of the former has been reduced to a 
fraction of the present figure, or until totally dif- 
ferent price conditions rule in the oil market. 
Such a carbonising plant would cost at least 
3-51. per kilowatt installed, and the whole of the 
expenses in connection with that expenditure 
would have to be covered by the profit derived 
from the gas and tar, if the cost of generation were 
not to be increased. There is, in Professor Rosin’s 
opinion, no prospect at the moment that such 
plants can be remuneratively operated. This is 4 
statement of the condition of affairs, which no 
doubt British electricity supply engineers will c2re- 
fully ponder. It is also a statement, which the pro- 
tagonists of low temperature carbonisation must 
be prepared to answer. 
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The position as regards the carbonisation of | 
brown coal is, however, better, since tar and not 
semi-coke is the main product and the value of 
the former is 2} times that of the latter. Although 
owing to the drying and refining equipment, the 
capital cost of such a carbonisation plant is from 
12-51. to 17-51. per kw., depending on the yield of 
semi-coke, its calorific value and the electrical 
output, experience shows that the process can be 
applied with economic advantage to a base-load 
station and that, if the tar yield is 7 per cent., 
a revenue about half of that which is obtained 
from the electricity can be secured from that by- 
product. For this reason, as Professor Rosin 
rightly argues, the electricity profits must be the 
first consideration, and these must be of such 
an amount that the fluctuations in the price of 
oil will not endanger the economic stability of the 
whole. In other words, the main product of 
such a combination must be electricity, and its 
economic generation must be a dominant factor 
in the situation. That is a statement with which 
we have also no doubt electricity supply engineers 
will heartily agree. 

The discussion on these three papers was short, 
for the reason that too much time was allowed to 
one of the authors to dilate on the details of a 
particular system, which must by now be well- 
known, and disappointing because no electricity 
supply engineer gave his views on a subject with 
which, eventually at least, he must be intimately 
concerned. The number of those present who 
fall into that category could indeed be counted on 
the fingers of one hand. This may be due, as 
Mr. Selvey pointed out, to the fact that a statutory 
concern cannot help to develop an industry without 
legislative authority. We did, however, hear 
something about the necessity of the electrical 
and gas industries working together on this problem, 
a policy which is unlikely to be without its diffi- 
culties, and that recent experiments had shown 
that by firing semi-coke, instead of raw coal, the 
sulphurous fumes trouble could be reduced by 
50 percent. Nevertheless at the moment we cannot 
do other than reiterate, with Dr. Lander, that 
it is to the economic factors, that most attention 
should be directed. 
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Confirmation of the trend indicated in the first 
table is to be found in Table II, containing figures 
of the workpeople insured and unemployed in the 
electrical engineering industry, published by the 
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Engineering. 
United Kingdom > 7 
Imports of Copper. Employment. 
Monthly 
Average | 
for Volume Index No. Em- Index 
in 1913 = ployed in 1913 = 
Tons. 100. 10 Districts. 100. 
-_ | al elt 
1913...  ..| 8,912 | 100-0 10,720 100-0 
wie: |Cf ee 12,544 117-0 
ima «6 eee = 18,372 180-5 
1922— 
Ist Qr. ..) 4,954 55-6 a = 
2nd ,, re 3,483 39-1 _ — 
3rd) !| 6.641 74:5 2 a 
4th ;, ..| 7,996 89-7 g z 
1923— 
Ist Qr. ..| 8,017 90-0 . ae 
wd; ..| o6te | 1068 12,507 116-7 
3rd) !.| 9875 «| «105-2 y ; 
4th * [| 12,742 | 143-0 15,106 149-0 
1924— 
Ist Qr. 12,455 | 139-8 
2nd ,, ..| 12,285 | 137-8 14,885 138-8 
3rd ..| 12,821 143-9 - 
4th ? 12,950 | 145-3 15,585 145-4 
1925— 
Ist Qr. 14,556 | 163-3 1 Lene i 
ond ., ..| 13,722 | 154-0 f| 15,924 148-6 
3rd) S| «14818 | 160-7 ge ah 
4th 2, 12878 | 144-4 \ 15,248 142-1 
1926— e 
Ist ,, ..| 12,392 | 139-0 oe noe 
Qnd )) | 10,51 118-0 \ 14,287 133-3 
3rd | «115565 | 129-7 . ao 
4th |? [:] 12;501 | 140-2 } 14,970 139-6 
1927— 
Ist Qr. ..| 12,339 | 138-5 , ~~ 
ond ., ..| 13,198 | 148-1 15,394 148-5 
3rd, ..| 11,561 | 129-7 : = 
ath ” ‘| 12292 | 137-9 15,828 147-6 
1928— 
Ist Qr. ..| 14,445 | 162-1 — ahi 
2nd ,, ..| 14,861 166-8 16,796 156-7 
3rd) !.| 12;760 | 143-2 Sats ae 
4th ”  .| 13,684 | 158-5 f|  1%,058 159-3 
1929— 
Ist Qr. 13,903 | 156-0 \ , re 
ond ,, ..| | 15,181 170-3 f 16,759 156-3 
ard |) -13,253 | 148-6 ate ad 
ath 5, :.| 14,768t | 105-6t f 17,630t 164-5t 





* Figures not comparable owing to War Stocks. 
+ Estimated on incomplete returns. 
Ministry of Labour, with an additional column 
showing the actual number émployed at July, 1929, 
compared with the same period in previous years. 
The figures for 1928 and 1929 are not strictly 
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In reviewing the electrical engineering industry 
last year it was suggested that the excellent progress 
of recent years would be maintained during 1929, 
and that this further expansion would be achieved 
by an improvement both in the home demand and 


Employed. 





Number of Workpeople. 


Index 
| 1923 = 100. 





in exports. As regards the further improvement, 
there can be no question that in volume, this has 





been achieved, and this in itself must be regarded 
as a most satisfying result. At the same time 
there is reason within the circumstances of the 
industry itself, and quite apart from the external 
factors touched upon in the first of this series of 
articles, to view the prospects with less confidence 
than at this time last year. 

Table I gives statistics of the importation of 
copper into the United Kingdom, and of employment 
in the principal districts in this country concerned 
with the manufacture of electrical machinery. 
Copper is an item of such importance in electrical 
manufacture that fluctuations in its importation 
may be regarded as a reliable index of the fortunes 
of the industry, allowance being made for a suitable 
lag in time. The increased volume of production 
during 1929 is confirmed by the sample statistics 
of employment, which show a higher level of employ- 
ment than ever before, with the exception of the 
boom year 1920. 

Judged by the volume of copper imports antici- 
pated for the last quarter, and the increase in 
employment, there would in normal circumstances 
be good reason to anticipate a continuation of 
activity in this industry for the first part of 1930. 
To the extent that such activity is the creation 
of home demand by Government schemes, this 
view does not require modification. A counter- 
balancing factor of importance is the probable 
decline of normal industrial requirements, due to 


Date. $ 
Insured. ak Employed. | 

July, 1923 F | 60,960 3,153 57,807 100-0 
» 1924 ra 71,530 3,466 68,064 117-7 
»» 1925 re 76,720 | 4,288 72,432 125-3 
» 1926 ..| 77,000 6,514 70,486 121-9 
ey, ..| 79,300 3,790 75,510 130-5 
» 1928* ..! 79,770 4,000 75,770 131-1 
» 1929* . 7 84,430 | 3,248 | 81,182 | 140-2 





* Includes only persons 16—64 years of age. 


comparable with those of preceding years, owing 
to the exclusion latterly of persons of less than 16 
or more than 64. On the pre-1928 basis, the figures 
for 1928 and 1929 would probably be increased 
by some 2,000 workpeople. If, however, the volume 
of production has increased, this has not been 
achieved by an improvement of both export and 
home demand. Table III reveals that there has 
been a decline in the volume of exports in every 
quarter of 1929 as compared with 1928, while 
value per ton has barely been maintained. 

Exports to British India, New Zealand and South 
America have declined sufficiently to account for 
the whole of the loss, as compared with the preceding 
year. Other markets have remained more or less 
stationary, there being no increases important 
enough to deserve attention. 

Imports into the home market during 1929 have 
shown further considerable expansion, and are now 
on a considerably higher level than in any other 
post-war year. Although they have not yet 
regained their 1913 level, this appreciable and 
steadily increasing volume of importation, with an 
ever-increasing value per ton, is a serious weakness 





the unfavourable general economic position. 


to the British manufacturing industry. Perhaps 


the most striking feature of this table is the large 
gap between the value per ton of exports and 
imports. At the same time, it being granted that 
there has been a sufficient increase in home demand, 
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Machinery. 
| Volume. Value per Ton. 
Monthly | 
Average for } | 
: | Tons. | Index. £ Index. 
1913 .. 2,238 100-0 84-5 100-0 
1922— | 
Ist Qr. | 1,738 “7 275-0 4 
ae ‘a 1.215 -3 | 276-5 2 
3rd_,, we wat donee 3°2 216-9 ‘7 
4th ,, | 1,434 “1 215-7 +3 
1923— 
Ist Qr. 1,638 73°2 206-7 
2nd _,, 1,660 74-2 186-5 
3rd_s,, 1,468 65-6 189-2 
4th ,, | 2,235 99-9 175-0 207-1 
1924— 
Ist Qr. 2,604 116-4 163-0 192-9 
2nd ,, | 2'526 | 112-9 | 167-0 197-6 
3rd_s, | 2,468 110°3 175-7 207-9 
4th | 2,878 128-6 175-4 207-6 
1925— 
Ist Qr. .. ee 2,943 131-5 174-5 206-5 
, re ..| 2,816 125-8 176-4 208-8 
ae .-| 2,587 113-4 170-9 202-2 
Oe ss | 63S 124-0 171-8 203-3 
1926-— 
Ist Qr. 3,175 141-8 162-6 192-4 
2nd ,, 2,433 108-7 163-2 193-1 
3rd 2,745 122-6 174-4 206-4 
4th ,, 3,101 138-6 176-4 208-8 
1927— 
me Gh .3 ua 3,606 161-1 163-9 194-0 
re ..| 3,185 140-1 171-6 203-1 
we <t Seen 159-6 156-5 185-2 
4th ,, a x 3,314 148-1 165-6 196-0 
1928— 
me Gn. Cts ea 3,571 159-6 161-2 190-8 
ie. x ..| 3,496 156-2 163-8 193-8 
ee ..| 3,086 137-9 164-0 194-1 
ce ..| 3,560 159-0 161-4 191-1 
1929— 
tet Gr... ..| 3,446 154-0 160-7 190-2 
2nd ,, ee fy 3,222 144-0 162-3 192-1 
ae | 298 132-8 164-2 194-3 
4th ,, sa ea 3,372* 150-7* 163 -5* 193-5* 














* Estimated on incomplete returns, 


to offset the decline of exports and leave a net 
increase in the volume of production, it may well 
be that the increase of imports is only proportional, 
and need not imply that the British industry is 


TABLE IV.—United Kingdom Retained Imports of 
Electrical Machinery. 
































Volume. Value per Ton. 
Monthly Se ed pee en 
Average for } 
Tons. Index. £ Index. 
1918 .. an wa 902 100-0 115-2 100-0 
1922— 
werG a. ee 347 38-5 357-9 310-7 
2nd ,, mi “a 355 39-4 253-3 219-9 
3rd, “s 7 506 56-1 201-4 174-8 
4th ,, «% ue 269 29°8 192-4 167-0 
1923— 
Ist Qr. .. Ae 338 37-5 246-4 213-9 
2nd ,, te oa 375 41-6 218-5 189-7 
3rd_,, ra a 296 32-8 230-3 199-9 
4th ,, ma he's 285 31-6 240-8 209-0 
1924— 
Ist Qr. .. éa 274 30-4 261-9 227-3 
2nd ,, ~ we 391 43-3 241-2 209-4 
ard _,, we re 301 33-4 267-8 232-5 
4th ,, ae “a 381 42-2 214-4 186-1 
1925— 
Ist Qr. .. J 400 44-3 207-1 179-8 
2nd ,, we Sa 310 34-4 281-5 244-4 
3rd _,, ee a 358 39-7 263-7 228-9 
4th ,, re ee 299 33-1 250-0 217-0 
1926— 
|: re 285 31-6 271-8 235-9 
2nd ,, ee we 393 43-6 259-3 225-1 
3rd_,, ee we 267 29-6 285-3 247-7 
4th 406 45-0 254-8 221-2 
1927-— 
Ist Qr. .. wa 424 47-0 270-2 “5 
2nd ,, ee ae 489 54-2 291-4 3-0 
3rd_,, - ee 457 50-7 242-3 3 
4th ,, oe ee 506 56-1 249-4 “5 
1928— 
ins Qe... wie 676 74-9 206-2 179-0 
2nd ..,, ‘Ka ve 484 53-7 265-1 230-1 
3rd_ ss, es we 440 48-8 286-9 249-0 
4th ,, i re 456 50-6 297-0 257-8 
1929— 
Ist Qr. .. as 560 62-1 240-0 208-3 
2nd ,, x? ie 558 =| 61-9 255-8 222-2 
3rd _,, ae ti] B44 | 60-3 262-1 227-5 
4th ,, es ee 545* 60-4* 290-2* 251-9* 








* Estimated on incomplete returns. 


supplying a smaller share of the home demand than 
formerly. It will be recalled that on the basis 
of the Census of Production, the British industry’s 
share could be put at 90 per cent. of the whole 
home market. 





The world competitive situation is most easily 
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) 
judged by an examination of the international | 
export figures in Table V. The declared values 
of the exports of electrical machinery from six 
principal countries given in sterling converted at 
the average rate of exchange for each year. 

The most striking feature of this table is the 
absence of any expansion in the aggregate exports 
of these six countries in 1929, as compared with 
1928. Within a constant total the British share 
has fallen considerably, while in 1928 the position 
of 1927 was not quite maintained. Meanwhile, 
Germany has maintained her uninterrupted expan- 
sion which has been in progress since 1924, and 


TABLE V.—Declared Value of International Exports 
of Electrical Machinery. (£000’s omitted.) 


























| 1913. | 1924. | 1925. | 1926 | 1927. | 1928, | 1929. 
| 
ee | | — || eae een — 
United | | 
Kingdom | 2,269 | 5,353 | 5,762 | 5,817| 6,711] 6,692] 6,349 
France ..| 838 | 3,368 | 2,883 | 3,363 | 2,063 | 2,264| 2,095 
Germanyt ..| 3,148 | 2,374 | 2,558 | 2,685 | 3,527 | 4,446| 4,720 
Sweden ..| 243 | 1,063| 1,169| 1,507 | 1,895 | 2,410| 1,764 
Switzerland 804 | 997 | 1,125 | 1,067 | 1,127 | 1,439] 1,482 
U.S.A. —..| 1,694 | 5,935 | 5,067 | 5,452 | 5,109 | 4,926 | 5,770 
8,996 |19,090 |18,564 |19,891 |20,432 |22,179 | 22,180 
neat awe 











*Estimated on incomplete returns. 
t Including Reparations. | 





has brought her exports to within measurable | 
distance of British and American figures. The) 
United States has also made great progress, while | 
Switzerland continues a steady upward movement. | 

While the British industry still holds the first | 
place as an exporter of electrical machinery, it is | 
now Clear that the growing intensity of competition | 
in recent years has reached a stage at which our | 
supremacy is precarious. Although France has also | 
lost ground, it would appear that British com- | 
petitive efficiency is definitely less in relation to | 
that of our principal rivals than it was two years | 
ago. The effect of this is aggravated by the fact | 
that world demand has for the time being apparently | 
ceased to expand, though it would be premature 
to conclude that this is a permanent tendency | 
on the results of a single year. 

To sum up, the prospects for 1930 in this branch | 
of engineering would not appear to be so good | 
as in recent years. In the export markets it will | 
be satisfactory if no further decline is experienced | 
in the course of the year. At home, increased | 
results from Government schemes cannot be! 
expected to do more than offset a decline which | 
might reasonably be anticipated from other sources. | 
Having regard more especially to the high level | 
of home demand last year, the British industry | 
will have cause to congratulate itself if that level | 
is maintained for production and employment | 
as a whole in 1930. 


THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. | 





THe twentieth annual exhibition of electrical, | 
optical and other physical apparatus, organised by 
the Physical and Optical Societies, was held on | 
Tuesday, Wednesday and Thursday of this week, | 
at the Imperial College of Science and Technology, | 
South Kensington. The arrangements were, this | 
year, in charge of Mr. J. J. Hedges, B.Sc., Secretary | 
of the Exhibition Committee. The exhibition | 
consisted, as in recent years, of a trade section and a | 
research and experimental section, the latter divided | 
into three groups of exhibits, illustrating recent | 
physical research, lecture and instructional experi- | 
ments, and historical exhibits, but a special section | 
for apprentices and learners was added this year. | 


for Gun-Fire Control” ; and by Sir Ambrose Fleming, 
on “ Television, Present and Future.’ There was, 
further, a short lecture, on Wednesday afternoon, by 
Captain H. Shaw, on the Historical Scientific 
Apparatus of the Royal Institution, at present on 
exhibition in the Science Museum. 

We may begin our account of some of the exhibits 
by referring to the display of Messrs. George Kent, 
Limited, of Luton ; several of the appliances shown 
by this firm were, however, dealt with by us in 
connection with the Cardiff Exhibition, on page 736 
of our last volume. These comprise the portable 
air meter of the diaphragm type for recording the 
velocity of air flow in mines on a circular diagram, 
and the gas-pressure indicator of the drum type. 

The planimeter of Messrs. Kent, illustrated in 
the diagrams, Figs. 1 and 2, is an instrument for 
integrating flow records where ordinates are in 
square-root progression, on a circular diagram, in 
one operation. The principle is that the arc of a 
circle may be made to intersect the square co- 
ordinates obtained on a meter, so that the angles 


~| intercepted between successive flow lines on the 


diagram are nearly correct for registration on a 
planimeter wheel attached to the arm which 
draws the arc. A slight modification is, however, 
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| required, which is obtained by a cam and roller 


mechanism. In the figures, D is the diagram to be 


| integrated and P the flow record. The planimeter 
| is carried on a frame and clamped to the diagram 


between W and Y by means of the milled head G, 
the whole being secured on a drawing board by 
spikes J. The arm L, pivoted at V, carries the 
planimeter wheel PW, which is free to move verti- 
cally about the axis XY, so as to rest with even 
pressure on the chart. The tracing pointer T is 
at the end of L, and its position is modified by the 
roller R moving on the cam C. The position of the 
zero line and the total pen travel are adjustable by 
means of the screw Z and the slots M and N, which 
allow of a radial movement of the planimeter. In 
operation, the knob K is guided over the record, 
readings being taken before and after the operation, 
the difference giving the mean flow over the 








Particularly interesting demonstrations of laboratory | period of the diagram in terms of a fraction of a 
and workshop practice were given by the research| maximum. The chart for a revolution in 24 hours 
laboratories of the British Thomson-Houston| has a diameter of 11 in. When the planimeter 
Company, Messrs. Brown-Firth, the Gas Light and | constant for the diagram is 3,000 Ib. per hour, 
Coke Company, the General Electric Company, the | and the planimeter reading is 0-623, the total fluid 
Gramophone and Marconiphone Companies, the | passed during the 24 hours will be 3,000 x 24 x 
National Physical Laboratory and the Royal | 0-623 — 44,856 lb. 

Aircraft Establishment, as well as by many private} The new apparatus exhibited by Messrs. Adam 
workers. The number of exhibitors in the trade| Hilger, Limited, 24, Rochester-place, Camden-road, 
section was 83, and there were 40 stands in the| N.W.1, comprised a quartz spectrograph, especially 
research section. The discourses delivered in the | designed for tropical climates, and therefore fitted 
evenings, were by Lord Rayleigh, on “ Iridescent | with an all-metal body, casing and plate-holder. In 
Colours in Nature from the Standpoint of Optical} design, this instrument, known as type E 383, 


’ 


Physics ” ; by Mr. 8. G. Brown, on ‘* Gyro-Compasses | follows closely the E 1 type which is provided with 


a Littrow system, consisting of a 30-deg. quartz 
prism and a single quartz lens. The Fabry-Perot 
étalon of the firm, with variable separation, is 
intended for accurate measurement of wave length:s 
and the study of the structure of fine spectral lines. 
Several apparatus for quantitative methods of 
spectrum analysis were also exhibited. Much 
has been done in this field within the last few years 
by photometric methods based upon the intensity 
variations of the lines of the main constituents 
and the impurities of alloys in particular. W. 
Gerlach compares the intensity of the impurity 
line to that of a main constituent line of the same 
spectrum, superimposing an auxiliary spectrum 
for standardised periods of exposure in order to 
strengthen weak lines. Schweitzer varies the 
electrical conditions by arc and spark discharge of 
pairs of lines of the metal and the impurity, con- 
veniently close to one another. W. Childs varies 
the intensity by the aid of a toothed wheel. Scheibe 
and Neuhaiisser compare two neighbouring lines 
of the same source by a progressive variation of the 
exposure, produced by a revolving sector disc the 
aperture of which decreases in a logarithmic func- 
tion ; the blackening curve is then also logarithmic 
and the length of the line somewhat proportional 
to the intensity. This apparatus, manufactured 
by Messrs. Hilger, uses a spark source, instead of 
anare. Although theiron spectrum is very complex, 
iron alloys have been analysed by this method; 
th2 silicon determination takes about fifteen minutes. 
Another apparatus of this class, also made by Messrs. 
Hilger, is the invention of Mr. S. Barratt, of 
University College, London. It differs from those 
mentioned by using two spark gaps, electrically 
in series and mounted on the left and right side of 
the same stand, in front of the two windows, so as 
to ensure that the two spectra are in the same con- 
dition and of equal length when the two sparks are 
brought into the optical axes. The corresponding 
lines are photometrically examined, either by visual 
observation or by photography, and the latter 
comparison can, by a patented method and a Hilger 
sector photometer, be extended into the ultraviolet. 
One of the advantages of the Barratt method is that 
it is reliable when the impurity is present in a large 
proportion. 

The spectrograms of the Raies Ultimes (R.U.) 
powders, due to Messrs. J. W. Ryde and H. G. 
Jenkins, of the Research Laboratories of the General 
Electric Company, have been previously described 
in our columns (see ENGINEERING, vol. cxxviii, 
page 48). The persistent raies ultimes are produced 
by placing powders of some fifty elements, containing 
small impurities, on the electrodes of an arc between 
Acheson graphite rods, and the photographs of 
the spectra are used for determining, by comparison, 
the origin of any lines in the spectrum of the sub- 
stance under test. There are no wavelength mea- 
surements ; but this analysis is only qualitative. 
Of other apparatus of Messrs. Hilger, we may 
mention a new model of Dr. Alexander Miiller’s 
X-ray goniometer spectrograph, the improvements 
of which include a Debye camera of new design, 
permitting the use of three concentric film holder 
cylinders, an improved slit, a new plate holder for 
recording Laue and also revolving crystal photo- 
graphs, a microscope for setting-up the crystal, and 
a new mounting for the two-circle goniometer. 
The Hilger X-ray focussing crystallograph is a 
compact spectrograph of the Seeman-Bohlin type, in 
which the slide, the specimen and the photographic 
film are all arranged along the arc of a circle, 
facilitating focussing. 

Among the exhibits of Messrs. The Cambridge 
Instrument Company, Limited, were a seismograph 
for geophysical survey and a deflectograph. The 
seismograph consists of a vibrometer, Fig. 3, on page 
53, for measuring vertical vibrations, and a photo- 
graphic camera, Fig. 4. In the vibrometer a heavy 
mass is fixed on a short lever which is carried on two 
pairs of flexible transverse hinges of steel. The 
weight is balanced by the coarse and fine springs 
arranged in horizontal alignment on the base ; the 
adjustment of the fine spring is controlled by the 
long screw seen in front of the springs. When thie 
clamping screw on the top of the mass is released, 
the weight and its light, long, conical-lever attach- 





ment, can be removed for transit. From the end of 





ra op 


Ts 


i i 


Oo are 


wo Ww vw @ & 


f 
IT 





JAN. I0, 1930.] 





ENGINEERING. 


53 




















the cone, a fine rod extends downwards ; this rod is 
supported at both ends by hair springs and can be 
swung into position by a handle which moves 
the guide, through which the rod passes loosely. 
The lower end of the rod bears against a small 
horizontal disc, mounted on a vertical spindle which 
carries a small mirror. As the rod moves, due to 
a vertical oscillation of the mass and cone, the 
dise and its mirror rotate. These delicate parts, 


camera are each set up on adjustable tripods and 
then connected by a long telescope which is extended 
until it touches the window of the vibrometer. 
Observations are taken through a vertical tube 
projecting upwards from the telescope. The 
complete instrument is about 7 ft. long when set 
up for use, but fits into two boxes weighing nearly 
50 lb. The first seismograms were taken with 
this instrument at Cambridge. One pound of 





























Fia. 5. 


which are also removable for transit, are not visible 
in our view. Light from a lamp in the camera 
falls upon a lens on the left-hand side of Fig. 3, 
and is reflected by the mirror and focussed on the 
photographic film. 

‘The construction of the camera will be understood 
from Fig. 4. The lamp is on the top of the camera ; 


hear it is seen the upper portion of the film cylinder 
holding 24 m. of film, 60 mm. wide, and arranged 
for daylight loading. The film is unwound by 


clockwork, and after the exposure of a length of 
4 m., is severed by a knife, the handle of which 
prcjects from the box on the left. The parts of the 
drvm, separately shown below the camera, are 
the drum proper and the cover, which is partly 
witdrawn when a photograph is taken, and pressed 
home for loading and unloading. Four drums are 
supplied with the ordinary outfit. The camera is 
starved and stopped by means of the handle near 





gelignite was buried in the ground, 1,200 yards away, 
and exploded, the curves obtained being of the 
usual seismograph type; a charge of 14 lb. of 
gelignite gave the same curve with waves of greater 
amplitude. A time scale of 0-1 second is photo- 
graphically marked on the seismograms. 

The other new instrument referred to, the 
universal deflectograph, is a portable instrument 
for recording the relative movements between 
parts of machinery by the stile method of Mr. W. G. 
Collins. Fig. 5 shows the instrument, which is 
contained in a cubical box of about 8-in. sides, 
weighing 7 lb.; while Figs. 6 and 7 are a plan and 
side elevation, respectively. When the box is 
clamped to one part of the machine; the end A of 
the bar C (on the opposite side of the box) will 
touch another movable part. For this purpose A 
carries a hardened point, which may bear against a 
rotating part directly or preferably through a 
form of protective shoe, forming the apex of a 
triangle, the sides of which are thin steel strips. 
These parts are not shown in Fig. 7 ;_ neither is a 
knurled bead which clamps the hardened point to 
the bar C when the shoe is not used. The bar C is 
held by the flexible strips D D, so as to move only 


part by the light spring E. The arm F is rigidly 
attached to C and operates, through the flexible 
coupling H, the stilus arm G, which is"pivoted from 
the case of the instrument, without friction, by the 
spring hinge J. The relative movement com- 
municated to G is magnified by the lever five times. 
The stilus leaves a mark in a transparent celluloid 
film which the drum N, driven by clockwork, pulls 
over the drum K at a rate which can be varied from 
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3 mm. to 20 mm. per second. The film leaves the 
box through the guide O. Contact between the 
stilus and film is maintained by a spring plunger, 
the pressure of which can be adjusted by means of 
the screw P. Apart from the trace made by the 
stilus, the film also records time and position by 
means of two further stiles which operate through 
gaps in the drum K. The time-marker is controlled 
by a clock contact breaker, and the position stilus 
is connected to a stud on the movable part; the 
clockwork can be started by hand or from a distance. 
hhis apparatus, which has proved useful in the 
workshops of the company, can measure to 0°01 mm. 
and is now on the market. 

The new standard mutual inductometer of Mr. 
Albert Campbell, formerly of the National Physical 
Laboratory, attains a high accuracy in measure- 
ments of self- and mutual-inductance, and of 
effective resistance and capacitance and power 
factor in condensers by reducing the mutual induc- 
tance impurity o toa minimum. Wheno = 0:006 
ohm at 1,000 cycles, the phase defect amounts only 
to 0-0001 radian, corresponding to a power factor 
of 0-0001, and up to 2,000 cycles the change of 
mutual inductancewith frequency is negligible. The 








the cylindrical film box. The vibrometer and 


in one plane, and is pressed against the respective 





instrument is made by the Cambridge Instrument 
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Company for ranges of 1-1, 11, and 110 milli- 
henries ; the inductometer exhibited, for the largest 
range, has a scale of 260 deg. of almost constant 
accuracy. In the plan diagram, Fig. 8, the bobbin c 
contains the two-section primary and two-section 
secondary ; ms is the movable secondary which 
the pointer p turns about the vertical axis 0 so as 
to vary the mutual inductance from a small negative 
value to its positive maximum. The auxiliary 
coil d is fixed at right angles to ms and in series 
with it. The two-section primary is connected 
between terminals G and H (Fig. 9), through a 
mid-point slide wire K, and tappings of } and ,},, 
taken from one half, allow the instrument to be 
used as an unequal-ratio bridge for measuring 
self-inductance. The fixed secondary sections are 
connected with the dial-switches LM to give 100, 
200, and 1,000 millihenries on the first dial and 
ten times those values on the second dial, the ends 
of the fixed sections being brought out from the 
dial switches to the terminals B and C. From C, 
the secondary circuit is completed, through a link 
joining D and E, to the zero setter and the moving 
secondary, and, finally, through a_ scale-range 
switch N (giving a one-fifth factor for the: scale) 
to the terminal F, where the equal-ratio connection 
is made by means of the link across FJ. to the 
centre-point of the calibrated slide wire K. By 
the aid of this slide wire, the lead resistances and 
inductances are compensated and the impurity 
of a mutual inductance under test is measured. 
The instrument was also shown as combined with 
a Campbell-Larsen alternating-current potentio- 
meter, recently, described before the Physical 
Society. 

The Campbell precision condenser bridge shown is 
anew extension of the three-arm Carey-Foster bridge, 
noteworthy for the addition of a fourth arm which 
is of low and variable resistance Q. The power 
factor at any given frequency is proportional to Q, 
and is read off directly on a slide wire, one division, 
at standard frequency, corresponding to 0-0001. 
A one-stage amplifier is added for smaller capitances. 

The firm’s micro-ammeters for measuring com- 
mercial and audio frequencies, and especially for tele- 
phone circuits, which are shown in two types, for 
ranges of 100 micro-amperes to 200 micro-amperes 
and 1,000 micro-amperes to 2,000 micro-amperes, 
embody a Westinghouse copper-oxide rectifier unit, 
which, in the smaller type, is mounted inside the 
galvanometer case. The magnetic suspension for 
galvanometer coils is illustrated in Fig. 10. The 
pointer a rotates freely, together with the coil 3, 
on the two pivots c, the cups b of which are fixed to 
a rod or tube of aluminium r, which passes 
through the soft-iron core f. The core is rigidly 
attached to the instrument frame and located 
between the pole pieces g of the permanent magnet. 
The movement of the coil is controlled by the two 
hair springs d, which also serve as current leads. 
These hair springs do not support the weight of 
the moving system, which is entirely borne by 
magnetic repulsion. For this purpose, a disc e, 
of soft iron, built up of sectors, is fixed at the 
centre of the rod r. The core and the disc are 
polarised in the same sense by the permanent 
magnet, so that the moving system is kept floating. 
The axis may be vertical, as shown, horizontal or 
inclined, and there may be only one core instead 
of two, in which case the disc is fixed to the upper 
portion of the rod. 

The recording colorimeter exhibited gives a 
continuous record of the changes during an experi- 
ment in the colour intensity, and thus the con- 
centration, of the coloured ions in a solution, and 
admits of comparative measurements. The beam 
from a lamp is sent through an optical system, 
which may contain a colour filter, and through a 
tube, 1 cm. in diameter and 15 cm. long, closed 
by glass plates, through which the solution is 
circulated. The beam then enters a photoelectric 
potassium cell, which is connected through a three- 
valve amplifier to a standard thread recorder. 
As long as the colour intensity remains constant, 
the trace is a straight line. The difficulty of the 
method is that fluctuations in the lamp intensity 
have to be carefully eliminated, since the amount 
of light absorbed by the solution will be small ; 
this is done by a patented device. 





The energy for ! 


the amplifier and light is taken from alternating- | galvanometer forms the moving system of a thread 
current mains through a transformer and rectifier. | recorder, and reads directly in terms of relative 


The direct-current high-tension supply is obtained | humidity. 


Gold-beater’s skin can be used at 


by full-wave rectification, and is applied, through a | temperatures below zero in refrigerators. 


resistance, to the anode of the control valve, the 
filament of which is heated from a winding on the 
same transformer. The actual voltage at the 
anode will depend upon the ratio of the fixed ohmic 
resistance to the impedance of the valve. An 
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Fig.8. 
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increase in the supply voltage will affect the filament 
winding and decrease the impedance of the valve. 
When the intensity of a solution is to be compared 
with that of a standard solution, two beams are 
taken from opposite sides of the lamp, and two 
photoelectric cells are necessary. 

The Cambridge humidity recorder was originally 
designed for determining the humidity of paper 
when on the rolls of a calendar. A strip of gold- 
beaters’ skin, about 10 in. long, is fixed at one 
end, and at the other end is attached to an electric 
micrometer of Dr. G. A. Shakespear, of Birming- 
ham. This micrometer comprises four identical 
platinum spirals forming the arms of a bridge, 
through which a constant current is passed. The 





The improved vacuo junction of the Cambridge 
Company is intended for measuring small alternating 
currents by means of a thermo-junction. The device 
consists of a moulded base, of the shape of a valve- 
holder, and an exhausted glass bulb, fitting into 
the holder with four plugs. The bulb, which 
protects the device from air currents, contains 
the heater, a fine spiral through which the alternating 
current is passed, the heater being thermally in 
contact with the ends of the thermo junction, 
but electrically insulated from them by a vitreous 
mass which will withstand a pressure of 100 volts. 
The glass bulb is itself provided with a cylindrical 
moulded casing ; the junctions are made in ranges 
extending from 2-5 milliamperes up to 1 ampere. 


(To be continued.) 








SIGNALLING FROM CAGES IN MINES. 


Devicss for signalling from the cage, at rest or in 
motion, in a mine shaft, to the man in charge of the 
winding engine would probably be more popular if 
there were not a certain suspicion that the device may 
fail just when wanted, or be so sensitive as to cause 
frequent unnecessary service interruptions. On the 
other hand, there can be no doubt that such signalling 
might have prevented many serious accidents. Messrs. 
D. J. Parker and R. I. C. Manning refer, in their report 
on Signalling from Cages at Rest or in Motion (United 
States Bureau of Mines, Circular No. 6161), to two 
recent cases in which cages were actually lowered into 
mine fires, because neither the men in the cage nor 
those on the higher levels passed could stop the cage in 
time. In the mines of Utah, where the first signalling 
installation was put in in 1899, several effective systems 
are now in use. The first apparatus consisted simply 
of a copper wire attached to the cage and pressed by a 
lever into contact with two bare copper wires, stretched 
in the shaft and carrying 60 volts. The pressure was 
afterwards reduced to a safer value of 10 volts. More 
elaborate apparatus was subsequently adopted, in order 
to separate the cage signalling from the flash or buzzer 
signal from a level for calling the cage, to prevent the 
cage from being started while the men were entering or 
leaving. The Park Utah Consolidated Mining Company 
has two systems installed in three of its mines, for 
shaft signalling from the cages and skips for men and 
supplies, and two of the shafts are exceptionally wet. 
In one shaft, 2,200 ft. deep, the No. 00 trolley wire is 
secured to hangers, 10 ft. apart, and connected at its 
upper end with a 150-ohm Bonnell relay,. which is 
earthed to the hoist. The cage carries a 6-volt battery, 
one terminal of which is earthed to the cage, while 
the other is connected to a rotary pull switch which 
forces a steel pantograph against the trolley wire. This 
operation closes a 110-volt alternating-current circuit 
through the relay and a 10-in. bell, and lights a. lamp 
which continues burning until the cage is moved again. 
The pantograph contact is only momentary. ;. the bell 
does not ring if contact should be made accidentally. 
During two years of operation, damage has only been 
caused to the pantograph through fall of rock. It is 
admitted that there should be more than one signal- 
ling system from every level, in addition to the cage 
signalling. 








THe Drarnine oF Marsuy LAND ON THE DANUBE.— 
A contract has recently been signed between the Jugo- 
Slavian Minister of Public Works and a firm of contractors 
for the reclaiming of marshy land situated near Belgrade, 
between the rivers Danube and Tamis. The land to be 
reclaimed is some 40,000 acres in area, and the estimated 
cost is in the neighbourhood of 251,000,000 dinars (about 
900,000/.). The work will facilitate the construction of 
the bridge, at present in hand, over the Danube, which is 
to link Belgrade with Pantchevo, and will also render 
available for cultivation a large area of exceptionally 
fertileland. It is anticipated that the work of reclaiming 
the land will be completed in three years. 





BRITISH STANDARD SPECIFICATION FOR SWITCHES AND 
Crrcurr BREAKERS.—The British Engineering Standards 
Association have recently issued a revised specifica- 
tion, designated No. 116-1929, which deals with oil- 
immersed isolating switches, switches, and circuit- 
breakers for alternating-current circuits. In the 
preparation of this revision, due regard has been had to 
similar work done in other countries, with a view to 
co-operation in international standardisation. The 
specification is intended to cover indoor circuit-breaker: 
up to 33,000 volts, and outdoor types up to 220,000 
volts. Useful appendices are included, giving notes on the 
care and maintenance of circuit-breakers, and also on the 
measurement of voltage and sphere gaps. Copies of the 
specification may be obtained from the B.E.S.A. Publica- 
tions Department, 28, Victoria -street, London, S.W.1, 
price 2s, 2d., post free. 
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POWER AND MECHANICAL ENGI- 
NEERING EXHIBITION, NEW YORK. 


WE have prefaced our accounts of exhibitions from 
time to time with short summaries of what appear to 
us to be the advantages of such displays. It is un- 
necessary therefore to put forward any apologia for 
adding to the number of these accounts a_ brief 
description of the Eighth National Exposition of 
Power and Mechanical Engineering recently held 
in the United States. The locality of the Exhibition 
is sufficiently indicated in the short title, New York 
Power Show, by which it has become generally known, 
but it may be mentioned that it was held from December 
2 to December 7, 1929, and embraced something 
like 500 stands covering a very wide range of engi- 
neering practice. We hope to deal with some of the 
individual exhibits later, but, at the moment, a rapid 
survey, with such comments on the general engineering 
outlook in the United States as are suggested by the 
several displays, would seem to be most the informative 
course to pursue. In this connection we wish to 
acknowledge our indebtedness to Mr. W. B. West, B.Sc., 
Member of the Boston Society of Civil Engineers, for 
material supplied. Mr. West very happily terms the 
Power Show a post-graduate course for engineers, 
manufacturing or otherwise, and analyses the attend- 
ance figures for the previous exhibition in a way which 
may conceivably be instructive to organisers of engi- 
neering exhibitions generally. It appears that the 
total attendance in 1928 was 123,000. Of these, 
26,000 are said to have registered, presumably at the 
various stands, and have been classified as follows : 
6,989 executive engineers ; 2,867 structural engineers, 
architects, builders and contractors ; 4,722 consulting 
and works’ engineers and their assistants ; 9,010 men 
actually engaged in the operation of machinery, 
including departmental managers; 1,118 visitors 
engaged in technical education, government officials, 
and foreign visitors. The remaining 1,300 are un- 
classified. These registered visitors represented 78 
groups of industries, comprising 545 types of product 
or activity. 

One of the outstanding lessons of the exhibition 
would appear to be the increasing use of mechanical 
control in the production and transmission of power ; 
another is the extenson of the use of various welding 
processes in machine construction to replace casting 
processes. The increased employment of welded or 
built-up parts is well illustrated in the electrical 
industry, the frames, bearing brackets, and rotor spiders 
of many machines being built up from steel plates and 
rolled sections. Specific instances amongst the 
exhibitors are furnished by Messrs. Allis-Chalmers 
Manufacturing Company, Milwaukee, Wisconsin, who 
have recently constructed a 25,000 kw. horizontal 
water-wheel generator for a speed of 143 r.p.m. with 
a stator yoke electrically welded throughout. Messrs, 
Westinghouse Electrical and Manufacturing Company, 
East Pittsburgh, Pennsylvania, have also embodied 
structural-steel parts in a new series of small electric 
generators with ratings from 62-5 kv.-a. to 3,000 kv.-a. 
at speeds from 100 r.p.m. to 400 r.p.m. per minute. 
This is stated to have resulted in a considerable reduc- 
tion in cost. 

Messrs. Westinghouse have further produced a new 
design in the ‘‘ Deion’ circuit breaker. This is based 
on the fact that, with a short alternating current arc, 
the rate of recovery of the dielectric strength of the gap 
immediately after the extinction of the arcis not uniform. 
The ability to withstand the first few hundred volts 
is recovered almost instantaneously by the thin layer 
of gas immediately adjacent to the cathode which has 
a de-ionising effect. Electrons readily replace this 
layer, but others to replace them cannot enter from 
the metal and the higher increments of dielectric 
strength are recovered at a much slower rate. The 
slow rate of re-combination of the ions in the arc space 
away from the electrodes thus limiting the applicability 
of the are in air for interrupting high voltages, the 
circuit breaker was designed to cause all the arc to 
play in a space close to the cathode, a result which was 
effected by the use of a large number of short arcs 
in series. Preliminary tests, extending over a year, 
have shown good results, short-circuit currents as 
high as 17,000 amperes, r.m.s. at 13,200 volts, and 
28,000 amperes, r.m.s. at 6,600 volts being interrupted 
succ essfully. 

_The advance in design of synchronous motors with 
uigher efficiency and better torque characteristics has 
been contributed to by Messrs. Westinghouse, who have 
supplied two motors, developing 1,000 h.p. at 180 r.p.m., 
for a cement-mill drive, which, though of salient- 
pole construction, have polyphase damper windings 
connected through slip-rings to external resistors for 
Starting. The use of synchronous motors as the 
driving power for ships is extending, such having been 
fitted to vessels having a displacement of over 30,000 
tons. At the same time, the Diesel-electric drive with 
direct-current motors and generators has also become 





more popular for marine work, the largest single 
installation having a motor of 4,000 h.p. supplied 
with current from two Diesel-engine driven generators. 
As regards general tendencies in motor construction, 
it would appear that practically all manufacturers 
are turning out machines for full-voltage starting, 
the great majority of these being of sizes between 
74 h.p. and 30 h.p. Enclosed fan-cooled motors 
are stated to be growing in popularity, owing to the 
fact that the temperature rise commonly met with 
in service with an open motor, due to the accumulation 
of dirt is eliminated, while the initial temperature rise 
is only slightly increased. 

It may be mentioned that Messrs. The General 
Electric Company, Schenectady, have this year put into 
service the first two-speed synchronous motors built 
by them. They have also developed a.new type of 
transformer. This has been given the name of the 
non-resonating transformer, and published tests show 
that the voltage distribution in it is approximately 
uniform, and is the same for high-frequency impulses 
as for operating frequencies. Special shields con- 
nected to the line terminals, but external to the wind- 
ings, are used so that the necessary charging current 
can be supplied directly to the various coils rather 
than indirectly through line end coils. As regards 
transformers of the more standardised types of con- 
struction, a general increase in size and reduction of 
working losses is noticeable. Efficiencies as high as 
99-71 per cent. have been obtained in a 60-cycle 
auto-transformer with a 2:1 voltage ratio, and 99-54 
per cent. in a 60-cycle two-winding transformer. 
Three-winding transformers are continuing in favour ; 
about half the power transformers manufactured by 
Messrs. Westinghouse, for example, being of that 
type. 

There would appear to be a tendency towards 
higher generator voltages; thus, one 75,000-kv.-a. 
23,000-volt generator has been built, and several 
machines for 22,000 volts. As regards construction, 
one company has built two large alternators having 
two independent parallel windings, allowing each 
winding to be connected to different *bus-bar sections, 
so that the reactance between the windings acts as a 
*bus-bar reactance between *bus-bar sections. Trans- 
posed windings have been adopted in certain cases for 
large units, and also for large four-pole machines, where 
only four parallel circuits are available. This practice 
reduces eddy currents, as well as the number of turns 
per coil, and therefore the number of conductors per 
slot, thereby making the machine less liable to break- 
down between the turns. Messrs. American Brown- 
Boveri Electric Corporation are stated to have found 
that the twisted-strand type of stator winding, in 
which the bars are built up of a number of strips, and 
are then transposed so that each strand occupies, in turn, 
every possible position in the cross-section of the slot, 
is the most satisfactory form of bar winding, and has 
the advantage of simplicity. 

Research in the subject of the employment of higher 
voltages is being facilitated by improvements in testing 
apparatus. Thus, Messrs. The General Electric Company 
can obtain 5,000,000 volts with its lightning generator 
at Pittsfield, while the Westinghouse Company has over 
3,000,000 volts available in its laboratory. Artificial 
lightning surges have been recently applied to over- 
head transmission lines, in order to observe the beha- 
viour of the lines under various conditions, by means 
of cathode-ray oscillographs. The practice of reducing 
the line insulation for a mile or so out from the sub- 
station to protect station equipment has been extended. 
As regards underground transmission, the 132,000-volt 
lines installed in Chicago and New York have continued 
to operate without electrical failure, and an additional 
circuit has recently been laid down in New York. The 
several installations of 45,000-volt and 66,000-volt 
single-conductor cable, of the solid insulation type, 
have continued to give satisfactory service, and, during 
1929, a pioneer installation of three-conductor oil-filled 
cable for 33,000-volt operation has been made in 
Chicago. The results obtained from it would seem to 
indicate that similar construction can be used for 
voltages at least as high as 66,000. Low cost, small- 
power supply from high-voltage lines has been made 
available by the standard “substation,” for use 
on 66,000-volt earthed-neutral systems, with a 
capacity of 15 kw. to 50 kw. single-phase. The unit 
consists of an over-insulated single-bushing transformer 
with cut-outs, metering equipment, &c. 

Experience with hydrogen-cooled synchronous con- 
densers in the United States has established the fact 
that this combination is quite effective. In hydro- 
electric development, the use of hydro-electric units as 
synchronous condensers is becoming accepted practice. 
One company has recently equipped six of its small 
hydro-electric plants to be used in this way. Where 
turbine runners are set very nearly down to the tail- 
water level, as is often the case, large runners are apt to 
lift the tail-water level to such an extent as to cause 
a large amount of undesirable frictional resistance 


between the runners and the water. In such cases, 
the introduction of compressed air into the tail race 
has been resorted to, in order to force the water in the 
draught tube to a proper distance below the runner. 
Another piece of electrical apparatus, which is popular, 
chiefly in direct-current railway and tramway work, is 
the mercury-arc rectifier. The installations completed 
last year, chiefly of single-container sets, have a total 
kilowatt rating of 48,975. An interesting installa- 
tion, comprising two 5,000-ampere, 625-volt automatic 
equipments on the Commonwealth Edison Company’s 
system, for railway service, has an overload capacity 
of 7,500 amperes for two hours, and 10,000 amperes for 
one minute. The units are of the six-phase twelve- 
anode type, with arc suppressors. In connection with 
railway work, it may be noted that steam trains are 
being rapidly displaced on short branch lines by petrol- 
electric cars. 

A tendency particularly noticeable at the exhibition 
was the reduction in size of motor-control equipment. 
Starting equipment that was formerly made large and 
cumbersome, is now available in sizes that go within 
the limits of the ordinary junction box. A new type 
of cable was exhibited which makes possible the control 
of equipment from almost an unlimited number of 
stations, since pressing the cable, at any point, serves 
to open or close the circuit to the apparatus. 

The steam side of the power station is adequately 
represented in the exhibition and, as with the electrical 
side, some general conclusions can be drawn. A 
decision does not seem to have been yet arrived at as 
to the correct method of providing for the increased 
steam pressures demanded by designers. One body 
of engineers is prepared to experiment with higher 
pressures by means of special steam-generating equip- 
ment, while another prefers to keep step with the 
steady improvement in manufacturing materials and 
methods along more orthodox lines. Successive 
increases of pressure have taken place in this latter 
way, viz., from 385 Ib. to 425 lb. per square inch, from 
450 lb. to 488 lb., and recently to approximately 600 lb. 
per square inch, this latter being the maximum working 
pressure for a straight-tube cross-drum boiler of fairly 
conventional design, with tubes 4 in. in diameter. At 
the present time, bent-tube boilers, having riveted 
drums, and also fairly conventional in design, can be 
purchased for a working pressdre of 450 Ib. per square 
inch. 

The growing use of increased steam pressures is 
accompanied, in the United States, with a tendency to 
increase the grate area of boilers fired by mechanical 
stokers, and to burn a greater weight of coal per square 
foot of grate. While this has resulted in improvements 
in furnace construction generally and in the methods 
of introducing air, it is apparent that the problems of 
air distribution on a long grate have not yet been 
completely solved. Further, with the same coal, the 
motion of the rams in an underfeed type of stoker 
seems to be more difficult to adjust correctly in long 
grates than in the small ones. As far. as can be 
ascertained, manufacturers of mechanical stokers 
expect to make definite advance in the immediate 
future, both as regards reduction of maintenance 
costs and increase of efficiency. Competition from 
pulverised coal is increasing. Almost every kind of 
coal commercially available in the United States has 
now been pulverised and burnt successfully. A 
preliminary crushing is usually carried out, and the 








latest practice dispenses with coal dryers, even in those 
cases where the storage system is adopted, drying being 
effected by the heated air introduced into the mills 
either for primary combustion or for carrying. In 
two large modern plants, the initial moisture of the 
coal to be pulverised is as high as 10 per cent., but the 
more usual practice is about 5 percent. The moisture, 
as fired, is about 2 to 3 per cent. 

Modern methods of pulverisation are stated to 
involve a power consumption of between 10-5 to 
17 kw.-hr. per ton. Several new types of pulveriser 
have recently been developed, as is also the case with 
burners. Thus, Messrs. Peabody Engineering Corpora- 
tion, 110, East 42nd-street, New York, are showing a 
combined gas and oil burner which is made to burn 
up to approximately 3,500 1b. of oil per hour, or an 
equivalent quantity of gas. A three-fuel burner, 
exhibited by the same firm, is designed to burn either 
oil, gas, or pulverised fuel, separately or in com- 
bination. This burner is intended for use in those 
areas in which all three fuels are available, but at prices 
so variable that a choice of the most economical one 
must be made possible. Horizontal firing, with tur- 
bulence of the flames, seems to be making headway. 
In one case, the vertical and horizontal methods 
are combined. Here, in each furnace, 20 turbulent 
burners fire vertically through the top arch on each 
side, while a short distance below them, on the side 
walls, 20 auxiliary burners fire horizontally. With 
this arrangement it is hoped to get a high degree of 
turbulence and a good flame distribution, the evapora- 





tion required per boiler being 800,000 1b. per hour. 
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Dust dissemination from boilers burning pulverised 
fuel is still causing considerable trouble, and at one 
station, three types of dust removers are now installed 
to clean the flue gas, and a fourth type is to be erected 
later. Electrostatic precipitators have been installed 
for the new 800,000-lb. boilers at East River. The 
most usual form of ash removal is by water channels, 
but three stations at least are recorded as using slag- 
type furnaces. Experience with water-cooled furnace 
walls appears to have been satisfactory, and the troubles 
encountered have been mostly of a minor nature. 
As regards the treatment of boiler feed water, there 
is a marked increase in the use of evaporators. Many 
operating companies pre-treat the evaporator feed 
water, using zeolite softeners for this purpose, and 
others, using evaporators, treat the entire boiler feed 
water, including condensate and make-up, before it 
enters the boilers. In this case, it is found that addition 


of sodium phosphate and soda ash is necessary in order | 


to maintain positive alkalinity. A practice at some 
stations is to add caustic soda when the boilers are 
being refilled after cleaning; at others, weekly tests 


are made from every boiler in order to control the | 


sulphate-carbonate ratio and so prevent embrittlement 
of the plates. 


Advance in steam-turbine practice of late, in the | 


United States, has been chiefly in the direction of 
detail. More extensive use, for example, is made of 
steel castings and of non-corrodible blade materials, 
while the methods of blade fastening are more sub- 
stantial, and more freedom is provided for expansion, 
particularly at the high-pressure end; the blades 


are also finished more carefully in order to eliminate | 


sharp edges and surface marks. The mercury turbine 


would seem to have been developed to the stage of a | 


practical machine, and it is estimated that a com- 
bined steam and mercury plant could be built to 
run at the rate of one kw.-hr. per 10,500 B.Th.U., 
for a reasonable cost. Performance records of con- 
denser equipment indicate that the performance of 
single-pass condensers is somewhat better than that 
of the two-pass type. The performance of vertical 
condensers is appreciably better than that of hori- 
zontal condensers with the same number of passes. 
Condenser leakage resulting from tube vibration has 
been most effectively remedied by the installation 
of additional tube support sheets and by the use of 
thicker tubes. 

The Exhibition includes numerous boiler and 
engine-room instruments, and it is stated that while 
these, as now available in the United States, show a 
marked increase in accuracy and reliability with de- 
creased maintenance costs, there is still room for further 
progress in the direction of measuring instruments, 
particularly as regards flow meters and integrating 
instruments for obtaining averages for efficiency calcu- 
lutions. 

(To be continued.) 








Output OF MARINE MACHINERY IN 1929.—Messrs. 
Harland and Wolff, Limited, supplied the propelling ma- 
chinery for 25 vessels at their Belfast and Glasgow works 
during 1929. The total i.h.p. for the year was 171,730. 
and the two largest sets were for the Britannic (23,000 
i.h.p.) and the Winchester Castle (20,000 i.h.p.)..-The 
total horse-power of the marine engines supplied by 
Messrs. Vickers-Armstrongs, Limited, Barrow-in-Furness, 
was 77,350. The figure includes the 34,000-s.h.p. turbine 
machinery of H.M. Torpedo-Boat Destroyer Arrow, and 
the 20,000-s.h.p. turbines of 8.8. Orontes.—The marine 
machinery supplied by Messrs. Cammell Laird and 
Company, Limited, made a total of 41,170 h.p. Among 
the 14 sets supplied were the 10,350-h.p. turbines of 
8.8. Sultan Star.—-The total output of propelling 
machinery from the Clydebank Works of Messrs. John 


Brown and Company, Limited, came to 113,600 s.h.p. | the London Metal Exchange for “ fine foreign” and ‘ standard” metal, respectively. 
Two sets, each of 34,000 s.h.p., were for the de-| lead are for English metal, whilst those for spelter are for virgin metal. 


stroyers Acasta and Achates for the British Navy.— 
Messrs. Cochrane and Sons, Limited, Ouse Shipbuilding 
Yard, Selby, constructed propelling machinery for 
31 vessels, the total being 19,440 i.h.p.—The aggregate 
i.h.p. of the marine engines built by Messrs. Palmers 
Shipbuilding and Iron Company, Limited, Jarrow and 
Hebburn-on-Tyne, was 7,250. A large number of boilers 
was also supplied.—Eight sets of engines for rock- 
cutters and dredgers were constructed by Messrs. Lobnitz 
and Company, Limited, Renfrew. The total indicated 
horse-power of these was 2,480.—Messrs. Barclay, Curle 
and Company, Limited, Glasgow, produced propelling 
machinery totalling 27,000 i.h.p.—The total output of 
marine machinery from the Hull Works of Messrs. Earie’s 
Shipbuilding and Engineering Company, Limited, was 
15,730 i.h.p.—Messrs. Workman Clark (1928), Limited, 
Belfast, constructed six sets of engines aggregating 
22,300 i.h.p.—Engines for six vessels were built by 
Messrs. John I. Thornycroft and Company, Limited, 
Southampton. The total indicated horse-power was 
122,180, and, included in this figure are the 30,000- 
h.p. turbines of the Riquelme, Hyatt, Videla, and 
Aldea.—Messrs. John Readhead and Sons, Limited, 
South Shields, supplied machinery and boilers, aggre- 
gating 17,650 ih.p., for five vessels.—In addition to 
boilers representing a total i.h.p. of 5,700, Messrs. R. and 
W. Hawthorn, Leslie and Company, Limited, Newcastle- 
on-Tyne, supplied the propelling machinery for H.M.S. 
Active and H.M.S. Antelope, each of 34,000 h.p. 
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Nortr.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


The prices shown for 
Middlesbrough prices are plotted 


| for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 


| plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 
| prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. 
bottle, the contents of which vary from 70 lb. to 80 lb. 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 1/. each, except in the case of the diagram relating to tin-ptates, in which they represent 1s. each. 


Roya InstiTuTeE OF BRITISH ARCHITECTS PRIZEs. 
The annual award of the prizes and studentships of the 
Royal Institute of British Architects was published at 
the general meeting of the Institute on January 6. The 
awards include the Tite Prize to Mr. A. C. Collins, of 
Melbourne, Australia; the Soane Medallion to Mr 
J. L. Martin; the Owen Jones travelling studentship to 
Miss K. A. Veitch; Royal Institute silver medals to 
Miss 8. Speight and Mr. R. A. Duncan; the Henry 
Saxon Snell Prize to Mr. K. H. Read: the R.I.B.A. 
Hunt Bursary to Mr. T. M. Daniel; and the Ashpitel 
Prize to Mr. R. H. Brenthall. 

ENDURANCE TEST OF MARINE Motror.—Some particu- 
lars have reached us of an interesting full-power bench 
test recently carried out by Messrs. John I. Thornycroft 
and Company, Limited, on one of their standard marine 
motors, at the firm’s Reading works. The engine, which 
was an RD/6 six-cylinder model, normally developing 








The pig-iron 
The price of quicksilver is per 
The price of tin-plates is per standard box, but in 


75 b.h.p. at 1,500 r.p.m., was started up on Monday. 
December 9, at 8.45 a.m., and continued to run until 
8.45 p.m. on Saturday, December 21, under the ofticial 
supervision of Lloyd’s Register of Shipping. During the 
period of 300 hours, the mean power developed was 
78 b.h.p., the mean speed 1,511 r.p.m., and the mean 
fuel consumption 6-9 gallons of Shell petrol per hour, 
i.e., 0-654 Ib. per b.h.p. per hour; the consumption 0! 
lubricating oil was 0-907 pint per hour. On the comple 
tion of the test, the parts of the engine were carefully 
inspected, and no defects or signs of wear were discovered. 
It is believed that a full-power bench test of a petrol: 
marine engine extending over 12} days is unique, anc 
it may certainly be taken as evidence of the satisfactor’ 
character of the design and construction of the engine. 
The RD/6 type engine, it may be mentioned, has been 
developed from the RD/4 type, which was illustrated 
and deseribed in ENGINEERING, vol. exxiv, on page 39/ 
(1927). 
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PILE-DRIVING PLANTHADE 


CONSTRUCTED BY MESSRS. THE BRITISH df COMP 
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PILE-DRIVING PLANT FOR ADELAIDE 
HARBOUR. 


In connection with the construction of new quays 
and jetties at the Port of Adelaide, what we believe 
is the largest steam pile-driving plant so far built in 
this country has been designed and constructed by 
Messrs. The British Steel Piling Company, Limited, 
544, Parliament-street, Westminster, London, S.W.1, 
and supplied to the South Australian Harbours Board. 
The plant, which we illustrate on Plate II, on 
page 48, and on this page, is designed for driving 
reinforced-concrete piles, 24 in. square, 70 ft. long, 
and weighing some 15 tons, to their full depth in the 
ground, either vertically or with a rake up to 1 in 3, 
in either direction. Over water, the piles are required 
to be driven so that their heads are at a maximum 
depth of 10 ft. below the level of the rails on which the 
piling frame is supported. The specification required 
the frame to be capable of rotating from a quarter to 
a half of a revolution about a vertical axis, to pick up 
a pile, and of returning with the pile to the driving 
position. Actually, however, the plant was con- 
structed so as to allow the frame, together with the 
swivelling carriage carrying the winch and _ boiler, 
to rotate on the undercarriage through a complete 
circle, the plant being stable in any position, and under 
all conditions of working, without the use of guy ropes. 

The general arrangement of the plant is shown in 
Pigs. 1 and 2, on Plate II, and its appearance, 
as erected at the makers’ works, at Claydon, Suffolk, 
is illustrated by the photograph reproduced in Fig. 7, 
on page 48. As there shown, the piling frame is 








Fig. 10, on page 48, is a photographic illustration of 
the undercarriage, as erected in the makers’ works, 
part of the swivelling carriage being visible in the 
background. The undercarriage, which is constructed 
of steel plates and channels, is square in plan, and is 
mounted on four cast-steel travelling wheels, located 
on 16-ft. centres, and designed to run on Australian 
flat-bottom rails, as well as on the road. All four 
wheels are power driven from the winch engine, the 
driving arrangements, which will be referred to later, 
being most clearly shown in Figs. 5 and 6, on Plate 
II. We may mention here, in connection with 
the travelling motion, that the swivelling carriage is 
provided with a screw jack at each corner, as shown 
in Fig. 3, on Plate II, and in Fig. 8, on page 48. 
The jacks normally serve to steady the plant in working, 
but can also be used to lift the swivelling carriage clear 
of the undercarriage, so that the latter can be slewed 
round independently of the main plant, and set on a 
track at right angles to, or at any other angle with, 
the track on which the plant has previously been 
working. In the centre of the undercarriage is fitted 
a hollow steel post, about which the swivelling carriage 
turns, the latter being supported on a live-roller ring, 
shown in position in Fig. 10. The rollers, of which 
there are 96, with a maximum diameter of 4 in., run on 
the machined upper edge of the slewing rack, and are 
kept in position by inner and outer retaining rings, 
connected by radial rods to a ring working on the 
centre post. The rack is of cast steel, 16 ft. 6 in. in 
diameter, and has external machine-moulded teeth. 
It was made in eight segments, copnected by turned 
and fitted bolts, similar bolts being used for fixing 
the ring to the undercarriage. 

The slewing mechanism can be followed from Figs. 3, 4 
and 6, on Plate II, with the aid of Figs. 8 and 9, on 
page 48. Referring first to the line illustrations, it will 
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vertical, but the legs of the frame are hinged to the 
swivelling carriage at the front edge, so that the 
former can be tilted, by means of screw gearing, to the 
required maximum rake of 1 in 3, either backwards or 
forwards. As shown in Fig. 1, the height of the under 
side of the head of the frame above the level of the rails 
on which the undercarriage runs, is 93 ft., which allows 
sufficient headroom for driving a 70-ft. pile. The 
usual sheaves are fitted in the head, as shown in 
Figs. 1 and 2, for use in lifting and lowering the hammer 
and pitching the pile. The frame is constructed of 
bars and angles, as clearly shown in Figs. 1 and 2, and 
the leaders, which serve to guide the hammer, are each 
composed of a pair of channels placed back to back, 
and securely braced to the main frame. Rollers 
mounted on the hammer run on the flanges of the inner 
channel of each leader, as shown on the left of Fig. 1. 
and also in Fig. 8, on page 48. These rollers materially 
reduce the friction when driving on a rake. 

As already stated, the frame is hinged to the front 
end of the swivelling carriage, but the hinge brackets 
are arranged to permit a horizontal movement of 1 ft. 
on each side of the mid position, the movement being 
effected by screws operated by power from the steam 
winch, as shown on the left in Figs. 3 and 4, which 
are, respectively, an elevation and plan of the swivelling 
carriage and undercarriage. The object of this 
arrangement is to allow the frame to be brought back 
clear of the pile if the latter should stand higher than 
the bottom of the leaders when the required set has 
been obtained, thus permitting the whole plant to be 
shifted into position for driving the next pile without 
moving the rails. It should, perhaps, be pointed out 
that, with the hammer working on the front face of 
the leaders, this device would be unnecessary ; it was 
adopted to comply with the purchaser’s requirements 
that the hammer should be mounted between the 
leaders. For tilting the frame, two inclined screws, 
operated by power from the winch engine, and passing 
through nuts pivoted on to the heel of the frame, are 
Provided, as shown in Fig. 1, and a simple form of 
inaicator, of the pendulum type, is fitted to show the | 
angle of rake at any time. 








be seen that a transverse shaft, driven by chain from the 
winch, carries, at its outer end, a bevel wheel mounted 
on a sleeve, so that it can be rotated by, or disconnected 
from, the shaft by means of a dog clutch. The bevel 
wheel gears with another on the upper end of a short 
vertical shaft, shown in Fig. 6, the lower end of the 
vertical shaft carrying a pinion which engages with the 
teeth of the slewing rack; this part of the mechanism 
is clearly shown in Figs. 8 and 9, on page 48. It will 
be obvious that, by rotating the shaft with the dog 
clutch referred to in engagement, the swivelling carriage 
will be caused to rotate about the centre post, since 
the slewing rack is fixed to the undercarriage. The 
same transverse shaft is used for the travelling motion, 
a bevel wheel mounted on the shaft near the centre, 
and driven through a dog clutch, engaging with a corres- 
ponding bevel wheel on a shaft which passes through 
the centre post, as shown in Fig. 6, on Plate II. 
The vertical shaft drives, through bevel gears, another 
horizontal shaft mounted below the undercarriage, 
and bevel wheels on the ends of this shaft drive two 
other shafts, from the ends of which the four travelling 
wheels are driven by spur gearing. Fig. 5is an inverted 
plan of part of the undercarriage, from which, with the 
aid of Fig. 6, the arrangement of the driving gear 
for the travelling motion can easily be followed. The 
mechanism for moving the piling frame in a horizontal 
direction, as previously mentioned, will be understood 
from Figs. 3 and 4, without explanation, as also will be 
the arrangement of the gearing for driving the inclined 
screws used for tilting the frame. 

The winch used is of the three-drum type, driven 
by two steam cylinders, each having a bore 8} in. in 
diameter and a piston stroke of 12 in. The drums, 
each of which is 14 in. in diameter and 2 ft. long, are 
driven through friction clutches, and the rear drum is 
provided with a warping drum, as shown in Fig. 4. 
Extensions of the shafts on which the other two drums 
are mounted are fitted with sprocket wheels for driving 
the transverse shafts, previously referred to, through 
roller chains. Levers fitted in ratchet quadrants 
and provided with trigger pawls are used for operating 
the dog clutches on the transverse shafts. The levers 





can be seen in Fig. 8, on page 48, just ahead of the 
front winch drum, and from this position one man can 
effectively control the operations of raking, travelling, 
slewing and traversing the frame to clear a pile. The 
levers controlling the winch are banked in quadrants 
at the rear of the swivelling carriage, and from this 
position the driver has a clear view of all the operations 
of the plant. Foot brakes are fitted on each drum, 
and each is provided with ratchet and pawl gear, so 
that the load can be held on any drum while operating 
the others. 

The hammer is of the firm’s single-acting, semi-auto- 
matic, falling-cylinder type, giving a 5-ton blow, and 
has a maximum stroke of 6 ft.; the stroke, however, 
can be adjusted, in steps of 1 ft., from zero to the maxi- 
mum. The boiler is of the Spencer-Hopwood type, 
with a working pressure of 120 Ib. per square inch, and 
an evaporative capacity of 2,050 lb. per hour when 
working with natural draught ; with induced draught, 
the evaporative capacity is 2,650 lb. per hour. It has 
been constructed to comply in all respects with the 
South Australian boiler regulations, and is thoroughly 
lagged with asbestos mattresses enclosed in planished- 
steel sheeting. Excluding the pile and ballast, the 
whole plant weighs 71 tons. It has now been in opera- 
tion at Adelaide for some four months with, we under- 
stand, generally satisfactory results. 

In conclusion, it may be of interest briefly to describe 
the method employed at the Claydon works for erecting 
the frame on the swivelling carriage; Fig. 11, on 
this page, illustrates the arrangements adopted. The 
frame was, of course, constructed with the leaders 
in the horizontal position, as shown, the undercarriage 
and swivelling carriage being subsequently placed in 
position, and the frame connected to the swivelling 
carriage by the hinged joints. The winch and boiler 
were placed to the rear of the swivelling carriage, and 
a rope tackle, operated from the rear drum of the winch, 
was connected between the bedplate of the latter and 
the top of a temporary shear legs hinged to the front 
of the swivelling carriage close to the frame hinge. 
From the top of the shear legs, a rope, of fixed length, 
was taken to the head of the piling frame, and, by wind- 
ing in the rope tackle by means of the winch, the frame 
was raised to a rake of about lin 4. Actually, a rope, 
taken from the head of the frame to a hand winch on 
the ground, was used during this operation for steadying 
purposes, but it was found to be unnecessary. The 
raking screws were then screwed out to fit into their 
housings on the swivelling carriage, and, after the 
screws were fixed, the winch and boiler were hauled 
into their normal position on the swivelling carriage 
and secured in place. The frame was then raised into 
the vertical position by means of the screw gearing, the 
temporary shear legs and rope tackle being removed 
while the purchaser’s acceptance tests were carried out. 
The shear legs and tackle were, however, again em- 
ployed in dismantling the plant for shipment after the 
completion of the tests, and were shipped with the plant 
for use in re-erecting the latter in Adelaide. 








BritisH STANDARD SPECIFICATION FOR CoPPER WIRE 
FOR ELEcTRICAL MACHINERY.—A revision of specification 
No. 128 has just been issued by the British Engineering 
Standards Association. It is designated No. 128-1929, and 
is intended to meet the needs of users of bare, annealed, 
high-conductivity copper ‘wire for winding electrical 
machinery and apparatus. One of the principal differ- 
ences between the new and the 1922 editions is that the 
tolerances permitted on the resistivity of the copper 
and on the diameter of the wire are smaller in the new 
publication. Furthermore, the tables of sizes and 
resistances of wire have been entirely rearranged and 
remodelled. Copies of the specification may be obtained 
from the B.E.S.A. Publications Department, 28, Victoria- 
street, London, S.W.1, price 2s. 2d. 





New ZEALAND ComMMERCE.—The chief exports of 
New Zealand are wool, frozen meat, and butter and 
cheese. The total value of all exports from the 
Dominion in 1928 was 56,188,481/., and the value of 
the four items quoted above represented about 
75 per cent. of this sum. Jn the same year the aggregate 
value of imports was 44,886,266]. Whereas 77-53 per 
cent. of the exports from New Zealand were consigned 
to the United Kingdom, only 45-76 per cent. of the 
imports into the Dominion came from this country. 
It is stated in the annual report for 1929 of the 
Wellington Chamber of Commerce that a new Customs 
tariff was adopted by the Dominion in 1927 and, in this, 
the tariff preferences granted to products of the British 
Empire were extended in many instances. It is further 
added that several of the changes did not become 
effective until July 1, 1928, so that the import figures 
for 1928 are not fully indicative of the benefits of the 
new tariff to British trade. The annual report of the 
Chamber of Commerce of Wellington constitutes a 
handbook of information concerning New Zealand 
trade, industries, transport facilities, and principal 
towns and boroughs, in addition to being, in effect, 
a commercial and professional directory of the capital. 
A number of maps, including a large-scale railway 
map of the Dominion, are contained in the book, which 
is obtainable, price 2s. 6d., from the Secretary of the 
Chamber, ‘‘ The Dominion ’”’ Building, Wakefield-street, 
Wellington, New Zealand. 
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THE GENERATION OF SUPER- | whole range of expansion from 227 lb. per square inch | 
PRESSURE STEAM. | to the condenser pressure, the dryness fraction at 


: : o | exhaust will be 92 per cent. 
By Professor Von St. LorFirr.* | The turbine driving the pump DP, by which the 


Ix a paper published in Mechanical Engineering | live steam from the superheater is forced back into the 
towards the end of 1928, the author gave particulars | evaporator, is fed with steam by-passed from the 
of the working of two Léffler boilers installed at the | main flow at a pressure of 227 lb. per square inch, 
Witkowitz Collieries. Two additional boilers for the | Fia.i 
same plant, each capable of generating 50 tons of | g.l. 


In preparing these diagrams, the efficiency ratios of 


the turbines was taken at 70 per cent., when the specific 


volume of the steam was less than 0-1 cub. ft. per lb., 


and at 75 per cent. with initial specific volumes 
ranging between 0-1 and 0-3 cu. ft. per Ib. With 
specific volumes lying between 0-3 and 1 cub. ft. per 
lb., and for those stages of the low-pressure turbine in 
which the steam is wet, an efficiency ratio of 0-80 has 
been assumed, whilst, for dry steam with specific 


steam per hour, are now in course of construction. 


It is, moreover, intended, during the next few years, | 
to add still another two boilers which will each have | 
a rated output of 75 tons of steam per hour, and | 
will supply steam to a 4,000-kw. turbo-generator. | 
Manufacturing licences have been acquired by the | 


Maschinenfabrik Angsburg-Nurnberg and the Deutsche 
Werft. 
High thermal efficiencies are now demanded where- 


ever power is generated, and, in the case of steam- | 
operated stations, can be secured only by the adoption | 


of high pressures, or, what is still more important, of 
high temperatures. The near future will witness a 


vast increase in the use of super-pressure steam, which | 
can now be generated not merely with safety, but | 


with perfect control of output, temperature and 
pressure. No risk is therefore involved in supplying 
it either to turbines or to reciprocating engines. 

The considerations set forth below are based mainly 


on experience with the author’s boiler, the character- | 


istic feature of which is that the water is evaporated in 
a non-fired vessel or container, by pumping through it 
a supply of superheated and super-pressure steam. 
Thus, of the total steam leaving the superheater, part 
is returned directly to the evaporator, as above men- 
tioned, and only the remainder passes on to the power- 
generating plant. In the author’s opinion, full control 


of output cannot be obtained in any other way. The | 
method has, in fact, marked flexibility, and makes it | 


easy to use the steam for a varicty of purposes. 


The main characteristics of the system are clearly | 
indicated in the accompanying Sankey diagram, Fig. 1, | 
‘i ' 


INDICATED THERMAL EFFICIENCIES ATTAINABLE AT DIFFERENT TEMPERATURES 


TEMPERATURE OF 
REHEAT - 300°C 


Fig.2. 
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Steam Temperature, Degrees Centigrade 


which shows what proportion of the total heat units 
per kilogram of live steam entering the super-pressure 
turbine is utilised in the various items in a complete 
power station equipped with Léffler boilers, steam 
turbines and surface condensers. 

The steam enters the super-pressure turbine T, 
at a pressure of 1,900 lb. per square inch, and at a 
temperature of 930 deg. F., its total heat being 
793 centigrade heat units per pound. From this turbine 
it is exhaused at a pressure of 227 |b. per square inch, 
and at a temperature of 500 deg. F. The efficiency 
ratio assumed for this super-pressure turbine is 70 per 
cent. The steam discharged from this turbine is passed 
next through a reheater where its temperature is 


Fig. 3 
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TEMPERATURE OF 7” 
REHEAT= 350°C kig.4 


Pressures; Atmospheres 


and the exhaust from this auxiliary turbine goes to 
the first-stage feed heater I, where it raises the tem- 
peratures of the condensate to about 176 deg. F. The 
second stage feed heater, lettered II in the diagram, 
raises the water temperature to about 285 deg. F., 
and takes its supply of heating steam at 57 lb. per 
square inch. For the third stage feed heater III, the 
heating steam is tapped off the super-pressure turbine 
T,. In its passage through this heater, the feed tem- 
perature is raised to about 398° F., at which it is 
fed into the evaporator V by means of the motor- 
driven high-pressure pump S P. 

With a plant of medium size, an overall efficiency, 
from coal bunker to switchboard, of 27-4 per cent. is 





raised to 671 deg. F. by the condensation of live | 


steam supplied at the full pressure of 1,900 Ib. per 
square inch. With its temperature thus raised, the 
working steam next enters the intermediate-pressure 
turbine T,, in which it is expanded down to a pressure 
of 57 Ib. per square inch, and from this it passes on to 
the low-pressure turbine Ts, from which it is discharged 
into the condenser at a pressure of 0-7 Ib. per square 
inch. 

Assuming an efficiency ratio of 80 per cent. for the 





obtained. In this estimate, full allowance has been 
| made for all the energy supplied to the auxiliaries. 
In the case of large plants, an overall thermal efficiency 
| of more than 30 per cent. can be obtained. 

In securing such figures, the reheating of the steam 
| is as important as the initial high pressure and high 





| temperature. This is clearly brought out by Figs. 2, | 


|3 and 4, which show how the indicated thermal effi- 
| ciencies vary with different initial steam pressures, 
| and with three different temperatures of reheat, viz., 
| 570 deg., 660 deg., and 750 deg. F., i.e. 300 deg., 350 deg., 


* Translated from acontribution to the Festschrift Prof. | and 400 deg. Cent. In all three cases, the pressure of the 
Dr. A. Stodola zum 70, Geburtstag, 1929. 


| steam at reheat, has been taken as 227 Ib. per sq. in. 





TEMPERATURE OF 
REHEAT = 400°C 





| volumes in excess of 1 cub. ft. per lb., the efficiency 
ratio has been taken as 85 per cent. The condensate 
| temperature has been taken as 95 deg. F. 

| The diagrams based, as described, on the above 
| assumptions, show clearly that the heat units in the 
| steam are less efficiently utilised as the pressure in- 
| creases, and that with a low reheat and low steam tem- 
peratures, such as 750 deg. F. (see Fig. 2) any increase 
of initial pressure above a limit of about 2,150 Ib. per 
square inch, would involve a reduced thermal efficiency. 
Since steam temperatures higher than 935 deg. F. 
cannot be safely adopted, even when using a very hard 
open-hearth steel for the superheater pipes, there is 
no advantage in adopting pressures above 2,150 Ib. per 
square inch, unless the temperature of reheat can be 
raised much above 750 deg. F. This may prove possible 
with separately fired reheaters, but not when the 
reheating is effected with live steam. To gain any 
advantages from pressures higher than the limit named, 
it would be necessary to raise the initial steam tem- 
perature much above 935 deg. F., but the theoretical 
gain thus possible might well be more than offset by 
| the additional cost of the plant. It is, therefore, to 
| be expected that, in the case of condenser-operated 
| stations, the limit of 2,150 lb. per square inch for the 
| pressure and of 935 deg. F. for the temperature will 
'not be exceeded, though in special cases, where the 
generators are driven by back-pressure turbines, there 
| may be an advantage in still higher steam pressures. 

| It is particularly important, in the case of super- 
| pressure plants, to reheat the steam before discharging 
jit into the low-pressure turbine. It is, in fact, this 





TEMPERATURE OF 


& TWO-STAGE 
FEED HEATING. 


Fig.5. 


Degrees 





200 


reheat which makes practicable the economical use of 
high initial pressures without excessive initial steam 
temperatures. Nevertheless, reheating can only be 
effected simply and economically by dispensing with 
long lines of low-pressure piping, and this can be done 
if live steam be used for the reheating and the reheater 
be placed close to the low-pressure turbine. 

This operation of reheating is still, however, 
frequently regarded as involving unwelcome, com- 
plicated and costly additions to super-pressure plants, 
though, in reality, it need not necessarily be incon- 
venient, but an exceedingly simple, safe and econo- 
mical procedure, which makes it possible to utilise 
effectively and advantageously extremely high pressure 
drops. 

The deductions to be drawn from a consideration 
of the curves given in Fig. 2 are not materially 
altered if provision be made for the progressive 
heating of the feed by steam bled from the turbines, 
| but the thermal efficiences will be somewhat increased. 
as indicated in Fig. 5. In this diagram, the conditions 
| for which the curves have been plotted are the same 
as in Fig. 2, save that provision has been made for 
two-stage feed heating. In the first stage, the 
temperature is raised to 212 deg. F. by steam bled 
at 14-2 lb. per inch, whilst in the second stage, the 
temperature is still further raised to 390 deg. F. by 
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steam bled from the turbine at a pressure of about 
225 Ib. per square inch. 

From the Sankey diagram plotted in Fig. 1, it 
appears that the pumping back of the steam from 
the superheater to the evaporator involves but little 
net loss, since not only is the exhaust steam from the 
pump led to feed heater No. 1, but the friction and 
eddy losses in the pump and connections are added 
as heat to the steam entering the evaporator. Hence, 
the relatively low efficiency of the centrifugal pump 
used is of little economic importance. 

Naturally, only that fraction of this friction heat, which 
corresponds to the thermal efficiency of the plant, is 
ultimately recoverable as useful work, and, hence, as 











See 





superheater in which the heat transfer is by contact, 
and in this the steam acquires its final temperature. 
From this, the furnace gases are generally passed on 
to a high-pressure economiser and to an air pre- 
heater. 

The heating surfaces necessary in the radiation 
superheater H,, the contact superheater H,, the 
economiser H,, and the air preheater H, have been 
plotted in Fig. 7. The graphs give, in square metres, 
the surface required for an output of 1 ton of steam 
per hour, to be delivered at a pressure of 1,850 Ib. 
per square inch and at a temperature of 900 deg. F. 
The condensate is assumed to be raised by a first feed 
heater to a temperature of 360 deg. F. (180 deg. C.) and 





are, approximately, as shown by the abscisse. High 
velocities of flow are necessary in order to keep down 
the temperature stresses in the piping. The steam- 
circulating pump will, in this instance, require about 
8 h.p. per ton to drive it. 

For comparison, another case has been worked out in 
which the air is preheated to 840 deg. F., (450 deg. C.) 
and the high-pressure economiser is omitted. As before, 
750 deg. F. has been taken as the permissible limit 
of temperature of the steam as it leaves the radiation 
superheater. The surfaces then required per ton of steam 
generated per hour are shown in Fig. 8. If the same 
velocities of flow are used as were assumed in preparing 
Fig. 7, the work of the circulating pump is increased 


Fig.6. 
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HEATING BY BLED- 
STEAM TO 180°C. & 
IN HIGH PRESSURE 
ECONOMISER TO 310°C. 


little power as practicable should be expended in the 
steam-circulating pump. Since the losses of heat are 
due solely to friction and radiation, it is a matter of 
minor importance whether the pumping be effected by 
means of a reciprocating engine, a steam turbine, or an 
electric motor. Much the same argument applies also 
to the centrifugal feed pump SP, which is usually 
driven by an electric motor. Here again, the whole 
energy expended, save that lost in friction and 
radiation, passes into the boiler. Nevertheless, the 
work expended in driving, the pump should be kept 
as small as possible, since, in spite of the care taken 
to trap the losses dissipated, the heat regained is 
utilised only with the thermodynamic efficiency of the 
plant, and the loss to the condenser is increased. 

The function of the feed pump is to raise the pressure 
of the condensate to that of the boiler, but the steam- 
arculating pump is indispensable for controlling and 
regulating in a simple way the production of steam 
at high pressures and high temperatures. It is this 
creulating pump which makes it practicable to restrict 
the heating by direct firing solely to steam and air, 
fconomisers being then dispensed with. 

A radiation boiler fired with pulverised fuel is 
represented in Fig. 6. The combustion chamber is 
lined entirely with superheater pipes, and the heating 
ere is almost wholly effected by radiation. The 
products of combustion next pass through a secondary 
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AIR PREHEATED 
To 450°C 


Fig.9. 


AS IN FIG.7.WITH AIR 
PREHEATED TO 500°C. 


to 15 h.p. per ton, since, in this case, the feed must 
be pumped at a temperature of 355 deg. F. from 
the bled-steam heaters to the evaporator, where its 
temperature must be raised to that of evaporation 
by an additional supply of live steam. Owing to 
this, the rate of heat transfer in the radiation super- 
heater will fall to about 166,000 kcal. per square metre 
per hour, so that, with the same limit of steam 
temperature, (750 deg. F.) the temperature stresses 
in the tubes will be reduced. 

The total high-pressure heating surface is more than 
25 per cent. smaller than if the high-pressure economiser 
were retained, so that the cost: of the boiler is reduced 
in spite of the nearly two-fold increase of surface in 
the air pre-heater. 

Since the omission of the high-pressure economiser 
increases the safety of the plant, the increase of the 
power expended in the circulating pumps may be 
disregarded. Waterless boilers are of special import- 
ance in plants where it is impossible to prevent the 
access of impurities to the feed, owing to leaky 
condensers or other causes, and will thus be specially 
advantageous on shipboard. 

Difficulties arise with air preheating to temperatures of 
935 deg. F., (500 deg. C.) and this led to the study of a 





GAS & STEAM TEMPERATURES WITH THE CORRESPONDING HEATING SURFACE REQUIRED. 


Fig.8. 


AS IN FIG.7.WITH AIR 
PREHEATED TO /50°C 


Fig.10. 








Heating Surtace in Sg Metres per Ton of Steam per Hour 


then to a temperature of 590 deg. F. (310 deg. C.) in the 
high-pressure economiser. Ten per cent. of the air neces- 
sary for combustion (assumed to be 30 per cent. in excess 
of the theoretical amount) is used cold for the transport 
and delivery of the pulverised fuel. The remainder 
passes through the pre-heater where its temperature 
is raised from an initial value of, say, 77 deg. F. 
to 480 deg. F., and, with air thus preheated, a tem- 
perature of about 3,360 deg. F. will be reached at the 
centre of the flame, taking the calorific value of the fuel 
as 6,900 centigrade thermal units. Owing to the rapid 
transfer of heat by radiation to the superheater, the 
gas temperature near the walls will not be more than 
about 2,190 deg. F., and the steam, as it leaves the 
radiation superheater, will have a temperature of 
about 750 deg. F. This should be the limit here in 
order to avoid excessive stress on the pipes, in which, 
owing to the extremely high rate of heat transfer, 
there will be a temperature difference of 175 deg. 
to 300 deg. F. between the external and internal 
surfaces. In the case under discussion, the rate of 
heat transmission has been taken as 200,000 kcal. per 
square metre per hour. 

In Fig. 7, the gas temperatures are represented by 
the thick upper line, whilst the thinner lines show the 
temperatures of the fluids—air, water and steam— 
heated by these gases. The areas required in each 
element for the production of 1 ton of steam per hour 





case in which the air was preheated to 840 deg., but the 
high-pressure economiser was retained. In this way, 
a cheap boiler was secured, together with a small 
expenditure of power in the steam-circulating pump. 
The results are represented in Fig. 9. Less total high- 
pressure heating surface is required than in the case 
represented by Fig. 8, and only 6-5 h.p. per ton has to 
be expended in circulating the steam. With this 
arrangement, however, the rate of heat transfer 
in the radiation superheater rises to 283,000 kcal. per 
square metre per hour, with corresponding temperature 
stresses. To reduce these, it would be necessary to 
lower the temperature in the combustion chamber by 
reducing the temperature of the pre-heated air to 
what it was in the conditions represented by Fig. 7. 
If the rate of heat-transmission is not to be more than in 
the case represented by Fig. 8, then the air must not be 
pre-heated to more than 300 deg. F. (150 deg. C.). As 
before, the temperature of the steam leaving the radia- 
tion superheater is taken as 750 deg. F., and the velocities 
of flow the same as in Fig. 7. With these conditions, 
the areas required are given by the curves plotted in 
Fig. 10. Here the total high-pressure heating surface 
is 50 per cent. more, but the work of the steam-circulat- 
ing pump is about 30 per cent. less than in the con- 
ditions represented by Fig. 8. 

If in the various alternatives the same rates of heat. 
transmission and consequent wall stresses are assumed, 
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then the speed of flow of the steam must be adjusted 





to secure this. ; ‘KENRICK TECHNICAL COLLEGE ; WEST BROMWICH. 


It can be shown that the work done in circulating the | 
steam may even be reduced below that necessary for | 
a boiler provided with a high-pressure economiser. 
Generally, the latter type admits of less pre-heating | 
of the air than if the economiser be omitted. Each | 
particular case, however, requires consideration on its 
merits. The plan of circulating the steam from super- 
heater to vaporiser makes it possible to have boilers | 
in which fire is directly applied solely to systems in 
which only the water phase or the steam phase is | 
present, and not a mixture of the two. This makes 
it possible to generate super-pressure steam with as 
much safety, control and simplicity as in the best of 
existing stations operated at normal pressures. 








A COLLEGE ENGINEERING SHOP 
AND FOUNDRY. 


WHEN arranging courses of instruction for those 
engaged in engineering works, it is necessary to 
recognise that there are two main divisions of | 
workers employed in the industry, namely, one division | 
comprising men engaged in repetition work or mass 
production, and a higher division, which includes 
millwrights, tool-room mechanics, foremen, draughts- 
men, and all others who are training for positions of 
technical responsibility. The training given in the 
model workshop and foundry in the new engineering | 
block of Kenrick Technical College, West Bromwich, 
which block was officially opened on February 1, 1928, | 
by Sir Henry Fowler, is intended for workers in the | 
higher division, although intelligent men from the other | 
division may take the course with advantage. The | 
college course is supplementary to, and is not a substi- | 
tute for, the training obtained in an industrial works. | 
The scheme of instruction is arranged in such a manner | 
as to give the student a wide range of practice in the 
shortest possible time. When the student has mastered | 
one operation satisfactorily he immediately passes on to | 
the next. This procedure, it may be noted, could scarcely 
be followed in an industrial works. Throughout the 
whole of each lesson, all the machines in the engineering 
shop are maintained in use. This necessitates, not 
only a proper arrangement and grading of the exercises, 
but also demands that all the requisite materials and | 
tools be in readiness and in good condition. A course | 
in light engineering must include instruction in bench 
work and the correct utilisation of hand tools, the use | 
of the marking-off table, the cutting action of common | 
tools, drilling and reaming operations, milling, shaping, 
planing and slotting practice, lathe work, grinding, and 
blacksmithing. For evening-class students suitable 
practice may be obtained in the making of useful | 
articles such as squares, calipers, chisels, scribing | 
blocks, screw jacks, and bench vices. With full-time | 
day classes a more ambitious scheme is possible. | 

The engineering workshop at West Bromwich, | 
a plan of which is shown in Fig. 1, annexed, is 50 ft. | 
long by 30 ft. wide, and accommodates 24 students. 
The foundry, also seen in the plan, is 30 ft. by 25 ft. 
and has accommodation for 12 students. In the 
centre of the engineering shop are two fitters’ benches 
with 12 vices. Close by are installed a power hack saw | 
and a sensitive drilling machine. Between the two | 
benches are placed a marking-off table, shaping machine, | 
and horizontal milling machine. Along one side wall 
are four small centre lathes for screw cutting, and a 
capstan lathe, while along the other side wall are to be 
found a plain-grinding machine, tool-grinding, and 
universal cutter-grinding machines. Additional machines 
are contemplated, including a planing machine, slot- 
ting machine and a radial drilling machine. One end 
of the shop is oceupied by a smith’s hearth, furnished 
with an electric motor fan, an anvil, a gas furnace and 
muffle, and a tinman’s bench. The other end is taken 
up by bar racks and tool and job stores. The machine 
tools in the shop are driven from two 40-ft. lengths 
of 2}-in. shafting, running in ball bearings, by an 
18-h.p., 830-r.p.m. electric motor. 

An efficient stores system has been deemed important, 
as of considerable educational value for the student. 
An effective tool store requires a generous amount of 
shelf space. Every type of article must have a definite 
place; each article should be visible and readily 
accessible, and drawers are objectionable. A simple 
metal-check system has been adopted, to hold the 
student responsible for a borrowed tool until returned 
to store. A photograph of the tool store is reproduced 
in Fig. 3, on page 61, which incidentally also shows 
the main shop motor. The tool store and the adjoining | 
job store are each 10 ft. square in plan. The shelves 
in the former have been given a slope of 10 deg., the 
tools thus tending to lie at the front of the shelves. 
These are divided by wooden strips } in. thick and 1 in. 
deep, and on the front edge each shelf bears labels 
specifying the type of tool occupying the several 
spaces. The check system adopted is of the simplest 
kind in common use. Numbered brass checks 1 in. in 
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diameter hang on a series of hooks opposite the door, as | metal castings can be made by means of the” crucible 


seen in Fig. 3. Each student is given a stores number 
and, when a tool is borrowed, a check is transferred 
from his hook to the space normally occupied by the 
tool on the shelf. The student is responsible for the 
borrowed tool until the check is cleared. He does 
not handle the check, and no pencil and paper are 
required. 

The equipment of the foundry, which, as shown in 
Fig. 1, adjoins the engineering shop, is very complete. 
A general view of the foundry is shown in Fig. 2, 
on this page. The small cupola, the position of which 
will be seen in the plan, Fig. 1, has a diameter of 
30 in., and is fitted with an electric blower. It has 
a melting capacity of 10 cwt. an hour. Arranged 
near one of the side walls are two 10-in. coke-fired 
crucible furnaces and a gas-heated core-drying stove 
6 ft. high, 4 ft. wide and 2 ft. 6 in. deep. A large 
portion of the foundry floor is occupied by a sand bed. 
This is 12 ft. in length, 10 ft. in width, and 3 ft. in 
depth. A 1-ton travelling crane, small sand mixer, 
and moulding machines complete equipment of the 
foundry. The cupola is fairly easy to manipulate and 
there is no difficulty in obtaining a melt of cast iron in less 
than two hours. A good variety of useful non-ferrous 





furnaces. In the case of evening students, the practical 
work in the foundry is largely of an experimental 
character. Experiments are conducted on moulding 
sands, facings, core sands, metal mixings, pouring 
temperatures, and the ventilation of moulds. In 
addition, instruction is given on common defects n 
castings and their prevention, the making of castings 
to specification, the production of test bars, and the 
use of the microscope. The foundry also produces 
the castings required for the exercise work in the 
engineering shop. The latter and the foundry are 
under the control of the chief instructor in engineering 
trade practice. 

We are indebted for the above notes to Mr. Ernest 
Rawson, B.Sc. Eng. (London), A.M.LMech.E., formerly 
principal of Kenrick Technical College, West Bromwich, 
who was responsible for the design and layout of the new 
engineering block, which also includes a mechanical an 
electrical engineering laboratory. 








InDIA-RUBBER IN 1929.—The world consumption < 
india-rubber during 1929 has recently been estimate 
to be in the neighbourhood of 800,000 tons. 
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(For Description, see opposite Page.) 


General Engineering —The Review issued by Messrs. 
The Skoda Company, Prague, Czechoslovakia, illus- 
trates a series of their products, including rotors, rudder 
forgings, Pelton wheels, castings for hydraulic turbines, 
colliery rope wheels and coal-washing plant, large surface 
condensers, aeroplanes, switchboards, and electric loco- 
motives. In all cases brief descriptive paragraphs are 

| added in five languages. 
| WSheet-Metal Working Machinery.—A list of new and 
| second-hand machines for sheet-metal working is to hand 
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\ = | from Messrs. F. G. Edwards, Limited, 406, Euston-road, 
. Sa | London, N.W.1. The list is divided into three sections 
\ = | dealing with power presses, tin-box making machinery, 
ig | and general, the latter including machine tools, welding, 
} | spraying, riveting, and other machines. There is also 
{ | a list of new machines made by the firm. 
« Boiler Feed Water.—Messrs. Feedwater Specialists 
- |Company, 51, Fenchurch-street, London, E.C.3, have 
4 |issued a technical circular discussing the faults that 
7 é & 
|develop in water-tube boilers when the feed water 
{contains salt or other impurities. The subject is of 
special interest owing to the increasin ressures now 
pe gp 
being adopted, and information which can be offered by 
specialists in the subject should be of value to engineers 
: in charge of steam plant. 
, | Marine Oil Engines.—We have received a recent issue 
0) | of the Bulletin published by the Atlas Diesel Company, 
| Limited, 35, Surrey-street, W.C.2, in Sweden, in English. 
It deals mainly with Polar marine oil-engines, illustrating 
Y§ a number of these engines in course of erection and giving 
Ss data of performance for ships in which they are in 
yo service. The ships mentioned are mostly of British 
x construction, while most of the engines installed were 
> built in Sweden. 
& Shipbuilding.—Messrs. The Wallsend Slipway and 
& Engineering Company, Limited, Wallsend-on-Tyne, have 
s issued a handsomely printed and illustrated record of 
x their work from 1871 to 1929. It shows a number of the 
more famous ships, naval and mercantile, which the 
company has supplied with engines and boilers, and 
also illustrates various types of engines and boilers 
;? separately. The record is highly creditable and the 
- publication is of exceptional interest. 
Conduit Tubes.—A catalogue of steel conduits for 
Fia. 3. Toon Store. electric cables has been issued by Messrs. The Perfecta 
Seamless Steel Tube and Conduit Company (1923), 
: . Limited, Plume-street, Aston, Birmingham. The con- 
X-RAY STUDIES OF CUPPED COPPER. | cult to interpret. It was then seen that the orien- | duits are made in plain galvanised or enamelled finishes 
: ; =. PE he a ly | tation in the satisfactory copper was random, whilst | and in nominal diameters of § in. to 2 in. The tubes 
= “ip ee ake it ig * 2 ea at, be perpen the eared copper showed preferential orientation in | are of the closed, brazed, welded or cold-drawn qualities, 
sane cone, She gram Tne Week CEES SO | sevennl dineekians, particularly at 18 deg. and 72 deg, | 99d @ very extensive variety of fittings such as sockets, 
a 112 direction parallel to the rolling direction and a of are to the direction of rolling, and especially when | bTanched connections, boxes, switch cases, &c., is shown. 
110 plane in the rolled surface. The sheet metals used 8: Ca All the necessary dimensions, weights and prices are 
had been rolled down to 5 per cent. or less of their the sample had been rolled down excessively (reduction given. 
+l original thickness, and this final orientation had of 99 per cont.» t.c., to O-Ol per cent. of its original Electrical Machinery.—We have received a further 
generally been assigned to rolled metals of the face- | thickness). The formation of ears can apparently be | parcel of leaf catalogues from Messrs. Westinghouse 
. . avoided by rolling to not more than a 65 per cent.| Electric and Manufacturing Compan Philadelphia 
centred cubic system, even if less severely rolled relies Mbpresa-.. 2 Les & pany, phia, 
gone tate y Xs Suction 4 the tals, | eduction in thickness and by annealing at a tempera-| U.S.A., dealing with a wide range of machinery and 
Sein a yd d “ TL Me a ba vee ae porn ie ~ re ture of about 650 deg. C. apparatus, including the following: Turbo-generator 
: : aco ) ’9 units of 14-kw. and 3 kw. capacity ; induction motors, 
- oe by — ee — 30 per ~~ CATALOGUES for mill drives and for pumps and — service ; loco- 
the aces predominated more and more in the a motives; armature shafts; axle bearings and gear- 
surface at the expense of the 110 faces, but above| qq. Roiin . F c 2 cases for colliery locomotives ; trunk-line electrification ; 
} : ors - g Mills.—Messrs. Fried. Krupp, Essen, : : ‘ . 
. 50 per cent. reduction, 110 faces began to increase. | Germany, have sent us copies of their monthly review, pve es. hl of multiple-unit and articulated cars ; 
The influence of the temperature of annealing was not | printed in German, dealing with cold-rolling mills, | 92% SW!¢Dgear- ’ . 
overlooked in these investigations, but a peculiar and | and also with hardness-testing and measuring instru- Pag hy ee ee ee 
i i i ts. . ork, U.S.A., an wyce ouse, London, .C.2, 
a eftect, a a iv i p< <4 ae , ; . issue a monthly journal entitled Heat Engineering, 
rass, aluminium, Iron anc sliver, only received atten- | Lock-nuts.—A priced list of lock-nuts is to hand from | gegcribing their products, which consist mainly of boilers, 
tion later by K. Kaiser. Such cups may show ears or | Messrs. Evertite Locknuts, Limited, 57-59, Victoria- superheaters, condensers, cooling towers, and oil- 
lips at some points of their edges, which Kaiser ascribed | street, London, S.W.1. The sizes listed range from | yofinj lantse. Examples of all these products are 
po! bag! BOF & > “sapere ia ie aie oe refining pla p p 
to faulty annealing or rolling. A case of this kind was | § in. to 1} in. diameter in black, bright, zinced, and nickled | described in the last two issues. The Corporation, it is 
discussed last summer at the meeting of the American finishes. stated, is taking over the supply of the Hardinge fuel 
Society for Testing Materials, by Professor Arthur| Electrical Testing Apparatus.—Messrs. Ferranti, Ltd., | pulveriser, a conical ball mill for preparing powdered 
Phillips and Mr. Gerald Edmunds, of Harvard College. | Hollinwood, Lancs, have sent us a catalogue of standard coal for firing. It is made in units with capacities up 
The cups in question of electrolytic copper 99-96 portable equipments for testing insulating materials | to 40 tons of coal per hour. 
per cent. pure, were 1} po in diameter, § in. deep, and of —_ electrostatic capacity, such as insulating oils, Band Saws.—Messrs. Thomas Robinson & Son, Ltd., 
: a3 Re z x : . switchgear, etc. Rochdale, have issued a sheet illustrating their band 
~ 0-013 in. thick, and showed four ears (or rather four Furnace-Lining.—Messrs. J. H. Sankey and Son, | re-saw, for timber. The band runs on pulleys of 48, 54, 
not very conspicuous lobes) in regular distribution |, .“* cman ee y Lpsy nal : ge 
: : é Limited, Essex Wharf, Canning Town, London, E.16, | 60 or 72 in. diameter, will cut up to 36 m. in depth, and 
around the edge of the cup, two in the direction of have issued a further catalogue with illustrations of | has self-acting speeds up to 250 ft. per minute. Accurate 
rolling, and the other two at right angles to this axis. furnace walls, to show the durability of their Pyruma | thicknesses are produced by standard adjustments and 
Most of this copper had been rolled hot in the usual | pgment for bonding firebricks. —— —? can be supplied _ —— ay splittin ¥ 
icible way and cups were produced from it without ears, Pumps.—Messrs. The Corma and Sava Pump Company, | —*:*:; dividing a piece into two of equal thickness. e 
otical but a small portion giving eared cups had been treated | ¢), jc Vieille Eglise, Tilleur, Belgium, have sent us a | spindle runs in roller bearings and the whole structure 
| ce : : on . is of ample strength to resist the stresses induced by 
enta somewhat differently, the last reduction to 74 per cent. | catalogue describing a valveless rotary pump for aircraft, ese ~ trope 9 «3-0 
Iding of the original thickness taking place between anneal- | machine tools, &c. It is used for circulating oil, petrol, 'y & niles agg 
uring ings. The micrographs of the satisfactory copper con- | cutting lubricant, &c., and will pick up without priming Ff hae y 4 P fc ward +g a Po I abana 
3 : 2 Be : » poe d in either directi f | received from Messrs. Glenboig Union Fire Clay Company, 
In sisted of approximately equi-axed grains; im the other —— ee ee Te ee Limited, Glenboig, Scotland, presents a most extensive 
ts in copper, relatively large grains extending in the direction | e : , : range of pieces, each adapted to some special purpose. 
tings of rolling were found together with normal grains. In | B ee pea be —. — a The firebrick section includes blocks in many shapes for 
1 the the X-ray analysis by the pin-hole method, specimens | Brighton-road, Sou POLSON | SURO Fs: AES S us @/ boiler setting, furnaces of all kinds, gas retorts, and 
juces were man ro the K a codtetien from the molyb- | © reular illustrating peer “ he a — similar work. The fireclay pipe section shows sewer 
| the denum target of a Coolidge tube for 45 hours. The | me ecm ray cpa Po alas gy a ees Pec = = a 
REE . - | @ continental sta oO Z ° . b hings, t , and covers. chimney and buildin 
; = experiments Were made with cold and with hot-rolled have the necessary movements for detecting and following } celine tien inelien some artistic “lames The 
ering Copper, treated ae ee ee When a metal like | hostile aircraft. | illustrations are clear and well arranged and the tables 
copper is examined by this method, the radiogram | Sheet Metal Products.—Messrs. Blagg and Johnson, | and analysis given will be found useful. 
rest = concentric rings corresponding to the diffrac- Limited, Newark-on-Trent, have sent us a catalogue and Refrigerating Plant.—Mr. Paul Dieny, 317, High Hol- 
nerly tions from the planes 111, 220, 311, &c., and the/ circular illustrating their sheet-metal products for| born, London, W.C.1, has sent us a circular describing 
wich, rings are complete if the crystallites in the copper are | building, ventilating and similar work. These include | 4, gccumulator-regulator for refrigerating installations 
new in random orientation, but break up more and more into | gutters, rainpipes, glazing and plastering sections, venti- | ¢5, which he is concessionnaire for this country. The 
land arcs, and finally points, as preferential orientations in | ting conduits, including complex branchings, many | obiect of the regulator is to prevent the comparatively 
certain directions develop. These arcs became shorter vessels, and special stampings. sudden rise of rape ge pene bare sted ot ~~ = 
as the 3 i i Welding.—Messrs. Alloy Welding Processes, Limited, | refrigerating plant is stopped. A grilled pipe, throug 
* cold-seiad: congee Uae seauees in Ciene : oan 1 eaatew London, E.17, have issued a which the brine or the refrigerant is passed, is enclosed in 
from 70 t. to 99 t. When the Forest-road, Walt: A ’ ’ gora passed, 18 ent 4 
, is i cate ye se mg apres pamphlet giving particulars of tests made on welds, in| a cylindrical chamber containing a special liquid which 
mn ot a annealed, some crystal faces disappear ss the which their electrodes were used, including butt, lap, | freezes when the plant is in operation, the ice collecting 
rated tadiogram, but a Laue pattern (of intense diffraction | aq building-up work. Rough sketches and precise; on the pipe. When the plant is stopped, the ice melts, 
poinis ho superposed upon the rings, so that the radio- particulars are given which show that very real advances | heat being absorbed by oo change of state, and thus 
gtam becomes more complex, though not more diffi- | have been made in recent years. ) preventing, or delaying, the rise in temperature. 
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HYDRO-ELECTRIC POWER DEVELOP- 
MENT IN CANADA. 


Tue fact that Canada has at present hydro-electric 
installations amounting to 5,500,000 h.p. does not 
appear to exercise any influence in arresting the pace 
of new construction, and plans are under consideration, 
and in some cases actually in execution, for a number 
of projects which will reach the million horse-power 
stage when completed. 

On the Ottawa River, quite recently, contracts 
have been awarded for the construction of a power 
plant at Chats Falls, 30 miles north-west of the capital 
city. The initial installation planned by the promoters 
is 250,000 h.p., but an ultimate capacity of 500,000 h.p. 
is provided for; work on the site has already begun. 
The Falls are an inter-provincial site, and the Ontario 
Hydro-Electric Power Commission proposes to co- 
operate with the Nesbitt-Thomson interests of Montreal, 
which controls the Quebec rights, in order to secure a 
complete development providing additional power for 
distribution in the Toronto district. 

In the Province of Quebec there are now under 
construction a large number of very important projects, 
two of which will ultimately reach the million horse- 
power stage, a third being planned to provide for 
2,000,000 h.p. as soon as a market can be found for 
the power. One of these plants is the Chute & Caron 
development on the Saguenay River, and the second 
the St. Maurice River development of the Shawinigan 
Water and Power Company. The last-named project 
is that of the Beauharnois Power Corporation on the 
stretch of the River St. Lawrence between Lake St. 
Francis and Lake St. Louis. 

Great progress is also being made in British Columbia, 
where a number of large power schemes have been 
considered recently, one at least being actually under 
construction. The British Columbia Power Corpora- 
tion has announced its intention to spend about 
10,000,0001. on hydro-electric power development 
during the next six years. The Chilco development in 
British Columbia, in respect of which surveys are in 
progress, is reported to be another 1,000,000 h.p. 
scheme. The Bridge River, Campbell River and Lois 
River developments are now about to be begun, and 
the 75,000-h.p. South Slocan plant of the West 
Kootenay Company is completed. 

In Alberta, the Calgary Power Company has just 
begun generating electricity at its Ghost River plant, 
and has constructed a transmission line to Edmonton, 
thus relieving a power shortage in the two cities. 
The first hydro-electric development in Saskatchewan 
is now well under way at Island Falls, on the Churchill 
River, where the Churchill River Power Company, 
a subsidiary of the Hudson Bay Mining and Smelting 
Company, is constructing a power station designed 
to include six units of 14,000 h.p. each, three of which 
will be installed at the outset. It is expected that 
the plant will be in operation before the end of 1930, 
when power will be available for transmission to the 
Flin Flon and Sherritt-Gordon copper, zine and gold 
mines, a line about 65 miles in length having been 
constructed to transmit power to the Flin Flon 
mine. 

{In Manitoba, two large hydro-electric power plants 
are under construction on the Winnipeg River. The 
Northwestern Power Company is making good progress 
with the development of the Seven Sisters Falls, where 
there will be constructed a plant with an ultimate 
installation of six units of 37,500 h.p. each, a total of 
225,000 h.p. It is planned to have the initial installa- 
tion of three units in operation under partial heads 
before the autumn of this year. Farther up the river, at 
Slave Falls, the City of Winnipeg has recently awarded 
the contract for the construction of a development 
which will contain eight units of 12,500 h.p. Two of 
these units will constitute the initial installation which 
it is expected will be in operation this year. 

The Ontario Hydro-Electrie Power Commission 
has under construction the additional tenth unit 
of 58,000 h.p. capacity at its Queenston station on 
the Niagara River. Work has also been resumed on 
the 54,000 h.p. plant at Alexander Landing, Nipigon 
River, which is expected to be completed in 1931. The 
Commission has also ccmpleted and expects to bring 
into operation shortly a 1,800-h.p. development at 
Elliott Chute on the South River, near North Bay, and 
one of 2,300 h.p. at Trethewey Falls on the South 
Muskoka River. Construction was recently completed 
of the Ear Falls storage and power dam at the outlet 
of Lac Seul on the English River. A power installation 
of 5,000 h.p. is now proceeding at the Ear Falls dam for 
the supply of the nearby Red Lake mining district. 

Two important units have recently been added to 
the power facilities of Northern Ontario, and will 
prove of great aid to the mining and paper-making 
interests in that region. One of these is of 28,200 h.p. 


for the International Nickel Company at Big Eddy 
Dam, on the Spanish River, and the other for the 
Algoma District Power Company, at High Falls on 





the Michipicoten River. Near Cobalt a 13,000-h.p. 
development is now under way for the Canada Northern 
Power Corporation, on the Montreal River. 

The Gatineau Power Company has recently brought 
into operation two further units at the Chelsea and 
Farmers Rapids plants on the Gatineau River. These 
are of 34,000 h.p. and 24,000 h.p. respectively, while 
the second unit of 25,000 h.p. was put into operation 
at the Bryson plant of this company. Another 
80,000-h.p. project is planned at Nigger Rapids. 

At Shawinigan Falls, unit No. 8 of 43,000 h.p., was 
recently put in operation. At Chute a Caron, the Alcoa 
Power Company is making rapid progress with an 
initial installation of four 65,000-h.p. units for com- 
pletion in 1931. The ultimate development at this 
site will, as already indicated, will be in the neigh- 
bourhood of a million horse-power, all for use in the 
neighbouring aluminium plant at Arvida, on the 
Saguenay River. 

The Montreal Island Power Company recently 
completed an 8,500 h.p. development on the Riviere 
des Prairies (or Back River). 

On the Liévre River, 40 miles from Ottawa, and 
on the Quebec side north of Buckingham, the James 
McLaren Company has a 90,000-h.p. development 
under construction at High Falls. The ultimate 
capacity of this plant will be 120,000 h.p., and the 
project includes a large storage dam and a 250-ton 
pulp and paper mill near Buckingham. 

On the St. Maurice River, when the present plans of 
the Shawinigan Water and Power Company are 
completed, over a million horse-power will have been 
developed. Four sites are now being developed on 
this stream, with a power-house capacity of 500,000 h.p. 

A second unit has been added to the Grand Falls 
plant of the Saint John Power Company, and a third 
will start delivering power very shortly. Both of 
these units are of 20,000 h.p. Another Grand Falls 
development is the addition of a 5,000-h.p. unit to 
the plant of the Bathurst Power and Paper Company. 

Three developments on the Mersey River, in Nova 
Scotia, total about 30,000 h.p. The work is being 
carried out by the Nova Scotia Power Commission, 
largely in order to fulfil a contract with the Mersey 
Paper Company to deliver 20,000 h.p. early this year. 
The Commission also have a 3,000-h.p. develop- 
ment under way at Tusket Falls. This unit is now 
in commission. 

All of these schemes, however, are dwarfed by the 
project now under construction by the Beauharnois 
Power Corporation on the St. Lawrence River. In 
connection with this a power-house is under con- 
struction on Lake St. Louis, which is to have an 
ultimate capacity of 2,000,000 h.p., utilising an 83-ft. 
drop in the river between Lakes St. Francis and St. 
Louis, and authority has been conceded by the 
Dominion and Quebec Governments for the with- 
drawal of sufficient water to enable the company to 
proceed with an initial installation of 500,000 h.p. 
This amount of power, it is stated, has already been 
marketed either to the Ontario Hydro-Electric Power 
Commission, to the Montreal Light, Heat and Power 
Consolidated or to other interests. The total expendi- 
ture involved in this initial installation is 65,000,000 
dols., out of which 16,000,000 dols. will be spent on 
the construction of a power canal from Valleyfield to 
the power-house. This will be about 16 miles in 
length, and will have an ultimate depth of 30ft., which 
will enable it to be used for navigation purposes, locks 
being constructed close to the power-house in order to 
enable vessels to be lowered into Lake St. Louis en route 
for Montreal. By October 1, 1932, the Corporation 
has undertaken to develop 200,000 h.p., but will pro- 
bably be able to provide 350,000 h.p., if required. 

The canal will be constructed with a capacity of 
40,000 cusees, and will be designed to form part of 
any subsequent St. Lawrence waterway which may 
eventually be decided upon. The canal will have a 
bottom width of 600 ft., and at the outset will be 
27 ft. deep. It will be handed over to the Dominion 
Government free of charge for use in any navigation 
scheme which may develop from the negotiations now 
in progress between the Canadian and United States 
Governments, and power will also be provided for 
the operation of the locks on Lake St. Louis, 25 miles 
from Montreal. The cost of these locks, which may be 
as much as 21,600,000 dols., would be borne by the 
xovernment. Some five bridges will be required across 
the power canal, and should the canal be converted 
into a navigation channel, it will be necessary to make 
them capable of passing shipping, for which the 
xovernment have agreed to pay the cost. 

In this development the question of ice formation 
has had to be carefully considered. The St. Lawrence 
River has a flow for the month of low water from 
Lake St. Francis of about 180,000 cusecs. The flow 
of the high water month is about 325,000 cusecs, and 
the average flow about 250,000 cusecs. Under future 
conditions, with Lake Ontario regulated, the open 


| water low flow is estimated at about 228,000 cusecs, 








and in winter about 210,000 cusecs. The present gross 
head between Lake St. Francis and Lake St. Louis is 
about 83 ft. under low water and average open water 
conditions. In winter, the rise caused by ice in Lake 
St. Louis ordinarily reduces the gross summer head by 
6 ft. or 7 ft. during part of the time. ; 

Under future conditions in Lake St. Louis, raised 
by the construction of dams at the head of the Lachine 
Rapids, and with progressive development, the open 
water gross head will be about 80 ft., and the winter rise 
in Lake St. Louis will be reduced owing to less ice 
being formed and to its then larger cross-section 
absorbing more of the ice formed in the rapids, the net 
result being probably that the present winter head would 
remain the same or even be increased to a point where 
there might be little difference between summer and 
winter heads, 

An initial average daily use of 40,000 cusecs from 
Lake St. Francis to the proposed power plant is, there- 
fore, considered to be feasible. Control and remedial 
works will be required near the head of Coteau Rapids 
opposite Thorne Island, and between Grand Isle 
(de Salaberry Island), and Isle Julliet, with some 
dredging in the navigation channel through the various 
rapids, generally in accordance with the 1926 report of 
the International Board of Engineers and with the 
1916 report of Messrs. Surveyer and Frigon to the 
Department of Public Works, in order to maintain 
Lake St. Francis levels, the pool level of the headwater 
of the Cedars Rapids power plant, and present navi- 
gation in the rapids. 

The capital cost per horse-power of the initial 500,000 
h.p. project, including navigation costs, is estimated at 
about 131 dols. per horse-power, or after deduction 
of navigation costs about 99 dols. per horse-power. 
The capital charges for the power house would be 
6 per cent. annually, in addition to 2 per cent. for 
operating costs, and 3 per cent. for reserves. The 
earning of this 11 per cent. would necessitate a revenue 
of 14-41 dols. annually per horse-power development. 
It is, therefore, evident that the Beauharnois Power 
Corporation could sell power in block at 15 dols. per 
horse-power and make profits. 

On the north shore of Lake St. Louis is the Cedars 
Rapids plant of the Montreal Power Company, gener- 
ating 200,000 h.p. from a withdrawal of 56,000 cusecs, 
as compared with the 500,000 h.p. to be developed 
by the Beauharnois Company with the 40,000 cusecs 
under its own charter and 14,000 cusecs obtained by 
the recent purchase of the rights of the Montreal Cotton 
Company. The latter company is generating with a 
12-foot head, and producing only 15,000 h.p., which 
will be increased to 120,000 h.p. by the diversion of the 
available water by way of the new Beauharnois Power 
Canal so that it can benefit from the 83 ft. drop at 
Beauharnois. 

The Cedars Rapids plant utilises a drop of only 30 ft., 
and makes use of 56,000 cusecs. in the summer months 
and 75,000 cusecs. in winter. It will readily be under- 
stood that, as the Beauharnois Corporation with its 
combined amount of 54,000 cusecs. will be able to 
develop 500,000 h.p. from its 83-ft. drop, the trans- 
ference of the Cedars Rapids rights to Beauharnois 
would evidently make it possible for the latter to put 
down a total installation exceeding a million horse- 
power without applying to the Quebec Government for 
any further supply of water than has now been 
conceded. The Montreal Power Company has already 
entered into an agreement with the Beauharnois 
Corporation for the sale en bloc of 150,000 h.p. 

There are two other small plants withdrawing water 
from this section of the river, namely, the Canadian 
Light and Power Company (owned jointly by the 
Montreal Power Company and the Shawinigan Water 
and Power Company) operating at St. Timothée, and 
the Provincial Light, Heat and Power Company 
(owned by the Montreal Light, Heat and Power Con- 
solidated) operating at Soulanges. These two plants 
use between them only 9,300 cusecs., with a head of 
50 ft. ateach plant. Comparatively little saving would 
be achieved by the utilisation of the 83 ft. at Beau- 
harnois in substitution for these plants, though it 
might be worth while at some later date. 

Mention has already been made of the develop- 
ments foreshadowed during the next year or so 
in the Province of Quebec, as well as in other parts of 
Canada, and it seems evident that the situation in 
Quebec, particularly, is such that a market will be 
available for all the power likely to be provided by the 
existing concerns. The Shawinigan Company has a 
total development at the moment of abeut 700,000 h.p. 
Of this figure, the Montreal Power Company, the paper 
mills and the asbestos industry, use some 550,000 h.p., 
leaving only 150,000 h.p. for the company’s own sub- 
sidiary industries, including the Quebec Power Com- 
pany, Shawinigan Chemicals, Ltd., and the general 
consumer. With the Montreal Power Company, having 
total resources of only 450,000 h.p., the situation 15 
equally acute, as load has been increasing at the rate of 
15 per cent. annually during the past seven years. The 
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ELECTRICALLY-OPERATED 


ROTARY SCALING TOOLS. 


CONSTRUCTED BY MESSRS. CONSOLIDATED PNEUMATIC TOOL COMPANY, LIMITED, LONDON. 

















Fig; 3. 


Gatineau Power Company is not likely to be able to sell 
any further power en bloc after 1931. 

The average rate of the growth of power instal- 
lations in Canada has been about 124 per cent. an- 
nually during the past twenty years, and the increase in 
the Montreal district, to be served by the Beauharnois 
power plant, has been much greater than this during the 
past seven years. Quebec, as a whole, will probably 
require no less than 2,000,000 h.p. by 1936, and the 
demands of Ontario are scarcely smaller. It is 
obvious, therefore, that whatever may happen to the 
St. Lawrence Waterway project as a whole, the Beau- 
harnois Corporation has little need for anxiety as 
to the future market for its great resources. The 
power for which contracts have been entered into with 
the Ontario Hydro-Electric Power Commission and the 
Montreal Power Company, totalling 400,000 h.p. 
together, must be ready in part by October 1, 1932, 
and the full development of 500,000 h.p. is to be 
provided by October 1, 1935. Ontario will pay 15-00 
dols. per horse-power, delivery being spread over the 
ensuing four years after commencement of delivery 
in 1932. 

The Ontario Government, it may be remembered, 
entered into another advantageous contract of this 
kind three years ago, when arrangements were made 
with the Gatineau Power Company by which the 
Commission was to be supplied with 260,000 h.p. for 
delivery at the Ottawa River, at 15-00 dols. per horse- 
power. The contract with the Beauharnois Cor- 
poration provides for the delivery of power at 
the Ontario boundary, and it is believed that ar- 
rangements will be made by the Ontario Hydro- 
Electric Power Commission to erect a line from the 
interprovincial boundary to the existing Gatineau- 
Toronto line, a distance of 40 miles. Towers for the 
duplication of the Gatineau line are now being erected, 
and it is expected that the Beauharnois power will be 


routed into the Toronto Leaside distribution station | 


over this additional line. 

With the delivery of power from Beauharnois to 
Toronto, the Ontario capital will be drawing its supplies 
of electrical energy from three great sources of power, 
Niagara, the Gatineau River and the St. Lawrence. 








Tue Propuction or NickEL.—The increasing impor- 
tance of the metal nickel is shown by the fact that, 
whereas the world output for 1921 was but 7,500 tons, 
that for 1926 was 40,000 tons. At the present time 
90 per cent. of the production is centred around Sudbury, 
Ontario, Canada, while much of the remaining 10 per cent. 
1s extracted in the French colony of New Caledonia. 





Tue Port or StraspurG.—lIn order further to increase 
the port facilities at Strasburg, Alsace, a number of 
important works are at present under construction. 
‘hese include the making of new roads and railway 
Sidings, the cutting of canals and inner docks and the 
building of warehouses. 


ScaLing EQUIPMENT wiTH HicycLE Motor DrIveE. 

















Fic. 2. Heavy Scatina Heap. 


ELECTRICALLY-OPERATED ROTARY 
SCALING TOOLS. 


Ir is generally held, as an economic law, that demand 
creates supply, but in some branches of engineering 
the enterprise of a firm in devising new tools often 
results in the creation, or at all events in the extension, 
of fields for their use. A case in point is the operation 
known as scaling, viz., the removal of deposits from 
boilers, ship hulls, and underwater structures. From 
being regarded as a disagreeable necessity, due to the 
traditional use of hand tools, scaling is now recognised 
as an operation which is profitably undertaken with 
power-driven tools, and in consequence it is rapidly 
becoming a more common practice to remove paint, 
rust, chemical deposits and other accretions, formerly 
allowed to accumulate, by a mechanical scaling process. 
We illustrate, in Figs. 1 and 2 on this page, one of 
the latest forms of electrically-operated scaling tool 
made by Messrs. The Consolidated Pneumatic Tool 
Company, Limited, 170, Piccadilly, W.1. 

Before commenting on the driving arrangement of 
the equipment for rotary scaling shown in Fig. 1, some 
attention should be given to the actual tool, as distinct 
from the method of rotating it. The head for heavy 
scale shown in Fig. 2 embedies an ingenious prin- 
| ciple by means of which high rotative speeds, with 
| their resultant economy, may be employed. The head 
|is rotated in an anti-clockwise direction, and the 
| strikers fly outwards under centrifugal force. By 
reason of their method of connection with the driving 
|arm, they cannot, however, form a virtually rigid 
| body with it, as would be likely to occur if each set 
| was coupled to the driving arm by a single pin. 
| From the strikers shown to the right of the figure, 
}it will be evident that they are provided with a 
| projection which prevents them from aligning them- 
|selves with the forked link in which they are held. 
| The centre of gravity of the strikers and lever together 
|is such that when they assume a true radial posi- 
|tion with regard to the driving arm under centri- 
| fugal force, the strikers and lever must remain both 
| inclined to one another and to the arm. This makes 





the | the tool much easier to handle, for the hinge-like 
The amount of cargo entering | formation absorbs the reaction of the blow by partly 


and leaving the port during 1927 totalled 4,742,457 | collapsing, which it is freer to do than if the strikers 


metric tons. The corresponding figure for the first 


Seven months of 1928 was 3,066,732 tons, against 2,451,575 | 
tons for the first seven months of 1927. Imports com- 
prised mainly coal, structural steel, and cereals, and the 

principal exports were potash and iron ore. | 


| and links had been able to take up a direct radial line. 


This form of tool is suitable for scale of about #,-in. 
thick, but can be effectively used for lighter scales by 
a modification in the number of strikers, 





One method of using the electric rotary scaling tool 
is shown in Fig. 1. This embodies the form of motor 
known as the Hicycle motor, that is, an alternating 
current induction motor, using a supply of a frequency 
of 180 cycles to 200 cycles. The mounting, including 
the shield, is of aluminium, and the whole apparatus 
weighs only 10 lb., while it is capable of developing 
$-h.p. Apart from the question of weight and resultant 
ease in handling, the employment of high-frequency 
current practically eliminates the risk of burning out 
the motor. It can, indeed, be stalled for a minute or 
so without damage. This risk, as it exists in tools 
operated from standard supplies, is by no means 
negligible, but in the machine employed in this case, 
the self-induction of the motor-windings at high 
frequency is so great that the rise of current for a short 
period will not harm the stator, while the rotor, being 
of the squirrel-cage type, and having the conductors 
cast in one piece of a high-conductivity alloy, is 
practically completely immune. The use of high- 
frequency current results in a great increase in the 
speed of the motor, up to from 2,000 r.p.m. to 
2,300 r.p.m., which is reduced to the working limit 
of the tool by suitable gearing in the motor casing. 
In order to obtain the special three-phase high- 
frequency current required, a small frequency changer 
or converter is supplied which may be driven from 
an existing power supply or by any prime mover. 
It may be noted that a different type of scaling head 
is shown in Fig. 1, from that illustrated in Fig. 2. It 
consists of four spoon-shaped strikers arranged upon 
a helical rod, and backed by springs. It is used for 
lighter scale, while a third form, having twisted-wire 
strikers is employed for still thinner scales and paint. 
The heavier patterns are capable of completely remov- 
ing scale at the rate of 1 square yard in 12 minutes to 
15 minutes. 

It is not, however, always possible to obtain electric 
current where scaling it is to be undertaken, and to 
provide for such a contingency, the Consolidated Pneu- 
matic Tool Company makes a portable generating set 
driven by a small petrol engine. This is carried on a 
four-wheeled base, with a swivelling fore-carriage, 
roofed over and otherwise protected from the weather. 
The set comprises a 2-h.p. engine and a belt-driven 
alternator with a frequency changer. A switchboard 
and petrol tank are provided above the generator, and 
the set will operate two Hicycle-scaling tools at a cost 
of about half-a-crown per day for petrol. As the 
connection between the set and the tools is of light 
flexible cable, the area over which the men can work 
is very great, and scaffolding and ladders may be 
climbed without difficulty. The firm further makes 
provision for those users who do not undertake scaling 
sufficient in amount to warrant the provision of 
Hicycle tools, by supplying electric flexible shaft 
outfits. The head is generally similar to that shown 
in Fig. 1, except that the motor is replaced by a 
handpiece with a controlling switch, weighing only 
4 1b. Special care has been taken in the design of the 
flexible shaft to ensure durability, and resistance 
against the twisting of the core under an overload. 
The head is operated by a totally-enclosed motor 
developing }-h.p. at 2,300 r.p.m., the current for which 
can be taken from any convenient lighting circuit. It 
can be wound to suit either A.C. or D.C. current up to 
500 volts. 








AERIAL TIME TABLE.—The seventh issue of the 
Aerial A.B.C. has recently been published by Messrs. 
The Aerial A.B.C., Limited, 4, Duke-street, Adelphi, 
London, W.C.2. The pamphlet, which is_ issued 
quarterly, contains time tables of the airways of the 
world, particulars of aerial fares and freights, and a 
commercial air-line gazeteer. A number of brief 
articles dealing with various aspects of civil aviation 
and several maps showing flying routes are also included. 
The price of the pamphlet is ls. net. 





BriTIsH STANDARD METHODS OF TESTING TIMBER.— 
The British Engineering Standards Association has just 
issued a publication entitled, ‘“‘ Methods of Testing Small 
Clear Specimens of Timber,”’ and designated No. 373— 
1929. The purpose of the pamphlet is to compare the 
mechanical properties of one species of timber with those 
of another. The new specification covers the standard 
methods for carrying out all the usual tests, including 
moisture content, compression, static bending, impact 
hardness, cleavage, shear, tension, specific gravity, and 
shrinkage. A table is given showing the tests recom- 
mended to indicate the suitability of timber for specific 
uses. The Association has worked in close touch with 
the Forest Products Research Laboratory in the prepara- 
tion of the specification. Further experiments are 
being carried out in the laboratory to determine a 
standard method of drying specimens of timber. This 
will be submitted to the committee responsible for the 
specification, when the latter is revised, with a view to 
drawing up more comparable determinations for shrink- 
age and specific gravity. The methods included in the 
present specification, however, have been generally 
adopted, and are producing useful results. Copies of the 
specification may be obtained from the B.E.S,.A. Publica- 
tion Department, 28, Victoria-street, London, 8.W.1, 





price 2s. 2d. post free. 
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** ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case ; where none is mentioned, the Specification is not 
illustrated, 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “* Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 

314,601. Tully, Sons and Company, Limited, 
Newark-on-Trent, and A. V. Tully, Newark-on- 
Trent. Water-Gas Plant. (2 Figs.) April 4, 1928.— 
The invention relates to apparatus for the manufacture 
of water-gas. lis a generator embodying a superimposed 
retort 2. Checker work 4 surrounds the retort. During 
the blowing period air is admitted by way of the valve 5 
beneath the grate 6, passes up through the fuel in the 
generator, leaves the fuel bed by nostrils 7 and enters 
a combustion chamber 8 beneath the checker work 4 
where a further supply of air is admitted by a valve 9, 
































causing combustion of the whole or a portion of the 
monoxide content of the blast gases. The products 
of this combustion pass up through the checker work. 
10 is a branch piece which enters tangentially a vessel 11 
in such manner as to separate the dust particles in the 
known manner of a cyclone extractor. Owing to the 
speed at which the waste gases pass around the vessel 11, 
the particles are projected by centrifugal force and 
gravity outward and downward towards the outer 
surface, finally descending into the collecting pipe 12. 
The gases, free from dust and fuel particles, pass through 
openings in a central flue 14 communicating with the 
atmosphere through the stack pipe 15 and valve 16. 
During the passage of the waste gases through the 
vessel 11 a portion of the sensible heat is given up to 
the brickwork form’ng the lining 17 and central flue 14 
of such vessel. With such apparatus gas is made by 
admitting steam either below the grate 6, as through 
the inlet 18, for the up run or into the dust-extracting 
vessel 11 near the bottom, and through the inlet 19, for 
the down run. In the former case the steam passes 
up through the fuel bed in forming gas, which gas 
“ogg up through the fuel in the retort 2 and leaves 
y a gas outlet 20 connected to a valved seal box. In 
the second case the steam entering the vessel 11 passes 
up through the vessel, in which it is superheated by 
taking up heat from the brickwork forming the lining 17 
and flue 14 of such vessel. It then passes through the 
branch piece 10 and downwards through the checker- 
work 4 and fuel, forming gas which leaves by a gas 
outlet 21 below the grate 6 also communicating with 
the valved seal box. When it is desired to enrich the 
gas produced, oil is admitted through the inlet 22 to 
the checker work 4, where such oil is cracked to enriching 
vapour. In such case only a part of the water-gas 
age in the generator by the admission of steam 
xelow the grate is allowed to pass up through the 
retort and away by the gas outlet 20 to the valved 
seal box, the remainder of the water-gas produced 
being caused to pass up through the checker work and 
so carry forward to the dust-extracting vessel the oil 
vapour produced by the admission of oil. The dust- 
extracting vessel 11 in this case serves as a fixing chamber 
for the oil vapours, and the oil-enriched water-gas leaves 
this vessel by a gas outlet 23 connected with the valved 


seal box, where it is mixed with the uncarburetted gas 
simultaneously leaving the generator by the gas outlet 20. 
(Sealed. ) 


315,566. The Wellman Smith Owen Engineering 
Corporation, Limited, Westminster, London (The 
Wellman-Seaver-Morgan Company, Cleveland, Ohio). 
Gas Producer Feeding Mechanism. (5 Figs.) 
July 11, 1928.—The invention has relation to fuel- 
feeding mechanism for gas producers. Fuel-feeding 
mechanism for gas producers comprises, in accordance 
with the invention, a casing mounted on the top of the 
producer consisting of superposed sections 11, 12, 13 


Fig.l 
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(3/5,566.8) 


opening into one another and into the producer, valves 
20, 21 to control the openings are held in their closed 
positions by weights 35, 36, a cam 70 to operate the 
| valves alternately and at predetermined intervals in 
| opposition to the weights, a counterbalance weight 80, 
| and a second cam 69 interconnected with the first cam 
| and mounted to move in timed relationship therewith, 
the second cam actuating the counterbalance weight so 
that its movement is simultaneous with, but in the 
opposite direction to, that of a valve weight. (Sealed.) 


314,924. W. A. Whatmough, New Barnet, and 
H. Weslake, Kensington. Spray Carburettors. 
(5 Figs.) April 2, 1923.—The invention relates to spray 
carburettors and comprises a spray carburettor having 
an enlargement 14 at the upper end of the diffuser jet 
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tube 7, the enlargement being closed at its end and 
having outlet passages 15 for the atomised fuel and 
one or more air ports 16 directed towards the direction 
of flow of thefuel. The outlet passages 15 are directed 
transverse to the main air stream. (Sealed.) 


MINING, METALLURGY, &c. 


315,032. Burdons, Limited, Glasgow, and 
W.H. Howden, Glasgow. Welding Plant. (4 Figs.) 
April 26, 1928.—The invention relates to an oil-gas 




















(315.032) 


welding plant. According to the invention, an oil-gas 
welding plant comprises means A heated by liquid fuel for 
producing a mixture with air of oil-gas, welding burners 
1, 2 supported in opposed spaced relationship by one 











or more supports 12 and adapted to direct the oil-gas and 
air mixture upon the edges of plates B, skelped strips and 
the like and rollers 54 carried by the supports 12 so that 
the edges of the plates B can be closed and welded 
immediately after being heated by the oil-gas air mixture 
burned at the burners 1, 2. Preferably, the plant com. 
prises an upper burner 1 inverted above a lower burner 2 
and a pair of superposed rollers 54, the lower burner 
being carried by a cantilever frame which is mounted 
in a pivotal bearing and rotatably supports the bottom 
roller 54 so that the heated edges of the plates B can 
be pressed’ or squeezed between the bottom and top 
rollers more or less tightly, flexible means being provided 
for the connection of the lower burner with its retort, 
The upper burner may also have flexible means for 
connection with its retort and may be suspended from 
a standard or framing which rotatably supports the 
top roller, both the upper burner and top roller being 
vertically adjustable. (Sealed.) 


314,772. S. 'Travis, Winscombe, and The 
Callow Rock Lime Company, Limited, Wins- 
combe. Furnace Linings. (1 Fig.) March 27, 
1928.—The invention consists in a kiln or cupola furnace 
having a refractory lining which consists of a footing 2 
of refractory bricks up to a height bordering upon 
the destructive zone, a lining 3 of refractory bricks 





narrower than the footing and which extends from the 
footing to a height to or just beyond the destructiv e 
zone and adapted directly to support the upper portion 
of the lining 7, which is built upon the top or heading of 
the narrower portion and is of substantially the same 
width as the footing, and an inner removable lining 8 
comprising a series of courses of refractory firebricks 
located within the recess provided by the footing, inner 
lining and superstructure. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS, &c. 


315,184. Babcock & Wilcox, Limited, London, 
and A. E. Parker, London. Chain Grate Stokers. 
(3 Figs.) December 6, 1928.—-The invention relates to 
chain-grate stokers. As shown and in accordance with 
the invention, there is fitted over each end of each bulb 
iron an outside link A formed with a key-hole slot B 
for engagement by the bulb iron © and formed with a 
recessed portion D to provide for the insertion of a 
split-pin E in the bulb iron whereby to lock the outside 
links to the bulb iron, as shown particularly in Fig. 3. 
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(315,184) 






This outside link A presents a substantially flush surface 
to the side members F of the chain-grate stoker without 
projecting parts liable to jam. On the side members F 
are fitted angles G in such a position that the outside 


"| sealing links move just clear of the adjacent surface of 


the angles. In practice, the space H between the outside 
links A and the side members F and also the space J 
between the lower faces of the outside link and the 
angles G become filled with fine ash which serves as % 
seal. (Sealed.) 
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THE MEASUREMENT OF INITIAL 









parallel cutters, which were carefully set 0-10 in. 


y is constant, as shown by Fig. 9, the dis- 


























3 and , RD-DRA apart. The rings were then split, and the strips 
— SI pcg By HA DRAWN TUBES. cut out completely from the tube. This was done by | placements will be constant. (bd) If J is increasing, 
> By James Fox, M.Sc. (Eng.), A.M.L.Mech.E. first of all releasing the strip at one end which| _. ee ie Skat 
com WHILE investigating the phenomenon of season | caused it to spring out, and then releasing it at the this will imply a type of stress distribution as 
rer 2 cracking in hard-drawn brass and arsenical-copper | junction, which caused a further slight change in shown in Fig. 7. The increment df increases with a 
reap tubes from the point of view of initial internal | spring in the strip. This modification to the tongue |COnStant increment dt, which denotes that the 
‘tom stresses, it was found that the “tongue” method | method was made to ensure that circumferential | §ttesses still persist within the material of the tube, 
can suggested by R. J. Anderson and E. G. Fahlman,* | stress, at the junction of the strip with the tube hence displacements increase rather than decrease 
ded and the “split ring’ method of Dr. W. H. Hat-|should be released. As a result of the procedure with diminishing thickness. (c) If df is decreasing 
‘oe field and Captain G. L. Thirkell,+ gave stresses | described, the strips bent into circular arcs through- +p: i dt eta 
for which, in some cases, exceeded the breaking stresses | out their whole lengths. The free spring in the as shown in Fig. 8, the internal stresses are diminish- 
rom in tubes which were known to resist season cracking. | strips and the rings were measured. The graphs | ing more rapidly, and, on being released, will give 
= On the other hand, other tubes which were known | shown in Figs. 1, 2 and 3, indicate the variation | diminishing displacements. 

. to be subject to heavy season cracking, showed | between the thickness and the “springing out,” in| _ In the season cracking experiments it was found 
The stresses of a low order consistent with the develop- | three of the specimens investigated. that tubes which were shattered by season cracking 
Ge ment of cracks. It was felt that the inaccuracies | ‘These curves show that the stresses are distri- | gave increased displacements, whilst those which 
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were chiefly due to two reasons. In the first place, | buted in such a manner as to give, with diminishing 
previous investigators had based their calculations | thickness, (a) Increasing displacements; (b) De- 


on a straight -line stress distribution. Secondly, 
the calculation for maximum internal stress should 
be based upon the amount of internal couple 
released, and not on any particular stress such as 
that located at the extreme fibres. 

That the distribution of the stresses throughout 
the wall thickness of the tube plays an important 
part was realised from the results of the following 
experiments. A few mixed samples of tubes, some 
hollow-sunk and others mandrel-drawn, 
chosen and reduced in thickness in five stages 
(each tube giving five specimens) by turning 
off concentric layers from the outside and bore. 
Rings each } in. wide, were then parted. The | 


creasing displacements, and (c) Constant displace- 
ments. Typical cases of each of these variations 
are shown in Figs. 4, 5 and 6. In some instances 
there were no displacements at all, which denotes 
the absence of harmful stress. As a result of these 
experiments it became apparent that the displace- 
ments depend upon the rate of removal of stress, and 
the types of distribution curves which conform 
with these increasing, decreasing or constant dis- 


were | Placements approximate to the forms shown in 


Figs. 7, 8 and 9 on page 66. 

Consider the removal of an elementary layer dt, 
denoted by the points AB on each curve. It 
should be noted that the corresponding amount 





Fig. 6. 


resisted season cracking gave diminishing or constant 
displacements. By making use of these displace- 
ments the following theory, which is intended to 
give a more accurate indication of the maximum 
internal stresses, involved was devised. 

Outline of Theory regarding Initial Stresses in 
Cold-Drawn Tubes.—The displacement of a tongue 
or ring does not depend upon one particular value 
of the stresses such as that at the extreme fibres, 
but upon the moment or couple released by slitting, 
and since this depends upon the area of the stress 


distribution curve it follows that :—The larger the 


area the greater will be the displacement, and, 
the smaller the area the smaller will be the dis- 
placement. In such cases the law of the stress 
distribution curves will approximate to the form 


remaining portions were successively mounted | of stress removed in Fig. 8, is greater than that/ fait". Then (1) If the index n= 1, the lawisa 


Let df be the amount of stress removed | 
by the withdrawal of an elementary layer dt. The 


straight-line law, and would represent the average 
condition (Fig. 9). (2) If the index n is less than 1, 


ina milling machine, and two very narrow ne 4 in Fig. 7. 


cuts, 21 in. i by two thi : bgt 
: oo ey ee ee ee ere | change in the displacements will:depend upon the | then the law is as shown in Fig. 7, and for the area 
| : 


a = ; df, to equal the average in Fig. 9 the average stress f 
) $e ee ee ee a eae SE |differential coefficient dt therefore :—(a) _ If! must: be greater than the actual maximum stress f, 
: +See ENGINEERING, vol. eviii, page 456 (1919). } 
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(3) If n is greater than 1, then the law is as shown in 
Fig. 8, and for the area to equal the average in 
Fig. 9 the average stress f, must be less than the 
actual maximum stress f;. 

It is apparent, therefore, that tubes which show 
very large displacements, such as is the case with 
hollow-sunk tubes, need not necessarily possess 
very high skin stresses, nor should these stresses 
be necessarily higher than those in mandrel-drawn 
tubes which usually give smaller displacements. 

Assuming that the neutral axis is at the centre of 
the material (very accurate for thin tubes) the 
stress at distance y to either side of the neutral 
axis n n is given by 

yr 
fy mt : 

2 

Consider an elemental layer of thickness dy and 
breadth b, Figs. 7, 8 and 9. The force on the layer 

2" .f.b 


wn 


2” .f ~ 
or.) -y. 


y” dy. 


The whole moment across section is— 


ets 
_ 2. f.b ntl _ b.f# 
aie a 4¥ = Fin +2) ted 
Where f is the maximum stress for any particular 
stress distribution. 
The Measurement of Longitudinal Stress. 
Consider a longitudinal strip AB originally straight 


(Fig. 10) cut from the wall of the tube and now 


Fig.i0. l 
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sprung into the position A!B', due to the releasing 
of the end couples M,. 


Let, 2 = length of strip cut from tube in inches, 

» 6 = breadth of strip ee 

» ¢ = thickness of strip ee x 

»» Mz, = longitudinal couple released in tons inches. 
» ft = Maximum longitudinal stress in tons per sq. 

inch, 

» KR = Radius of curvature in inches, 

» E = Modulus of elasticity in tons per square inch. 
» @ = Total spring in strip in inches. 


Now, if a bar bends into a circular arc, the super- 
imposed stress is directly proportional to the 


distance from the neutral axis, and we can write 
M £E " 
rs (2) 


Where I = moment of inertia of strip 


But, for a circular arc 
d(2R — d) =P, 
and since d is negligibly small compared with 2 R 


we have 
2Rd=*?.-.R= ee 
substituting for I and R in equation 2, we have 
HM. 2dE 
ee ele 
3 té 
from which 
E.6b 
: @.f . ‘ . @ 
M 6? d.t (3) 


Equating this with equation (1) and writing f; for f | 


we have 


bfi® —E.b at’ 
2(n+2) 6R° * 
From which 
n+2)E m 
poeta. .@ 





To Find the Distribution of Longitudinal Stress. 
Since E, J and the index n of the initial stress 
distribution curve, are constants, equation (4), can 
be written 
fi = constant d.t 


Where it will be recalled, d is the spring in the strip 
and ¢ is any thickness before or after machining 
operations. By plotting the product d¢ against half 
the thickness ¢, the shape of the longitudinal stress 
distribution curve is obtained by the ordinary rules 
of plotting logarithms of the two variables d x t, 


t 
and 3° 
The Measurement of Circumferential Stress. 


Consider a portion, length uw of a circum- 
ferential ring (Fig. 11), measured on mean radius. 


























bending) and substituting in equation (8) 
on a 
RR. sk... coe fan 
Also, from equation (1), by writing the particular 
value f, for f and M, for M we have 
_ b.fo.# 
~ 2(n + 2)’ 
substituting in equation (9) 
1 1 


R, ~ R, 


Mc 


b.fe.# 
1 
2E(n + 2) 75.0.8, 





From which 
_ R,— RP 
fe= Ys 


Further, let S = Springing out of ring; then the 





oot : (10) 
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Inside” — Inside 9 Inside 
Sam resstor Compresstor Compressiory — -exomesrnc” 
Fig.i1. BEFORE SLITTING. Fug.l2. AFTER SLITTING. 





Let R, = Original mean radius (inches). 
» Ry = Final radius after slitting (inches) - 
» jf = superimposed stress at any layer y from 


neutral axis. 

= Strain at layer y from neutral axis, 

= circumferential couple released. 

Here, again, since the ring opens out to a constant 
curvature, the superimposed stress will be such that 
plane sections remain plane after bending, no matter 
how the uniform couple Mc is applied. The original 
length of fibre A,B, becomes A,B, (Fig. 12) and 


ie, A,B,=A,B,(1 +e). . (5) 
and , 
R 
a a ty) f . (6) 
1 


| 
jand substituting for A,B, from equation (6) into 
equation (5) we get 





A, B, = . a (1 + e) » (7) 
1 
But 
O, A, 28) As B, 
ia” Se" 
Or 
Sa FOTO 
Re R,u ; 
| Dividing out 
p 
fig: aoee oe ¥ = ¥ y , 
heat = (1+ z)a+e (1+ 2) bids 


The term e. it may be neglected, since strain is 





small and y is small compared with R,, therefore 


1 1 
. (z, * R,) r 


, stres 
But, strain (e) = _ “i ‘ : 
: 1 nse 
| * 2 "= "hs a 
} ‘ N Me: r 
| Again, from f = 7 we have f= — ¢Y (negative 
i 











circumference before slitting = 2 R,; after slitting 
= 27R, 
By difference S = 2 r (R, — R,), 
8 
and R, —< R, = oa 

Substituting in equation (6) 

_ (n+2)E Set 

fe = 127R, ° Ry 

To Find the Distribution of Circumferential Stress. 

—In equation (11), since E, R, and 7 are constants for 


(11) 





any particular tube, we can write f, = constant = 


i.e., the stress at any thickness ¢ varies directly as 
the product of the spring S and inversely as the 
new radius of curvature R, so that by plotting 
sy against half the thickness t, the shape of the 
circumferential stress distribution curves is obtained 
and from which 7 can be obtained for substitution 
in equation (11). 

Experiments to Determine Initial Stress Dis- 
tribution and their Maximum Values.—A miscel- 
laneous stock of hard-drawn brass, copper and 
arsenical-copper tubes—some hollow-sunk, and 
others mandrel-drawn—were kindly supplied by 
the Broughton Copper Company, Limited, for 
experimental purposes. Strips and rings to be 
used for the longitudinal and circumferential 
stresses, respectively, were parted from the tubes 
in a manner identical with that employed in the 
preliminary experiments. Their displacements were 


| measured by means of curvature gauges, and the 


indexes to the stress distribution curves were found 
in accordance with the above theory. Some of 
these are tabulated along with the corresponding 
calculated maximum stresses in Table I. A few 
typical examples of the stress distribution curves 
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were selected and are shown in the graphs, Figs. 13 
to 15, below. 

Experiments on Season Cracking.—Samples of 
all the above tubes were tested for season cracking 
by immersing them in a 1 per cent. solution of 
mercurous nitrate. The time taken for a crack 
to appear was noted in each case and included in 
Table I. Before the specimens were placed in the 
mercurous nitrate solution, they were thoroughly 
cleaned and immersed for about a minute in dilute 

nitric acid. The experimental work in this investi- 
gation was carried out in the laboratories of Batter- 
sea Polytechnic and the Erith Technical College, 


Fig. 1-503" DIA. TUBE .LOT N. om 
at 
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none of the longitudinal strips cut from them gave 
any displacements at all. This suggests that in 
some mandrel-drawn tubes, the stresses are wholly 
circumferential. The other tube in this lot, that 
which had an outside diameter of 0-504 in., gave 
an abnormal longitudinal stress. Very large and 
diminishing displacements were shown by the 
tongues at various thicknesses, of which three 
are shown in Fig. 5, on page 65. This was the 
only mandrel-drawn tube which was found to 
crack, and failure was probably due to the fact 
that, in comparison with its diameter, the amount 
of sink is considerable. Reference should be made 
to a 4-in. diameter hollow-sunk brass tube; which 
was not annealed before final drawing operations. 
Rings failed to give any displacements, but longi- 
tudinal strips gave abnormally high and increasing 





Fig.l. 1-998" DIA. TUBE. LOT P. P ARSENICAL 
COPPER - at 

















Fie. 16. 


with the assistance of Messrs. J. Ewing and F. | 
Gunning, advanced students. 
Consideration of Results.—The results show that | 


70 per cent. of the stress distribution curves for | 


TABLE I 


displacements at various thicknesses. The amount 
of season cracking was very serious indeed, as 


| shown by Fig. 16. 
The examination for season cracking under 





Index to Stress 
Distribution Curve. | 


| \ 


| 
| 





Maximum Stresses. 

















that they could be made to crack by excessive 


superimposed stresses. The stresses must have 
exceeded the yield stresses, as the tubes were 
badly deformed over the cone of the plug before 
the crack occurred. The next specimens to be 
tested were a few hollow-sunk tubes which had 
failed to crack in the previous tests. Very slight 
superimposed stresses were required for cracking to 


Fig.J5. 1-506" DIA. TUBE. LOT P, ARSENICAL 
COPPER M.D. fe « 
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occur. These few tests serve to show that the 
presence of stress is essential to season cracking 
although it may not play the most important 
part. It seems that in the case of copper, the 
presence of arsenic is the most essential factor, 
while, in that of brass, impurities are a determining 
feature. Thirteen out of the 17 stress distribution 
curves obtained for the mandrel-drawn tubes were 
straight lines and the displacements, at varying 
thicknesses, were also found to be constant. This 
agrees with the theory developed in the text. 
General Conclusions.—Hollow-sunk brass and 
hollow-sunk arsenical-copper tubes season-crack 
provided the sink is sufficiently large. Hollow- 
sunk, non-arsenical copper tubes do not season- 
crack, although they may have high internal 
stress. The presence of stress is essential for 
season cracking to occur. This stress may be 
brought about either by external constraint or 
by initial internal stress; but the extent of the 
season cracking is much greater when caused by 
the latter. Exceptionally high stresses are not 
essential for season cracking to occur in hollow- 
sunk tubes. In most cases the stresses persist 
into the material rather more in tubes which 











eae | eee — | ee - re 
Outside | Mean | Amount | ;; so stn. | CY 3 tress stress me for Cracks 
Diameter.| Thickness} of Sink tion in Longita oe Tons per | Tons per to Appear. 
Area. A : dinal ferentia’ 2 
Ins. Tns. Ins. Per Cent. Longitu- | Circum- Tons per | Tons per square | — 
| dinal. | ferential. | square | square | inch. | inch. 
| | | inch. inch. | | 
Lot M—ARSENICAL COPPER—HOLLOW SUNK. 
1-994 0-116 0-468 15-2 0-273 0-315 5-4 4-54 21°31 24-20 | 6 mins. 
1-506 0-0853 0-510a| 18-5 0-39 0-706 6-62 5-81 22-02 23-77 a 
1-000 0-089 0-123 8-3 1-4 0-273 7-4 4-56 20-25 24-41 5 
0-625 0-0548 0-009 — 0-417 _ 4-4 0 22-06 25-66 Did not crack. 











1-995 0-115 0-529 17-4 1-0 0-4 
1-503 0-084 0-499 22°7 0-273 0-26 
0-990 0-068 0-120 13-45 1-37 0°31 
0-501 0-0545 0-134 12-3 1-4 2-0 


1-998 | 0-0815 | 0-350 | 20-0 = | Ee | 
1-506 0-0865 | 0-500 23°3 3°75 | 1:0 
1-001 | 0-064 | 0-113 | 20-7 10 | 1-0 
0-502 | 0050 | 0-121 | 29-6 or | le 





1-999 0-107 0-505 17-9 1-0 1-0 
1-543 0-0885 0-509 21-7 1-0 1-0 
0-990 0-057 0-116 28-1 5-38 No defi- 
nite law 
)+503 0-0515 0-112 32-7 No defi- _— 
nite law | 











Lot N—NON-ARSENICAL COPPER—HOLLOW SUNK. 








5-37 4-1 18-41 21°94 Did not crack by 
internal or external 
stress. 

7-1 4-95 20°35 22-21 = = a 

8-45 5-65 21-86 23-58 me +s re 

7°5 13-45 17°4 21-45 - ee a 


0 { 1°65 | 18-48 | 24-26 | Did not crack. 
23-6 | 7-95 | 24-1 | 27-3 | is _ 
1-61 3-45 | 24-10 | 25-4 | : 
0-962 | 0 6 | 26-2 | 5 ss 





3-06 1-82 18-82 19-69 Did not crack. 
9-82 6-95 17:26 22-74 cs a 
7°9 4-36 16-47 20-10 a : 

49° | 0 17-93 19-72 Pm 








hollow-sunk tubes have indices less than 1. This 
suggests that in hollow-sunk tubes the stresses 
persist into the material rather than at the extreme 
fibres only. It is interesting to note, that in the 
case of three of the four mandrel-drawn tubes 
(Lot S) which gave circumferential displacements, 


externally applied stresses was performed on a few 
tubes which were known to resist season-cracking 
in their free state. The samples were compressed 
between a plug and a base plate, and the whole 
immersed in mercurous nitrate. A few mandrel- 
drawn tubes were first tested, and it was revealed 





season-crack than in those which do not. For a 
tube to season-crack under external constraint 
very high stresses are required. The major stresses 
may be either longitudinal or circumferential, 
although tubes possessing the former type of 
stress appear to be in the majority. 








THE NEW ENTRANCE LOCK OF THE 
NORTH SEA CANAL TO THE PORT 
OF AMSTERDAM. 

By Brysson CunnineuaM, D.Sc., M.Inst,C,E. 

(Concluded from page 7.) 

Concrete Work.—The lock walls and pierheads 
have been constructed of reinforced concrete with 
granite quoins, sills and copings. The concrete was 
purposely made rich in cement. 

With the object of determining the effect of har- 
dening concrete in sea water, the following interest- 
ing experiments were made, the data and diagram- 
matic results being extracted from a recent article 
in the Zeitschrift des Vereines deutscher Ingenieure 
by Mr. C. T. C. Heyning, the present chief engineer 
in charge of the works. 

Tensile tests were made of mortar of the following 
composition by weight :— 

1. 3 cement; 1 water. 

2. 3 cement; 1 trass; 1-35 water. 

3. l cement; 3 river sand; 0-7 water. 

4. 1 cement; 1/3 trass; 3 river sand; 
0-8 water. 


with 
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Compression tests were made on cubes of 10 cm. 
side, composed of 7:5 kg. cement; 7-5 litres dune 
sand; 165 litres river sand; and 26 litres gravel. 

Deflection tests with reinforced beams 1 m. long 
2 by 2 sq. dm. cross section, with the following 
compositions :— 

1. 1-5 cement ; 0-5 trass; 3 sand; and 5 gravel. 

2. 2 cement; 1 trass; 3 sand; and 6 gravel. 

3. 2 cement; 2 trass; 3 sand; and 7 gravel. 

In all the experiments, two sets of specimens were 
prepared. One set was put into salt water, and the 
other into fresh water or damp sand, to harden. 
The tensile specimens were, after 24 hours’ hardening 
in air, exposed to the influence of sea water. The 
compression cubes were left 3 or 4 days in a moist 
atmosphere, then 4 to 6 weeks in brackish water, 
before finally being immersed in sea water. The 
deflection specimens were left 4 weeks in moist air 
hefore being placed in sea water. 

The tensile and compression tests were made at 
intervals of 4, 13, 26, 52 and 104 weeks after the 
moulding of the briquettes and the deflection tests 
two and ten years after. The results are shown in 
diagrammatic form in Figs. 27 to 32. 

It transpired that mortar at 1 to 4 weeks, after 
hardening in sea water, exhibited equally great and 
even greater strength than mortar hardened in 
fresh water, but in the long run, the former became 
weakened, so that after 104 weeks the strength of 
sea water specimens was in general not more than 
10 to 20 per cent. of the original strength. Mortar, 
with the exception of blast-furnace cement, ceased 
to change in strength through immersion in sea water 
after 4 weeks. The addition of trass to Portland 
cement; produced an improvement which, however, 
did not suffice to arrest the reduction in strength. 
Mortar of Portland cement and sand showed, in 
general, a greater strength when hardened in fresh 
than in salt water. The difference was, however, 
slight, and a decrease of the existing strength after 
four weeks was not observed. The compression 
tests gave results similar to those of the tensile 
tests, with cement and sand. The deflection tests 
indicated no difference in the strength of the 
beams hardened in sea water and those in fresh 
water. After the tests the reinforcement was 
exposed. With 2 cm. covering, rusting had taken 
place alike in damp air as in sea water. In the sea- 
water specimens, the rusting was more pronounced 
so that the steel was, in certain places, corroded. 
With 5-cm. covering, only here and there were 
there a few specks of rust and, in general, the steel 
was bright. The rusting after two, and after ten, 
years showed no difference. 

On the basis of the above-mentioned results, the 
use of unfaced (unbekleideten) concrete appeared 
admissible, but for safety, a concrete of the highest 
possible density was employed. 

The following compositions were adopted :— 

(a) For piles and sheeting work: 7 parts gravel, 
6 parts river sand, and 450 kg. cement per cubic 
metre. Fora portion of the piles, in place of 450 kg., 
only 350 kg. of cement and 75 kg. trass were 
employed. 

(6) For the lock sills and the heavily-loaded sec- 
tions: 13 parts gravel, 8 parts river sand, 4 parts 
dune sand, 300 kg. cement, and 60 kg. trass per cubic 
metre. 

(c) For the chamber walls: 15 parts gravel, 
8 parts river sand, 4 parts dune sand, 270 kg. Port- 
land cement, and 54 kg. trass per cubic metre. 

(d) For the portions of the walls which, in general, 
did not come into contact with sea water: 37 parts 
gravel; 22 parts river sand, 10 parts dune sand, 
225 kg. Portland cement, and 50 kg. trass per cubic 
metre. 

In various parts, blast-furnace cement has 
been used in place of ordinary Portland cement, in 
which case, trass has been substituted for half the 
quantity of cement. 

The concrete for the inner pierhead was deposited 
in situ by means of chutes from a central mixing 
station, to which supplies of material were brought 
by water. There were two mixing machines, each of 
1 cub. m. capacity, located at the base of a steel 
hoisting tower furnished with equipment by the 
Insley Manufacturing Company, of Indianopolis, 


U.S.A. The capacity of the installation was 50/| cut-offs, consisting of a combination of Muntz metal! plating) is shown in Fig. 38, Plate III, 








to 70 cub. m. per hour, measured in the work, 
dependent on the height of lift. The concrete 
was deposited in a very fluid condition. It is 
stated that the labourers were able to stand in it 
“up to their knees.” The writer certainly saw 
them working in 1924 with their ankles well covered. 
This affords a striking contrast to the extremely 
dry mixture found to be employed on the new 
Grieswirder Hafen, at the port of Hamburg, de- 
scribed by the present writer, last year in ENGINEER- 
ING, vol. cxxvii, page 574. Tests of the concrete 
gave complete satisfaction. The contractors for the 





concrete work of the inner pierhead were the 


Fig. 27 


———. a-Hardening in Sea Water. 


——~~ bHardening in Fresh Water. 









Fig. 28. 
TENSILE TESTS. 





plates, asphalte and iron sheeting between the 
monoliths, are shown in Figs. 33 to 37. 

Since the walls are supported on piles, it has not 
been necessary to provide the floor of the chamber 
with a concrete covering, but, in order to protect 
the surface of the ground from the wash of pro- 
pellers, it is being dredged to a depth of 1 m. below 
the finished level and covered with a layer of hard- 
core. 

There is a difference in design between the inner 
and outer pierheads in that the former, as will be 
seen in Fig. 3, page 5 ante, has a recess for only 
one caisson, while the latter accommodates two, 


Fig. 29. 
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Hollandsche Maatschappij, of The Hague, and for | 
the outer pierhead Messrs. Brockhaven en van | 
Impley. The total quantity of concrete in the work | 
is 225,000 cub. m., with 19,000 tons of steel | 
reinforcement. 

The side walls were substantially reinforced with 
a system of steel bars forming a close interlacement, | 
as will be clear from the typical view in Fig. 29, | 
Plate I, with our issue of January 3. In the} 
completed state they assume the form shown in| 
Fig. 28, as also in the section Fig. 4, page 5 ante. | 
Expansion joints have been provided, the chamber | 
walls being divided transversely into sections | 
23-80 m. in length. Each section comprises two | 
monolithic blocks, one extending from the founda- | 
tion to N.A.P. level and the other from N.A.P. level | 
to the coping. The wooden shuttering used is 
shown in Fig. 58, page 80. Details of the water 
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The caisson cambers or recesses in the outer pier- 
head are made sufficiently capacious to act as 
repairing docks, and the levelling culverts are 
accordingly carried round, instead of across the 
heads. Subject to these exceptions, the pierheads 
are of similar proportions and corresponding dimen- 
sions. A view of the caisson recess in the inner 
pierhead is given in Fig. 59, page 80. 


Caissons.—The caissons for closing the lock are 
illustrated in Figs. 38 to 53, Plate III, Figs. << to 
1eV 


57, page 69, and Figs. 60 and 61, page 80. 
are three in number, identical in design and therefore 
interchangeable. They are each 53-5 m. (175 ft.) 
long, 7-30 m. (24 ft.) wide measured over plates, and 
20-30 m. (66 ft. 6 in.) high, and are designed to 
take pressure from either side, as the sea level is 
sometimes lower than the canal level and vice vers. 


An elevation of the seaward side (without = 
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cross-sections in Figs. 39, 40, and 42. Part eleva- 
tions with the plating are given in Figs. 41 and 43. 
Particulars of the end bracing on the south side 
are to be found in Fig. 44 and on the north side 
in Fig. 45. Fig. 46 is a part plan of an inter- 
mediate girder and Fig. 47 of the bottom girder. 
Details of the caisson ends are given in Figs. 50 
and 51. The deck girder framing is outlined in 
Fig. 52. There are two watertight decks, one at 
lowest tide level, 2-50 m. below N.A.P., and the 
other at 6:20 m. below N.A.P. and three horizontal 
frames at 0-70 m. above N.A.P., 10-15 m. below 
and 14-10 m. below N.A.P., respectively. The 
buoyancy chamber, which extends for the full length 





of the caisson between the watertight decks, is 


Fig. 54. 
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divided by a longitudinal watertight bulkhead | 
along the centre line and by seven cross-bulkheads, | 
making 16 independent watertight compartments | 
in all. All of these compartments are used as| 
scuttle and trimming tanks. Part plans of the 
buoyancy chamber are given in Fig. 53, the one | 
showing the floor and the other a horizontal | 
section through the chamber. | 

The deadweight of a caisson is 1,184 tons. When | 
the buoyancy chamber, which has a volume of | 
1,400 cub. m. (49,400 cub. ft.), is partially filled | 
with its normal quantity of water, the weight on the 
truck wheels is about 100 tons. When all the! 
compartments are empty, the caisson floats with a | 
draught of 12 m. The water ballast, required to | 
counteract the flotation and to give a sufficiency | 
of deadweight preponderance at highest tides, is | 
admitted to the scuttle tanks by sluice valves | 
operated by hand from the gangway on the top of | 
the caisson. ° 
_When the caisson is to be floated, the ballast and | 
bilge water is displaced by compressed air. The air 


chamber is provided with a system of air tubes 
passing through the roof and a system of water 
pipes extending to the floor. When compressed air 
is forced into the chamber, the water is ejected 
through the water pipes. This obviates the neces- 
sity for pumping machinery cn the caissons. 

The extremities of the caisson above and below 
the buoyancy chamber are left open, so that when 
a caisson is moved in or out of the recess, the 
displaced water has a free escape and does not 
obstruct movement. The time of opening or closing 
is just under three minutes, from personal obser- 
vation. 

The body of the caisson rests, through the medium 
of four steel rollers, shown in Fig. 56, on two trucks 


CONNECTION BETWEEN 
CAISSON & TRUCK. 
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or carriages, which are shown in plan in Fig. 54 and 
part section in Fig. 57. The trucks are furnished 
with eight wheels apiece, each 0-75 m. (2 ft. 54 in.) 
in diameter, running on a flat-bottomed steel rail 
track. No centre pin is provided for the trucks, 
which are moved with the caisson by means of 
horns, as shown in Fig. 38, and in detail in Fig. 55, 
two sets of these being provided for each truck 
main cross-bearer. If the trucks are under repair, 
the caisson can be moved over granite sliding ways. 

The method of forming the watertight joint with 
the sill is interesting. It is shown in detail in 
Fig. 57. A wooden clapping piece is attached to 
the lower end of a flexible steel plate depending 
from the caisson framing, and under the pressure 
of the water this is forced against the masonry 
sill. In addition, lateral movement of the caisson 
as a whole, is allowed for by the rollers. 

The caissons were constructed at the Burgerhouts 
Wharf, Rotterdam, and towed to the site. The 
conditions necessitated their construction and 
transport lying on their sides, as will be seen from 
the photograph reproduced in Fig. 60, page 80. 
Fig. 61 shows one of the caissons being floated 
into position. 

The whole of the closing apparatus is electrically 
operated. 

Cost.—The following are some of the principal 
items of expenditure in round figures :— 





£ £ 
Land purchase and earthwork 160,000 
Concrete work— 
Chamber walls 135,000 
Inner pierhead 250,000 
Outer pierhead 400,000 
General A 15,000 
—- 800,000 
Caissons and gates to caisson 
chambers sas 80,000 
Equipment... nee aaa 160,000 
Auxiliary works including ap- 
proaches and bank protection 400,000 
£1,600,000 


The author of this article visited the works in 


| 1924, when the piling of the foundations and the 


concrete work generally were in hand, and again last 
year, when the lock was approaching completion. He 








is indebted to Chief Engineer Ringers and to Chief 
Engineer Heyning for the plans, photographs, and 
detailed particulars from which this notice of the 
undertaking has been prepared. 








THE EFFECT OF WHEEL-TYPE ON 
IMPACT REACTION. 


In the early stages of road transport research a 
good deal of valuable work was carried out in con- 
nection with the endurance of different classes of 
road-making material and different types of road 
structure. It is obvious, however, that the design 
of the vehicle must always be in advance of that of 
the road ; and for this reason, with the additional in- 
centive, no doubt, of the very rapid development and 
extended employment of heavy commercial motor 
vehicles which have taken place in recent years, a 
noticeable tendency exists nowadays for transport 
research to be directed rather to the vehicles than 
to the road, in the endeavour to remove the causes 
of road destruction. From this point of view, the 
heavy motor lorry, whilst not, possibly, the most 
individually destructive type of vehicle, assumes 
from its collective effects primary importance and 
is the principal subject of investigation. And whilst 
the deterioration of road surface is the major con- 
sideration underlying transport research, it will be 
readily appreciated that, from the lorry owner’s 
point of view, the economic loss in maintenance and 
fuel consumption arising from vehicular vibration 
and transport operation over bad roads is a further 
inducement for directing attention to the vehicle 
rather than to the road. 

So far as the inter-relations of road and traffic 
are concerned, the destruction of road surface may 
arise from a diversity of causes. Of these, impacts 
are almost certainly the’ most deleterious, both 
to the road and to the vehicle. They produce 
stresses far in excess of those arising from the dead 
loads on the wheels. They are far less under the 
control of the driver, and far more frequent, than 
longitudinal acceleration and braking. Moreover, 
as regards impact, the wheel and the road are 
mutually aggravating in the sense that the worse 
the road surface is the more violent and destructive 
become the impact reactions. 

Unlike the detrimental effects of the sheer 
intensity of traffic, those of impact do, fortunately, 
offer some prospect of amelioration. All the more 
obvious qualities affecting impact reaction, such as 
the loading distribution, the tyre equipment, the 
spring suspension, and the type of wheel, have been 
studied to some extent, and are still being actively 
investigated, both in this country and in the United 
States. The experimental data are as yet, how- 
ever, somewhat meagre and, as regards the earlier 
work on impact, are subject to some uncertainty 
so far at least as quantitative results of impact 
reaction are concerned. In this connection it 
should, of course, be borne in mind that impact 
research is all of comparatively recent date, and 
that the design of satisfactory instruments and the 
development of experimental technique involve 
much work of a preliminary character. To judge 
by the dearth of published results, it may be said 
that impact research in England has not yet got 
beyond the preliminary stage. In an endeavour 
to derive reliable information, attention in this 
country is being concentrated primarily on the 
development of accurate instruments for the 
measurement of impact forces and accelerations. 
Under the stimulus of a more urgent demand, due 
no doubt to geographical considerations, highways 
research has progressed more rapidly in the United 
States, with the result that data of value and great 
interest are accumulating. This is especially the 
case as regards the effects on impact of wheel-type 
and tyre equipment. By the courtesy of the Bureau 
of Public Roads of The United States Department of 
Agriculture we are enabled to give some account of 
experiments* recently conducted to compare the 
impact forces developed by motor lorry wheels of 
various types. 

Road Impact Reaction.—For a full appreciation 
of the experimental methods employed in this 
work and of the comparative data obtained, some 





* Public Roads, vol. x, No. 5, July, 1929. 
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consideration of the manner in which impact may 
be affected by wheel-type is a necessary preliminary. 
At the outset it will be desirable to examine briefly 
the two principal ways in which, under conditions 
of normal operation, impact forces are produced by 
the wheels of motor vehicles. In the case of a 
vehicle at rest the static reaction between the rear 
tyre and the road is vertical and balances the force 
exerted by the spring on the axle. The spring 
pressure acts, to an equal amount, downwards on the 
axle and upwards on the load of the truck body and 
its freight. Any reaction between the tyre and the 
road greater than the static may be regarded as an 
impact. If a wheel, running along a smooth road, 
rolls over the edge of a hole, the unsprung mass— 
consisting of the wheel, the axle and such com- 
ponents as the brake drum and differential, mounted 
on the axle—falls rapidly under the combined 
influence of gravity and spring pressure. Hence 
the first impact, arising from the rapid decele- 
ration of the unsprung mass when the tyre is 
compressed on reaching the bottom of the hole is 
commonly completed before the sprung mass has 
fallen appreciably. A second, and subsequent, 
impacts of decreasing magnitude will, of course, 
occur after the sprung mass completes its fall, but 
on account of the laminated spring the deceleration 
of the sprung mass takes place over a relatively 
large vertical distance (of the order of 1 in. to 4 in.). 
This deceleration is consequently small and the 
impact force transmitted through the wheel to the 
road correspondingly small, despite the relatively 
large mass involved. Incidentally, it is probable, 
though not definitely established, that the periodic 
oscillations of the sprung load are among the factors 
contributing to the formation of undulatory road 
surfaces. 

When the wheel of a moving vehicle meets an 
obstacle raised above the general level, an impact 
reaction arises from the rapid upward acceleration 
imparted to the unsprung mass. Subsequent 
impacts occur as in the case previously considered 
of the wheel falling from the general level, with this 
difference, however, that in the present case, the 
normal spring pressure, which existed prior to the 
wheel’s encountering the obstacle, is greatly ex- 
ceeded by the forcible displacement of the wheel 
and axle towards the body. On account, moreover 
of the greater inertia of the sprung mass, and of 
the short time interval occupied by the wheel in 
traversing the obstacle, the vertical motion of the 
sprung load, due to the suddenly increased spring 
pressure, is small. On its downward motion beyond 
the obstacle, therefore, the wheel is subject through- 
out most of its fall to a spring pressure considerably 
in excess of that due to the dead load on the spring. 
The downward velocity and deceleration are therefore 
greater, and produce larger impact forces than in 
the case of a free fall. 

Of all these types of impact, the severest are those 
due to the extremely rapid deceleration of the 
unsprung mass. As regards the magnitudes of such 
impacts, a general idea may be gained from the 
values given in the following table, which relate 
to one rear wheel of a 34-ton lorry carrying a 4}-ton 
load, which was driven at 15 m.p.h., first over an 
obstacle 2 in. high, and afterwards over a sudden 
drop of 2 in. 


TaBLe I.—IJmpact Reaction (Ib.) 








. . all 
Type of Worn Solid New Solid | Pneumatic 
Impact. Tyres. | Tyres. | Tyres. 
| a 
2-in. obstruction 26.500 | 18,700 8,000 
2-in. drop .. .-{ 238.500 | 17,000 | 8,200 





Corresponding to the above values, the static 
reaction at one rear wheel amounted to 7,000 Ib., 
of which 1,700 lb. was unsprung, and 5,300 Ib. was 
sprung. 

Impact Testing Machine.—From the foregoing 
considerations, it will be apparent that since the 
unsprung mass is responsible for the largest impacts, 
the actual presence of a sprung mass is not essential 
to the accurate determination of forces. Actual 
road tests with a moving vehicle have, indeed, 
many disadvantages consequent on the introduction 


wheels of different types, therefore, a stationary 
machine has been developed to simulate the effects 
of impact, which admits of greatly improved experi- 
mental facility and control. This impact machine 
consists of a rigid rectangular framework of rolled 
steel sections having vertical guides in which moves 
a vertical plunger. The lower end of the plunger 
carries the lorry wheel under test, whilst the upper 
end is fitted with a horizontal roller, so that the 
plunger and wheel can be raised through a pre- 
determined vertical distance by the action of a 
power-driven cam. Solidly fixed to the hub of the 
wheel is the centre of an appropriate form of 
laminated spring, the extremities of which are 
connected through screws to the rigid framework 
in order that adjustment of the spring pressure 
may be effected. By a suitable shape of cam, the 
test wheel may be raised and suddenly dropped, 
variations of the amount of drop being accom- 
plished by raising the framework of the machine 
on jacks. The arrangement is such that the wheel 
is raised against increasing spring pressure, and 
falls under the combined influence of that force, 
and the weight of the moving parts. In order, 
therefore, to simulate the behaviour of a wheel 
under normal running conditions, the amount of 
the spring pressure and the mass of the moving 
system have to be considered. The former is 
conveniently reproduced by arranging that when 
the test wheel is at rest on the ground, the spring 
pressure shall be that corresponding to the normal 
static load of a lorry appropriate to the wheel. It 
is determined from a previous load-deflection calibra- 
tion of the spring. The total mass of the moving 
system is made equal to the unsprung mass associa- 
ted with one rear wheel of an appropriate lorry by 
loading the plunger. 

Kreuger Cell._—The direct measurement of impact 
forces is made by means of a simple apparatus 
devised by Professor Kreuger, of Stockholm. The 
instrument consists essentially of a spherical steel 
surface in contact with a horizontal plane steel 
surface which, before use, is coated with a thin film 
of smoke from an oil lamp. The steel for these two 
surfaces has a very high elastic limit, and the elastic 
deformation which occurs when the instrument 
sustains the impact from the falling wheel is 
recorded by the imprint of the maximum area of 
contact in the smoke.on the plane surface. A 
previous calibration of the instrument under static 
load enables the magnitude of the impact to be 
deduced from measurements of the diameter of the 
imprint. In the form in which it is utilised in 
conjunction with the impact machine, the Kreuger 
cell, as it is called, comprises two short, massive 
cylinders, the upper fitting loosely over the lower, 
the steel contact surfaces, which are made renew- 
able, being screwed to the insides of the cylinder 
ends. The exterior ends of the cylinders are 
machined plane, and it is the upper of these surfaces 
on to which the tyre of the test wheel descends at 
impact. A solid foundation, consisting of a heavily- 
reinforced concrete slab, to the upper surface of 
which is grouted a machined horizontal steel plate, 
provides a uniform bearing to receive the Kreuger 
cell and an adequate support for the framework of 
the impact machine. 

A desirable feature of the Kreuger cell is the 
minute vertical displacement of its upper surface 
under the impact to be measured, due to the high 
compressive strength of the steel contacts. In an 
earlier attempt at the direct measurement of impact, 
a somewhat similar type of cell was used, the magni- 

















of variable factors not directly concerned with the 
measurement of impact. For comparative tests of 


tude of the impact being deduced from the perma- 
nent distortion of $-in. diameter copper cylinders. 
The method had to be abandoned, however, on 
account of the appreciable cushioning, or impact 
reducing, properties of the copper. 

Factors Influencing Impact.—With the dual objects 
of providing a check on the direct measurements 
of impact by means of the Kreuger cell, and of 
furnishing a more complete analysis of wheel 
impact reactions, it is highly important to have 
some means of measuring the deceleration of the 
test wheel after its tyre is in contact with the 
ground. With a knowledge of this deceleration 
the force developed by impact can be calculated 
from a consideration of the mass in motion. For 
it has already been shown that the total reaction 








at impact is a combination of the spring pressure, 
the decelerating force on the unsprung mass, and 
the weight of the latter. Hence, in the case of a 
rigid wheel, the impact reaction can be expressed 
by the simple formula :— 


F= m(a+g)+P 


where fF = vertical reaction at impact, 
m = unsprung mass, 
a = deceleration of unsprung mass, 
g == acceleration due to gravity, 
and P = spring pressure at impact. 


Of the last four quantities, g is known and the 
mass m can be readily determined by direct weighing. 
In tests carried out with vehicles on the road, simul- 
taneous measurements of a and P are evidently 
necessary, involving autographic recording with 
all its attendant practical difficulties. On this 
account the variation of impact reaction with 
type of wheel has not been very actively investigated 
on the road. Mention may, however, be made of 
some experiments made on behalf of the British 
Ministry of Transport in which the effect of wheel 
diameter on road wear was observed. It will be 
readily apparent that, in general, the magnitude 
of impact reaction will decrease as the ratio of wheel 
diameter to width of road surface cavity is increased. 
With a large wheel. the vertical drop of the centre 
of gravity of the unsprung mass due to a given size 
of small cavity is less than in the case of a small 
wheel, with a consequent reduction in impact. 
Incidentally, the tractive resistance of a vehicle 
will also—other factors being the same—be smaller 
for large than for small wheels : a conclusion which 
is borne out by an analysis of road resistance due 
to J. R. Reynolds.* 

Cushion Wheels.—Numerous operational conside- 
rations in the design of commercial motor vehicles 
tend, however, to restrict the diameter of the 
driving wheels, and the reduction of road impact 
may more profitably be pursued in other directions. 
Of these one of the most promising is the employ- 
ment of cushion or resilient wheels in which the 
shock absorbing properties of the wheels are 
improved by the incorporation in their design of 
some highly resilient material, in addition to equip- 
ping them with the usual external rubber tyres. 

From a valuable inquiry by Dr. Schwarzt into the 
design and commercial possibilities of resilient wheels 
one or two general conclusions may be drawn. The 
resilient wheel must act as a rigid unit when subject 
to steady load and must return to its original shape 
after each shock. It must transmit driving and 
braking torques without relative displacement of 
its parts and must possess adequate lateral strength. 
Finally, the cushioning elements will be more 
effective if situated near the rim than near the hub. 
In recent commercially successful designs these 
requirements have been fulfilled. A typical mode 
of construction is to provide two felloes to the 
wheel, the outer one carrying the tyre, the inner 
one carried by the spokes or disc of the wheel. 
Between the felloes are inserted the resilient ele- 
ments, usually of rubber and the forces between 
the felloes are transmitted through the rubber, 
which may be, according to the design adopted, 
either in compression or in shear. Thus the strains 
to which the rubber is subject before transmitting 
the total amount of such forces serve to reduce 
impact concussion. It will be easily seen that the 
cushioning value of any particular design of resilient 
wheel which is also fitted with tyres will vary appre- 
ciably with the nature and cushioning value of the 
tyres. From this aspect the tests of the Bureau 
of Public Roads on impact as affected by wheel type 
are of sufficient interest to warrant examination in 
some detail not only as regards the numerical 
results and general conclusions arrived at, but also 
as regards the experimental equipment and technique 
which are representative of highways research prac- 
tice in the United States. 

Tests by the Bureau of Public Roads.—The scope 
of this particular investigation was restricted to 





the normal equipment of a 2-ton lorry and provided 
for the measurement of impact reaction due to 
three types of wheel when fitted in turn with three 
* Roads and Road Construction, January 2, 1928. 
+ The Automobile Engineer, August 1923, vol. xin, 
page 238. 
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types of tyre. One of the wheels, required as a 
pasis of comparison, was of the ordinary, nominally 
rigid, artillery type having wood spokes and a 
metal felloe. The remaining wheels were of 
resilient types, one utilising rubber in compression, 
the other rubber in shear. Dual tyres were used, 
one type being new hollow-centre cushion tyres, 
one new solids, whilst the third simulated worn 
solid tyres, being in fact new solid tyres turned 
down until a tread thickness of only § in. was left 
projecting beyond the steel tyre flange. 

The data acquired during the tests enable the 
direct measurements of impact with the Kreuger 
cell to be compared with those computed from 
measured decelerations and masses. In this 
connection, a feature of some importance calls 
for consideration. It arises from the fact that 
a resilient wheel must be regarded as two separate 
masses, not rigidly connected together but capable 
of mutual reaction through the resilient elements, 
and both unsprung in relation to the body of the 
lorry. One of them includes the material of the 
axle, hub, and spokes, whilst the other comprises 
the outer felloe, rim and tyres. During an impact 
these masses will make separate contributions to 
the total reaction and their decelerations and 
masses will require to be separately determined. 
Consequently the formula, as already stated, for 
the calculation of impact, now requires modification 
to the form 


F = mh Gn + mr Gr + g (mn + mr) + P 


where suffices 2 and r refer respectively to the hub 
and rim portions of the wheel, and the other 
symbols have their previously assigned meanings. 
It should be noted that this formula implies that 
the two portions of the wheel attain their maximum 
decelerations (and hence their maximum impact 
contributions) simultaneously. This, in general, 
will not be the case so that the impact reactions 
computed by this formula are subject to uncertainty 
in the absence of data to show the variation of 
the two decelerations on a time basis. The com- 
puted values, on the assumption of simultaneous 
maximum accelerations, will necessarily give the 
maximum impact reaction possible for a given 
drop, and it is interesting to observe that the 
computed impacts are, in fact, slightly in excess 
of those measured directly by the Kreuger cell. 

The impact deceleration of the rim portion of 
the wheel can evidently not be measured with 
the wheel rotating under normal road conditions, 
so that the impact machine becomes an essential 
part of the test equipment. One detail of the 
use of the impact machine should be noted. To 
permit the measurement of the spring pressure 
corresponding to the lowest position of the hub, 
when impact is just complete, an autographic 
record of the displacement of the hub is necessary, 
and is obtained by a stylus fixed to the hub. 
Similarly, the drop to which the wheel is subject 
by the impact machine, and which is defined as 
the vertical distance between the tyre in its position 
of release and the surface of the Kreuger cell, is 
recorded by a stylus fixed to the rim. This last 
record includes the displacement of the rim accom- 
panying the distortion of the tyre during impact, 
from which a comparison may be made between 
the load-distortion curves for the tyres under static 
and impact loading. 

Accelerometer.—With regard to the measurement 
of deceleration on impact of the hub and rim 
portions of a cushion wheel, certain considerations 
affecting the design of the necessary accelerometer 
are noteworthy. It may be said at once that the 
design of a trustworthy accelerometer for the 
measurement of accelerations ranging up to 1,000 ft. 
per second per second is a matter of very con- 
siderable difficulty, and it is hardly too much to 
say that the instruments at present in use have 
hot yct reached their final stages of development. 
An accclerometer for use in impact research must 
frequently be fixed to a component whose mass is 
only a matter of a few hundred pounds. It becomes 
essential, therefore, for the accelerometer to be 
as ligt as possible so as to comprise a negligible 
Proportion of the total accelerated mass. It is 
hardly justifiable to compensate for the mass 
of the instrument by a reduction of the mass of 
the component since the latter, after modification, 


may not be truly representative. Further, the 
natural frequency of the accelerometer should be as 
far removed as possible from that of the system 
under examination. 

These desiderata are fulfilled by a contact type 
of accelerometer described by Dr. Liebowitz* 
which depends for its action on the initial motion, 
as distinct from the amplitude, of a mass pressed 
against a stop with a predetermined force by means 
of a spring. The instrument consists of a flat 
spring pivoted near its mid-point on an axle carried 
by two parallel side plates.. The inertia element, 
weighing about a quarter of a pound, is clamped 
near one end of the spring, a continuation of which 
carries a contact point. The opposite end of the 
spring may be deflected through a known distance 
by the screw of a micrometer gauge, the contact 
end of the spring being, by this means, pressed with 
a determinate force against a similar contact fixed 
to, but electrically insulated from, the frame of the 
accelerometer. An additional adjustable stop limits 
the motion of the free end of the spring to about 
yo00 in. Any given initial deflection of the spring, 
as applied and measured by the micrometer screw, 
requires definite accelerations of about equal magni- 
tude, acting upon the accelerometer, respectively, 
to break contact with the upper stop and make 
contact with the lower. When the instrument is 
used for the measurement of impact decelerations 
the make and break of contacts can be readily 
detected electrically by means of ordinary head- 
phones. 

Two valuable features of this type of accelero- 
meter are at once apparent. Since only the initial 
motion of the inertia element is involved, the instru- 
ment can be made virtually independent of the 
period of the impressed forces. Further, since the 
method consists essentially of balancing a static reac- 
tion by means of a dynamic force, the instrument is 
susceptible of static calibration. It may be men- 
tioned that comparative calibrations of this accelero- 
meter made respectively statically (by dead weight 
loading of the inertia element), and dynamically 
(by mounting the instrument on a piston rod oscil- 
lating with simple harmonic motion over a range 
of known accelerations) have been obtained in 
close agreement. The total weight of the accelero- 
meter, amounting to some 34 lb., constitutes only 
about 1 per cent. of the smaller, or rim, component 
of the unsprung mass in the case of the cushion 
wheels under discussion, and consequently intro- 
duces negligible error due to alteration of the total 
mass decelerated. 

When the accelerometer is used in conjunction 
with an impact machine, it is clamped firmly to the 
appropriate wheel component. The wheel, fixed to 
the cam-actuated plunger, is raised by the cam 
and dropped suddenly through a specified distance 
at the rate of six or seven impacts per minute. 
During this process the micrometer screw is adjusted 
until the accelerometer contact is broken about 
three times out of six, when the micrometer reading 
is observed, and enables the deceleration to be 
deduced from the instrument calibration. For 
direct measurements of impact, with the Kreuger 
cell, the imprints due to a number of single wheel 
drops are separately measured, and the mean 
diameters so derived are referred to the calibration 
curve for the particular pair of steel contact surfaces 
in use. 

(To be continued.) 





British STANDARD SPECIFICATION FOR Roap TaR.— 
The British Engineering Standards Association has 
now issued a revised British standard specification for 
tars (Nos. 1 and 2) for road purposes. The specification 
which is designated No. 76—-1930, has the full support 
of the Ministry of Transport. It covers, as formerly, 
tar for the surface tarring of roads and for making 
tarmacadam. The methods of testing and the specifi- 
cations for the apparatus to be used, both of which are 
contained in appendices, have been specially prepared 
by the Standardisation of Tar Products Tests Committee. 
They provide for the determination of every property of 
the tar covered by the specification, and are prescribed 
in much greater detail than in specification No. 76; 
Part 1—1928, which is now superseded. Copies of the 
new specification may be obtained from the B.E.S.A., 
Publications Department, 28, Victoria-street, London, 
S.W.1, price 2s. 2d., post free. 





* Journ. Soc. Automotive Engineers, vol. xviii, 1926, 





page 248. 





HARBOUR DEVELOPMENT WORKS AT 
FORT CHURCHILL ON THE HUDSON 
BAY RAILWAY. 


Tr will be remembered that a first shipment of wheat 
was carried on the Hudson Bay Railway this summer, 
and carrying into effect the recommendations made to 
the Canadian Government by Mr. Frederick Palmer, 
C.I.E., who was called in to advise on the subject in 
1927. Work is now in progress on the harbour works at 
Fort Churchill, Manitoba, the maritime terminal. The 
works in hand, include the construction of a wharf 
1,600 ft. in length, of concrete crib-work, with a depth 
of water permitting vessels of 30-ft. draught to lie 
alongside at low tide. At high tide the depth of water 
will be from 43 to 48 ft. The anchorage in the har- 
bour has a depth of 33 to 50 ft. at low tide, while the 
entrance has a depth of 60 to 90 ft. 

The wharf is situated on the easterly shore of the 
harbour about a mile south of Cape Merry, which is 
the eastern headland enclosing the harbour and the 
south side of the harbour entrance. Its length is parallel 
to the general direction of the shore line. It is within 
the edge of the low-water level and at high tide will 
be surrounded by water. Until the area between the 
wharf and the shore has been filled in, it will be used 
as a place where light-draught vessels may winter, 
protected from the tidal ice movements in the harbour 
after the spring break-up and before ice has formed 
in the autumn. Connection between the shore above 
high water mark and the rear wall of the wharf has 
been made by the construction of 700 ft. of timber 
cribwork, 24 ft. in width and rock filled. The rear 
wall of the wharf is now under construction with a 
width of 24 ft. Up till August 15, a thousand feet 
of the cribwork of the rear wall had been placed and 
partly filled. The cribs are built at a lighter dock 
erected last summer at which barges and vessels of 
shallow draught load or discharge cargo. When 
completed the wharf will have a surface width of 300 ft. 
for alength of 1,200 ft., and of 250 ft. for the remainder. 
The space between the front and rear walls of crib 
work will be filled in with stone and gravel. Boulders 
lying along the shore, both above and below high tide, 
provide an ample supply of stone. A break in the 
rocky ridge along the bay shore is of gravel so that the 
necessary material for filling in, of excellent quality, is 
secured with a haul of less than 2,000 ft. 

Two dipper dredges began work on July 10 last. The 
work to be done includes the dredging of an area 
1,600 ft. by 60 ft. to a depth of 32 ft. below the low-water 
level, requiring the removal of a quarter of a million 
yards of material. This is taken outside the harbour 
and dumped in deep water near the eastern shore of the 
east headland about a mile and a half south of the har- 
bour entrance and entirely away from the course of 
navigation. A great deal of further dredging is to be 
done to give suitable access to the wharf for deep-draught 
vessels. In all, over 1,500,000 yards of material will 
be removed. The commercial use of the port will not, 
however, be delayed until the completion of this amount 
of dredging. A comparatively small amount of work 
will permit of vessels drawing 22 ft. of water and carry- 
ing over 4,000 tons to reach the wharf once it has been 
completed. The equipment of the port includes 
a 2,000,000-bushel grain elevator to be erected next 
season. 

The wharf is sheltered from all winds. Wind 
from the north-east is the only one that can in any 
degree affect the harbour, and it is only felt near the 
entrance and on the west side. The wharf, being on 
the east side, is very effectively sheltered. There is a 
deep water-entrance to the harbour, 1,000 ft. in width. 








SwepisH Iron anpD STEEL PrRopuction.—During the 
first ten months of 1929, the production of pig iron in 
Sweden amounted to 406,500 tons, an increase of 99,300 
tons over the corresponding total for the previous year. 
During the same period of 1929, the production of carbon- 
steel ingots amounted to 273,900 tons, and of special- 
steel ingots to 293,100 tons, which figures, taken together 
constituted an increase of upwards of 100,000 tons as 
compared with the combined total for first 10 months 
of 1928. The output of rolled and wrought iron and 
steel totalled 425,000 tons in January—October 1929, as 
against 337,600 tons in January-October, 1928. 


British Emprre TRADE Exuisition, BuENOS AIREs, 
1931.—A descriptive pamphlet of the British Empire 
Trade Exhibition, Buenos Aires, 1931, has recently been 
issued by the London Executive Committee of the 
Exhibition, 5, Parliament-mansions, Orchard-street, 
Victoria-street, S.W.1. This publication gives a more 
detailed account of the function than has previously 
been possible, and contains plans and full particulars 
regarding the rental of space. It is interesting to find 
that, within a month of the sending out of invitations 
to exhibit, over half of the very considerable space 
available has been booked. H.R.H. The Prince of Wales 
has expressed his willingness to become Patron of the 
exhibition, which will be held from February 18 to 
April 2, 1931. 
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78-IN. HYDRAULIC FACE-GRINDING | 
MACHINE. | 


FACE-GRINDING machines, whether of the vertical | 
or horizontal type, are usually arranged so that the 
work is given a reciprocating movement, the motion 
of the grinding wheel being solely rotational. The 
arrangement may not be convenient when the work is 
of awkward shape and large dimensions, with consider- 
able lengths to be ground, as the machine in such 
cases has to be very heavy and expensive, and occupies 
considerable floor space. With these points in view, 
Messrs. Diskus-Werke A.-G., of Frankfort, have intro- 
duced the machine shown in Figs. 1 to 10, on this and 
the follow ng pages, in which the work is stationary and | 
movement is given to the grinding bead. The machine 
will take grinding wheels up to 6 ft. 6} in. in diameter, | 
and, with a wheel of this size, will deal with work up 
to 8 ft. 10} in. long and 5 ft. ll in. high. It is thus | 
suitable for grinding the frames or standards of large | 
oil engines, or similar heavy work. 

The two sides of the machine are shown in Figs. 1 
and 2, end and side elevations, together with a plan, | 
are given in Figs. 3 to 5, while Figs. 6 to 10 show | 

| 





various details. As will be clear from Figs. 1 to 5 | 
and 10, the bed of the machine is of box form, the 
two parallel upper faces of the ways being inclined | 
about 15 degrees to the horizontal. In addition to | 
these guide faces, there is a wide vertical face, as | 
shown in Fig. 10, to take the wheel thrust. Running 
on the ways is a long table, on which the cross slide is 
mounted on flat ways. The machine is driven by a 
68-h.p. electric motor running at 750 r.p.m., and as will 
be clear from Figs. 1, 4 and 5, this motor is mounted on 
the end of the table. It drives the grinding head by 
a belt at the rear of the machine. The belt pulley on | 
the head is 3 ft. 3} in. in diameter by 15} in. wide, and 
shrouds the main bearing for the spindle, as shown | 
in Fig. 10. By this arrangement, the pull of the belt | 
is taken directly by the bearing, and there is very little 
tendency to bend the shaft. The latter is carried at 
both ends in roller bearings, and a double ball bearing | 
is provided at the rear end to take up the thrust. The | 
grinding wheel is of the Diskus segmental type. The | 


disc, shown in section in Fig. 10, is of steel, and | 
carries a number of circular segment holders. The 
segments are cemented on to the holders, and can | 
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easily be replaced on removal of the latter. The 
segments can be utilised until they are practically 
worn away, and, owing to their being in separate holders, 
can be used on wheels of varying diameter. 

The table is 11 ft. 10 in. long, by 4 ft. 3 in. wide, 
and is provided with an extension, clearly visible in 
Figs. 1 and 2, forming a platform for the operator. 
It is hydraulically operated, the oil pump being shown 
near to the motor in Figs. 4 and 5. This pump is of 
the gear type, and is driven by belt from a pulley on 
the inner end of the main spindle. The operating 
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SHOWING GRINDING WHEEL. 


cylinder for the table is shown in section inside the bed 
in Fig. 10. The piston rod is secured to the end of 
the bed, and the cylinder is mounted on the table. The 
cross-feed for the spindle head is also effected hydrauli- 
cally the cylinder for this purpose being visible at the 
right-hand end of the feed box in Fig. 6. Both move- 
ments are controlled by a single rocking lever ™. which 
can be seen in this figure, and also in Figs. 1, 4 and 9. 
The arrangement of the oil circuit is shown diagram- 
matically in Fig. 9. Dealing with the control for the 
table traverse first, the supply from the pump 18 
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delivered into the pipes A, the return circuit to the 
supply tank being through the pipes B. The table 
cylinder is shown at C; K is a spring-loaded valve at 
the head of a by-pass pipe to the tank, and J is a throttle 
valve on the supply circuit. Assuming the table to 





moving in the direction of the arrow, the cock J | 


will be open, and the oil will be entering the right-hand 


1674G 


end of the cylinder C through the right-hand supply 
pipe. The oil on the left of the piston in the main 
cylinder will be returned to the container through the 
space H. When the lower end of the lever m,, reaches 
the stop D, the piston E will be moved to the right. 
Oil will then be delivered to the right-hand side of the 


piston F, causing it to move to the left. This piston | 
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is mounted on a common rod with the two pistons 
M and N, and these pistons will, therefore, also be 
moved to the left, connecting the opening G to the out- 
let pipe, and connecting H to the supply. The move- 
ment of the table will then be reversed. By means of 
the throttle valve J, the oil supply can be regulated 
to control the speed of the table, surplus oil being 
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returned to the tank through the by-pass valve K. 
The object of employing a hydraulic cylinder to actuate 
the reversing piston-valve, instead of coupling it directly 
to the lever M,, is to ensure a reversal without shock, 
since the rate of movement of the valve can be controlled 
to any desired degree. The piston valve O in the 
diagram is also moved by the lever m, striking its 
stop, and it will be evident that the oil supply to the 
cross-feed cylinder, shown above 0, is reversed by this 
movement. 

The actual arrangement of the control-valve box 
is as shown in Fig. 8, the letters corresponding to 
those in Fig. 9. It will be noticed that instead of a 
piston being employed at E, a rotary valve is used to 
give the same effect. The position of the valve box 
on the machine is above, and to the left of, the driver’s 
seat, as shown in Figs. 1 to 5. The method of operating 
the valve E from the lever m, is clearer by reference to 
Figs. 6 and 7, in which this lever is again shown. It 
will be noticed this lever engages with a second lever 
at the top, and that the spindle on which the latter is 
mounted passes through the apron of the machine. 
By means of a suitable link motion, of which only 
part is visible in the figures, the movement of this 
spindle is imparted to the valve E, the position of 
which is marked in Fig. 5. 

The control of the cross-feed may now be considered. 
As already explained, this is operated at the end of 
each stroke of the table, by the lever m, coming into 
contact with an adjustable stop on the bar shown 
mounted on the front of the bed in Figs. 1, 3 and 4. 
The headstock only moves at the end of each forward 
stroke of the table, the movement of the lever mj 
at the end of the reverse stroke merely serving to 
reset the piston in the cross-feed cylinder. The motion 
of this lever is transferred to the short lever n, shown in 
Fig. 6, by the lever m and the connecting rod visible 
in the same figure. The lever n operates the control 
valve on the cross-feed cylinder, and the piston is 
then moved from right to left by the oil pressure. A 
rack on the piston rod 0 engages with the pinion shown 
in the centre of the box in Fig. 7, and the movement of 
this pinion rotates the worm spindle on the left 
through the link and rachet mechanism shown dotted 
in Fig. 6. Referring now to Fig. 10, it will be seen that 
the worm wheel is mounted on a vertical shaft,terminat- 
ing at the top in a pinion engaging with a rack on the 
spindle head. It will be seen from Figs. 6 and 7, that 
the motion is actually imparted to the worm spindle 
through p and gq, and a pawl engaging with a rachet 
wheel on the spindle, and the feed is varied by inter- 
posing a plain quadrant r, shown in Fig. 6, between hee 
pawl and wheel after any required interval. The 
position of this quadrant is determined by the setting 
of the levers 8 and t shown in Fig. 6. A hand cross 
feed is provided in addition to the motion described. 
This hand feed is operated by rotating the handwheel, 
shown near to the operator’s seat in Figs. 4 and 5, 
The spindle on which this wheel is mounted is geared 
to the shaft w shown to the right in Fig. 7, the 
motion being transmitted to the worm spindle by 
means of a chain, as shown in this figure and in Fig. 6. 
The arrangement enables the cross feed to be set 
within limits of 0-0008 in. and 0-008 in., corresponding 
to movements of 1 and 10 teeth of the rachet wheel. 

All the motion controls are conveniently grouped 
in front of the operator’s platform, and the starter for 
the main motor is also conveniently located, as shown 
in Fig. 1. The cutting medium pump is driven by a 
separate l-h.p. motor, and has a capacity of about 10 
gallons per minute. Cutting medium is stored in a 
trough under the grinding wheel. This trough can be 
seen in position in Fig. 3. The use of a 2 per cent. 
solution of soda is recommended for this purpose. 
Special attention has been paid to the protection of 
all parts from the emulsion, and also from dust. A 
wheel-dressing device, visible at the top of the machine 
in Figs. 1 to 5, is built into the guard of the grinding 
wheel. It is within easy reach of the operator, who 
can dress the wheel without leaving his place. The 
machine weighs approximately 12} tons. 


POWER AND MECHANICAL ENGI- 
NEERING EXHIBITION, NEW YORK. 
(Continued from page 56.) 

Towakrps the end of the previous article on the New 
York Power Show, we made some reference to opera- 
ting experience with boiler furnaces having water- 
cooled walls. An interesting exhibit in this direction 
was a section of a Riley-La Mont water wall. This 
was shown by Messrs. The Riley Stoker Corporation, 
Worcester, Massachusetts, and forms a good example 
of a small-tube forced-circulation water wall, as con- 
trasted with the large-tube natural-circulation type. 
Typical arrangements are shown in Figs. 1 and 2, on the 
opposite page. Messrs. Riley’s activities in the manu- 
facture of mechanical stokers are well known, and, with 
a Jones stoker, the firm exhibited a pulverising mill and 
a flare-type burner, but, so far as we are aware, the 
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co-operation with Messrs. The La Mont Corporation, 
of New York, in the application of the principle of 
the latter firm’s boiler, is comparatively recent. This 
principle was explained in some detail in an account 
of a waste-heat generator for water-gas plant given in 
ENGINEERING, vol. exxvii,page 341 (1929), but may be 
briefly referred to again here. The lining of a large 
furnace with tubes containing water is apt to be a 
very troublesome problem, owing to the formation of 
steam pockets and the scaling up of the tubes, both 
of which lead to overheating. 

In the Riley-La Mont water wall, the movements 
of the contents at a high velocity, maintained in 
a definite direction, not only renders steam locking 
impossible, but prevents the settlement of precipi- 
tates in the tubes, provided a reasonable degree of 
water-softening has been attained. As will be seen 
from the several figures, the tubes are long com- 
pared with their diameter, and it is the selection 
of this ratio, together with considerations of the duty, 
that determines the velocity of the steam and water, 
which is usually between 1,000 ft. and 4,000 ft. 
per minute. The tubes are not kept full of water, 
but sufficient is admitted to form a film over the 
internal surface with a surplus of several times the 
amount evaporated at the maximum rating. This 
amount is regulated by the size of the orifice in the 
distributing header, the construction of which is 
shown in Fig. 3. Circulation is obtained by a centri- 
fugal pump, the inlet side of which is coupled to the 
lower drum of the boiler. It discharges the water, 
through a strainer, into the distributing header, at a 
pressure of between 15 lb. to 40 lb. per square inch 
higher than that of the boiler pressure. 

The water is continuously discharged into the tubes 
of the water wall, and in its passage through the 
orifices at a higher pressure than that existing at the 
discharge header, which is in communication with the 
steam space of the boiler, naturally blocks these orifices 
to the exit of the steam that is generated as the water 
spreads over the inner surface of the tubes. This steam 
flows naturally at a high velocity to the other header 
and so on to the boiler, and carries with it the excess or 
unevaporated water, which amounts to approximately 
80 per cent. by weight, though is usually only about 
1 per cent. or 2 per cent. by volume. Figs. 1 and 2 
show an arrangement of this type of water-wall for the 
furnace of a water-tube boiler burning pulverised fuel. 
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It will be noticed that the lower part of the furnace is 
hopper-shaped, and the tubes, in this part, are covered 
with cast-iron slabs. Further, no particular inclination 
is required for the tubes. With the forced circulation 
and positive steam flow, it is immaterial whether these 
be arranged vertically, horizontally, or at an inclina- 
tion. The flow, likewise, may be up or down, as most 
suitable, while the tubes may be bent sharply round the 
corners of the furnace or diverted round an inspection 
hole or other opening in the furnace. These two latter 
points are well illustrated in Fig. 4, which is repro- 
duced from a photograph of a furnace with a Jones 
side-dump stoker. The effect of these water walls in 
preventing clinker adhesion is noticeable in operation, 
and they apparently result in increased thermal effi- 
ciency, though it would appear that the thermody- 
namics of the system are at present somewhat obscure. 
An exhibit embodying a number of different applica- 
tions of one principle has always an interest of its own, 
as it affords considerable scope for ingenuity in making 
the various adaptations. Such an exhibit was displayed 
on the stand of Messrs. Liquidometer Company (Incor- 
porated), 3161 Skillman-avenue, Long Island City, New 
York. The liquidometer is an instrument for the 
accurate determination of the liquid content of tanks, 
indicating or recording it on the tank itself, or at a 
convenient distance away, according to the pattern of 
instrument used. There are so many of these patterns 
that we can only find space to describe one or two. 
The principle of construction of the remote-reading 
instruments will be clear from the figures. A pointer 
is caused to move over a gradnated scale, as shown In 
Fig. 7, on page 76, by the expansion or contraction of the 
pair of sylphon bellows drawn to a larger scale in lig. ©. 
A corresponding pair of bellows is arranged, as shown 
Fig. 5, in a fitting attached to the tank, and the respec- 
tive components are coupled by copper tubing in @ pro- 
tective casing. The bellows and tubing are completely 
filled with a light lubricating oil, and are hermetically 
sealed, two closed hydraulic systems thus being formed. 
Any movement of the bellows at the tank fitting 1s Te 
produced by those at the dial fitting, and it will be clear 
from Fig. 5 how the former are actuated. ‘The rod, 
marked “float lever” in this figure, carries a long 
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SMALL-TUBE WATER WALL FOR BOILER FURNACES. 


CONSTRUCTED BY MESSRS. THE RILEY STOKER CORPORATION, 


Fig.1. FRONT SECTION A.A 
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cylindrical float centrally pivoted at its outer end, the 
vertical motion of which float, as the level of the 
liquid in the tank rises or falls, is communicated to the 
transmitting bellows. 

A complete unit is shown in Fig. 8, the long float, 
which is of seamless aluminium tubing and is air-tight, 
being seen at the bottom of the illustration. The tank 
fitting has a movable cover, in order that the instrument 
may be calibrated by adjustment of the vertical rod. 
The connecting tubes are of soft annealed copper, a; in. 
internal diameter and jy in. thick. The maximum 
length recommended for use is 250 ft. The indicating 
instrument shown in this figure is the smallest pattern 
made, and is used largely for small oil-burning installa- 
ions or domestic plants. A somewhat larger size of 
much the same pattern is used for all kinds of industrial 
purposes, a number being often grouped together on a 
board near the operating valves, where many tanks are 
concerned. Another design, distinguished chiefly by 
a difference in the float and float lever, is largely used 
on board ship. One such application is illustrated in 
Fig. 10, on page 77, which shows a battery of nine 
liquidometers in the control room of a submarine of the 
U hited States Navy, this particular group indicating the 
condit ion of the auxiliary ballast tanks. A specially 
interesting marine application is the cleavage indicator 
for use on oil settling tanks. In this instrument, the 
float rests on the line of demarcation between the oil 
and the water in the tank, and so renders it very 
unlikely that water only would be drawn off and 
delivered to the burners or Diesel engines. This type is 
also fitted with an auxiliary float, which records the top 
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level of oil in the settling tank. The two pointers 
indicate, on the same dial, the water and oil level, 
respectively. 

When large quantities are being handled, it is 
desirable that a longer scale should be available, and 
the instrument, accordingly, is aiso made with a circular 
dial, as shown in Fig. 9, either 12 in. or 24 in. in diameter, 
the first giving a scale of 30 in. long and the second, one 
of 634 in. long, as against the 10 in. length of the smaller 
type. The operating mechanism is generally the same 
as for the latter, but, as in some other patterns, the link 
between the bellows in the dial head carries a sector 
which meshes with a pinion on the pointer. Means 
are adopted to eliminate back-lash. The arrangement 
shown in the figure is that adopted for an underground 
tank, but, frequently, as with the smaller instruments, 
these indicators are conveniently grouped in an office. 
The recording liquidometer isverysimilar to the circular- 
dial instrument. A pen is, of course, fitted to the 
pointer, and the dial is rotated by clockwork. All the 
instruments above described may be equipped with a 
mercury contact attached to the dial mechanism, by 
means of which many kinds of electrical apparatus, such 
as bells, lights or motors, may be cut in or out when 
the liquid reaches some predetermined level. The 
direct-reading instruments, which may be either 
horizontal or vertical do not employ the bellows principle. 





| 


} 


for large field storage tanks, containing 50,000 gallons 
to 5,000,000 gallons of fuel oil, spirits, molasses, &c. 
It may also be used wherever it is desirable to read the 
contents of a tank in units of weight. There is, in this 
instrument, no float gear, but when the special mechan- 
ism at the foot of the instrument is put in connection 
with the bottom of the tank through the cock and pipe 
shown, any change in head can be recorded to 
within ,; in. This sensitiveness is obtained by the 
use of a long scale beam, corrected for the specific 
gravity of the liquid being measured, and balanced in 
a manner similar to that of the ordinary weighing 
machine. Two other interesting adaptations consist, 
first, of the application of a liquidometer for the 
determination of the depth of water flowing over a 
weir, the float, in this case, being very thin and flat, so 
that minute changes in water level can be observed. 
The other application is that of using a form of the 
instrument to indicate in the cab of a locomotive the 
condition of the fuel-oil and water tanks in the tender. 
It is worth mentioning, also, that, in addition to the 
normal use of the liquidometer for indicating the 
contents of tanks, the hydraulic system of transmission 
is being used in aeroplanes and airships for aileron 
control, remote-reading temperature indicators, remote- 
reading tachometers, and remote wireless controls. 
Modern high-pressure steam practice in engine and 


Of the more special types of instrument, that shown | boiler accessories was well represented. A typical 


in Fig. 11 may be mentioned. This has been developed | exhibit was that of 
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Company, Cincinnati, Ohio, who are represented in this 
country by Messrs. Lunken Company, Limited, 35, 
Great Dover-street, London, S8.E.1. Of the valves 
displayed, we illustrate, in Fig. 12, page 77, a 6-in. globe 
valve for a working pressure of 1,350 Ib. per square 
inch, and a temperature of 775 deg. Fahr. As a high- 
pressure valve of this size requires considerable pressure 


to seat it tightly, the handwheel is mounted on an} 


auxiliary spindle carrying a pinion meshing with a spur 
wheel on the valve spindle. The handwheel bracket 
can be replaced by a motor unit, if desired. The upper 





part of the bridge is fitted with double roller bearings 
to take the thrust in both the opening and closing 





directions. The lower part, below the stuffing box, is 
formed with a spindle-cooling chamber between the 
gland and the bottom of the cover, which chamber is 
isolated from the interior of the body by a close-fitting 
bush. A by-pass valve is provided. The body and 
cover of the valve are made of cast steel, annealed in 
an automatically-controlled electric oven. As regards 
the material of the other parts, these vary greatly with 
the purpose for which the valves are required, but the 
standard practice for valves for high-pressure steam or 
hot oil, is to make extensive use of Monel metal. The 
valve disc itself, for example, though of cast steel, has 
a seating ring of forged Monel metal, and the valve seat 
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is of the same material. The spindle is of rolled Monel 
metal, as, also, are the glands and bushes through which 
it passes. 

(To be continued.) 








LABOUR NOTES. 


In the course of a brief retrospect in the January, 
issue of the Amalgamated Engineering Union’s /ournal 
Mr. J. T. Brownlie, the President, says that notwith- 
standing the adverse industrial conditions with which 
the organisation had to contend in 1929, it had been 
instrumental in obtaining many minor concessions 
for members, the most notable being a week’s annual 
holiday with pay for workers in the Royal Dockyards. 
Moreover, the Union itself had made definite progress ; 
there had been a net increase of 2,407 in the membership 
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during the year and a substantial improvement in 
the finances. The Executive Council fervently hoped, 
Mr. Brownlie goes on to say, that 1930 would be marked 
by a general improvement in the industries of the 
country and the engineering tradein particular. They 
stressed the imperative necessity of individual and 
collective efforts on the part of members to secure 
additional members, “ because it is only by means of 
eLective trade union organisation that the workpeople 
employed in the engineering industry can hope to 
ae higher wages and improved workshop condi- 
10ns, 

In December the home branch membership of the 
Amagamated Engineering Union decreased from 





195,201 to 194,289, and the Colonial branch membership 
from 27,457 to 27,240. The number of members in 
receipt of sick benefit decreased from 5,610 to 5,415, 
and the number of members in receipt of superannua- 
tion benefit increased from 10,363 to 10,389. The total 
number of unemployed members increased from 12,356 
to 13,644. 

Alluding to unemployment in the latest issue of 
the Monthly Trade Report of the United Pattern 
Makers’ Association, Mr. Findlay, the General Secre- 
tary, says that he thinks it will be found that rather 
less than 5 per cent. of the members were, on the 
average, unemployed in 1929. For 1928, the figure 
was 6-46 per cent., for 1927 6-8 per cent., and for 
1926 12-2 per cent. ‘ Financially,” he adds, “‘ it is 
heartening to have it at the back of your mind that 
our position should be improved to the extent of about 
4,000/. over the previous year on this count.” The 
membership is returned as 11,093, and the total 
number of “‘ men on the books ” as 630. 





At a conference in London, under the chairmanship of 
Mr. John Beard, this year’s president of the Trades 
Union Congress, the Executive Councils of thirty trade 
unions which have members in the employment of the 
Government, adopted a resolution requesting the 
General Council to press for a five-day week of 44 hours 
for all Government employees, and a new superannua- 
tion scheme on a non-contributory basis, to include all 
employees. A proposal that employees of all firms 
contracting for Government work should receive 4 
week’s annual leave, with pay, was referred for further 
consideration to the Executives of the unions affected. 





Representatives of the Executive Councils of the 
engineering trade unions, which recently applied to the 
Engineering and Allied Employers National Federation 
for an advance of wages, are to meet in London on 
Wednesday next for the purpose of considering the 
situation created by the refusal of the employers to 
concede any increase. There is talk in certain quarters 
of dropping the demand for a general increase in favour 
of a scheme similar to that recently adopted by the 
Shipbuilding Employers’ Federation and the Shipyard 
Trade Unions. Under this scheme, national standard 
wage rates were set up for skilled and unskilled workers. 





An application by the Association of Wireless and 
Cable Telegraphists, for a revision of the wages and 
working conditions of marine wireless operators, was 





considered at a conference in London last week, between 
representatives of the Association and representatives 
of the Engineering and Allied Employers’ London and 
District Association. The Shipping Federation was 
also represented. The rates and working conditions 
of marine wireless operators are, to a great extent, 
governed by an award of the Industrial Court in 1926, 
and objection is taken by the operators to the method 
of fixing pay according to the tonnage of the ship. 
Before the award of the Court there was a yearly ad- 
vance up to a maximum, and neither the salary of 
the operator, nor his automatic increase, was governed 
by the tonnage of the ship in which he might be 
stationed. The standard of pay and the maximum 
were also claimed to be inadequate. The conference 
adjourned for the employers to consider the position. 


The Grand Council of the Federation of British 
Industries has ratified the provisional agreement 
arrived at recently by representatives of the General 
Council of the Trades Union Congress, the Federation 
of British Industries and the National Confederation 
of Employers Organisations. Under this agreement, 
it will be recalled, a wide range of subjects has been 
selected for joint discussion by representatives of the 
employers and representatives of the workers. Because 
of the separate functions and spheres of the F.B.I. 
and the Confederation, these two organisations are to 
set up an Allocation Committee to decide whether one, 
and if so which, of the two shall be responsible in 
each case for conducting the discussion on behalf of 
the employers, or whether they are both directly 
concerned. The Confederation has also ratified the 
agreement. ea 

The. New York correspondent of the Manchester 
Guardian states that unemployment is again becoming 
a serious problem in the United States. Mr. William 
Green, President of the American Federation of 
Labour, estimates, he says, that 3,000,000 persons 
are now temporarily or permanently unemployed, 
and the figure, on the whole, seems to be a conservative 
one. It is equivalent, the correspondent reckons, to 
about 1,000,000 in Great Britain, since the United States 
population is about 120,000,000. Continuing, he says : 
‘“The number of unemployed cannot be ascertained 
definitely, since the United States, almost alone among 
the Great Powers, keeps no sort of national statistics 
of employment, pays no dole, and has no other sort of 
unemployment insurance. It is generally believed 
that even in times of prosperity something like 1,800,000 

rsons are constantly out of work, and in times of 
real crisis this figure rises to 4,000,000 or 5,000,000.” 
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The opinion of our contemporary’s representative 
is, it may be added, that the present unemployment 
in America is only very partially the result of the Wall 
Street crash. ‘‘ It is more largely,’’ he says, ‘‘ tech- 
nological in character, being the result of the introduc- 
tion of labour-saving devices. Among the hardest 
hit at present are musicians thrown out of work by the 
‘talkies.’ In true American style, the Musicians’ 
Federation is now conducting a nation-wide advertising 
campaign seeking to combat what they call ‘ canned’ 
music.”’ oe 

On January 6, 1930, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain, was 1,478,800. Of these, 1,058,900 
were wholly unemployed, 344,500 were temporarily 
stopped, and 75,400 were persons normally in casual 
employment; 1,115,200 were men, 42,200 boys, 
281,800 women, and 39,600 girls. Of 1,510,231 on 
the registers on December 30, 1929, 1,018,726 were 
wholly unemployed, 415,542 were temporarily stopped, 
and 75,963 were persons normally in casual employ- 
ment; 1,142,600 were men, 39,833 boys, 291,722 
women, and 36,076 girls. The number of unemployed 
persons on January 7, 1929, was 1,452,619, of whom 
1,133,931 were men, 43,499 boys, 236,727 women, 
and 38,462 girls. = eee 

Some time ago the Electrical Trades Union applied 
to the National Federated Electrical Association for 
a wages advance, for members employed in the London 
area, of 1?d. per hour. Such an addition would bring 
the hourly rate up to 2s. The claim was rejected by 
the employers, but a joint committee was appointed 
further to consider the question of wages. At its 
second meeting this joint committee failed to agree, 
and the matter is now to be reported to a full conference 
of the larger body which appointed it. On Monday, 
an official of the National Federated Electrical Asso- 
ciation said :—‘‘ Negotiations have been proceeding, 
and they have not actually broken down. Since the 
Committee failed to agree we have heard nothing 
more from the Union, and we have no knowledge of 
any intimation that a strike will be called, if the 
advance is not given by the end of this month. There 
will probably be a further meeting of the two sides. 
The electrical contractors are at present paying the 
highest rate in the building industry, and by far the 
highest rate in the engineering world. Our members 
take up the attitude that what they are paying now 
is as much as they can be expected to give, and that 
it is a fair and reasonable amount.” 


In the course of a letter printed in the official organ 
of the United Pattern Makers’ Association, a Scottish 
member of the organisation says :—‘‘ Before the 
General Election we were continually being advised 
by our President (Bro. Wardale), our Secretary 
(Bro. Findlay), and many others that the only hope 
for everybody, and especially the unemployed, was 
a return of the Labour Government. In the last few 
days of the Tory Government the Labour Party 
twitted the Tories with their failure to tackle the 
problem of unemployment, and Mr. J. R. Clynes 
accused Sir A. Steele-Maitland of persecuting the 
unemployed with mass disqualifications from benefits 
under the ‘not genuinely seeking work’ clause. 
The Tory Minister was able to point out that the 
clause was mainly the work of the 1924 Labour 
Government, and that the records of disqualifications 
of claims were higher under the Labour Government 
than under the Tories.” 


Continuing, the writer of the letter says :—‘* During 
the election the Labour candidates succeeded in 
creating the impression that, if returned, the conditions 
of the unemployed would be improved. The official 
figures, however, show that month by month the 
number of unemployed has increased under the 
Labour Government. There have also been 
more disqualification claims under this Labour Govern- 
ment. Under the Tory Government, the total number 
of disqualifications of claims by local insurance officers 
in the four months ending September 10, 1928, was 
171,873, whereas the total disqualifications under 
the Labour Government in the four months ending 
September 9, 1929, numbered 255,993—an increase 
under Labour of 84,120. Of these totals, the * not 
genuinely seeking work’ disqualifications were 58,185 
under the Tories and 79,526 under the Labour Govern- 





of living. Under this arrangement, a reduction is due 
to take effect next month. The application of the 
unions was, therefore, in effect, a demand for the 
abolition of the sliding scale. The employers rejected 
the application, arguing that a fundamental alteration 
of the National Wages Agreement could not be made 
in this way, but that the normal procedure ought to 
be followed. A meeting of the Joint Council even- 
tually failed to agree. On Tuesday the executive com- 
mittees of the various trade unions met in London, 
for the purpose of considering the situation. The 
decision arrived at was to ask for a meeting of the 
National Joint Council, as soon as possible. This is 
taken to mean that the question of stabilisation will 
now be raised in a manner that does not infringe the 
Standing Orders of the Council. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Locomotive Boiler—The supply of one class-U 
locomotive boiler, with smoke-box, &c. The South 
African Railways and Harbours Board, Johannesburg ; 
February 27. (Ref. No. A.X. 9022.) 

Sluice Valves and Sockets.—The supply of 281 sluice 
valves of sizes 3 in. to 9 in., and 300 6-in. and 9-in. 
Kimberley sockets. The City of Johannesburg, South 
Africa ; February 20. (Ref. No. A.X. 9017.) 

Bicycles.—The supply of 250 built-up bicycles, com- 
plete with the exception of tyres and inner tubes. The 
Tender Board, Union of South Africa, Pretoria; Feb- 
ruary 20. (Ref. No. A.X. 9025.) 

Switchgear.—The supply and delivery of 11,000-volt 
switchgear for water rheostats, Waitaki Power Scheme. 
The Public Works Department, New Zealand ; April 29. 
(Ref. No. B.X. 6048.) 


LAUNCHES AND TRIAL TRIPS. 


** NorpKaP.’’—Twin-screw cargo motorship; Bur- 
meister and Wain Diesel engines. Launch, January 4. 
Main dimensions, 401 ft. by 54 ft. 3 in. by 35 ft. 4 in. 
Built by the Nakskov Shipyard, Nakskov, Denmark, 
for the Norden Steamship Company, Copenhagen. 

‘* BELAWAN.”’—Passenger and cargo steamer; four- 
cylinder Lentz-engine installation. Trial trip, January 7. 
Main dimensions, 252 ft. by 40 ft. by 15 ft. 6in. Built 
for the Royal Packet Company of Amsterdam, by Messrs. 
The “De Maas” Shipbuilding Company, Slikkerveer, 
Holland. 

‘““Lapy Priymouts.’’—Cargo steamer; triple-expan- 
sion engines. Trial trip, January 9. Main dimensions, 
413 ft. 6 in. by 54 ft. 2 in. by 27 ft. 6 in. Built by 
Messrs. William Gray and Company, Limited, West 
Hartlepool, for Messrs. Lewis Lougher and Company, 
Limited, Cardiff. 

*“ Warnvul.”’—Single-screw cargo steamer; _ triple- 
expansion engines. Launch, January 14. Main dimen- 
sions, 253 ft. by 38 ft. 4 in. by 21 ft. Built by Messrs. 
R. and W. Hawthorn, Leslie and Company, Limited, 
Hebburn-on-Tyne, for Messrs. The Union Steamship 
Company of New Zealand, Limited. 


BOOKS RECEIVED. 


United States Bureau of Standards. Miscellaneous Papers 
No. 98. American National Screw Thread Tables for 
Shop Use. I. Standard Threads (Coarse and Fine 
Threads Serves). Il. Special Threads. No. 102. 
Annual Report of Director to the Secretary of Commerce 
for the Fiscal Year ended June 30, 1929. [Price 10 cents 
each.] Washington: Government Printing Office. 

United States Coast and Geodetic Survey. Special Pub- 
lication No. 140. Manual of First Order Leveling. 
By H. G. Avers. [Price 30 cents.] Washington : 
Government Printing Office. 

American Society for Testing Materials. Index to A.S.T.M. 
Standards and Tentative Standards, as of September 3, 
1929. Philadelphia: Offices of the Society. 

Manual for Young Engineers in India. By F. C. 
TemPLe. Calcutta: Thacker, Spink and Company. 
[Price Rs. 2, annas 8.] 

Atlas Metallographicus. Parts 6 and 7. By Professor 

Dr.-Ing. Heryricw and ANGELICA SCHRADER. Berlin: 

Gebriider Borntraeger. [Price 7 marks each.] 

Basic Principles of Concrete Making. By FRANKLIN R. 

McMriittan. London: McGraw-Hill Publishing Com- 

pany, Limited. [Price 10s. net.] 

Association of Engineering and Shipbuilding Draughts- 

men. Graphical Statics. By E. N. DIGWEED. London: 

The Draughtsman Publishing Company, Limited. 


[Price 2s. net.] 
The South American Handbook, 1930. Edited by H. 

















ment—an increase of 21,341.” 


On Friday last week, the Building Trades Unions | 
brought before the National Joint Council of Employers | 
and Operatives, an application for the stabilisation of 
wages for craftsmen at the present level, and an| 
improvement of the rates for unskilled men. 


the war, wages fluctuations have been regulated by a 
sliding scale in accordance with variations in the cost 


Since | Canada. Department of Mines. 


Davies. London: Trade and Travel Publications, 

Ltd. [Price 2s. 6d. net.] 

Elektro-Werkzeuge Kleinwerkzeugmaschinen mit Einbau- 
motor und biegsame Wellen. By Dr.-Ing. Hans FEIN. 
Berlin: Julius Springer. [Price 6-90 marks. ] 

Dampfturbinenschaufeln. Profilformen, Werkstoffe, Her- 
stellung, u Erfahrungen. By Hans  KRUGER. 
Berlin: Julius Springer. [Price 15 marks.] 

Mines Branch No. 697. 

Investigations in Ceramics and Road Materials, 1927. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Transactions are still 
confined to narrow limits, but the feeling of confidence 
in the near future has not departed and early expansion 
of market operations is expected, as customers have 
not made full provision for — needs. Stocks of 
Cleveland pig iron are larger than for some time past, 
but are not inconveniently heavy, and they promise to 
be reduced by enlargement of demand. Second hands 
have command of only a few small parcels of iron, and 
makers adhere firmly to the fixed minimum figures 
that have ruled of late. Home sales are likely to be on 
a fairly good scale, but signs of early material change for 
the better in‘export trade are still absent. A little 
Midland foundry iron continues to be used in this district. 
No. 1 Cleveland is 75s.; No. 3 g.m.b., 728. 6d.; No. 4 
foundry, 71s. 6d.; and No. 4 forge, 71s. 

Hematite-—Contrary to expectations, values of East 
Coast hematite iron are not advancing. Producers have 
moderately good contracts arranged, and are endeavour- 
ing to take a firm stand, but merchants are well bought 
and are unloading their holdings quite freely at prices 
which makers declare are well below the cost of production, 
Manufacturers ask up to 80s. for ordinary qualities, but 
second hands readily accept 79s. Home customers are 
placing a few orders, but export business is extremely light, 
owing to the comparative cheapness of foreign hematite. 

Foreign Ore.—Business in ore is almost confined to 
sales of spot cargoes, and it is difficult to ascertain the 
terms at which ordinary contracts might be arranged. 
Sellers have little ore to offer, and consumers are not 
obliged to buy as they have large quantities to come 
forward against running contracts. 

Ironstone- Miners’ Wages.—A joint conference of Cleve- 
land ironstone-mine owners and miners’ representatives 
was held at Middlesbrough this week, to consider the 
question of wages for the first quarter of the year, and, 
after considerable discussion, agreement was reached 
whereby wages are increased by 3 per cent. from the 
27th inst., raising wages from 58 per cent. above the 
standard to 61 per cent. above the standard. 

Blast-Furnace Coke-—Durham blast-furnace coke 
continues plentiful, and good average qualities are now 
obtainable at 22s. 6d., delivered here. 

Manufactured Iron and _ Steel.—Values of most 
descriptions of manufactured iron and steel are steady 
and firm, but sheet makers are short of work and have 
reduced black kinds and galvanised corrugated sorts 
by 2s. 6d. and 7s. 6d., respectively. Producers of ship- 
building requisites, bridge-building material, and railway- 
construction necessaries are busily employed. Among 
the principal market quotations are : Common iron 
bars, 102. 15s.; best bars, 11l. 5s.; double best bars, 
11. 15s. ; treble best bars, 12/. 5s. ; iron rivets, 111. 10s. ; 
packing (parallel), 8/.; packing (tapered), 10/.; steel 
billets (soft), 61. 17s. 6d. ; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 8/. 2s. 6d. ; steel rivets, 11/1. 5s. ; steel 
ship plates, 82. 15s. ; steel angles, 8/. 7s. 6d. ; steel joists, 
81. 10s. ; heavy sections of steel rails, 8/. 10s., for parcels 
of 500 tons and over, and 9. for smaller lots ; fish plates, 
12/. 10s. for parcels of 500 tons and over, and 131. for 
smaller lots; black sheets, 9/. 15s.; and galvanised 
corrugated sheets, 127. 7s. 6d. 








PersonaL.—Mr. G. G. L. Preece, until recently 
manager in the Manchester district for Messrs. Bruce 
Peebles and Company, Limited, Edinburgh, has now 
been appointed to the position of sales’ manager for 
England and Wales. 

British COMMERCE wiITH CoLomBIA.—The Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
S.W.1, announces that Mr. Spencer Stuart Dickson, 
H.M. Minister to the Republic of Colombia, who is 
shortly proceeding to South America, will be in attendance 
at the offices of the Department on January 23, 24 and 27. 
He is prepared to interview firms interested in commerce 
with that Republic, and British concerns desiring to 
consult Mr. Dickson should apply to the Comptroller- 
General of the Department, at the above address, quoting 
reference No. 3582/30. 

Tue Late Mr. A. F. FowLer.—We regret to note the 
death, on January 11, of Mr. Alexander Farquharson 
Fowler, of Forty-lane, Wembley, Middlesex, who was 
connected with dock-engineering and river-navigation 
works for many years. He was born on February 15, 
1863, and, as a young man, served as engineer to the 
York Corporation in their capacity as Trustees of the 
Ouse and Foss Navigation ; he designed and constructed 
the locks at Naburn and York. After occupying the 
positions of engineer of the Whitby Piers and Harbour 
Trustees, and later of the Wharfe Improvement Scheme. 
he was appointed engineer on the dredging, training and 
survey works on the River Ribble. He afterwards 
became dock engineer of the Ribble Navigation, and 
continued to occupy this position for a number of years. 
During the European war, Mr. Fowler served in the 
Royal Engineers and, after the hostilities, retired with 
the rank of Captain. A former student of the Institution 
of Civil Engineers, he became an associate member on 
January 8, 1889, and was elected to full membership on 
February 27, 1900. In May, 1897, Mr. Fowler read a 
paper in the Harbours, Docks and Canals section of 
the Engineering Conference of the Institution of Civil 
Engineers. This was entitled ‘‘ Comparison of Dredging 
and Training Works as Means for the. _Improvement of 
Rivers,” and was reproduced in ENGINEERING, vol. Ixiii, 
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pages 774 and 795 (1897). 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The better buying movement which 
was hoped for with the advent of the New Year has not 
yet developed, and current conditions in the local steel 
and engineering trades show little change. Business in 
raw and semi-finished steel is not up to the level of that 
prevalent two months ago. Basic steel is steady, but 
the demand for acid sorts fails to realise expectations, 
and makers are hard pressed to keep plants operating 
at reduced capacity. At present, fewer open-hearth 
furnaces are working than before the holiday stoppage, 
but they are expected to be re-lighted in the near future. 
There 1s @ growing call for high-grade steels, espe- 
cially those capable of withstanding heat and corrosion. 
Though competition in tool steel tends to be more severe, 
especially from the Saar and other Continental districts, 
local producers are able to attract a fair share of the 
orders in circulation. Shipbuilding requirements are on 
the increase, but little business continues to pass in any 
kind of armaments. Order books at departments making 
railway rolling-stock are in a healthier condition than 
for some time past, but plants could comfortably handle 
a much larger volume of work. Prospects, however, 
are bright. More inquiries are in circulation from 
abroad, while there is a likelihood that the home railways 
will place orders in the near future. Considering the 
position of the coal trade, makers of colliery appliances 
are doing fairly well on home account. Foreign mining 
enterprises are also responsible for some useful contracts. 
The demand for motor-car steel and fittings has been 
more than maintained. The improvement anticipated 
in the market for farm and garden implements has not 
yet matured, and the opinion is expressed that the forth- 
coming season in such tools will not reach the normal 
height. Engineers’ and mechanics’ small tools are good 
lines, but headway cannot be reported in sections turning 
out saws and files, 

South Yorkshire Coal Trade.—The coal trade generally 
has assumed a slightly stronger position. Collieries are 
working on a more satisfactory basis and are experiencing 
no difficulty in meeting the demand. The prices of 
industrial fuel are well held, and requirements are up to 
the recent level. A fair amount of business is passing in 
house coal, though the gross call is not up to the seasonal 
standard. A steady tonnage of foundry and furnace 
coke is going into consumption at 24s. to 24s. 6d. per 
ton, while there is a good market for gas coke at 25s. 
to 26s. per ton, f.o.b. Latest quotations are as follow :— 
Best branch hand-picked, 26s. 6d. to 28s. ; Derbyshire 
best brights, 21s. to 23s. ; Derbyshire best house, 20s. 6d. 
to 21s. 6d. ; sereened house coal, 18s. 6d. to 20s. ; screened 
house nuts, 16s. 6d to 18s.; Yorkshire hards, 15s. 6d. 
to 17s.; Derbyshire hards, 15s. 6d. to 17s. ; rough slacks, 
9s. to 10s. ; nutty slacks, 7s. 6d. to 8s. 6d.; and smalls, 
33. to 5s, 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—Nothing of much note occurred 
during the holiday period to brighten up the outlook in 
the Scottish steel trade. Buyers were not very much in 
evidence, with the result that order books are none too 
well filled at the moment. Business in general throughout 
the country is rather dull and lifeless, and consumers 
of steel material in many cases cannot see any distance 
ahead and are only placing orders for actual requirements. 
There is little forward buying, and when the specifi- 
cations which accumulated lately get worked off the 
outlook is rather uncertain. In the black-sheet trade, 
business is fair, since although the demand for the lighter 
gauges is quite good, that for the heavier sheets is un- 
satisfactory. Nevertheless, the tonnage on hand overall 
ensures steady running at most of the works for some time 
ahead. The following are the current prices :—Boiler 
plates, 107. 10s. per ton; ship plates, 87. 15s. per ton; 
sections, 81. 7s. 6d. per ton; black sheets, 4 in., 9/. per ton; 
galvanised-corrugated sheets (No. 24 gauge), 13/. per ton, 
all delivered at Glasgow stations. 

Malleable Iron Trade.—No change can be reported in 
connection with the malleable-iron trade of the West 
of Scotland. The volume of fresh business booked since 
the year began does not amount to a very large tonnage, 
and there is as yet no sign of any revival in the industry. 
Prices are unchanged, with Crown bars, 10I. 5s. per ton 
for home delivery, and 97. 15s. per ton for export. 
Re-rolled steel bars are called 7/. 12s. 6d. per ton for home 
delivery or export. 

Scottish Pig-Iron Trade.—Only a limited amount of 
dealing has taken place this year, to date, in Scottish 








pig-iron, and stocks have not decreased to any extent. 
Buying has been very slow this week, and, unless there is a 
decided improvement in the near future, quite a number 
of the blast furnaces will have a long idle period. Prices 


keep firm and are as follows :—Hematite, 81s. per ton, 
delivered at the steel works ; foundry iron, No. 1, 80s. 6d. 
per ton, and No. 8, 78s. per ton, both on trucks at 
makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
Pig-iron from Glasgow Harbour for the week ending 
last Saturday, January 11, amounted to 1,381 tons. Of 
the total, 560 tons went overseas and 821 tons went coast- 
wise. During the corresponding week of last year, the 
figures were 425 tons to foreign destinations and 44 tons 
Coastwise, making a total shipment of 469 tons. 








AGRICULTURAL MACHINERY IN GREECE.—The Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
S.W.1, informs us that a confidential report on the 
market for agricultural machinery and implements in 
Greece is now available. British firms can secure a 
copy of the report by applying to the Department and 
Quoting Reference No. C.X. 3179. 
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NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Conditions in the Welsh coal trade 
have become less favourable, owing to a lack of ready 
shipping caused by a recurrence of boisterous weather 
and consequent delay to tonnage. Vessels which should 
have been in dock loading cargoes were still to arrive. 
This has disorganised the arrangements of colliery 
owners and shippers. Colliery companies already fully sold 
on paper have been compelled to find a fresh outlet for 
current production, with the result that buyers in a 
favourable position have been able to secure their large 
coal requirements on a cheaper basis. Most classes of 
Cardiff and Monmouthshire large have been available 
without difficulty on the basis of the schedule, but 
Western and Eastern Valley, and dry large, still com- 
mand 3d. to 6d. above the schedule. With respect to 
sized and small coals, the production of these classes 
has been curtailed by irregular working at the pits, and 
while smalls command ls. above schedule, sized classes 
realise about 2s. above the minima. The influence of 
the shipping position on exports will be gathered from 
the fact that foreign clearances as cargo, last week, 
amounted to only 503,440 tons, which was 116,000 tons 
less than the corresponding figure for the preceding 
week, Clearances to France were reduced from 192,670 
tons to 185,700 tons. 


Advantages of Combines.—Mr. H. H. Merrett, managing 
director of Messrs. Gueret, Llewellyn and Merrett, Limited, 
Cardiff, made an interesting reference to the question of 
amalgamations and combines in a lecture which he gave 
to the Chartered Institute of Secretaries, on ‘* The 
Preparation of the Market for Coal” at Cardiff, yester- 
day. ‘‘ It would,” he said, “‘ be difficult to find a more 
depressing spot than the Cardiff Docks to-day, and, 
in the minds of many, the easiest explanation offered 
for the state of commercial paralysis was the creation of 
combines and amalgamations. It might be true that 
combines had precipitated a good deal of unemployment, 
but what would have been the position of the coal 
industry had these amalgamations, combines, or the 
grouping of collieries not taken place. The majority of 
the companies which had failed to weather the storm 
had been small companies, owning single collieries, or 
producing one class of coal only. There had been 
difficulties in large companies, but they could not be 
compared with the failures of the small or single-unit 
companies. Several small companies had only been 
saved from failure through absorption by the bigger 
groups. The controlling heads had been subjected to 
the most base form of persecution, but he was satisfied 
that 90 per cent. of the criticism was dishonest, and the 
outcome more of jealousy rather than a desire to be 
helpful. It was true that there was never an amalgama- 
tion which did not involve the loss of office to many, 
but that arose largely from the necessity for economies 
in administration, and if these economies were not 
secured, the loss of employment would eventually be far 
greater.” 








MARKET FOR Motor Cars AND LorRIES, PERSIA.— 
A confidential report on the market for motor cars and 
lorries in Persia has been prepared by the Department 
of Overseas Trade, 35, Old Queen-street, London, S.W.1. 
United Kingdom firms desirous of receiving a copy of the 
report should communicate with the Department, at the 
above address, quoting Reference No. A. X. 8931. 


Tue Tin InpDustRIAL APPLICATIONS COMMITTEE.— 
An organisation, named the Tin Industrial Applications 
Committee, has been formed to work in co-operation 
with the British Non-Ferrous Metals Research Associa- 
tion, to investigate the industrial applications of tin, and 
to endeavour to discover new and improved uses for the 
metal. The honorary secretary of the Committee is 
Colonel S. Heckstall-Smith. 


ELECTRICALLY-OPERATED Rotary ScaLine Toots: 
ErratumM.—lIn the article on electrically-operated rotary 
scaling tools, on page 63 of our last week’s issue, the 
figures relative to the increase of speed obtainable due 
to the use of a Hicycle motor were so placed as to refer 
to the motor instead of the driven head as they should 
have done. The motor speed may be as high as 9,800 
r.p.m. which is reduced by the gearing to about the 
figures stated, though 2,400 r.p.m. is a more general 
practice. Later in the article, when referring to the 
portable petrol-driven generating set, a frequency changer 
was mentioned. This should read “ exciter.” 


South WALES AND THE ELEcTRICAL INDUSTRY.— 
The annual dinner of the Western Centre of the Institution 
of Electrical Engineers was held at the Royal Hotel, 
Cardiff, on Monday, January 13, Mr. 8. B. Haslam being 
in the chair. Colonel Sir Thomas Purves, in responding 
to the toast of “ The Institution,” proposed by Alderman 
W. Walker, said that the success of the local centres 
showed very pointedly that London was not the only centre 
and foundation of wisdom within their body. Sir Felix 
Pole, in replying to the toast of ‘‘ The Guests,” remarked 
that while he was Manager of the Great Western Rail- 
way, he had always endeavoured to look after the trans- 
port interests of South Wales. Since joining the electrical 
industry, however, he had been horrified to find that 
certain undertakings in that part of the country were 
placing their orders overseas. He would have thought 
that South Wales had suffered enough from foreign 
competition without that. He had found the electrical 
industry up-to-date and efficient, and it could be claimed 
that it was giving the highest value per unit of price 
and capacity of any country in the world. 





InstTITUTION oF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s-gate, S.W.1. Informal Meeting. ‘‘ The 
Pooling of Experience—A Function of the Institution ?”’ 
Introduced by Mr. T. Walley. Graduates’ Section : 
Monday, January 20, 7 p.m. ‘‘ Modern Methods of 
Speeding-up Railway Traffic,” by Mr. O. S. Nock. 

estern Branch: Wednesday, January 22, 7 p.m., 
Merchant Venturers’ Technical College, Bristol. Thomas 
Lowe Gray Lecture. ‘‘ Progress in Marine Engineer- 
ing,” by Eng. Vice-Admiral R. W. Skelton. London : 
Friday, January 24, 6 p.m., Storey’s-gate, S.W.1. 
‘General Operating Experiences with the first *‘ Wood ’ 
Steam Generator,” by Mr. E. W. Smyth. 

Junior INstiruTION oF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘London’s Water 
Supply,” by Mr. G. Andrew-Marshall. Friday, January 
24, 7.30 p.m. ‘‘ Refractories for Steam -Raising Fur- 
naces,”’ by Mr. W. J. Rees. 

InsTITUTION oF ELEcTRICAL ENGINEERS.—South 
Midland Centre: Monday, January 20, 7p.m. The 
University, Edmund-street, Birmingham. ‘“ Recent 
Developments in the Protection of Three-Phase Trans- 
mission Lines and Feeders,” by Mr. T. W. Ross and Mr. 
H. G. Bell. North-Midland Centre: Tuesday, Janu- 
ary 21, 7 p.m., Albert Hall, Cookridge-street, Leeds. 
Faraday Lecture. ‘ Broadcasting by Electric Waves,”’ by 
Capt. P. P. Eckersley. North-Western Centre : Tuesday, 
January 21, 7 p.m. Engineers’ Club, Albert-square, 
Manchester. ‘‘'The Analysis and Measurement of the 
Noise Emitted by Machinery,”’ by Mr. B. A. G. Churcher 
and Mr. A. J. King. London: Thursday, January 23, 
6 p.m., Victoria-embankment, W.C.2. ‘‘The Breaking 
Performance of High-Power Switchgear and of a New 
Form of Quenched-Are Switch,” by Mr. L. C. Grant. 


Braprorp ENGINEERING Socrety.—Monday, Janu- 
ary 20, 7.30 p.m., Technical College, Great Harton-road, 
Bradford. “The Atritor System of Pulverised-Fuel 
Firing,”’ by Mr. J. Burns. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Glasgow 
Centre : Monday, January 20, 7.30 p.m., Royal Technical 
College, Glasgow. ‘‘The Relative Safety of Mild and 
High-Tensile Steels under Alternating and Pulsating 
Stresses,” by Dr. B. P. Haigh. Manchester Centre : 
Wednesday, January 22, 7 p.m., Engineers Club, Albert- 
square, Manchester. ‘‘ Petrol-Electric Vehicle Charac- 
teristics,” by Mr. H. K. Whitehorn. 


Royat InstitutTion.—Tuesday, January 21, 5.15 p.m., 
Albemarle-street, W.1. ‘“‘ Isotopes,” by Dr. F. W. 
Aston. Friday, January 24, 9 p.m. ‘“‘ Cellulose in the 
Light of the X-Rays,” by Sir W. Bragg. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, January 21. 7.15 p.m., Junior Institution of 
Engineers, 39, Victoria-street,S.W.1. ‘‘ Recent Develop- 
ments in Modern Electric Lifts,’’ by Mr. L. 8. Atkinson. 


SHEFFIELD METALLURGICAL AssocIATION.—Tvuesday, 
January 21, 7.30 p.m., 198, West-street, Sheffield. 
‘*Temperature Distribution and Stress Effects in 
Heating and Cooling of Masses,’’ by Mr. G. Stansfield. 

Royat Socrety or Arts.—Wednesday, January 22, 
8 p.m., John-street, Adelphi, W.C.2. ‘‘ Observations on 
the Mining Laws of the British Empire,’”’ by Mr. G. Stone. 


INSTITUTION OF CrviL ENGINEERS.—Birmingham and 
District Association: Thursday, January 23, 6 p.m., 
Chamber of Commerce, New-street, Birmingham. 
“Dock Maintenance from a Junior Engineer’s Stand- 
point,” by Mr. L. Cleaver.—Manchester and District 
Association : Thursday, January 23, 7 p.m., Manchester 
University, Oxford-road, Manchester: Vernon Harcourt 
Lecture. ‘‘ Work of the Committee of the Institution on 
the Deterioration of Structures in Sea Water,” by Prof. 
8. M. Dixon. 

Roya AERONAUTICAL Socrety.—Thursday, Janu- 
ary 23, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘‘ Certificates of Airworthiness,’”’ by 
Mr. H. B. Howard. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
January 23, 6.30 p.m., 10, Upper Belgrave-street, S.W.1. 
“* Setting Out and Erection of Multiple-Storey Buildings,” 
by Mr. G. F. C. Caswell. 

InstituTION oF WELDING ENGINEERS.—Thursday, 
January 23, 7 p.m., Chamber of Commerce, New-street, 
Birmingham. ‘*Modern Improvements in Electric 
Resistance Welding Machines,” by Mr. C. A. Hadley. 

NortuH-East Coast INstiIruTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, January 24, p.m., Mining 
Institute, Newcastle-upon-Tyne. “The Failure of 
Castings and Steel Forgings through Fatigue,” by Mr. 
R. A. MacGregor. 

InsTITUTION OF CHEMICAL ENGINEERS.—Friday, 
January 24, 6.30 p.m., Institution of Civil Engineers, 
Great George-street, S.W.1. ‘“‘ Films and Fibres Derived 
from Cellulose,’’ by Dr. H. Levinstein. 

INSTITUTION OF LOocoMOoTIVE ENGINEERS.— Manchester 
Centre : Friday, January 24, 7 p.m., Manchester Literary 
and Philosophical Society, 36, George-street, Manchester. 
Presidential Address, by Mr. J. R. Bazin. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday; 
January 24, 7.15 p.m. Engineers’ Club, Albert-square, 
Manchester. ‘The Electrical Distribution System of 
Manchester,”’ by Mr. H. C. Lamb. 








German Outputs or Pia-Iron.—According to the 
Moniteur Officiel du Commerce et de l’Industrie, the 
German production of pig-iron during November, 1929, 
totalled 1,090,259 tons, against 1,156,248 tons in October. 
The totals include hematite, basic and foundry iron, 
spiegel, ferro-manganese and ferro-silicon. 
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ROAD TRANSPORT AND THE PUBLIC. 


JOHN Stuart Mit is now somewhat out of fashion, 
but the statement in his classic essay on Liberty 
that “‘ there is a limit to the legitimate interference 
of collective opinion with individual independence ” 
remains as true to-day as when it was written. 
We imagine, however, that few people would now 
agree that the sole end for which mankind are 
warranted in interfering with the liberty of action 
of any of their number is to prevent harm to others. 
One of the more important proposals for the amelio- 
ration of industrial depression, the co-ordination of 
transport, for example, could hardly be defended 
on the grounds that it does no harm to others, 
while it unquestionably constitutes a decided inter- 
ference of collective opinion with individual inde- 
pendence. One of the mischievous tendencies 
of the last few years has been the mushroom growth 
of road transport agencies which, while proving 
a serious embarrassment to the railways, have only 
served to delude the public about what constitutes 
an economic rate of transport. In the boom years of 
1927-28, many small companies were formed to 
operate road passenger services, and these com- 
panies succeeded in diverting a large amount of 
traffic from the railways, partly by affording a 
novel means of travel, but mainly by offering to 
convey their passengers at fares markedly below 
the current rate by rail. These companies enjoyed 
several fortuitous advantages, as, apart from the 
fact that they were only called upon to pay a 
relatively small proportion of the cost of road 
maintenance, they were at liberty in many areas 
to select the most profitable, while ignoring unre- 
munerative services, and to employ relatively 
unskilled, and consequently low-paid labour, entirely 
at their own discretion. Finally, no effective 
measures were in existence to ensure that the 
vehicles which they employed were either suitable 
or safe for the services. 

In spite of these advantages, however, it is 
an open secret that many of these companies 
are now faced with the alternatives of either 
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ing their fares. There can be little question, 
therefore, that the coup de grdce will be given to 
the continued existence of uneconomic road trans- 
port by the implementation of the new Transport 
Act. There is no reasonable doubt that this Act 
will pass on to the Statute Book in due course, and 
it includes measures for removing all the anomalies 
to which reference has been made, other than 
increased liability on the part of road-transport 
undertakings for the upkeep of the roads over 
which they run. To the credit of the larger com- 
panies, it may be said that they have taken every 
precaution to ensure the reasonable comfort and 
safety of their passengers, and the fair treatment 
of their staff, and they have only run at uneconomic 
rates when they were forced to do so by unfair 
competition. The position of these companies in 
the future is of considerable interest to the public. 

Enthusiasts for road transport profess to foresee 
the day when our railways will be converted into 
motor tracks, but it is much more likely that they 
will be restored to their legitimate function as 
carriers for all long-distance traffic other than that 
of an exceptional nature, such as goods too bulky to 
be transported by rail. No arbitrary definition 


3}can be given of long-distance traffic, but given 


effective regulation of road undertakings, such as 
that incorporated in the new Act, it is probable 
that, in general, either goods or passengers can be 
more conveniently and economically carried by 
rail over distances much in excess of fifty miles. 
So far as passengers are concerned, greater distances 
by road tend to become both slow and tedious as 
compared with rail travel. The matter is on a 
somewhat different footing as regards goods traffic, 
as in this case a balance must be struck between 
economy and speed. It may be admitted that at 
the present time, goods can often be carried more 
than twice the stated distance both more cheaply 
and expeditiously by road than by rail, but, on the 
whole, the tendency is for the cost of road transport 
to increase and that of rail transport to decrease, 
and we believe that the railways are now fully 
alive to the importance of eliminating vexatious 
delays by speeding up both collection and delivery, 
and the elimination so far as possible of idle time 
at depots. If we are correct in our surmise, the 
proper function of road traffic becomes that of 
acting as a feeder for long-distance rail traffic, and 
providing local services up to distances of about 
fifty miles, particularly in the direction of cross- 
country runs. Such a programme leaves ample 
scope not only for the existing road carriers, but 
adequate provision for expansion. 

One of the more important questions in connec- 
tion with road traffic, which will have ultimately to 
be faced, is the manner in which road costs are to be 
distributed amongst the community. At the present 
time, as has been previously pointed out in these 
columns, some half to two-thirds of the cost of the 
roads falls on local rates, and the remainder on the 
Road Fund. The latter was created by the Roads 
Act of 1920, for making contributions to the main- 
tenance and improvement of roads, the necessary 
money being derived from the taxation of mechani- 
cally-propelled vehicles. The principle that traffic 
utilising roads should contribute to their upkeep 
is unexceptionable, but as applied in this country, 
it involves a rate of taxation much higher than that 
existing in the majority of others. It is, however, 
unsound to argue, as is frequently done by certain 
motoring organisations, that the system involves 
an undue burden on one section of the community 
only, as the public ultimately pay through the 
higher freight and passenger rates imposed by the 
owner of the vehicle to cover the cost of taxation. 
The case of the private motorist appears to be an 
exception, but if his car is used for business, as in 
the case of the doctor or commercial traveller, he 
is again able to recoup himself at the expense of his 
patient or customer, and the only possible injustice 
lies with the motorist utilising his car purely for 
pleasure. The injustice in the case of the contribu- 
tion to road costs from the ratepayer, however, 
may be very real, as he is frequently called upon to 
subscribe heavily for the maintenance of roads 
mainly utilised by through traffic, while local 
requirements would be adequately met by a much 





ceasing their activities or substantially increas- 


cheaper form of road construction. Fundamentally, 
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the roads are as much a national necessity as the 
post or telephone services, and should therefore be 
paid for out of national, rather than local, taxation, 
but the time appears hardly ripe for such a drastic 
change in policy, and we fear that ratepayers must 
continue to bear the unjust incidence of their 
proportion of the charges with such fortitude as 
they are able to muster. 

Returning to the question of road traffic forming 
a feeder for long-distance rail traffic, the highest 
efficiency in this direction can only be attained by 
the widest co-operation between those responsible 
for both road and rail transport, and it is satisfactory 
to note that such co-operation is tending to become 
more and more widely established. This co-ordina- 
tion of transport formed the subject of a paper 
read on Monday last by Mr. Ashton Davies before 
the Institute of Transport. Referring to the 
powers recently acquired by the railways to run 
road services, the author pointed out that although 
these powers might have been employed to initiate 
competition, the actual policy adopted has been 
to lay the foundations of a wide scheme of co-opera- 
tion. An excellent illustration of the direction 
which such co-operation is taking is afforded by 
transport in the Sheffield district. At the date of 
the passing of the Railway Road Transport Acts, 
the City of Sheffield possessed a very extensive 
network of road services. By agreement between 
the Corporation and the London, Midland and 
Scottish, and the London and North Eastern Com- 
panies, a joint committee has been established to 
operate these services. The latter, and also the 
railway omnibus services, are in turn co-ordinated 
with those of neighbouring corporations and of the 
neighbouring large independent omnibus companies, 
forming a complete scheme of which Sheffield is the 
focus. 

Similar co-ordination between the railway and 
road-transport interests either exists, or is being 
set up, on a wide scale throughout the country. 
Mr. Ashton Davies lays considerable stress on the 
fact that no monopolistic system in the ordinary 
sense is being created, as a certain element of 
conflict of interest remains as between the road and 
rail interests. It appears to us, however, that the 
public would be better safeguarded if the composition 
of the joint committees included representatives of 
the users. Such a precaution was taken in the 
establishment of the Railway Rates Tribunal, and 
the results have undoubtedly justified the step. 
When the railway amalgamation reduced the operat- 
ing companies to four, the change undoubtedly 
operated as a whole to the advantage of the public. 
At the same time, the very difficult process of 
reorganisation led to certain anomalies in freight 
charges and other matters which constituted a 
source of irritation to the user. Although improve- 
ments have been effected in the intervening period, 
it cannot be said even to-day that the user has no 
cause for complaint, and it is worth while going 
to some trouble to ensure that the same difficulty 
will not recur under the further extension of the 
co-operative movement. 





THE KENYA AND UGANDA RAILWAYS 
AND HARBOURS. 


Tue Kenya and Uganda Railways and Harbours 
Administration control, besides the railways, 
the steamer services on the three lakes (Victoria, 
Kioga and Albert) and the Uganda service on the 
River Nile, the motor transport service connecting 
Masindi Port on Lake Kioga with Butiaba on 
Lake Albert, and the Port Administration. 

The combined working results for the year 
1928 as shown in the report of the acting general 
manager, show earnings of 2,545,838/. and allow 
a sum of 255,638/. to be transferred to Better- 
ment Funds after allowing for ordinary working 
expenditure, contributions towards renewals, interest 
and contributions towards redemption of loans. 
Approximately there was a decrease of 4-15 in the 
percentage of working expenditure to earnings. 

The expenditure on capital account to the end 
of 1928 amounted to 18,902,385/., of which over 
12,500,000 have been expended in improving 
the existing harbour and railway facilities in the 
last. six years, which is.a testimony to the progress 











of the countries through which the services operate. 


To the end of 1928 a sum of 1,070,223/. has been 
contributed to capital account from Betterment 
Funds. Owing to arrears of work having been 
largely overtaken, in the estimates for 1929 the 
contributions to the Renewals Fund on railway 
assets have been reduced from an average of 3 per 
cent. of all wasting assets to 2 per cent., and it is 
proposed to reduce further contributions to the 
Betterment Fund at the end of 1929 on the com- 
pletion of the relaying and ballasting programme 
from the coast to Nairobi. The total route mileage 
of open lines in December, 1928, was 1,393, an in- 
crease of 189 miles in the year. 

A considerable fall in the traffic on Lake Victoria 
was due mainly to the opening of through rail con- 
nection to Uganda, and partly to the opening of 
the railway by the Government of Tanganyika 
from Tabora to Mwanza. Other parts of the 
Lake Victoria basin not affected by the railway 
service showed encouraging increases in trade, but 
lake traffic must suffer a further decrease on the 
opening of the Jinja-Kampala extension about 
the end of 1930. The increase in traffic at those 
ports unaffected by recent railway development is 
an additional 21 thousand tons over the 1927 figures. 
A considerable development is anticipated. in 
lake traffic for the district where the Kagera River 
provides an outlet to the Victoria Nyanza. The 
Ankole district in Uganda and the Ruanda country, 
which is mandated to Belgium, are said to be 
rich in mineral potentialities, and to possess large 
tracts of land suitable for coffee and other agricul- 
tural crops. 

A survey of the Kagera River has been carried 
out which shows that the river is navigable for 
97 miles, and it is proposed to institute a provisional 
tug and lighter service up to this point as soon as a 
quay with a connecting road has been constructed 
by the Uganda Government. The Belgian Author- 
ities and the Government of Uganda are fully alive 
to the possibilities of the districts concerned, and 
a large road programme for development purposes 
is now under consideration. 

In 1927 the control of all ports and harbours of 
Kenya came under the general manager of the 
railways and harbours. It was also the first 
complete year in which the first two berths of the 
deep-water quays at the port of Mombasa were 
available for full use. During the year 1928 the 
quantity of cargo imported, shipped and transhipped 
through the port increased by some 20 per cent., 
and financial results of working the port show a 
steady improvement over 1927, the loss of 44,155. 
being reduced to a loss of 29,3607. At Kilindini 
Harbour tonnage increases during the year under 
review were 23-34 per cent., and export tonnages 
decreased by 0-74 per cent. 

In an article in our issue of October 13, 1922, 
we reviewed the then condition of affairs in regard 
to the railways of East Africa in the light of the 
report by General F. D. Hammond, who had 
been sent out as Special Commissioner in 1921. 
His comments on the situation were very severe, 
inspections by certain principal technical officers 
of the Uganda railways were quite inadequate, 
traffic delays on the system were numerous and 
serious, and there were no useful operating statistics 
on which to judge whether the traffic department 
was working efficiently. Repairs in the locomotive 
and the engineering department were long overdue, 
and he estimated that a sum of at least 572,0001. 
was imperative to meet these requirements. He 
pointed out that the Uganda Railway had none 
the less paid net revenue amounting to 1,682,5521. 
into the Kenya Treasury. The smaller systems 
in Uganda were, naturally, mainly in the nature of 
collecting agencies for the main line to the coast, 
they, however, had received no credit from the 
main line for traffic originating upon them, though 
their losses were borne by the Uganda Government. 
General Hammond recommended rail connection 
with Jinja, where the Nile discharges from Lake 
Victoria, and a further extension to Kampala which 
is an important trade and road development centre 
on the route to Lake Albert, to which the railway 
could be extended with advantage. The natural 
conclusion of his report was that the systems should 
be completely managed as one concern. 





The report of the acting general manager shows 
that the recommendations of General Hammon 
have been carried out or are in the way of being 
carried out with profit to the railways and great 
economic advantage to the Government. 

Full statistical information is given in the report ; 
repairs and renewals have been largely overtaken, 
and the rates for the conveyance of many commodi- 
ties substantially reduced. At the same time 
railway connection has been established with 
Jinja, and construction work on the Jinja-Kampala 
line (57-88 miles) was commenced during the year. 
General Hammond’s radical recommendation, 
management as one concern, has been an accomp- 
lished fact since 1927, and the railway is not now 
the milch cow of the Kenya Treasury. The death 
of Sir Christian Felling, C.M.G., General Manager 
of the Kenya and Uganda Railways and Harbours 
Administration, of malaria in August of this year, 
is a sad loss for the country and the Administration. 

As suggested in the report of the Closer Union 
Commission, there seems little doubt that the 
two main railway systems of East Africa must 
eventually amalgamate under one management, 
but at the present time there are many problems 
which were emphasised in that report that require 
prior settlement, and until these problems,i nvolving 
assimilation of rates, standardisation of engines, 
rolling stock, equipment, &c., are solved, rail 
connection between the two systems may be 
premature. 








THE ENGINEERING OUTLOOK. 
II1.—Tue Motor Inpustry. 

OFFIcIAL employment statistics for the motor 
vehicle industry do not distinguish between the 
private car and commercial vehicle branches of 
the industry. In Table I, accordingly, a general 
summary is given covering the group of industries 
centred round the internal-combustion engine. 


TaBLE I.—Number of Workpeople Employed. 





es Motors, Cycles and Aircraft.* 


em- 





Index a eae Ee 
Date. ployed | 1993 — 
in 9 100. No. No. No. | Index 
dis- in- | unem-| em- |1923 = 
tricts. sured. | ployed.| ployed.| 100. 
1923... ..| 26,902 {100-0 | 191,830] 16,108 | 175,722) 100-0 
1924— 
Ist half year | 23,354 | 86-8} on< eo = 
ae or aes 101.8 y 203,340] 16,145 | 187,195] 106-5 
1925—- 
1st half year | 33,539 |124-7\| « 200.7 . 
aa jo'oa7 (122.4 y°| 214840) 14,100 | 200,740] 114-3 
1926— 
1st half year | 33,587 |124-8 | o. 218 ons 5. 
aad ies lass} 224,040] 21,609 | 202,431] 115-6 
1927— 
1st half year | 34,733 {129-1 11. ‘ P ‘ 90.8 
— pega 138.95 232,860] 18,339 | 214,531) 122-5 
1928— 
Ist half year | 33,101 |123-0 | oes can! 00 nie | 019 218! 101. 
al goed ina y 234,890 22,015 212.815 121-1 











1929— 
1st half year | 35,799 |133-1 o4n ” 997 708) 190.6 
aa get on rs 245,410) 17,614 | 227,796) 120+ 

7 | | : 

* Figures relate only to the month of July in each year. 


+ Estimated on incomplete returns. 
t Ages 16-64. 

















As explained in previous articles, the Ministry 
of Labour figures in respect of 1928 and 1929 
require consideration from the point of view that 
they leave out of account all workpeople 65 years 
of age and over, and are not, therefore, strictly 
comparable with previous years. An addition 
of some 2,000 workpeople employed should pro- 
bably be made on this account. In this case, the 
increase in employment shown by the figures for 
the whole of the country and by the sample, agree 
very closely. Both sets of figures show a very marked 
increase in activity during the past year, a resump- 
tion of the upward trend which has come to be 
regarded as usual in this industry, and a number 
employed not far short of that in the boom year 
1920. 

The fortunes of the various branches of the indus- 
try contributing to this improvement vary to some 
degree, and are reviewed separately in the following 
sections. 

Private Cars.—The revised figures of private car 
production published by the Society of Motor 
Manufacturers and Traders in their annual review 
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for the years up to and including 1928 and the 


provisional figures for the year ending September 30, 
1929, are given in the following table :— 


Taste II.—Output of Cars. 





exports substantially. 








1923... 71,396 1927 164,553 

1924... 116,600 1928 165,352 TABLE IV.—U.K. Net Imports of Private Cars. 

1925... 132,000 1929* 182,256 

1926... 153, 500 Year. | berg | Chassis. | Total. 

* Year ending September 30. pada 

The production year of the motor industry is| 1923 ay ; 14,429 7,638 22,067 
from October 1 to September 30, owing to the a eS, ts ay a py 
necessity of regulating production in accordance] 1926 a 10,923 | — 3,520 14,443 

4 : 97 | 6 6 
with the seasonal movement of demand, and owing| {937 “| Piss oa ae 
to the impetus given to the production of new| 1929 ..| 11,416 10,115 21,531 

| 


models by the annual motor exhibition at Olympia. 
For 1929 and future years, production statistics 
will, accordingly, be given for the production and 
not the calendar year.. This method does not, 
however, vitiate the comparison, and it is clear 
that output has increased in line with the increased 
employment noted above. 

The new classification of ‘“‘ chassis constructed 
solely for commercial use,” and “ chassis other,” 
in our official statistics of oversea trade, as from 
January 1, 1928, makes it possible to distinguish 
accurately British exports of cars from those of 
commercial vehicles. These figures, together with 
estimates for previous years, based on foreign 
import and registration statistics, are given in 
the following table :— 


Taste ITI.—U.K. Exports of Private Cars, 














Year. | Complete | Chassis. | Total. 
1923 3,259 1,600 4,859 
1924 ..| 10,961 2,000 12,961 
1925 .-| 17,772 6,000 24,372 
1926 ee ..| 14,865 12,000 26,865 
1927 5 ..| 16,139 13,364 29,503 
1928 in ..| 18,306 8,000 26,306 
1929 oe cel 28107 9,901 34,098 

| | 
The severe decrease in the export of chassis 


during 1928 has ceased though the improvement 
has not, as was anticipated last year, brought the 
figures back to the level at which they stood before 
the collapse of the Australian market between June, 
1927, and 1928. Although even Australia has shown 
a little improvement, this movement has been in 
spite of a continuation of bad times in that country, 
and there is, at present, no clear prospect of any 
real change in the immediate future. The export 
of complete cars, on the other hand, which is not 
affected by Australian conditions, has broken all 
records, and made a very marked advance on the 
year 1928. This result has been achieved by a 
general expansion in all markets with the Irish 
Free State playing a dominant role. Taking 
private cars and chassis as a whole, last year’s 
prophecy that 1929 would be a record year has been 
borne out. If the same figures are maintained in 
1930, the result will be satisfactory, and it is possible 
to look for even a small increase. 

Satisfactory as has been the increase in exports, 
it is not sufficient to explain the whole of the 
increase in production, in fact, the home market 
has played the leading part in that respect. The 
year 1928 witnessed an unexpected and unexplained 
falling off in the sale of new cars in this country 
during the summer months, which was not repeated 
in 1929. 

The number of private cars in use in the United 
Kingdom in recent years is shown below :— 


TOSS... 389,767 1927 800,112 
1924... 432,356 1928 900,557 
1925... 590,156 1929 1,000,000 
1926... 695,555 


In order to effect the increase of 100,000 new cars 
between 1928 and 1929, 169,653 new cars were sold. 
Part of these sales were supplied from foreign 
Imports, the course of which is shown in Table IV. 

As from January 1, 1929, the same classification 
as was noted above in the case of exports has been 
adopted, so that here also it is now possible to 
distinguish between private cars and commercial 
Vehicles. Imports are likely to remain at or around 
their present level, with a tendency to decline in the 
ong run owing to the number of foreign manu- 
facturers establishing factories in this country. 
On balance, it will be seen that in 1929 the British 





of exports of the leading producing countries as 
shown in Table V. 


industry reaped the whole of the advantage of the 
increased home market and also improved its 


Outside the British market the competitive 
position can best be gauged from a consideration 





markets, though the increased home demand 
has been considerably the most important factor. 
It would have been even greater but for the effective 
competition of foreign manufacturers in imported 
light vehicles. 

The export statistics for recent years are given 
in Table VI below. 

Home demand is reflected in the following 
statement of the number of lorries and hackneys 
in use in the United Kingdom :— 


1923... 286,627 1927 404,783 
1924... 325,890 1928 428 939 
1925... 355,744 1929* 456,000 
1926... 384,124 


* Based on August quarter. 


In order to effect the increase of 27,000 vehicles 
from 1928 to 1929, 67,475 new vehicles were sold. 
Part of these sales were supplied from foreign 





TABLE V.—INTERNATIONAL ExPoRTS OF PRIVATE CARS. 























Exports from | 1923. | 1924. 1925. 1926. 1927. | 1928. | 1929. 

ic | 
U.S.A 127,035 151,180 252,288 238,181 278,472 | 368,328 375,000 
Canada 51,481 43,882 58,005 53,628 39,900 | 55,612 71,000 
J.K. 4,859 12,961 24,372 26,865 29,503 | 26,306 34,098 
France 28,604 43,863 56,689 54,675 46,910 } 39,200 40,800 
i ae 11,243 16,661 25,561 30,091 27,112 | 24,280 20,100 
Other countries 15,381 14,081 16,091 18,957 15,400 14,000 2,000 

Total 238,603 | 282,628 | 433,006 | 422,697 | 437,297 527,726 | 552,098 














The exports of the United States and Canada 
must be considered together as they are virtually 
one industry, and fluctuations of exports as between 
these countries is often merely the result of internal 
adjustment to keep production in balance, or with 
the object of qualifying for a British preferential 
tariff.. The development of American exports 
has yet again made enormous strides, and their 
percentage of world exports has been more than 
maintained at 90 per cent. of the world total. These 
exports are approximately equivalent to the 
production of the rest of the world combined. There 
is no probability of the intensity of the competition 
being diminished during the coming year, having 
regard to the effects of the Wall Street crisis of last 
autumn. It would be wrong to take an alarmist 
view of these effects. The big problem of the 
American manufacturer is in his own market, 
and no increase in exports that is conceivably 
possible would materially alter that situation. His 
first and principal efforts will therefore be at home, 
and there is no reason to think that success will 
not attend them within a few months. At the 
same time, the probability that extra keenness will 
be shown in developing the export trade is indicated. 
The great desideratum of the British industry 
in meeting this competition, viz., co-operation 
in production, marketing and after-servicing of a 
suitable overseas model, cannot be said to have been 
advanced much during the past twelve months. 
Until this is done, no advantage will be reaped 
from the strong sentimental and material preference 
which exists for British products in Empire markets, 
a point which has been stressed in this series of 
articles since January, 1926. 


TABLE VIII.—INTERNATIONAL Exports OF COMMERCIAL VEHICLES. (NUMBER.) 


imports, the course of which has been as shown in 
Table VII. 

There has been almost a complete cessation of 
imports of complete heavy vehicles since the 


TaBLE VI.—U.K. Exports of Commercial Vehicles and 











Chassis. 

Year | Complete Chassis. | Total 

" Vehicles. ag F 

1923 977 423 1,400 
1924 1,730 905 2,635 
1925 1,544 3,105 4.649 
1926 1,148 5,224 6,372 
1927 1,734 4,455 6,189 
1928 1,437 5,104 6,541 
1929 2,636 5,587 8,223 





imposition of the McKenna Duties, which is satis- 
factory, but the importation of lighter chassis has 
increased no less remarkably than British produc- 
tion. The competition of the Chevrolet type of 


Taste VII.—U.K. Net Imports of Commercial Vehicles. 











Year. | = | Chassis. | Total. 
1923 198 4,840 5,038 
1924 856 3,890 4,746 
1925 443 5,802 6,245 
1926 632 6,468 7,100 
1927 93 6,148 6,242 
1928 42 9,530 9,572 
1929 48 16,205 16,253 








light vehicle and the advent of the new Ford may 
be held responsible. 

The competitive position outside the British 
market can best be gauged from a consideration of 














Exports from. 1923. los. | 1985, | 926. | 1927. | 1928 1929 
U.S.A. | 24,859 27,542 50,636 66,775 105,456 138,782 209,300 
Canada 12439 12°74 16,144 20,694 17,513 23,776 39,149 
France 2'319 3.264 4.782 5,093 5.143 4,906 9,400 
Italy 1,507 2/913 3.480 4,103 4,000 4,000 3,300 
U.K. 1400 2/635 4.649 6.377 6,189 6.471 81223 
Total, 42,524 | 49,128 | 76,691 | 103,037 138,301 177,935 | 260 372 





Commercial Vehicles—The motor lorry and hack- 
ney industry continued to maintain a high level of 
activity in 1929, expansion being marked in both 
light and heavy branches, the medium capacity 
vehicle tending to decline in popularity. 

Production figures have been as follows :— 


1923... 23,604 1927 47,227 
1924... 30,000 1928 41,525 
1925... 35,000 1929* 57,576 
1926... 44,500 


* Year ended September 30, 1929. 
This enormous expansion has been: the result of 


exports of the leading producing countries, as shown 
in Table VIII. 

In general, the prospects of a further real advance 
of the British motor industry for 1930 are not very 
encouraging. In 1929 the industry, as a whole, 
reached a very high level of activity. Much of 
this was no doubt soundly based, but in the private 
car section particularly, it is difficult to say how 
far sales were stimulated by the prevalent specula- 
tive boom psychology. If to any great extent, 
a corresponding reaction may be expected in 1930. 
The basic competitive position is certain to be keener 





an increased demand both at home and in overseas 








than ever before, both at home and abroad. 
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THE LATE DR. S. Z. DE FERRANTI. 


THE names of some men are written on the page 
of history by reason of their deeds, while those 
of others are recorded rather by reason of the 
influence they have exerted on their contemporaries 
or upon the thought of the time. There remain 
a few who have excelled both in performance and 
inspiration, who have been at once men of action 
and prophets. Among these there is no doubt 
that Dr. Sebastian Ziani de Ferranti, whose death, 
we regret to record, occurred 
at Zurich on Monday, January 
13, must be numbered. His 
life and work fall naturally into 
two divisions. During the first, 
he acted as a pioneer of elec- 
trical generation on a large 
scale, facing the problems that 
always beset the practical de- 
velopment of any new idea, 
inventing new devices in great 
number and variety, and super- 
intending the many details of 
a business concern. During 
the second, his energy, his 
foresight and his personal mag- 
netism were devoted to stimu- 
lating and inspiring others, in 
order that they might employ 
their talents to bring, what he 
himself first called, the all- 
electric idea to fruition. No 
strict line of demarcation can, 
of course, be drawn between 
these two branches of his acti- 





vities. It may, perhaps, be 
said, however, that it was 
during the first part of his 


working life that he was best 
known for his deeds, and dur- 
ing the last, that he was looked 
up to and venerated for the 
infectious enthusiasm with 
which he pointed out what 
should be the next objective in 
the march of electrical develop- 
ment and for the hints he gave 
as to how that objective might 
be attained. He was, above 
everything, a leader, and one 
of the main claims to fame of 
many of those who have since 
attained eminence in their pro- 
fession is that they were “ old- 
Ferranti’’ men. 

It has been remarked that 
Ferranti was fortunate, since 
the successes of his life were 
achieved when he was. still 
young. Nevertheless, it is 
doubtful whether he admitted 
the implications of that state- 
ment. Successes and failures, 
of which he also had his fair 
share, he regarded as incidents, 
pleasant or unpleasant as the 
case might be, and not as forces 
which could deflect him from 
his ultimate goal. He realised, 
too, that that ultimate goal 
would most surely be achieved 
by doing the thing next to 
hand; and this realisation not 
only suggested fresh problems 
on which he might work, and encourage others to 
work, but kept him as fresh and enthusiastic to 
the last, as he was when the conception of Deptford 
was gradually assuming a concrete form. Indeed, 
those who have heard him speak, as he frequently 
had occasion to do in recent years, must have been 
struck by the clarity with which he saw that there 
was no finality in the task of devising how elec- 
tricity could be generated and used in the best 
possible way, and that the achievement of one 
summit along the pass would only disclose others 
remaining to be ascended. He had no illusions 


that the future would be without its difficulties, 
but he felt that, given the will, there could be no 
doubt that the way would be won. 





Sebastian Ziani de Ferranti was born in Liverpool, 
on April 9, 1864. He was educated at Hampstead 
School, St. Augustine’s College, Ramsgate, and at 
University College, London, where he studied under 
Carey Foster and Sir Oliver Lodge. A change in 
his family circumstances brought his scholastic 
career to an early close, and he was only seventeen 
when he succeeded, after two previous attempts, 
in obtaining a position in the electrical works of 
Messrs. Siemens Brothers and Company at Charlton. 





Considering his future achievements, he doubtless 
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found the workshop more congenial than the lecture 
room. Indeed, he himself said “‘ There [at Charlton] 
I really got what I wanted. I was surrounded by 
dynamos and everything electrical. I felt entirely 
happy.” Nevertheless, he did not fail to recognise 
that his want of theoretical training had been a 
drawback, and on one occasion remarked that he 
had only been prevented from inventing the induc- 
tion motor and the tungsten filament lamp by the 
fact that he did not make the correct deduction 
from the results of certain experiments. Like 
many other boys, he experimented with model 
steam engines, and, though unable to read until 
the age of ten, compiled a scrap book in which 
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were well arranged and classified. Though his idea 
for a magnetic engine proved an obvious failure, he 
succeeded in making a bichromate battery from 
which he supplied an are lamp, while later on, he 
devised a dynamo which worked on the Paccinotti 
principle, and in 1882 took out his first patent for 
the machine, which was afterwards well known as 
the Ferranti alternator. The idea of using a zig- 
zag winding, which was an essential feature of this 
machine, had, however, already occurred to Kelvin, 
with whom the young inventor entered into a 
manufacturing agreement. An 
alternator of this type was 
employed for lighting Cannon- 
street Station, and was described 
in ENGINEERING for Decem- 
ber 1, 1882. Its output was 
156 amps. at 125 volts, anda 
frequency of 254, and it ran at 
1,900 r.p.m. It weighed 76 lb. 
per kilowatt, and had an effici- 
ency of about 86-5 per cent. 
He also devised two: direct- 
current dynamos, one of which 


a commutator, and worked ona 
principle which was subsequent- 
ly utilised in his mercury meter. 

At this time it may be re- 
called that, though public elec- 
tricity supply was greatly re- 
stricted by the provisions of the 
Electric Lighting Act of 1882, 
some progress was being made, 
and one of Ferranti’s machines, 
with an output of 500 h.p., was 
installed under the Grosvenor 
Gallery in Bond-street to supply 
that building, and some of the 
surrounding premises. To en- 
able this to be done on commer- 
cial lines, meters, motors and 
switches were all required, and 
were, in fact, designed by Fer- 
ranti as part of his ordinary 
work, Distribution was at first 
effected through Gaulard and 
Gibbs’ transformers working on 
the series system, but as this 
gave rise to difficulties he in- 
stalled two 750-h.p. generators 
working at a pressure of 2,500) 
volts, and arranged the trans- 
formers to operate in parallel. 
In this way it was possible to 
give a supply through overhead 
lines over an area extending 
from Lincoln’s Inn Fields to 
Albert Gate, and from Regent's 
Park to Charing Cross. 

Even in those early days, 
however, generating stations in 
crowded areas were regarded as 
public nuisances, and Ferranti 
himself realised that the arrange- 
ment was wrong in principle. 
On the contrary, he perceived 
that the proper place to erect 
such plant was on a cheap, if 
remote site, where supplies of 
coal and water could be obtained 
without difficulty, and that it 
should be used to supply as 
large an area as possible through 
high-tension feeders. The im- 
mediate result was a scheme for the erection of 
a station at Deptford, work on which was 
begun in April, 1888. This station was designed 
to have an initial capacity of 13,000 h.p., and an 
ultimate capacity of 65,000 h.p. The first machines 
were to have an output of 2,000 h.p., but two others 
with an output of 10,000 h.p. were designed. Both 
the conception and realisation of this station were 
Ferranti’s own. He planned everything from the 
foundations to the chimney stacks, and superin- 
tended the carrying out of the work. Unfortuna tely 
for him, and for the prospects of the electrical 
industry, this ambitious scheme was wrecked by 
the parochialism of the Electric Lighting Act of 
1888, under which the area assigned to the London 
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Electric Corporation, of which he was chief engineer, 
was drastically curtailed. 

Nevertheless, Deptford was started and brought 
in its train a number of problems, which fully 
occupied his attention. Among the more important 
of these was the design of a cable, which could be 
worked at 10,000 volts, a value which he chose, as a 
good round figure for his main transmission voltage. 
The chief difficulties were not only want of know- 
ledge and experience, but lack of satisfactory 
insulating materials. As might be expected, cables 
made according to the best practice of the day were 
continually breaking down, and once only one was 
left in working order between Deptford and London, 
and that could only be operated at half its normal 
pressure. The desperate expedient was tried of 
using an earth return, but this led to such disorder 
among the Post Office and railway telegraph lines, 
and such rumours of magnetic storms that it had 
to be abandoned. Finally, concentric tubes of 
copper, separated by brown paper soaked in ozoke- 
rite wax, were used, the cable thus formed being 
made in 20-ft. lengths. In spite of the numerous 
joints that were necessary this design proved suc- 
cessful, and it was only a few years ago that the 
last length was taken out. 

The provision of switchgear suitable for dealing 
with a pressure of 10,000 volts also proved a matter 
of difficulty to the designer and of danger to the 
user. Many amusing tales are told of the expedients 
adopted for extinguishing the arcs, which occurred 
when the circuits were opened, but less pleasant to 
relate is the fact that a short-circuit on the switch- 
board at the Grosvenor Gallery caused the whole 
system to be shut down for some three months. 
This incident not only had a harmful effect on the 
fortunes of the company, but discouraged others 
from adopting Ferranti’s ideas. It would be in- 
teresting, if unprofitable, to speculate on the course 
of events if success rather than partial failure had 
then attended his efforts. 

During what may be called the Deptford period 
Ferranti acted not only as a supply engineer, but 
as a manufacturer. As early as 1883 he had 
formed the firm of S. Z. de Ferranti and Company, 
with works in Charterhouse-square, and after 
1892, in which year he resigned his position with the 
London Electric Supply Corporation, he devoted 
himself solely to this concern, a factory being soon 
afterwards established at Hollinwood, Lancashire, 
where the headquarters of the firm which bears his 
name are still situated. Naturally, his main ac- 
tivities were in connection with the manufacture of 
plant for the generation of electricity. Though 
the construction of the 10,000-h.p. alternators, 
which he had designed for Deptford, was not 
proceeded with, in 1895 he built a 2,000-h.p. set 
for that station, consisting of a compound vertical 
engine with cranks set at 120 deg., and generat- 
ing current at 10,000 volts. He also designed a 
rectifier, which was made up of a synchronous 
motor driving a simple form of commutator for 
feeding circuits of arc lamps arranged in series, 
while among the other numerous inventions, 
which belong to this and to the earlier period, men- 
tion may be made of a steam engine and steam 
valve, high speed cotton machinery, an electrolytic 
lighting arrester for overhead lines, an induction 
furnace (the ideas embodied in which were after- 
wards developed by Kjellin), and the mercury 
meter, which is still one of the staple and most 
successful products of his firm. 

The steam turbine had now entered the field of 
electricity supply as a formidable, and subsequently 
successful, rival of the reciprocating engine. It is 
not surprising, therefore, that for a number of years 
Ferranti devoted himself to what turned out to be 
not altogether productive investigations into ways 
of improving this machine, or that he especially 
considered the possibility of employing steam at 
temperatures higher than those which had then been 
used. He also developed electric welding for fixing 
the blading and made some experiments into the 
possibility of constructing a steam-gas turbine, in 
Which steam was employed in a gaseous state at a 
high temperature throughout the working cycle. 
In spite of these activities this period must be con- 
sidered as being the least interesting in Ferranti’s 
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enthusiasm, but the useful results obtained were 
meagre, and he was not much in the public eye. 
So much was this the case that when he was 
elected President of the Institution of Electrical 
Engineers in 1910, many foreign engineers were 
surprised to learn that he was still alive. That 
address, however, strikingly proved the contrary, 
and may be said to mark an epoch, not only in his 
own life, but in the history of electricity supply. 

He began by pointing out the need for the better 
conservation of our fuel resources, of supplying 
our own food requirements, and of making greater 
use of the labour at our command. In considering 
the first question he said that he had been forced 
to the conclusion that the only solution of the 
conservation problem was to convert the whole of 
the coal needed for heat and power into electricity at 
a comparatively small number of large generating 
stations. This, however, could only be effective 
if the conversion was carried out in such a way 
that the electricity represented about 25 per cent. 
of the energy in the coal. He suggested the erection 
of 100 stations, each containing ten 25,000-kw. 
generators. The scheme was worked out in con- 
siderable detail, and it was estimated that, if it 
were adopted, the total cost of generation need not 
exceed 0-1ld. per kilowatt-hour. He summarised 
the advantages which could be obtained by the 
greater use of electricity for traction, power, 
heating and domestic purposes, and, reviewing the 
whole position, said that for whatever purpose coal 
and gas were then used, electricity would show it 
was a better medium. Finally, he prophesied 
that the all-electric idea would become an accom- 
plished fact in the near future. 

It cannot be said that this address was received 
with universal approbation. As is always the case, 
there were some who regarded the ideas put forward 
as impossible of realisation. There were others, 
while admitting the prevision shown, thought that 
the obstacles were so numerous as to remove it 
entirely from practical politics. Nevertheless, 
time has proved the correctness of his ideas, and the 
national scheme, which is now being worked out, is 
nothing more than an embodiment of what Ferranti 
suggested—not only in the Address from which we 
have quoted, but long ago in that great conception 
at Deptford, which will always remain a fitting 
monument to his memory. 

It is generally recognised, however, that con- 
centration of generation is not the only factor in 
making a supply of electricity generally available. 
Distribution offers its own problems, and even more 
difficult is the task of manufacturing the necessary 
apparatus at such a cost as will render it possible 
for the humblest consumer to benefit from em- 
ployment. It is not surprising, therefore, that 
during the last few years Ferranti, as a practical 
prophet, turned his attention to this question. He 
installed apparatus in his own homes at Grindle- 
ford and Deganwy, which enabled all the domestic 
tasks to be carried out ‘electrically and put the 
experience thus gained freely at the disposal of all 
who were interested. 

By his enthusiasm he did much to stimulate the 
development of electricity in the home, and offered 
his help freely to such bodies as the British Elec- 
trical Development and Women’s Electrical Asso- 
ciations. That electricity is a cure for many of our 
present-day difficulties was the underlying theme 
of the many addresses and speeches he delivered, 
and, promulgated by one who had earned such 
universal respect, there is no doubt that they often 
provided a much-needed stimulation to the easily 
discouraged. When a man who has overcome great 
difficulties points out how difficulties are there to be 
overcome he is not only assured of listeners, but 
there is a good chance that what he says will be 
converted into deeds. In Ferranti, therefore, the 
British electrical industry has lost a leader, who 
will be sorely missed as a genial and charming 
personality and whom it will be difficult to replace. 
Mr. Ferranti became a member of the Institution 
of Electrical Engineers in 1891, and served as 
president in 1910 and 1911. He was awarded the 
Faraday Medal of that body in 1924, and was 
elected an honorary member in 1925. He was 
admitted into the Royal Society in 1927, and was 
also a member of the Institutions of Civil and 





Mechanical Engineers. He received the honorary 
degree of Doctor of Science from Manchester 
University in 1911. 








THE LATE SIR THOMAS MATTHEWS. 


WHETHER, because we are essentially a seafaring 
nation, or on account of the romantic isolation of 
many of the keepers, lighthouses possess a peculiar 
fascination for the public. Apart from engineers, 
however, there is little realisation of the exceptional 
problems involved in their construction and opera- 
tion. The work of Sir Thomas Matthews, for 
example, is probably hardly known to the public, 
although he designed many of the important light- 
houses around our coast, including the High and 
Low Lights at Dungeness, familiar to so many 
visitors to the South Coast. 

Sir Thomas, whose death at Torquay on Monday 
last we regret to record, was born on August 28, 
1849. His father was engineer and borough sur- 
veyor for Penzance, and in this capacity was 
responsible for the harbour and sea defences of the 
town. After a private education, the son became 
assistant to the father in 1868, and was thus brought 
early into touch with problems associated with the 
safe entry of vessels into port. While occupying this 
position, he acquired sufficient architectural experi- 
ence to set up for himself, in 1872, as an architect 
and surveyor, and the experience that he gained in 
this way was no doubt useful to him in his later 
work. In 1874, he was appointed assistant to 
Sir James N. Douglas in the Engineers’ Department 
at Trinity House, and thus commenced an association 
with that body only severed by his retirement from 
the position of Engineer-in-Chief in August, 1915. 

At the time of his appointment, consideration 
was being given to the replacement of the Eddystone 
lighthouse, erected by Smeaton over a century 
earlier. It will be recalled that the replacement of 
this structure was rendered necessary by the 
destructive action of the sea upon the reef on which 
the lighthouse stood, and not by any weakness in 
the building itself. The design of the new lighthouse 
was due to Sir James Douglas, and the survey and 
detail drawings were made under his supervision by 
Sir Thomas, then Mr. Matthews. The new light- 
house was completed in March, 1882, the lantern 
being 133 ft. above high-water mark, or some 
50 ft. higher than Smeaton’s light. Other works on 
which Mr. Matthews was engaged, in his capacity of 
chief constructive assistant engineer, were the 
construction of the St. Tudwal’s Bull and Anvil 
Points lighthouse, and alterations and additions to 
the Caskets, Nash, Bideford, Heligoland, Lizard 
and Bardsey lights. He was appointed Engineer- 
in-Chief in December, 1892, and was afterwards 
responsible for many important lighthouses around 
our coast, among which may be mentioned the 
Spurn, Beachy Head, Withernsea, Foreland, Pen- 
deen, and Strumble Head. Of these, the most 
important was undoubtedly that at Beachy Head, 
of which an interesting account was given by Mr. 
Matthews in a paper read before the International 
Engineering Congress in 1904. 

This lighthouse, which was completed in October, 
1902, superseded the one which had stood on Belle 
Toute since 1834. The old light was 284 ft. above 
high water, but was frequently capped by fog when 
the atmosphere below was comparatively clear. 
The site for the new building was selected between 
low water of spring tides and that of neap tides, 
being 700 ft. out from the cliffs, which at this point 
rise vertically to a height of about 430 ft., and are 
washed at the base by spring tides. The workyard 
was formed at the top of the cliffs, immediately 
facing the site of the tower, and was connected by 
cableway to a sea stage erected on piles close to the 
lighthouse site. Communication was thus secured 
whatever the state of the sea. The cableway 
consisted of two fixed steel wire ropes 6 in. and 5} in. 
in circumference, with an 800-foot span. The 6-in. 
cable was used for loads up to 5 tons, and the lighter 
cable for carrying a cage with a balancing load, and 
also to carry the workmen. Steam haulage was 
used for the return run. In excavating the founda- 
tions for the lighthouse, a concrete tidal dam was 
constructed, the top being 8 ft. above low water. 
The tower foundations were carried 9 ft. 6 in. below 
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low water, and 11 ft. below the average rock surface. 
No blasting was permitted, for fear of disturbing the 
surrounding ground, all excavation being done by 
hammer and wedge. The tower is cylindrical in 
form at the base for a depth of 9 ft. 2 in. and is 
47 ft. in diameter. The shaft of the building, 
starting from the rock surface, is a concave elliptic 
fustrum. The masonry is Cornish granite, the 
stones being dove-tailed both horizontally and 
vertically, and set in Portland cement. 

The Spurn light, for which, as stated, Sir Thomas 
Matthews was also responsible, involved foundation 
work of a somewhat exceptional character. Each 
tide percolates through the site of the lighthouse 
premises, being 12 ft. at high water, and 31 ft. at 
low water, under the surface of the sand. It was 
ultimately decided that the foundations for the 
structure should consist of concrete cylinders. 
There are 21 such cylinders, each being 22 ft. in 
depth. They were constructed in sections, and 
placed in position as sunk, forming a circle of about 
40 ft. diameter. The shingle was carefully removed 
from inside the cylinders after the latter were sunk, 
when the cylinders, and also the space between each, 
were filled with mass concrete. A heavy concrete 
bed was then placed over the whole area. The light- 
house was erected on the concrete bed so formed, 
the focal plane of the new light being 120 ft. above 
high water. The walls of the structure are 5 ft. 6 in. 
thick at the base, and 2 ft. 9 in. thick at the top. 
The light was first shown in September, 1895, 
the full intensity of the beam, subsequently greatly 
increased, being 179,500 candle-power. 

Apart from his work in connection with light- 
houses. on the English coast, Sir Thomas was 
selected in 1881 to proceed to Minicoy, in the 
Indian Ocean, for the purpose of reporting on the 
installation of a suitable light, and he acted for many 
years as adviser to the Crown Agents for the 
Colonies, and to the India Office, in matters relating 
to lighthouse work. His duties at Trinity House 
included the supervision of defence works, such as 
the river walls at Yarmouth and at Blackwall, 
and the sea defence works at Orford, Bideford and 
Hartland. He also introduced many important 
improvements in coast lights and signalling, of which 
the best known is the Matthews burner. In 1901, 
wick burners, so far as lighthouse illumination was 
concerned, gave place to the method of vaporising 
oil and burning it as a Bunsen flame with an 
incandescent mantle. The first attempt in this 
country to apply the system to lighthouse illumina- 
tion was made in 1900, when Mr. Arthur Kitson 
brought his burner to the notice of Trinity House. 
This burner was installed in Lowestoft lighthouse, 
but did not prove a success, with the result that 
Sir Thomas developed a new burner on the same 
principle. This burner embodied such considerable 
improvements in both construction and illuminating 
power that in a very short time it brought about the 
supersession of nearly all the wick burners on the 
English coast. The vaporiser consisted of two loops 
of brass tube brazed into the sockets of a small 
brass union. The preheating of this burner, which 
was of two types, single mantle and triple mantle, 
was effected by means of the flame from a paraffin 
lamp applied to the vaporiser. The burner success- 
fully stood the test of time for nearly twenty years, 
in practically all the lighthouses on the English 
coast, and in many other parts of the world. The 
cost of repair of the vaporiser was, however, always 
considerable, and became the subject of very 
serious consideration during the war. As a result, 
a new type of burner, which superseded the Matthews 
type, was developed by Mr. D. W. Hood. An 
account of this development was given in our 
columns in 1922. 

Sir Thomas, who was knighted in 1909, was elected 
a member of the Council of the Institution of Civil 
Engineers in 1908, and a Vice-President in 1915. 








THE DaNIsH GOVERNMENT AND THE LEIPzia Farr.— 
Last year, for the first time, a collective participation in 
the Leipzig Fair was arranged by Danish exhibitors. 
Twenty-five firms took part in this enterprise, and the 
majority are again participating in this year’s Spring 
Fair, which is to be held from March 2 to 8 next. A 
union of Danish export firms has been established for this 
purpose and it has received a subsidy amounting to 
15,000 kr. from its Government. The union is now 
appealing to other Danish firms to participate in the Fair 


RATEAU. 


A vERY prominent figure is lost to the engineering 
world by the death of Professor Auguste Rateau, 
which occurred in Paris on the 13th inst. Born at 
Royan in October, 1863, the subject of our memoir, 
after taking the usual course at the Cognacq gram- 
mar school, pursued his studies at the Ecole Poly- 
technique and at the Ecole Supérieure des Mines, 
Paris. Whilst still a student at the former, and 
but 21 years old, he read before the Blois meeting 
of the French Association for the Advancement of 
Science, a paper in which he discussed the accelera- 
tions of a plane figure moving in a plane, and in 
1887, and whilst still a student at the School of 
Mines, he presented to the Académie des Sciences 
a note on the theory of the Belleville spring, 
whilst a year later he published an important étude 
on the Piccard method of evaporating liquids by 
means of a heat pump, a process which, in principle, 
has attracted further attention of late years. In 
1888, Rateau was appointed Professor at the 
Saint-Etienne School of Mines, and in 1902, he 
became Professor of Electrical Engineering at the 
Ecole Supérieure des Mines de Paris, but resigned 
the chair till 1910, owing to the ‘success of his 
industrial enterprises. 

Rateau had early begun to realise the promise and 
possibilities of turbo-machinery of all types, and 
in 1890, he published his Etudes sur les Tur- 
bines &@ Vapeur, in which it may be noted 
that he realised the advantages of the double- 
rotation type, but, like others, was deterred from 
pursuing the matter further by the very serious 
mechanical difficulties involved. The problem was, 
in fact, not solved till Ljungstrém produced his 
turbine some twenty years later. As the result of 
careful tests of mining fans, and of a thorough 
study of the theory, Rateau was led to the inven- 
tion of a greatly improved type, and the knowledge 
and experience thus gained proved invaluable later 
on when developing his turbo-compressor. 

It is predominantly to Professor Rateau that 
must be attributed the introduction of the com- 
pound impulse steam turbine. The idea was not 
new, and in essentials had been patented many 
years before, but there is at times a vast gulf between 
paper projects and commercially successful ma- 
chines, and this has been pre-eminently the case 
with the steam turbines of every variety. Rateau 
exhibited at the Paris Exhibition of 1900. com- 
plete designs for a multi-stage impulse turbine, 
which he suggested for use on a torpedo boat, 
but the idea was not then taken up. He made 
many experiments about this time on the discharge 
of steam from nozzles, and on the efficiency of 
buckets, publishing important papers, which, at that 
date, were of very greater service to every student 
of the subject in question. Naturally enough now 
these observations are out of date, as almost 
invariably happens with the work of every pioneer 
in science or technology. With the growing pros- 
perity of the companies formed to work his in- 
ventions, Rateau had less time for scientific research. 
One of the earliest of the Rateau turbines, rated 
at 300 h.p., was erected at the Brouay works in 
1902 and is still at work. This turbine used low- 
pressure steam and was, perhaps, responsible for 
directing Rateau’s attention to the advantages, in 
certain cases, of exhaust steam turbines, and incident- 
ally led to the invention of his steam accumulators 
and its accessories. These have proved invaluable in 
steel works and in other undertakings where there is 
a large but intermittent supply of exhaust steam. 
The technical difficulties involved in designing the 
turbine so as to secure satisfactory running under 
such widely varying conditions were ingeniously and 
successfully surmounted. 

Another direction in which Rateau led the way, 
was in the design of compound centrifugal compres- 
sors of excellent efficiency and of very high output. 
In the course of his experimental work, he made use 
of an impeller with a tip speed of 870 ft. per second, 
and attained a pressure of 8-25 lb. per square inch. 
Still later, with an impeller, machined out of the 
solid, a peripheral speed of 1,640 ft. per second was 
reached and a compression ratio of more than 
3. During the war, Rateau organised a shell factory 





which turned out over four million shells. It was 
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at this time that he devised his turbine super-charger 
for aero-engines which made it possible to maintain 
the engine-power at high altitudes. His original 
supercharger was turbine-driven, the turbine being 
actuated by the engine exhaust, but, later on, 
working in conjunction with Messrs. Farman, he 
devised a gear driven super-charger, which had the 
advantage that it could be disconnected at will. 
In recent developments, gas-driven Rateau super- 
chargers have been fitted to the Diesel engines of the 
Agamemnon and Menestheus of the Holt line of 
steamers. An efficiency of 72 per cent. is claimed 
for the turbine and compressor and one of 60 per cent. 
overall. 

Owing to his mechanical insight and excellent 
business abilities, Professor Rateau’s industrial 
enterprises have proved highly prosperous. The 
first Société Rateau was founded in 1903, and this 
has now developed into an undertaking employing 
over 3,000 hands, with many foreign branches. 

Professor Rateau contributed two papers to the 
proceedings of British technical . societies. The 
first of these read before the Institute of Mining 
Engineers at Newcastle in 1902, dealt with “The 
Utilisation of Exhaust Steam by Steam Accumu- 
lators and Condensing Turbines,” whilst at a 
meeting of the Institution of Mechanical Engineers 
in 1922, he read a paper on “ The Use of the Turbo- 
Compressor for Attaining the Greatest Speeds in 
Aviation.” He also gave a lecture on the occasion 
of his receiving the James Watt medal. 

Amongst his distinctions, it may be noted that he 
was awarded a doctor’s degree by the Universities 
of Birmingham, of Wisconsin, of Charlottenburg 
and of Louvain. He was the second engineer to 
receive the high distinction of election to the 
Institut (Académie des Sciences). He also held the 
rank of commander in the Legion d’honneur. 








THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. 
(Continued from page 54.) 

THE exhibit of Messrs. Everett, Edgcumbe and 
Company, Limited, Colindale Works, Hendon, 
N.W.9, included a number of new electrical measur- 
ing instruments and accessories. In connection 
with the firm’s current transformers we may 
mention that a very high degree of precision has 
now been reached in these. One transformer 
exhibited, constructed for the National Physical 
Laboratory, has a ratio correct to within one part 
in 10,000 from 10 per cent. to 150 per cent. of the 
rated current ; the phase displacement, in this case, 
is rather less than 0:8 min. Another innovation 
is the provision of a large output from bar-type 
current transformers for small rated currents. 
Previously, the use of this type of transformer 
has been limited to currents exceeding some 400 
amperes, but the firm is now producing accurate 
bar-type current transformers for rated currents 

of 50 to 100 amperes. 

Considerable attention has been given by the 
firm to the design of instrument pivots, for the satis- 
factory functioning of which both good pivots and 
jewels are necessary, and the pressure between the 
two must be limited. For the jewel, Messrs. Everett, 
Edgcumbe use a tough sapphire, formed with a spheri- 
cal cup, and mounted with a light spring behind it, 
and for the pivot, employ a high-carbon steel with 
a special method of heat treatment. The results 
obtained with three pivots, after subjecting them to 
identical rough treatment, are illustrated by the 
microphotograph reproduced in Fig. 11 on the 
opposite page. Of the three pivots there shown, 
that in the centre, at the bottom, was of hardened 
steel, as usually employed in measuring instruments, 
while the other two were of Messrs. Everett, 
Edgcumbe’s manufacture, that on the right having 
been tested with a rigidly-held jewel, and that on 
the left in the firm’s sprung jewel. The rough 
treatment to which these jewels were subjected 
was in the form of a bumping test, equivalent to 
from 10 to 20 years’ normal service. 

Another interesting exhibit of the firm was the 
Warren master frequency meter, for maintaining @ 
constant average frequency on electric power- 
distribution systems, by continuously comparing 
the speed of revolution of a small synchronous 
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motor with the time-keeping of. an accurate clock. 
On systems so controlled, it is possible to operate 
clocks and other instruments in exact synchronism 
by driving them with the Warren miniature synehro- 
nous motor, which measures only about 2} in. cube, 
and consumes about 4 watts, or less, at 110 volts 
and 50 cycles. Examples of clocks driven in this 
way, and known as Synclocks, formed part of Messrs. 
Everett, Edgeumbe’s exhibit. 

In addition to a range of potentiometer equip- 
ment, Wheatstone and Kelvin bridges, and other 
laboratory apparatus, Messrs. Crompton Parkinson, 
Limited, Chelmsford, showed a new design of am- 
meter and voltmeter movements in which use is 
made of the new Mumetal irons ; both switchboard 
and portable types were shown. Another exhibit 
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was a portable moving-coil universal indicator 
arranged for direct attachment to shunts and resis- 
tances, so that readings from 50 microamperes to 
60 amperes, and from 250 microvolts to 600 volts 
can be obtained. A special pattern is provided 
for educational purposes, having the movement 
exposed to view. Mention should also be made of a 
new rangeof double-pivot indicating-pointer galvano- 
meters calibrated for direct readings in microvolts 
and microamperes. They are suitable for either 
bench use or wall mounting, and can be supplied 
with either damped or undamped coils for ballistic 
work. 

Some interesting recording instruments, made by 
Messrs. Istrumenti di Misura C.G.S., of Monza, 
Italy, were shown on the stand of Mr. O. E. Malin- 
verno, 37, Walbrook, E.C.4, the British agent for 
these instruments. Among them was a relay- 
operated recording power-factor meter for three- 
phase unbalanced circuits, and a frequency recorder 
having a range from 49 to 51 cycles for service on a 
110-volt, 50-cycle circuit. This instrument has an 
exceptionally open scale of 3 in. per cycle, and the 
measuring system comprises two circuits, one of 
which is mainly ohmic resistance, while the other 
consists of a variable inductance controlled by a 
motor relay. It is independent of voltage fluctua- 
tions up to 20 per cent., and is practically unaffected 
by wave form or temperature variations. Safety 
telephone apparatus, for use in the vicinity of extra 
high-tension power lines, was also shown on this 
stand. 

Messrs. Gambrell Brothers, Limited, Merton-road, 
Southfields, S.W.18, showed examples of instru- 
ments for tests at audio frequencies and low fre- 
quencies, included among the former being the G/C 
bridge, designed by Dr. L. G. Brazier, of Messrs. 
Callender’s Cable and Construction Company, 
Limited, for the accurate measurement of the power 
factor of telephone cables. Direct-current testing 
instruments, including a high-voltage fault locator, 
were also shown, and demonstrations were given of 
the Novotone compensator for use in the electrical 
reproduction of gramophone records. The com- 
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McLachlan, and is connected between the pick-up and 
the amplifier, selectively amplifies the frequencies 
below 250 cycles, which are not recorded at their 
correct amplitudes owing to the limited width of 
the groove on the record, so that the low notes are 
reproduced at their correct values. Compensation 
for the loss of the higher frequencies is also effected 
by the Novotone, the degree of compensation, in 
this case, being variable, in accordance with require- 
ments, by means of an adjustable resistance. 
Among a number of switchboard and portable 
electrical measuring instruments of the moving-iron 
and moving-coil types, which formed part of the 
exhibit of Messrs. The Record Electrical Company, 
Limited, Broadheath, Manchester, we noticed a 


mining the diameter of the coil, has the same 
temperature coefficient of linear expansion as that 
of the copper winding. The other material, on 
which the coil is actually wound, and which must 
therefore have a very low power factor, has a much 
higher temperature coefficient. With this arrange- 
ment, the increase of inductance due to temperature 
rise, resulting from the expansion of the coil former, 
can be made to compensate exactly for the reduction 
due to the increase in the pitch of the winding. 
Kither the thermo-current or the more sensitive 
crystal-rectified current methods of resonance detec- 
tion may be used with the wavemeter, or it may be 
employed as a simple thermionic generator. In the 
latter method, which was demonstrated at the 











pensator, which was patented by Dr. N. W. 


new form of maximum-current indicator fitted to an 
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ammeter. The latter is provided with an additional 
pointer, to which is connected a ball floating on the 
surface of oil in a trough, the immersion of the 
float being constant in all positions. The maximum- 
current pointer is moved by the ammeter needle 
only if the heavy current persists for some 30 secs., 
and then remains in position. The arrangements 
are such that there is no tendency for the maximum- 
current pointer to over-shoot with a sudden increase 
of current, or for the pointer to change the position 
once taken up. We also noticed the firm’s bridge 
ohmmeter for insulation testing up to 100 megohms, 
and for measuring resistances from 0-01 ohm to 
999,900 ohms. 

Messrs. H. W. Sullivan, Limited, Leo-street, 
Peckham, S.E.15, showed a comprehensive collec- 
tion of apparatus for radio-frequency measure- 
ments, including the Sullivan-Griffiths precision 
variable-air condenser illustrated and described in 
ENGINEERING, vol. cxxv, page 237 (1928). Another 
interesting exhibit in this section was an elaborate 
precision sub-standard wavemeter, designed by Mr. 
W. H. F. Griffiths, to give the highest degree of 
accuracy it is possible to obtain in a wave- 
meter having a considerable range, in which the 
calibration depends upon values of capacity and 
inductance. The model exhibited, which is illus- 
trated in Fig. 12 on this page, had a range from 
100 m. to 10,000 m. with an accuracy of one part in 
10,000, while the temperature coefficient was less 
than 4 parts in 1,000,000, per degree Fahrenheit, from 
100 m. to 3,000 m., and of the order of one part in 
100,000 per degree for the remainder of the range. 
These properties are due to the use of the precision 
variable-air condenser, above referred to, in conjunc- 
tion with the firm’s temperature-compensated 
inductances, a number of which are shown in 
Fig. 12. In these inductances, also designed by 
Mr. Griffiths, the temperature compensation is 
obtained by constructing the formers of two different 
insulating materials, one of which, viz., that deter- 





12. - 


used as a negative resistance to produce continuous 
oscillations in the resonant circuit, without employing 
a reaction coil. The accuracy of the wavemeter is 
not affected by this method of operation, as the 
inter-electrode capacity of the valve employed has 
been reduced to a value which ensures the perma- 
nence of the whole circuit, and the variation of 
the frequency generated with variations in the 
filament current and of the potentials applied to 
the electrodes is negligibly small. Considerations of 
space prevent us from mentioning the many interest- 
ing instruments exhibited by the firm for audio- 
frequency current measurements, telephone-cable 
testing, &c. 

Among the exhibits of Messrs. Griffin and Tatlock, 
Limited, Kemble-street, W.C.2, was a_ timing 
apparatus for falling bodies, designed by Mr. S. 
Welander, and capable of being used for the experi- 
mental determination of the value of g to within 
0-1 per cent. for a fall of 100 in. A long thin steel 
wire with an iron bob at the end is suspended from 
any convenient point, the bob being held at an angle 
with the vertical by means of an electro-magnet. 
Another electro-magnet, in series with the first- 
mentioned magnet, holds a release ball of steel. 
Both the pendulum bob and the release ball are 
released simultaneously by means of a switch. On 
falling to the vertical position, the pendulum bob 
operates a gate switch, and a trap switch is operated 
when struck by the falling ball. When the impacts 
of the pendulum on the gate switch and of the ball 
on the trap switch are adjusted to coincide, an 
indicator ball is released by a third electro-magnet. 
An experiment consists in adjusting the height of 
the trap switch until its operation coincides with 
that of the gate switch, and since the periodic time 
of the pendulum can be calculated, and the distance 
through which the release ball has fallen is known, 
g can be determined. The pendulum can also be 
used for demonstrating other mechanical principles. 

Messrs. Elliott Brothers (London), Limited, 
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Century Works, Lewisham, S.E.13, showed a wide 
range of moving-iron, moving-coil and dyna- 
mometer-type measuring'instruments, current trans- 
formers, testing sets, galvanometers, vacuum 
thermo-couples, &c., as well as flowmeters, Wimperis 
accelerometers and other instruments. Messrs. 
Elliott Brothers, we may mention, manufacture the 
Ashdown Rotoscope for Messrs. A. J. Ashdown, 
Limited, 119, Victoria-street, S.W.1, and _ this 
instrument was shown in operation. It is of the 
stroboscopic type, and is used for examining the 
motion of rotating and vibrating bodies, as well as 
for determining speeds. We described the instrument 
in ENGINEERING, vol. cxviii, page 236, (1924) and 
vol. cxxii, page 686 (1926). 

Several of the instruments shown by Messrs. The 
Drayton Regulator and Instrument Company, 
Limited, West Drayton, Middlesex, for controlling 
temperature, pressure and humidity, have been 
illustrated and described in our columns on previous 
occasions, but we noticed a new instrument for 
use in connection with industrial processes in 
which the temperature or pressure is required to 
follow a predetermined cycle. It is generally im- 
practicable to effect the necessary control by hand, 
and, in carrying it out automatically, the usual 
practice is to vary the setting of the regulator by 
means of a cam driven by clockwork mechanism. 
In regulators operated by a diaphragm capsule, 
however, the movement of the capsules is so small 
that the cams for complicated cycles are difficult 
and costly to produce with sufficient accuracy. 
Space does not permit us to describe in detail 
the means by which this difficulty has been over- 
come in the apparatus referred to, but we may 
mention that it is only necessary to draw the 
desired cycle of operation on the pressure or tem- 
perature chart of the instrument, and to cut out a 
cam disc of similar form in celluloid. By em- 
ploying this cam in conjunction with the regulator, 
the temperature or pressure cycle will be followed 
automatically, and a record can also be produced 
on a standard recorder chart. 

’ Of the exhibit arranged by the Wembley Research 
Laboratories of Messrs. The General Electric Com- 
pany, Limited, we can only mention a model 
of the equipment employed for testing the steel 
towers of the power transmission lines for the 
‘ grid.”” In the actual installation at Wembley, 
the tower to be tested is erected on a concrete 
foundation, weighing about 850 tons, and horizontal 
pulls can be applied in three directions at right 
angles, and at various heights, by wire ropes passing 
over pulleys supported on steel frameworks 100 ft. 
in height. In the transverse direction, i.e., at 
right angles to the direction of the overhead line, 
eight pulls of 15-6 tons each can be applied, and 
the same number of pulls, of 9 tons each, can be 
applied in either longitudinal direction. The 
loads are applied by hand-operated winches and 
are measured by oil dynamometers connected in 
the wire ropes. Deflections are measured from 
a position near the base of the tower, by means of 
a telescope provided with cross wires in the eye- 
piece. Photographs of several towers tested to 
destruction in the apparatus referred to were 
exhibited. 

(To be continued.) 








THE WORLD’S SHIPBUILDING AND 
MARINE ENGINEERING. 

AN improvement in the position of one of our 
national staple industries is always a matter for 
satisfaction. It is, therefore, very gratifying to 
record that, according to Lloyd’s Register ship- 
building returns for the last quarter of 1929, the 
shipping under construction in these islands 
totalled 1,560,254 tons on December 31 last, 
compared with 1,448,355 tons on September 30, 
1929, and 1,242,794 tons on December 31, 1928. 
Furthermore, the tonnage commenced aggregated 
499,020, compared with 360,087 for the previous 
three months, and the shipping launched totalled 
472,938 tons, against 369,445 tons during the 
September quarter. Of the 356 vessels under 
construction in this country on December 31 last, 
221 were steamers, 121 were motorships, and 
14 were sailing ships and barges. The total merchant 
tonnage now in course of construction in foreign 
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We are advised by Dr. J. Havlitek that there were certain errors in Fig. 2, accompanying his article 
entitled “‘ Research on the Critical Point of Water,” which was published in our issue of January 3, page 1. 
We have therefore thought it desirable to reproduce this figure in correct form ; alterations have been made 
in the entropy scale, and in the values, given on the lines of constant pressure. 








shipyards, namely, 1,550,626, is 181,642 tons 
greater than that in hand on September 30. Ger- 
many retains her leading position with 253,256 tons ; 
Holland again takes second place with 231,934 tons ; 
Japan is third with 183,570 tons; the United 
States moves up to fourth place with 179,062 tons ; 
and France takes the fifth position with 167,177 
tons. 

In each of the above countries a rise in 
the tonnage building has taken place during the 
last quarter of 1929. Compared with the previous 
three months, a large increase has occurred in the 
tonnage of oil-tank ships under construction. 
There are at present in hand, in this and other 
countries, 85 of these vessels, making together 
627,756 tons. Out of these totals 52 ships aggre- 
gating 397,559 tons are being built in Great Britain 
and Ireland, and 8 vessels totalling 74,445 tons 
in Germany. It is of interest to note that of the 
85 oil tankers under construction, 73 are motor- 
ships. 

The continued progress made by the internal- 
combustion engine is indicated by the fact 
that, whereas 79 motorships, each of 8,000 tons 
and upwards, are being built in the shipyards of 
the world, only 28 steamers of similar size are 
under construction. These figures include 15 
motorships and 6 steamers each of 15,000 tons 
and upwards. The total horse-power of the marine 
engines building or being installed on board vessels 
at the end of December amounted to 2,551,873. 
This figure, however, is exclusive of marine turbines 
constructed in Germany, the total for these 
not being available. The 2,551,373 h.p. just 
mentioned comprises 539,570 i.h.p., representing 
reciprocating steam engines, 509,880 s.h.p., the 
aggregate for steam turbines, and 1,501,932 i.h.p., 
the total for oil engines in hand. Great Britain 
and Ireland heads the list with 1,111,017 h.p., 
Germany, excluding turbines, accounts for 208,545 
h.p., Denmark occupies third place with 193,760 
h.p., the United States now comes fourth with 
162,840 h.p., and Holland is fifth with 151,986 h.p. 
Italy, Sweden, France, Japan and Switzerland 
were each responsible for the production of 
upwards of 100,000 h.p. of marine propelling 
machinery during the quarter under review. In 
conclusion, it should be pointed out that the 
tonnage figures quoted above are gross tons, and 
that no account has been taken in the returns of 
vessels of less than 100 tons gross. 








Tue InstirvuTion oF ExectrricaL ENGINEERS.—The 
Council of the Institution of Electrical Engineers has 
elected Sir Richard T. Glazebrook, K.C.B., F.R.S., to 
be an honorary member of the Institution. 





ENGINEERING TRAINING AND 
EDUCATION. 

Henry Saxon Snell Prize.—Founded to encourage 
improvements in the construction and adaptation of 
sanitary appliances, the Henry Saxon Snell Prize is 
awarded by the Council of the Royal Sanitary Insti- 
tute at intervals of three years. The 1930 prize will 
consist of 50 guineas and the Medal of the Institute, 
and is offered for an essay on ‘* Improvements in the 
Sanitary Provisions of Schools.”” The essay is to 
consist of not more than 5,000 words, and it must be 
delivered, on or before August 30 next, to the Secre- 
tary of the Institute, 90, Buckingham Palace-road, 
London, S.W.1, from whom further particulars may 
be obtained. 

National Certificates and Diplomas in Building 
Technology.—Rules governing the arrangements and 
conditions for the award of National Certificates and 
Diplomas in building technology, to students in 
technical schools and colleges in England and Wales, 
have now been issued by the Board of Education. 
The Rules, price 2d. net, may be obtained from H.M. 
Stationery Office, Adastral House, Kingsway, London, 
W.C.2. In accordance with instructions contained 
in the Rules, the Institute of Builders, in conjunction 
with the Board of Education, is prepared to approve 
schemes, submitted by technical schools and colleges, 
for the granting of certificates and diplomas. The 
former will be awarded in respect of part-time grouped 
courses, and the latter in respect of full-time grouped 
courses, conducted under approved conditions. The 
certificates and diplomas will be issued by the Institute 
of Builders and endorsed by the Board of Education. 
Correspondence in connection with the scheme should 
be addressed to The Secretary, The Institute of Builders, 
48, Bedford-square, London, W.C.1. It is anticipated 
that the final examinations for certificates and for 
diplomas will first be held in the summer of 1931. 

University College Engineering Scholarship.—The 
Committee of University of London, University 
College, Gower-street, London, W.C.1, has recently 
increased the annual value of the Goldsmid engineering 
entrance scholarship from 401. to 501. The scholarship 
is tenable, subject to satisfactory progress, for the three 
years required for a full course of study for the engineer- 
ing degree or diploma, both of which may be taken 
concurrently. The next award will be made on the 
results of an examination for which candidates are 
required to enter not later than March 12 next. Fuller 
particulars may be obtained from the secretary of the 
college. 








MoperN Mernops or Coat Propvuction.—We have 
received from Messrs. The Denaby and Cadeby Main 
Collieries, Limited, 5, Commercial-street, Sheffield, an 
artistic illustrated brochure entitled Modern Methods of 
Coal Production and Ship t. The book contains a brie! 
description in simple language of the collieries and allied 
undertakings controlled by Messrs. The Yorkshire 
Amalgamated Collieries, Limited, more generally know"! 
as “The Denaby Group.” We understand that the 
brochure is also being printed in French, German, an¢ 
Italian, and that copies are being despatched to the 
chief consumers of coal in various parts of the world. 
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TESTS ON A BENSON BOILER. 


A DETAILED account of some tests, which have 
recently been made on a Benson boiler at the Char- 
lottenburg Technische Hochschule, is given by Mr. E. 
Josse, in the Zeitschrift des Vereines deutscher Ingen- 
ieure for December 21, 1929. The boiler used was 
installed by Messrs. Siemens-Schuckertwerke for the 
purposes of the test and had an output of about 
3,000 kg. (6,614 lb.) of steam per hour, at a pressure 
of 230 atm. (3,381 lb. per square inch), and a tempera- 
ture of 450 deg. C. (842 deg. F.). 

The path of the water and steam is indicated in 
Fig. 1. As will be seen, the water first passes through 
an economiser, consisting of five nests of tubes in 
series, where its temperature is raised to from 120 deg. 
to 170 deg. C. (248 deg. to 338 deg. F.), depending 
on the load. It then passes into the portion of the 
boiler which is exposed to radiant heat. This is 
divided into two parts, each of which is made up of 
two nests of tubes, arranged in parallel, and fixed at 
right angles to each other. These two sections are 
connected through a mixing chamber, so that the 
temperature and pressure of the steam from the two 
nests is equalised. The heating surfaces formed 
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surface, or 21 sq. m. was regarded as being exposed to 
the radiation from the flames. As no super-pressure 
prime mover was available, the steam generated was 
utilised in an injector, in the throat of which it was 
expanded down to a pressure of about 1] atm. (161-7 lb. 
per square inch). Here it was mixed with steam 
supplied at the same pressure from another source 
and was recompressed in the diffuser to about 40 atm. 
(588 lb. per square inch). 

The tests were limited to determining the behaviour 
of the boiler on various loads, at an average steam 
pressure of 230 atm. (3,381 Ib. per square inch), 
their special object being to ascertain the condition 
of the fluid at different points in the tube 
system. The behaviour of the boiler at pressures 
below the critical point was also studied. Full 
particulars are given in the article of the methods, 
which were adopted, and the precautions, which were 
taken, to obtain accurate data regarding the water 
evaporated and the oil consumed. The pressure and 
temperature of the water and steam were measured 
at the points indicated in Fig. 1, mercury thermo- 
meters, thermo-couples, manometers and calorimeters 
being used for this purpose. The latter instruments 
were employed, since small errors in reading the 





the neighbourhood of the limiting curve, above the 
critical _ pressure, and in the neighbourhood of the 
critical state. According to Callendar, steam in the 
neighbourhood of the critical state behaves quite 
differently from what has hitherto been assumed. Only 
the values of the total heat measured as determined 
by the calorimeters fitted to the boiler, have therefore, 
been used in reducing the observations made near the 
critical point. The results are given in Table I. As 
at high pressures the total heats of superheated steam, 
as determined by the various investigators, do not differ 
to any great extent from each other, or from the results 
obtained by Mollier and Stodola, the heat content in 
the region of superheat was determined from a new 
chart, reproduced in Fig. 3. This averages the differ- 
ences in the various results, and it will be seen that 
at low pressures, the figures approximate closely to those 
given by Mollier. On this curve, and to a larger scale 
in the inset, the total heats of the steam, as determined 
calorimetrically, at the outlet from the section heated 
by radiation, are plotted against the temperature, and 
compare favourably with the values given in Fig. 2. 

In addition to four tests, which were made at 
different loads, with a pressure and temperature of 
about 230 atm. (3,381 Ib. per square inch), and 


TABLE I.—Sream Pressures, TEMPERATURES AND TOTAL Hearts. 
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Test No. 4. | 2. | 3. | 4 | 5. 6. 
| | 
Water or steam pressure— | | 
At boiler inlet ‘“ atm. abs. 262 251 | 212 | 162 
Ib. per sq.-in. gauge | 3,836 3,665 | 3,101 | 2,366 
At point A (Fig. 1) .. atm. abs. | 252 244 | "199 | 151 
Ib. per sq.-in. gauge | 3,690 3,572 2,910 | 2,205 
At point B (Fig. 1) .. .. atm. abs. 248 242 194 145 
Ib. per sq.-in. gauge 3,630 3,543 | 2,837 | 2,117 
At point C (Fig.1) .. atm. abs. | 248 242 | 195 | 145 
Ib. per sq.-in. gauge 3,630 3,543 | | 2,851 |} 2,117 
At boiler outlet P f atm. abs. | 237 233 | 186 | 128 
Ib. per sq.-in. gauge | 3,469 3,410 | 2,720 1,867 
Water or steam temperature— | | 
At boiler inlet .. oe deg. C. 32 31-3 30-6 | 33-2 27-7 35- 
deg. F. 89-6 88-4 87-1 91-8 | 81-8 95-9 
At point A (Fig. 1)... a deg. C. 118 140 141 170—si| 119 155 
deg. F. 244-4 284 285-8 338 | 246-2 311 
At point B(Fig.1) .. a deg. C. 302 299 291 358 | 297 — 
deg. F. 575-6 570-2 555-8 671-4 566-6 — 
At point C (Fig. 1)... - deg. C. 379 380 378 374s 361 338 
deg. F. 714-2 716 712 705-2 | 681-8 640-4 
At point D (Fig. 1) .. _ deg. C. | 381 382 380 375 | 361 333 
deg. F. | 717°8 719-6 716 707 681-8 631-4 
At point E(Fig.1) .. ae deg. C. 391 392 387 380 | 370 343 
deg. F. 735-8 737-6 730-4 716 | 698 647-6 
At point F (Fig.1)  .. <s deg. C. 417 417 406 403 402 393 
deg. F. 782-6 782-6 762-8 757-4 | 755-6 739-4 
At boiler outlet na aka deg. C. 449-6 450-7 437-5 433-8 439 434 
deg. F. 842i 843 818-5 811-4 | 822-2 813-4 
Total heat— | | 
At boiler inlet .. ‘a k.cal. per kg. 38-3 37-4 36-5 38-8 32-7 39-3 
B.Th.U. per Ib. 68-9 67-3 63-3 69-8 59-6 70-7 
At point A (Fig.1) .. k.cal. per kg. 125 147 148 178 124 160 
B.Th.U. per Ib. 225 264 266 320 223 288 
At point B(Fig.1) .. k.cal. per kg. 329 | -- 313 412 318 365 
B.Th.U. per Ib. 592 | —_— 563 741 572 657 
At point C (Fig.1) .. k.cal. per kg. | 520; 512 509 480 498 523 
B.Th.U. per Ib. 936 921 916 864 896 941 
At point D (Fig. 1) .. k.cal. per kg. | 539s 525 531 Piss ae an 
B.Th.U. per Ib. | 970 | 945 955 —_ _ _ 
At point E(Fig.1) .. k.cal. per kg. | 606 | 601 564 575 618 649 
B.Th.U. per Ib. | 1,090 | 1,081 1,015 1,035 1,112 1,168 
At point F (Fig.1) .. k.cal. per kg. | 674 68 64 650 | 84 
B.Th.U. per Ib. | 1,193 1,202 1,159 1,170 1,231 1,285 
At boiler outlet Ae k.cal. per kg. | 72 717°5 704 706 731 752 
B.Th.U. per Ib. | 1,297 | 1,290 1,267 1,271 1,315 1,353 














surround the two combustion chambers, and are | pressure and temperature in the neighbourhood of the 
directly exposed to the radiation from the flames. | critical point introduce large variations in the values 


The temperature of the water as it passes through the 
tubes is raised to some 370 deg. to 380 deg. C. (698 deg. 
to 716 deg. F.), or to approximately the critical tem- 
perature of 374 deg. C. (705 deg. F.). The fluid next 
passes through a well-insulated pipe to the superheater, 
where it is transformed into superheated steam. This 
portion of the heating surface consists of seven double 
nests of tubes, after passing through which, the steam 
is drawn off at the stop valve. The boiler is heated 
by two low-pressure oil burners. In the neighbourhood 
of the flames, the tubes are placed close together, so as 
to form an unbroken surface to receive theradiated heat, 
while further back, they are more widely spaced, so as 
to leave a free path for the gases to the economiser, 
Superheater, and air preheater. The condensate from 
a steam turbine was used for feed purposes, and was 
delivered by an electrically-driven high-pressure three- 
Stage pump, through a non-return valve, the amount 
being varied by adjusting the speed of the motor. Air 
was supplied and the gases extracted by electrically- 
driven fans. 

The heating surface of the test boiler was made up 
as follows -— 


24-6 sq. m. (264-8 sa. ft.). 
Furnace Walls 42 sq. m. (452 sq. ft.). 
Superheater .  34-48q. m. (370-3 sq. ft.). 
Total ao, ... 101-0 sq. m. (1,087-2 sq. ft.). 
Air Heater .... 114 sq. m. (1,227-1 sq. ft.). 


As the majority of the tubes in the boiler proper 
were placed close together, only one-half of their 


Economiser 


| obtained for the total heat. 

The tests showed that at all loads the steam reaches 
the critical point at the outlet from the radiation section 
of the heating surface, while between the two sections, 
into which this portion of the surface is divided, the 
temperature remains considerably below the critical. 
The total heat in the boiling water at these temperatures, 
as given by the well-known steam tables, such as those 
due to Mollier, must therefore be increased by the 
difference between the external work at the point of 
ebullition and the external work at the test pressure. 
The total heat of boiling water, at temperatures up 
to 300 deg. C. (572 deg. F.), has been calculated by 
Mollier, on the basis of Dieterici’s investigations, and 
has been extrapolated by him to 374 deg. C. (705 deg. F.). 
Callendar, as the result of measurements, and from 
theoretical considerations, gives higher values. The 
figures set out in Table I, which are for the most part 
based on calorimetric measurements, lie between the 
values determined by these two investigators. While 
the tests were in progress, the results of the most 
recent researches into the condition of steam at high 
pressures and temperatures, which have been under- 
taken in America, England and Czechoslovakia, as well 
as the special work of Callendar on the behaviour 
of steam in the neighbourhood of the critical point, 
were published, and Fig. 2 gives the isotherms for 
350 deg. and 400 deg. C. (662 and 752 deg. F.), as well 
as the limiting curves worked out by the investigators 
in those countries, and by Mollier and Stodola. This 
shows that considerable differences exist, especially in 





450 deg. C. (842 deg. F.), respectively, at the boiler 
stop valve, two further tests were carried out at 
the non-critical pressures of 186 atm. abs. and 128 
atm. abs. (2,720 and 1,867 lb. per square inch). Three 
control tests at 230 atm. (3,381 lb. per square inch), 
and one at about 128 atm. (1,881 lb. per square inch), 
were also made. The boiler was operated for several 
hours before each test was begun, by which time it 
was assumed to be in a stable condition, in spite of 
the relatively small amount of lagging, and the low 
water content. During the tests, the steam tempera- 
ture at the boiler outlet only varied within a few 
degrees, while the pressure was maintained constant 
by adjusting the stop valve. The values obtained for 
the pressures and temperatures, and the total heats 
calculated therefrom, are given in Table I, while the 
figures for oil and water consumption, and for steam 
generated, are set out in Table II. The higher calorific 
value of the oil was 10,870 k.cal. per kg. (19,566 B.Th.U. 
per lb.), and the lower calorific value 10,180 k.cal. per 
kg. (18,324 B.Th.U. per lb.), anditscarbonand hydrogen 
content, as given by analysis, were 86-22 per cent., 
and 12-87 per cent., respectively. The amounts of 
heat transmitted to the steam per hour in the different 
portions of the heating surface are given in Table III, 
and were calculated from the increase in the total 
heat and the weights of steam flowing past the 
corresponding heating surfaces, allowance being made 
for the weights drawn off to the calorimeters. The 
boiler efficiencies were determined from the thermal 
value of the fuel and the amount of heat transmitted 
to the steam. The results are also given in Table III 





and, based on the lower thermal value, are plotted in 








go 


ENGINEERING. 











[JAN. 17, 1930. 








TESTS OF A BENSON BOILER. 


850, 














































































































750, 
‘ Fig. 3. 
Fig. a: @ 
a cy 
ge 100 
150 
80 
200 
“Gy 
700 400" 250 
0° 
750 
b 700 
QR 
600 §eso 
3 
7 3 
Bono 
| 
| 
| 
! 
i 
500 | 
550 
. St 
soo|- ---- From Fig. 3. a: 
© Critical State \K 350 
500 
Cc Bi 
yl 
Hf 
100 150 200 250 450 
(1805 8.) Pressure, Atmospheres Absolute 200 250 300 350 400 450 500 
ee (1805.c.) Temperature, Degrees Centigrade “ENGINEERING’ 
Fig. 4 for the tests which were made at 230 atm. TABLE II.—WateER aND FUEL CONSUMPTION AND GaAs ANALYSES. 
(3,381 lb. per square inch). The weights of feed 
water, measured at the same time, are shown on a Test No. 1: 2. 18 4, 5. 6. 
separate scale. 
A heat balance was struck to check the measure- | ,, 
. ° * Weight of fe vate: z. h 2,780 2,200 ,830 y 2, 2,180 
ments, and the results are given in Table vai ga — 6129 4.850 pened yon Fo0e 4,806 
in Fig. 5. The amount of heat supplied per hour | Collected in calorimeter— 
by the combustion of the oil, the heat transmitted | A* Point B (Fig. 1) _- wih omd os = 4 5 = 8 es =. 
to the steam, and the losses in the flue gases, as} At point C (Fig. 1) kg. pod hour 43 a 43 43 39 | 41 
well as the amount of heat transmitted to the air in sissies Ib. per hour 94-8 _ 94-8 94-8 86 90-4 
. . e - P a : Yeight of steam between B and C (Fig. 1) 
a esi oe yp oe i ee The kg. per hour | 2,752 2,200 1,793 1,427 2,300 2,148 
osses due 0 incomplete com us ion and to radiation Ib. per hour 6,067 4,850 3,953 3,146 5,070 4,735 
and conduction were only estimated. If the losses | Useful steam .. ve kg. per hour 2,709 2,200 1,750 1,384 2,261 2,107 
due to the former cause are assumed as being 1 per| oi consumption Ib. per hour 5,072 4,850 8,700 3,041 5,754 oe 
cent., a value which is certainly not too high, there} Between A and B (Fig. 1) .. kg. per hour 114 = = 86:2 102°3 92 
remains a certain amount of heat unaccounted for ; Ib. per hour 251-3 — — 190 =o 202-8 
is I “onsidere: . ai e Between B and C (Fig. 1) kg. per hour 114 _- —- 43°8 99-7 88-5 
= be He a a Tr tong a du ped Ib. per hour 251-3 om an 96-6 219-8 195-1 
radiation and conduction. le Average eat transfer | Total oA " > kg. per hour 228 191-2 159-4 130 202 180-5 
at the various parts of the heating surface, as shown | Ib. per hour 502-7 421-5 351-4 286-6 441-4 7“ 
. able V, were calculate as Co2 content at air heater outlet per cent. 10-6 8-7 7°5 5-5 9-5 f 
a T ‘tted t : ye ty = from the wy “4 _ Gas temperature at air heater outlet deg. C. 265 236 241 221 251 208 
ransmitted by those parts, as given in Table III. deg. F. 509 453-2 465-8 429-8 483-8 466-4 
Where the heating was by conduction, the effective | Air temperature at air heater inlet deg. C. 27-5 28 32 31-4 25 24 
surface was taken as the whole surface of the tubing deg. F. 81°5 82-4 89-6 88-6 a7 = 
Ae *| Air t erature at ai at outlet deg. C. 258 226 2% 28 238 196 
but where the heat transfer was by radiation, only es ee pe F. 496-4 re 4 ae 460-4 384-8 
half the tube surface has been regarded as effective. | ~~ : i: 
If the average thermal transmission of the heating | TABLE III.—HEatT TRANSMITTED TO STEAM, AND BOILER EFFICIENCY. 
surface is divided by the difference between the mean | Nl - 
gas temperature and the mean steam or water tempera- | Test No. 1. 2. 3. 4. 5. 6. 
ture, a value is obtained which should not differ much 
from the mean specific conductivity (see Table V). The | eat transmitted to steam per hour— 
gas temperatures were calculated from the total heat | In economiser 1,000 k.cal. per hour 240 240 204 203 216 264 
of the gases, which can be determined from the heat ; 1,000 B.Th.U. per hour 960 960 816 812 864 1,056 
in the furnace gases, and from the amount of heat| 1 #*8t Tadiation section 1 h 56 4 
“ ‘ 4 i a 1,000 k.cal. per hour 566 — 302 344 4 56 
transmitted to the steam, if the losses due to radiation | 1,000 B.Th.U. per hour 2,264 — 1,208 1,376 1,824 1,824 
and conduction are taken into account. | In second radiation we aaa sii pee os ans 300 
° ° ° " | J .cal, per how 525 —_— 4 
In considering the results obtained, it should be 1,000 B.Th.U. per hour 2,100 = 1,404 384 1,660 1,360 
noted that the output of the boiler tested was only | In total radiation heating surface a 7 
3,000 kg. (6,613 Ib.) per hour, so that the radiati : 1,000 k.cal. per hour 1,091 804 653 440 786 
sgh pac dat sche atone aoa 1,000 B.Th.U, per hour | 4,364 3,216 2,512 1,760 3,484 3,144 
face was large in comparison with the amount of energy | _ In superheater 1,000 k.cal. per hour 546 452 34 313 526 481 
converted. The heat losses by radiation and conduc- 1,000 B.Th.U. per hour 2,184 1,808 1,364 1,252 2,104 1,924 
tion would be relatively smaller in a larger boi Grand Total 1,000 k.cal. per hour 1,877 1,496 1,198 956 1,613 1,531 
oe . y fg ler, and | 1,000 B.Th.U. per hour | 7,508 5,984 4.792 3,824 6,452 6,124 
the efficiency would therefore be higher. The rates of | supplied on higher calorific value of fuel 
heat transmission were not excessive, and it may | 1,000 k.cal. per hour 2,477 2,079 1,732 1,413 2,197 1,961 
therefore be assumed that the tube walls could have | Sieetih eaten a ee ad 9,908 8,316 6,928 5,652 8,788 7,344 
. ae . . . se by Ds Ow iC c value ue 
been more highiy stressed, and that their dimensions 1,000 k.cal. per hour | 2,320 1,947 1,622 1,323 2,058 1,837 
were conservative. Higher rates of heat transfer could | om i000 B.Th.U. per hour | 9,280 7,788 6,488 5,292 8,232 7,348 
. rev i . e iler efficiency at lower calorific value 
not, however, be obtained during the tests, owing to aaron | 80-9 76-8 73-8 72-3 78-5 83-4 
the impossibility of increasing the speed of the feed!  poiler efficiency higher calorific value | 
pumps. iGo per cent. 75-8 72-0 69-0 67-6 73°5 78-1 
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The average specific conductivities in Table V are 
























































1,867 lb. per square inch) showed that steam can 




















































only comparative, and cannot be directly applied to | be generated at pressures below the critical point, 
other conditions, since the flow of the gases over the | in the Benson boiler. At such pressures, evaporation 
conducting surface is not always parallel to the tube | occurs in the second part of the radiation section, 
axes. Partial currents are set up, the temperatures | as well as in the two following nests of tubes, so 
Fig.4 that superheating only takes place in the last five 
outa nests of tubes. Owing to the specific conductivities 
Vs being lower in these nests of tubes, better heat trans- 
7 mission may be expected at super-critical pressures, in 
S 2200 spite of the steam velocity being higher. It should, 
= Ta | however, be noted that, in spite of the degree of 
& 2000 y | superheat, the steam may contain moisture, which, 
: KK ‘Ny | owing to the absence of evaporative surface, is only 
3 A ws. i . 7) ° 
& 1800 ‘ian Fig 
S ¥ x 
= 1600 2130 eg 
~ o te 
a -_ Efficiency a™ 
3 1400 60 
: 3 
1200 40 
3 t § ; 
4 eve 20 g 
= bas 3 
oe M65 1830 2200 2780 a 
a ee ee a ee (i805 +) Heat enmntied to Steam 1000 Keal perif 
(180s 0) Heat Transmitted to Steam 1000Kcal per! phn 
“ENGINEERING” 
TABLE IV.—HeEat Batance, BASED ON LOWER CALORIFIC VALUE. 
| | | 
Test No. x 2. | 3. | 4, | 5. | 6. 
| | 
Supplied in fuel .. 1,000 k.cal. per hour 2,320 1,947 1,622 1,323 2,058 1,837 
1,000 B.Th.U. per hour 9,280 7,788 6,488 5,292 8,232 7,348 
per cent. 100 100 100 100 100 100 
Carried away— 
In steam 1,000 k.cal. per hour 1,877 1,496 1,198 956 1,613 1,531 
1,000 B.Th.U. per hour 7,508 5,984 4,792 3,824 6,452 6,124 
per cent. 80-9 76°8 73°8 73 78°5 83- 
As free heat in flue gases 
1,000 k.cal. per hour 297 258 247 243 275 206 
1,000 B.Th.U. per hour 
per cent. 12-8 13-3 15-2 18-4 13-4 11-2 
Unconsumed (estimated) 
1,000 k.cal. per hour 23 20 16 13 21 18 
1,000 B.Th.U. per hour 92 80 64 52 84 76 
per cent. 1-0 1-0 1-0 1-0 1-0 1:0 
Remainder (radiation and convection) 
1,000 k.cal. per hour 123 173 161 111 149 82 
1,000 B.Th.U. per hour 492 692 644 444 596 328 
per cent. 5-3 8-9 10-0 8-3 7-1 4-4 
Transmitted to Air— 
In preheater 1,000 k.cal. per hour 261 230 223 243 236 177 
1,000 B.Th.U. per hour 844 920 892 972 944 708 
TABLE V.—HEAT TRANSFERRED AT THE VARIOUS PARTS OF THE HEATING SURFACE. 
Test No. a. | 2. | 3. 4, 5 6, 
Total heat transferred — ja 
Ineconomiser _ k.cal. per sq. m. per hour 9,750 9,750 8,300 8,250 8,790 10,730 
B.Th.U., per sq. ft. per hour 3,607 3,607 3,071 3,052 3,252 3,970 
In first radiation section 
k.cal. per sq. m. per hour 53,900 — 28,800 32,750 43,400 42 500 
B.Th.U. per sq. ft. per hour 19,943 -- 10,656 12,117 16,058 15,725 
In second radiation section 
k.cal. per sq. m. per hour 50,000 _ 33,400 9,150 39,500 32,400 
B.Th.U. per sq. ft. per hour 18,500 — 12,358 8,385 14,615 11,988 
In total radiation surface 5 
k.cal, per sq. m. per hour 52,000 38,250 31,100 -- 41,500 37,400 
B.Th.U. per sq. ft. per hour 19,240 14,152 11,507 — 15,355 13,838 
In superheater _ k.cal. per sq. m. per hour 15,870 13,140 9,910 9,100 15,300 14,000 
B.Th.U. per sq. ft. per hour 5,872 4,861 3,666 3,367 5,661 5,180 
Heat transfer per degree of temperature 
difference (specific conductivity)— 
In economiser ; 
k.cal. per sq. m. per hour per deg. C. 19-4 21:5 18-4 20-2 18-6 21-7 
B.Th.U, per sq. ft. per hour per deg. F. 3-88 4-30 3°68 4-04 3-72 4-54 
In first radiation section a 
k.cal, per sq. m. per hour per deg. C. 43-4 — a 44-1 37-4 39-1 
B.Th.U. per sq. ft. per hour per deg. F. 8-68 — — | 8-82 7°48 7°82 
In second radiation section 
kcal. per sq. m. per hour per deg. C. 47-3 16-0 40-9 34-8 
&.Th.U, per sq. ft. per hour per deg. F. 9°46 a 3-2 8-18 6-96 
Tn total radiation section ; 
k.eal. per sq. m. per hour per deg. C. 44-6 35-6 33-8 _ 37-9 36-5 
B.Th.U. per sq. ft. per hour per deg. F. 8-92 7-12 6-76 — 7-58 30 
tn caperhieater 29-5 34-8 33-5 
k.cal. per sq. m. per hour per deg. C. 33-9 31-1 28-0 29- ‘ 
B.Th.U, per sq. ft. per hour per deg. F. 6-78 6-22 5-6 5-90 6-96 6-70 
In superheater tubes — 
7 gee 26-6 38-7 39-3 
‘.cal, per sq. m. per hour per deg. C. 81-8 29-2 17-2 26- : “g 
, _ ber sq. ft. per hour per deg. F. 6°36 5-84 3-44 5:32 7°74 78 
n nests 4 and 5 
_ K.cal. per sq. m. per hour per deg. C. 39-1 34-4 39-0 32-2 33-4 32-0 
In rit per sq. ft. per hour Lond deg. F. 7°82 6-88 7:80 6-44 6-68 6-40 
n nests 6 and 7 
k.cal. per sq. m. per hour per deg. C. 29-0 27-8 31-4 27-0 25-8 21-4 
'8.Th.U. per sq. ft. per hour Los deg. F. 5-80 5:56 6-28 5-40 5-16 42-8 














of which are different from each other and from the 
calculated mean values. The specific conductivities of 
the conducting surfaces in the superheater are effected 
by the position of the different nests of tubes. Nests 
Nos. 1 to 3 are near the walls, while Nos. 6 and 7 are 
close to the economiser. The mean specific conductivi- 
ties at these places were therefore influenced by the 
fact that both the gases and heating surfaces were 
— heat to the colder parts of the boiler. 

The tests at 186 atm. and 128 atm. (2,720 lb. and 


dissipated in the last nest of tubes. The heat required 
for this purpose has not been taken into account in 
the temperature measurements. 

The tests proved that on a steady load, the steam 
conditions at the boiler outlet can be maintained 
without constant supervision, and this is also true, 
when pulverised fuel firing is employed. Tests made 
on varying loads did not lead to any useful result, as 
the plant was not equipped with automatic regula- 
tion, and the skill of the personnel was therefore 








a factor. On varying loads, the amount of feed water 
had to be adjusted to the steam demand, but as 
a gauge glass could not be fitted, the amounts of water 
and fuel supplied had to be regulated by reading the 
steam pressure and temperature at the stop valve. 
Owing to the exceedingly small water content, it is 
essential that a boiler of this type should be fitted with 
automatic regulating devices. The rates of heat trans- 
mission through the two parallel nests of tubes were 
checked by measuring the temperatures at the inlet 
and outlet of each nest, the results being in satisfactory 
agreement. Whether this would be the case after a 
longer period of operation is uncertain. It is also im- 
possible to say whether an increased number of headers, 
such as would be required for a larger boiler, could be 
worked in parallel. 

During the tests, the boiler was supplied with 
condensate, which was exposed to the air in the feed 
tank, so that it was not de-aerated. After a short 
time in operation, a thin, hard, reddish deposit was 
formed in the outer connections to the boiler, which, 
it is highly probable, was due to oxidation, owing to 
the presence of air in the steam. Corrosion, however, 
was not progressive, being, perhaps, prevented by 
the protective covering formed on the tube walls. 
A certain amount of scale was formed in the tubes, 
and might lead to tube breakage at higher loads. It 
has been stated, however, that no scale is formed in 
the Benson boiler. Particles of dirt, which are 
generally present, even in technically clean condensate, 
and small quantities of salts, which leak into the 
condensate, owing to faults in the condenser, are col- 
lected, and can be removed through the mud doors. 
No trouble incidental to the high pressure occurred. 
It may be said, in fact, that from the constructive 
point of view, the high pressures are effectively con- 
trolled by the heating surfaces, packings, and fittings. 
Not the least reason for this is the almost ideal way in 
which the heat stresses are taken up owing to the 
subdivision of the heating surfaces between the nests 
of tubes and headers. The Benson boiler is safe in 
operation, and, if care is taken immediately to extinguish 
the fire and cool the heating surface by air or water, 
when a tube breaks, any risk of the latter fusing is 
avoided. 

The steam from the boiler of this type, which is 
operating in the Siemens-Schuckertwerke, is throttled 
down to 120 atm. (1,764 lb. per square inch), or more 
recently to 180 atm. (2,646 lb. per square inch), and 
then re-superheated before being supplied to the 
turbine, and it may be argued that with this procedure 
more energy is used in the feed that when steam is 
generated at 120 atm. or 180 atm. In the Benson 
boiler, which has recently been built for the Langer- 
brugge station, the steam is only throttled to 200 atm. 
(2,940 lb. per square inch), Experience must show 
whether a steam turbine for so high a pressure and a 
correspondingly high pressure is reliable, or can be 
built with an efficiency of the same order as if 
worked at 100 atm. to 120 atm. (1,470 to 1,764 lb. per 
square inch). If it is, its extra output at that pressure 
would not only compensate for the extra power 
required for the feed pumps of the Benson boiler, but 
would also lead to an increase in the useful output. 








JAPANESE SECTIONAL MEETING OF 
THE WORLD POWER CONFERENCE. 


In our issues of Noveniber 29, December 6 and 
January 3, we gave a general account of the World 
Engineering Congress recently held in Japan, and 
also of the sectional meeting held concurrently of 
the World Power Conference. In several of our 
issues we have also given summaries of selected 
papers taken before the Engineering Congress, and 
we now commence below summaries of a similar 
selection from among the papers presented to the 
Power Conference. These have been grouped together 
under headings to suit the convenience of our readers, 
but papers now given together were not necessarily 
taken in that manner at the Conference itself. 


ELEctTRICITY AND Gas SUPPLY. 


Among the numerous papers, dealing with electricity 
and gas supply, which were presented to the Conference, 
mention may be made of one on The Supply and 
Demand of Gas and Electricity for Domestic Use in 
Tokyo, by Mr. K. Gotoh. Taking Japan as a whole 
10,547,525 households, or 88 per cent. of the total, 
used electric light, and the number was increasing at 
the rate of about 4 per cent. perannum. The average 
demand per household was 69-7 watts. The use of 
gas for lighting was decreasing, but its employment 
for cooking was increasing. Gas was not much used 
outside the principal cities. It was supplied to 953,688 
households, the average monthly consumption per 
household being 46-4 cub. m. (1,638-7 cub. ft.) of 
which 9-3 cub, m. (328-4 cub. ft.) were for industrial 
purposes, In Tokyo electricity was supplied both by the 
Tokyo Electric Light Company, and the municipality. 
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In 1927 the total demand on the former undertaking 
was 71,420 kw., and on the latter 25,073 kw., exclusive 
of a traction load of 59,810 kw. Supply was given 
on the single-phase system at 110 volts, and a frequency 
of 50 and was paid for both on a flat rate, based on the 
amount of plant installed, and by meter. The Tokyo 
Gas Company supplied 1,228,870 cub. m. (43,379,212 
cub. ft.) during 1928, 80 per cent. of which was em- 
ployed for cooking. The declared calorific value was 
3,600 k.-cal. per cub. metre (396 B.Th.U. per cubic 
foot). 

Taking Japan as a whole, the electricity consumed 
in 1927 was 10,558,800,000 kw.-hr., or 172 kw.-hr. per 
head of population. In the Tokyo and Yokohama 
districts the consumption per head was 372 kw.-hr., 
while in the Nagoya area it was as high as 424 kw.-hr. 
The gas consumption amounted to 486,611,220 cub. m. 
(17,077,376,066 cub. ft.). In both cases the increase 
had been very rapid during the past ten years, and in 
the case of gas the number of small consumers was also 
increasing. On the other hand, the consumption of 
charcoal and wood was decreasing, and the use of coal 
was confined to thé upper and middle classes. Bri- 
quettes were being largely employed. Owing to the 
presence of undeveloped water power in the country, 
it was considered that the use of electricity for lighting 
would quickly become almost universal, though its 
employment for heating would not increase so rapidly. 

In a paper on Municipal Electric and Gas Enter- 
prises in Japan, Mr. K. Ogura stated that in eleven 
cities, including the six largest, the tramways systems 
had an aggregate mileage of 912 km. (566-7 miles), of 
which 82-3 per cent. of the total, was being operated 
by the municipality. The total length of local electric 
railways was 5,740-9 km. (3,566-7 miles), of which 
only 15-5 per cent. was worked by the local authorities. 
Electricity supply was provided by the municipalities 
in Tokyo, Osaka, Kyoto, Kobe, Kanazawa and Sendai, 
the aggregate capacity of the plant being 118,768 kw., 
of which 98,200 kw. was steam driven. The total 
output of these stations in 1927 was 184,646,420 kw.-hr. 
In addition, 865,121,285 kw.-hr. was purchased. In six 
cities, Yokohama, Kanazawa, Fukui, Takada, and 
Kurume, the municipalities were operating gas under- 
takings. Generally speaking, the acquirement of 
electricity and gas undertakings by local authorities 
had not been very great, partly for legal and partly for 
financial reasons and partly because the true function 
of public utilities was not understood. 

The Electric Power Enterprise of Japan, was 
dealt with by Messrs. 8. Maehara and H. Mori, who 
said that conditions were favourable to the develop- 
ment of the water power of the country, as the chief 
markets were situated within easy distance of the major 
hydro-electric possibilities. A second survey of the 
power resources was begun in 1918, and showed that 
5,130,000 kw. was available at the ordinary minimum 
flow and 10,058,000 kw. on a six months basis. In 
1927, 1,657,000 kw., about 30 per cent. of the total, 
on the minimum flow basis had been developed. In 
some places as much as 50 per cent. of the total was 
being utilised. There were 1,317 hydro-electric 
stations in 1928, of which 51 had a capacity of 10,000 
kw. and upwards. Eleven of these plants were respon- 
sible for 17 per cent. of the total output. The aggregate 
generator capacity, based on the minimum flow, was 
1,304,000 kw. Most of the stations were operated 
at heads between 50 m. (164 ft.) and 150 m. (490 ft.), 
the highest being 560 m. (1,848 ft.). As regards hydrau- 
lic construction, the two main types of development 
were a combination of diversion dam and power house 
and a long conduit connecting the diversion structure 
to the power house, the latter being in the majority. 
There was a marked tendency towards automatic 
control, and 57 stations with an aggregate capacity 
of 81,000 kw. were being operated in this way. 

The total capacity of the thermal power stations was 
1,240,000 kw., or 55-8 per cent. of the total. This 
plant was installed in 413 stations, 36 of which had a 
capacity of 10,000 kw. or more. The largest station 
had a capacity of 140,000 kw. The maximum steam 
pressure used was 26-4 kg. per square centimetre (355 
lb. per square inch). As regards transmission lines, 
154 kv. was the highest voltage employed. The routes 
were chosen, so as to allow of future extension without 
unnecessary duplication and generally they converged 
on the large cities. In the near future it would prob- 
ably be necessary to connect these lines by ring mains. 
The total length of 154 kv. line was 193 km. (122 miles), 
while 415 km. (258 miles) was operated at 110 kv. 
Primary distribution was affected at from 55 to 77 kv. 
and on two frequencies, 50 and 60. Certain hydro- 
electric stations were designed to generate current 
at either frequency. In 1927, 1,811,000 kw. of motors 
were installed and 127,000 kw. for domestic heating. 
Definite information regarding the use of electricity 
for industrial heating was not available, but the porce- 
lain industry in Nagoya was absorbing 12,000 kw. 
Some 20,500 electric motors were now in use in agricul- 
ture. At the present time, the major hydro-electric 





stations under construction had a capacity of 256,000 
kw. Every opportunity of storing the water was being 
taken advantage of, in order that the resources might 
be utilised in the best possible way. The situation with 
regard to water power, which itwas at present impossible 
to develop economically, might be changed by raising 
the transmission voltage from 154 to 200 kv. On the 
other hand, more large steam stations would have to be 
built as water power development proceeded. A paper 
by Mr. C. Mori on Japan’s Hydro-Electric Power 
and its Exploitation, largely covered the same field. 
It was estimated that by 1937 the demand would be 
5,567,000 kw., which meant that some 3,203,000 kw. 
would have to be added to the existing plant. In 
addition, some 1,000,000 kw. of thermal plant would 
be required. 

A description of The Fusenko Hydro-Electric 
Power Plant was given by Messrs. K. Morita and Y. 
Kubota. This is the first undertaking of its kind 
to be developed in Korea. In that country the 
rainfall was practically confined to three months in 
the year, so that the fluctuation in water flow was 
very great. This, combined with the topography, 
made the establishment of large generating stations in 
Korea apparently impossible, but as the result of 
careful surveys it was found that some use could be 
made of certain rivers and waterfalls in the more 
mountainous regions, if their courses were changed, so 
that the flow became easterly instead of westerly. It 
was estimated that the amount of power that could be 
made available in this way was 1,600,000 kw. 

The Fusenko station was situated on a plateau 
some 1,150 m. to 1,300 m. (3,795 ft. to 4,290 ft.) 
above sea level. After flowing for about 40 km. 
(25 miles) across this plateau, the river of the same 
name entered a deep and narrow ravine. By building 
a dam at this point the table land was converted into 
a reservoir and the flow was diverted into a channel, 
so that the river ran in the opposite direction from 
its former course. The area of the reservoir was 24 
square kilometres, and the average flow 23 cub. m. 
(813 cub. ft.) per second. This was utilised in three 
stations with an aggregate capacity of 190,000 kw. 
and operating on heads of 691, 215 m. and 93-2 m. 
(2,280, 709ft. and 307 ft.) respectively. The annual 
production was about 160,000,000,000 kw.-hr. The 
dam at the entrance to the gorge was of the gravity 
type, 80 m. (264 ft.) high and 400 m. (1,320 ft.) long 
at the crest. The reservoir this formed was of sufficient 
capacity to store the water requirements for many 
years. Connection from the reservoir to the first 
station was made through a concrete-lined pressure 
tunnel, the tunnels between the other two stations 
being of the ordinary type. The lengths of tunnel 
were 283-3 m., 476 m. and 240 m. (935 ft., 1,571 ft. 
and 794 ft.), respectively. The first power station was 
equipped with four 45,000-h.p. horizontal units of the 
Pelton type, the second with two 31,000-h.p. units, and 
the third with one 37,000-h.p. set. These last three 
units were of the vertical-shaft reaction type. Current 
was generated at 11 kv. and a frequency of 60, 
and was stepped up to 110 kv. for transmission. The 
power was largely used for the manufacture of 
fertilisers. Work was begun in February, 1926, 
the first part of the construction being nearly completed 
in September, 1929. 

In a paper on The Production of Electrical Energy 
in Belgium in 1927, Mr. E. Uytborch brought the 
information on this subject, which was given in 
London in 1924 and at Basle in 1926, up to date. 
It appeared that the total capacity installed in that 
country in 1927 was 1,355,174 kw., and the electricity 
generated 3,244,837,000 kw.-hr. These figures showed 
increases of 7 per cent. and 43 per cent. respectively 
over those of 1925. This small increase in capacity, 
combined with a large increase in output, was ascribed 
to the development of a network of high-tension 
lines. Based on the population it appeared that the 
plant installed and the consumption were 171 watts 
and 409 kw-hr. per inhabitant respectively. 

An interesting paper on Recent Economic Develop- 
ments of Electric Power was read by Mr. E. W. Rice. 
In 1927 the capacity of the plant installed in American 
generating stations was 36,000,000 h.p., of which 
19,000,000 h.p. was on account of power, and the 
remainder for general lighting and domestic purposes. 
Three-quarters of the power used in industry was 
electrical, and two-thirds of that power was purchased 
from central stations. Each worker had 4-5 h.p. 
at his disposal, which, being largely electrical, was 
reliable, convenient, flexible, easily controlled and 
increased his production and the quality of the goods 
he made. Every city with more than 5,000 inhabitants, 
50 per cent. of all villages between 250 and 1,000, 
and 25 per cent. of those with less than 250 population 
had an electricity supply, a result which was largely 
due to the inter-connection of transmission lines and 
better methods of distribution. Small stations were 
gradually being shut down. The average fuel con- 
sumption per kilowatt-hour generated had decreased 





from 3-2 lb. in 1919 to 1-76 Ib. in 1928, so that while 
the output had been doubled, the fuel used had only 
increased from 35 to 42 million tons, or 14 per cent. 
About 60 per cent. of the electricity was generated 
from fuel and 40 per cent. from water. About 67 per 
cent. of the nation’s homes were electrified. 

As regards plant the significant features were the 
rapid growth of the aggregate power installed, the 
increase in steam temperatures and pressures, and 
the use of larger units, combined with a decrease in 
unit cost and a rise in efficiency. In 1928 the capacity 
of steam turbines installed amounted to 20,140,000 kw. 
At present 50,000 to 75,000 kw. sets were common, 
and 160,000 kw. and 208,000 kw. machines were being 
installed. Steam temperatures had increased to 
725 deg. F. and steam pressures to 750 lb., while 
400,000 kw. of machines working at 1,200 lb. pressure 
were in use. On the basis of 13,500 B.Th.U. per Jb., 
a boiler efficiency of 85 per cent. and reasonable 
assumptions with regard to auxiliary power, modern 
large turbines would generate a kilowatt-hour for 
0-9 Ib. of coal, or 12,150 B.Th.U. The weight of 
material per kilowatt was now as low as 18 lb. 
Attention was also called to the mercury vapour 
turbine of the Hartfotd Electric Light Company, 
which produced a kilowatt-hour for 9,140 B.Th.U. 
The progress made in hydrogen cooling, mercury 
rectifiers, transmission systems, transformers, switch- 
gear and electric welding was also described, but as 
these subjects were dealt with in other papers read 
before this conference and the World Engineering 
Congress they need not be dealt with here. 

Household and Rural Electrification in Sweden 
was dealt with by Mr. W. D. Borquist, who stated 
that in that country, in 1928, 4,800,000,000 kw.- 
hours, or about 800 kw.-hours per head of popula- 
tion was consumed. Of this 95 per cent. was gene- 
rated by water power, though of the total avail- 
able resources of this kind only about 18 per cent. 
had so far been developed. Some 40 per cent. of the 
energy generated was used in the wood, paper and pulp 
industries, 23 per cent. for electro-chemistry, 13 per 
cent. in the iron and mining industries, 7 per cent. in 
the towns, and 5 per cent. in the rural districts. About 
one-third of the total was generated by the State and 
sold by them to distributing concerns. About 90 per 
cent. of the towns had electric light, and more than one- 
half of the farms, while small power appliances were 
also being extensively used. The employment of 
electricity for heating and cooking was, however, 
likely to be retarded by the large quantities of cheap 
timber available, especially as entirely to replace the 
latter would overload the generating plant and prove 
too expensive. On the other hand, in Norrland, 
where the water power was ample and timber scarce, 
the prospects for electricity were good. The existence 
of large gas works would also hamper the use of elec- 
tricity for cooking. Tariffs were, however, being 
arranged to encourage the employment of electricity 
for domestic purposes, especially in the summer. In 
the rural districts farms, representing about 50 per 
cent. of the total area under cultivation, had an 
electricity supply, drawn either from the general 
network or from small local power stations. 

In a paper on The Influence of Load Factor on 
the Economy of Power Production, Mr. J. Tobolla 
described an analytical method he had developed for 
investigating the economic relationship between water 
and steam power stations working in combination. 
If P was the maximum yearly peak of the system, 
and W the water power capacity, then the cost of 


production decreased rapidly with an increase of jy- 


At factors of hs above 2, the price curve became 
very flat. Combined steam and water systems should 


be designed with a = greater than 2. As, however, 


water power plants had to be developed in accordance 
with the power available, and not in accordance with 


P 
the demand, the tendency was for Ww to be tem- 


porarily reduced in stages, as the capacity of the water 
power plant increased. This could be overcome by 


making + large and by improving the design of the 


steam plants, so that the cost per kw.-hr. generated in 
them was a minimum. 
An apparatus for converting direct to alternating 
current, known as the Mercury Inverter was dealt 
with in a paper by Mr. R. Mitsuda. This consisted 
essentially of a number of anodes and a common 
cathode, which were contained in a vacuum chamber. 
Between the anodes and the cathodes was a disc, In 
which three or more ‘arc holes” were cut, so that 
the arcs were progressively struck and extinguished 
as the disc revolved. The frequency of the alternating 
current thus generated was jointly proportional to 
the speed of the disc, the number of holes and the 
number of anodes. On the alternating-current side 
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the apparatus was connected to a transformer, a con- 
denser being used to compensate the magnetising 
current of the latter and to give sparkless operation of 
the arcs. It was stated that with a 7-kw. converter 
an efficiency of 85 per cent. was obtained, the pressure 
on the direct-current side being 440 volts and the 

wer used in the auxiliaries not being included. The 
inverter might also be employed as a frequency changer 
by first rectifying the alternating-current supply in 
a rectifier, and then inverting it to an alternating 
current of the desired frequency in an inverter. The 
same author presented a paper on a “ High-Voltage 
Mercury Arrester,’” in which the high electric con- 
ductivity and the valve action of the mercury arc was 
made use of. The arrester consisted essentially of a 
series of porcelain dishes, filled with mercury, the whole 
being contained in a vacuum chamber and enclosed 
in a porcelain cover. 

In an interesting paper Mr. J. Gastpar discussed 
The Balance between the Generation and Demand for 
Energy. To obtain this balance was necessary for 
economic reasons, though at the same time there must 
be a certain flexibility to allow for breakdown or 
emergency demands. The correct solution lay in the 
proper choice and lay-out of the generating plant and 
depended to a large extent on the transmission and 
distribution of the energy, as well as on its storage and 
the utilisation of any surplus. The centralisation of 
generation, which had recently taken place, arose 
from the fact that the main sources of energy were 
steam or hydro-electric plants and though it had 
been successful, especially in Central Europe, it 
must not be regarded as a general solution. As it was, 
it had been found that in many trades the best method 
of balancing supply and demand must be sought in 
quite another direction, partial decentralisation or 
even independent generation being adopted, especially 
in the case. of consumers whose future requirements it 
was difficult to forecast. In this way it would be 
possible to obtain a fairly regular and economical 
utilisation of a steam station, possibly in combination 
with a hydro-electric storage plant, and to make any 
extension that might be necessary by installing Diesel 
engines in units graded to suit the actual rate of 
development. Hydro-electric storage plants could 
often be utilised with advantage, not only in con- 
junction with other water-power plants, but also with 
steam plants, as they enabled the steam turbines to 
be worked at almost constant load. Steam central 
stations were generally the most suitable for taking 
base loads of the second order and, in extending such 
stations, the combination of super-high pressure with 
normal pressure plant offered considerable advantages, 
the former being worked at constant load and the 
latter, which was not so up-to-date, taking the peaks 
or acting as a stand-by. A steam plant, in which full 
use was made of extracted or exhaust steam, was the 
most economical type to employ, while the employment 
of accumulators offered further advantages. 

The Diesel engine was an economic unit for taking 
the base load, where little water power was available, 
and could frequently be used for the same purpose where 
water power was present, with a saving in capital 
cost. A Diesel power station could be erected near 
large consumers, thus enabling energy to be supplied 
more cheaply, owing to elimination of long transmission 
lines. Experience showed that such an arrangement 
was satisfactory, even when the loads fluctuated 
widely. It had the further advantage that the plant was 
instantly ready for service. In many cases it was 
the sole prime mover that need be considered for 
taking the peaks in a works plant, where a constant 
supply was obtainable from the mains. As regards 
the disposal of surplus energy, the chemical industry, 
ice making and water heating were all possibilities, 
and many central stations had little difficulty in 
finding consumers for their current during the night. 
Another noteworthy application in this direction was 
the dry cooling of coke in gasworks, since the quality 
of the coke obtained was improved thereby, owing to 
the absence of water. The inert gases heated by the 
coke during the process could be utilised in boilers, 
the amount of heat recovered in this way being some- 
times very large. 

The design of Large Power Transformers was 
dealt with in a paper by Messrs. F. F. Brand and 
H. 0. Stephens, who pointed out that a remarkable 
change in the features of this equipment had taken place 
during the past ten years. In the first place, the 
units had increased in size, one as large as 83°33 kv.-a. 
having been built, while the relative number of very 
large units was increasing. The pressure at which 
they were worked had also increased progressively. 
For many years users did not press manufacturers 
to increase the efficiency above 98 per cent., and it 
could hardly be expected that the latter would make 
any serious effort to design for reduced losses, unless 
this effort would show a reduction in cost. Recently, 
however, the position had changed and the incentive 
to designers to provide higher efficiences had resulted 





in a figure of 99°52 per cent. being obtained on a 66,000 
volt transformer working at full load. This increase 
in efficiency had been accomplished principally by the 
following means. Improvements in the laminated steel 
used in the cores and in the core construction, better 
insulating materials, resulting in an improved space- 
factor, and reductions in eddy current losses in the 
copper and in the path of the leakage flux, in the flux 
densities in the cores and in the current densities in 
the copper. Since transformers seldom operated 
continuously at full load it was important to consider 
the load cycle and the ratio of core loss to load loss. 
The former was constant at the normal frequency and 
voltage, while the latter varied as the square of the 
load. The mean square of the load must therefore 
be determined to get the annual loss in kilowatt-hours. 
Load factor alone was insufficient. Fortunately, the 
core loss was much less than the copper loss in a well- 
designed modern transformer. 

The transformer was the only link between systems, 
which were continually growing and changing, by which 
flexibility could be economically obtained. Large tap 
ranges, auto-transformer connections, three and four 
winding units, and provision for changing the taps 
under load, had greatly increased the complexity, but 
the last of these had greatly aided interconnection, 
and its development had been the outstanding contri- 
bution in recent years to transformer design. The 
transformer provided the main protection for the gene- 
rating plant and distribution system against lightning 
and other over-voltages. Its insulation should, there- 
fore, be co-ordinated, so that its impulse strength was 
greater than that of the adjacent line. The com- 
plexity of modern transformers had not affected their 
reliability. 

A paper on La Foudre and Les Lignes Electriques 
was presented by M. C. Dauzere, in which he pointed 
out that, in France, the number of accidents due to 
lightning and the loss caused by those accidents was 
increasing, especially in the rural districts. This was 
undoubtedly due to the enormous development in the 
mileage of electric transmission lines, and for this 
reason, the researches, which had been carried out at 
Bagnéres de Bigorre, by M. J. Bouget for the last 
30 years, into the lecality and circumstances of accidents 
due to lightning, had been used as a basis for further 
investigations. 

These researches showed that in places where the 
geological constitution of the ground was uniform, 
lightning usually struck the most elevated points, 
thus confirming popular belief. But in mountainous 
regions, where rocks and strata of different constitu- 
tions occurred within a restricted area, the position was 
different. In fact, the places struck were often in the 
valleys, rather than on the peaks, and places rich in 
schists, slate, granite and ophite were the more liable 
to damage, calcalareous strata being hardly ever 
touched. The worst places were those where different 
geological formations joined. The first explanation 
of this phenomenon was that it was due to the different 
conductivities of the soil, but experience showed 
that this was untenable, and the real reason lay 
rather in the conductivity of the lightning path through 
the air. To confirm this, a number of experiments 
were made, and it was found that at the places that 
were frequently struck, the air was more highly con- 
ductive than at those which were never struck, and 
that the negative ions were more easily transmitted 
than those whose sign was positive. 

These results were checked by an investigation into 
a number of accidents, which were caused by lightning 
in the south of France during 1928. All these accidents 
showed the increasing danger from lightning, which had 
arisen owing to the multiplication of electric trans- 
mission lines, especially when the construction of the 
latter was defective. These accidents might be 
divided into three categories : Those in which the line 
was struck directly, with the result that over-voltages 
were transmitted to equipment on consumers’ pre- 
mises; those in which the line was charged electro- 
statically by the storm, resulting in the generation of 
travelling waves; and those in which the lightning 
struck a transformer causing the primary voltage to 
be imposed on the secondary circuit. The second was 
the most frequent cause. Enquiry showed that the 
frequency of lightning discharges at particular places 
was increased by the presence of electric lines and the 
dangers of the latter would be multiplied, unless very 
rigorous measures were taken to secure safety. The 
use of earth wires, earthed neutrals, lightning arresters, 
&c., should be made obligatory in areas, which ex- 
perience had shown were exposed to lightning, while 
new lines should be routed, so that they did not, if 
possible, pass through such areas, and in any event, 
transformers should not be installed inthem. It would 
also be advisable to prepare a map of such dangerous 
regions. 

In a paper on Interference of Power Lines on 
Neighbouring Aerial Communication Lines and Radio 
Reception, by Messrs. R. Mitsuda and K. Kanaya, 


it was pointed out that the development of the water 
power resources of Japan had necessitated the con- 
struction of a considerable mileage of transmission 
lines, and that it was difficult to site these without 
interfering with the operation of neighbouring telegraph 
and telephone circuits. Since the latter were often 
Government-owned, the development of the power 
lines had often been hampered, a policy which was 
contrary to the common good. As regards interference 
with broadcast reception, the suggestion was made 
that the capacity of individual aerials should be 
increased. 
(To be continued.) 








CATALOGUES. 


Motor Starters.—Messrs. Igranic Electric Company, 
Limited, 149, Queen Victoria-street, London, E.C.4, 
have sent us an illustration of a polyphase self-acting 
motor starter for squirrel-cage motors. 


Marine Auxiliary Machinery.—A copy of the tech- 
nical Bulletin issued by Messrs. The Rateau Company, 
40, rue du Colisée, Paris, and printed in French, deals 
with a considerable range of ships’ auxiliary machinery, 
mainly pumps, fans, and valves. 

Lubricants.—Messrs. Sternol, Limited, Royal London 
House, Finsbury-square, London, E.C.2, have issued 
circulars describing their preparations ‘‘ Cooloricid ’’ for 
rapidly cooling hot bearings and ‘‘ Chainoleum ”’ grease 
for the lubrication of chain drives. 

Rust Preventer.—Messrs. Alexander Duckham and 
Company, Limited, 6, Broad-street-place, London, E.C.2, 
have issued a circular describing their ‘‘ Immutol ” 
slush, a moisture-proof coating for protecting the bright 
parts of machinery during storage or transport. 


Motor Vehicles.—The Associated Equipment Company, 
Limited, Southall, Middlesex, issue a monthly Gazette, 
containing lists of agents and distributors of vehicles 
for sale or exchange, a current price list of new chassis 
and some illustrations of vehicles recently supplied. 


Instruments.—Messrs. Cambridge Instrument Com- 
pany, Limited, 45, Grosvenor-place, London, S.W.1, 
send a card illustrating a complete lamp and scale outfit 
for instruments. The scale is 50 cm. long, divided into 
millimetres, either from one end or from the centre. 


Motor-car Gears.—Messrs. Moss Gear Company, 
Limited, Birmingham, have issued a sheet illustrating 
a number of their products for motor-car construction, 
including wheels, toothed rings, worm gear sets, differ- 
entials, axles, gear boxes, steering gear sets, camshafts, 
and reduction-gear units. Brief descriptive notes are 
given. 

Vulcanised Fibre-—From Messrs. Mosses and Mitchell, 
Limited, 122-4, Golden-lane, London, E.C.1, we have 
received priced lists and samples of ‘‘ Vulmos ” leatheroid 
and vulcanised fibre. The former is made in rolls or 
sheets and the fibre in sheets, tubes, and rods. The firm 
also undertakes the cutting-out and machining of articles 
of fibre in quantities. : 

Petrol Engines.—Messrs. The Coventry Victor Motor 

Company, Limited, Coventry, have issued a new catalogue 
of their horizontally-opposed-piston petrol engines and a 
complete priced list of spare parts. The engines are of 
34 h.p. to 7} h.p. with two cylinders and 12 h.p. and 
15 h.p. with four cylinders. A gear box, with three 
speeds and reverse, is also supplied. 
Electric Vehicles——We have received from Messrs. 
Wingrove and Rogers, Limited, 188-189, Strand, London, 
W.C.2, a catalogue of their “ Victor” electric motor 
vehicles for parcels-delivery service in towns. Within 
a limited radius with frequent stops, or for a limited 
mileage, very economical results are claimed. The 
carrying capacities are from 20 to 30 ewt. 

Lathes.—Messrs. The United Machine Tool Company 
Limited, Holborn Hall, Gray’s Inn-road, London, W.C.1, 
have sent us a leaf catalogue illustrating the Pittler turret 
lathes in sizes for bars up to 4 in. in diameter and for 
chucked pieces up to 20 in. in diameter. In this lathe 
the turret is of face-plate form with a ring of holes for 
fixing the tools. 

Safety Valves.—Messrs. L. F. Norrie and Company, 
30, South Fort-street, Bonnington, Edinburgh, have 
sent us a descriptive circular of their safety valves, and 
also a report of some tests to which the valves were 
subjected by Professor R. Stanfield. The tests are 
directed mainly to show the small pressure difference at 
which the valves open and close. Both spring and dead 
weight types are shown. 

Cement.—Messrs. The Cement Marketing Company, 
Limited, Portland House, Tothill-street, London, S.W.1, 
have issued a pamphlet describing a white Portland 
cement ‘“‘ Snowcrete.’”’ Notes are given on its prepara- 
tion as a white concrete, and its application as a setting, 
pointing and stone-casting material. It is stated to be 
a true Portland cement, the whiteness being due to 
special precautions taken to eliminate iron. 


Electrical Machinery.—We have received from Messrs. 
The Oerlikon Company, Switzerland, through their 
London office at 28-31, Essex-street, Strand, W.C.2, 
issues of their Bulletins Nos. 94-98, printed in English. 
These contain descriptions of various works and products 
of the company, amongst which are a 5,000-kw. steam 
turbine for electric generation, reel type winding gear for 
Italian and Spanish coal mines, direct-current generators 
of 18,000 brake horse-power, large high-tension circuit 
breakers, mercury rectifiers for 1,550 volts, a crane for 
lifting locomotives into ships at Glasgow, electric loco- 





motives for Swiss railways, &c. 
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THERMAL STORAGE AT THE WORKS OF THE NORTHERN CHROMIUM CO,, LTD. 











Big. 1. 


AN ELECTRICAL THERMAL STORAGE 
PLANT. 


Tuoven the increasing use of electricity for power 
and domestic purposes has made the shape of the daily 
load curve of the average supply undertaking more 
regular and flatter than it was, even a few years ago, 
there is stili a period, roughly between 10 p.m. and 
6 a.m., when the plant available is being used to an 
extraordinarily small extent. This condition has, of 
course, existed since the earliest days, and it is, there- 
fore, surprising that, apart from a few half-hearted 
attempts to encourage the use of electric battery 
vehicles, which could be charged during the night, 
so little has been done to encourage the consumption 
of electricity at this time in the only logical way, i.e., 
by selling it at a reduced price. The attitude becomes 
stranger when it is remembered that one of the best 
methods of storing electricity is to employ it to heat 
water, which can subsequently be utilised either in 
the home or the factory. If the capacity of the 
storage tank and the loading of the heaters are properly 
selected, sufficient hot water can be obtained in this 
way to meet the day-time demand for that commodity, 
the electricity consumed to raise it to the necessary 
temperature being paid for at a much lower rate than 
that charged for any other service. In spite of general 
neglect of this possible market there is an increasing 
tendency to cultivate it, and a number of installations 
have recently been put in operation in blocks of offices, 
shops and flats. 

In the industrial field, development is taking place | 
in the same direction, and one of the first equipments | 
of this kind to be installed in a factory is that recently 
put in operation at the works of Messrs. Northern Chro- | 
mium Company, Limited, of Neweastle-on-Tyne. The | 
plant in this factory consists essentially of 24 tanks, | 
which are used for chromium plating, and degreasing, as | 
well as for heating the acid, water and saw-dust baths | 
required in connection with the plating of this metal and | 
of copper, nickel and other metals. The appearance | is taken during the night hours only from the mains 
of these tanks can be gathered from the view of part of | of the Newcastle-upon-Tyne Electric Supply Company, 
the factory, which we give in Fig. 3. Each tank is Limited, and is paid for at a special rate. It is switched 
provided with a heating coil, which is made of steel, or | on automatically by a time-switch at 7.30 p.m., the 
lead, depending cn the electrolyte used ; and this coil | circuit being opened by a thermostat when the tempera- 
is connected through inlet and outlet valves to the} ture of the water in the cylinder reaches 220 deg. F. 
hot-water mains, which run round the building. As|In the morning, the main stop-valve is opened, and 
will be seen, the whole of this pipe system is efficiently | the hot water is pumped through the system by a small 





The necessary energy consumed for heating the water 











lagged. The hot-water supply is obtained from the 
thermal storage cylinder, illustrated in Fig. 1. This 
cylinder is 18 ft. long by 8 ft. in diameter and holds 
5,650 gallons of water. The water is heated by four 
banks of immersion heaters, the position of which is 
also shown in the illustration. The loading of each 
bank, the construction of which will be clear from Fig. 2, 
is 30 kw., so that 120 kw. is available in all. Each 
bank consists of nine 3-3-kw. heating units, which are 
mounted on a common flange plate, the connection 
being brought out to terminals on a set of four circular 
*bus bars. Three of these *bus bars are connected 
to the three-phase mains, and the fourth to the star 
point of the supply, which is given at pressure of 
440 volts and a frequency of 40. The heaters were 
manufactured by Messrs. A. Reyrolle and Company, 
Limited, of Hebburn-on-Tyne, while the equipment 
was installed by Messrs. R. W. Cairns, of Newcastle- 


on-Tyne, the lagging of the boiler and pipe systems | 
being effected by Messrs. Newalls Insulation Company, | 


Limited, of 120, Fenchurch-street, E.C.3. 


| circulating pump, thus enabling the majority of the 
|} tanks to be brought up to the desired temperature in 
| three-quarters of an hour. At the end of the day, the 
| temperature of the water has fallen to 140 deg. F. 
| It is claimed that, compared with steam heating, the 
| system has the advantage of eliminating steam traps, 
jand that as these would have to have been taken 
| through the bottom of the tanks, a leakage of valuable 
electrolyte would have been inevitable. It would also 
| have been necessary to empty the tank before replacing 
| a coil, while as it is, once the joints are broken, the coil 
|can be lifted ont bodily. Further, since the demand 
|for heat is a maximum at the beginning of the day, 
| the boiler would have to have been fired for some hours 
| before starting work, and would, thereafter, have been 
| operating on very light load, if the vats were not to 
become overheated. Finally, labour costs have been 
|much reduced, since the operation of the thermal 
storage cylinder is entirely automatic. 
As regards the actual process of chromium plating 
| which is carried out in this factory, it may be recalled 














Fig. 3. 


that the electro-deposition of this metal has only 
recently been brought to commercial success, owing 
to the uncertainty of the results obtained. The reason 
for this was not a little difficult to discover, but it was 
illustrated by the fact that a bath which worked 
perfectly on one day, would not deposit at all on the 
next. Improvements, both of a chemical and mech- 
anical nature, have overcome this difficulty and, 
through the conductivity of the solution, is low 
compared with that of other electrolytes, there is 
now no fear that the articles will not be “ covered. 

Another advantage is that the deposit is obtained 
brilliant enough to render further polishing unneces- 
sary, while although higher in cost, it is more durable 
than nickel plating. The actual deposition is carried 
out in a number of ways in most of which the article 
treated is first plated with nickel on which a coating 
of chromium is subsequently deposited. In the process 
used in the factory we have just described, on the other 
hand, the chromium is deposited direct, a procedure 
which, it is claimed, eliminates the risks of chipping and 
peeling, and ensures that good penetration is secured. 
It also enables the time occupied to be greatly reduced. 
Moreover, Dr. Nast, who is responsible for the details 
of the operation, has suggested the employment of a 
film of oil on the surface of the bath to cleanthehydrogen 
bubbles rising from the chromic acid which, as usual 
is employed as the electrolyte. This obviates the 
installation of an exhaust system, though degreasing 





in a special bath is, of course, necessary. 
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THE EFFECT OF WHEEL-TYPE ON 
IMPACT REACTION. 
(Concluded from page 71.) 


Types of Wheels Tested—A few particulars 
respecting the composition and weight distribution 
of the wheels subjected to comparative tests by the 
Bureau of Public Roads and of the various tyre 
equipments are appended in Table II. 

An additional weight of nearly 1,200 lb., repre- 
senting the unsprung mass associated with one 
rear wheel of a 2-ton capacity lorry, brings the 
total of the hub component up to about 1,300 Ib. in 
every case. Among the rim components, the mass 
variation is much more marked, depending on the 
particular combination of wheel and tyre under 
test. The heaviest combination is the ‘‘ rubber in 
compression” resilient wheel fitted with new 
cushion tyres; the lightest is the artillery wheel 
with worn solid tyres. From the brief analysis of 
the dynamics of impact which has been given, it 
will be apparent that, in general, the effect of 
increased mass is increased impact. The test 
results show, however, that despite some loss of 
effectiveness on this account, the resilient wheels 
are capable of very appreciable impact reduction 
by comparison with equivalent rigid types. 





an impact of 15,000 Ib. as directly measured by the 
Kreuger cell. 

The destructive capacity, both to itself and to 
the road, of the rigid-wheeled lorry, fitted with 
worn solid tyres, is strikin .ly exhibited by the above 
comparison. Such a wheel, as the result of an 
inequality of road surface of little more than a 
quarter of an inch, can produce an impact force of 
nearly seven tons. 

Some qualification of the comparatively marked 
superiority of the cushion wheels irrespective of 
tyre equipment is advisable, in view of the fact that 
the data are derived from tests on new wheels, no 
figures being available for similar wheels after long 
service. It may, perhaps, be the case that, on 
account of depreciation of the rubber used in their 
construction, as a result both of age and fatigue, 
their resilient qualities will become somewhat 
impaired. It appears almost certain, however, 
that the superiority of the cushion wheel, as regards 
impact, will always be apparent with inferior tyre 
equipment. This is a particular aspect of a general 
conclusion, to be drawn from Table III, namely, 
that the tyres have an important influence on the 
cushioning effect exerted by different types of 
wheels. If the tyres are markedly resilient, the 
cushioning qualities of the wheel are relatively of 


TABLE II. 



































| Weight of Wheel (Ib.). 
, f Whee | Type of Weight of 
Type of Wheel. | Tyre. Tyre (Ib.) 
| Hub Portion. | Rim Portion. Total. 
Cushion, rubber in shear ... a ia 106 135 241 New cushion 282-5 
Cushion, rubber in compression .. 193 137 330 New solid 202-5 
Rigid artillery us 85 110 195 Worn solid 146-0 
TABLE Ii. 
| 
Col. 1 2 | 3 4 | 5 6 

. Drop to Produce Static Deflection Deflection under 
es Combination of ,000 Ib. due to 15,000 Ib. 15,000 Ib. 
: ‘ Wheel and Tyres. impact (in.). (in.). impact (in.). 

1 Rigid artillery. . ree Worn solid 0-29 0-18 0-20 

2 “ Compression ” resilient Worn solid 0-41 0-40 0-33 

3 “Shear” resilient .. Worn solid 0-70 0-93 0-64 

4 Rigid artillery.. ‘“s New solid 0-75 0-74 0-70 

5 “ Compression ” resilient New solid 0-79 0-96 0-80 

6 Rigid artillery. . ne New cushion 0-95 1-02 1-01 

7 “‘ Compression ”’ resilient New cushion 0-98 1-24 1-09 

8 “Shear ” resilient New solid 1-16 1-49 1-17 

9 “Shear ”’ resilient New cushion 1-41 1-78 1-51 

















Experimental Results—As regards the wheels 
themselves, irrespective of the tyre equipment, 
the order of superiority in impact reduction is as 
follows :— 

1. Resilient wheel employing rubber in shear. 

2. Resilient wheel employing rubber in com- 
pression. 

3. Rigid artillery type wheel. 


In qualification of this arrangement it should be 
remarked that the rigid wheel is not greatly inferior 
to the “compression” cushion wheel when both 
are equipped with new tyres. Unfortunately for 
the road performance of a rigid wheel, the greater 
part of its life is passed in the company of tyres 
partially worn by attrition and increasingly de- 
teriorated by age and use, and it is during such 
periods that the full benefits of resilient wheels may 
be expected to be manifest. With all classes of 
tyre the “‘ rubber in shear ” resilient wheel exhibits 
a marked superiority in impact reduction. As 
tegards the tyres alone, irrespective of wheel, the 
order of superiority is, as may be expected :— 

1. New cushion. 
2. New solid. 
3. Worn solid. 

Impact data are available for all the possible 
combinations of the types of wheels and tyres 
described in Table II. For the benefit of the lorry 
Operator anxious to discriminate among a variety 
of equipment, the representative data of Table III 
are appended above, from which the relative merits 
of nine combinations of wheel and tyre may be 
adjudged. Column 4 of the table shows the distances 
through which the wheel must fall in order to produce 





less importance. Conversely, the resilience of the 
wheels is most pronounced and most effective in 
combination with inferior tyre equipment. This 
feature constitutes a decided advantage in favour 
of the resilient, as against the rigid, wheel since, 
under normal conditions of operation, the tyres of 
a vehicle are likely to depreciate more rapidly than 
the cushioning elements of the wheels. 

An interesting comparison is to be made between 
the magnitude of impact reaction, as measured 
directly by the Kreuger cell, and as computed from 
accelerometer results. From tests carried out with 
each wheel and tyre combination, over a range of 
drop distances, the computed results are, in a pre- 
ponderance of instances, somewhat in excess of 
those measured. The discrepancy amounts, on the 
average, to 8 per cent. of the measured impacts, 
individual observations ranging from — 6 per cent. 
to 25 per cent. This may well be due, at least in 
part, to the assumption of simultaneous maximum 
decelerations of all parts of the wheel, to which 
reference has been made earlier in connection with 
the formula for use with the accelerometer. Some 
weight is given to the probability of non-simultaneous 
accelerations by the fact that the discrenancy is most 
marked in the case of the “‘ rubber in shear ”’ resilient 
wheel equipped with worn solid tyres—a combina- 
tion for which the respective cushioning effects of 
wheel and tyre are likely to differ appreciably. The 
discrepancy is least marked for the “rubber in 
compression ” wheel. When this wheel is equipped 
with new solid tyres, indeed, the agreement between 
measured and computed results is within 1 per cent. 
This is, however, possibly fortuitous, and the 
magnitude (25 per cent.) of the maximum observed 








discrepancy compels the conclusions that, with the 
experimental equipment hitherto developed, no very 
high order of numerical accuracy can be relied on for 
impact reactions, and that, at present, direct 
measurements of impact with the Kreuger cell are 
probably more reliable than computations based on 
measured accelerations. 

Static Deflection Tests.—In view of such uncertain- 
ties as have been mentioned, and of the labour and 
expense involved by actual impact tests of motor 
wheels, an obvious course is to determine how far 
the results of simple static load-deflection tests are 
capable of indicating the relative cushioning quali- 
ties of different wheel types. In respect of the 
wheels described in Table II, sufficient static 
loading data are available to enable an informative 
comparison to be made with the corresponding 
impact test results. In order to analyse the 
respective deflections of the tyres and the cushioning 
elements it is necessary to observe separately, up to 
a maximum compressive load approaching 30,000 Ib., 
the deflections, due to each increment of load, of 
the tyres with respect to. the rim and of the rim 
with respect to the axle. For wheels alone, and 
tyres alone, such static tests indicate the same 
comparative order of resilience as do the impact 
tests. A comparison of test results for the nine 
wheel and tyre combinations under static loading 
is afforded by column 5 of Table III. With two 
exceptions (reference Nos. 3 and 4), the order of 
combined resilience is the same for static and 
dynamic testing, although the static deflections 
under 15,000 Ib. compressive loading applied 
between the tyre and the axle are, numerically, 
widely at variance with the drops to produce an 
impact force of the like magnitude. 

Impact and Static Deflections—From the auto- 
graphic records of rim and hub displacements, 
obtained separately during impact tests, a perhaps 
more legitimate comparison between the static 
and dynamic behaviour of resilient and rigid wheels 
is afforded by the load-deflection relations for the 
two conditions. Representative values of the com- 
bined wheel and tyre deflections under impact are 
tabulated in column 6 of Table ITI, and it should 
be noted that they indicate exactly the same order 
of resilience as those of column 4. A comparison 
of the deflections under 15,000 Ib. load (columns 5 
and 6) shows that the deflection of combinations 
including the rigid wheel, is very closely the same 
for static and impact loading, whatever the tyre 
equipment. The resilient wheels, on the other 
hand, are subject to deflections greater by 11 per 
cent. to 45 per cent., under static than impact 
loading, the discrepancy being most marked in the 
case of the “rubber in shear” wheel, fitted with 
worn solid tyres—a combination in which practically 
all the cushioning effect may be expected to be due 
to the new resilient elements of the wheel. The 
deflections of the tyres alone are, in fact, practically 
identical for static and impact forces over a wide 
range of loading. 

The discrepancy between the numerical results 
of static and impact tests may, perhaps, be explained 
on the grounds that the wheel and the tyre, when 
subject to impact, do not develop their maximum 
compression strains simultaneously. .On this hypo- 
thesis, the impact deflections should be smaller 
than the static, and columns 5 and 6 of Table III 
show that, except for the rigid wheel with worn 
solid tyres, this conclusion is‘in accordance with 
the observations. On account of the unsprung mass 
of the hub portion of the resilient wheels being 
greater than that of the rim portion, the kinetic 
energy of the latter may have been absorbed by 
the ground, and the rim brought to rest, before the 
kinetic energy of the hub portion is totally absorbed 
by the cushioning elements. At the present stage 
of research, no precise explanation is possible, but, 
whatever be the reason for the discrepancy between 
static and impact testing data, the fact that the 
relative order of the cushioning qualities of different 
wheel types is mainly the same for both techniques 
is of great value in enabling comparative impact 
performance to be deduced from simple tests made 
without special plant. 

Comparison with Pneumatic Tyres——In the 
measurement of the impact reducing qualities of 
resilient wheels it is highly desirable to have 
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comparable data respecting the performance of wheels | type of six-wheel construction in which the two 
equipped with pneumatic tyres. For use on com-|rear wheels on each side are carried on a wheel 
mercial vehicles, pneumatic tyres are restricted to | connector which is swivelled at the centre where 
highly inflated types, and the available impact data | it is attached to the plate spring supporting the 
relevant to the effects of wheel type under considera- | body. It is evident that, with this arrangement, 
tion relate to a rigid wheel fitted with a single 8-in. | the centre of the wheel connector together with 
by 40-in. pneumatic tyre inflated to 105 lb. per| the unsprung mass it carries is raised and dropped 
square inch pressure. The single tyre is not strictly | only half as far as the hub of one rear wheel when 
comparable with the dual tyres of the resilient | the latter encounters a road obstruction. Impact 
wheels. Under similar test conditions it is subject | is therefore reduced on account both of the reduced 
to greater intensity of tyre loading than would | spring pressure to which the tyre is subject at the 
be the case with dual pneumatics of rather smaller} moment of impact and of the smaller distance 
size. Its deflection under static and impact|through which a considerable proportion of the 
loading is therefore greater. From the results| total unsprung mass falls prior to the impact. As 
of comparative road tests on dual and single tyres|an additional factor contributing to reduced 
it appears that the impacts with the single tyre | impact it may frequently occur that the reduction 
should be increased by about 20 per cent. in order|of wheel loading with six-wheel construction 
to present a fairer comparison with the resilient | may admit either of the use of pneumatic tyres, 
wheel impacts. After ample allowance is made | or of narrower solid or cushion tyres, than would be 
on this account, however, the impact data for the | requisite for a corresponding four-wheel vehicle. 
pneumatic tyre exhibit higher cushioning qualities | As regards the unsprung mass carried by the axle 
than even the best combination of resilient wheel | there is probably no great advantage in the six- 
and hollow-centre cushion tyre. The contrast | wheel type since, from other considerations than 
in deflections under static and impact loads of | those affecting road wear, it is desirable to drive 
10,000 Ib., is well displayed by Table IV. both axles through tandem differentials and to 

The rigid wheel with worn solid tyres and the| brake all four rear wheels. Only meagre data 
“‘ rubber in shear ” resilient wheel with new cushion | are available with regard to the impact reactions 
tyres exemplify the extremes respectively of bad|of comparable four- and six-wheel vehicles. A 
and good cushioning with other than pneumatic | few experiments have been made, however, with 
tyres. pneumatic-tyred 5-ton lorries, the results of which 

A point of interest in connection with the results | indicate that the unsprung components of the 
of Table IV arises from the results of other tests | impact reactions are about twice as great for the 





TABLE IV. 








Col. 1. | 2 3 4 5 6 





Combination of Drop to Produce | Statice Deflection Deflection under 


| 
| 
| 
| 











| } 
| 
ae | | 10,000 Ib. | _ due to 10,000 Ib. 10,000 Ib. 
Sail ' Wheel and Tyres. | impact (in.). | (in.). impact (in.). 
| ee . oe a. 
1 | Rigid artillery... Worn solid 0-18 0-15 | 0-16 
9 | “Shear ”’ resilient New cushion | 0-60 1.38 1-13 
Pneumatic 1-43 | 1-96 1-96 


10 | Rigid artillery... 





on the deflection, under static load, of the tyres! four-wheel as for the six-wheel lorry, and that 
only. The deflections at 10,000 Ib., for the tyres | the stresses induced in the pavement of a concrete 
only of combinations 1 and 10 amount to 0-13 in. | road are in about the same proportion. 

and 1-96 in. respectively. These values are very 


ae hi flec- 
close to those of Table IV ne as _ ~— oA THE CROSS-CHANNEL STEAMERS 


tions of wheel and tyres, =i on 
aed possesses practically no cushioning value| ‘‘ BESSEMER, CASTALIA ’’ AND 
‘* CALAIS-DOUVRES..”’ 


whatever. The corresponding deflection for the | 
new cushion tyre is 0-78 in. and the difference! Nor the least interesting columns in The Times 
between this value and the deflection 1-38 in./are those devoted to correspondence, the letters 
for the combination No. 9 of Table IV shows up/jn which often contain information otherwise 
very strikingly the resilient properties of the| unobtainable. Naturally, engineering receives some 
‘ rubber in shear ” wheel. . attention, and a short time ago, there were many 
From the view point of impact force due to a|jetters about those fine specimens of millwrighting, 
given fall, due regard being paid to the increase of | the old English windmills, and the suggestion was 
impact with dual, as compared with single, pneu- fone that steps should be taken for their preserva- 
matic tyres, the position may be summarised 88/tion. During the last few weeks reference has 
follows :—The impact reaction due to a pneumatic | heen made to the history of the curious cross- 
tyre on a rigid wheel is just about 80 per cent. of | channel vessels of the ‘seventies, the Bessemer, 
that due to a combination of well designed, new | Castalia, and Calais-Douvres, built to diminish, 
resilient wheel and hollow-centre cushion tyre ;|s far as possible, the discomforts of the passage 
and less than 50 per cent. of that due to a worn | hetween England and France. Recollections of over 
solid tyre on a rigid wheel. . , | fifty years ago are naturally somewhat hazy, and 
Effect of Width of Wheel.—The remarks which | the particulars given have not always been correct, 
have just been made with regard to the relative| ang The Times itself, when publishing a picture 
cushioning of single and dual pneumatic tyres| of the Calais-Douvres, made the conjecture that 
have a bearing on the general aspect of the relation |... was but the Castalia altered. ‘There is, of 
between impact effect and width of tyre surface, | ourse, no grounds for that suggestion. The three 
which is not always realised. With & given axle | Vessels were all described in ENGINEERING and 
load, the intensity of pressure under a given impact | ther journals, and a great deal was written and 
will be smaller with a wide than with a row isaid about them. Of the three, the Castalia* was 
tyre, whether the tyre le pneumatic orsolid. TOM | the first launched, being built for the Channel 
the restricted point of view of impact reduction, |ctoamship Company to the designs of Captain 
therefore, narrow wheels and tyres have in general|~) WN. Dicey by the Thames Iron Works, of 
an advantage over wide ones—an advantage, | which G. C. Mackrow was the naval architect. 
however, of which the demands of axle load and | gn. had two complete half-ship hulls, each 290 ft. 
mechanical strength frequently prevent the realisa- ‘long and 17 ft. wide, fixed parallel to each other 
tion. : ; a . _|at a distance of 26 ft. Her diagonal direct-acting 
Six-Wheeled Vehicles.—The present consideration /engines had cylinders 46} in. diameter by 4 ft. 6 in. 
of impact reaction as affected by type of wheel | stroke. They were made by J. and A. Blyth and 
may be fitly concluded by a brief reference to | Company, and drove the paddle wheel which worked 
one or two aspects of six-wheel construction which |, the ‘space between the hulls. Launched in 
render that type of vehicle less destructive byimpact | age 
than the corresponding four-wheel type. The} + See ENGINEERING, vol. xvii, page 433; vol. xviii, 
most important advantage is a feature of that page 394; vol. xxvii, page 334. 














June, 1874, her steam trial took place August 15, 
From the first her performance did not come up 
to expectations, but it is said that she paid during 
the summer months, and was laid up in the 
winter months. According to Mackrow she cost 
36,300/., and ‘in April, 1883, was sold for 13,500). 
to the Metropolitan Asylums Board. Converted 
to a hospital ship, for twenty years she was to 
be seen with the Atlas and Endymion, moored 
in the Thames at Long Reach. In November, 
1904, the three ships were sold by auction and 
removed. 

The second vessel, Bessemer* was launched 
at Hull while the Castalia was doing her trials, 
Built by Messrs. Earle’s for the Bessemer Saloon 
Steamship Company, she was designed by Reed 
to try out the project of Bessemer for a swinging 
saloon. Like the other vessels, constructed of iron, 
she was 350 ft. long, 40 ft. wide, and in appearance 
was something like the old low-ended turret 
warships, her bow and stern having only 3 ft. 
freeboard. The large superstructure amidships 
housed the saloon, 70 ft. long, 30 ft. wide, and 
20 ft. high, weighing 180 tons. This immense struc- 
ture was supported on trunnions, and controlled by 
hydraulic apparatus in charge of an attendant who, 
by the exercise of hand and eye, was supposed to 
keep the saloon level, although the vessel was rolling. 
Of the saloon, its elaborate decoration and the hy- 
draulic apparatus we gave a full description, and it 
may interest some to know that it now forms the 
lecture room of the Swanley Horticultural College 
for Women, which occupies the house Reed lived 
in. It is illustrated in its present condition on the 
opposite page. As the superstructure took up the 
greater part of the middle length of the vessel, two 
pairs of paddle wheels were used, one forward, one 
aft, 106 ft. apart, the engines being of the oscillating 
type. On the way south from Hull the Bessemer is 
said to have attained a speed of 16 knots. Her first 
trip across the Channel took place May 8, 1875, and 
terminated with her demolishing a great part of the 
western pier at the entrance to Calais harbour. One 
or two other voyages were made, but she proved 
a most refractory vessel, and on May 26, 1876, 
we recorded her sale for 20,000/., her original cost 
having been 200,000. 

The Calais-Douvres,t at first called the Ex- 
press, differed from the Castalia in having two 
complete ship-shaped hulls, each of them 300 ft. 
long and 18 ft. wide, but held 253 ft. apart. Her 
engines were also of the diagonal type, with cylinders 
63 in. diameter and 6 ft. stroke. Built by Andrew 
Leslie, at Hebburn, in 1877, she made her first 
voyage from Dover to Calais in May, 1878, and 
it was in her, so one writer in The Times says, 
Disraeli crossed on his way back from the momentous 
Berlin Congress. As was anticipated by many, 
she proved to be a great coal eater, but for many 
years she ran in the service of the London, Chatham 
and Dover Railway. In the ’nineties she was to 
be seen laid up in Tilbury Docks. Lindsay, in 
his ‘* History of Merchant Shipping,” writing of 
the Bessemer, said that ‘“‘no great strides have 
hitherto been made in the art of shipbuilding, 
or in the mode of propulsion, without the aid of 
men who have been bold enough to enter on novel 
and frequently costly experiments.”’ It is probable. 
however, that none of these vessels would have 
been constructed had their models been tried in 
an experimental tank. But in the seventies, the 
only tank in existence was that of Froude’s, at 
Chelston, Torquay, and it was not till 1883 that 
William Denny built the tank at Dumbarton, 
which was the first of its kind available for experi- 
ments on mercantile vessels. 


’ 








Tue Propuction oF ALUMINIUM.—<According to a 
statement contained in a recent issue of La Technique 
Moderne, the world production of aluminium totalled 
206,100 metric tons in 1927, compared with 202,100 tons 
in 1926. In 1927 the main producers were the United 
States 75,000 tons, Germany 27,400 tons, France 25,000 
tons, Canada 23,000 tons, Norway 22,000 tons, Switzer- 
land 21,000 tons, and Great Britain 7,900 tons. 








* See ENGINEERING, vol. x, pages 24, 27 ; vol. x! 
page 100; vol. xiv, page 387; vol. xviii, pages 267, 288. 
476; vol. xix, page 227. See also Sir Henry Besseni'’. 
F.R.S. An Autobiography, pages 304 to 326. 


+ See ENGINEERING, vol. xxv, page 222; vol. XXxvil. 
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‘* BESSEMER.”’ 


(For Description, see opposite Page.) 





THE ROCKY RIVER PUMPED-STORAGE 
HYDRO - ELECTRIC PLANT, CON- 
NECTICUT. 

(Concluded from page 38.) 


Tue concrete conduit, leading from the intake 
tower and canal, has an inside diameter of 16 ft., 
but extends only a short distance, after which it 
changes to a wood stave pipe line. This wood pipe 
line has an inside diameter of 15 ft. and extends 
for approximately 1,007 ft. along the hillside. The 
average gradient is 0-5 ft. in 100 ft. The intake 
tower and wood pipe are of sufficient capacity for 
the installation in the future of a second generating 
unit. The wood pipe line joins a steel penstock 
Y-connection ; one of the two branches is blanked 
off ready for a second penstock for the future unit, 
while the other extends a short distance to a 
Johnson differential surge tank. The freezing of 
the water in this surge tank is prevented by agita- 
tion with compressed air. The compressed air 
pipe line follows the penstock from the power house, 
branching off at the surge tank, and up on to the 
intake for the air raking gear previously mentioned. 
From the surge tank the penstock drops down the 
hillside to the power house, as may be seen in 


board. The second floor contains the 13,200-volt 
pump motor ’bus bars and switchgear, and the third 
and fourth floors are used for the 4,600-volt distribu- 
tion ’bus bars and storage battery room. 

The hydraulic equipment of the power station 
consists of one 33,300-h.p. vertical shaft turbine 
and two 8,100-h.p. vertical shaft centrifugal pumps. 
A noteworthy feature of the turbine is the cylinder 
gate or valve which replaces the more conventional 
butterfly or Johnson valve for directly shutting 
off the flow of water to the turbine. This cylinder 
gate is built into the turbine, in the annular chamber 
| between the pit liner and the speed-ring. It is 
|operated from a valve on the generator floor. 
Positive mechanical locking devices hold the valve 
in either a full open or closed position. 

The turbine is equipped with a 110,000 ft.-lb. 
actuator governor, located on the generator floor, 
arranged to operate the turbine gates by two 
cylinders in the turbine pit. Oil is supplied to the 
governor system at 200 lb. per square inch, by an 
| alternating-current motor-driven screw pump. The 
| governor of this unit consists of a centrifugal speed 
| element driven by a synchronous motor. 
| The centrifugal pumps are said to be the largest 
|in the United States. The pump specification 





Fig. 15, on page 98, and also in Fig. 11, on page 36 | called for a rating of 112,500 gallons per minute 
ante. The inside diameter varies from 13 ft. to 11 ft. | (250 cub. ft. per second) delivered against a maxi- 
just outside the power house, where there is another | mum head of 240 ft. In the discharge line of each 


Y-connection, one branch being for the generating 
units and the other for the two pumping units. Each 
branch has a Venturi section for measurement of flow. 

The power station is illustrated by means of 
Figs. 17 to 21, on page 99. The generator unit is 
shown to the left of Figs. 17 and 20, and the two 


| 


pump is a hydraulically operated pivot valve. The 
intake to each pumping unit can be shut off by a 
| self-closing gate, and each intake is equipped with 
| vertical trash racks, with air raking device. Pro- 
| vision is made for the insertion of stop logs in each 
| pump intake, and in the two openings of the turbine 





pumps to the right. The concrete barrel type of set- | draught tube. 


ting was used, for the turbo-generating set, in which 
the entire weight of generator, shaft and runner, 
together with the hydraulic thrust, is carried through 
the cylindrical conerete setting and the turbine 
speed ring, to the foundations. The south end of the 
building, referred to as the switch bay, is supported 
on reinforced concrete columns. All the surface 
of the concrete substructure was coated with a water- 
proofing compound. The power house super- 
structure is of structural steel framework and brick. 
Pre-cast gypsum slabs provide the foundation for 
an asphalt built-up roof. The exterior finish of the 
building is of pre-cast cement blocks. 

There are four floors in the switch bay with a 
cable terminal room below the first floor. The first 


The generator is of the standard vertical-shaft 
type with direct connected exciter. It is rated at 
30,000 kv.-a., at 80 per cent. power factor, generating 
at 13,900 volts, three-phase and 60-cycles, and 
running at 200 r.p.m. ; the exciter is rated at 154 kw., 
250 volts and is compound wound with interpoles. 
The pump motors are vertical synchronous machines 
rated at 7,900 kv.-a. 80 per cent. leading power 
factor, 13,200 volt (with voltage range of 5 per 
cent. above or below) three-phase, 60 cycles, and 327 
r.p.m. Pump motor and spare excitation is fur- 
nished by two motor-generator sets each consisting 
of a i50-kw., 1,200 r.p.m. 250-volt, compound 
wound, direct-current generator with interpoles 
direct connected to a 225-h.p. 220-volt, three-phase 





floor is the control room and contains the switch- | 60-cycle, squirrel-cage induction motor. 





The shaft of the generating unit is in two sections, 
one for the generator and one for the turbine. The 
turbine shaft has one guide bearing of the babbitted 
type mounted on the turbine crown plate. Lubri- 
cation is provided from a self-contained gear pump 
driven from the main shaft. For emergency opera- 
tion a float controlled rotary direct-current motor- 
driven auxiliary oil pump is provided. The 
generator shaft has a Kingsbury thrust bearing with 


: copper cooling coils, and an upper and lower guide 


bearing of the babbitted type. The lubricating 
system for the generator shaft bearings consists 
of a gear pump, driven from the main shaft and 
located in the lower guide bearing oil pan. 

The shaft of each pumping units is a single steel 
forging, with a Kingsbury combined upper guide and 
thrust bearing, with copper cooling coils. It is 
mounted on the upper spider and is designed to 
support the total weight and thrust. A guide bearing 
is provided between the motor and pump, supported 
in a cast iron frame of heavy section bolted at the 
bottom to the upper head of the pump. The air 
drawn into the pump motors from the basements is 
discharged into the generator room through four 
ducts to each unit, ending under gratings in the 
floor. 

The single line wiring diagram given in Fig. 16, 
on page 98, shows the general arrangements of 
the station and substation electrical equipment. A 
4,600-volt ’bus bar is provided for the distribution of 
power to the local district. The 33,000-volt outdoor 
*bus bars affords an economical arrangement for con- 
necting Bulls Bridge station (upstream from Rocky 
River) to the main 66,000-volt system. 

The outdoor sub-station and electrical equipment 
at the Rocky River Development, shown in Fig. 15, 
do not present many radical departures from the 
customary practice. However, certain methods 
which have been adopted at this plant, in some 
cases because of the nature of the development, 
necessitate more or less detailed treatment of the 
whole in order to bring out these unusual features. 

The electrical equipment may conveniently be 
divided into five distinct groups. First will be 
considered the 4,600-volt local distribution station. 
This was installed in the Rocky River power station 
so as to bring it under the supervision and control 
of the Rocky River power plant operators. From 
this plant, the nearby New Milford district is served. 

The 33,000-volt outdoor ’bus bars afford the most 
economical arrangement for connecting the Bulls 
Bridge station (upstream from Rocky River about 
8 miles) to the 66,000-volt main transmission system. 
At the same time, these bars will provide the means 
for future distribution of power, at a voltage higher 
than 4,600 volts, to the more remote points of the 
New Milford district. 

Next to be considered is the 66,000-volt outdoor 
sub-station which consists of main and a transfer 
bars, with switchgear, for the two 66,000-volt, 3-phase 
lines to Waterbury, the 30,000-kv.-a. transformer 
bank stepping down to 13,900 volts, and the connec- 
tion to the transformer banks stepping down to 
33,000 volts and 4,600 volts, respectively. Space 
has been left in the ’bus bar structure so that each 
of these two banks can be equipped with a separate 
circuit breaker. The 30,000-kv.-a. main trans- 
former bank has two oil circuit breakers, one of 
which acts as transfer breaker. These circuit 
breakers were designed for a rupturing capacity of 
1,000,000 kv.-a. Such a rupturing capacity, while 
not necessary for the Rocky River plant alone, 
is essential because this plant is tied into the 
system over a relatively short 66,000-volt trans- 
mission line. Moreover, in the future, two lines 
will tie the Rocky River station to the remainder 
of the system, thus making it imperative that the 
breakers should have sufficient capacity to take care 
of all possible feed back from short circuits. 
Although the generating voltage is 13,900 the 
main station voltage is 66,000. If it were not 
for the two pumping units there would be no 
*bus bars and switchgear at 13,900 volts. As a 
matter of fact, the second generating unit will be 
connected directly to its transformer bank as indi- 
cated on the wiring diagram. The 66,000-volt side 
of the 30,000-kv.-a. transformer bank is Y-connected 
and solidly grounded. The 13,900-volt windings 
are provided with 40, 50 and 60 per cent. taps io 
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obtain, with an open-delta connection, approxi- 
mately half-voltage for starting the pumps. This 
was done in preference to providing separate 
starting transformers for each pump motor. 

The 13,900-volt indoor sub-station, as mentioned 
above, is for the sole purpose of supplying power to 
the pumping units. There are two "bus bars, a 
full-voltage running bar and a half-voltage starting 
bar. The connections from the transformer 
bank to the bars are made‘with single conductor 
cables. The generator leads are connected to the 
running bar through a set of disconnecting switches 
with provision for a future oil-circuit breaker. On 
the generator side of this tap is a non-automatic 
oil circuit breaker, to disconnect the generator from 
the transformer bank before it is used to supply 
power to the pumps from the 66,000-volt bar. 
The two oil-circuit breakers, connecting each pump- 
ing unit to the starting and running ‘bus bars are 
interlocked. 

The station service ‘bus bars consist of a 230-volt 
60-cycle, 3-phase bar which supplies power primarily 
to the two motor generator sets, the battery charging 
set, the sump pumps, air compressor, station lighting 
and the main 250-volt direct-current or exciter 
bar, which is, at present, divided into two sections, 
one for the generator, the other for the two pumps. 
The 250-volt direct-current emergency bar is 
supplied from one of the two motor-generator sets. 
The governor oil-pump and the emergency turbine 
oil-pump are normally connected to this bar; 
if power fails, they are automatically switched over 
to the 250-volt direct-current battery bar. All the 
control circuits and small direct-current motors 
in the plant are connected to the battery bar. The 
control battery was made large enough so that it 
can perform the double function of control battery 
and storage battery. 

The fact that the plant is a peak load plant and 
that the pumps can be shut down for short periods 
without serious consequences, and further that the 
generating unit is never operated at the same time 
as the pumps, made it possible to eliminate many 
duplications and reserve equipment which otherwise 
would have been necessary. 

The Rocky River Development was designed and 
constructed by the U. G. I. Contracting Company, of 
Philadelphia, Pa. (now one element of the United 
Engineers and Constructors, Inc.) in close colla- 
boration with the engineers of the Connecticut 
Light and Power Company. We are indebted 
to Mr. E. J. Amberg, Research Engineer of the 
Connecticut Light and Power Company, for assist- 
ance in the preparation of this article and for the 
drawings, &c., from which our illustrations have 
been made. 
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University College, London: 1826-1926. By H. Hate 
Betiot, M.A. London: University of London Press, 
Limited, [Price 25s, net.] 
To persons who have been associated with University 
College in any way the chief interest of its records 
will lie in those that relate to the branches of study 
with which they were familiar. Such an account, 
split up over the many activities it would have to 
include, would make it obviously impossible to 
deal with each of them at any satisfying length. 
Doubtless realising this difficulty, the author has 
made no attempt to present a detailed account of the 
growth of the college in its many faculties and 
subjects. He understates, indeed, what he has done 
when he says that his book can pretend to be little 
more than an index to the material from which the 
history of the college could be written. He has cer- 
tainly given such an index, with references in most 
conscientious fulness, but on many subjects he has 
amplified it by narratives and a commentary, partly 
from his own observation of the material available, 
but largely by quoting from contemporary evidence, 
the collection of which must have required great 
industry and zeal. The result is to present a picture 
of the evolution of the college as a whole, which has 
hitherto been lacking in its records, and to throw a 
new light, often unexpected and usually interesting, 
on many of the principal persons who took part in 
its work. 
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It isto be presumed that Mr. Bellot has made the 
most of his material, and that, where he has not 
given as much information about a particular 
individual as might have been expected, it must 
usually have been because no more was available. 
Sometimes, indeed, the account which is given 
seems to have been included because it was too 
tempting to be left out. The three pages or so, 
















for instance, devoted to the first Professor of Natural 
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of Kennedy’s work puts it in its true place in the his- 
tory of engineering education at University College, 
and indeed throughout the country. In inducing 
the Council to establish an engineering laboratory in 
1878, with an appropriation of 3501. supplemented by 
a grant of 200/., Kennedy was the pioneer of all 
modern British engineering schools. In itself this 
was doubtless a great achievement, with considerable 
and permanent consequences to engineering educa- 


Philosophy, the Rev. Dr. Dionysius Lardner, in| tion, but it can hardly be questioned that his 
which the career of that not too austere man of | methods of teaching had still greater results. His 


science is sketched shortly, with some assistance from | 
Thackeray, are too diverting for complaint to be | 
made that they should have been included. It must | 
be admitted, however, that strictly it is less germane | 
to the purpose of exhibiting the evolution of the | 
department with which Dr. Lardner was associated | 
and the characteristics of the men who did most for | 
it, than would have been done by an account of 
similar length in regard to the characteristics 
and methods of Dr. A. B. W. Kennedy. The 
author is aware, indeed, that the chair of mecha- 
nical engineering had been allowed to lapse on | 
the death of Eaton Hodgkinson in 1861, and that | 
Fleeming Jenkin and George Fuller remained for 
too short a time in that of civil engineering to be 
able to do much for it, so that no remarkable 
progress was made until Kennedy was appointed in 
1874. It cannot, we think, be said that the account 





laboratory, as Professor Coker remarks, was used to 
enlarge the boundaries of engineering science in 
many directions. Like the rest of his teaching 
it was used with a constant eye to practice. 

The nucleus of laboratory plant with which 
Kennedy began in 1878 remained its main equipment 
for many years, and as Professor Coker records, 
he gradually extended it by constructing all sorts of 
special apparatus, which had to be made out of 
nothing and which cost nothing. Probably no 
teacher up till that time did so much to keep 
the minds of his students clear in regard to the 
relative order of accuracy of the information they 
had to handle. He was among the first to insist on 
keeping account of the accuracy of the mate rial 
on which work had to be done when defining the 
precision to which it should be attempted. The same 
practical sense of perspective was shown in a s ill 
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more original and independent way when he per- 
mitted his students in their examinations to use 
slide rules, notes of fundamental formule, and 
whatever methods might be easiest for their pur- 
poses, knowing well that students would find these 
facilities useless in answering his questions if they 
did not understand the matter, and regarding such 
assistance as desirable and legitimate if they did. 
Kennedy’s greatness as an engineering teacher was 
shown cogently by the abundance of first-class men 
he turned out year after year, and the record of the 
reforms he adopted in teaching, and perhaps also 
some indications of his many-sided personality, 
would have been of more historical and educational 
value than the entertaining, if not edifying, descrip- 
tion of Dr. Lardner’s peccadilloes. 

The treatment of the engineering school seems, 
however, to be the one serious shortcoming of the 
book, which as a whole is full of interest. In the 
hundred years with which it deals University College 
took a leading part in providing forms of education 
that were unsatisfied at the time, and in amplifying 
them as fresh demands arose. The success of 
Thomas Campbell in procuring its establishment 
can hardly be said to have been due, as the author 
expresses it, to the fact that he was speaking to a 
new world. Fifty years before he put forward his 
proposal Priestley had pointed out the deficiency 
that was then felt in providing an education other 
than that of a classical scholar or student of abstract 
sciences on the one hand, or of a counting house on 
the other. By 1824, however, a sufficient body of 
opinion had been mobilised to demand a fair start 
in the work of providing education for persons who 
could not go to Oxford or Cambridge, and facilities 
for studying the subjects that were neglected at those 
universities. That start was embodied in the 
foundation of University College, and although it 
was not long before the example was followed else- 
where, and was continued over the country, the 
history and adventures of the original institution 
will long retain their interest. Its promoters were in 
deadly earnest. Campbell at one stage proposed that 
professors should lecture in alternate seasons, so 
that the curriculum should include no holidays, but 
the proposal had disappeared before the issue of the 
first prospectus. The movement had opponents 
enough in various parts of the community, but the 
vigour of its supporters was sufficient not only to 
overcome them, but apparently to provide material 
_ for quarrels among themselves, a practice which 
seems to have continued throughout the history of 
the University of London, up till, let us say, recent 
times. 

The college began with just over 600 students 
—it is not clear whether this figure does or does 
not include the boys in the school—and it kept 
at much the same level till close on 1870. At the 
end of the sixties, after some 40 years of severe 
struggle, the numbers began to rise, and though in 
1878, when women were first admitted, it had not 
touched 1,000, and by 1905 it was still under 1,500, 
by 1920 it was well above 3,000. The improvement 
in its status through the Acts of 1898 and of 1905, 
the developments of its communal life, its separation 
from University College Hospital and school, and 
many other events in its development, are written 


of attractively in Mr. Bellot’s book, which includes | 


in addition an appendix with a large amount of | 


statistical information. 


Berechnung und Verhalten von Wasserrohrkesseln. By 
Frieprich MUtnzincer. Berlin: Julius Springer 
[Pri¢e 24 marks. ] 

THE increased attention which is now being paid to 

theoretical and technial heat problems has so far 

done little to facilitate the task of the engineer 
who has to design a heating plant and to calculate 
the dimensions of boilers, economisers and grate 
areas.. The formule available are elaborate and 
based on uncertain data. The few cases in which 
the heat developed corresponds with the evapora- 
tion realised are not so readily accepted now as 
formerly, and are rather regarded as lucky accidents 
or as suggestive of a too favourable averaging of 
temperatures. Temperature measurements of gases, 
especially when in movement, and the adoption 
of powdered fuels, high-pressure steam and feed- 
heating by turbine bleeding have complicated 
thermal balances, while some of the innovations 





encountered in obtaining test data. When aspira- 
tion pyrometers are used, the true temperature 
of a hot gas may be fairly correctly recorded in 
a l-in. tube, whilst in tubes of 2 in. and over 
the temperature may appear to be 150 deg. and 
even 200 deg. lower, because too little hot gas 
is drawn in to fill the larger pipe. Temperatures 
in different parts of the furnace may vary 
too much, owing to the different local conditions 
of gas-stream, radiation and CO, distribution, to 
admit of correct temperature averaging. The 
recent researches, notably of Schack, Bosch and 
Reiher, and Thoma in Germany, and of Wohlen- 
berg, Orrok and Haslam and Hottel in America, 
show how allowances may be made for variations 
in these factors, and for the effects of alterations 
in furnace design; but the formule are very 
complicated. 

In order to assist the designer, Mr. Miinzinger 
has supplemented his volume on Calculations 
relating to Behaviour of Water-tube Boilers, by 
20 plates for the graphical solution of the problems 
which he discusses in the book, while he also 
embodies numerous examples in his text. This 
exposition, profusely illustrated by diagrams and 
curves, is divided into three parts: a short 
theoretical and technical part on heat transference 
by convection (or gas impact) and radiation ; 
a longer part on the behaviour of steam generators, 
with chapters on furnaces, contact-heating surfaces 
and complete boiler installations ; and a section 
explanatory of the plates and their use. 

One rather wonders why the last-mentioned part 
is wedged in between the other two, which, in effect, 
it summarises ; the arrangement admittedly involves 
repetitions. At first sight also it seems peculiar 
that a special chapter on the behaviour of contact 
(or impact) heated surfaces should follow a section 
on the influence of boiler scale in the preceding part. 
The author, however, has a reason for this. Even 
a thin coating of scale becomes dangerous in 
heater tubes at high duty. When the hot gases 
strike the tube normally, the tube will particularly 
be endangered by scale on the diameter in line 
with the flow, and will tend to bulge out, especially 
with a downward flow of the gas on horizontal 
tubes in which steam bubbles collect on the upper 
surface. In nests of tubes the gas currents are 
divided, and heating by radiation becomes more 
important than heating by convection at high rates 
of gas flow. In Germany gas velocities of 6 m. 
per second, with 10 m, at the most, are not exceeded, 
but in America velocities of 15 m. have been used 
in spite of the increased risks arising from flue 
dusts. The influence of radiation upon the total 
heat transference is more marked at high tempera- 
tures than below 500 deg. C., at which higher 
gas speeds have relatively smaller effect. 

Sections of the book deal with the advantages 
of air preheating, of fin-type cooling surfaces, 
special heating surfaces for effecting complete 
combustion, correct and incorrect superheating, 
the nature of the fuels, heat losses due to the 
obstruction or deflection of the hot gases, brick- 
work, costs, &c. There is no special section on 
materials (steel or alloys) and other matters which 
Mr. Miinzinger has discussed in previous publi- 
cations. The plates of graphs concern the deter- 
mination of the necessary air supply, gas volumes 
and their heat contents, air excess, dimensions 
of boilers and economisers, fuels, powdered fuel, 
grates and furnaces. Some of the latter plates 
make particular reference to the researches of 
Wohllenberg, Morrow and Lindseth. A more 
systematic arrangement would increase the high 
value of the information given in this volume. 





High Voltage Cables : Theory and Practice of their Design 
and Operation. By P. DunsHEatu, O.B.E., M.A., 
B.Se., London: Sir Isaac Pitman and Son, Limited. 
[Price 10s. 6d. net.] 

TuE history of the transmission of electricity by 

means of high-voltage cables began almost exactly 

forty years ago with Ferranti’s well-known experi- 
ments at Deptford, and the development therefrom 
of oil-impregnated paper-insulated cables suitable for 
pressures up to some 20,000 volts. This increase in 
voltage was accompanied by a decrease in the thick- 
ness of the dielectric as the result of practical experi- 





in furnace construction have increased the pitfalls 


ence, but not by any other fundamental chances, 
except obviously an increase in stress. When, how- 
ever, it was found necessary some ten years avo to 
consider the use of pressures of 33,000 volts or nore, 
the stresses had to be still further increased. not 
because such a course was felt to be safe, but to keep 
the dimensions of the cable within reasonable diren- 
sions. The results have been more interesting to 
the onlooker than profitable to the manufacturer, 
Repeated failures have been experienced and much 
research has been necessary to determine their 
causes, until at the present time it may once again 
be said that safe operation has been secured and that 
further development will take place. That being 
so, Capt. Dunsheath’s book, which is based on a 
course of lectures delivered at the University of 
London, comes at an opportune moment. Its 
object is “to summarise the accumulated mass of 
information and make it conveniently available 
for the many engineers and students, who cannot 
hope to see all the original published literature” 
on the subject of high-voltage cables. 

After discussing the economic considerations 
which have led up to the use of this type of equip- 
ment, the properties of dielectrics, as affecting 
cable design, are dealt with in general terms, the 
problems of loss and power factor and their measure- 
ment being specially discussed. A good deal of this 
matter, including the interesting “solid curves” 
devised by the author for showing, among others, 
the relationships between power factor, temperature 
and frequency will be already familiar to electrical 
engineers. The theory of breakdown is next dealt 
with, and thereafter follows a chapter on the design 
and manufacture of cables of the three-core belted, 
screened and 8.L. (separate lead-covered) cables 
and their relative merits. Single-core cables are 
next dealt with, together with sheath effects and 
sheath loss, while the important subject of the 
heating of cables, its causes, measurement and 
effect is also considered. Jointing and terminations 
are described in another chapter, while finally there 
are descriptions of various special designs, including 
the 132-kv. single-core oil-filled cables, which have 
been installed in New York and Chicago and are 
shortly to make their appearance in this country. 

It is obvious, as the author himself realises, that 
in all these matters finality has not been reached and 
that certain theories which are now being used may 
be shown by future experience to be untenable. 
There is no general consensus of opinion in favour 
of any one type of cable for the voltages in question 
and time alone can show which, if any, are the best 
suited to practical operating conditions. The 
position can hardly be better indicated than by 
Captain Dunsheath’s own statements on the 
difficulty of assessing the quality of a cable, a 
problem which was put even more forcibly by 
Mr. W. A. Del Mar in a paper that he read before 
the recent World Engineering Congress in Japan. 
If the tests that have so far been devised do not 
show up weaknesses, it is not easy to place much 
reliance on them or to design cables in accordance 
with the results they give. 

We can highly recommend this book to those 
wishing to study what is being done in_ this 
important and interesting subject. 





Jahrbuch 1929 der Deutschen Versuchsanstalt fiir Luftfahrt, 
E. V., Berlin-Adlershof. Edited by Dr.-Ing. W. HoFF, 
OtTFRIED v. DewitTz, and Dr.-Ing. G. MADELUNG. 
Munich and Berlin: R. Oldenbourg. [Price 42 marks.] 

THE Deutsche Versuchsanstalt fiir Luftfahrt (D.V.L. 

German Experimental Station for Aerial Naviga- 

tion), established in 1911, had by April, 1929, only 

33 members on its rolls. Most of these members 

are, however, not individuals, but corporations or 

firms and their research staffs, and in the autumn 
of 1928, the German scientific and technical bodies 
interested had, moreover, united in the Deutsche 

Forschungsrat (research council) fiir Luftfahrt 

order to co-operate with the experimental institute 

at Adlershof, near Berlin. Professor Prandtl, of 

Géttingen, is chairman of this research council. 

On the other hand, it is stated in the 1929 Year- 

book that the number of German experimental 

stations was still smaller than it was during the 
war, and the needs of a better equipment and an 
enlargement of the Adlershof establishment até 
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The year book, an illustrated quarto volume of 


more than 500 pages, reviews in two divisions the | 
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2 watts, the greatest ranges of 600 km. were obtained 
during the day with waves of 50 m. The Graf 


activities of the Adlershof station during the year | Zeppelin was equipped with 2-watt instruments 
nding with March, 1929. The first short division | for waves of 15 to 60 m., in addition to long-wave 


contains general information and abstracts of 
over 200 papers and reports on test work done, 
which are not to be published in full, being prelimi- 
hary or private. Further particulars are, however, 
i certain cases available on application. The 
second main division contains 39 papers, with their 
discussions. The papers of both divisions, on the 
work of the many sections, are of a very varied 
character and include, in the second division, 
communications on aircraft construction, general 
measurements and motors, on strength of the struc- 
ture and its materials under static and dynamic 
stress, on the blood circulation at reduced or in- 
creased air pressure, on belts for airmen and on a 
“nematograph study of stalling flight, &c. In radio 
work it was found that with long waves the audi- 
bility of radio signals does not decrease with the 
altitude of the machine, a decrease was observed 
when receiving apparatus of 1 watt, for very short 
Waves of 3-7 m., were used. The range was 
greater for longer waves (up to 60 m.) and when 
the transmitter was placed about 15 m. above 
the ground. With transmitters and receivers of 


{ 





apparatus; during the Atlantic crossing some 
short-wave messages from the ship were received 
at 6,000 km. distance, and a regular service was 
maintained at distances between 3,400 and 1,200 km. 
Short-wave receptions on board was disturbed by 
the generators and by simultaneous long-wave 
radio messages. 

The Adlershof experts regret that the inter- 
national wave length for radio service from aircraft 
has been fixed at 900 m. Designating waves of 
more than 120 m. as long waves, they would for 
most purposes prefer 450 m., and they consider 
it is not necessary to use the same wave-length for 
the two directions. 

For the prevention of the corrosion of aluminium 
alloys like Duralumin, they recommend the American 
Alclad method of plating the Duralumin on both 
sides with pure aluminium by rolling and subse- 
quent heat treatment. The studies of wing flutter 
led to the conclusion that the mass centres of the 
rudders should lie in the rudder axis, ‘and the mass 
centres of the wings should be pushed forward 
as much as possible. 





THE ASSOUAN DAM. 


In our issues of February 8 and March 8 last, 
pages 176 and 304, we discussed the report of the 
International Commission on the proposed heighten- 
ing of the Assouan dam. In this report, the Com- 
mission confidently suggested that the water level 
should be raised by 9 m., or two metres more than 
was originally proposed, thus bringing up the storage 
capacity from its present maximum of 4,585 million 
cub. m. to 5,380 million cub. m. _ It is of interest to 
note that the cost of the additional storage thus pro- 
vided would be only £2380 per million cubic metres, 
whilst the cost of the original dam per million cubic 



























































a Pierced Dam. 
aie Units, 2 = 
Metric. 
Case I. |Case Ifa. | Case IIb. 
Specific: gravity of Tons 2-30 | 2-30 2-30 
masonry 
Head of water .-| Metres 13-00 3-00 13-00 
Water thrust. pres- Tons 591-50 591-50 591-50 
sure 
Area of base Sq. m. 67-48 | 73-78 | 73-78 
Volume of masonry | Cub. m. | 970-17 | 1,062-14 | 1,062-14 
Gross weight ,, Tons 2,231-39 | 2,442-92 | 2,442-92 
Net. weight awe Tons 1,792-79 | 1,903-29 | 1,987-12 
Uplift of water .. Tons 438-60 539-63 | 455-80 
Moment of inertia | Metres4 — 28-70 | 728-70 
about C.G. | 
Displacement of re- Metres 1 “784 | 1 836 | 1-680 
sultant from C.G. | | 
of base 
Stresses— Y ica Ae 
At water face .|Kg./sq.cm.| —0-293 | —0-244 | —0-035 
At D.S. face .|Kg./sq.cm.| +5-606 | +5-1387 | +5-136 
Resistance tosliding)  — 3-00 8-22 | 3-35 
W./P. | 
| 











metres impounded was £3469. As shown by 
the drawings reproduced in the articles cited, the 
Commission proposed that the dam should be 
strengthened by a series of buttresses, leaning 
against the downstream face of the existing struc- 
ture, but otherwise disconnected therefrom, rustless 
iron plates being interposed between the new and 
the old work, so that the buttresses in question 
could slide on this plating, with comparative 
freedom, under all changes of temperature. It was 
claimed that with this method of strengthening, 
all stresses would be completely determinate, but 
this, in our view, seems somewhat over-sanguine. 

An important criticism brought against these 
proposals was based on the fact that with reservoir 
full, there is even now pronounced seepage through 
the masonry at the road level of the original struc- 
ture, which is 13 m. below the water level advocated 
in the Committee’s report. 

It thus appears that water is even now flowing 
through the masonry, giving an uplift at the level 
stated. With the additional head proposed, this 
uplift would be greatly increased, and calculations 
made by Mr. A. Burton Buckley, M.Inst.C.E., show 
that a tension of over 4 lb. per square inch might 
be developed on the upstream face of the dam, and 
that the line of resistance (reservoir full) would, at 
certain points, be 3 ft. outside of the profile of the 
original dam. In fact, the capping proposed by 
the Commission projects for 40 per cent. of its total 
width beyond the upper surface of that structure, 
and no provision has been made for lightening the 
projecting portion by the introduction of arches. In 
the diagrams, Figs. 1 to 3, annexed, and table 
above, we give data relating to typical cases for 
which figures have been worked out, and in Fig. 4, 
reproduce a view of the heightened dam, showing 
seepage marks at the level of the added portion. 
The calculations summarised were made on the 
usual assumption that where uplift has to be pro- 
vided for, the water pressure shall be taken as 
extending over the whole surface of the section in 
question, and to vary uniformly from the total 
static head on the upstream face, to zero on the 
downstream side. This assumption is that officially 
adopted in France and Italy, and is certainly on 
the safe side, since it is highly improbable that the 
water pressure can get access to the whole of the 
area affected. It has accordingly been suggested 





that, in practice, provision need only be made for 
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70 per cent. of the uplift thus calculated. In 
dealing with water, however, it is ever well to bear 
in mind the lament of the old Scottish contractor, 
that ‘ye canna cheat watter,” and we note that 
in accepting the general plans for strengthening 
the structure put forward by the Commission, 
Sir Murdoch Macdonald made the proviso that, 
as a maximum, the water level shall be raised by 
only 8 m., instead of the 9 m. proposed by the 
Commission, and has reserved the right to intro- 
duce additional strengthening works which will not 
interfere with the general plan. This limit has 
been accepted by the Minister of Public Works, 
who recently stated that the level of the storage 
should be maintained at R.L. 121, until the uplift 
factor had been determined, and that the final 
level would not be settled until the result of this 
investigation was known. The contract for the 
work has been let to Messrs. Norton Griffiths and 
Company. 


80-TON RAILWAY WAGON FOR 
3-FT. GAUGE. 


MEssks. BaGuLEy (ENGINEERS), Limrrep, of Burton- 
on-Trent, have recently supplied some very unusual 
bogie wagons to the Anglo-Persian Oil Company for 
use on their 3-ft. gauge lines in Persia. These excep- 
tional examples of narrow-gauge stock are illustrated 
in Figs. 1 to 7 on this and the opposite pages. They 
are intended for the transport of steel tanks, 83-ft. long 
and 10-ft. in diameter, the load full being 80 tons. 
The line is laid with 50-lb. rails, and the stock was 
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required to take curves of 95-ft. radius. In 7 
view of the track the wagons were designed with 
four six-wheel bogies, by means of which good 
distribution has been ensured. 

The main frame, 63-ft. long, consists of two 
longitudinals or solebars, each built up to two 
5-in. by 15 in. joists, with wide top and bottom 
cover-plates. There are, in addition to the 
headstocks, four transverse members, two of 
which, centred 43-ft. apart, act as main cross- 
bearers for secondary frames, the connection 
between these and the main frame taking the 
form of a bogie centre and pivot. Each sub-frame 
consists of four lengths of 12-in. by 6 in. joist 
section, plated at each end and fitted there with 
other bogie steel pivot castings, forming con- 
nection with the bogies proper. At the centre 
bearer of the sub-frames, side bearings are 
cantilevered out to control movement of the 
main frame and load. Similarly, at the ends of 
the subframes side-bearings are provided corres- 
ponding with bearings on the bogie framing. 
The side bearings are of the oil-less roller type. 

The bogie frames are of plate with double 
7-in. by 34-in. channels along the topedge. The 
axles are spaced 2 ft. 9 in. apart, centre to centre, and 
the bogies 11 ft. 6 in. apart centre to centre at each 
end. The wheels are cast steel and 2 ft. in diameter. 
The springs of each bogie are equalised. The tare 
weight of the wagons is approximately 31 tons, and the 
load per axle, therefore, is about 9 tons. 

A.B.C. couplers are fitted to the outside bogies, and 
hand brake gear to each bogie. Owing to the overhang 
of the load, as shown in Fig. 2 and Fig. 4, a plan ona 
95 ft. radius curve, dummies have to be used in front 
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and behind the wagon. We are indebted for the 
above particulars, &c., to Messrs. F. C. Hibberd and 
Company, Limited, 16, Northumberland-avenue, W.C., 
London representatives of the builders. 








Forp AEROPLANE FOR OZECHOSLOVAKIA,—- large 
Ford aeroplane with accommodation for 14 passengers 
and two pilots, and fitted with 3 Pratt and Whitney 
460-h.p. engines has recently been purchased by the 
Czechoslovakian State Air Lines. 
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for a future reversing roughing mill. The function of 
the latter would be to relieve the blooming mill when, 
on account of increasing demand, its productive 
capacity became taxed owing to its having to roll 
down a considerable proportion of its output to blooms 
of the comparatively small section required by the 
intermediate stand of the rail and structural mill. 
This condition of affairs was seen to be approaching, 
and it was recently decided to proceed with the in- 
stallation of the new roughing mill. Tenders were 
invited from European and American manufacturers, 
who were given complete freedom as regards the design 
of the plant. The contract for the mill was secured 
by Messrs. The Brightside Foundry and Engineering 
Company, Limited, Sheffield, and for the main electric- 
drive equipment by Messrs. Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, Pa., U.S.A., 
whilst the auxiliary motors were furnished by Messrs. 
The General Electric Company, Schenectady, N.Y. 
The position which the new mill is to occupy is indicated 
at A in Fig. 1; it is taking the place of temporary roller 
tables previously installed. It will be observed that it 
can be fed either with blooms direct from the blooming 
mill, or with wash-heated material from the two 
large hearth-type reheating furnaces placed in a trans- 
verse bay at the end of the rail and structural-steel 
mill building. 

The mill and its drive have been proportioned 
for large production. The largest bloom size to be 
rolled will be approximately 18 in. by 18 in. in 
section, and the smallest 8 in. by 8in. When rolling 
standard Indian State Railway flat-bottomed rails 
from the latter size of bloom, and employing five 
passes, a production of 150 tons an hour will be 
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his hand from the master switch the motor stops 
instantly. In this manner coupling parts having very 
small clearances can be brought into alignment for 
engagement with the minimum delay 

Turning now to a consideration of the mill plant 
proper, the leading spindle, which forms the driving 
connection between the motor and the pinion housing, 
is a heavy slab of forged steel machined all over. The 
coupling jaw-ends, at the extremity of the armature 
shaft of the driving motor and on the end of the lower 
pinion neck, are of the universal type, and are shrunk 
and keyed into place. The jaw-ends are of cast steel, 
and are bored to receive the semi-cylindrical-backed 
bronze bearing pads, the flat faces of which bear upon 
the leading spindle. To carry the latter as-the jaws 
rotate into the vertical plane, and at the same time to 
reinforce them, a large bolt of nickel steel passes 
through each jaw end. The central portion of each 
bolt carries a swivelling bronze block which works in 
‘slots cut at each end of the leading spindle. The 
through bolts are also bored to act as grease containers, 
and are fitted with a spring-loaded piston to effect the 
continuous lubrication of the working elements of the 
universal ends. The pinion housing is built on more or 
less orthodox lines, and a photograph of the housing is 
reproduced in Fig. 6, on Plate VI. One of the uni- 
versal jaw ends, just described, can be seen in the illus- 
tration. The pinion housing body is of semi-steel, 
made in halves, and is bolted to the bed plate by 
means of eight bolts, and further secured by heavy 
joggle keys. As will be seen from Fig. 6, the body 
of the pinion housing is divided vertically on the 
centre line. The two halves are bolted together, 
and are rendered oil-tight by a caulking groove. 
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allowed to settle out and the oil is strained. The 
cleaned oil is then pumped back into the high-level 
tank by an electrically-driven rotary pump. When 
the oil in the upper tank reaches a pre-determined 
low level a safety device, consisting of a float switch, 
is brought into operation. The switch closes an elec. 
trical circuit which rings a gong and lights up a red 
lamp upon the pulpit in front of the mill driver. 

The upper and lower mill spindles, which transmit 
the drive of the pinions to the rolls are of forged 
steel, and are exact duplicates of one another. They 
are machined all over and the jaw-ends, which engage 
the palm ends of the pinions, are machined from the 
solid forgings. The design of these universal jaw-cnds 
is generally similar to that of the main coupling. Each 
spindle has a journal formed at its centre. A view 
of the lower mill spindle is given in Fig. 7, on 
Plate VI. Both spindles are hydraulically balanced. 
The balance gear was designed particularly with a 
view to facilitating roll changing. By adopting 
the hydraulic system, each spindle can be effectively 
locked in the required position by an isolating valve, 
ensuring the engagement of the palm ends of the 
rolls when these are slid into position during roll 
changing. The forged-steel carrier bars of the upper 
mill spindle are slung on a system of heavy cast-steel 
bell-crank levers, seen in Fig. 5, anchored at one end 
to the pinion housing. The free arms of the levers 
compress helical springs carried in pockets formed in the 
pinion-housing body. At their other extremities, the 
carrier bars are attached to steel tension rods suspended 
from the cross-head carried at the top of the balancing 
ram. The balancing cylinder is of cast steel, and is 





bolted and keyed to a facing formed on one of the 
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obtained. This may be increased, if necessary, to 
170 tons, by making slight temporary modifications 
in the mill lay-out. The general arrangement of the 
plant, with its main tables and manipulator, together 
with the main driving motor is shown in plan in 
Fig. 5, Plate V. Fig. 4 is a side elevation of the plant 
seen from the pinion housing side. Figs. 2 and 3, on 
Plate IV, are general views of the mill taken on the 
erecting floor; Fig. 2 shows the ingoing side of the 
mill, and Fig. 3 the outgoing side. In dealing with the 
constructional features of the mill, it will be convenient 
to commence with a brief description of the main elec- 
trical equipment, and then pass on to the mill train, 
roll-changing mechanism, roller tables, and manipulator. 
The main mill reversing motor is a 4,600-h.p., 700-volt 
direct-current single-unit machine running at 120/0/50 
r.p.m., with a compound compensated field, using the 
indirect method of compounding. The frame is of 
cast steel, and the bedplate is built up by are welding 
from heavy wide-flange beams and slabs. The rear 
pedestal of the motor, which is firmly anchored through 
the bedplate directly to the foundations, is a heavy 
steel casting having a thrust collar to take the emerg- 
ency thrust from the mill. Current is supplied by a 


3,800-kw. flywheel motor-generator set, comprising two | 


1,900-kw., 700-volt generators running at 490 r.p.m., 
and a 3,500-h.p., 3,000-volt, three-phase, 50-cycle, 12- 
pole, wound-rotor induction motor, all of which are 
mounted on a structural-steel base. The flywheel has a 
diameter of 13 ft. 6 in., and weighs about 33 tons. The 
generators operate in parallel, using the Westinghouse 
system of connections employed on a number of installa- 
tions in the United States. The exciter set consists 
of a 60-kw., 250-volt, constant-potential generator, a 
10-kw. variable-voltage series exciter, and a 110-h.p., 
3,000-volt, three-phase squirrel-cage motor running at 
720 r.pm. <A feature of the control equipment is an 
“inching ’’ master switch, used in making small move- 
ments of the motor to facilitate the changing of the 
mill rolls and spindles. By means of this master 
switch, the motor can be made to rotate at a very slow 
speed in either direction, and when the operator removes 


| The housing cap is also of semi-steel, and is held 
| down on to its taper seat on the body by four 
| steel bolts extending through the full depth of the 
body. These relieve the material of tensile stresses 
| due to the tooth reaction. Two inspection doors, 
|}made to swing horizontally, are provided, one on 
each side of the body, to facilitate examination of 
the pinion teeth. 

The mill pinions are high-carbon steel forgings 
and have 25 end-milled, double-helical teeth of 4-4 in. 
pitch. The face width of the teeth is 54 in. and 
the necks are 22 in. in diameter and 34 in. long. The 
distance between the centres of the pinions is 36 in. ; 
hence the designation, 35 in. rolling mill. A spare pair 
of pinions is to be seen lying on the ground, to the left, 
in Fig. 2, on Plate IV. As will be seen, one extremity 
is turned and keywayed for fitting the universal 
jaw-end, which engages the leading spindle, and the 
other extremity is formed with a palm end to suit 
the universal couplings of the mill spindles. On 
the neck of each pinion is forged a collar upon which 
bears a double thrust bearing. The latter are sup- 
ported in a heavy frame mounted on the housing 
bed plate and each thrust bearing is anchored to 
the body of the pinion housing by two adjusting 
| bolts, provided with fine-thread nuts which bear 
| on each side of the lugs formed on the bodies of the 
| thrust bearings. By means of these nuts, the bearings, 
and with them the pinions, can be adjusted and locked 
in any position desired within the range of. travel 
provided. These adjusting nuts and the thrust- 
bearing housings can be seen in Fig. 6, on Plate VI. 
The pinion teeth and bearings are both lubricated on 
the automatic gravity-return system, using the same 
class of oil, and about 35 gallons are circulated per 
minute. From a high-level tank, located about 25 ft. 
above the pinions, the oil flows by gravity, through 
distributing pipes, to the points to be lubricated, the 
supply to each point being under independent visible 
|control. After use, the oil drains to the bottom of the 
| pinion-housing body, from which it discharges into a 
| low-level tank. In this tank, sludge and water are 
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screw-down bevel-gear boxes. The lower mill spindle 
is carried in a bearing housing similar to that of the 
upper spindle, and is balanced by two cylinders carried 
on a tie girder bolted between the mill bedplates. 

The roll-housing structure is composed of six steel 
castings, comprising four side posts united at the 
top and bottom by transverse separators; the total 
weight of the assembly is 121 tons. The working 
load is transmitted from the top and bottom members 
to the side posts, at points which are subjected to 
shear only, and the load is taken by two pairs of heavy 
folding keys at each joint, and by six nickel-steel 
bolts fitting into reamed holes. The mill has been 
designed to take rolls having a barrel length of 80 in. 
and collars up to 50 in. diameter. The nominal roll 
centres are 33 in. apart. The lower halves of the 
screw-down gear-drive enclosure boxes, and also the 
brackets for mounting the screw-down motors, are 
incorporated with the top member of the roll housing 
structure. The roll-neck bearings, or chocks as they 
are usually called in a steelworks, completely en- 
close the roll necks, thus enabling the grease to 
be applied in a very satisfactory manner. The bear- 
ings proper are of white metal, retained in position 
by bronze grids. The chock bodies are water-cooled 
by the circulation of the roll-body cooling water on 
its way to the distributing box which is slung from 
the balance beam of the top roll. 

The screw-down mechanism is of the bevel-gear type. 
The drive is obtained from two 80-h.p. mill-type electric 
motors, equipped with solenoid brakes. These give 4 
speed of 80 in. per min. when screwing down, and 160in. 
when screwing up. The maximum lift of the top roll is 
24 in. The motors are coupled to the pinion shafts 
through spring-loaded plate-type slipping clutches. 
Both pinions engage with a common spur wheel mounted 
on a shaft lying on the central vertical plane of the 
roll stand, and carrying at each extremity the horiz: mtal 
driving bevel gears. The vertical bevels are shrunk 
and keyed on long cast-steel sleeves which are formed 
internally with three driving splines. These splines 
engage with longitudinal grooves cut in the main 
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85-IN. REVERSING, ROUGHING ROLLING-MILL PLANT FOR INDIA. 


CONSTRUCTED BY MESSRS. THE BRIGHTSIDE FOUNDRY AND ENGINEERING COMPANY, LIMITED, ENGINEERS, SHEFFIELD. 
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screws. The torque is thus transmitted by the radial 
driving faces of the splines. The general arrangement 
of the serew-down mechanism is shown in Fig. 9, Plate 
VI, in which the attendance platform is also seen. The 
usual dial-type index gear is fitted on the roll-housing 
platform; this is operated by a pair of bevel gears 
from the driving shaft of the screw-down gears. Two 
hands are fitted, respectively registering lifts in inches 
and in sixteenths of an inch. The top-roll balance 
mechanism is hydraulic and is of the single vertical 
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is coupled to the rack shaft by a double-reduction gear 
drive and slipping clutches are provided at the motor 
couplings. The two rack shafts are steel forgings having 
solid flanges, each shaft being in three sections. They 
are disposed in such a manner as to pass underneath 
the lower mill spindle, as will be seen in Fig. 7. The 
journals of the shafts have a diameter of 10 in. The 
stroke of the side guards is controlled by drum-type 
limit switches and is positively limited by spring 
buffers. 

The tilting mechanism comprises four specially- 
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also an early member of the Dynamicables. He was 
elected an Associate of the Institution of Electrical 
| Engineers in 1887, and for some years acted as joint 
| auditor to that body. 








YEAR BOOKS AND ANNUALS. 
Architects’ and Surveyors’ Pocket Diary.—A useful 


leather-backed pocket diary, intended for the use of 
architects and surveyors, has been published annually, 


cylinder type. It is entirely independent of the balance since 1923, by The Association of Architects, Surveyors 
rig of the top mill spindle. The top roll balance | formed fingers working in slots provided in the driving |}and Technical Assistants, 26, Buckingham-gate, 
mechanism comprises two wrought-steel balance beams | side of the ingoing manipulator head. The extremity of | London, 8.W.1. The 1930 edition contains 56 pages of 
which extend over, and are anchored to, the rider} one of the tilting fingers can be seen in Fig. 2. The | professional and technical information, including 

fingers are actuated by levers mounted on a wiper | surveyors’ tables, miscellaneous data concerning 


chocks. The balance beams are carried from the 
cast-steel cross-head of the balance cylinder by means 
of two forged-steel suspension rods.. The balance 
cylinder is accommodated in a bored hole in the 
entablature casting. 
The importance of rapid and convenient roll changing 
in a roughing mill needs no emphasis. As, in the 
present instance, it was desirable that as little demand 
as possible should be made on the mill crane during 
roll-changing operations, it was decided to adopt a 
completely self-contained system, and a_ hydraulic 
arrangement was selected. The manipulating cylinder 
for the longitudinal travel of the roll-changing mech- 
anism is incorporated with the bottom member of 
the roll-housing assembly ; a portion of it can be seen 
directly below the bottom mill spindle in Fig. 7. By 
longitudinal travel is meant, of course, travel in the 
direction of the longitudinal axes of the rolls. The 
full travel of the piston is 16 ft. 6in. The roll-changing 
carriage is in the form of a heavy cast-steel cradle, which 
is hydraulically operated and moves transversely to the 
longitudinal axes of the rolls, as can be seen in Fig. 5. 
The carriage is provided with two seats, each capable 
of receiving a pair of rolls, complete with chocks. The 
carriage slides on a heavy cast-iron box-section bed 
frame. The two cast-steel transverse operating cylinders 
are of the single-acting type. The process of roll 
changing consists, essentially, in pushing out, through 
the outer roll-housing window, the two rolls, previously 
in use, complete with their chocks, and depositing 
them on one of the two seats of the transverse-moving 
carriage. The carriage is then moved on so as to bring 
into line with the housing windows, the new pair of 
rolls, which had previously been set up in duplicate 
chocks in the second seat of the roll-changing carriage. 
The manipulating piston-rod is then coupled up to the 
bottom chocks of the new set of rolls, and pulls the 
assembly into position. It is claimed that it will 
easily be possible to change a set of rolls and perform 
all the supplementary operations required to have the 
mill ready for rolling again in well under half an hour. 
The main tables extending on both sides of the mill 
have each a length of approximately 42 ft. 9 in., 
measured from the centre line of the mill to the centre 
line of the last roller, and contain thirteen rollers 
inclusive of the housing roller. The table frames 
are all box-section steel castings, the bearings of the 
rollers and the line-shafts driving them being cast 
integrally with the table frames. All the rollers in 
the tables are solid steel forgings 16 in. in diameter. 
The roller and line-shaft bearings are of the ring 
oiling type, whilst the mitre gears driving the rollers 
are splash lubricated. Each main table is driven by 
two 80-h.p. mill-type motors connected in parallel. 
The manipulator employed on both sides of the mill 
1s of the all-electric sideguard type, having a tilting 
device arranged on the ingoing side only. Should a 
duplicate tilting mechanism be required on the out- 
going side at some future date, however, provision 
has been made for this to be installed. A general 
idea of the manipulator can be obtained from Figs. 2 
and 5, while Fig. 8 illustrates the apparatus on 
the ingoing side of the mill and shows the arrange- 
ment of the drive for the tilting mechanism. It will 
be noticed that the drives for both pairs of side 
guards are located on the same side of the main 
tables, i.e, on the side adjacent to the mill pinion 
housing. In developing the manipulator, an attempt 
has been made to eliminate some of the drawbacks 
of many existing designs. The aim was to pro- 
duce a manipulator, which would be speedy and 
accurate in action, and at the same time of ade- 
(uate strength and durability. There are no sliding 
Surtaces, exposed to falling scale and scrap, between 
the table rollers; instead, the rack beams carrying 
the cast-steel side guards are mounted on track wheels. 
The treads of these latter may run dry, but their 
Journals can be effectively protected and lubricated. 
The rack beams are arranged to run into dust-proof 
a closure boxes which are formed with the rack-shaft 
ea Irames. With this arrangement, the rack teeth 
may be adequately lubricated. 


shaft, which, in turn, is carried on the manipulator 
head. This shaft is in two sections, each being carried 
in two spherical bearings only, so as to ‘permit, un- 
retrained movement in the event of any warping of the 
manipulator head under operating conditions. The 
two sections of the wiper shaft, as seen in Figs. 5 and 8, 
are coupled, by means of a pair of connecting rods, to a 
forged-steel rotating crankshaft, which is carried in 
spherical bearings, seated in brackets formed on’ the 
appropriate rack beams. The connecting rods are 
furnished with elastic connections to cushion the jar 
imparted to the driving mechanism when the fingers 
engage the piece to be turned over. The crankshaft is 
driven from a pair of 40 h.p. mill-type motors, con- 
nected in parallel, through a double-reduction gear drive 
and a universally-jointed shaft. The -motors are 
equipped with solenoid and dynamic braking. The 
gear-box and motor bed plate is mounted on its own 
foundations at the side of the ingoing table. The 
universally-jointed shaft is actually formed from 
a heavy seamless drawn tube giving the maximum 
torsional rigidity with the minimum of weight. 

The foundations of the mill have been arranged in 
such a way as to allow of the washing of the scale 
from under the rolls and tables into an adjacent 
settling tank. The scale-is subsequently withdrawn 
from the tank by a crane and grab bucket for use in 
the blast-furnace or open-hearth steel plants. The mill 
will be operated by two men only, who will be stationed 
on a pulpit spanning the ingoing main table, at a point 
just in front of the manipulator. One operator will 
control the main motor by means of a pedal switch 
and will also have charge of the tables and screw-down 
gear. The other operator will control the manipulator 
side guards, the tilting mechanism, and also the 
approach roller tables leading to the mill. 

We are indebted to Mr. G. A. V. Russell, A.M.Inst.C.E., 
late chief engineer of Messrs. The Brightside Foundry 
and Engineering Company, Limited, and to Mr. A. F. 
Dixon, the present chief engineer, for particulars 
regarding the rolling-mill plant described above. 








THE LATE MR. H. ALABASTER. 


WE regret to record the death of Mr. Henry Alabaster, 
chairman and managing director of the Llectrical 
Review, Limited, which occurred on Monday, January 
13, at the age of 86. 

It is now fifty-six years since Mr. Alabaster 
became proprietor of what was then known as the 
Telegraphic Journal and Electrical Review. It had 
been founded two years earlier as the The Telegraphic 
Journal and Monthly Illustrated Review of Electrical 
Science, first appearing as a monthly, and then, shortly 
before Mr. Alabaster’s connection with it, as a fort- 
nightly. A few years later, he entered into partner- 
ship with the late Mr. T. E. Gatehouse and Mr. 
H. R. Kempe, the- former becoming editor in 1881, 


In 1919, the business was converted into a limited 
company, of which Mr. Alabaster was the first chair- 
man and managing director, a position he still held 
at the time of his death. During this long period, 
electrical science and industry have changed and 
developed out of all recognition, and there can be 


result was a series of libel actions, all of which were | 
won by the Paper. This, however, was not the only 
occasion on which our contemporary was instrumental 
in defeating attempts at frauds or in dispelling false 
theories. 

Among the more important of Mr. Alabaster’s | 
other activities may be recounted the steps which he | 
took to assist in forming the Electrical Contractors’ | 





when the title of the paper was changed to that which | 
it at present bears. It became a weekly a year later. 


bricklaying, tiling, slating, and carpenters’, plumbers’, 
and smiths’ work, and lists of District Surveyors in 
London, of professional societies, and of scholarships and 
prizes available for students of architecutre, surveying, 
and engineering. The price of the diary is 2s. 6d. net. 





CTubs, 1930.—The thirty-eighth annual] edition of that 
uséful little volume, A List of English Clubs, has just 
been. published by Messss. Spottiswoode, Ballantyne 
and Company, Limited, New-street Square, London, 
E.C.4. It contains information concerning some 
3,950 clubs in London, the Provinces, the British 
Empire, and the rest of the world frequented by British 
people. The data given include the full name and 
postal address of the club, the year of establishment, 
the number of members on the roll, entrance fee and 
subscription, the name of the secretary, and a few 
remarks regarding the nature of the club. The 
London clubs are listed in alphabetical order; these 
in the Provinces and abroad, however, are entered 
under their respective towns. An index to Provincial 
clubs, in which these are entered under their names, 
is included. The book, which is edited by Mr. E. C. 
Austen-Leigh, M.A., is well printed, and bound in red 
cloth covers ; the price is 7s. 6d., or 78. 10d. post free. 





The Motor Ship Reference Book for 1930.— Although 
the first edition of The Motor Ship Reference Book 
only appeared five years ago, the work has already 
established a high reputation as a concise and 
accurate compendium of all matters relating to motor 
vessels. In contrast to reference books on such subjects 
as mechanical or electrical engineering, the rapid 
development of the world’s motor shipping has thrown 
a heavy duty upon the editor in keeping the work up- 
to-date. That this duty has been taken seriously, 
however, is clearly brought out by the contents of the 
1930 edition, which has been thoroughly revised as com- 
| pared with its immediate predecessor. Apart from the 
| very useful list of motor vessels in service or on order, 
‘| brief descriptions are given of all the more important 
| types of main engines in use, together with chapters 
|on such subjects as oil-bunkering facilities, auxiliary 
| machinery, and fuel and lubricating oils. The care 
| taken in keeping the work thoroughly up-to-date is 
| shown by the replacement of earlier photographs and 

drawings of some of the engines by illustrations showing 

the latest types, and the inclusion of the new Deutsche 

Werke double-acting two-stroke engine, as installed in 

the liner Sud Express. Details are also given, for the 

first time, of the new Burmeister and Wain double- 
acting two-stroke engine. We believe that this engine 
is being fitted in the new passenger and cargo vessel for 
the East Asiatic Company, and it may be noted that 
there is some discrepancy between the particulars 
given in the description of the engine, and those listed 
| among the details of the new vessel. Upon the whole, 
however, the information given throughout the work 
appears:to be accurate, and the handbook, which is 
published by the Temple Press Limited, 5 to 15, 
| Rosebery Avenue, E.C.1, at 5s. net, may be cordially 
| recommended to those interested in motor vessels. 
Diaries and Pocket Books——We have received 
'from Messrs. The Welin-Higgins Company, Limited, 
| Grosvenor-road, Coventry, a handy little pocket 











no doubt that Mr. Alabaster played a leading part in | diary bound in their F abrikoid leather cloth, which 
keeping our contemporary in touch with those changes. is used for motor-car bedies and upholstery. The 
In the early days there was less appreciation by the pub- | diary contains postal snd other miscellaneous in- 
lic of what electricity can and cannot do, and the Electri- 
cal Review therefore performed a useful public service in 
exposing the claims, among others, of a Dr. Tibbits 


and the Medical Battery Company, Limited, to cure | { ( 
certain human ills by the use of electric belts.. The | and other useful information. 


formation.—Mr. B. T. King, managing director of 
Messrs. ‘King’s Patent Agency, Limited, Wardrobe- 
chambers, 1464, Queen Victoria-street, London, E.C.4, 
has sent us a neat little pocket diary containing postal 





+ Almanacs and Calendars, &c.—We have received 
monthly tear-off calendars from Messrs. The Super- 
heater Company, Limited, Bush House, Aldwych, 
London, W.C.2; Messrs. Carrier-Ross Engineering 
Company, Limited, Victory House, Regent-street, 
London, W.1; Messrs. Crossley Brothers, Limited, 
Openshaw, Manchester; Messrs. S. 8. Stott and 


Each pair of side guards on both the ingoing and 
outgoing sides of the mill, is driven by two 100 h.p. 
mill-type motors connected in series and equipped with 
solenoid and dynamic braking. Each pair of motors 


Association, while he also showed considerable interest |Company, Laneside Foundry, Haslingden, near Man- 
in the social side of the profession. He was one of the | chester; and Messrs. The Ironite Company, Limited, 


founders of the Electro-Harmonic Society, and was 111, Old Queen-street, Westminster, London, S8.W.1. 
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AUTOMATIC STARTER FOR THREE-PHASE MOTORS. 


CONSTRUCTED BY MESSRS. BRITISH SOUSEDIK ELECTRIC MOTORS, LIMITED, ENGINEERS, PAISLEY. 
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THE SOUSEDIK AUTOMATIC STARTER 
FOR THREE-PHASE MOTORS. 


Tue alternating-current squirrel-cage induction 
motor possesses so many advantages that it is not 
surprising that its use, for purposes which would 
formerly have been considered impossible, is steadily 
increasing. This development is likely to be accele- 
rated by the change-over to alternating-current distri- 
bution which is now taking place. On the other hand, 
it has the disadvantage that its torque at starting is 
low, and that the current taken from the mains during 
this period is high. The former disability can only 
be removed by foregoing, to some extent, the other good 
qualities of the motor, while to overcome the latter 
requires the use of some auxiliary apparatus, such as 
an auto-transformer or star-mesh starter, the replace- 
ment of the simple squirrel-cage by some more or less 
complicated form of rotor winding, or the employment 
of a clutch, which allows the motor to be started light. 
Moreover, the ordinary wound-rotor motor without 
slip-rings, t.e., with the windings internally short- 
circuited, is distinctly inferior to the squirrel cage, 
both mechanically and electrically. The problem is of 
importance, since t>» adopt the simplest method and 
switch the motor directly on to the line means a rush 
of current which, even under present conditions, may 
harmfully affect the regulation. Considerable interest 
therefore attaches to the starter invented by Mr. Josef 
Sousedik' and manufactured in this country by Messrs. 
British Sousedik Electric Motors, Limited, 138, Glasgow- 
road, Paisley, which is designed to overcome the dis- 
advantages of using the ordinary wound-rotor motor 
with slip rings, while retaining the simplicity of the 
squirrel-cage type. 

The essential feature of this starter will be clear from 
the sections which are g.ven in Figs.2 and 3, while 
Fig. 1 is a view of an 85-h.p. motor in which the 
starter can be seen in the position usually occupied 
by the slip rings. As will be seen from the diagram 
given in Fig. 6, the motor itself is of the wound- 
rotor type, and is of standard design, except that 
no slip rings are fitted. It is arranged to give a high 
starting torque. The only starting equipment required, 
in addition to the automatic device, is an ordinary main 
switch. The starter consists essentially of two soft 
iron cores J, which, when the motor is at rest, are 
pressed against the spindle by helical springs, as shown 
in Fig. 2. Round each core is wound a coil C, one end 


of the winding of which is connected to the housing, 











and the other through a spring P, Fig. 3, to the two- 
phase rotor winding. When the motor is switched on, 
the resistance of the coils is sufficient to keep down the 
value of the current in the stator to a moderate value, 
as shown on the left in Fig. 4. As the motor runs up 
to speed and the current falls, however, the centri- 
fugal force overcomes the tension of the springs, with 
the result that the cores fly outwards, thereby reducing 
the inductance in the coils and allowing the current 
to attain the normal value conditioned by the charac- 
teristics of the machine. At the same time, the spring 
P is pressed against the housing, so that the rotor 
windings are short-circuited. When the current is 
switched off and the motor has slowed down to a certain 
speed, the cores are again drawn inwards, by the springs, 
and the coils are once more inserted in the rotor circuit. 
In a modified design, the spring P is omitted, the coils 
remaining in circuit while the motor is running. As, 
however, the cores are withdrawn, the effect is only to 
increase the ohmic resistance of the rotor to a negligible 
extent without altering the inductance. The rotor, 
in this case, is also fitted with a metal ring, which acts 
as a short-circuited guard winding, such as is used on 
transformers. 

As regards construction, it is claimed that the starter 
is simple and not liable to get out of order, since 
there are neither wearing parts nor contacts, while, 
being covered with a steel case, it is completely protected 
both mechanically and against the action of dust and 
fumes. Motors fitted with these devices are, therefore, 
specially suitable for use in mines or other situations 
where explosive gases are present. 

It may be added that the starting torque and current, 
as well as the length of the starting period, can be 
adjusted within pre-determined limits. The equivalent 
of full-load starting torque can be obtained with about 
1} times the full-load current, and this;can be increased, 
where necessary, when the motor is used on cranes 
or for other similar purposes. 

If the motor is overloaded beyond its safe limit, it 
stops automatically, though it does not lose its torque, 
so that when the overload is reduced to normal the 
starter comes into action automatically and re-starts 
the motor. As will be obvious, the motor is also 
protected against low-voltage, since, in such a case, 
the starting mechanism automatically returns to its 
starting position and makes it impossible for starting 
to take place with a short-circuited rotor. Reversal 
is effected by means of an ordinary change-over switch. 
Figs. 4 and 5 show curves of current and speed 
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obtained in a starting and reversing test of a Sousedik 
motor, the full-load current of which was 30 amperes. 
The points of operation of the starter are indicated 
in Fig. 4,and may be related to the corresponding 
curves of revolutions in Fig. 5. 





THE DIESEL - ENGINED TUG 
‘* TIRANDE.”’ 


From the point of view of fuel economy and absence 
of stand-by losses, the Diesel engine offers distinct 
advantages for the propulsion of river tugs, and 
another useful feature of vessels so propelled is that 
they can be ready for service at a few minutes’ notice. 
On the other hand, Diesel engines are comparatively 
costly, and some doubts may have existed as to their 
ability to provide the rapid manceuvring facilities 
which are essential in a vessel towing a train of barges 
on a crowded river. That the advantages are likely 
to overbalance any drawbacks is, however, amply 
demonstrated by the fact that two motor tugs pro- 
pelled by Diesel engines have recently been acquired 
by Messrs. The Thames Steam Tug and Lighterage 
Company, Limited, 6, Lloyds-avenue, E.C.3, for ser- 
vice on the Thames between Brentford and Tilbury. 
Both these vessels were constructed by Messrs. John I. 
Thornycroft and Company, Limited, at their Woolston 
Works, Southampton, the first named Wortha, and 
fitted with a Worthington engine, having been 
completed some few weeks ago, and being now in 
service. A six hours’ full-power trial of the second 
vessel, named Irande, which is fitted with a Carels- 
Ingersoll-Rand engine, was carried out in Southampton 
Water on Monday last. ‘ 

A photograph of the Irande taken during the trials, 
and reproduced in Fig. 2, opposite, shows the appear- 
ance of the vessel, the main dimensions of which are 
as follows :—Length between perpendiculars, 77 ft. 6 in. ; 
breadth, moulded, 19 ft. 6 in.; depth, moulded, 
10 ft. 44 in. ; and maximum load draught, 9 ft. The 
scantlings were specially increased to withstand 
the heavy work of towing on the Thames, and a 
notable feature of the design is that the stern and 
counter are formed of a single steel casting. ‘The 
hull is divided into five compartments, viz., a fore 
peak ballast tank, into which the chain locker 18 
recessed, a saloon, engine-room, and aft peak ballast 
tank. The main oil-fuel tank is built into the forward 
part of the engine room, and has a capacity of 15) tons, 
while two auxiliary tanks, each having a capacit) of 
34 tons, are fitted in the after portion of the same 
compartment. 
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rhe most interesting feature of the vessel is, however 
the main engine, which, as already stated, is of the 
( arels-Ingersoll-Rand type and was constructed at the 
Usines Carels Fréres, Ghent, under licence from Messrs. 
Ingersoll-Rand Company, Limited, 165, Queen Victoria- 
street, E.C.4. A view of the engine is reproduced in 
Fig. 1 on this page, and an elevation, showing the after 
cylinder, flywheel and thrust bearing in section, is 
given in Fig. 3 on page 110. The engine is of the six- 
cylinder, direct reversing, enclosed, four-cycle type, 
with trunk pistons, the cylinder bore and piston 
stroke being 14 in. and 19in., respectively. It operates 
peed the solid-injection system, and is designed for a 
vontinuous output of 400 brake horse-power, at 265 
i Which corresponds to a brake mean-effective 
PF essure of 67-5 Ib. per square inch. In the case of 
ai ‘Tande, however, the rating is 340 brake horse- 
aa 230 r.p.m. The net weight of the engine, 
re spas: flywheel, thrust bearing, air compressor and 
ic) wter pumps, as well as water and lubricating oil, 
a ak ” 314 tons, i.e., 175 lb. per brake horse-power, 
the eee rating of 400 brake horse-power. At 
0-42 Ih er figure, the guaranteed fuel consumption is 
+= Ib. per brake horse-power per hour, but we under- 








stand A 
o | that the consumption actually obtained. during 


1 tests was 0-393 Ib. per brake horse-power 





per hour, the corresponding exhaust temperature being 
640 deg. F. 

The general construction of the engine can be 
followed by an inspection of Figs.1 and 3. The 
crankshaft runs in seven main bearings, of which the 
lower half boxes can be adjusted in a vertical direction, 
to take up wear, by means of wedges operated by 
screws which extend outside the base. The upper 
half boxes are of orthodox design, and are secured 
directly to the base. An extension base at the after 
end of the engine carries a combined outboard bearing 
and thrust bearing, the latter being of the Kingsbury 
type. At the forward end are mounted two horizontal 
plunger pumps, either, or both, of which can be used as 
circulating-water or bilge pumps; between them is a 
vertical two-stage air compressor supplying high- 
pressure air for mancuvring. The six separate 
cylinders are mounted on a box-shaped housing, bolted 
to the bedplate, the base of the cylinder casting being 
formed with a wide flange, as shown on the right. in 
Fig. 3. The housing, however, is relieved of tensile 
stresses by steel tie rods, which pass from the upper 
surface of the housing to the lower side of the main 
bearings. The side shaft is mounted on the port side of 
the housing, and is gear-driven from the after end of the 
crankshaft, to avoid the effects of torsional vibrations. 





The design of the cylinder head, cylinder, piston 
and connecting rod, is well shown by the section on 
the right of Fig. 3, but attention may be called to an 
interesting feature of the cylinder design, viz., the 
provision of vents in the cylinder walls. These vents 
are in constant communication with the space between 
the compression rings and scraper rings on the piston, 
their object being to enable burnt gases and dirty oil 
to escape into a container, from which the oil can be 
subsequently reclaimed. As will be seen, the design 
of the cylinder head follows the standard practice of 
the Ingersoll-Rand Company. The combustion space, 
into which the inlet and exhaust valves open, com- 
municates with the cylinder through a restricted neck, 
about 44 in. in diameter. There are two diametrically- 
opposed spraying nozzles, each having a single hole 
of comparatively large diameter, through which the 
fuel is sprayed. Among the advantages claimed in 
this design of cylinder head are that, during the com- 
pression stroke, air is forced through the restricted 
opening into the combustion chamber, in which con- 
siderable turbulence is set up. The atomised oil is 
injected into this turbulent air in two sprays, which 
impinge upon each other in the centre of the combustion 
space, forming an intimate mixture of fuel and air, 
which results in complete combustion. 

The inlet and exhaust valves, as shown in Fig. 3, 
are of the poppet type, and each is mounted in a 
removable cage. The valves are operated through 
push rods by eccentrics on the side shaft, the inter- 
mittent movement of the valve being produced by the 
rolling motion of a curved link working on a fixed curved 
surface. Since cams are dispensed with in this mech- 
anism, shock and noise are reduced, and another 
advantage claimed for the arrangement is that a 
gradual opening of the valve, followed by a very rapid 
acceleration is obtained. Two fuel pumps, each serving 
three cylinders by means of a mechanical distributor, 
are employed, the pump consisting of a hardened and 
ground steel plunger, working in a detachable liner 
without packing. The liner is held between the 
pump body and a forged-steel head, in which are 
incorporated the suction and delivery valves and a 
mechanically-operated by-pass valve. The plunger, 
the stroke of which is constant, is operated by a push 
rod and roller, the latter being in continuous contact 
with a cam having three separate toes. The point of 
injection, which can be adjusted, is fixed while the 
engine is running, but the amount of fuel delivered to 
the cylinders is varied by the point at which the by-pass 
valve opens; a sharp cut-off of the fuel is obtained 
in this way. The by-pass valve is operated from the 
main pump push rod, by a push rod and rocker arm, 
and the point of opening is varied by moving the 
fulcrum of the by-pass valve rocker. 

Fuel is supplied from an overhead day tank, and flows 
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through a duplex filter to the suction side of the fuel 
pumps. From the pumps it is delivered to the two 
distributors, which consist, essentially, of a flat-faced 
valve having two holes in its surface through which the 
fuel is supplied. By the rotation of the valve, one of 
these holes registers successively with one of three holes 
in the flat surface of the valve seat. It should be 
pointed out, however, that the valve is kept stationary 
during injection periods, the injection pressure being 
utilised to maintain a tight joint between the valve and 
its seat; it thus follows that the pressure is relieved 
while the valve is rotating. 

As already mentioned, good manceuvring powers are 
of particular importance in the engines of a river tug. 
Most marine Diesel engines involve the use of two 
control levers, and it is generally desirable in revers- 
ing to wait until the engine has come to rest, 
which may occupy a considerable time owing to the 
way on the boat. One of the important features of the 
Carels-Ingersoll-Rand engine, however, is that it is 
started and reversed, and the speed is controlled, by 
the operation of a single hand-wheel, which can. be 
moved from the full-ahead to the full-astern position 
without any detrimental effect. When the engine is 
reversed, it operates as an air compressor during the 
deceleration period, a powerful braking effect being 
thus produced. As soon as the engine comes to rest, 
it is turned in the reverse direction by high-pressure 
air, fuel injection being resumed at the same instant, 
The whole cycle of operations follows automatically 
from a single movement of the control wheel, so that 
the time occupied in reversing is reduced to a minimum. 
In the trials above referred to, the average time taken 
to reverse the engine from full-ahead to just turning 
astern was four seconds, and the vessel was under 
way in the astern direction 32 seconds after the engine 
control wheel had been moved from the full-ahead 
position. From full-speed astern to under way ahead 
occupied about 16 seconds. 

In connection with the reversing, it should be 
explained that the timing of the inlet and exhaust 
valves is similar, and the fuel-pump cams are arranged 
so that they adjust themselves automatically to give 
the required point of injection for either direction of 
rotation. It follows that the engine will run in which- 
ever direction it is started, the functions of the inlet 
and exhaust valves being interchanged. Two starting- 
air cams are provided, one for ahead running and one 
for astern running, each cam operating the six valves 
admitting starting air to the cylinders through check 
valves in the cylinder-heads. When the control 
wheel is moved from the ahead to the astern position, 
the fuel supply is first cut off from all cylinders and the 
astern air-starting cam is brought into operation. 
Thus, while the engine is still running ahead, starting 
air, timed for astern running, is admitted to the 
cylinders at the commencement of the compression 
stroke, but to prevent the production of excessive 
pressures in the cylinders, and also to prevent the 
re-expansion of the air on the following down-stroke, 
the check valve in the cylinder head is held open by 
an air-operated plunger, so that, during the compression 
stroke, air is forced back into the reservoir, while, at 
the end of the stroke, the main starting-air valve closes. 
In this way, the braking effect, above referred to, is 
produced. A similar device releases the check valve 
and admits fuel as soon as the engine commences to 
turn in the astern direction. The same sequence of 
operations, of course, takes place when reversing from 
astern to ahead running. When the control valve is 
in the starting position, for either ahead or astern 
running, the fuel valve is operated at its full capacity, 
and, by turning the wheel back towards the neutral 
position, the fuel delivered to the cylinders is reduced 
by the action of the by-pass valve, so that the engine 
can be run at any desired speed. The engine is lubri- 
cated throughout by a pressure-feed system. 

The auxiliaries fitted in the Irande comprise two 
McLaren-Benz airless-injection engines, each develop- 
ing 26 brake horse-power at 750 r.p.m., and each 
driving, through a clutch, an Ingersoll-Rand two-stage 
compressor for charging the air reservoirs at a pressure 
of 350 Ib. per square inch. An Albany rotary general- 
service pump is also driven by the starboard auxiliary 
engine, and a Titan centrifuge for cleaning the fuel oil 
is operated from the port engine. 

Speed trials were carried out on the Netley measured 
mile on Monday last, the vessel attaining an average 
speed of 9-07 knots in six runs with the engine running 
at 232 r.p.m., and of 9-826 knots in two runs with the 
engine running at 252 r.p.m. In these trials, a tempo- 
rary cast-iron propeller was fitted, which will, however, 
be replaced by a bronze propeller designed from data 
obtained during towing trials subsequently carried 
out. 











CANADIAN NaTIONAL RESEARCH LABORATORIES.— 
The building of thelaboratories of the National Research 


TENDERS. 

WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Oil-Engine-Driven Electric Generators.—We gave, on 
page 740 of our issue of December 6 last, brief particulars 
of a call for ténders on the part of the South African 
Railways and‘‘Harbours Board, for crude-oil engine- 
driven electric generating sets. We now learn that 
this call for tenders has been cancelled. (Ref. No. 
B, 6075.) 

Expanded-Metal-Making Machinery.—A firm in Buenos 
Aires, Argentina, is contemplating the purchase of 
machinery for the production of expanded metal and is 
desirous of receiving full particulars of suitable machinery 
from British manufacturers. (Ref. No. A.X. 9039.) 
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United States Bureau of Mines. Bulletin No. 302. Fuel | 
Efficiency. Tests on Batch Oil Stills. By HENrRy 
KREISINGER and others. [Price 20 cents.] Technical 
Paper No. 439. Geophysical Investigations at Caribou, 
Colo. By C, A, HEILAND and others, [Price 10 cents. ] 
Economic Paper No. 6. Summarised Data of Gold 

. Production. y R. H. Ripeway. [Price 20 cents.] 

., Washington : Government Printing Office. 

‘Geochemische Migration der Elemente. Part I. By Pro- 
‘FESSOR Dr. A. FERSMANN. Halle (Saale): Wilhelm 
Knapp. [Price 10-20 marks. ] 

Bulletin de L’ Association Technique Maritime et Aéro- 
nautique. Vol. 33. 1929. Paris : Association Techni- 
que Maritime et Aéronautique. 

United States Public Health Service. Public Health 
Reports. \ Reprint No. 1248. - The Treatment of Sewage 
by Stream-Flow Aeration. By H. N. JeNKs and 
M. Levine. No. 1249. Sewage Treatment Plant at the 
Grand Canyon, National Park. By H. B. Hommon. 
No. 1295. Some Biochemical Relationships in a 
Polluted Stream, By H. HENKELEKIAN. No. 1317. 
Experimental Studies of Natural Purification in Polluted 
Waters. I. Apparatus and Technique for the Study 
of Biochemical and other Oxidations in Liquids. By 
EK. J. THERIAULT and C. T. BUTTERFIELD. [Price 
5 centseach.] Washington: Government Printing 
Office. 

Workshop Receipts. Supplement. «* Aluminium”? to «‘ Wire- 
less.’” London: E. and F. N. Spon, Limited. [Price 
5s. net. ] 

Transactions of the American Society of Civil Engineers. 
Vol. 93, 1929. New York: Office of the Society. 
[Price 12 dols.] 

United States Bureau of Labor Statistics. Bulletin No. 
490. Statistics of Industrial Accidents in the United 
States to the End of 1927. [Price 30 cents.] No. 499. 


Times to 1928. 


Cleveland, Ohio, September 18-21, 1928. 
30 cents.] Washington: Government Printing Office. 
Smithsonian Miscell s Collections. Vol. 82, No. 3. 
The Radiation of the Planet Earth to Space. By G. G. 
Abbot. Washington: Government Printing Office. 





Research. Special Report No. 5. 
Bunkers fe Cargo Coal. 
Stationery Office. [Price 2s. net.] 

Starkstromtechnik. Taschenbuch fiir Elektrotechniker. 
Vol. I. Edited by E. v. Rzma and J. SEIDENER. 
Seventh edition revised. Berlin: Wilhelm Ernst & 
Sohn. [Price 34 marks. ] 


710-1. 
Alberta. By S. C. Ets. 
Department of Mines. 


Stano and others. 
Government Printing Office. 

Department of Overseas Trade. 
Conditions in Australia. August, 1929. 
R. W. Datton. London: His Majesty’s Stationery 
Office. [Price 4s. 6d. net.] 

Pioneers of Electrical Communication. By 
APPLEYARD. London : 
Limited. [Price 21s. net.] 

Materials Handling Equipment. 


By Epwarp J. Tour- 











Advisory Committee has now been formed. This com- 


National Flying Services, Limited. 





Council at Ottawa is to be commenced shortly, on a site 
in Sussex-street overlooking the Ottawa River. The 


estimated cost is 2,774,000 dols. 





tion of civil aircraft on behalf of the Air Ministry. 





London: His Majesty’s | Restaurant, Piccadilly-cireus, London, W.1, on March 2 
next. Tickets are obtainable from Mr. F. R. C. Rouse, 


Rotto | 73,000. 
Macmillan and Company, | gearing manufactured by the firm, to be used in associa- 
"| tion with marine steam turbines, was 14,300.—Vessels 


Register of Shipping had formed a department to under- | Wallsend-on-Tyne, was. ) , adit 
take the inspection of civil aircraft. A special Aviation | 167 oil-burning installations, representing 307,803 h.p., 


surveyor for aircraft is Mr. L. J. Hill, who was previously | —The pe my machine 


stationed at Croydon Aerodrome in charge of the inspec- ting 
oh; Pee: | Sad Sons, Limited, Sunderland. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade——A quiet tone prevails in the 
Scottish steel trade, and specifications are coming to 
hand very slowly. Tonnages are small, and buyers do 
not seem inclined to book ahead. Inquiries are rather 
disappointing at present, and the outlook for the industry 
is not very bright at the moment. In the black-sheet 
trade there is a fair amount of business passing, and 
order books are quite satisfactory. The heavy gauges 
are a dull market, and the same may also be said of 
galvanised sheets. In the case of the latter the demand 
is exceedingly poor, and whenever any business is 
on offer there is keen competition to secure it. The 
following are the current prices :—Boiler plates, 10/7. 10s, 
per ton ; ship plates, 8/. 15s. per ton ; sections, 8/. 7s. 6d. 
per ton; black sheets, 4 in., 91. per ton; galvanised 
corrugated sheets (No. 24 gauge), 13/. per ton, all de- 
livered at Glasgow stations. 


Malleable Iron Trade.—A very quiet start for the 
year took place in the malleable-iron trade of the West 
of Scotland, and makers are experiencing a scarcity of 
orders. On all sides the demand is very limited, and 
prospects are not encouraging. In the steel re-rolling 
branches there is a want of life at present, and with orders 
few and competition keen, the conditions are rather 
unsettled. Current prices are as follow :—‘‘ Crown” 
bars, 10/7. 5s. per ton for home delivery, and 91. 15s, 
per ton for export ; and re-rolled steel bars, 7/. 12s. 6d. 
per ton for home delivery and for export. 


Scottish Pig-Iron Trade.—The state of the Scottish 
pig-iron trade is not good at the moment. Buyers are 
very limited in their demands for various reasons, and 
inquiries are not as numerous as makers would like and 
expect at this time. Overseas shipments are not heavy. 
The following are the current market quotations :— 
Hematite, 8ls. per ton, délivered at the steel works ; 
foundry iron, No. 1, 80s. 6d. per ton, and No. 3, 78s. per 
ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, January 18, amounted to 458 tons. 
Of that total 363 tons went overseas and 95 tons coastwise. 
During the corresponding week of last year the total 
shipment was only some 193 tons, all of which went over- 
seas. 

Shipbuilding.—The Anglo-Persian Oil Company, Limi- 
ted, have, through their shipping subsidiary (the British 
Tanker Company, Limited), placed orders on the Clyde 
for three new oil-carrying vessels. Messrs. Lithgows, 
Limited, Port-Glasgow, will build two, and the Greenock 
Dockyard Company, Limited, will build the third. 
Each of the vessels will be fitted with Burmeister and 
Wain Diesel engines, which will be supplied by Messrs. 
Kincaid, of Greenock. It is interesting to recall that 
a few weeks ago Messrs. Lithgows booked orders for 
two other vessels for the same owners. These two 
vessels are to be 6,500 tons deadweight, and the ma- 


History of Wages in the United States from Colonial | chinery for them is to be supplied by Messrs. Rankin 
[Price 80 cents.] No. 501. Pro-| and Blackmore, 
ceedings of the Sixteenth Annual Meeting of the Interna- | Company are spending a sum of approximately three and 
tional Association of Public Employment Services, | a-half million pounds amongst shipbuilding firms, steel 
[Price | manufacturers, and other industrial concerns in Great 


Greenock. The Anglo-Persian Oil 


Britain at the present time. 








Finspury CoLLtEGE OLp STUDENTS’ ASSOCIATION.— 


Department of Scientific and Industrial Research. Fuel| The annual dinner of the Finsbury Technical College 
Fires in Steamship | Old Students’ Association will be held at the Trocadero 


29 


15, Clifton-gardens, Golder’s Green, London, N.W.11. 





Ovurrut or MaRInE MAcuHINERY IN 1929.—On page 56 


Canada. Department of Mines. Mines Branch. No. | ante will be found the first portion of our annual sum- 
Core Drilling Bituminous Sands of Northern | mary of Marine Machinery Outputs; the concluding 
Ottawa: Mines Branch. | portion is given below.—Included in the total horse-power 
of the marine engines built by Messrs. Swan, Hunter, and 


United States Bureau of Standards. Miscellaneous Paper | Wigham Richardson, Ltd., Newcastle-on-Tyne, namely, 


54,550, were a number of Bauer-Wach low-pressure 


No. 97. Thermal Properties of Petroleum Products. OU, E i 
[Price 15 cents.] Research Paper No. 108. Com- | turbine installations. These, together, came to 27,500 h.p. 
pressive Strength of Clay Brick Walls. By A. H.|—Six sets of Doxford airless-injection, opposed-piston 


[Price 30 cents.] Washington : engines, representing a total of 15,920 i.h.p., have 


been manufactured by Messrs. William Doxtord and 


Economic and Trade | Sons, Limited, Pallion Yard, Sunderland.—The total 
Report. By | Shaft horse-power of marine geared turbines constructed 
by Messrs. The Parsons Marine Steam Turbine Company, 


Turbinia Works, Wallsend-on-Tyne, was 


Limited, 
In addition, the total s.h.p. of the mechanical 


to the number of 30 were engined by Messrs. The North 


London: McGraw-Hill Publishing Company, | Eastern Marine Engineering Company, Limited, Wallsend 


NIER. an 
Limited. [Price 20s. net.] |on-Tyne. The total i.h.p. amounted to 79,241. _ The 

: | two largest units were for the motorships Penrith Castle 

and Thurland Castle (each of 5,710 i.h.p.).—The total 

Luoyp’s REGISTER AVIATION CoMMITTEE.—It was! power of the machinery supplied by Messrs. he 
announced in October last that the Committee of Lloyd’s ;| Wallsend Slipway and Engineering Company, Limited, 


67,130 ich.p. In addition, 


~Messrs. 


for marine and land purposes, were completed.— 


prises Sir S. George Higgins, chairman of Lloyd’s Register, | Central Marine Engine Works, West Hartlepool, pro- 
and six other members of Lloyd’s Committees and of | duced 21 sets of marine propelling machinery having 
underwriting interests, four representatives from the | an aggregate i.h.p. of 69,000. The largest set had an 


Society of British Aircraft Constructors, and one repre- | i.h.p. of 7,200 and was for the City of Dieppe.— Messrs 
sentative each from the Royal Aeronautical Society,| The Shields Engineering and ¢ 
the Royal Aero Club, Imperial Airways, Limited, and | Limited, North Shields, constructed triple-expansion 
The Society’s | engines for eight steamers, making together 6,350 1.!.p- 


Dry Dock Company, 


for nine steamers, %55°C- 
8,240 ih.p., was built by Messrs. John Dickinson 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—New features in the 
Cleveland pig-iron trade are not in evidence. Most 
of the output is going into direct use in its molten state 
at producers’ own consuming departments. Second 
hands have only very moderate parcels to dispose of, 
and makers’ stocks promise to be reduced by increased 
demand for local and other home use. Sales to Scotland 
are very light, Continental pig competing successfully 
for trade with firms across the Tweed. Business with 
customers abroad is almost at a standstill, overseas firms 
refusing to pay the ruling rates, Alittle iron from other 
home-producing centres continues to be used here, but 
foreign products are not invading this district. Iron- 
masters adhere to their fixed minimum figures, which 
stand: No. 1 grade, 75s.; No. 3 g.m.b., 72s. 6d. ; No. 4 
foundry, 71s. 6d.; and No. 4 forge, 71s. 

Hematite.—East Coast hematite is rather slow of 
sale, but producers are fairly well placed as regards orders 
and are reluctant to lower quotations, which they declare 
are barely remunerative. Merchants, however, have 
command ofa good deal of iron and do not hesitate to 
unload their holdings on the basis of ordinary qualities 
at 78s. 6d. for early delivery. Makers still ask up to 80s. 
for supply over periods up till the end of March. Home 
consumers are taking up moderate quantities, but com- 
parative cheapness of foreign hematite has virtually 
closed certain continental markets to makers of East 
Coast brands. 

Foreign Ore.-—Beyond sales of spot cargoes, there is 
very little activity in imported ore. Sellers quote on 
the basis of best rubio at 23s. c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke 
continues in very ample supply, and a further fall reduces 
the quotation, for good average qualities, to 22s., delivered 
to local users. 

Manufactured Iron and Steel.—Manufactured iron and 
steel firms are well employed generally, the exception 
being the sheet-producing sections, which are suffering 
from seasonal quietness. Departments turning out 
shipbuilding, bridge building and railway construction 
materials are most active. Semi-finished steel is slow 
of sale, owing to the comparative cheapness of foreign 
products, but firms here have still a good deal of work to 
execute. Quotations are steady. Common iron bars 
are 101. 15s.; best bars, 111. 5s.; double best bars, 
111. 15s. treble best bars, 12/. 5s.; iron rivets, 111. 10s. ; 
packing (parallel), 8/.; packing (tapered), 10/.; steel 
billets (soft), 62. 17s. 6d.; steel billets (medium), 
Tl. 12s. 6d. ; steel billets (hard), 8/. 2s. 6d.; steel rivets, 
111. 5s. ; steel ship plates, 81. 15s. ; steel angles, 87. 7s. 6d.; 
steel joists, 81. 10s. ; heavy sections of steel rails, 8/. 10s. 
for parcels of 500 tons and over, and 91. for smaller lots ; 
fish plates, 127. 10s. for parcels of 500 tons and over, and 
131. for smaller lots; black sheets, 91. 15s.; and galva- 
nised corrugated sheets, 121. 5s. to 121. 7s. 6d. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—In the heavy steel and engineering 
trades new year resumption is a slow process—in some 
instances exceptionally so, and doubt is expressed 
whether conditions are quite as good as those obtaining 
before the Christmas stoppage. On the other hand they 

are so remarkably varied that the most careful observer 
may be misled in judging the general trend. The 
operation of rationalisation schemes and the undoubted 
depression in the purely iron sections are exercising a 
depressing influence. The recent release of hundreds 
of Sheffield operatives from an old-established works, 
due to the effect of Belgian underselling, will probably 
prove not the final development of this character. Con- 
ditions which allow Continental iron to be sold about 
2. per ton below the local market price are highly 
damaging to order books. The closing of the English 
Steel Corporation’s Penistone works has dealt another 
serious blow to local industry. This development is not 
related to foreign dumping, except in so far as dumping 
was one of the causes of rationalisation. Current policy 
aims at the concentration of output on the most modern 
plants, and, inevitably, works the machinery of which 
is less modern will suffer restriction. In raw and semi- 
finished materials little movement is shown. Purchases 
of steel serap are confined mainly to immediate require- 
ments, and offers are circulating much below the prices 
ruling towards the end of last year. Bulk steel is 
tnoderately active, but quiet conditions obtain in forge 
and foundry pig iron. Current quotations are as follow : 
siemens’ acid-steel billets, 91. 10s.; hard basic-steel 
billets, 71. 128, 6d. to 91. 12s. 6d. ; soft basic-steel billets, 
bil. 15s. ; soft wire rods, 8l.; basic-steel scrap, 65s. ; 
Derbyshire foundry pig iron, 73s. 6d.; Derbyshire 
‘orge iron, 69s, 6d. ; Lincolnshire foundry pig iron, 76s. ; 
crown iron bars, 11/.; iron hoops, 12l.; steel hoops, 
vl, 158, to 101. 5s.; soft wire rods, 8/. Inquiries are 
circulating for several classes of railway steel on export 
account, but business is obtainable only at keenly cut 
rates. Activity in motor-car steel is still pronounced, 
but orders on shipbuilding and mining account are much 
‘elow capacity. Rather more business is circulating 
n agricultural steel. Makers of special steels are meeting 
vith increased competition from abroad, but in turn 

‘© disposing of larger quantities of more expensive 
iaterials. Good business is being done in engineers’ 
nd mechanics’ tools. 

South Yorkshire Coal Trade.—Conditions are steadily 
proving in almost every section. House coal business 
‘re-awakening. The depots are taking larger supplies, 

and London buyers are in the market. Secondary sorts 





are in much smaller supply, with the result that prices 
have hardened. Industrial fuel is a firmer market. On 
export account inquiries are more numerous, while inland 
needs are well up to the recent average. The coke 
market is firm in all sections. Steelworks are large 
buyers of coke of special grades. Quotations: Best 
branch hand picked, 26s. 6d. to 28s.; Derbyshire best 
bright, 21s. to 23s.; Derbyshire best house, 20s. 6d. to 
21s. 6d.; screened house coal, 18s. to 20s.; screened 
house nuts, 16s. 6d. to 18s.; Yorkshire hards, 15s. 6d. to 
17s.; Derbyshire hards, 15s. 6d. to 17s. ; Nutty slacks, 
7s. 6d. to 8s. 6d.; rough slacks, 9s. to 10s.; smalls, 
3s. to 5s. 








NOTES FROM THE SOUTH-WEST. 


CarpirFr, Wednesday. 

The Coal Trade.—Shipments of Welsh coal for the 
Italian State Railway, under the Hague Agreement to 
take 1,000,000 tons of British coal for three years, com- 
mence this week by the steamer Ruta, which has arrived 
at Cardiff to load a cargo of 7,000 tons. She will be imme- 
diately followed by two others which have been chartered 
for readiness this month or early next month. The 
Italians have already purchased more than 700,000 tons 
of Welsh coal for delivery this year, and negotiations are 
proceeding for further quantities. As the vessels carrying 
the coal will also require bunkers, it is estimated that 
the Italian State Railway business will mean an outlet 
for an extra 1,060,000 tons of Welsh coal this year. 
Though welcome, this extra business will not restore to 
South Wales its pre-war prosperity, for it does not 
compensate for the loss sustained by the British Navy 
and crack liners turning over to oil, this having lost a 
market for some 7,000,000 tons of coal per annum. At 
present the market is in a difficult position. Though 
tonnage in dock is plentiful and most collieries are fairly 
well covered with contract commitments, day-to-day 
business is quiet, with the result that collieries find it 
difficult to dispose of current outputs, which are in excess 
of requirements. This is especially so in regard to the 
demand for large, which has not come up to expectations 
in consequence of the mildness of the weather causing a 
falling off in requirements both at home and abroad. 
In fact, all classes of large, with the exception of drys, 
are available at the minima, which is on the basis of 20s. 
for best Admiralty large. Dry large coals, too, are 
weaker at 19s. 9d. to 20s. for bests, and 19s. to 19s. 6d. 
for ordinaries, which is still above the schedule levels. 
Sized coals have developed irregularity and are usually 
lower in price, dry washed nuts being available at 30s. 
to 3ls. and bituminous nuts from 19s, to 20s., but duffs 
continue strong round 15s. for washed dry duffs and 
13s. for dry duffs. Smalls, however, are scarce and tight, 
irregular working of large restricting the output of 
smalls, which are in good demand and realise from 
14s. 6d. to 14s. 9d. for the best bunker classes and from 
13s. for cargo sorts. Shipments of coal as cargo foreign 
in the past week totalled 566,210 tons, which was 63,000 
tons more than in the preceding six days. At Cardiff 
exports were raised from 285,890 tons to 307,990 tons, 
at Swansea from 68,460 tons to 85,960 tons, at Port 
Talbot from 48,910 tons to 63,100 tons, and at Llanelly 
from 6,950 tons to 16,110 tons. Exports to France 
were raised from 185,700 tons to 215,300 tons, and to the 
Argentine from 39,160 tons to 52,720 tons, but to Italy 
they were reduced from 93,700 tons to 50,000 tons. 


Iron and Steel.—Exports of iron and steel goods last 
week reached 23,512 tons, compared with 18,436 tons in 
the previous week. Shipments of tin plates and terne 
plates were raised from 7,715 tons to 8,936 tons, and 
galvanised sheets from 1,802 tons to 7,263 tons, but 
those of black plates and black sheets were reduced from 
2,259 tons to 1,331 tons, and of other iron and steel goods 
from 6,660 tons to 5,933 tons. 











PROPOSED CZECHO-ROUMANIAN AERIAL SERVICE.— 
A new air service between Prague and Cluj (Roumania), 
via Brno, Késice, and Uzhorod, is to be opened shortly 
by the Czechoslovakian State Air Lines. 

RETORT FOR AUSTRALIAN SHALE.—A retort invented 
by Mr. George Christie of Sydney, New South Wales, 
for the treatment of oil shale is stated to possess several 
advantages. Heat is applied by means of superheated 
steam and not, as is usual at the present time, by direct 
heating. It is pointed out that the maximum tempera- 
ture required to extract all the useful volatile con- 
stituents of the shale is 750 deg. F., and that much of 
the volatile matter can be distilled at lower temperatures. 
It is claimed that the utilisation of controllable steam 
heating will yield a large saving in fuel costs, and, 
furthermore, that the steam required may be generated 
by using waste products of the shale, hitherto unsaleable. 
The retort is now the property of the Australian Retort 
Company. 








PERSONAL.—The Bristol branch of Messrs. The General 
Electric Company, Limited, has been removed from 
81, Victoria-street, to Magnet House, 24, Victoria-street, 
Bristol.—Messrs. F. G. Smith (Motors), Limited, have 
opened showrooms at 169, Shaftesbury-avenue, London, 
W.C.2, to deal with the increase in the volume of the 
Dennis commercial vehicle business.—Messrs. Wild- 
Barfield Electric Furnaces, Limited, Elecfurn Works, 
North-road, London, N.7, have entered into an agreement 
with Messrs. Gibbons Brothers, Limited, Dibdale Works, 
Dudley, Worcestershire, for the manufacture of large 
Wild-Barfield industrial electric furnaces. Inquiries may 
be addressed to either firm.—Wing-Commander R. B. B. 
Colmore has been appointed Director of Airship Develop- 
ment at the Air Ministry.—The retirement of Mr. C. W. G. 
Little, chief engineer of the British Electrica] Federation, 
is announced, 





NOTICES OF MEETINGS, 


Puysicat Socrety.—To-night, 5 p.m., Imperial 
College of Science, South Kensington, S.W.7. “A 
Method of Examining Stereoscopic Photographs,” by 
Mr. J. M. Nuttall and Mr. E. J. Williams. ‘‘ The 
Photography of Fabry and Perot Interferometer Fringes 
by the Use of a Simple Optical System,” by Mr. S. E. 
Green. ‘Characteristics of Discharge Tubes under 
‘ Flashing ’ Conditions, as Determined by the Use of a 
Cathode Ray Oscillograph,” by Miss A. W. Leyshon. 

INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. ‘‘ General Operating 
Experiences with the first ‘Wood’ Steam Generator,”’ 
by Mr. E. W. Smyth. 

INSTITUTION OF CHEMICAL ENGINEERS.—To-night” 
6.30 p.m., Institution of Civil Engineers, Great George” 
street, S.W.1. ‘‘ Films and Fibres Derived from Cellu- 
lose,” by Dr. H. Levinstein. 

JuNIoR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.-m., 39, Victoria-street, S.W.1. ‘‘ Refractories for 
Steam-Raising Furnaces,’’ by Mr. W. J. Rees. Friday, 
January 31, 7.30 p.m. ‘“ Superheating,” by Mr. F. 
Onions. 

INSTITUTE OF BriTIsH FoOUNDRYMEN.—Lancashire 
Branch, Junior Section: Saturday, January 25, 7 p.m., 
College of Technology, Sackville-street, Manchester. 
** Foundry Costing,” by Mr. J. O. Gray. 

NORTHAMPTON ENGINEERING COLLEGE ENGINEERING 
Socrety.—Monday, January 27, 5.30 p.m., St. John- 
street, E.C.1. ‘‘ Realism from Records,”’ by Mr. G. A. V. 
Sowter. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
January 27, 7 p.m., Victoria Embankment, W.C.2. 
Informal Meeting. Discussion on ‘‘ High Tension 
Distribution,” by Mr. G. V. Twiss. North-Eastern 
Centre: Monday, January 27, 7 p.m. Armstrong 
College, Newcastle-upon-Tyne. ‘‘The Breaking Per- 
formance of High-Power Switchgear and of a New Form 
of Quenched-Are Switch,” by Mr. L. C. Grant. 

INSTITUTION OF THE RUBBER INDUSTRY.—Monday , 
January 27, 7.30 p.m., Engineers’ Club, Coventry-street, 
W.1. ‘‘Some Recent Developments in Field Practices 
on Rubber Estates,” by Mr. F. A. Stockdale. 

KEIGHLEY TEXTILE Soctery.—Monday, January 27, 
7.30 p.m., Kiosk Café, North-street, Keighley. Joint 
Meeting with Keighley Association of Engineers. 
‘*Modern Improvements in Worsted Machinery,” by 
Mr. A. Bennett. 

INSTITUTION OF CiviL ENGINEERS.—Tuesday, January 
28, 6 p.m., Great George-street, S.W.1. ‘“‘ Stable 
Channels in Alluvium,” by Mr. G. Lacey. Wednesday, 
January 29, 6.30 p.m. Students’ Meeting. ‘‘ Highways, 
and a Survey of Future Developments,” by Mr. A. H. 
Kennard. Manchester and District Association: Wed- 
nesday, January 29, 6.45 p.m., Manchester Literary and 
Philosophical Society, 36, George-street, Manchester. 
‘* Road Surfaces,”’ by Mr. J. R. A. Kenyon. Birmingham 
and District Association : Thursday, January 30, 6 p.m., 
Chamber of Commerce, New-street, Birmingham. 
Vernon-Harcourt Lecture. ‘“‘The Deterioration of 
Structures in Sea Water,” by Professor 8S. M. Dixon. 

SHEFFIELD METALLURGICAL AssocraTION.—Tuesday, 
January 28, 7.30 p.m., 198, West-street, Sheffield. 
‘Density of Molten Metal,’’ by Mr. B. 8. Smith. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanp.—Tuesday, January 28, 7.30 p.m., 39, Elm- 
bank Crescent, Glasgow. ‘‘ The Kitson-Still Locomotive,” 
by Mr. H. A. D. Acland. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—North of 
England Centre, Leeds Section : Wednesday, January 29, 
7.15 p.m., Hotel Metropole, King-street, Leeds. ‘* The 
Diesel Engine in Road Transport,” by Mr. W. H. Goddard. 

Roya Society or Arts.—Wednesday, January 29, 
8 p.m., John-street, Adelphi, W.C.2. Trueman Wood 
Lecture. ‘‘ International Movement of Mineral Products 
during Peace and War,” by Sir T. H. Holland. 

INSTITUTION OF Locomotive ENGINEERS.—Thursday, 
January 30, 6 p.m., Denison House, Vauxhall Bridge- 
road, 8.W.1. ‘“*The Development of the Geared Steam 
Locomotive,” by Mr. T. Grime. 

INsTITUTION OF WELDING ENGrINeEeRsS.—Thursday, 
January 30, 7 p.m., Chamber of Commerce, New-street, 
Birmingham, ‘‘ Modern Improvements in_ Electric 
Resistance Welding Machines,” by Mr. CO. A. Hadley. 

DieseEL ENGINE Users Association.—Friday, Janu- 
ary 31, 3.30 p.m., Caxton Hall, Westminster, S.W.1., 
‘“* High-Powered Oil Engines for Land Purposes,” by 
Mr. W. S. Burn. 











ELEectRoLyTIC HypRoGEN PLantT FOR CANADA.— 
Messrs The International Electrolytic Plant Company, 
City Electricity Works, New Crane-street, Chester, 
have secured a .contract from Messrs. Consolidated 
Mining and Smelting Company of Canada, Limited, for 
a large Knowles electrolytic hydrogen plant, which will 
be installed at Trail, British Columbia, to produce 
hydrogen for synthetic ammonia for artificial fertilisers. 
The plant will comprise 306 cells operating at 10,000 amps. 
and 2-125 volts per cell, connected in series to run as one 
battery on a 650-volt direct-current supply from mercury 
are rectifiers. The hourly production of hydrogen will 
be 49,380 cub. ft.. Automatic distilled make-up water 
sets, gas-washing tanks, and temperature-control appa- 
ratus are also to be supplied. In addition to the electro- 
lytic plant, the contract includes the supply of two 
hydrogen boosters, control and test panels, and hydrogen 
and oxygen mains to the boosters. The shipment of the 
plant is to be completed in twelve months, 
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Vou. CX XIX. 


THE PROBLEM OF CRUISER AND 
DESTROYER LIMITATION. 

In our issue of December 6 (page 727), it was 
shown that the question of reducing or limiting the 
size of battleships, and the ancillary question of in- 
creasing the length of time they remain in service 
have few strategical implications. In contrast 
with this, the problem of reducing and limiting 
cruiser and destroyer strength is completely bound 
up with strategical and political matters. Battle- 
ship strength is of predominant importance when 
two great naval Powers are so close together that 
their battle squadrons are within striking distance 
of one another’s coasts and bases. When the great 
maritime Powers are separated by wide oceans, 
as they are to-day, their relative strength is not 
calculable by tables of battleship tonnage. Indeed, 
their relative strengths are not, properly speaking, 
calculable at all; an estimate of the amount of 
damage that each can do the other is the nearest 
approximation that can be made to a scientific 
valuation of their maritime power. This estimate 
is, as a rule, best made by examining the vulnerable 
points in each nation’s system of oceanic communi- 
cations, and the forces required for defending 
them. But whether the estimate is made in this 
manner, or by the reverse method of discovering 
what forces a nation has available for offensive 
operations, cruiser, destroyer, and submarine 
strength are practically always the starting points 
of the calculation. The vague and guarded state- 
ment issued by the First Sea Lord, the abstract 
arguments of the French memorandum, the Japanese 
claim to a 70 per cent. ratio, are only comprehen- 
sible if the strategical problems, of which they are 
the diplomatic derivatives, are examined and 
understood. 


It would be profitless to elaborate the well- 
known catchword about Great Britain’s depen- 
dence upon foreign trade, for indeed, like all catch- 
words, it has to be accepted with caution. If it 
were literally true that the naval forces of the 
Empire had to be maintained in sufficient strength 
to protect every line of supply from its starting 
point to its destination, then, quite obviously, the 
country never has and never will possess an adequate 
defence force. Some routes protect themselves by 
their inaccessibility, and protective forces need 
only be maintained at certain points. Experience 
has shown, moreover, where those points lie. Our 
trade has been attacked and raided in every ocean ; 
but it was only in one ocean—the Atlantic—that 
the attack became a genuine danger. The German 
raiders in the Indian Ocean and the Pacific, caused 
great consternation when they were at work, but 
they destroyed only a very small percentage of the 
ships which were actually traversing their zones of 


‘operation, and until some power can maintain 
large forces in the Malacca Straits, and the entrance 


to the Red Sea, our Far Eastern trade may be 
said to be self-protected. British shipping can 
certainly be attacked continuously in the Mediter- 
ranean; but the Mediterranean route, though short 
and convenient, need not be used at all. The 
through Mediterranean trade was diverted round 
the Cape during 1917, and although this lowered 
the carrying power of the ships engaged, it removed 
them from a danger zone. 

In the Atlantic matters are different. Every 
important route passes through this ocean; the 
most important routes begin in it, and it is within 
the Atlantic that British shipping can be subjected 
to continuous attack. Adéquate naval defence 
means, in plain language, enough forces to cover the 
Atlantic routes. \ 

But, although it is within the Atlantig that a 
maritime opponent will search for the \Achilles 
heel of the British Empire, it is evident\that a 
large proportion of the Atlantic trade is defensible 
against some opponents and not against others. 
The American grain trade, the Caribbean sugar 
trade, and the American and Mexican oil routes all 
traverse the Atlantic ; and our position in respect 
to each of these trades is as follows :—During the 
year 1928, we imported 103-5 million cwt. of wheat 
for home consumption ; of this, 23-6 million came 
from the United States, 41 million from Canada ; 
well over 60 per cent. of the total supply is therefore 
undefendable by naval forces. The United States 
can stop their'own exports by an executive order from 
the Government, and if they sent a few brigades 
of cavalry across the Canadian border with orders 
to destroy the Canadian Pacific Railway, burn the 
farmsteads, and blow up the grain elevators, they 
would very seriously diminish, if not actually stop, 
Canadian supplies to this country. We should be no 
nearer securing the supply if we doubled our naval 
forces and maintained a cruiser fleet five times as 
powerful as the American. We are in no better 
position with regard to our supplies from the 
Caribbean. Notwithstanding the growth of the sugar- 
beet industry, cane sugar is still an essential article 
in the national diet. We import annually some 
36,000,000 cwt. : 14,000,000 come from Cuba alone, 
and are therefore produced in a country controlled 
by American financiers; 8,000,000 more are pro- 
duced in Peru and the West Indies. By a great 
naval exertion it might be possible to secure the 
2,000,000 cwt. raised in the British West Indies, 
but it is safer to assume that it is within the power 
of the United States to stop about 65 per cent. of 
our total sugar supplies by the ordinary procedure 
of economic control. 

Argentine supplies would probably be stopped by 
the same process. We import annually some 
9,500,000 cwt. of chilled meat, 8,000,000 of which 
come from Argentine companies under American 
financial control. Ten squadrons of British cruisers 
would not secure such supplies if a joint committee 
of American bankers, lawyers, and Treasury experts 
decided that they were to be stopped. 

Owing to the discretion of the Board of Trade, it 
is not so easy to decide what proportion of Great 
Britain’s oil supplies are under American control. 
The country imports annually over 2,000,000,000 
gallons of oil, crude petroleum, and motor spirit ; 





only one source of supply, Persia, is mentioned, 
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and from that country we draw only one quarter of 
the total. A very large part of the remaining 75 per 
cent. could presumably be stopped by an order 
from the United States Government. 

It may be taken that such facts as these were 
the British Government’s justification for yielding to 
the demand for cruiser parity. As matters stand 
it is within the power of the United States to stop 
some 60 per cent. of our essential supplies without 
manning a cruiser or mobilising a gunboat. We 
could not secure those supplies by naval forces, 
however large and powerful, and their protection 
must, in fact, be left to the Foreign Office. Whether 
it was wise to yield in the way the Government 
have to a demand which has been often pressed in 
somewhat haughty and provocative style, is a poli- 
tical question with which we are not here concerned. 

But the British Government have not only 
endorsed the doctrine of Anglo-American parity ; 
they have also interpreted it and reduced it to 
figures. They have agreed provisionally that the 
British cruiser fleet shall not exceed fifty units, 
and that the destroyer flotillas shall be about 
130 units strong. It is upon these forces that the 
duty of defending the Atlantic routes will be laid, 
and their adequacy or inadequacy affects every 
human being in the British islands. It is most 
important that we should examine those duties as 
closely as we can. 

It must first of all be understood that if the mass of 
essential commodities, which we here call the Atlantic 
supplies, were cut off and stopped, the country would 
in a few weeks be prostrate. Many unthinking 
persons believe that when one source of supply is 
closed, another can be drawn upon until the want is 
satisfied. Numbers of British citizens quite honestly 
think that if the American and Canadian grain 
supplies were lost, the Australian farmers would 
make good the deficit. They do not explain how the 
capital, machinery and labour necessary for raising 
64,000,000 cwt. of grain are to be collected and 
made productive within the space of a few months. 
Indeed, it must be taken as axiomatic that if a very 
small proportion of the total supply in any com- 
modity is lost, the deficit may be made good from 
alternative sources of supply ; but that the replace- 
able proportion is exceedingly small. 

Certain of the more thoughtful of our people believe 
that if an essential food be lost it can be replaced 
by another; that Far Eastern rice can be eaten 
instead of Canadian grain, Danish eggs instead of 
Argentine meat and so on. This theory is attractive 
because it can be supported by an imposing array of 
scientific figures. The calories in a pound of rice 
and a pound of wheat are most carefully set out, 
and a perfect dietary is constructed from obtainable 
commodities. But the results of these calculations 
are misleading ; the underlying assumption is that 
a population is not a collection of human beings 
with habits, tendencies and prejudices of their own, 
but an agglomeration of homines economici, living 
creatures who possess every human attribute except 
human sentiments and passions. The plain fact 
is that if the population of this island were deprived 
of more than half of its bread, meat and sugar, it 
might possibly be kept alive for a short time by 
substitutes, but that is all that could be expected. 

It is a well-known fact that one lack creates another. 
The stoppage of German oils and fats, for instance, 
eventually affected every household and every 
industry in the Central Empires. Nobody can 
possibly say how many subsidiary wants, how much 
auxiliary suffering and distress would be created by 
the loss of the greater part of our grain, meat and 
oil supplies ; every thiiking person can, however, 
see that the final result would be anarchy and 
revolution. 

To what extent can these essential supplies be 
stopped by purely naval means? What degree 
of domination must a maritime opponent assert 
over the ocean highways before he can hope to 

bring starvation and ruin upon Great Britain ? 
Where must his naval forces be based, and how 
must they be composed? It has to be admitted 
at once that we have not enough positive data to 
examine these questions scientifically. We know 


what results are given by certain kinds of naval 
warfare upon communications, but we do not know, 


those forms of naval attack of which we have 
experience were very much intensified. Our know- 
ledge of these matters is roughly this: Cruiser 
warfare against ocean traffic was practised very 
successfully by German commanders, and _ the 
German naval staff discovered that it was not 
difficult to keep commerce destroyers at sea for 
very long periods, even though they were being 
hunted for by forces far more numerous than them- 
selves. The Moewe’s first cruise lasted for two 
months, her second for three; the Wolf remained 
at sea for two entire years ; the Kronprinz Wilhelm 
for something like nine months. When these cruises 
were made there were from 20 to 30 Allied cruisers 
watching the trade routes which the raiders were 
attacking. None the less, although the achieve- 
ments of these raiders were remarkable, the amount 
of damage they did was small. The Moewe, for 
instance, destroyed 15 ships on her first cruise, 
and 25 on her second. But there are in all about 
800 entrances and clearances annually on the South 
American trade, which the Moewe raided, so that 
the total disturbance to the trade was small. The 
Wolf’s yield of destruction was far lower ; and when 
submarine cruisers operated off the focal areas 
they did only slightly more damage. From all 
this we can say with certainty that losses inflicted 


5 per cent. of our total trade. The Shanghai trade 
is, therefore, only a small proportion of a small 
proportion ; its loss would hardly be felt by the 
British community. From this it is clear that the 
cruiser strength of the two great maritime powers is, 
to us, less important than that of the lesser powers 
which have bases on the Atlantic. And althouch 
we have, as far as possible, excluded political 
questions from this article, it is perhaps not irrele- 
vant to add that the present Government’s opposi- 
tion to the Japanese demand is most unwise. That 
opposition is being made far more in the American 
interest than our own, for it is demonstrable, indeed, 
proveable, that the Japanese can do us no more 
damage with the cruiser fleet they demand, than 
they can with the cruiser fleet they possess. It 
would have been a wiser policy to treat the Japanese 
demand as a matter in which the United States 
alone are interested. British interests in the Far 
East will not be well supported by a policy which 
gives the Japanese Government a legitimate sense 
of grievance ; and it is contrary to the entire spirit 
of the four power Pacific Pact that the two Anglo- 
Saxon signatories should combine to thwart the 
interests of another. 

From what has been said it is clear that if our 
lines of essential supply were attackable only by 





by isolated raiders would never stop trade move- 
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CRUISERS. 
Built be ace one as 54 327,100 | 14 | 96,000 | 37 230,270 | 17 | 144,420 |, 13. | 77,530 
Out of date or nearly so _— — | 4 | 25,500 8 63,120 | 5 | 50,000 2 | 16,560 
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FLOTILLA LEADERS AND DESTROYERS. 
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SUBMARINES. 

Built re os oe ; ‘| 53 45,530 || 122 82,310 || 64 | 66,630 52 36,860 43 | 27,264 
Out of date, or nearly so -- _ | 17 6,230 || — | _ | 11 | 6,550 | 10 2,702 
Building ics ee | 16 20,830 5 10,170 1! 7 | 11,870 47 49,800 || 14 9,820 





Ments on any particular route, and that the losses 
which they would inflict would always be bearable. 
It none the less remains a fact that in order to 
make those losses tolerable, by diverting shipping, 
and patrolling important points, at least 25 cruisers 
were required ; the defensive forces outnumbered 
the attackers in the proportion of 25 to 1. 

But the experience thus gained gives us no guid- 
ance on a very important matter. What would 
be the result if trade were attacked, not by isolated 
raiders, but by concentrated squadrons ? Would 
there be a total stoppage of South American supplies 
if three or four 10,000-ton cruisers (instead of one 
converted merchantman) operated continuously off 
the Rocas ? What forces would be necessary for 
expelling these raiders from their zone of opera- 
tions ? It is useless to speculate; for we simply 
do not know. All that can be said is that if any one 
of the powers attending the Conference declares its 
intention of building a cruiser fleet sufficiently 
powerful to operate against trade in concentrated 
squadrons, then the 50 cruisers of the Hoover- 
MacDonald agreement will be quite insufficient to 
keep trade on the move within the Atlantic. 

It is beyond all doubt that when the United 
States have built a cruiser fleet nearly equal in 
strength to our own, they will have a surplus avail- 
able for the kind of operations that we have just 
described. But as the United States could dis- 
organise our supplies without mobilising even a river 
gunboat, their naval strength, actual and potential, 
has been treated as a subsidiary question. The 
Japanese could not operate in the Atlantic if their 
fleet were ten times as large as it is at present, and 
whether they are granted the 70 per cent. ratio 
which they demand or not, the damage they could 
do us is extremely small. We may assume that 


Japanese navy could stop all British trade from 
Shanghai northwards. Our export and import trades 





nor can we calculate, what the results would be if 


in the Far East, from Singapore onwards, are only 





with or without a 70 per cent. ratio in cruisers, the | 


defence with the 50 units allowed to Great Britain 
by the informal agreement between Mr. Hoover 
and Mr. MacDonald, always providing that the 
minor naval powers on the Atlantic disavow any 
intention of creating powerful cruiser forces. But 
those powers have not yet done so, and as the 
French navy is not at present proportionate to the 
country’s political status, or to her overseas trade 
or possessions, it can be understood that the French 
policy is very likely to dominate the Conference. 
But the maritime communications of the British 
Empire are not attackable only by squadrons of 
surface cruisers. Even though surface raiding 
might be made effective to a degree of which we 
have no experience, it is most unlikely that this 
form of attack would ever be adopted by a power 
at issue with Great Britain. The achievements 
of the German submarine commanders are recorded 
in capital letters on the pages of maritime history. 
The memory of their successes is a sort of controlling 
and directing influence over the policy of all the 
minor naval powers. For three centuries the naval 
staffs of continental states with relatively weak 
navies have sought for a means of bringing a great 
maritime nation to terms, without defeating her 
fleet, and it seems to them as though at last the 
problem had been solved. The failure of the 
German submarine campaign is forgotten, or ¢X- 
plained away by specious reasoning about Germany $ 
geographical position, and Bethmann-Hollwegs 
hesitations. It is only remembered that the German 
submarine commanders very nearly paralysed 
Great Britain, her Allies, her armies, her fleets. and 
her industries, and from this it is argued that It 
must be possible to complete a first experiment. 
which so nearly succeeded, by a second which will 
| succeed completely. 
The British Government are well aware of 
\In their note of invitation to the Conferenc¢ they 
|have expressed a wish that submarines may be 
‘abolished. The guarded sentence in which this 1s 
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stated means simply that foreign submarine flotillas 
are an impassable obstacle to the Government’s 
project of reducing the British cruiser and destroyer 
fleets to the figures of the Hoover-MacDonald 
agreement. This assertion can be proved, but the 
proof requires a brief preliminary digression. 

The submarine campaign did certainly create the 
greatest maritime danger that has ever threatened 
this country in war. But the submarine comman- 
ders were themselves defeated. They were never 


expelled from their sea, and the purely military | 


campaign against their U-boats failed, for the 
average rate of U-boat destruction was, to the 
very end, far below the average rate of U-boat 
construction. The German submarine commanders 
were none the less defeated because they were out- 
manceuvred. The convoy system instituted by the 
Admiralty in the summer of 1917 was the decisive 
move in the four years’ battle for the control of 
communications. And although the mechanical 
instruments and devices used in submarine warfare 
have been very much improved, these improvements 
and advances have not altered the strategical prin- 
ciples upon which maritime communications must 
be protected against submarine attack. A convoy 
system would be as effective a system of defence 
to-morrow as it was twelve years ago ; it will be just 
as effective if submarines double their capacity for 
keeping the sea and treble the number of torpedoes 
they can carry. It is effective because it encircles 
every vulnerable point in the complex of our com- 
munications with a ring of fortification which no 
submarine can break through. If the old phrase 
‘a one-power standard ” means adequate protection 
against the gravest maritime danger that is ever 
likely to threaten us, then a modern one-power 
standard is simply enough naval force to institute 
and maintain a comprehensive convoy system. 

Anybody who enquires into the numbers of the 
attacking forces which make this system of 
defence necessary, and the forces required to make 
the system effective, will at once be struck by the 
extraordinary disproportion between the two. When 
the submarine campaign was fiercest, the average 
number of U-boats at sea was less than 30; and 
to keep this number of vessels continuously on the 
zones of operation, the Germans had to maintain 
a total fleet of 130 boats. We may therefore take 
it that 30 operating submarines compelled us to 
institute a convoy system. In the Atlantic about 
50 cruisers and 120 destroyers were needed to make 
the system effective, and in the Mediterranean 
about 50 destroyers—British, French, Italian and 
Japanese. From this it follows that if any power in 
the world can station and maintain 30 operating 
submarines upon our lines of commercial communi- 
cations, then we shall not have any effective defence 
against them unless we possess at least fifty cruisers 
and 120 destroyers in addition to those required 
for service with the battle fleet. | This would be a 
one-power standard; anything less would be its 
abrogation. 

Now it is quite evident that when Mr. Hoover 
and Mr. MacDonald discussed these matters together, 
the British Premier agreed to reduce the Navy to 
a cruiser and destroyer strength which is not the 


equivalent of a one-power standard against any 
State that can attack commerce with 30 subma- 
tines. If 50 cruisers and 120 destroyers are neces- 


sary for thwarting a submarine campaign, a total 
force of from 65 to 70 cruisers, and of about 160 de- 
stroyers is the standard of naval strength compatible 
with security. The Premier’s fleet of 50 cruisers and 
about 130 destroyers is not sufficient. The Govern- 
ment have practically admitted this, for on Friday, 
January 10, the First Lord made a statement which 
contained the following phrase: “The extent to 
which you can get substantial reduction in destroyer 
provision depends upon the measure of success 
you can get with regard to the reduction of the 
Submarine. ...”? The First Lord has, therefore, 
admitted that the success of the Government’s 
project is in some degree contingent upon an agree- 
ment with regard to submarine limitation. But it 
shor iid be added that the admission was misleading, 
for it was not very candid to disconnect the question 
of cruiser limitation from the question of submarine 
warfare against commerce. When submarines 
attack trade their operations are countered by a 
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composite force of cruisers and destroyers, not by 
destroyers alone. The First Lord must be quite 
| aware of this. 

| But it has to be admitted that, although the 
Government have not fairly faced the issues we 
have raised in this article, they have at least stated 
openly that they propose to reduce the Fleet to 
figures which are far below those demanded at 
Geneva, and have quite candidly explained their 
action. Their explanation is that the Country 
possesses political guarantees of security, which are 
|} at least as valuable as 20 additional cruisers. An 
|explanation of this kind will certainly be severely 
|attacked by the more conservative sections of 
| British opinion ; and the French Government have 
formally stated that they do not consider that the 
Kellog pact, which the British Government regard 
as a substantial guarantee of security, is no guarantee 
at all. A scientific journal is not an organ in which 
such questions as these can be discussed. It must 
suffice to say that the Government’s claim is not one 
which should be dismissed lightly and in a partisan 
spirit, for political guarantees have always affected 
armaments and military preparations. A few years 
before the war we reduced our naval forces in the 
Mediterranean, simply because we could count upon 
good and friendly relations with France. Those 
good and friendly relations were a political guarantee 
of security within a certain strategic zone. When 
the Japanese alliance was signed, we reduced our 
Far Eastern fleet for exactly the same reason. 
Throughout the Wighteenth Century the size of our 
standing army was very much affected by our 
Continental alliances. It is not to be expected that 
political guarantees will be of the same kind in 
every century, and those who maintain that pacts 
of non-aggression, and of compulsory arbitration are 
meaningless verbiage, are merely arguing from 
blind prejudice. These pacts and treaties are nego- 
tiated by the shrewdest, hardest-headed diplomats 
in the world, and are part of the diplomatic 
mechanism of Europe. They are guarantees of 
security although their exact military value is not 
so easy to compute as guarantees given in the old 
political coinage of alliances and ententes. 

The Government’s case is not, in our opinion, 
one which should be dismissed lightly ; neither 
is a blind enthusiasm for reducing and limiting 
naval armaments either wise in itself, or justified by 
circumstances. The safest attitude for an impartial 
critic is one which submits all proposals made and 
accepted to the test we have endeavoured to describe 
in this article. The question which every thinking 
Englishman should ask during the long negotiations 
which have just begun is whether any reduction 
proposed weakens our defence against submarine 
warfare, the greatest danger to which this country 
can be exposed in war. If it should appear, during 
the course of the Conference, that the Government 
can secure no guarantees against this danger, their 
proposals will hardly be endorsed by a public, which, 
whatever its intellectual weaknesses may be, has 
at least a strong traditional sense of maritime 
danger. But, up till the present moment, nothing 
has been proposed which should debar a fair- 
minded man from giving the Government’s case a 
fair hearing. 











THE FINANCING OF BRIDGE CON- 
STRUCTION WORK IN NEW YORK. 
Tue Port of New York Authority has, in recent 

years, financed bridge construction amounting to 

nearly one hundred million dollars by a method 
which is an innovation in American practice, though 
similar to means which have been adopted else- 
where in connection with harbour and other improve- 
ments. It consists in the sale of bonds of the 
nature of debenture, or income, bonds to provide 
funds for the major part of the construction costs, 
only a relatively small part of the cost of each 
project being paid out of appropriations made by 
the State of New York and the State of New Jersey. 
These State appropriations, however, are made as 
loans to the Port of New York Authority, and they 
bear a relationship to the bonds similar to that 
of the junior securities of a corporation to its 
funded debts. The security is the revenue to be 
obtained from the improvement. No mortgage 
upon real property is given; no State credit is 








pledged ; and the Port Authority has no power 
of taxation or assessment. Every improvement 
financed by this method must stand the test of 
economic practicability. It must be shown, under 
critical examination by investment bankers, to be 
reasonably capable of earning revenue enough to 
be self-sustaining—to pay all interest and amorti- 
sation charges, or the necessary money will not 
be forthcoming. 

The Port of New York Authority is a public 
corporation, created in 1921 by a Compact between 
the States of New York and New Jersey, with the 
consent of Congress. Its creation resulted from 
recognition of the fact that, although the territory 
around the port of New York is partly within the 
jurisdiction of one State and partly within the 
jurisdiction of the other State, its development to 
best advantage requires its consideration as a 
single economic unit. The Port Authority was 
created as a medium of co-operation between the 
two States in the development of the terminal, 
transportation, and other facilities of commerce 
in this territory. 

The compact between the States established the 
* Port of New York District,” as a territory having 
definite boundaries and comprising an area of 
approximately 1,500 square miles, and brought 
into being the Port of New York Authority, having 
six commissioners, three from each of the States. 
The Authority is a corporate and public body, 
having power to purchase, construct, lease or 
operate any terminal or transportation facility 
within the district, to make charges for the use 
of such facilities, to own, hold, lease or operate 
real or personal property, and to borrow money 
and secure such borrowings by bonds or mortgages 
on Port Authority property. The Compact made 
the exercise of these powers dependent upon the 
approval by the Legislatures of the two States of a 
comprehensive plan for the development of the port 
district. In 1922, the comprehensive plan of 
development was approved and power to carry it 
out was given specifically to the Port Authority. 
The comprehensive plan provides for the unification 
of terminal operations within the port district, 
the establishment of terminal stations, the co-ordi- 
nation of transportation facilities, the construction 
of railroad belt line, and the construction of bridges 
and tunnels. 

The power to finance construction work by bond 
issues was given to the Port Authority by the 
Compact of 1921. The method of financing such 
work by income bonds was first made use of in 
1924, when, in furtherance of the comprehensive 
plan, the States of New York and New Jersey 
authorised the Port Authority to construct two 
bridges over the Arthur Kill, connecting New Jersey 
with Staten Island, New York, and to pledge the 
revenues and tolls to be obtained from the operation 
of the bridges as security for bonds to be issued by 
the Port Authority. In 1925, after the preliminary 
studies had shown that the two bridges would be 
economically practicable, the two States provided 
for the payment to the Port Authority of 4,000,000 
dols., in five equal annual instalments. The first 
issue of Port Authority bonds, in the amount of 
14,000,000 dols., was sold in March, 1926, to complete 
the financing of these two bridges. 

The Port Authority has been directed by the two 
States to construct four interstate bridges, and all 
these projects have to be financed by the sale of 
Port Authority bonds, the structures and the bond 
issues already sold being as follows: 


| f=. | 
Amount | Int. | Date | ‘Total 


Bridge. | of Bond | Rate.| gig | State 
aa Advances. 


| Tssue. 





Per 

| Dols. ent. | Dols. 
Arthur _ Kill | 14,000,000 44 | April 3, 1926 | 4,000,000 
Bridges (the | } 
Outerbridge 
Crossing and 
the Goethals 


| ¢ 





Bridge). | , ; 
Hudson River {| 20,000,000) 4 |Sept. 12, 1926 | | 

Bridge. 1 30,000,000} 44 | Jan. 11, 1929 / |10,000,000 
Kill van Kull | 12,000,000] 4 | May 1, 1928 | 4,000,000 


Bridge. | | 





The advances made by the States are in each case 
paid equally by the States of New York and New 
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Jersey, and in five equal annual instalments, and 
will be repaid to the States by the Port Authority, 
with interest, from the tolls and revenues derived 
from operation of the bridges. 

The Outerbridge Crossing connects Perth Amboy, 
New Jersey, and Tottenville, Staten Island, New 
York. The Goethals Bridge connects Elizabeth, 
New Jersey, and Howland Hook, Staten Island, 
New York. Both these bridges have cantilever 
steel truss main structures, at high level over the 
waterway, with plate girder approaches. They 
were opened to traffic in June, 1928, about nine 
months ahead of the scheduled date, and at a cost 
of 16,600,000 dols, as compared with an estimated 
cost of 18,000,000 dols. 

The Hudson River Bridge, now under construction 
and to be opened to traffic in 1932, will be a wire 
cable suspension bridge with a main span of 3,500 ft. 
—by far the largest single span ever constructed. 
It will connect Fort Lee, New Jersey, with New 
York City at Broadway between 178th and 179th 
Streets. The cost for initial construction of this 
bridge is estimated at 60,000,000 dols. The initial 
construction will include a single deck for highway 
traffic, but the bridge is designed to become ulti- 
mately a two-deck structure, with rapid transit 
service on the lower deck. 

The Kill van Kull Bridge, also under construction 
and to be opened in 1932, will be a steel arch bridge 
with a span of 1,675 ft.—exceeding by 25 ft. the 
span of the Sydney Harbour Bridge in Australia. 
It will connect Bayonne, New Jersey, with Port 
Richmond, Staten Island, New York, and is esti- 
mated to cost 16,000,000 dols. 

The Port Authority bonds mature serially ; they 
are free from New York and New Jersey taxes and 
from Federal Income Tax; and they are legal 
investments for the two States, for municipalities of 
the States, for insurance companies, banks and 
fiduciaries, and, in the case of the Kill van Kull 
Bridge bonds, for use as deposit bonds to the States 
or to municipalities of the States. 

The first issue of bonds, although of a nature new 
to American investors, was sold to a banking syndi- 
cate at a price of 97:25, representing a cost of 
4:77 per cent. to the Port Authority, and when 
offered to the public at par, they were heavily 
over-subscribed. Subsequent issues have been sold 
at favourable rates, indicating public confidence in 
the Port Authority method of financing. 
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CHARING CRoss BRIDGE SCHEME AND UNDERGROUND 
PASSENGERS. 

CERTAIN members of the London County Council 
appear to be somewhat disturbed by the oppo- 
sition that has arisen to the Charing Cross bridge 
scheme, the details of which were fully set out 
on page 115 of Enarneerine of July 26, 1929. 
This opposition, it may be stated, is mainly 
directed to the proposal to move the existing 
station to the south bank of the river, though 
critics are not wanting who assert that traffic con- 
gestion will be increased and public convenience 
jeopardised by what it is designed to do. The 
Council, however, is apparently not inclined, at 
this stage, to argue with either deputations or 
correspondents, and is making ready for the 
consideration of the necessary Bill in the present 
session of Parliament, when we have no doubt 
that every aspect of a difficult problem will be 
fully discussed. One of the more important points 
in this connection is to ensure that the traffic 
facilities afforded to the public by the Under- 
ground Electric Railway Companies at the Water- 
loo, Charing Cross (Embankment) and Strand 
stations shall not be impaired by the scheme, and 
we are glad to learn therefore that arrangements 
to this end have been entered into between the 
Council and the company. At Waterloo it is 
proposed, in collaboration with the Southern 
Railway, to provide escalators for carrying 


passengers between the new station and the 
existing underground stations. The portion of the 
Charing Cross (Embankment) station on the 
Embankment level will be moved and included 
in the bridge structure, while the site of the present 
station will be added to the Embankment Gardens. 
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Booking halls will be constructed at bridge level 
and escalators installed to enable passengers to 
pass to and from the new station. The Strand 
station will be moved to the centre of the proposed 
traffic circus in the Strand, and constructed on 
lines similar to those employed at Piccadilly-circus, 
including public subways. An agreement has been 
reached, whereby the works shall be carried out 
at the expense of the companies, though a sum 
of 225,0001. will be paid by the Council, and 
certain arrangements with regard to land are also 
to be made. The rent paid by the Underground 
companies to the Southern Railway for right of 
access to the Strand station will also cease, when 
that property is handed over to the London 
County Council. It would, therefore, seem that 
the rights of passengers will be adequately safe- 
guarded, though the proposal does not settle the 
much-discussed question of the effect of the scheme 
on the particular convenience of those passengers 
who now use the Southern Railway Company’s 
station at Charing Cross. 


Pusiic WorKS IN NIGERIA. 


An encouraging feature in the development of 
Nigeria is the way in which the large Native Adminis- 
trations are taking their part in road construction 
and other works of public utility under the guidance, 
and with the technical assistance, of the Public 
Works Department. The expenditure on public 
works in the financial year 1928-1929 was some 
1,650,0001. of which 1,200,000/. was for extra- 
ordinary works. Altogether 510 miles of new road 
survey were carried through and 310 miles of roads 
were completed in addition to the macadamising 
and improvement of the Lagos-Abeokata road and 
surface treatment of other established roads. A 
considerable amount of bridge and culvert work 
was undertaken of which the Wady] Bridge, 900 ft. 
in length in eight spans, was the principal work. 
A map showing the roads in Nigeria has been pre- 
pared, and is now being printed by the Survey 
Department. The most important work of water 
supply which has been commenced during the year 
is that of the supply to Kano from the River 
Challowa. The Westminster firm of Sir Alexander 
Binnie, Son and Deacon were called in as Consulting 
Engineers and their scheme of which the estimated 
cost is 217,000/. was adopted. The scheme is of 
special interest to the engineer in the tropics where 
in the dry season a river bed may be waterless 
or a series of disconnected pools, which is the case 
of the Challowa, and at the same time supplies 
may be obtained from the underlying sands. No 
details of this scheme are given in the report but, 
we understand, that following the plans of the 
Consulting Engineers, a series of wells are being 
sunk from which porous concrete collecting pipes 
are driven by hydraulic jacks, the pipes being pro- 
tected by steel casing pipes during the operation, 
into the underlying sand beds which are water- 
bearing and across the section of underground flow. 
The rock is at a depth below the river bed of 40 ft. 
to 50 ft. From the collecting wells the water will 
be pumped to the filter beds and service reservoir. 





THE ENGINEERING OUTLOOK. 
IV.—Tue Mortor-Cycie anp CycLe INnpustTRY. 


THE motor-cycle and cycle industry is so closely 
allied to the motor industry that in many cases 
its production is carried on by the same firms 
and in the same works. Its activities are neverthe- 
less sufficiently distinct to make it necessary to 
deal with its position and prospects separately. 
Within the industry a further sub-division is neces- 
sary into (a) motor-cycle and (6) cycle, since the 
circumstances of these two branches are often 
widely different. 

As regards employment statistics, however, this 
sub-division cannot be made. The Ministry of Labour 
statistics, given in Table I, group the motor- 
cycle and cycle industries with the motor and air- 
craft industries, and the motor industry being very 
much the biggest of these three unduly influences 
the movement of the figures with the result that it 
is not possible to determine from them the employ- 
ment position of the motor-cycle and cycle branch 
of the industry. We are able, however, to supply a 
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corrective in the form of a sample of employment at 
two periods of the year in the four main mannfac- 
turing districts, and if the two sets of figures shown 
in Table I are read in conjunction, the varying ten- 
dency of this branch from the group as a whoie js 
clearly shown. 


TaBLeE I.—Number of Workpeople Employed. 








Balsa acne 
| Motors, Cycles, and Aircraft, 
No. ee a 
em- | Index : y 
z P Nos. Nos. Nos. 

“ry 1058 in- | unem-| em- 
dis- 100 sured. | ployed. ployed. 
tricts. ae ee Aare 





Date. — 


1923 


100. 
As at July in each year. 





1923— 
1st half-year 6,451 100-0 191,830 18,698 173,132 100-0 


1924— 
1st half-year | 6,278 97-3). R » ope ' 
ee 119.1} 203,510 16,145 187,365 108-2 

1925 
1st half-year | 9,198 142-6 96 ¢ . 
ond = 8916 138-2 214,220 14,100 | 200,120 115-6 


926— ‘ 
“ve; 52 138° r = 

er ie 122-p > 228570 21,609 201,961 116-6 

927— 

1st half-year 8,506 131-9 

2nd a 5 


7.350 113-9 232,860 18,339 214,521 123-9 


28— 

1st half-year 

2nd = 
1929— | 

Ist half-year , 8,316 128-9 

2nd ” 6,610 102-6 


2 . 
= o-0y 234,830* 22,015* 212,8i5* 122-: 


245,410* 17,614* 227,796* 131-6 





* Aged 16-64 inclusive. 
t+ Estimated on incomplete returns. 

The Ministry’s figures given are subject to the 
observations previously made on the changed basis 
of compilation of the number of insured workpeople 
by which persons under 16 and over 65 are excluded. 
It will thus be seen that while employment in these 
industries as a whole has been substantially in- 
creased, the cycle and motor-cycle group shows a 
considerable decline. 

The autumnal decline in employment in recent 
years is a very pronounced feature of these sample 
figures, and is one which is to be expected in an 
industry of this nature whose product is probably 
more seasonally used than any other, not excluding 
motor cars. 

(a) Motor-Cycles. 

The production of motor-cycles in recent years is 
estimated as follows by the British Cycle and 
Motor-Cycle Manufacturers’ and Traders’ Union, 
Limited :— 


1007 .... 3,800 1922 60,000 1926... 140,000 
1919 ... 65,000 1923 80,000 1927... 162,000 
1920 ... 100,000 1924 110,000 = =1928... 144,000 
1921 ... 80,000 1925 120,000 1929... 146,000 


The figure for the year 1929 must be accepted 
with considerable reserve, more especially in view 
of the record-breaking year enjoyed by this in- 
dustry in the export field. It is probable that 
that when the final results are known this estimate 
will be substantially exceeded. 

In Table II the exports of motor-cycles and tri- 
cars are given for a series of years. Last year it 
was stated that the British industry might be 
expected to go on from strength to strength in the 
export of completed machines and parts. ‘The 
actual fact has exceeded the most sanguine expecta- 
tions, no fewer than 42,000 motor-cycles having 
been exported in the first six months of 1929 as 
compared with 59,000 in the whole of 1928. 

These very remarkable results have been obtained 
by the excellence of the product and of the organisa- 
tion of the industry. Even in the United States the 
British motor-cycle is in demand, and its dominance 
has been demonstrated in almost every market. ‘The 
most outstanding increase in British exports in 
1929 was to Australia, New Zealand, India, Austria, 
Czecho-Slovakia and Denmark. 

So far as imports are concerned these are now 
almost negligible, as shown in Table III. ‘The 
total declared value of net imports into the United 
Kingdom for theyear 1929 will be in the neighbour- 
hood of 5,0001. ; 

Although foreign manufacturers make _ little 
headway in competition in the home market, the 
keen atmosphere in competition in the export 
markets is shown by Table IV. This table 
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exchange for each year the declared values of 
exports of the five main producing countries. 
According to this table, world consumption of 
motor-cycles has continued to increase, and of the 
total net increase of 303,000/. as compared with 
1928, the United Kingdom has gained 241,000/., 


Taste IIl.—U.K. Exports of Motor-Cycles and Tricars. 








« Index | Index 
pono Number. 1913 = Value. | 1913= 
aVCEPEIr: 100. 100. 

£ 

1913 1,404 100-0 61,106 | 100-0 
1922 | 

ist Qr. a 585 41-7 41,114 67:3 
ond ,, 722 51-4 50,378 82-4 
3rd 681 48-5 42,602 69-7 
4th 433 30-8 26,109 42-7 
1923 

ist Qr ; 989 70-4 51,093 83-6 
2nd ,, 1,454 103-6 76,616 125-4 
3rd. .. 1,275 90°8 66,022 108-0 
ith ., ..| 1,616 115-1 76,186 124-7 
1924 

Ist Qr. .-| 2461 174-6 106,362 174-1 
ond ., 1. 4,244 302-3 187,402 306-7 
3rd. | 9,081 215-9 130,017 212-8 
ith .. st S810 200-1 118,351 193-7 
1925 

ist Qr. .. 8,909 278-4 154,139 

ond ., ... 4,255 | 308-1 180,723 

3rd. ..| 3,688 259-1 142,206 

4th ,, 3,746 266-8 141,940 

1926. 

Ist’ Qr. .. 4,401 | 313-5 | 168,308 275°4 
2nd ,, ..| 4,580 | 322-6 175,621 287-4 
3rd, .. 3,787 | 269-7 141,436 231-5 
4th ., .. 8,822 236-6 116,558 190-7 
1927- 

Ist Qr. «| 4,858 345-7 185,596 303°7 
2nd ., .. 6,800 413-1 240,680 393-9 
3rd, =| Saal 270-7 161,748 264-7 
4th ., ..| $148 224-2 126,033 206-3 
1928 

Ist Qr. ..| 5,967 410-8 244,664 400-4 
2nd ,, ot 75648 535-1 308,622 | 505-1 
3rd, | 3,204 234-6 154,249 252+4 
4th ;, ..| 3,804 241-7 132,493 216-8 
1929— 

Ist Qr. .. 6,689 472-9 279,170 456-9 
2nd ,, .. 7,756 | 552-4 | 380,882 541-4 
3rd ., ..| 3,486 248-3 149,079 244-0 
4th |, .., 3,802* | 270-8* | 161,144* | 263-7* 





* Estimated on incomplete returns. 


TABLE IIT.—Net Imports of Motor-Cycles and Tricars. 





' | Index | Index 
ee | Number. 1913 = Value. 1913 = 
st | 100. 100. 
£ 
ri a Ba 117 100-0 3,795 100-0 
92% 
Ist Qr 95 81-2 6,326 166-7 
2nd , 110 94-0 5,953 156-9 
srd 46 39°3 1,958 51-6 
= 71 60-7 3,056 80-5 
92% 
Ist Qr 109 93-2 4,491 118-3 
2nd ee 170 145-3 7,309 192-6 
3rd 30 25:6 | 1,406 37-0 
ne 28 23-9 | 1,141 30-1 
Ist Qr 16 13:7 | 728 19-2 
2nd ,, 31 26-5 1,569 41-3 
3rd 18 15-4 200 5-3 
sont 69 59-0 3,035 80-0 
125— 
Ist Qr 75 64-1 3,491 92-0 
=nd “A 176 150-4 6,990 184-2 
rd ., 17 14-5 574 15-1 
; ith 21 17-9 1,037 27°3 
126 
Ist Qr 6 5-1 170 4:5 
2nd 3 2-6 115 3:0 
rd 12 10-3 582 | 15-3 
m. 5 4-3 207 5°5 
! QI 14 12-0 584 15-4 
i 12 10°3 598 15-8 
d 10 8-5 320 8-4 
Pm, 13 11-1 535 14-1 
ist. Qr 8 6-8 416 11-0 
~nd 18 15-4 810 21 
ra x. os oad ouls a os 
ath a os 12 10-3 558 14-7 
ist Qr. “s 9 s fal § 390 10-3 
“nd ,, oa 8 6-8 370 9-7 
rd ,, a 11 9-4 475 12-5 
4th, ts 10t 8-5T 307t 8-1t 





* Excess of re-exports over total imports. 
+ Estimated on incomplete returns. 
very satisfactory percentage. France has again 
proved her position, but the United States have 
sudered a severe decline. The most remarkable 
increase, however, relatively to previous perform- 
“nce is that of Germany, and it may well be that 
‘\ source of serious competition must be anticipated 
irom this quarter in future. 
(b) Pedal Cycles. 
. the production of pedal cycles continues to show 
a satisfactory increase. According to the estimate 





of the British Cycle and Motor-Cycle Manufacturers 
and Traders’ Union, Limited, figures of production 
in recent years have been as follows :— 


1925... 640,000 1928 750,000 
1926 =... 680,000 1929 820,000 
1927... :-680,000 


TABLE IV.—International Exports of Motor-Cycles. 
Value — £000’s. 





1928. | 1929.* 











? 
— | rors. | 1924. | 1925. | 1926. | 1927. 
| | | 

United 

Kingdom | 733 | 1,626 | 1,857 | 1,806 | 2,142 | 2,520 | 2,761 
France 37 143 117 152 156 183 207 
Germanyt 130! 77| 60} 94] 291] 211] 354 
Italy .| 10! 42] 541 si] t6| 47| 144 
U.S.A. ..| 154] 907 | 1,052 1,011 | 900 | 905 | 803 





Total ..| 1,064 








2,795 


3,140 | 3.094 | 3,505 | 3836 | 4.139 


* Estimated on incomplete returns. 
t Including reparations. 

Rapid as this increase has been, the volume of 
British production is only half that of Germany 
and Japan, and roughly three-quarters that of 
France. Nevertheless, the enterprise of British 
manufacturers has made the export figures for 
1929 a record in this industry, both in numbers of 
machines and value of exports. These figures are 
given in Table V. 


TaBLe V.—U.K. Exports of Pedal Cycles. 











. Index Index 
loo Number. 1913 Value. 1913 = 
: 100. 100. 
£ 
1913 ee “ae 12,303 100-0 50,790 100-0 
1922— 
1st Qr. 5,177 42-1 41,251 81-2 
2nd ,, 5,780 47-0 40,552 79-8 
3rd ,, 6,435 52-3 44,518 87-6 
4th ,, 5,689 46-2 34,677 68-3 
1923— 
1st Qr. za 6,917 56-2 41,678 82-1 
2nd ,, ae 9,897 80-4 59,390 116-9 
3rd ,, Ke 12,333 100-2 72,033 141-8 
4th ,, Fe 11,459 93-1 62,298 122-6 
1924—. 
1st Qr. ae 14,875 120-9 76,241 150-0 
2nd ,, ea 16,800 136-6 87,162 171-6 
3rd ,, os 17,178 139-6 86,752 170-7 
4th ,, aa 18,074 146-9 91,163 179-5 
1925—. 
Ist: Qr. a 20,900 169-9 103,984 204-7 
2nd ,, eat 22,253 180-9 106,769 210-3 
3rd ,, ne 23,317 189-5 108,062 212-8 
4th ,, - 25,686 208-8 117,177 230-7 
1926— 
Ist Qr. oa 28,989 235-6 132,864 261-6 
2nd ,, <3 21,249 172-7 93,608 184-3 
3rd ,, ea 23,170 188-3 95,736 188-5 
4th ,, we 19,943 162-1 80,979 159-4 
1927— 
1st Qr 24,299 197-5 94,315 185-6 
2nd 26,722 217-2 116,326 227-2 
3rd ,, 19,115 155-4 85,218 167-8 
4th ,, 24,314 197-6 100,432 197-7 
1928— 
1st Qr. rae 29,457 239-4 119,024 234-3 
2nd ,, Ae 29,542 240-1 122,666 241-8 
ard ,, .. | 23,902 194-3 98,380 193-7 
4th ,, .. | 30,066 244-4 112,609 221-7 
1929— 
1st Qr. | 32,996 268-1 122,661 | 241-8 
2nd ,, .. | 30,523 248-1 122,894 242-0 
8rd ,, .. | 24,605 200-0 95,667 188-4 
4th ,, te 35,255* 286-6* | 126,947* 249-9* 














* Estimated on incomplete returns. 


The most important single market contributing 
to this excellent result has been British India, 
though the potential demand is as yet barely 
scratched in a country of such enormous population, 
and possessing a reasonable road system. The 
possibilities of China in the future are even greater 
if a period of peaceful development should supervene, 
and the opportunity afforded by the demobilisation 
of her various armies were to be taken to carry 
out a big scheme of road construction, as has been 
seriously advocated. At present the estimated 
number of cycles in China is only 18,000 for a popu- 
lation of 500,000,000. On the other hand, it must 
be expected that the proximity of the important 
manufacturing industry of Japan would provide 
fierce competition. 

Imports of cycles in 1929 again showed a slight 

increase, as indicated in Table VI. 
& Though this tendency is regrettable, it cannot 
be regarded as serious having regard to the size of 
the market, and is probably only a reflection of 
the individualism which is a noted characteristic of 
the British consumer. 

Looking forward to the New Year a maintenance 





of the home demand for cycle and motor-cycles 
is the most that can be hoped for having regard 
to the probable industrial and economic conditions 
and the ever growing encroachment of the competi- 
tion of the cheap light car. As regards export it 
is possible to look forward to further expansion in 


TaBLE VI.—U.K. Net Imports of Pedal Cycles. 














Index Index 
ey Number. 1913 = Value. 1913 = 
— 100. 100. 
1913 30 100-0 213 100-0 
1922— 
1st Qr. ae 116 386-7 427 200-5 
2nd ,, ate 103 343-3 335 157-3 
3rd ,, re 125 416-7 366 171-8 
4th ,, mA 130 433-3 388 182-2 
1923— 
Ist Qr. 5 128 426-7 315 147-9 
2nd ,, me $23 1,076-7 1,161 545-1 
3rd ,, we 158 526-7 777 364-8 
4th ,, e 315 1,050-0 911 427-7 
1924— 
1st Qr. ue 82 273°3 | 372 174°6 
2nd ,, a 121 403-3 | 811 380-8 
3rd ,, a 114 | 380-0 | 707 331-9 
4th 48 160-0 | 310 145-5 
1925— | 
Ist Qr. AY 96 320-0 | 590 277-0 
2nd ,, ee 102 340-0 | 603 283-1 
3rd ,, oe 97 323-3 446 209-4 
4th ,, ae 53 | 176-7 333 156-3 
1926— | 
Ist Qr. $3 135 | 450-0 424 199-1 
2nd ,, a 142 | 473-3 825 387-3 
3rd ,, Np 74 | 246-7 417 195-8 
4th ,, “e 34 113-3 213 100-0 
1927— 
1st Qr. ea 52 173-3 361 169-5 
2nd ,, ae 129 430-0 381 178-9 
3rd ,, Bs 101 336-7 428 200-9 
4th ,, ee 57 290-0 261 122-5 
192 
1st Qr. “is 30 100-0 207 97-2 
2nd ,, ae 161 536°7 988 463-8 
3rd ,, wa 97 323-3 496 232-9 
4th ,, a 45 150-0 222 104-2 
1929— 
1st Qr. i: 56 186-7 370 173-7 
2nd ,, ae 186 620-0 1,185 556-3 
3rd ,, ne 127 423-3 796 373-7 
4th ,, 93 65* 216-7* 411* 193-0 














* Estimated on incomplete returns. 
one of the few British industries which has devoted 
as much attention to its marketing organisation as 
to its productive efficiency and quality. 








THE LATE PROFESSOR H. L. 
CALLENDAR, F.R.S. 


Ir is with very great regret that we have to 
announce the death of Professor H. L. Callendar, 
which occurred on Monday last, in a nursing home, 
as the sequel to an operation undergone some time 
earlier. 

Born at Hatherop, Glos., in 1863, Hugh Long- 
bourne Callendar was educated first at Marlborough, 
on leaving which he proceeded to Trinity College, 
Cambridge, where he graduated in 1884-5, both in 
Classics and Mathematics, being, we believe, the 
last of a long line of eminent men who have taken 
a double first in both triposes. We have, however, 
heard him lament the time wasted on the Latin 
and Greek verse exercises, which then formed and, 
perhaps, still do, a necessary preparation for classical 
honours at Cambridge. 

Callendar commenced what proved to be his 
principal life’s work, by selecting as the subject 
for a Fellowship dissertation, the experimental 
study of the specific heat of water, and, somewhat 
sanguinely, anticipated that he would be able to 
clear up all outstanding discrepancies with about 
a month’s work, but, it was, in fact, not till 1897 
that, in conjunction with one of “ his greatest dis- 
coveries,’ Dr. H. J. Barnes, that the difficulties 
were finally overcome, and the now accepted values 
determined. This work was carried through at 
the McGill University, Montreal, at which Callendar 
had occupied the Chair of Physics since 1893. The 
research in question was marked by one of Callendar’s 
outstanding characteristics as an experimentalist, 
namely, the evading of difficulties rather than the 
surmounting of them. Sir George Darwin, in com- 
paring his own mathematical technique with that 
of Henri Poincaré, likened his individual methods 
to those of an amateur burglar who had to carry 
through his operations by the brutal expedient of 
“safe blowing,” whilst Poincaré neatly picked the 
mathematical lock. It was to the latter type of 
investigator that Callendar pre-eminently belonged. 
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Thus, whilst most of his predecessors, and not 
a few among his successors, employed calorimetric 
methods, which necessitated large corrections for 
the heat capacity of their apparatus, Callendar, by 
his invention of the continuous flow method, 
obviated entirely the need for such a correction, 
and reduced to a minimum that for radiation 
losses, by the expedient of enclosing the whole of 
the apparatus in a vacuum jacket. Moreover, by 
the invention of the platinum thermometer, which 
was made in connection with this research, he put 
in the hands of physicists the means of measuring 
temperatures with a precision and ease previously 
unprecedented. It was primarily in connection 
with this reseach that the E.M.F. of the Clark cell 
was determined in a joint study 
by Callendar and Captain R. O. 
King, now at the Air Ministry, but 
then working in the McGill Labora- 
tories. It was with the platinum 
thermometer, too, that Dr. Barnes 
was able to measure the tempera- 
ture of freezing water to the > 355 
of a degree Centigrade, and was thus 
able to show what extraordinarily 
small temperature differences were 
responsible for the formation of 
ground ice which, though seldom 
encountered in our climate, may 
be a source of much trouble and 
inconvenience to American and 
Canadian water supply and hydro- 
electric plants. 

It was also with this instru- 
ment that Callendar and Coken 
made in the McGill Laboratories, 
some of the best observations yet 
recorded on the critical velocity of 
water in smooth pipes. The method 
was based on the fact that in stream 
line flow the rate of heat transfer 
between a tube and a through- 
flowing fluid is extremely small, but 
increases enormously with the set- 
ting in of turbulence. In the ulti- 
mate outcome, however, the most 
important application of the plati- 
num thermometer a to the deter- 
mination, in conjun¢tion with the 
late Professor J. T! Nicolson, of 
the temperature of the steam ex- 
panding behind a piston. Possibly 
none of Callendar’s experiments 
have received more abundant, or 
less intelligent, criticism. It was, 
for example, asserted that it was 
impossible to measure accurately 
rapidly-varying temperatures. As 
a matter of fact, no attempt was 
made to do this, since it was the 
“stationary ’ temperatures at each 
end of the stroke, which were 
utilised in reducing the observa- 
tions. Part of the objections made 
originated in the inherent dislike to 
have accepted convictions  dis- 
turbed. Engineers had agreed very 
generally that the enormous dis- 
crepancy between calculation and 
observation met with in the 
analysis of the indicator diagram 
was entirely accounted for by initial condensa- 
tion, a view which the research in question showed 
to be inconsistent with the facts. Here, as des- 
cribed in the paper, for which the Institution 
of Civil Engineers awarded a Watt Medal and 
Telford Premium in 1898, distinct evidence was 
obtained of the existence of steam in a super- 
saturated state, a condition long known to be 
physically possible, but hitherto deemcu to be of 
negligible importance in the field of steam engineer- 
ing. It was not till 1913 that super-saturation was 
recognised as responsible for the observational fact 
that the discharge from a steam nozzle was often in 
excess of the theoretical, a phenomenon which was 
very fully discussed in a paper read by Callendar 
before the Institution of Mechanical Engineers in 
1915. 

The experiments made in the McGill Laboratories 
with Professor Nicolson showed very definitely that 
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within the range of experimental error, which were 

fixed in the main by the limitations of the indicator, 

the adiabatic expansion of steam was represented 
2 


FE : 
by the formula = constant. By direct ex- 


periment this equation has now been proved to 
hold good up to a temperature of 800 deg. F., 
and to a pressure of 300 Ib. per square inch, whilst 
indirect methods based on the measurement of total 
heats indicate that its range is sensibly unlimited. 
It was whilst still holding the Chair of Physics at 
Montreal that Professor Callendar introduced the 
very simple and direct method of determining the 
total heat of steam by throttling experiments, a 








method which has been extensively adopted by 





Tue Late Proressor H. L. CALLENDAR. 


subsequent investigators without, in all cases, 
realising its limitations, which become of serious 
importance with high-pressure steam in the neigh- 
bourhood of the saturation line. The differential 
form of the throttling calorimeter devised by 
Callendar, proved capable of yielding results of 
extreme precision, and showed very definitely that 
engineers were correct in their surmise that the 
specific heat of steam rose as the pressure increased. 
Their estimates of this increase, however, varied 
widely and were often extravagant. 

Having obtained in the manner described both 
the value of the adiabatic index and of the total 
heat of steam over a fair range of pressures, the 
problem arose of how the two were to be recon- 
ciled, and in this connection Callendar was 
responsible for a revolutionary change in the 
whole treatment of the properties of vapours, 
and which would remain of fundamental importance 
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even had his experimental work been:as crude as 
it was in fact precise. Previous investigators, in 
their measurements of the properties of steam, had 
ignored the fact that by the second law of thermo- 
dynamics certain relationships must exist between 
the total heat, the specific volume, and the pressure 
of a vapour. Thus, for example, the specific heat 
may be determined by direct measurement, hut 
by the second law it is also equal to 

T av @e 

Jar-ar 
As a matter of fact in the steam tables published 
prior to Callendar’s work this relationship was far 
from satisfied. Amongst the best of the earlier set 
of tables was that of Peabody, and in these the 
discrepancy was in some cases as 
high as 20 per cent. It followed 
accordingly that if the work due 
from superheated steam were 
determined first from the tempera- 
ture and entropy and next from 
the tabulated specific volumes, the 
two results would differ. To-day, 
thanks to Callendar, such uncer- 
tainties are absent from all modern 
steam tables, though there is still 
a lack of agreement as to absolute 
values in the case of steam at 
super-pressures. 

The law found by Callendar for 
the adiabatic expansion of steam 
was similar in form to that of a 
perfect gas. The latter, however, 
has a specific heat which does not 
vary with pressure, whilst the Mc- 
Gill experiments showed conclu- 
sively that this was far from hold- 
ing good with steam. At first it 
seemed difficult to reconcile the 
two sets of observations. Ulti- 
mately, however, Callendar recog- 
nised that the adiabatic law found, 
would follow automatically if the 
internal energy of steam could be 
expressed in the form E = 4 P 
(V + 6b) + B, where B was an abso- 
lute constant, representing the work 
done in separating a molecule of 
the liquid from its fellows. 

Experiment showed that this law 
was very accurately satisfied by the 
best data available at the time, 
and his more recent investigations 
indicate that it holds good right up 
to the critical point. This was quite 
an unanticipated result, since van 
der Waals’ views as to the char- 
acter of the border curve were uni- 
versally accepted. Nevertheless, 
the formula was so simple and so 
precise within the range covered 
by reliable experimental data, 
that it was deemed safe to extra- 
polate it beyond this limit, a policy 
which has been amply justified in 
the outcome. The fact that the 
specific volume of steam was less 
than the theoretical was attributed 
by van der Waals to an inter-mole- 
cular attraction or internal pressure, 
which caused the volume occupied to be less than 
it otherwise would be. No experimental evidence 
had ever been brought forward proving the existence 
of this internal pressure, whilst Willson had definitel M4 
shown in his classic experiments of 1897 that in 
every mass of steam there were molecules sub- 
stantially larger than would be represented by 
the formula H,O. It was to these co-aggregated 
or compound molecules that Callendar attributed 
the defect of volume observed, and he showed 
that the laws of thermodynamics implied that to a 
first approximation, the specific volume of these ¢o- 
aggregated molecules must be a function of the 
temperature only. Still later it was shown that 
this conclusion is also a necessary consequence of 
the kinetic theory of gases. It was not anticipated 
that this simple rule would hold good at high 
pressures near the saturation line, but the moci- 
fication required turns out to be fairly simple. 
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Another important concept, due to Callendar, is 
that the variation in the specific heat of water is 
mainly, perhaps entirely, due to the fact that every 
liquid contains in solution, its own volume of its 
vapour. If its temperature be raised, more vapour 
is dissolved, and the apparent specific heat of the 
liquid is increased by the latent heat of this vapour. 
Independent experiments made at the Bureau of 
Standards, Washington, have shown that this rule 
represents with extraordinary accuracy the specific 
heat of water up to 270 deg. C. Callendar claimed 
that his own measurements proved the law to hold 
good up to the critical point. These experiments 
were made by his continuous flow methods, which 
require no correction for the heat capacity of the 
apparatus, and with which it is easy to guard 
against other errors. 

In 1898, Professor Callendar left Canada and was 
appointed Professor of Physics at University 
College, London, finally becoming Professor of 
Physics at the Imperial College of Science in 1902. 

The most striking feature of his work in recent 
years, at the Imperial College and carried out 
with the assistance of the British Electrical and 
Allied Industries Research Association, has been 
the establishment of the true character of the 
border curve in the neighbourhood of the critical 
point. This is perhaps of more immediate im- 
portance to the physicist than to the engineer, 
since it definitely proves the baselessness of the 
famous theory of van der Waals, which had held the 
field for some sixty years. This extremely important 
discovery constituted a fitting crown to nearly forty 
years’ work on the properties of steam, but has been 
so recently described at length in our columns that 
we need not discuss it in detail here. There is still 
much work to be done in establishing beyond dispute 
the properties of super-pressure steam, and it was 
on Callendar that British engineers relied to main- 
tain our lead in this matter. Here his loss may 
well prove irreparable since few there are who are 
gifted with Callendar’s exceptional combination of 
theoretical insight and experimental ability. We 
have not space to refer at length to Callendar’s 
many other contributions to science and technology, 
but may mention the important paper on the cause 
of knock in petrol engines which was published in 
our issues of April 9, 16 and 23, 1926. In this, atten- 
tion was drawn to the frequently forgotten fact that 
petrol vapour condensed when compressed, whilst 
steam at normal pressures superheats. It was also 
noted that, though the heavier paraffins have higher 
flash points than the petrols, they are more easily 
ignited. 








JAPANESE SECTIONAL MEETING OF 
THE WORLD POWER CONFERENCE. 
(Continued from page 93.) 

WE continue below our summaries of selected 
papers from among those taken recently at the World 
Power Conference Sectional Meeting in Tokyo, dealing 
this week with railway electrification and operation. 


Rattway ELECTRIFICATION AND OPERATION. 


Transmission Plants for Railway Electrification of 
the Swedish State Railways was the title of a paper 
by Mr. I. Ofverholm, in which it was stated that, at 
the end of 1928, 916 km. (569 miles) of railway in that 
country were electrically operated, or 17-5 per cent. of 
the total mileage. This mileage was made up of the 
Svartin-Rikgransen Railway in the north, and the 
Stockholm-Géteborg Railway in the south. Various 
investigations had shown the single-phase system to be 
preferable, and this had therefore been adopted, the 
Operating voltage and frequency being 16,000 and 
163, respectively. Four electrical motor cars, and 


117 locomotives were in use. In the north, power 
was drawn from the Porjus station, generation being 
effected on the single-phase system at 4,000 volts, and 
transmission at 80,000 volts. The latter was stepped 
down to the trolley voltage in 13 substations, which 
were placed about 35 km. (22 miles) apart. In the 
south, power was taken from the State transmission 
hetwork on the three-phase system at five places, and 


Was converted to single phase at the required pressure 
and frequency at motor-generator substations placed 
an average of 94 km. (58 miles) apart. 

The principal reason for the adoption of the latter 
method was to prevent inductive interference with the 
rommunication lines running parallel with the railway. 
This had caused more trouble than was originally 
Anticipated. Tests had shown that the inductive 
interference voltage was approximately proportional 
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to the product of the mileage and current in the 
trolley wire ; in other words, to the ampere-kilometres. 
On the northern railway, the communication circuits 
were placed about 15 m. (50 ft.) from the track, and 
interference voltages of from 4 to 10 per 100 ampere- 
kilometres were obtained. These figures could be re- 
duced by the use of copper rail bonds; even so, the 
ampere-kilometres might be as much as 20,000, thus 
inducing an interference voltage of about 1,600. Some 
compensation was, therefore, necessary. If each section 
were fed from the two ends at the same voltage, inter- 
ference disappeared, but this was seldom possible in 
practice. Voltage regulators were not a solution, as they 
did not respond quickly enough to the changes. The 
trolley lines were, therefore, sectionalised mid-way 
between, instead of at, the transformer stations, so that 
interference in one section helped to neutralise that in 
another. This had worked well, and had the further 
advantage that it enabled a defective trolley wire to be 
cut out automatically. Still better results were ob- 
tained by reducing the distances between the sub- 
stations to about 16 km. (10 miles), so as to decrease 
the voltage drop, and by providing a separate trans- 
former for each outgoing feeder. This method was, 
however, expensive. Booster-transformers were next 
installed between the substations, one winding of 
which was connected in series with the trolley wire, 
and the other to the rail-return. In this way, the inter- 
ference voltage was brought down to 0-2 volt per 
ampere-km., or 40 volts per section. As even this was 
considered too high, the length of the section was 
reduced to from 15 km. to 20 km. (9-3 to 12-4 miles), 
and the interference voltage was thus decreased to 
12 volts per section. The booster-transformer arrange- 
ment, however, possessed the disadvantages that it 
caused interference with communication cables buried 
near the track, and necessitated the provision of 
insulated rail joints, which gave rise to trouble in 
practice. 

As a result of careful researches into all these methods, 
a much simpler arrangement was adopted on the Stock- 
holm-Géteborg line, where, for reasons of economy, 
the feeding points were placed a maximum distance 
of 128 km. (79-5 miles) apart. This consisted of an 
insulated return conductor carried on the trolley line 
poles, and of booster-transformers, which were con- 
nected between this conductor and the trolley wire 
every 3 km. (1-8 miles). This had given very satis- 
factory results, the interference voltage being reduced 
to 0-02 volt per 100 ampere-km., while the use of earth 
return telegraph circuits had been rendered possible. 
Under ordinary conditions the interference voltages 
did not exceed 0-5 volt, or 3:6 volts on severe short- 
circuits. On the Jirna-Malmé6 line, where conditions 
required that the substations should be as much as 
274 km. (170 miles) apart, this arrangement had been 
modified by placing an auto-transformer between the 
trolley wire and the return conductor and connecting 
the mid-point of this transformer to the rails. In 
this way, the potential difference between the trolley 
wire and the rail was maintained at 16,000 volts, 
while that between the trolley wire and return con- 
ductor was raised to 32,000 volts. To prevent adjacent 
auto-transformers assisting each other, and thus 
increasing the interference by causing interference 
currents in the trolley wire, booster-transformers were 
installed between each pair of auto-transformers to 
act as impedances. 

In a paper on Economic Results of Railway 
Electrification, Mr. A. I. Totten gave some figures of 
the savings in operating costs obtained by converting 
various lines from steam to electric traction. On the 
Butte, Anaconda, and Pacific Railway, the costs of 
operating by steam in 1913 were 742,552 dols, and by 
electricity in 1914, 473,824 dols., a decrease of 36-2 per 
cent., the ton-miles hauled being 158,917,720 in the 
former case and 172,855,856 in the latter. The total 
cost of electrification was 1,201,000 dols., so that the 
saving represented 22-4 per cent. on the gross invest- 
ment. On the Chicago, Milwaukee, St. Paul and 
Pacific Railroad, the corresponding figures were 
5,637,000 dols. for steam and 3,008,003 dols. for 
electricity, a reduction of 46-6 per cent. The steam 
figures were based on 2,178,613,000 ton-miles, and the 
electric on 2,247,102,000 ton-miles. The total net 
cost of electrification was 15,625,000 dols. for 648 
route miles of single track, with the necessary sidings. 
On the Paulista Railway, steam operation cost 
1,565,393 dols., and electric 346,572 dols., on the basis 
of a traffic of 531,470,124 tons. The total cost of 
electrification was 4,000,000 dols., so that the annual 
savings of 1,219,351 dols. represented a return of 
approximately 30-5 per cent. on the total investment. 
Similar results had been obtained on the Spanish 
Northern and Mexican Railways. 

Electrification had lagged in the United States since 
the war, owing to the cheap and plentiful supplies of 
fuel which were available, but developments were now 
taking place which would result in the electrified 





mileage being quadrupled during the next few years. 


In the interim period, Diesel-electric locomotives and 
petrol-electric vehicles would play a part, especially 
on branch lines and for shunting, for which services 
they showed decided economies over the steam loco- 
motive. As traffic densities increased, the economic 
advantages of electric traction would result in the 
greater use of this form of motive power. 

Messrs. E. Otsuka and Y. Hashiguchi gave details of 
the twelve funicular railways which had been opened 
in Japan since 1918. Six similar lines were authorised 
and twenty-seven more were projected. These lines 
mainly served places of religious or scenic interest, and 
had proved very popular. The earliest of these lines 
was the Ikoma-San Railway, which rose some 508 ft. 
in a length of ?-mile. During 1927, it carried a daily 
average of 4,200 passengers. The difference in altitude 
between the terminals on the Hakone-Yama Gora line 
was 705 ft., in a distance of }-mile, and it only carried 
an average of 397 passengers a day. The Myoken-San 
Railway rose 1,175 ft. in a distance of 0-9 mile, and 
was built in two sections, cars having to be changed 
mid-way. It carried an average of 973 passengers a 
day in 1927. Similar details were given for the other 
railways, all of which were operated by electrically- 
driven haulage gear. 

A paper presented by the Japanese Government 
Railways described the train ferries used for the transfer 
of goods and passengers between Aomori, the northern 
terminus of the Tohuku main line, and Hakodate, the 
starting point of the Hakodate Railway, a distance of 
60 nautical miles. Communication between these two 
ports was established by ordinary vessels in 1871, and 
traffic gradually increased until there was a sudden 
upward move during the war. The result was so much 
delay that the employment of train ferries was con- 
sidered, and the construction of five vessels of this type, 
together with the necessary alterations at the terminal 
ports, was begun in 1921. Work was, however, much 
delayed by the earthquake, and it was not until 1926 
that the new service was in full operation. Of the five 
ferries, four were arranged to accommodate passengers 
as well as goods, and they were all of the same general 
design. Their overall length was 360 ft., and their 
moulded breadth 52 ft., the breadth to the wagon 
deck being 22 ft. Their displacement was 4,525 tons 
and their deadweight 965 tons. They were equipped 
with steam turbines, the twin propellers being driven 
through gearing. The service speed was 13 knots and 
the passengers and crew carried numbered 895 and 
100, respectively. The cargo capacity was twenty-five 
15-ton wagons. The remaining ferry was of the same 
general dimensions as the others, but could accommo- 
date forty-three 15-ton wagons. 

To facilitate the handling of the wagons from shore to 
ship, and vice versa, landing piers and transfer bridges 
had been built at the two ports. The bridges were 
80 ft. long and 30 ft. 6 in. wide, and their outer ends 
were connected by screwed rods to steel towers at the 
land end. These rods were driven by a 50-h.p. motor 
placed in the tower, so that the bridge could be 
moved up and down in accordance with the state of 
the tide. An apron girder carrying rails connected the 
outer end of this bridge with the ferry. 

Internal-Combustion Engines in North American 
Rail Transportation were dealt with in a paper by 
Mr. A. H. Candee, in which it was stated that there were 
now between 600 and 700 rail-cars in the United States 
equipped with this type of engine, the horse-power 
varying from 50 to 800. The Diesel engine had first 
appeared in 1925, and its use was growing both for 
rail-cars and locomotives, owing to the saving in fuel 
which it effected. The total cost of operation per mile 
was about 54 per cent. of that of steam equipment in the 
same service, in the case of petrol-engined rail-cars, 
and 47 per cent. in the case of those equipped with 
Diesel engines. Petrol-engined locomotives showed 
small savings over steam locomotives for light shunting 
work. On the other hand, the use of the Diesel 
engine resulted in substantial gains, and its employ- 
ment was increasing rapidly. A Diesel-engined loco- 
motive cost about two-and-a-half times as much as a 
steam locomotive, but the return on it was high and 
it had a better availability factor. The success of the 
internal-combustion engine in this field had been due 
to the use of specially designed types, in which high 
speeds and the best of materials were combined with 
a conservative design of parts. Electrical transmission 
had predominated over the mechanical drive in North 
America, owing to its greater flexibility and the better 
utilisation of the engine power throughout the speed 
range which it allowed. 


(To be continued.) 








SwepisH Iron Ore Exports.—According to the 
current Quarterly Report issued by the statistical depart- 
ment of the Skandinaviska Kreditaktiebolaget, exports 
of iron ore from Sweden during the period January to 
November, 1929, totalled 10,135,338 tons, which figure 
constitutes a new high record. The previous record 








occurred in 1927, when 10,091,210 tons were exported, 
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ComMENTING in the January issue of the /ndustrial 
Review, an organ of the Trades Union Congress General 
Council, on the adoption by the General Council, the 
Federation of British Industries and the Confederation 
of Employers’ Organisations, of machinery for the 
discussion of problems of common interest to British 
industry, Mr. Walter M. Citrine says :—“‘ This is a 
very important decision, the full implications of which 
are not quite apparent to some of our critics. In the 
first place, it crowns the generations-old struggle of the 
unions for recognition of their claim to be regarded 
as responsible parties in industry, with a considerable 
measure of success. In the second place, it indicates 
a change of attitude on the part of the employers, 
which augurs hopefully for the future conduct of 
industry. Our critics appear to miss the constructive 
aspects of the Conferences in their zeal to pick holes ; 
they profess to be stunned by the discovery that we 
have not yet achieved the industrial millennium, while 
continuing to proclaim that we could not do it in any 
case.” See 

‘A good deal of this criticism,’’ Mr. Citrine goes on 
to say, ‘appears to rest on the curious assumption 
that the workers should not be interested in industrial 
reconstruction ; in other words, that they are not 
concerned with the business aspects of the situation, 
a notion which does not consort easily with the other 
idea of them (popular with the same set of critics) 
as complete controllers of industry. Actually, of 
course, the problems of reconstruction are equally vital 
to everybody, whether inside or outside the conference, 
and whatever their views may be on industrial relations. 
Our job at the conferences, of course, is to see that 
in the carrying out of inevitable processes the trade 
union point of view is not lost sight of. We are 
doing our best, and are not without our meed of success ; 
will critics kindly note that if they must throw bricks 
we should prefer a type of brick which can actually be 
used in the work of construction.” 


The writer of an editorial note in the January issue 
of the Electrical Trades Journal, the organ of the 
Electrical Trades Union, states that 1929 has been a 
really good year for all employed in the electrical 
installation industry—employers as well as employees. 
‘Due to the rapid extensions by the Electricity 
Commissioners, the laying of overhead mains, and 
the taking in of rural areas of electricity supply, the 
contractors who have been sufficiently progressive 
have reaped quite a harvest of business. Rather 
remarkable, however, to relate, there have not been 
enough progressive contractors, with the result that 
some of the supply authorities have had to initiate 
installation departments of their own. This has 
been nothing against the interests of the E.T.U., 
as in every case, so far as we know, they have complied 
with the rates and working conditions in their own 
particular areas.” 


“There is one other and less pleasant feature that 
must be mentioned in any retrospect of 1929,” the 
writer goes on to say, “and that is the undue number 
of individuals who have laid themselves out to take 
work direct and who have been doing the work 
themselves, ignoring trade union conditions, breaking 
down prices, and so inviting the business. Sooner or 
later, they will have to go back to, and expect to get, 
reasonable working conditions from the employer 
who will next employ them. In most cases it is only 
quite a short period before such people break them- 
selves by the methods they adopt.” 


The Ministry of Labour Gazette states that employ- 
ment continued to decline during the first half of 
December, but in the third week of the month there 
was a slight net improvement. The influence of 
increased employment in connection with the Christmas 
trade and traffic had a relatively smaller effect on the 
numbers unemployed in all industries taken together 
than in other recent ye.rs, and this appears to have 
been due largely to the very inclement weather of 
November and early Desember, which affected most 
outdoor occupations, and to a decline in some other 
important industries, notably the textile trades. In 
the last week of the month there was the usual heavy 
increase in unemployment, due to the discharge of 
temporary Christmas workers and the extension of 
holidays in a number of industries. A comparison of 
the figures for November 25 and December 16 shows 
that there was a general decline in the mining group 
of industries, in building and public works contracting, 
and in the cement, pottery, glass, pig iron, leather, and 
chocolate and confectionery industries, and most of the 
textile trades. On the other hand, there was some 
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and also in hotel and boarding-house and dock and 
harbour services. 

Among the workpeople, numbering approximately 
12,100,000, insured against unemployment in Great 
Britain and Northern Ireland, the percentage un- 
employed in all industries taken together was 11-1 at 
December 16, as compared with 11-0 at November 25, 
1929, and 11-1 at December 17, 1928. The percentage 
wholly unemployed at December 16, 1929, was 8-9, 
as compared with 8-8 at November 25, 1929; while 
the percentage temporarily stopped remained at 2-2. 
For males alone the percentage at December 16, 1929, 
was 12-3, and for females 8-1. At November 25, 1929, 
the corresponding percentages were 12-1 and 7:9. 





jmprovement in the iron and steel trades (except pig | since September, 1922. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during December resulted in an increase of about 1,200/. 
in the weekly full-time wages of about 19,000 work- 
people, and in a decrease of 1,635]. in those of 8,500 
workpeople. The principal groups of workpeople whose 
rates of wages were changed during the month were 
those employed in brush and broom manufacture, for 
whom the minimum rates fixed under the Trade Boards 
Act were increased by 14 per cent. in the case of piece- 
workers,;and by 4d. per hour in the case of certain 
classes of timeworkers; and slate quarrymen in 
North Wales, who sustained reductions of 8d. per day 
in their standard rates of pay and of 3d. per day in their 
minimum wage. Other workpeople whose wages were 
increased during the month included iron puddlers and 
millmen in Scotland, penmakers in the Birmingham 
district, and switchboard and sub-station attendants 
employed in the electricity supply industry in various 
districts. 





The changes in wages so far reported to the Ministry 
of Labour for the year 1929, in the industries for which 
statistics are compiled, are estimated to have resulted 
in net increases of 12,1501. in the weekly full-time wages 
of 137,500 workpeople, and in net decreases of 91,6501. 
in those of 915,500 workpeople. In 1928 there were 
net increases of 21,8001. in the weekly full-time wages of 
217,000 workpeople, and net decreases of 163,800/. 
in those of 1,615,000 workpeople. 





The number of trade disputes involving stoppages of 
work, reported to the Ministry of Labour as beginning 
in December, was 17. In addition, 15 disputes which 
began before December were still in progress at the 
beginning of the month. The number of workpeople 
involved in all disputes in December (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to the 
disputes) was about 5,900, and the aggregate duration 
of all disputes during December was about 41,000 
working days. The aggregate duration of all disputes 





in progress in 1929 was about 8,283,000 working days, 
and the total number of workpeople involved in these | 


disputes was about 532,000. The figures for 1928 were | 
1,388,000 days and 124,000 workpeople, respectively. | 

Employment in engineering generally was slack 1 
quiet throughout 1929, but showed an improvement | 
as compared with the previous year. In the electrical | 
section of the industry, however, it was fairly good, and 
in the motor vehicle section fairly good to fair. At 
railway works a curtailed working week was in opera- 
tion at some of the works, but employment improved 
during the last quarter of the year. In marine engine- 
ering employment was bad in January, when the 
percentage of insured workpeople unemployed was 
13-4, but it improved continuously until June, when 
the percentage had fallen to 8-7 ; some decline, however, 
occurred during succeeding months, and at December 
16 the percentage unemployed had risen to 10-2. 
Employment on textile machinery work was bad, and 
short-time working was general. 





In shipbuilding and ship-repairing employment was 
still very bad. It improved slightly during the first 
half of the year, the percentage of insured workpeople 
unemployed falling from 27-6 in January to 22-5 in 
June, but in July a further decline occurred, which 
was not checked until November ; and at December 16 
the proportion of insured workpeople unemployed was 
23-3, as compared with 30-3 at December 17, 1928. 
The gross tonnage of merchant vessels under con- 
struction in Great Britain and Northern Ireland at the 
end of December, 1929, amounted to 1,560,254, as 
compared with 1,242,794 at the end of December, 1928, 
}and with 1,579,713 at the end of December, 1927; 
| this last figure, it may be noted, was the highest recorded 
In the other metal trades 











~ 
iron), in the shipbuilding, and distributive industries, |employment was moderate to fair, on the whole. It 


was fairly good in the hollow-ware and nut and bolt 
trades, fair to fairly good with brass-workers and 
sheet metal workers, and fair to moderate in the file 
and in the needle and fishing tackle trades. With 
stove and grate workers employment was slack or bad 
at the beginning of the year, but improved and was 
fair during the last quarter. 


At the end of December, 10,026 members of the 
Boiler Makers’ and Iron and Steel Shipbuilders’ Society 
were “signing the books,” as compared with 9,92] 
at the end of November. The number of members in 
receipt of superannuation benefit was 4,656, as compared 
with 4,611, and the number in receipt of sick benefit 
2,375, as compared with 2,413. The expenses for 
December were 9,411/. 0s. 3d.; in November, when 
there were five weeks’ outlays, they were 11,3261. 8s. 5d, 





Lord St. Davids presided over a meeting of the Unem- 
ployment Grants Committee on Monday last, when 
a number of schemes of work, submitted by Local 
Authorities and other Statutory bodies for the relief 
of unemployment, were approved for Government 
Grant. The estimated cost of the schemes so approved 
was 3,302,000/., to provide employment for approxi- 
mately 8,000 men. Schemes before the Committee 
for approval, which are now the subject of enquiry, 
number 980 and are estimated to cost 19,780,000. 


On January 13, 1930, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,476,300. Of these, 1,074,900 
were wholly unemployed, 321,800 were temporarily 
stopped, and 79,600 were persons normally in casual 
employment; 1,102,400 were men, 43,000 boys, 
287,400 women, and 43,500 girls. Of 1,478,771 on 
the registers on January 6, 1930, 1,058,903 were wholly 
unemployed, 344,477 were temporarily stopped, and 
75,391 were persons normally in casual employment ; 
1,115,156 were men, 42,166 boys, 281,818 women and 
39,631 girls. The number on the registers on January 
14, 1929, was 1,434,997, of whom 1,114,861 were men, 
45,187 boys, 233,512 women, and 41,437 girls. 





According to the organ of the Electrical Trades 
Union, 1929 has been a year of definite progress 
for the organisation. ‘‘So far as is known,’’ it is 
stated, ‘“‘ there has been no backsliding in any one 
section, but all along the line progress has been real 
and solid. True, many individuals have gone out: 
but, in most cases, the members who have replaced 
them have more than compensated for their loss. 
Although there are no actual figures yet available, 
it is safe to say that the numerical progression has 
been substantial. The financial results of the year’s 
working show a substantial gain. The 1926 General 
Strike saw the E.T.U., together with many other 
trade unions, in a state of bankruptcy. It has taken 
two years’ careful administration to get out of the 
state of impecuniosity into which we had not exactly 
drifted, but willingly entered. When the 1929 financial 
returns are available, it will be seen that financially 
the E.T.U. made more progress than in the two 
preceding years coupled together.” 





An editorial note in the January issue of the Amal- 
gamated Engineering Union’s Monthly Journal states 
that the general and superannuation funds totalled 
1,921,167. at the end of September, 1929, this amount 
showing an increase of 82,1881. during the twelve- 
months then ended. One of the most hopeful features 
of the past year was a steady increase in the member- 
ship, which is now 221,529, or 2,407 more than at the 
beginning of the period. During the 9} years from July. 
1920, the organisation paid out from its own funds 
benefits amounting to 8,632,584/. These payments were 
quite distinct and apart from moneys paid over in re- 
spect of State Unemployment or State Sickness benefit, 
and have been made strictly from the Union’s own 
funds. Industrial News, an official organ of the Trade 
Union Congress General Council, claims that this 
record can be quoted as an example by no means rare 
in the trade union movement, of what is done by the 
workers themselves to relieve distress. 





A Bill has been introduced by the Italian Government 
dealing with the pledging and seizing of the salaries 
of employees in private undertakings. The measure 
lays down that if the salary does not exceed 600 lire a 
month, not more than 10 per cent. may be pledged or 
seized. If the salary is between 600 and 1,000 lire 4 
month, 20 per cent. may be pledged or seized. AS 
regards daily wages, 10 per cent. may be pledged or 
seized if the wage does not exceed 20 lire, and 20 per 
cent. if the wage is between 20 and 30 lire a day. 
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THE SOUTH-WEST ENGLAND AND 
SOUTH WALES ELECTRICITY 
SCHEME. 


In accordance with Section 4 of the Electricity 
(Supply) Act of 1926, the Central Electricity Board on 
January 15 published a scheme for South-West England 
and South Wales,* which they had received from the 
Electricity Commissioners. This is the seventh scheme 
which has been published since the formation of the 
Central Electricity Board three years ago, the others 
covering Central Scotland, South-East England, Central 
England, North-West England and North Wales, 
Mid-East England, and North-East England, respec- 
tively.| There only remain to be published one 
scheme for England (East Anglia) and two for Scotland, 
to complete the reorganisation contemplated in the 
measure quoted. As usual, the scheme was accom- 
panied by a pamphlet of Supplementary Particulars, 
which gives details of the financial and technical data, 
upon which the scheme itself is based. 

The area dealt with in the present scheme (17,234 


in the scheme, but it is not proposed to connect 
it with the main transmission system. Steps are, 
however, being taken to improve the supply on the 
island. 

The scheme itself specifies the area, the stations 
which are selected and the main transmission lines, 
which are to be erected by the Central Electricity 
Board. It lays down that standardisation of frequency 
is essential, and imposes on the owners of certain 
stations the obligation to work in accordance with the 
Board’s instructions as a temporary measure. The 
scheme is accompanied by five appendices. The first 
of these describes the area. The second details the 
selected stations and the extensions which, it is 
proposed, shall be made to them, while two new stations, 
one on Southampton Water and one in South Wales, 
are scheduled. 

The third Appendix gives the proposed routes 
of the principal and secondary main transmission lines 
and the positions of the transforming stations. The 
fourth details the authorised undertakers in whose area 
the frequency is to be standardised, and lays down that 





stations. The scheme also provides for the operation 
of the following stations under temporary arrange- 
ments: Bath (Bath Corporation), Exeter (Exeter 
Corporation), Feeder Road (Bristol Corporation), 
Llanelly (Llanefly and District Electric Supply Com- 
pany), Lydney (West Gloucestershire Power Company), 
Moredon (Swindon Corporation), Newton Abbott 
(Torquay Corporation), Oxford (Oxford Electric 
Company), Plymouth (Plymouth Corporation), Ports- 
mouth (Portsmouth Corporation), and Swansea 
(Swansea Corporation). 

The plant at present installed in the selected and 
temporary arrangement stations in the area has a 
capacity of 533,125 kw., and extensions to it are 
contemplated as follows :—In 1931-32, a 12,500-kw. 
set will be installed at Hayle, while sets of the same 
output will also be added to this station in 1936-37 and 
1942-43. In 1933-34, Upper Boat will be extended 
by a 25,000-kw. set, and, in 1934-35, a 12,500-kw. unit 
will be added to Cardiff and an 18,750-kw. unit to 
Southampton, which will also receive a similar set in 
the following year. In 1936-37, 25,000 kw. will be 
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square miles) is considerably larger than those of the 
others which have preceded it. Its extent is shown on 
the accompanying map, which also indicates the 
Positions of the selected and temporary stations, 
of the 132,000-volt transforming stations, when these 
are not at the selected stations, and of the lower 
voltage transforming stations, as well as of the routes 
of the main and secondary transmission lines. The 
population of the area at the last census was approxi- 
mately 6,085,500, representing an average density of 
about 350 persons per square mile, compared with an 
average of 810 for the six other schemes. It embraces 
coal-mining, tin and china-clay districts, and a number 
of important maritime towns. The provision of 
cheap power, which the scheme will facilitate, should, 
_ ver, accelerate the movement of industry south- 
yard 

It will be noted that the Isle of Wight is included 

* South West England and South Wales Electricity 
Scheme, 1929. [Price 1s. 6d. net.]; Supplementary 
-articulars. [Price 38. 6d. net.] London: H.M. 
Stationery Office. 

+ Sce ENGINEERING, vol. exxiii, pages 584, 636 (1927) ; 
Vol. cxxiv, page 464 (1927); vol. exxv, pages 454, 811 








(1928); vol. exxvii, page 162 (1929); and vol. exxviii 
Page 22 (1929). PS” ones - - 


no further 25-cycle plant is to be installed, while the 
fifth gives a list of the temporary stations. 

According to the Supplementary Particulars, the 
maximum load in the area during 1927-28 was 
207,156 kw., and it is estimated this will reach 
496,311 kw. in 1935-36, and 828,500 kw. in 1942-43. 
During the first of these years, the electricity sold 
amounted to 470-88 million kw.-hours, or 77 kw.-hours 
per head of population. It is estimated that the sales 
will reach 1,249-17 million kw.-hours in 1935-36, and 
2,188 million kw.-hours in 1942-43, these figures repre- 
senting 205 kw.-hours and 359 kw.-hours per head of 
population, respectively, on the basis of the 1921 census. 
The figures for growth do not include any increase 
that might occur, owing to developments in the use of 
electricity for traction. 

At the present time there are 107 generating stations 
in the area, of which only six have been selected. 
This is a much smaller proportion than has been 
usual, These stations are: Cardiff (Cardiff Corpora- 
tion), Hayle (Cornwall Electric Power Company), 
Newport (Newport Corporation), Portishead (Bristol 
Corporation), Southampton (Southampton Corpora- 
tion), and Upper Boat (South Wales Electrical Power 
Distribution Company). As far as possible, the base 
load will be dealt with by the fourth and sixth of these 





installed at Newport, and, in 1937-38, a 50,000-kw. set 
will be added to Portishead. This station will also 
be extended by a second and third set of the same output 
in 1939-40 and 1942-43, while in 1938-39 a 12,500-kw. 
set will be added to Plymouth. In addition, it is 
proposed to erect a new station on Southampton Water 
or some other water-side site in the south-east part of 
the area, in which 50,000 kw. will be installed in 
1938-39 and 50,000 kw. in 1941-42. A second new 
station, which is to be erected in South Wales, will be 
equipped with 50,000 kw. in 1940-41, and 50,000 kw. in 
1942-43. Between now and 1942-43, it is proposed to 
withdraw 106,550 kw. of plant, so that the total capacity 
in the area at the end of that period will be 926,575 kw. 

The transmission system, which it is proposed to 
erect, is clearly indicated on the accompanying map, 
and need not further be described except to say that 
the carrying capacity per circuit will not be less than 
50,000 kw. at 132,000 volts and that ring mains will be 
an essential feature. 

The system under notice comprises 719 circuit 
miles of line, or between twice and three times the 
amount per kilowatt of generating plant as in the 
previous schemes. On the other hand, a survey has 
shown that, owing to the low cost at which coal can be 
delivered at Portishead, it will be more economical to 
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EXHIBITS AT THE NEW YORK MECHANICAL ENGINEERING EXHIBITION, 
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transmit electricity thence, than to continue to use local | 


stations. The erection of these transmission lines wil! 
result in the release for revenue-earning purposes of 


about 180,000 kw. of plant now kept as spare, and | 
There are | 


representing about 3,060,000/. of capital. 
to be 21 132,000-volt transforming stations with a 
total capacity of 790,000 kv.-a., of which the one at 
Portishead will have a capacity of 120,000 kv.-a. In 
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addition, there will be 11 lower voltage transforming | 


stations with an aggregate capacity of 165,000 kv.-a. | 


The cost of the transmission system and sub-stations 
is estimated at 4,163,484/. It is further estimated 
that up till 1936-37 the full advantages of the scheme 


can be secured with a saving of 1,383,506/., compared | 


with the capital expenditure that would be necessary 
if the present system were continued. The expenses 


of the Central Electricity Board are averaged at | 
0:0575d. per kw.-hour sold, and are to be capitalised | 
After that a sum of 382,9581. | 
The expenditure of | 
the Board is to be 1,543,546. in 1931-32, 3,417,462/. in | 
1932-33, 3,740,692/. in 1933-34, 3,946,430/. in 1934-35 
including capitalised interest, and 4,163,484/. per | 
The estimated | 


until the end of 1935-36. 
is set down for capital charges. 


annum up till and including 1942-43. 
expenditure and revenue of the Board indicates a 
progressive reduction in the annual cost of generation 


from 0°3773d. in 1931-32 to 0°3036d. in 1936-37, | 
and a similar reduction in the charge per kilowatt- | 


hour for electricity sold to authorised undertakers 
from 0°4178d. per kw.-hour in 1931-32 to 0°38d. per 
kw.-hour in 1936-37. 

As the supply systems of the South Wales Electrical 
Power Distribution Company and of the Cornwall 
Electric Power Company are now given at 25 cycles, 
standardisation will be necessary ; this will cost 
764,4501. 


On the basis of interest at 5} per cent. and | 


a 40-year sinking fund at 3) per cent., the annual | 


capital charges for this work will therefore amount to 
about 50,0001. 


POWER AND MECHANICAL ENGI- 
NEERING EXHIBITION, NEW YORK. 
(Continued from page 76.) 

WE continue our account of some of the exhibits 


at the New York Power Show by a reference to| gauge and float gear, which indicate and regulate the 


the manufactures of Messrs. The Cochrane Corpora- 
tion, 3142 N. 17th-street, Philadelphia, Pennsylvania. 

The largest item on Messrs. Cochrane’s stand was a 
combined de-aerator and hot water generator that the 


firm has recently introduced for domestic hot water | desired temperature by means of a thermostatic control. 


service. The presence of air in such water supplies is 
not necessarily objectionable per se, but, as the water is 


generally pure and soft, in, say, a large institution where | 
it has been chemically treated, unless all dissolved oxy- | de-aerated can be readily followed. 
gen is removed, the iron distributing pipes are attacked, | left of the apparatus, it passes round a coil in an upper 
with resultant red discolouration. The firm has a wide enclosed portion, known as the vent condenser, then | 
reputation for its direct-contact de-aerating heaters, | through another coil in a closed box, the preheater. 
| In the preheater it is subjected to the heating effect of 


and in this apparatus has embodied the same principles, 
the only difference being that the heating steam is not 
allowed to come into direct contact with the water. 
In Fig. 14, above, is given an exterior view of the new 
apparatus, which, however, will be more easily under- 
stood if the diagram reproduced in Fig. 13 is con- 
sulted. In the first place it will be recognised that the 


tank closed, and filled to about a third _of its height of the scattering of the water, following the fall from 


| 




















Fia. 15. 


2 a ' 
with the de-aerated hot water. The positions of water | 


| height of the water level respectively, will be noticed on 
| the right of Fig. 14 on the lower half of the tank. On 
| the left hand also on the lower half, is seen the cover of 
| the heating element which keeps the water at the 





| 
| Incidentally this temperature is the boiling point corres- | 
| ponding to the pressure obtaining in the apparatus. | 

Turning to Fig. 13, the course of the water to be | 
Entering at the | 





the operating steam, the supply of which is regulated 
by a thermostat, and is heated to the boiling point 
before-mentioned. Leaving the preheater, it passes 
through a valve, controlled by the float and easily 
distinguishable in Fig. 14, and is then discharged through 
perforated pipes on to a series of trays. In the course 
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BacK-PRESSURE VALVE ; 
Messrs. THE CocCHRANE CORPORATION. 


Fias. 15 ann 17. 


tray to tray, the oxygen is liberated, as, like most gases, 
it is insoluble in boiling water. It is entrairiéd with 
steam or water vapour and carried to the vent con- 
denser, where, on the condensation which occurs on 
contact with the coils containing the incoming cold 
water, it is isolated and escapes through a valve 
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Fic. 20. Exectric Trottey Horst; Messrs. SHEPARD NinES CRANE AND Hoist CORPORATION. 


regulated by a thermostat. In cases where the boiling 
point is below 212 deg. F., the necessary vacuum and 
removal of air are obtained by a steam jet-exhauster. 
The distilled water from the steam of the preheater and 
evaporating element is used for boiler feed purposes, 
no exhaust or other impure steam, therefore, enters the 
water supply. The apparatus is made shallow so that 
it can be placed in a basement, the total height of the 
largest size not exceeding 6 ft. 

A valve little known in this country, also made 
by Messrs. Cochrane and known as the Multiport 
back-pressure valve, is illustrated in Figs. 15, 16 
and 17, opposite. This valve is intended for use 
in power-generating plants where the engines exhaust 
against a back pressure, as, for example, into the 
heating system of a factory, a rapid adjustment of 
the degree of back pressure being made possible by its 
use. It can, however, be used for other purposes, such 
as a steam stop valve. The main characteristic is, that 
a number of small valves, grouped together in one 
chest, are used, instead of one large valve. The weight 
and travel of the valves being thus reduced, the possi- 
bility of failure by the sticking of the valve is reduced, 
while the shock, noise and wear incidental to the 
hammering of a large valve on its seat are avoided. 





A general view of the assembly is given in Fig. 15, but 
reference to Figs. 16 and 17 will make clear certain 
points in the following description. The first of these 
two figures shows that a cushioning chamber is provided 
by making the valve in the form of a closed cylinder 
moving upon a fixed piston, which is cast integrally 
with the valve seat and has only a small opening in 
the top. 

The cushioning space always contains either air or 
steam, and cannot be rendered inactive through freezing 
during a period of disuse, as was liable to happen 
when a water dashpot was used. It is equally effective 
when the valve is used with either air, saturated steam, 
or superheated steam. The valves are spring-loaded, the 
degree of pressure due to the springs being determined 
by the movable plate, seen in Figs. 15 and 17. This 
plate, it will readily be recognised from the figure, is 
adjustable in a vertical direction by the screwed spindle 
in the centre, the rotation of the spindle being effected 
by a handwheel, direct in Fig. 17, which shows a valve 
as designed for horizontal pipes, and through bevel 
gear in Fig. 15, where the valve is intended for insertion 
in a vertical pipeline. ‘The plate is guided on rods, and 
its travel is limited so that the valves cannot be loaded 
to more than a predetermined maximum with a given 
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19. MercHanicaL STOKER; Messrs. WESTINGHOUSE ELECTRIC AND MANUFACTURING COMPANY. 


set of springs. As will be realised from Fig. 15, the 
valves and the regulating mechanism are very readily 
accessible by the removal of side doors on the chest. 
The valve shown in Fig. 17 is similarly provided. 

An allusion was also made in our first article on the 
Power Show to the growing difficulties in operating 
modern mechanical stokers on account of their increas- 
ing size. An exhibit on the stand of Messrs. Westing- 
house Electric and Manufacturing Company, East Pitts- 
burgh, Pennsylvania, illustrates very well a method of 
attacking this difficult problem. The exhibit was that 
of the firm’s latest design of Link-grate Multiple-retort 
stoker, the construction of which can readily be under- 
stood from Figs. 18 and 19, above. Referring to Fig. 19, 
it will be recognised that the portion of the grate at 
the right, having the appearance of rows of overlapping 
corrugated discs, is of the well-known type of multiple- 
retort underfeed stoker with alternate tuyere rows and 
retorts. The coal is fed on to the grate by the main 
rams external to the furnace, and is distributed by the 
action of the secondary rams in the bed of the retorts. 
The motion of these rams is opposed to that of the 
main rams, and the fuel as a whole moves uniformly to 
the end of the grate provided an accumulation of ash 
does not take place. This, however, is one of the 
troubles which have resulted from the lengthening of 
Underfeed grates to meet the demands for larger coal- 
burning areas for modern boilers. Not only have there 
been difficulties with the adjustment of the secondary 
rams, as pointed out in the first article, but ash aecumu- 
lation, with the consequent formation of obstructive 
clinker, occurs to a much greater extent. 

Messrs. Westinghouse have, in their new design, 
restored the underfeed grate to normal proportions, but 
have lengthened the grate as a whole by the addition 
of a large area, varying from one-fourth to nearly one- 
half of the total, formed of undulating bars, identical 


| in construction and motion, across the whole width of 
| thefurnace. This area, known as the Link-grate section, 


is seen in the centre of Fig. 19, and, as will be readily 
understood, considerable quantities of coal may be 
burned upon it. This coal is supplied in large streams 
from the ends of the retorts, which movement con- 
tinuously removes the ash from the lower tuyeres. 
The underfeed section is therefore kept free from 
undesirable clinker formations, and as this eliminates 
resistance at the lower ends of the retorts, the secondary 
rams can maintain proper fuel distribution with a 
minimum of adiustment. The absence of large clinker 
also ensures a more correct air supply both in direction 
and amount, and also conduces to lessened wear. This 
type of stoker has, consequently, been able to carry 
very heavy loads for long periods with a high average 
efficiency and low maintenance costs. 

The construction of the Link-grate is shown in 
Fig. 18. It consists of narrow bars set in five rows of 
frames of a width corresponding to the distance between 
the centres of the tuyere rows. The system of frames 
is supported on the links H and K, the bottom ends of 
which are anchored, and on the links J and G, having 
their lower ends attached to the arms of a rocking lever 
on the shaft F. When this shaft is oscillated an 
undulating movement of the grate surface is set up, 
which causes the fuel to travel downwards, until, when 
combustion has ceased, it falls over into the ashpit, 
the bottom of which is fitted with a pair of clinker- 
crushing rollers. The end frame E rests partly upon 
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the cast-iron plate 8S, as freedom of movement is | are accurately reamed. The gears are, however, 
required. The other end frame A is pivoted to the | intended to be used in small apparatus only, such as 
main framework at P. The fact that this point is | electric controls, automatic distributing and packing 


below the line of the centres of the pins R results in} machines, &c. 


the lower end of this frame having a reciprocating 
motion, which is transmitted to the entire series and 


| 
| 


The largest, which is a spur wheel, 
has a pitch circle of 6-in. only; the bevel gears are 
much smaller. In order to ascertain the wearing 


assists the undulating motion in giving suitable pro- | qualities of the Doler zinc gears as against cut brass 


gressive movement to the fuel. The bars, asset in the 
frames, assemble into a smooth surface, as is seen in 
Fig. 19. They are held in place by a key-bar, which is 
fastened by a removable pin. Release of the key-bai 
permits the removal of all other bars in a frame. The 
rocker shaft is worked by a gear-box and crank 
mechanism driven from the stoker speed shaft, from a 
jack-shaft driven by the stoker driving motor, or by a 
separate motor, as may be desired. The connection 
between the gear-box and the rocking shaft embodies 
a lost-motion device to permit of a variation of the 
motion of the grate in six increments from zero to 
maximum. It is also provided with a shearing pin 
to protect the mechanism from overload. 

Another furnace exhibit may be mentioned as illus- 
trative of practice on hand-fired boiler plants in the 
United States. This was on the stand of Messrs. 
Neemes Foundry, Incorporated, Troy, New York, and 
consisted of three examples of actual grates. Grates 
provided with movable firebars so that the ashes can 
be periodically got rid of by discharging them direct 
from the bars into the ashpit, have long been in 
use with some of the American coals, though not 
often employed here. The dumping grate shown 
consisted of two parallel rows of transversely-pivoted 
grate-bars much of the usual type, each bar having a 
number of longitudinal slots and forming, in effect, a 
number of small firebars cast together. The bars were 
pivoted centrally and could be rocked into a position 
at right angles to the normal, much as a Venetian blind 
is adjusted, by means of rods connected to operating 
levers on the furnace front. In this grate there were 
four such levers each controlling one-quarter of the grate 
area. Thus the ash could be cleared from, say, the 
right-hand front quarter and the left-hand back quarter 
while the fire remained on the other two. It could be 
then spread, and on becoming dirty again, the other 
two corners could be dealt with. 

The bars of the dumping grate, being flat, when in a 
normal position form a level surface, but in another 
type they have a triangular cross-section, apex up- 
wards, so that when in the normal firing position 
the grate presents a series of transverse ridges. The 
edges of the bars, moreover, are not straight, as in the 
dumping grate, but are formed with fingers, the 
fingers of adjacent bars meshing with one another. 
The result of this arrangement is that, the bars being 
pivoted centrally on transverse bearings as with the 
other grate, a limited movement of the operating 
levers gives an oscillating effect to the bars which 
riddles out the small stuff, shakes up the fire generally 
and breaks up any clinker, without discharging the 
whole contents. This, however, can still be done, 
when desired, by a complete dumping process of 
turning the bars from the horizontal to the vertical. 
The third example was an automatic stoker of the 
sprinkler type with an inclined grate. It embodied 
at least one feature to which more attention might be 
paid in this country, namely, the complete enclosure 
of the driving parts. Apart from the improvement in 
appearance, such a step should result in less trouble in 
maintenance. 

Of the handling appliances shown we illustrate one 
of the new designs of electric hoists manufactured by 
Messrs. Shepard Niles Crane and Hoist Corporation, 
370, Schuyler-avenue, Montour Falls, New York. It 
will be seen from Fig. 20, page 121, that the hoist is 
driven by the enclosed motor on the left-hand side, 
but the use of the part opposite to it may require 
explanation. This casing contains transmission gear of 
the planetary type and an electrically-operated brake. 
The gear-end casing is cast with fins in order to keep 
the brake cool when working under exacting conditions. 
The gears are of heat-treated steel, and all the moving 
parts in the gear-end run in an oil bath. The wheels 
of the trolley are mounted on ball bearings. The 
hoist, as shown, is operated from the ground level, 
and a limit switch is provided. A feature of this type 
of hoist is that it is manufactured in standardised 
parts. Different sizes of motor-end or gear-end sections 
can be fitted to the same body piece, and by such 

combinations a variety of requirements in capacity 
and speed can be met. 

Some interesting particulars were obtainable at the 
Show regarding the properties of an alloy known as 
Doler zinc, shown at the stand of Messrs. ‘The Dochler 
Die Casting Company, 272, Lafayette-street, New York. 
This firm has recently extended its activities in die- 
casting to the stocking of a series of standardised gear 
wheels. These gears are made of a zinc alloy, and 


are, from the method of their manufacture, accurate 
and interchangeable. 
mium, which makes them non-corrodible. 


The surface is plated with cad- 
The holes 





gears, a number of tests were carried out at the 
Brooklyn Technical High School, in co-operation with 
the Hammar Company, Inc. and extended over a period 
of four months. The tests showed that the zinc alloy 
was anything from five to eight times stronger than 
bronze, and could, furthermore, carry a greater static 
load than cast-iron. Without any lubrication, or 
when lubricated with a mineral grease, the wear on 
the brass gears was many times greater than on 
the zine alloy gears. There was not much difference 
when heavy and light mineral oils were used, and with 
a grease containing acid the alloy was corroded. 

The wear of the alloy was greater, naturally, than 
that of cast iron or steel, but the breaking load tests 
showed the Doler zinc to be 73 per cent. stronger than 
cast iron. The modulus of elasticity of the zinc alloy 
is low, and the conclusion reached was that when the 
tooth pressure does not exceed the elastic limit, this 
material will, owing to the greater contact area, carry 
a greater load than brass, castiron, or steel. Conversely, 
for a given load, the contact area of a pair of meshing 
gear teeth is greater and the tooth pressure lower. After 
a permanent set, the superiority of the zinc alloy is not 
so pronounced, as the modulus of elasticity, instead of 
remaining stationary, apparently increases in the same 
ratio as the elastic limit, but quite heavy loads are 
required to raise the modulus to that of brass, cast iron, 
or steel. 

Messrs. Duriron Company (Incorporated), Dayton, 
Ohio, showed, amongst other things, samples and fabri- 
cated parts of their new acid-resisting steel, to which 
they have given the name Durimet. As this material 
will not rust or tarnish, and takes a high polish, its use 
is extending amongst motor car manufacturers for 
radiator parts, and so forth. 


(To be continued.) 








THE ECONOMICS OF WATER versus 
STEAM POWER.* 
By Grorcr A. ORROK. 


THE power resources of the world are quite large 
but with varying degrees of permanency. We may say 
we have natural gas and oil for fifty years, coal for two 
thousand years, oil shales and peat for perhaps twice 
as many years; and then we have water power which 
may perhaps last till the close of the present geologic 
era many thousand years ahead. This may not be 
true since most of our deserts, Sahara, the Gobi, the 
Interior Basin, Arabia, and Mesopotamia were all 
once well watered, while the dessication to-day is by no 
means complete. Power from water as compared with 
oil or coal may thus be termed inexhaustible. The only 
criterion of its economic value is the answer to the 
question, Can it be sold at a profit ? 

The economics of water versus steam power then 
becomes a question of the costs of power production 
and distribution from both sources at the market where 
the power can be used, and we will consider only steam 
power generated from coal, considering that the 2,000 
or more years of supply are, for the purposes of this 
paper, as inexhaustible as the sources of water power. 
We shall also assume electric generation and trans- 
mission since in this way alone can the product of most 
water power plants be brought to a profitable market. 
Two centuries ago we used overshot wheels and trans- 
mitted the power maximum to a distance of about 
100 ft. A century ago we built canals at various levels 
distributing the water instead of the power, and the 
maximum distance did not exceed four to five miles. 
In 1870 we used the water wheels to drive air compres- 
sors, and distributed the power by compressed air in 
pipes to distances of twenty to twenty-five miles. But 
by 1891 we were transmitting electric power, water 
generated, over a wire to distances over 100 miles. 
To-day we have transmission lines between 200 and 
300 miles long carrying large amounts of power without 
serious loss. Our major systems of electrical supply are 
linked up with ties, and so interconnected that on one 
occasion a year ago the entire eastern portion of the 
United States from Boston, Mass., through Chicago, 
to Pensacola, Florida, was connected up, synchronised, 
and run as a single system for about 30 minutes. 

The cost of the water power plant will include the 
cost of the real estate and water rights, the cost of 
plant construction, the dam, head and tail races, pen- 
stocks, surge tanks, the turbines, generators, governors, 
and switchboard and the cost of the transmission lines, 
transformers and substations to the market. The cost 
of water power will include interest, depreciation, taxes 





* Paper read before the World Engineering Congress, 
Tokyo, October 29 to November 7, 1929. 





and insurance on the above plant cost plus the opera- 
tion cost of the power plant, transmission line and sub. 
station. Hydraulic plants are generally of concrete, 
| massive in construction, the machinery is heavy, slow 
| moving compared with steam machinery, of high 
efficiency and long life. Transmission lines are now 
substantial constructions in steel and concrete. Real 
estate, water rights and transmission line rights of way 
vary from next to nothing upwards and only a promoter 
would estimate the cost of an hydraulic installation 
without extensive investigation and surveys. The 
cheapest hydraulic plant in the writer’s knowledge 
cost about 60 dols. per kilowatt without transmission, 
the most costly about 425 dols. per kilowatt. Many 
investigated sites figure higher than 600 dols. per kilo- 
watt. Transmission lines may cost as low as 7,000, dols. 
per mile or as high as 100,000 dols. From this wide- 
spread field it is evident that any calculation to be of 
general value must be put in such a form that we may 
enter with two cr more variables to find the answer, 
the cost of power per kw.-hour delivered at the market. 
One of these variables must of necessity be the load 
factor, a second will be the sum of the fixed and oper. 
ating costs per delivered kilowatt of demand or better 
yet the actual prime cost per delivered kilowatt of 
demand. Such diagrams are easy to construct when 
the facts are known. Fixed charges including taxes and 
insurance may run from 9 per cent. to 15 per cent. 
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Taxes alone amount on some installations to 4 per cent. 
but in general 12} per cent. is a fair value to use, 
From the average of many cases, the operating costs 
amount to about 2-60 dol. per kilowatt per year, while 
the transmission operating charge, including the sub- 
station at receiving end, may be taken as 2 dols. per 
| delivered kilowatt of demand per year. One more factor 
| is needed, the loss factor, the ratio between delivered 
| kilowatts and installed kilowatts. Fig. 1 shows such a 
| diagram which has been used somewhat widely in the 
| United States in various forms, the abscisse being 
| the investment per delivered kilowatt of demand, the 
| ordinates being the cost of a kw.-hour in cents to which 
| the profit must be added if a price is required. 
| When we come to evaluate the cost of steam power 
|another very different set of conditions is obtained. 
| In most cases the steam generating station is located as 
| close to the centre of distribution as possible, having due 
regard to the location of condensing water and ready 
| access by rail or boat to the coal supply. The condensing 
| water supply is most important since from 600 tons to 
to 1,200 tons of water are used in temperate climates 
| per ton of average coal burned. Cooling towers can be 
| used and a station may thus be located away from a 
water supply, but in such cases the loss in thermal 
economy is serious, and only a very low coal cost or 
| very high freight rate will justify such a location. 
| The cost of steam stations varies widely, due to 
| market and labour conditions, goodness of design and to 
| some extent to the steam pressure and expected thermal 
'economy. The author has records of the cost of many 
| central stations built since 1890, the lowest cost on 
record being about 50 dols. per kilowatt of capacity, 
| while others earlier and later have cost over 250 dols. 
| per kilowatt of capacity. The average cost, leaving 
‘out interest during construction, has been about 
| 100 dols. per kilowatt. Averaging in ten-year periods. 
| the cost in each decade has been very closely the same 
| figure. European costs apparently run from 2" to 
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30 per cent. lower, but an examination of the details 
will usually show that the saving is almost entirely 
due to lower building cost, the equipment being only a 
little below American prices. We may then accept 
the 100 dols. per kilowatt average cost as being probably 
both reasonable and sufficiently stationary. 

Fixed charges could probably be figured at 124 per 
cent., even with the 4 per cent. taxes, were it not for the 
chances of supercession which upset any system of 
depreciation or reserves for renewals, and fixed charges 
on the steam plant have been taken at 15 per cent. or 
15 dols. per kilowatt per year. Labour, maintenance, 


with its transmission lines, or 100 dols. for a steam 
station with a 20 per cent. reserve installation. Or, 
if we are considering a water power on which the 
investment would be 200 dols. per delivered kilowatt 
of demand at 40 per cent. load-factor, we could sub- 
stitute for it a steam station representing an investment 
of half as much if we could purchase coal at 3-50 dols. 
per long ton, the cost of service remaining the same. 
Fixed charges on the water power plant would be 
85 per cent. of the total cost and only 60 per cent. for 
the steam plant. 

But this does not tell the whole story. Run of 








oil, waste, and supplies, roughly proportional to output, 


- Steam Power. 3-5 


Total Cost per Kuowatt-Hour . Cents. 


10 80 700 
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may be taken as constant at 0-15 cents per kilowatt- 
hour. The remaining factor in the cost of steam 
power is the coal which may amount to 80 per cent. 
or more of the operating cost of perhaps with cheap 
coal run very much lower. Table I shows the method 
of calculating steam costs, which, for the various load 
factors and with coal varying in price by 1 dol. intervals, 
are plotted in Fig. 2. In this figure the abscisse are 
load factors, while the ordinates, as before, are costs 
of delivered kilowatt-hours, in cents. The 20 per cent. 
steam reserve, sanctioned by good practice, is included 
in the costs. 

On the same diagram, the cost of hydro-electric 
power, with various investments per delivered kilowatt 
of demand may be plotted. Though the shape of the 


TasBLe I.—Sream Costs ror Various Loap Factors. 
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stream plants can only deliver power up to the low- 
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water flow of the stream. 
If 12-hour pondage can be 
obtained, then twice the 
low flow is obtainable for 
12 hours; with 24-hour 10 15 20 
pondage the day flow may 
be discharged in a short 
time at a high rate. When 
storage may be built in 
addition to pondage many combinations are pos- 
sible. Complete storage is rarely found and, indeed, 
is rarely necessary. In streams having a varia- 
tion of 1 to 300 between high and low water flow, 
a storage equivalent of one-fifth the run off with a 
small pond, has shown a utilisation of over 80 per cent. 


(1798.¢.) 





























B.Th.U./kw.-hour,= 13,000 + 100,000 __- Coal (14,000 B.Th.U.) = 0-929 + ae. Se 
en idee Load Factor: °°! (14 aarrester NT Load Factor 
oo ] 
Load Factor Per Cent. | 100 | 80 | 60 | 40 | 30 20 10 
| | 
iS 
Hours utilisation .. is 33 | 8,760 7,008 | 5,256 3,504 2,628 1,752 876 
Fixed charges per kw.-hour, cents .. | 0-205 0-257 0-342 0-514 0-685 1-028 2-054 
Other charges per kw.-hour, cents - .. | 0-15 0°15 0-15 0°15 0-15 0-15 0-15 
Total charges per kw.-hour, cents | 0°355 0-407 0-492 0-664 0-835 1-178 2-204 
Coal, Ib. /kw.-hour x, ~ 1-000 1-018 | 1-048 1-108 1-167 1-287 1-644 
© Total cost cents per kw.-hour 
oal 1 dol per ton (2,240 Ib.) .. 0-400 0-453 | 0-539 0-714 0-887 1-298 2-277 
» 2dols ‘s 0-444 0-498 0-586 0-763 +939 +29 . 
» 3 dols, ” 0-489 0-543 | 0-632 0-812 0-991 1-350 2-424 
» 4 dols. s 0-542 0-597 | 0-688 0-871 1-053 1-418 2-512 
9 dols, 0-578 0-633 | 0-726 0-912 1-095 1-465 2-571 
» 6 dols, 0-623 0-680 | 0-773 0-961 1-148 1-523 2-644 
» 7 dols, é rm ie .. | 0-668 0-725 0+820 1-010 1-200 1-580 2-718 
» 8 dols, a ne ie .. | 0-712 0-771 0-866 1-060 1-252 1-637 2-731 
» 9 dols. | 0-757 0-816 0-913 1-109 1-303 1-695 2-865 
a | 
curves is somewhat similar, the diagram readily shows} of the flow, but the rainfall was well distributed. 
£ y 


what values of fuel, load factor and investment will 
yield pow er at equal cost. 
It is much better to plot these values on logarithmic 
, giving a more open diagram. On this type the 
ydraulic entries are straight lines, and it is much easier 
: interpolate for any investment value. Figure 3 
— this logarithmic plot, and from it we may read 
; - for a 50 per cent. load-factor load, with 5 dols. 
oal, we can afford to pay about 240 dols. per delivered 


Compare a stream of this variation with the Niagara 
River, whose variation is 1 to 1-3, where the use of 
water is limited to a small portion of the flow. It 
would be easy to secure 100 per cent. utilisation of the 
available water if a steady load of that magnitude 
could be secured, but even here an 85 to 87 per cent. 
utilisation is about the best that can be done. In most 
cases a steam auxiliary is necessary even where both 
pondage and good storage are found. The variation 


Load Factor per Cent. 








kilowatt of demand, for the water power installation 


in kilowatt-hour produced by a hydro-plant in wet and 


dry years is often as large as 50 per cent., and factors 
of this sort must be introduced suitable to the steam 
characteristic. 

Steam plants, on the contrary, need no such dis. 
criminating analysis. Their only serious variation 
lies in the coal price, which may vary due to market 
conditions and interruptions of production and trans- 
portation, and the introduction of newer types of 
machinery, i.e., obsolescence. Most large steam 
installations obtain their coal from as many sources 
as convenient to ensure continuity of supply. Obsoles- 
cense cannot be guarded against and must be accepted 
when it occurs. It may be said that, given a market 





Cost of Coal $ per Tor. 
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of certain type, steam plant costs show smaller variation 
than water plant costs. A dry year may increase 
the kilowatt-hour cost of water generated current 
100 per cent., while a 100 per cent. increase of coal cost, 
the only real variable with steam generated power, 
would add at best only 30 per cent. to the cost of current. 
This has been shown in detail by Markwart, in the 
Journal of Franklin Institute for August, 1927. 

Steam plants are self sufficient. There are many 
systems, operating without hydro-electric auxiliaries, 
giving continuous electric service at reasonable cost. 
Hydro-electric auxiliaries may cheapen the cost, but 
cannot improve the service. Hydro-electric systems, 
however, are not usually sufficient in themselves, and 
must use an auxiliary steam supply for four reasons :— 
1. To give best system economy. 2. For stand-by pur- 
poses (failure of transmission). 3. For meeting the 
seasonal water deficiency during the low-water period 
on non-regulated streams. 4. For meeting the dry 
year water deficiency. 

Even such aggregations as the Niagara system have 
a steam reserve to take peaks and meet emergencies 
as well as connections to other water and fuel power 
companies, through which power may be obtained. 
The large hydro systems of the Southern California 
Edison Company, the Southeastern Power and Light 
Company, and the Pacific Gas and Electric Company, 
each generating over 2,000,000,000 kw.-hours per year, 
have a one-third or larger steam auxiliary, as well as 
interconnections with other companies. If this neces- 
sity arises in such a perfectly regulated water power as 
Niagara, where the flow only varies between 200,000 
and 250,000 ft.-seconds, and the allowable amount 
taken is around 56,000 ft.-seconds, the necessity, in a 
fully regulated smaller stream utilising 90 to 95 per 
cent. of the stream flow at all times, which may vary 
between dry and wet years from 40,000,000 kw.-hours 
to 80,000,000 kw.-hours, per year is much more cogent. 
The hydro-electric company is faced with the necessity 
of restricting its sales'to the dry year output, or it must 





purchase or generate by fuel sufficient kilowatts and 
kilowatt-hours to meet peaks and yearly outputs. And 
thus the steam reserve has been built, up in practi- 
cally every water power system. Introduced at first to 
carry short peaks or a cessation of service due to trans- 
mission line failures, the steam auxiliary has been 
extended to meet output requirements in the dry seasons 
and during years of low rainfall. Then as the output 
and demand increases, more and more of the output 
has been carried on fuel until, finally, no more water 
being available, the fuel plant may carry the bulk of 
the load, while the hydro takes to a subordinate posi- 
tion. If pondage happens to be available, the hydro 
becomes a peak and standby proposition, generating 
its entire output as daily peaks, and only used for a 
few hours each day. Even with storage to regulate 
the stream to nearly uniform flow, given sufficient 
pondage, the peak use of hydro may be economical. 
But there is another limit to the use of water power, 
not included in the economic reasons which have 
been stated. It is easy to show that if all the rain 
falling on the United States were utilised as power 
between the level at which it fell and the sea level, the 
power developed, if generated by steam at 2 lb. of 
coal per kilowatt-hour and 100 per cent. mechanical 
efficiency would represent a coal consumption exceeding 
the present national coal production by about 10 per 
cent. Evaporation and growing vegetation necessarily 
reduce this total by about one half. Long nearly- 
flat slopes and subterranean flows account for perhaps 
30 per cent. more, and the United States Geological 
Survey estimates a maximum possible output as around 
160,000,000,000 kilowatt-hours, about a 20 per cent. 
utilisation of the total rainfall. 
The actual survey figures are :— 
20,700,000 kw. 90 per cent. of the time = 
163,000,000,000 kw.-hours 
or 32,800,000 kw. 50 per cent. of the time = 
144,000,000,000 kw.-hours 


We actually have a trifle over 9,000,000 kw. of hydro- 
power installed, which should yield somewhere between 
71,000,000,000 kw.-hours and 40,000,000,000 kw.-hours. 
On this installation we actually generated 34,000,000,000 
kw.-hours in 1928. On the same ratio, when all possible 
plants are built irrespective of cost, we may expect 
roughly 120,000,000,000 kw.-hours per year as the maxi- 
mum possible output from water power. We already 
use the equivalent of 30 per cent. more mechanical 
power than this, and our central station and industrial 
generation amounted to about this same amount, 
120,000,000,000 kw.-hours, in 1928. Hydraulic power has 
been averaging from 33 to 40 per cent. of the total, 
and the proportion will become smaller as the years 
go on, as the newer developments become more costly 
and further away from markets. 

Meanwhile the output of steam central stations has 
grown to about 55,000,000,000 kw.-hours per year, and is 
increasing at the rate of about 10 per cent. per year. In 
1919, the 24,000,000,000 kw.-hours generated by steam 
cost on the average of 3-2 |b. of coal per kilowatt-hour. 
By 1928, station economy had been so much improved 
that the average use for the 53,000,000,000 kw.-hours 
amounted to only 1-79 lb. of coal per kilowatt-hour. 
More than twenty of the larger stations use less than 
1:5 lb. of coal per kilowatt-hour, and six averaging 
at about 1 Ib. of good coal per kilowatt-hour. We 
may look confidently for a further 30 per cent. decrease 
in the use of coal in the central station industry. 

Large units cut down the cost of labour, supplies 
and maintenance, and while in this discussion the 
figure of 0-15 cents has been used there are numerous 
precedents to show that this might better be put at 
0-08 cents. The former more nearly represents average 
conditions to-day. 
becoming common, and the future should show con- 
siderable reduciions in operating figures. 

Water turbines, on the other hand, are very efficient, 
92 to 94 per cent., and the overall efficiency of hydro- 
plants may be as high as 90 per cent., leaving very 
little chance of improvement. With the steadily 
increasing cost of water rights, real estate, hydro- 
construction and transmission lines, the cost of hydro- 
electric power will attain higher and higher values, 
shifting the economic balance further towards steam 
power. This statement is probably true for conditions 
in the United States, notwithstanding the proposed 
construction of such developments as Boulder Dam 
and the St. Lawrence Canal, where the power rentals 
are expected to pay irrigation costs in one case and 
navigation costs in the other case. On the Pacific 
slope, oil is being quoted at 3-60 dols. per ton, while 
there are sites in the East where 1 dol. coal is available. 
Thus each proposition is unique, to be considered by 
itself as to cost, layout, markets, water and fuel supply, 
rainfall and storage, but when the costs are known it 
then becomes a question of how long the static condition 
is to continue. Here the knowledge of the engineer, 


the genius of the executive and the judgment of the 
financier must combine to determine the proper 
decision. 
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THE ADOPTION OF THE DIESEL 
ENGINE IN CANADA. 


THE fact that Canada is now developing little short 
of 6,000,000 h.p. in electrical energy derived from 
water power, and that fuel-power stations have an 
output almost negligible in comparison with this 
huge total, must not be taken as proving that there 
is no scope for steam power, or for the use of the Diesel 
engine. It will be a long time before the Dominion 
as a whole is able to instali turbines for the utilisation 
of the 43,000,000 h.p. which is Canada’s potential 
installation on the basis of the estimated 33,113,200 h.p. 
of available water power fur six months’ flow. In 
certain areas, however, the rapid advance of industry 
is such that available water-power resources may 
approach their full potential development within a 
comparatively few years, and it may not always be 
found possible to meet the demand by long-distance 
transmission of electrical energy. An anticipated 
power shortage in Ontario has recently been averted by 
the purchase en bloc of power generated in the neigh- 
bouring Province of Quebec, but the demands of 
industry in Quebec are such that similar contracts 
may not be possible on another occasion, and the need 
may have to be met, as in the United States and else- 
where, by the erection of modern super-power plants 
utilising imported coal or fuel oil. Before this happens 
some solution may be expected to have been reached 
of the controversy relative to the St. Lawrence Water- 
way and power project, the execution of which would 
render available both in Ontario and in New York 
several million horse-power of additional electrical 
energy. 

In the meantime, however, it will be sufficient to 
recall that fuel power, applied to machinery either 
directly or electrically, is necessarily used by the 
railways and in the shipping industry, both ocean and 
inland. The manufacturing industries, mainly deriving 
power from central electric stations, or in the case of 
pulp and paper mills largely from their own hydro- 
electric power installations, are, nevertheless, also 
users of fuel power. Over 1,000,000 h.p. is generated 
in Canadian factories by steam engines and turbines, 
and upwards of 80,000 h.p. by internal-combustion 
engines. The mining industries operate over 1,000 
steam engines and turbines of about 150,000 h.p. 
altogether, and there are, in addition, about 600 
internal-combustion engines of about 20,000 h.p. in 
all. Central electric stations have their auxiliary 
or standby plants, either coal or oil, and in large 
buildings like hotels, department stores, offices and 
the like, it is found worth while to install plant for 
the generation of light and power on the spot, even 
in large cities having a comparatively cheap public 
electrical supply. 

Much progress has been made during the past year 
in the introduction of the Diesel engine into Canadian 
practice. We need hardly refer to the Canadian 
National Railways having placed on their system one 
of the most powerful oil-electric locomotives so far 
built, driven by two Diesel engines, as this machine 
has already been described in our columns.* 

The new motor grain-carrier, Grainmotor, designed 
for the St. Lawrence Canal traffic and owned by the 
Canada Steamship Lines, Limited, which went into 
service last September, has a small 75-h.p. generating 
set in addition to her main engine, which gives 735 h.p. 
at 210 r.p.m. and has a normal rating of 930 h.p., at 
260 r.p.m. The main engine is of the eight-cylinder 
solid-injection, verticle four-cycle type. The bore 
is 16 in. and the stroke is 20 in. The smaller 








Units of 100,000 kw. and over are | 








set is driven by a four-cylinder, four-cycle, solid- 
injection engine developing 75 h.p. at 400 r.p.m. All 
the pumps, deck equipment, &c., are electrically 
operated from current supplied from this !set. The 
average total consumption of the vessel, including oil 
for heating purposes and auxiliaries over the trips she 
has made to date, will not be in excess of 3,500 gallons 
per round trip. This, worked out at 8 cents a gallon, 
gives a fuel bill of 280 dols. Lubricating oil costs 
about 20 dols. a trip, giving a total fuel and lubricating- 
oil cost of 6,600 dols. for 22 trips. In making com- 
parisons with steam, it is found that the lowest fuel 
and lubricating costs are about 12,500 dols. per annum 
for 22 trips, this figure being often exceeded. The 
vessel has a carrying capacity of at least 5,000 bushels 
of wheat in excess of the largest capacity steam-driven 
bulk grain canal carrier used on this stretch of water- 
way. Perhaps one of the most interesting features 
is her very low speed for canal work. Her engines 
can be reversed from full speed ahead to full speed 
astern in six seconds. 

During the past year, another vessel, the Georgian, 
first launched in 1912, has been reconditioned with 
a six-cylinder solid-injection type engine with a bore 
of 18in. and a stroke of 22in. It is a four-cycle engine 
developing 750 h.p. at 210 r.p.m. and a normal rating of 





* See ENGINEERING, vol. cxxvi, page 756. 
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930 h.p. at 250 r.p.m. In this case her bulk-carrying 
capacity has been increased by 8,000 bushels of wheat. 

The Robert Simpson Department Store at Toronto 
has two 600-h.p. four-stroke cycle, Diesel engines in its 
power plant, each set having six cylinders of 16}-in. 
diameter, 22-in. stroke, and a speed of 250 r.p.m., 
current being produced at a voltage of 240 by a 
352-kw. generator. These sets are running for six 
days a week, developing, roughly, 24,000 kw.-hours 
at a cost of 125 dols, or about } cent. per kilowait-hour. 
Large numbers of both small and large two-cycle sets 
have been installed throughout (anada, there being, 
for instance, three sets at the mine of the Base Metals 
Exploration Company, Limited, in Field, B.C., these 
consisting of two 400-h.p. andlone 200-h.p. set. The 
British Metals Corporation, Limited, has at its Stirling 
mine, in Cape Breton Island, two 360-h.p. and one 
240-h.p. set. At the Sherritt-Gordon mine, in northern 
Manitoba, operations began when the railway was 110 
miles away, and electrical power had not been developed 
at the Island Falls power plant in Saskatchewan. 
Steam power based on wood-burning furnaces speedily 
gave place to oil engines with oil at 43 cents per gallon. 
In August last three 105-h.p., direct-connected, Diesel- 
driven compressors were in use, which operated 1,189 
hours during that month. At the Tashota Gold 
Mines, Tashota, Ontario, a 105-h.p., direct-connected, 
Diesel-driven air compressor is installed, giving an 
operating time of 1,656 hours, with fuel consumption 
of 5,575 gallons, an average oil utilisation of 3-37 
gallons per hour. The Geneva Mining Company, 
Limited, is also using a 105-h.p. Diesel at its property 
at Geneva Lake, near Sudbury. , : 

An interesting portable generating plant, consisting 
of a 200-h.p. Polar oil engine direct-coupled to an 
alternator, capable of being mounted in a railway car, 
has been installed by Canadian Utilities, Limited, of 
Calgary. The car is 40 ft. long and about 9 ft. wide, the 
walls and ceiling being insulated with }-in. felt, covered 
by steel sheets. The engine is a two-cycle, airless. 
injection type, with a speed of 300 r.p.m. This engine 
is a standard stationary engine of the same type as 
those installed in numerous plants belonging to 
Canadian Utilities, Limited. The net weight of the 
engine, excluding bedplate, is 30,000 lb. The engine 
is direct-connected to a 160-kv.a. Westinghouse 
three-phase, 60 cycles, 2,300 volts generator, with a 
direct-connected exciter. 

Generally speaking, the market for Diesel engines in 
Canada, apart from marine application by the coasting 
and fishing industries, falls into the following classi- 
fications :—(1) Where hydro-electric power is unob- 
tainable or where the cost of transmission lines is 
excessive, as in mines. (2) Where the operation of the 
plant is seasonal and the electric power service charges 
would be unjustified, as in canneries. (3) Where the 
average daily operation in the plant falls, say, below 
six hours, the small flour and grist mills being in this 
category. (4) Where water-power is non-existent and 
Diesel or steam power must be employed for the produc- 
tion of light and power, as in the whole of Saskatchewan 
south of the pre-Cambrian shield, eastern Alberta, 
and to a lesser extent in Manitoba. (5) For stand-by 
units in factories, large stores, banks, hospitals, office 
and institutional buildings of all kinds, where the 
power company or municipality is not provided with 
emergency resources. 

The experience of industries in British Columbia 
during the recent drought, which has reduced to a most 
remarkable degree the amount of hydro-electric power 
available for transmission to industrial centres, has 
also taught Canadians that dependence upon water- 
power may on rare occasions be unreliable. 











Raitway Rowiine-Stock ConstructTion.—During 
1930, 12,000 goods wagons are to be built by the London. 
Midland and Scottish Railway Company, at a cost ol 
1,500,0007. The vehicles will comprise many types: 
including open wagons, low-sided wagons, standard 
mineral wagons, covered vans for general merchandise, 
banana, meat, refrigerator and brake vans, cattle wagons. 
20-ton steel hopper wagons, and other specially-con- 
structed vehicles. 


TUNNEL UNDER THE RIVER HooGutiy.—For some 
time the demand for electricity in that part of the 
area of the Calcutta Electric Supply Corporation. 
which lies on the right bank of the River Hooghly, has 
been rapidly increasing, and to meet it alternative plans 
for connecting the district with the existing generating 
station have been considered. In the course which 
has been adopted it is proposed to drive a tunnel 
under the river, in which the necessary cables will be 
accommodated. In order to get well below the river bed 
and thus avoid any risk from the peculiar scouring action 
of the river, the tunnel will be 93 ft. below the surface. 
It will be nearly 600 yards long and its internal diamete! 
will be 6 ft. It is stated that this will be the first work 
of its kind to be undertaken in the East. The consulting 
engineer is Mr. H. H. Dalrymple-Hay, and the con 
tractors are Messrs. John Cochrane and Sons, Limited. 
of 39, Victoria-street, London, S.W. It is hoped that 








the work will be completed by the middle of 1931. 
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(For Description, see Page 125.) 
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THE HETCH HETCHY WATER SUPPLY 
FOR THE CITY OF SAN FRANCISCO. 


In previous articles on this subject, published 
in vol. cxxii of ENGINEERING, between July 16 and 
December 3, 1926, we described the general features 
of the Hetch Hetchy project, intended to supply 
San Francisco with water and power, including 
the construction of the works of the Mountain 
Division and the Bay Crossing Division of the 
aqueduct. In the last article of the series (page 685, 
vol. exxii) we noted that the. work still to be done 
involved the means of conveying the water from the 
tail race of the Moccasin power house westward 
to a connection with the Bay Crossing pipe line 
already completed. 

Final location surveys of the incomplete portions 
of the aqueduct (shown in the section Fig. 16 on 
Plate X) have changed the lengths somewhat from 
the figures previously published. The Foothill Divi- 
sion Tunnel, formerly noted as 17 miles long, now is 
15-85 miles, consisting of two sections of 5-28 miles 
and 10-57 miles, separated by the Red Mountain 
Bar pipe syphon, which was described in the 
article of November 19, 1926, page. 621. The San 
Joaquin Valley pipe line has been increased in 
length from 45 miles to 47 miles, and the Coast 
Range Division in consequence reduced to a total 
length of 29-14 miles, consisting of a continuous 
tunnel 25-12 miles in length, 0-58 mile of steel 
pipe, and a final tunnel 3-44 miles long. Tunnel 
driving operations were recently completed in the 
Foothill Division and work has been proceeding on 
the concrete lining. In the Coast Range, five con- 
struction shafts on the 25-mile tunnel have been 
sunk and tunnel driving is well under way. It is 
estimated by Mr. M. M. O’Shaughnessy, City Engi- 
neer, that the completion of the aqueduct will 
require about four years’ work. Through the 
courtesy of Mr. O’Shaughnessy, we are now able 
to give particulars of some of the later tunnel 
work. 

Water released from the tail race of Moccasin 
Power Plant, shown in Fig. 1, on Plate VII is now 
wasted down Moccasin Creek into Tuolumne River. 
Delivery of this water into the aqueduct to San 
Francisco will be by means of Moccasin re-regulat- 
ing reservoir, which will be formed by building a 
dam across this creek. The impure water of the 
stream, running off an area of cattle ranges and 
mines, will be diverted by an upstream dam and 
by-passed through a reinforced concrete conduit laid 
on bedrock in the bottom of the reservoir. This is 
10 ft. in diameter, and will have a capacity 2,300 
cusecs. It will discharge at a point downstream 
from the main dam. The by-pass conduit, which is 
shown being laid in Fig. 2, on Plate VII, is not de- 
signed to carry the maximum recorded flood of the 
creek, and it is probable that in periods of once in 
five years the flow may overtop the diversion dam 
and enter the reservoir. This would necessitate wast- 
ing the reservoir water for a short time until the 
peak of the flood should pass. The diversion dam 
will probably take the form of a gravity, overflow 
section, about 300 ft. long and 25 ft. high. 

The re-regulating reservoir will have a capacity 
of 500 acre-ft., and will serve to equalise the flow 
of water in the aqueduct in spite of any disturbance 
of uniform flow which might result from variable 
demands for power operation. The dam will be 
800 ft. long, 60 ft. high, of the rolled earth-fill type 
with rock-fill toes, and with a reinforced concrete 
core wall. The spillway elevation is + 920 ft., and 
the crest + 925 ft. The slate rock underlying the 
site is to be thoroughly grouted for the entire 
length of the core wall. Each stratum will be cut 
at least twice by successive holes. “Eight test pits 
were sunk to bedrock along the axis of the dam, 
the decpest one, high up on the bank, revealing an 
overburden of 30 ft. of earth and gravel. The 
site has been stripped to bedrock. As stated above, 
the portion of the Moccasin Creek diversion conduit 
Included within the upstream and downstream 
lnnits of the dam, and also the portion of the core 
wall cirectly beneath this conduit, have already 
been constructed, but the construction of the dam 
itself awaits the completion of concrete lining in 
the 16-mile Foothill Tunnels. The core wall, made 
of approximately 1:2: 4 mix, is 4 ft. thick at the 
bottom, and extends at least 5 ft. into bedrock. The 








upper portion is to be 18 in. thick, the maximum 
reinforcement consisting of a double grid of 1 in. 
square bars at 12 in. centres. At the bottom of 
the foundation on the downstream face of the core 
wall there will be an 8-in. diam. concrete drain 
pipe, laid with loose joints, to which intercepting 
drain ditches in the bed rock will be led. The latter 
will be spaced at approximately 20 ft. intervals. 

Two outlets from the reservoir are planned, one, 
shown in Figs. 5 to 8, no Plate VIII, supplying the 
main aqueduct, the other, illustrated in Figs. 9 to 13, 
on Plate [X, being an auxiliary by way of the diver- 
sion conduit through the dam. The auxiliary outlet 
will be provided with a 7 ft. by 7 ft. sluice gate, opera- 
ted either manually or by an electric motor, with sill 
level at + 870. A cast-iron transition section leads 
to a 7-ft. diameter connection to the diversion 
conduit. An 8-in. diameter cast-iron air inlet 
pipe in the circular section will destroy any vacuum 
on the downstream side of the gate. The gate 
tower is circular in plan, with an interior diameter 
of 8 ft. 6 in., and is surmounted by a concrete house 
with operating floor at elevation + 925. 

The main outlet system consists of a reinforced 
concrete gate tower of two compartments, each 
with a 6-ft. by 8-ft. 6-in. sluice gate, motor or 
manually operated. The elevation of the gate 
sill is + 881-87. A concrete house, 15 ft. by 
20 ft., with operating floor at elevation + 925, will 
afford protection from the weather. Steel trash 
racks for catching debris extend across the front 
of the tower. Both upstream and downstream from 
the sluice gates, slots are provided in the concrete 
to accommodate steel shutters so that the gates 
may be unwatered for repairs. Below the down- 
stream shutter two channels unite to form a taper 
section connecting with the main aqueduct tunnel. 

The construction sections of the Foothill Division, 
with the lengths of tunnel driven from the various 
headings, are as follows, the location of the various 
shafts being shown in Fig. 16, on Plate X. 


Foothill Division Tunnels, 

















— 
ae etween 
a East. | West. working 
Points. 
Si it. it. ft. 
Moccasin Portal a ae — 9,226 21,112 
Brown Adit .. ee on 11,886 6,759 6,759 
Red Mountain Bar, East 
Portal (2,397 ft. of pipe) — = — 
Red Mountain Bar, West 
Portal es ee ee —_ _ 1,179 
Pedro Adit .. re r 1,179 12,575 23,477 
Hetch Hetchy Junction Shaft; 10,902 8,069 15,281 
Rock River Shaft .. rie 7,212 6,779 15,857 
Oakdale Portal ee ee 9,078 — — 
Total 83,665* 








* Or 15-85 miles. 


The beginning of work in this division followed 
closely upon completion of the Mountain Division. 
As soon as equipment was released from the old 
work, it was overhauled and transferred to the 
new. Buildings were dismantled and then re-erected 
in the new locations. Experienced, seasoned men 
quickly took up their new duties. New construction 
roads were built and surfaced with crushed rock or 
gravel. 

At Red Mountain Bar, the Tuolumne River was 
spanned by a cableway to handle material to Brown 
Adit. Previously, the camp had been reached by 
a mountain road 6 miles long from Moccasin, 
reaching an elevation of 2,000 ft. The cableway 
which is illustrated in Figs. 17 to 19, on Plate X, 
is of the Lidgerwood type. The main cable, of 
“improved plough steel,” is 2} in. diameter, with 
breaking strength of 210 tons. The span between 
towers, 2,295 ft., is believed to be the greatest ever 
used for the hoisting and conveying type of cableway 
ordinarily employed in construction. The cable was 
strung originally with a sag of 125 ft. when un- 
loaded. The head tower on the west or right bank 
of the river is 85 ft. high, with top at elevation 
+ 925. The tail tower is 61 ft. high, with top at 
elevation + 924. The towers are of timber with 
steel tie bolts. The maximum elevation of the 
water surface of the river, which here is part of 
Don Pedro Reservoir, is -+- 606. The cableway is 





designed for a hook load of 5 tons, the weight of 





carriage and hook being about 2} tons. The hauling 
ropes are of }-in. plough steel. The conveying 
speed is 1,200 ft. per minute, and the hoisting 
speed 300 ft. per minute, using a four-part hoisting 
line. A 300-h.p. motor happens to have been used 
because it was readily available but less power 
would have sufficed. An electric signal system is 
employed. The cableway is used to handle material 
to or from railway cars or motor lorries on the west 
side of the river and narrow-gauge tram cars on 
the east side. The service tramway built in the 
hillside is 24-in. gauge track, 8,525 ft. long, of 30 Ib. 
rail and leads to the tunnel track at Brown Adit 
camp. Motive power is furnished by a 6-ton petrol 
locomotive. | Power for constructional purposes, 
drawn from Moccasin Power House is distributed 
by a 22,000-volt line, with step-down sub-stations 
at the various camps to supply power at 440, 220 or 
110 volts. 

The tunnel traverses country of arid character 
with but few springs, and the water from these was 
unsatisfactory, both as to quantity and quality. 
A gravity water supply was therefore installed from 
the penstock pipes above Moccasin Power House. 
The main line consisted of 22} miles of 5-in. and 
4-in. pipe. A branch line of 2} and 2-in. pipe to 
Brown Adit crossed the river at Red Mountain Bar, 
being suspended from a l-in. diameter cable. 

Following, in general, the method developed 
previously, the City installed camps and plant, 
inaugurated work at the various camps, and carried 
it far enough to determine construction costs. 
Bids were then invited and contracts let for por- 
tions of the work, while the City continued to 
carry on the remainder by day labour under the 
direction of the City Engineer. Thus guesswork was 
eliminated and contractors had an opportunity to 
bid intelligently. As the work progressed, keen 
rivalry developed between the crews of the con- 
tractors and those of the City, resulting in generally 
excellent progress. In the month of August, 
1921, at Priest Portal of the Mountain Division, 
the contractors’ forces had advanced the heading 
776 ft. On the present work, at Hetch Hetchy 
Junction, the City’s direct employees drove a length 
of 781 ft. in March, 1927, and exceeded this in 
29 days of September of the same year by a record 
run of 803 ft. in one heading. This is a record for 
speed for the United States. 

The tunnel sections vary but little from those 
used in the completed Mountain Division. The 
gradient is 1-5 ft. perthousand. The original horse- 
shoe section (called Section 1), 10 ft. 3 in. by 10 ft. 
3 in., with arch radius of 5 ft. 14 in., wall radius of 
10 ft. 3 in., bottom radius of 15 ft. 44 in., and lined 
with concrete of 6 in. minimum thickness, giving 
a neat area of 87-94 sq. ft., was intended for use in 
places in which heavy external pressures developed. 
A modification of this, with vertical side walls and 
a neat area of 91-67 sq. ft., was called Section 2. 
Unlined tunnel was finished to so-called Section 5, 
in which the arch is of 6 ft. 8 in. radius, the sides 
are vertical, the invert radius is 20 ft. 5 in. with 
18-in. fillets, the height, 14 ft. 3 in., and the neat 
area is 166-5 sq. ft. 

A special circular section of 10 ft. 3 in. diameter 
with walls 12 in. thick, was used for 450 ft. from 
Moccasin Portal, on account of the heavy pressure 
from the loose, blocky ground. A view of the 
change of section, to Section No. 2, on this division 
is shown in Fig. 4, on Plate VII. 

In general, it was intended to work to Section 5 
only where it was certain that hard, solid rock 
would be encountered. In all other portions, 
Section 2 was to be used. If, after the completion 
of tunnel lengths driven to Section 2, an inspection 
showed that rock conditions were such as to warrant 
the enlargement from the smaller lined section to 
the unlined Section 5, this was to be done. In 
carrying out this policy, the tunnel was driven as 
follows :— 





To lined Section 2 64,204 ft. 
To unlined Section 5 ... 18,970 ,, 
To special Section at inlet 450 ,, 
Open cut at Pedro Adit 41 ,, 

Total 83,665 ,, 


Subsequently, lengths aggregating 28,723 ft. of the 
64,204 ft. of Section 2 (or 44-7 per cent.) were 
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enlarged to Section 5, so that the tunnel now com- 
prises :— 
Section 2, including open 35,522 ft. or 6°7 miles 
cut 
Section 5... wn oss “SIMS: 5s BV 
Special section Me ca Rs 


Total 83,665 ft. or 15°8 miles 


The actual driving operations were similar in all | 
respects to those described on pages 284-285 of | 
our issue of September 3, 1926. Tunnelling opera- 
tions were carried out from two portals, two adits, | 
and two shafts. Work began early in 1926, and | 
at the end of that year was in progress at eight | 
headings, while a total of 5 miles of tunnel had | 
been driven. During 1927, the progress amounted | 
to 84 miles. After the early months of 1928, all | 
but two headings had holed through. The driving 
was completed December 6, 1928, the progress in 
that year being 2} miles. The delay in the last | 
two headings was due to encountering seams carry- | 
ing large volumes of water under heavy pressure, | 
the maximum being 700 g.p.m. at a pressure of | 
380 Ib. per square inch. This difficulty was over- | 
come in each case by drilling a ring of deep, circum- | 
ferential holes and forcing cement grout into them, 
under a pressure sufficient to fill all the interstices in | 
the rock. This operation had to be repeated several 
times in some instances. After the cement had set, 
tunnel driving was resumed. The grouting opera- | 
tions necessary to shut off these flows resulted in a | 
very material slowing down of the work. In the 
fiscal year from July 1, 1927, to June 30, 1928, in | 
the heading from Moccasin Portal, 21 such shut- | 
downs were necessary, and these entailed a loss of | 
65 days of tunnel driving time. In these operations, | 
2,344 sacks (100 Ib. each) of cement were used for | 
grouting purposes. In November, 1928, in passing | 
through one shattered zone, 10 ft. thick, of amphi- | 
bolite schist, 66 grout holes were drilled, and 606 | 
sacks of cement forced into the seams. Some of 
these seams were encountered at a depth of 1,700 ft. 
below the surface, and 1} miles from the portal. 

The placing of the concrete lining began from 
three base plants as soon as the tunnelling opera- | 
tions from these points had been completed. At 
two of these plants, the sand and gravel used were 
brought in by railroad, but at the third, selected 
material from the tunnel spoil was crushed for broken | 
stone and rolled for sand. The dry aggregate was 
hauled into the tunnel by electric storage battery 
locomotives, and there mixed, and then shot into | 
place behind collapsible steel forms by the pneu- 
matic method, this work being illustrated by 
Fig. 14, on Plate IX. 

The Webb concrete gun has been used by the | 
City’s day labour gangs in lining operations. The | 
original gun, as used in the 19 mile tunnel of the | 
Mountain Division, consisted of a horizontal | 
cylindrical shell into one end of which the concrete | 
was dumped from a mixer. <A piston then pushed 
the concrete forward past the entrance opening. 
Compressed air admitted to the cylinder, then shot 
the charge out, through a length of 6-in. pipe, to 
the forms. On the newer gun now in use in the 
Foothill Tunnels, and illustrated in Fig. 15, on 
Plate LX, and in the drawing Fig. 21, annexed, the 
piston has been discarded. The concrete is dumped 
into the gun through a manhole with a sliding 
door, closed by a pneumatic cylinder. Compressed 
air is then introduced through a horizontal pipe, 
actuated by a cylinder, which slides along with the 
load during discharge, thus applying the air stream 
to the concrete continuously through the stroke. 
The gun in this form has been used on the 19-mile 
Mountain Division Tunnel of the Hetch Hetchy 
Project, on tunnels of Southern California Edison 
Company, Pacific Gas and Electric Company, Great 
Western Power Company, City of Los Angeles, 
Shandaken Tunnel of New York, Svdney, N.S.W. 
water tunnel, and others. 

Another type of gun was used by the contractor 
in his work of placing tunnel lining. This is known 
as the Hackley gun, and is a shell of almost egg- 
shaped cross section into which the compressed air 
is introduced through four pipes which apply the 
air at four successive positions of the charge. 
discharge is through 6-in. pipe. This gun is shown 


in Figs. 22 to 24 on this page. This type of machine 
has been used successfully in a number of tunnels, 
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notably those of the East Bay Municipal Water 
District, of Alameda Company, 


tric Company, Montecito Water Company, and the 
Sunset (Duboce) tunnel of the City of San Francisco. 

At a point 200 ft. to the east of the east portal 
at Red Mountain Bar, there will be a concrete-lined 
surge shaft. This shaft is designed primarily to 
work in connection with the regulation of a power 
plant which it is proposed to erect here, but will 
serve also to limit pressure variation in the aqueduct 
to the west of this point. The elevation of the tunnel 
invert is +- $39, and of the top of the surge shaft 

930. The upper part will be a cylindrical section 
of 35-ft. diameter, with 18-in. concrete walls. 


The | Below it, will be a conical portion, 20 ft. in diameter 


at the top, sloping into the tunnel from a depth of 
0 ft. The chamber was excavated as a “ glory 


] 
hole,” i.¢., a shaft 7 ft. by 10 ft. and 57 ft. high! 


HACKLEY 


California, the | 
Skagit of Seattle, Pitt No. 3 of Pacific Gas and Elec- | 





* CONCRETE GUN. 


was driven upwards from the tunnel to the surface, 
the excavated material being removed through the 
tunnel. Concrete lining will be placed by operating 
through the tunnel, from the Moccasin Portal plant 
5:3 miles distant. “ee 

An overflow structure, to prevent excessive In- 
ternal pressure in the tunnel, is under constr tion 
at a point about 1,500 ft. to the east of Oakdale 
Portal. The invert grade here is 749, and the 
lip of overflow 825. The structure is a circular 
shaft 10 ft. 3 in. diam. at the tunnel, decreasing to 
7 ft. in a height of 20 ft., and then continuing om 
same diameter for 37 ft. and increasing to 10 it. 
in the next 15 ft. In the lower conical portion the 
wall thickness decreases from 18 in. to 12 in., whl h 
thicknes is maintained to the top. The wali & 
heavily reinforced against outside pressure. An 
overflow box at 30-deg. angle to the tunnel line \U! 
discharge into an adjacent creek. 
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Fron: Oakdale Portal, at elevation 747, the 
conduit will extend by means of a steel pipe for 
47 miles across the San Joaquin Valley. Eventually 
there will be three pipes of about 6 ft. 4 in. diam., 
but the initial installation will not. be less than 
one 5-ft. pipe. This construction will be deferred | 
for probably two years, so that it will be completed | 
simultaneously with the Coast Range tunnels in | 
about four years. | 

Turning now to the Coast Range Tunnels, these | 
pierce the mountain range of which Mt. Hamilton | 
and Mt. Diablo are prominent peaks and extend | 
from the western edge of the San Joaquin Valley | 
at elevation —- 399 to the eastern edge of the Santa 
Clare Valley, elevation 316, in which lies San 
Francisco Bay. The design of the Hetch Hetchy 
system is based upon an ultimate supply of over 
400 million gallons daily to the San Francisco 
peninsula. 


The tunnels east of the San Joaquin | 
Valley are designed to take initially that entire | 
quantity. In the Coast Range a flatter grade line | 
is necessary, and a tunnel about 13 ft. in diameter 
would be required to give the same flow, or two | 
l0-ft. 3-in. diam. tunnels might be used. The 
comparison of the cost of a 13-ft. tunnel with that | 
ofa 10-ft. 3-in. tunnel, plus the discounted cost of a | 
second, parallel to the first, to be constructed not | 
sooner than 25 vears hence, indicated that the latter | 
method of dual construction was the more economical | 
plan. Although the first tunnel is designed to 
carry 200 million gallons per day, its capacity can | 
be increased to 250 m.g.d., and it does not appear 
to be probable that the demand for water will 
reach this figure within 25 years of the completion | 
ofthe first tunnel. It has therefore been considered | 
idvisable to construct at this time an initial tunnel | 
10 ft. 3 in. diam., 95 ft. distant to the north of the | 


ventre linc of a 200-ft. right of way, while parallel 
to this in the future a similar tunnel will be built 
on the south side, 80 ft. from centre line, whenever 
't may become necessary to satisfy the ever in- 
“reastny demand for water. A steel pipe syphon will 


he used t 


© make the connection across the valley 
ot Alameda Creek, which divides the tunnel into 
‘wo sections. The total fall in the tunnel is 83 ft. 

Tesla Portal at elevation + 399, illustrated 
In Fig, 27. page 140, and Irvington Portal at | 


hetweey 
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elevation 316, in a total distance of 
The gradient in the two sections is 
0-7 ft. per 1,000 ft., or 2-64 ft. and 
mile, respectively. 

The final location of the tunnel line was deter- 


0-5 ft. and 


mined after extensive geological surveys, and | 
diamond drill borings aggregating 5,014 ft. in| 
depth. Particular attention was given to the 


vicinity of the old Tesla coal mines, in an effort 
to avoid soft formations encountered in that neigh- 


bourhood, in which the local rock, by showing | 
a tendency to swell upon exposure to the air, had | 


made underground work difficult. The trace is 
an unusually close approximation to a straight line, 
from which the aqueduct deviates by only } mile 
at the most. The departures from the straight line 
are due to considerations, and the 
necessity of locating shafts of moderate depth at 
convenient points along the tunnel. 

In the earlier days of the project, in addition to 
the portals, 14 shafts and one adit were proposed 
for the construction of this tunnel, but economic 
studies have since resulted in a reduction of the 
number of shafts to five and have eliminated the 
adit. The slightly longer period of construction 
thus necessitated, arising from the greater distance 


veological 


between working points, is justified by the shorten- | 


ing of the line and saving in cost of shaft equip- 
ment, camps, and of shaft sinking. 


29-14 miles. | 


3:70 ft. per 








Experience in driving and lining the aqueduct 
tunnel for 4 miles from Priest Portal has demon- 
strated the practicability of economical tunnelling 
operations for longer distances than had hitherto 
been used. In the present work the greatest dist- 
| ance between shafts is 5-2 miles. 

A good deal of thought was given to the question 
| of installing an alternative route over the summit 
with a temporary pipe line and pumping stations, 
but studies made proved this to be economically 
inadvisable. 

The acquisition of right of way was not difficult 
as the region traversed is one of large holdings 
in the form of cattle ranches, and is only sparsely 
settled on account of its use for grazing for cattle 
and sheep. A portion of the tunnel is through lands 
of the Spring Valley Water Company, whose pro- 
perties are being purchased by the city. A perma- 
nent sub-surface easement is taken for two tunnels. 
|Camp and dump sites were bought in fee, but for 
roads, telephone and power lines, &c., only a surface 
easement has been necessary. Electric power for 
constructional purposes in the Coast Range is taken 
from the city’s main 120 kv. transmission lines 
by a sub-station of 6,000 kw. capacity. This sub- 
station, at Seco, is illustrated by Fig. 25, above. 
| The power is stepped down to 22 kv. and transmitted 
to the camps over 30 miles of line consisting of two 
3-phase lines of No. 2 and No. 4 seven-strand copper 
wire on cedar poles. On account of fog conditions, 
| the insulators used are designed for satisfactory 
operation under a potential of 45,000 volts under 
normal conditions. The capacity of the several 
shaft camp substations 600 kv-a. Power 
stepped down at these to 3-phase, 440-volt power 
current and 110-220 volt lighting current. All 
buildings and workings are electrically lighted and 
electricity is used for firing the blasts in shafts 
and tunnels. A view of the San Joaquin River 
Crossing towers, 208 ft. high, is given in Fig. 20, 
on Plate X. 

The construction sections of the Coast Range 
Division are shown in the table on page 128. 

The shafts are excavated to 6 ft. 9 in. by 20 ft., 
and have a central hoisting compartment 5 ft. 6 in. 
| by 4 ft. 6 in., and two side compartments 5 ft. 6 in. 
by 6 ft. 6 in., one of which is used for hoisting and 
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Moccasin Power House, the City entered into an 
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the other as a manway, and for pipes, &c., the dimen-| The Hetch Hetchy work has been financed by 
sions having been somewhat increased over the | four bond issues as follows :— 
original shafts in the Mountain Division. The —— 
shafts are situated about on the centre line of the| Date Authorised. Amount, | Use. 
| | | dols. | dols. 
— | | eos November 12, 1908 ..| 600,000 | Purchase lands and water 
: | Dep | r | from rights. 
aiid | of | Tunnel.) Pipe. | Tesla | January 14, 1910 45,000,000 | Lands, &c., legal, con- 
| Shaft. | | Portal. | struct Mountain Division 
| ! and Bay Crossing Divi- 
) | | | sion. 
ft. | miles. | miles. | miles. | October 7, 1924 10,000,000 | Construct Foothill Division 
Tesla Portal as di -- — |; — 0 | and do preparatory work 
4-46 | on Coast Range Division. 
Thomas Shaft 351 aa -- 4°46 May 1, 1928 .. 24,000,000 | Construct Coast Range 
| 4-20 | tunnels and San Joaquin 
Mitchell Shaft ..  ../ 804 -- — 8-66 | Valley Pipe. 
5-22 | SSS 
Mocho Shaft ..  ..| &18 — | 13-88 | Total ..| $79,600,000 
2-90 We a 
Valle Shaft ae — > ee 
Indian Creek Shaft ..| 304 pon _ | 91-87 | The City has been in receipt of an income of 
3-25 | 250,000 dols. annually for the use of the Bay Crossing 
_ i | as 9n.19 ° . A 
East Alameda Portal ..| = — aa er | 2512 | pipe line by the Spring Valley Water Company. 
West Alameda Portal ..| — = —- | 25-70 Pending determination of the method of acquiring 
3°46 _ | 99.14 |@ distribution system for the power produced at 
| | 


Irvington Portal ‘ah -— 





| 2.647 | 28-56 | on | 








alignment and cross cuts are driven from these to | 
the tunnel line as shown in Fig. 26. The sinking of | 
the first shaft, that at Arroyo Mocho, shown in 
Fig. 28, on page 140, was begun in May, 1927. Since 
then the five shafts have been completed, cross- | 
cuts driven and actual tunnel construction is | 
under way in eight headings with an aggregate 
progress of 5,000 ft. in January, 1929, ani work 
has continued steadily since. The shafts and 
cross-cuts are being lined with concrete so as to be 
available for the construction of the future parallel 
tunnel. Figs. 29 and 30, on page 140, show the 
Indian Creek shaft, and the cross-cut at the same 
point. Underground car storage, a motor generator 
set for recharging storage batteries of electric loco- 
motives, and a small shop are accommodated in a 
portion of the future tunnel which has been driven 
now for that purpose. The total force engaged on 
the construction of the Coast Range tunnels now 
approaches 550 men. 

A good deal of difficulty is being encountered in 
and adjacent to two of the shafts from swelling 
ground. In one heading this requires the use of 
12 in. by 12 in. timbers at 3 ft. centres. In a portion | 
of one tunnel, the rising of the bottom has neces- 
sitated the lowering of the track at intervals of 
about five days. It was originally assumed that 
the swelling of the ground was caused by air slakeing, 
but there is reason to believe that it is due to pres- | 
sure. In these places, the permanent lining will | 
be built in concrete to circular section to withstand | 
the heavy external pressure. An elaborate method | 
of measuring this pressure has been under considera- | 








tion. | 

From the west end of the Coast Range tunnel, a 
pipe line 1-4 miles in length will be laid to connect 
to the Bay Crossing pipe line which is now in| 
service and which was described in our issue of | 
December 3, 1926, page 683, et seq. In this way the | 
water from Hetch Hetchy and Lake Eleanor, 
in the Sierra Nevada, will be led 150 miles to | 





agreement with one of the two power companies 
marketing power in San Francisco, under which 
the company is under obligation to dispose of the 
entire electrical output of the project. The price 
fixed by the ratio of production cost to distribution 
cost, applied to 2.383 cents, which is the mean 
rate for power in San Francisco, making due allow- 
ance for transmission and distribution losses, 
approximates } cent per kilowatt hour as metered 
at the end of the City’s power transmission line 
984 miles from the power plant. Under this 


| contract the net income from power after payment 





of operating expenses has been as follows :— 
Year. | Amount. 
| 
| 
| dols. 
August, 14, 1925, to June 30, 1926 1,803,114 
July 1, 1926, to June 30, 1927 1,915,457 
July 1, 1927, to June 30, 1928 1,994,766 
Total, to June 30, 1928 $5,713,337 


| The net income is applied to additions and 
| betterments, interest, amortisation of discount, 
| retirement of bonds, and balance for surplus. 

Mr. M. M. O’Shaughnessy, City Engineer of San 
Francisco, has been responsible for the design and 
construction of the entire Hetch Hetchy project, 
Mr. N. A. Eckart acting as Chief Assistant Engineer. 
Construction work is in the charge of two construc- 
tion engineers, Mr. L. T. McAfee, acting on the 
Foothill Division, and Mr. C. R. Rankin, of the 
Coast Range Division. 








THE PHYSICAL AND OPTICAL 
SOCIETIES’ EXHIBITION. 
(Concluded from page 88). 

RECORDING pyrometers and automatic tempera- 
ture-control apparatus were the chief exhibits of 
Messrs. The Foster Instrument Company, of Letch- 
worth. In one control apparatus, the periodic 
depression of the pen arm of the recorder also 
operates the relays regulating the furnace tem- 


exhibit of Mr. R. M. Catterson-Smith, 429, King’s. 
road, Chelsea, S.W.10, are illustrated in Figs. 1:3 and 
14, on the opposite page. Of these, the former js 
a twin-tube furnace for heating small billets for hot 
pressing, designed to heat billets up to % in. in 
diameter, by 2 in. in length, to 800 deg. C. at the 
rate of 8 per minute. The furnace unit, which js 
independent of the stand, provides for th« pre- 
heating of the billets in a twin-tube heater wound 
with nickel-chrome wire, the final heating being 
effected by non-metallic heater rods; the billets 
are carried through the heaters in solid-drawn 
liners of Firth’s Staybrite steel. The feed and 
delivery of the billets is effected automatically, 
the billets being placed in the inclined trays, shown 
in Fig. 13, and being passed into the furnace one 
at a time by push rods. The latter are operated 
by a solenoid through a lever and chain mechanism, 
the movement being controlled by an oil dash-pot. 
The timing gear comprises a small motor and 
reduction gear which rotates a camshaft, and so 
tilts alternately two mercury switches in the solenoid 
circuits. The speed of the motor, and consequently 
the rate of delivery, can be varied either by means 
of a centrifugal brake, or by a rheostat. A thermo- 
stat, employing the differential expansions of nickel 
and silica, is used for the automatic control of the 
temperature of the furnace, which, it is claimed. 
has a high efficiency, some 75 per cent. of the heat 
supplied being absorbed by the billets. The 
maximum input is 3-2 kw. 

The furnace shown in Fig. 14 has a continuously- 
rotating hearth, in the form of a ring of Sillimanite 
4 in. wide, and with a mean circumference of 
7 ft.; a height of 2 in. is allowed between the 
hearth and the insulating material above it. The 
hearth and the insulating mounting are carried on 
a ring of non-scaling steel. resting on and driven by 
three rotating supports, a }-h.p. motor with suitable 
reduction gearing being used for the drive. The 
articles to be heated, such, for example, as tools 
requiring heat treatment, are placed in the hopper- 
type opening shown in the figure, and are carried 
on the hearth under a pre-heating panel of nickel- 
chrome elements, whence they pass into a higher- 
temperature zone heated by non-metallic resistor 
rods. On reaching the outlet, the articles are 
pushed over to the edge of the hearth by a stationary 
ramp of refractory material, so that they slide 
down through a sloping aperture. A temperature 
regulator is fitted near the outlet of the furnace. 
the consumption of which is 4 kw. 

A high-temperature electric furnace was also 
shown by Messrs. Wild-Barfield Electric Furnaces. 
Limited, Elecfurn Works, North-road, Holloway. 
N.7. This furnace was heated by means of re- 
crystallised carborundum heaters accommodated in 
the refractory lining of the furnace, which is specially 
grooved for the purpose. This arrangement, it is 
claimed, serves to protect the bars from accidental 





damage, and also ensures more uniform heat 
radiation. 

The exhibits of Messrs Bellingham and Stanley, 
Limited, 71, Hornsey-rise, N.19, included a photo- 
electric refractometer embodying a device which will 
be found generally useful. In works dealing with 





liquids of standard concentration, it is desirable to 


a os ~ ° | : “ 3 : 
Crystal Springs Reservoir in the San Francisco | perature, of which a continuous record is produced. | have immediate warning of a departure from the 


peninsula. 


This reservoir is part of the system/|There are two adjustable rare-metal contacts on | Standard, and an indication that the standard concen- 


of the Spring Valley Water Company, which has | the presser bar for the low and high temperature | tration has been reached. The new refractometer is 
furnished water to San Francisco since 1858. During | limits desired ; the vertical movement of the pen combined with a photoelectric cell which, through 
the past fifty years several attempts have been|/ arm being made considerable in order to secure! an amplifier and a relay, lights up a signal lamp as 


made to purchase the water company’s system, 
but it was not until May 1, 1928, that opposition | 





The dial chart 


efficient working of the relays. 
makes 


of the high-speed recording pyrometer 


|soon as a certain change in the refractive index 
oceurs. The optical system directs the refracted ray 





was overcome and the general public decided in| one revolution in 8 hours, instead of the usual|on to the slot of a movable shutter, and the ray 
favour of such action. On that date the proposition | 24 hours. The dial recorder, moreover, is arranged | only passes through the slot on to the photoelectric 


carried by a vote of 4 to 1 and the City is now | 
issuing bonds to the value of 41,000,000 dols., tak- | 
ing over operation of the system from February 1, | 
1929. The purchase brings to the City 62,000 
acres of reservoir and watershed lands, five im- | 
pounding reservoirs of 65,000 million gallons | 
capacity, which, with underground supplies, are 
capable of producing 65 million gallons daily, 
111 miles of main aqueduct and a city distributing | 
system of twenty reservoirs and tanks with 750 | 
miles of pipe and all necessary pumping stations, | 
supplying over 105,000 consumers in a total popu- | 
lation of approximately 700,000 persons. 


|device is worth mentioning. 
|under the upper portion of the chart of the con- 


so as to give simultaneously two records, one of 
which may be kept at the works and the other at 
the office. This duplicating is obtained in the 
simplest manner possible by superposing two dials 
and two carbon papers; the movement is ob- 
tained by clockwork. Another equally simple 
A platen is placed 


tinuous strip recorder, so that notes can be made 
on the record, and the knife edge is made non- 
rotating, in order to improve the definition of the 
dots. 


Two electric furnaces forming the main items of the | employed in this lamp, the reflectors being f 


|cell for the predetermined index ; otherwise it 1s 
| stopped by the shutter. 

| Various types of quartz mercury-vapour lamps 
| were shown by Messrs. Kelvin, Bottomley and 
| Baird, Limited, 18, Cambridge Street, Glasgow. 
'as well as an ultra-violet fluorescence cabinet for 
the use of chemists, physicists and biologists, 1" 
| which one of these lamps is employed as the source 
of the ultra-violet light. Mention should be made 
iof the Ideal shadowless lamp, also exhibited, and 
| intended for the illumination of surgical operating 


jtables. No lenses or separate built-up mirrors - 
fFormet 
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of highly-polished stainless steel spun to the neces-| reliable means of measuring the gain of low- 
sary shape. This form of reflector is light pe 
comparatively inexpensive, and has the additional | filters, the attenuation of land lines, &c. 
advantage that the risk of damage in transit; The exhibits of Messrs. The Igranic Electric 
or in use is negligible. The light source is an | Company, Limited, 149, Queen Victoria-street, 
ordinary gas-filled incandescent lamp. | E.C.4, included a range of recently-designed motor- 
Of the many interesting exhibits on the stand} control gear for operating on alternating-current 
of Messrs. Marconi’s Wireless Telegraph Company. | supply mains. Of these we may mention an 
Limited, Marconi House, Strand, W.C.2, we may | automatic “ across-the-line ” type starter for small 
mention a new design of direction finder for use| two-phase or three-phase squirrel-cage induction 
on aireraft, enabling the operator to determine his | motors up to 5 h.p. It is fitted with a start and stop 
position by taking bearings on known ground | push button, and with a thermal overload-protection 
stations. The receiver is designed to cover aj} device, of which the relays can be re-set from 
wave-length range from 600 m. to 1,600 m., and| outside the case. A reversible motor starter 
the frame aerial, which is of streamline form,| suitable for three-phase squirrel-cage induction 
is arranged so that it can be supported at a| motors, and operated by a compact form of 
convenient distance from the body of the machine | three-way push button, was also shown, as well 
with a minimum air resistance. The latter, of| as a push-button operated starter of the contactor 
course, imposes severe limits on the area embraced | type. The latter is fitted with two contactors, 
by Sthe aerial Sand reduces its efficiency, but this|and when the “start” button is operated, one 


l 
| plate, instead of being of glass, is of chromium- 


frequency amplifiers, the loss in low-frequency | plated stainless steel. A new micro-chemical balance 


| was also shown, this instrument, having a beam 
| 2? in. in length and being capable of carrying a load 
|of 20 g., and of weighing to 0-001 mg. For fine 
reading a microscope is fitted. Another new instru- 
|ment shown was an aperiodic balance, in which 
| air damping is provided in order to bring the beam 
| to rest rapidly. The damping is effected by metal 
| tubes fitting loosely one into the other and placed 
| below each scale pan to form air dashpots. 

An extensive range of electrical-measuring instru- 
|ments was exhibited by Messrs. Nalder Brothers 
|and Thompson, Limited, 97a, Dalston-lane, E.8, 
including a complete series of induction-type watt- 
meters, voltmeters and ammeters, of first-grade 
| accuracy, as well as a variety of Bijou voltmeter 
;and ammeters in moulded cases of the flush and 
projecting patterns. A new induction-type over- 
load relay was also shown. This relay has been 























Fie. 13. 


has been compensated for by the high amplification | of the contactors short circuits the fuses and 
employed. completes a circuit which closes the other contactor 

Other exhibits included a marine echo-sounding | in the motor circuit. The motor, therefore, starts 
equipment in which high-frequency mechanical! with the fuses out of circuit, but when it has run 
oscillations, produced by a piezo-electric crystal, are | up to speed, the “start” button is released and 
transmitted to the bottom of the sea, and on their | the first-mentioned contactor de-energised, so that 
return produce electrical oscillations in the same|the fuses are again brought into circuit. An 
‘rystal, the time occupied in the double journey being | electrical interlock is provided so that the contactors 
4 Measure of the depth of the water. When the| cannot remain alive while the starter door is 








‘apparatus is switched on, it commences to operate | open. 
automatically at 15-seconds intervals, a pointer | Many items of interest to the engineer were | 
moving to a figure indicating the depth and | included in the exhibit of Messrs. Coats Machine | 
remaining stationary for about 10 seconds. A} Tool Company, Limited, 14, Palmer-street, S.W.1, 
tell-tale device is fitted to indicate whether the|among them being a number of hardness-testing 
moving parts are operating at the correct speed,| appliances. The Monotron hardness indicator | 
and an adjustment can be made for the draught | shown is of the static mechanical-pressure type 
of the vessel, so that the depth indicated is that| suitable for measuring the hardness of metals, | 
from the actual surface of the water. The only | minerals and vitreous materials, and also of organic | 
other exhibit to which we can refer was a tone| and compound materials. In this instrument, 
senerator for supplying a pure sine-wave voltage | which we hope to describe in detail in a subsequent 
. a constant amplitude, over a frequency range| issue of ENGINEERING, the standard scale gives 
‘tom 20 cycles to 10,000 cycles. It comprises} Monotron hardness readings, but special scales are 
two high-frequency oscillators, one operating at| provided to give Scleroscope or Brinell figures. 
4 fixed frequency and the other variable, the! What, we believe, is a new application of chro- 
resultant beat being amplified to give a variable | mium plating was to be seen in the exhibit of Messrs. 
audio-frequeney output of 26 milliwatts. A fine|L. Oertling Limited, 65, Holborn Viaduct, E.C.1, 
ea * the power output to the circuit under/the whole of the metal parts, both internal and 
thal ov ided. Used in conjunction with the | external, of one of their delicate chemical balances 

8 valve voltmeter, the tone generator forms a| being so treated. In this instrument, the base 
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designed for the protection of[the “ grid” and the 
operating characteristic is of the inverse time limit 
with adjustable definite minimum time delay. 
The advantages claimed for it are increased operating 
force combined with robust construction, ability 
to withstand heavy short-circuit currents, extremely 
low volt-ampere consumption, rendering it suitable 
for operation from bushing-type current trans- 
formers, and wide ranges of load and time settings 
which are capable of simple and independent adjust- 
ment. Single pole, double-pole, and_ triple-pole 
relays of this type are made by the firm. 

An interesting exhibit on the stand of Messrs. 
Evershed and Vignoles, Limited, Acton-lane Works, 
Chiswick, W.4, was a demonstration model of their 


| Megger earth tester, illustrating the testing of the 


earthing of a substation. Particulars of this instru- 
ment will be found in ENGINEERING, vol. cxxiv, 
page 323 (1927). A new type of Dionic water- 
purity meter having automatic temperature com- 
pensation without employing a motor generator or 
other moving parts, was also shown. This apparatus 
is made in both the indicating and recording type ; 
a portable indicating Dionic water tester was also 
shown. 

A full range of electrical measuring instruments, 
including milliammeters, galvanometers, ammeters 
and voltmeters of various types, for direct, alternat- 
ing and radio-frequency currents, was shown by 








Mr. Ernest Turner, Chiltern Works, 55-73, Tot- 


teridge-avenue, High Wycombe, Bucks. A recent 
production is an electrical speed indicator, com- 
prising a calibrated voltmeter connected to a 
magneto generator manufactured by Messrs. The 
M.-L. Magneto Syndicate, Limited. 


equipment is suitable for use on aircraft or ships, or | 


in connection with kinematograph projectors, 


for which purpose the indicator can be graduated | 


to read in feet per minute. 

The fact that mains-operated wireless receivers 
and amplifiers are generally designed to work from 
an alternating-current supply has given rise to a 


demand for apparatus to generate alternating 
current where only direct-current is available, 


For this purpose, Messrs. The M.-L. Magneto Syn- 
dicate, Limited, of Coventry, manufacture a rotary 
transformer which formed part 


systems and country-house lighting installations, 
and can also be operated from a low-tension accu- 
mulator. Two sizes are made, having outputs of 


44) volt-amperes and 85 volt-amperes, respectively, | 
at from 200 volts to 250 volts, and 50 cycles. <A | 


point of interest in connection with the design is 
that both the commutator and slip rings are located 
at the same end of the armature, so that both sets 
of brushes cam be inspected by the movement of one 
end. cover, and a fan can be fitted at the other end 
for cooling purposes. Cast cobalt-steel magnets are 


employed for the field svstem, and their use, it is | 
reduction in | 


claimed, results in a considerable 
ripple. 

Of the exhibits of Messrs. 
(London), Limited, 14-17, ue Oe 
one of interest to our readers was a bomb calori- 
meter made at the B.T.L. Instrument Works, 


Walthamstow, in which all the metal parts of the 


Jaird and 
Cross-street, 


bomb, including the terminals, valve spindle, unions, | 


&c., are constructed of polished stainless steel. 
Connolly's thermo-fractional analyser, 
shown by this firm, is of the industrial type and 
has been developed for the accurate analysis of 
simple or complex gaseous mixtures. 
apparatus for the combustion of inflammable 
gases over heated copper oxide, as well as absorption 
pipettes, some of which are of a new bubbling 
type. We may mention the 
stroboscope exhibited, consisting essentially of an 
air-driven drum with suitable viewing slits through 
which running machinery can be made to appear 
stationary, or to be moving slowly, so that the 
motion can be examined. It can also be used as a 
speed indicator, and when so fitted weighs about 


vas also 


also 


18 oz.; without the speed indicator its weight is | 


Il oz. 
Included in the 
Beck, Limited, 69, 


exhibit of Messrs. R. and J. 
Mortimer-street, W.1, was : 
metallurgical microscope designed by the firm in 
conjunction with the scientific staff of 
Hadtields, Limited, and incorporating a number of 
novel and interesting features. The bench is a 
rigid bronze casting with four levelling screws, the 
lamp, microscope, camera and a separate table 
for microscopic photography, sliding on the bench 





Messrs. 


to which they can be clamped by screws. The | vacuum of 0-0002 mm. of mercury direct from the 
stage of the microscope is carried on a_ slide | atmosphere, and having a capacity of 420 c.c. per | 


2-in. wide actuated by rack and pinion, and the 


stage, which is capable of carrying heavy weights, 
is centred over this slide so that there are no over- 
hanging parts. 
the objective and its mounting, so that 
delicacy of movement can be obtained. The micro- 
scope has two bodies, one parallel with the bench, 
and connecting with the camera for photographic 
work, and the other at right angles to it for obser- 
vation purposes. The camera is of the reflex type. 


Light is provided by a Pointolite lamp, and two 
titted, one having a thin- 


vertical illuminators are 
glass slip and the other a prism. 


Messrs. E. R. Watts and Son, Limited, 104.) tight case, the movement of the diaphragm of the 
Victoria-street, S.W.1.. exhibited a number of | capsule being communicated to a pointer by special 
surveying instruments, including a new pattern | gearing. When the case is in communication with 


transit theodolite for yveneral work, having an 


internal-focussing telescope with a large aperture 


and short length. A new mining transit theodolite, 


with the late Professor Cooke’s co-planing device, | 
was also shown, as well as various types of levels 


The complete | 


of their exhibit. | 
This machine can be wound to suit public supply | 


Tatlock | 


It embodies | 


Whidbourne | 


The fine adjustment only carries 
little 
weight is taken by this adjustment and greater 


actin 
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| 
and staves. We may also mention an entirely 
| new instrument, known as Elder’s co-ordinator, 
| intended to take the place of ranging poles and 
optical squares, and obviously capable of saving 
|considerable time in setting out main lines and 
‘offsets. We hope to deal with this instrument in 
| detail in a subsequent issue of ENGINEERING. 





| The exhibits of Messrs. Henry Hughes and Son, 
Limited, 59, Fenchurch-street, E.C.3, included a 
number of instruments for air and sea navigation, 
including among the latter the Holmes magnetic 
master compass, which is designed to operate any 
number of repeater compasses at various points in 
|a ship. The compass is mounted in a binnacle, 
and compensated in the usual manner, the magnetic 
element being provided with a standard card, and 
| being pivoted in a bowl filled with non-freezing liquid. 
The principle employed for the operation of the 
repeaters is particularly interesting. An electrical 
relay controls the repeater switches, the relay itself 





absolute-vacuum gauge, which is an experimental 
modification of the above-mentioned instrument. 
was also shown. This instrument indicates the 
vacuum in absolute terms, independently of yaria- 
tions in barometric pressure. Apparatus for the 
works tests of aircraft instruments under severe 
vibrations was also exhibited, as well as the equip- 
ment used for testing the Bourdon tubes of distant- 
reading thermometers. In this apparatus, positive 
and negative pressure is applied alternately over the 
whole range, by means of an air pump, for a period 
of several hours, to check the constancy of the 
readings. 

Messrs. G. Cussons, Limited, Technical Works. 
Manchester, showed a model of the characteristic 
surface of a gas based on the design of Professoy 
Sir Henry Barraclough, of Sydney University. 
where it is employed in teaching elementary thermo- 
dynamics. The model, which is constructed for 
nitrogen, consists of three reference planes at right 


being controlled by the variations in the electrical | angles, upon which are marked allied values of 


resistance of two liquid paths within the bowl, 
through which a weak alternating current flows. 
These paths lie between fixed conductors in the bowl 
|and other conductors attached to, and moving with, 
the magnetic element. When the north point on 
the card is opposite the lubber’s line, the fixed and 
moving conductors are opposite each other, and 
the two electrical paths are of equal resistance. In 
other positions, the resistances of the two paths 
differ, and the disturbance of the balance between 
the two circuits affects a sensitive relay controlling 
}a small reversible motor. The motor causes a 
follow-up ring, mounted above the compass bowl, 
'to turn to the right or left, so as to bring the markings 
on a phantom card into coincidence with those on 
the card in the bowl, and the balance between the 
then restored. As it moves, the 


two circuits is 


| by which electrical impulses are transmitted to 


| step-by-step motors actuating the dials of the! 


repeater compasses. It should, perhaps, be men- 
tioned that if, for any reason, the repeating apparatus 
|is out of service, the main compass can still be 
|emploved for ordinary navigation purposes. 

At the stand of Messrs. Carl Zeiss (London), 
Limited, Winsley House, Wells-street, Oxford- 


| illustrated and described in our columns (see ENGI- 
NEERING, vol. cxxviii, page 734), as well as the 
Zeiss self-reducing tacheomometer in which 
reduction of the staff distances to horizontal 
measurements is effected by means of a revolving- 
It is, therefore, not necessary to 


wedge device. 


of distances. Examples of refractometers, polari- 


follow-up ring travels over a succession of contacts | 


street, W.1, we noticed the theodolite recently | “°% 2 
| resistance of 968 ohms per foot, were also shown. 





| 


the | 


read and record vertical angles for the measurement | 


| meters, and microscopes were also shown, including | 


among the latter a Winkel-Zeiss metallographic 
microscope fitted with a lamp and vertical illumi- 
nator, 

In addition to a complete range of vacuum pumps 
and accessories suitable for laboratory and factory 
use, Messrs. W. Edwards and Company, 8a, Allen- 
dale-road, Denmark Hill, S.E.5, exhibited a new 
Gaede vacuum pump giving an exceptionally low 


second. The pump 
stage type, and is similar in principle to the well- 


known. single-stage Gaede pump, which gives a 
vacuum down to 0-02 mm. of mercury. An 
electrically driven rotary oil- immersed pump, 


Among 


in the induction pipe of an aero engine. 


the atmosphere, the pointer moves in accordance 
with variations in atmospheric pressure, similarly 
to an aneroid barometer, but if the air-tight case is 
connected to the engine induction pipe, the absolute 
A dial-type 


| pressure in the latter is indicated. 


mounted on the same bedplate with a mild-steel 
evlindrical vessel for equalising the vacuum and 
absorbing water and acid vapours, was also shown. | 


| the 


is of the oil-immersed. two- | 


a variety of temperature and_ pressure- | 
measuring apparatus exhibited by Messrs. Negretti | 
and Zambra, 38, Holborn-viaduct, E.C.1, we noticed 
a boost-gauge which indicates the absolute pressure 
In this in- | 
strument, an exhausted capsule is mounted in an air- 


P, V and T, the scale of units being the same in all 
cases. Differently coloured strings, joining appro- 
priate functions, form, by their intersections. 
warped surface, which constitutes the character- 
istics or thermodynamic surface for the gas 
expressed in terms of pressures. volumes and 
temperatures. The areas represented by various 
thermodynamic cycles are coloured differently on 
the reference planes, and shaped templates ar 
provided te rest on the surface itself. Anothe: 
instructional device shown, viz., the power-factoi 
vector apparatus, is intended to assist in the 
teaching of alternating-current theory. It is 
suggested that the apparatus may also be of service 
to power engineers in illustrating to consumers 
the economic effects of low power factor. &c. 
Finally, we may mention the exhibit of wire 
drawing dies by Messrs. F. J. Witts and Company. 
3, Buckingham Palace-road, S.W.1. Included in 
this exhibit were diamond dies for wires from 
0-092 in. to 0-06055 in. in diameter, and also dies 
made from a new metallic alloy, which, it is claimed. 
gives the nearest approach to diamond dies so fa 
obtained. These dies are suitable for drawing wit 
from 0-4 in. to 00-0079 in. in diameter, of an\ 
material. Samples of fine nickel-chrome  wites 
down to 0-02 mm. in diameter, this size having a 
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Centenary History of the Liverpool and Manchester Rail 


way. By C. F. DeNnDy MarsHALt, London: Th 
Locomotive Publishing Company Limited. Pric 


30s, net. | 

LN a few months a hundred years will have passed 
since, in the presence of the Duke of Wellington. 
the Marqus of Salisbury, Sir Robert Peel and other 
notabilities, the official opening of the Liverpoo! 
and Manchester Railway took place. At twenty) 
minutes to eleven on September 15, 1830. a cannon 
was fired and a “splendid calvacade ™ started on 
its way. There were eight trains in all drawn by 
locomotives “ Northumbrian.” ~~ Phoenix. 
“North Star,” ‘“‘ Rocket,” ‘“ Dart.” “Comet. 

“ Arrow” and ‘ Meteor,’ driven respectively by 
George Stephenson, Robert Stephenson. junr.. 
Robert Stephenson, senr.. Joseph Locke. rh mis 
Gooch, William Alleard, Frederick Swanwick. 
and Antony Harding. With its state carriase Mt 
for an Indian prince, and with its band. the first 
train, drawn by the “ Northumbrian.” was on 
ithe southern line and the others on the northern 
line. Moving off in due order, all went well till 
halt was made at Parkside for water. I 
there that Mr. Huskisson, while speaking 
Duke of Wellington, was struck by the * R: ; 
and fatally injured. The accident naturally 
marred the remaining proceedings. but it 
not detract from the memorable character 
occasion. The year 1830 may, indeed, be rez 
'as marking the close of the early experin 
era of the steam railway and of the beginnins 
the use on an extensive scale of the n¢ w meat 
transport. Through the work of Jessop. revit 
Bienkinsop, Murray, Hedley, Stephenson and ot 
iron railroads with locomotives had been sh 
| be practicable ; in 1825 the Stockton and Darl 
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Railway had commenced operations, and in 1829 the 
Rainhill locomotive trials had been run. Scepticism 
and opposition were yet still prevalent, but the 
success of the Liverpool and Manchester Railway 
was an answer to all arguments. What followed 
can be seen from any book of statistics. It had 
taken thirty years for the steam railway to establish 
itself, but within the next thirty years railways 
were to be found in every Continent, and within 
half a century they had crossed the unpeopled | 
prairies of North America, had scaled the forbidding 
heights of the Andes and had pierced the great 
mountains of Switzerland. By 1860 Wellington, 
Peel, both the Stephensons, Locke and Brunel also, 
had all passed away, but the railroad had long since 
become almost a commonplace. The mileage 
laid down in the United Kingdom by 1860 was over 
10,000, France could boast of 5,800 miles, Germany 
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ballast, &c., for the formation of the Permanent 
Road way.” By the summer of 1830 the line was 
nearing completion and the company’s minute book 
records on June 14, 1830, a journey of inspection 
by the directors, who at Manchester passed a 
resolution expressing their strong sense of the great 
skill and unwearied energy displayed by their 
engineer, Mr. George Stephenson, “* which have so far 
brought this great national work to a successful 
termination, and which promise to be followed by 
results so beneficial to the country at large, and to 
the Proprietors of this concern.” The success of 
the line was assured from the first. By the end of 
1830 some 70,000 passengers had been carried 
and goods trains had begun to run. For the first 
half of 1831 a dividend of 4/. 10s. per cent. was 
declared and the shares rose to 200. One observant 
traveller, Colonel Phipps, of the Hon. East India 


of 6,800 miles, and the United States of America of 
By 1882 about a quarter of a million | 1831, gave it as his opinion that ‘the whole is 


30,000 miles. 
miles of railway had been constructed, more than a 
thousand million passengers were carried annually, 
a vast goods traffic had sprung up, while the total 
horse-power of the world’s locomotives far exceeded 
the combined power of all other engines, whether 
found on sea or land. One of the great days of 
railway engineering was May 10, 1869, when New 
York held Thanksgiving Services in Trinity; 
Philadelphia rang the old Liberty Bell, and Buffalo 
sang ‘“* The Star-Spangled Banner,” to celebrate 


the driving of the last spike in the railroad linking | 


the Atlantic and the Pacific, but all such achieve- 


ments the whole world over are in the main, the | 


outcome of the pioneering work of Stephenson, the 
engineer of the Liverpool and Manchester Railway. 

In view of its historic importance it is but natural 
that the Liverpool and Manchester Railway is 
found mentioned in every book on railway develop- 
ment and that everything connected with its 
inception, construction, inauguration and operation 
should possess an interest which is perennial. Not 
only were its main features described in pamphlets, 
newspapers, books and letters by the score, but 
artists portrayed them in drawings, engraved them 
on medals and imprinted them on pottery. Not all 
that has been written has been correct, but research 
has led to the verification of perhaps all that really 


matters, and in his Centenary History «f the Liver- | 


pool and Manchester Railway, Mr. Dendy Marshall 
has given us, in a handsomely illustrated volume, 
a record which it is difficult to imagine can ever 
be superseded. The book is happily available 


well in advance of the centenary commemoration, | 
but visitors, whether from home or abroad will not, | 


we are sure, be able to secure a more suitable souvenir 
of a great event than this Centenary History. 


The credit for setting on foot the project for a | 
railway between Liverpool and Manchester belongs | 


to William James, who, born in 1771, was apparently 


aman of great energy and ability with wide interests, | 
but whose later years were dogged by ill-health and | 


financial embarrassment. Even in 1808 he had 
proposed the formation of a General Railway Com- 
pany with a capital of a million, and it was in 1821 
he drew up the original scheme for the famous rail- 
way. From James the lead passed to the Liverpool 
merchant, Joseph Sanders, who published his 
pamphlet in 1824 and assisted in forming a company 


with the Mayor of Liverpool, Charles Lawrence, as | 
° . 9 < . | 
One side of the railway’s history is to | 


chairman. 
be found in the Parliamentary proceedings which 


in the course of five years cost 27,0001., or nearly 
S501, « mile. While others took charge of the} 
financial and legal affairs, George and John Rennie, 
Vignoles. George and Robert Stephenson had been 
conceriiod with the surveys and in July, 1826, George 
“tephenson was appointed chief engineer at a salary 


of 10000, per annum. His resident engineers 
Locke. ixon and Alleard, and his chief draughtsman, 


Thom Gooch, all have a place in railway history. 
Of the vreat engineering works on the line, such as 
the Mount Olive cutting, the Liverpool tunnel, the 


Ns 5 . 
ankey viaduct and the embankment across the | 


treachcrous Chat Moss, the book contains finely 
reprod ed copies of Ackerman’s prints and Shaw’s 
etching In the construction of the lines loeomo- 
lives were little used, but after the Rainhill Trials 
: ee rected that the “‘ Rocket ” should be taken 
a) 1a 





Company, describing a journey over the line in 


very well managed.” 

The last 28 pages of this interesting book are 
| devoted to Rastrick’s Rainhill note book. Without 
| that popular reputation of some of the pioneers, 
| Rastrick did most important work during the first 
| half of the nineteenth century and left behind him a 
valuable collection of manuscripts. One of his note- 
books, with much information of Trevithick’s work, 
came to light in 1925, and last year Mr. Dendy 
| Marshall obtained possession of this important 
record of the Rainhill locomotives and their running. 
| Several pages from the note book are reproduced, 
and we have here first-hand information about the 
| construction of the engines, the fuel consumption, 
| the weights and speeds and of the trials themselves. 

Space will not allow of any detailed reference to 
| the chapters on the locomotives, the rolling stock, 
| the details of working, or even to the portraits, 
| the illustrations, or to the critical bibliography. 

The more the reader knows of the subject the 
greater will be the interest evoked ; and the railway 
world is fortunate in having so valuable a collection 
|of material issued in so inviting a form. The 
| possession of a hobby is a delight and a solace ; the 
| leisure and the means for its pursuit the gifts of 
|fortune. These come to many. But the oppor- 
tunity of placing one’s knowledge and treasures 
at the service of others on an interesting occasion 
| such as the centenary of the most famous of early 
railways is exceptional, and both author and 
publishers are to be congratulated on the use they 
have made of it. 





Berechnung statisch unbestimmter Systeme, Vol. I, Der 
Einfache Rahmentrager. By PRoressor J. REIGER. 
Leipzig and Vienna: Franz Deuticke. [Price15 marks. ] 

THE type of rigid frame in which a beam may be 

regarded as forming a one-piece structure with the 

columns on which it rests, has not only been exten- 
sively employed in steel construction, but has proved 
to be particularly suitable for structures of reinforced 
concrete. Inthe volume before us, the author intro- 
duces a new general method of determining the 
| stresses in a statically indeterminate framework 
of this character, and he has succeeded in reducing 
a perfectly correct scientific treatment to a form 
suitable for use in practice without resorting to 
difficult or laborious calculation. To explain his 
method, he takes the simple case of a frame composed 
of a horizontal member rigidly fixed to the upper 
ends of two vertical posts. which are hinged at their 
bases. The bending moment diagram for anv 
given load on the cross member is drawn exactly 
as for a simple beam with both ends fixed. From 
the conditions of equilibrium in a horizontal direc- 
tion, the moments at the upper ends of the vertical 
posts may be calculated, and their moment diagrams 
drawn. Applying “astigliano’s method of least 
work, an expression is obtained for the moment 
| at any given point in the complete structure. This 
expression consists of two parts, and the author 
shows that the first term denotes the moment 
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follows that the sum of the moments of all moment 
areas with respect to the axis through the hinges 
at the support must equal zero. This important 
proposition is quite general in its application, and 
holds good for any system of loading whatever. 
It is true for any shape of frame. or for frames with 
brackets or cantilever ends, and with slight modifi- 
cation may be extended to frames with ends built 
in or fixed. By its aid the author proceeds to deduce 
analytically formulae to cover the most usual 
cases which occur in practice, taking into account 
variations in the position and distribution of the 
load, the effect of wind, temperature stresses, Xc. 
Several worked-out examples are given in the text, 
and the application of the method is illustrated 
in the design of a hall of 100-ft. span, in reinforced 
concrete, drawings of which are included in the 
plates forming the second part of the book. The 
mathematics involved in the calculations, which 
are given in full, is generally of a simple order, 
and will be readily understood. The author has, 
however, gone a step further, and in the second 
part of the book has given the bending moment and 
shear diagrams for a large number of typical 
examples of rigid frame structures, formulae for 


| the bending moment, horizontal thrust, &e., being 


appended in each case. This is a valuable addition 
and will prove extremely useful to the designer, 
who can hardly fail to find exactly what he wants 
already worked out for him. An examination of 
these figures also reveals the possibility of employing 
the same principle in many forms which are not 
well known, and which will greatly extend the use- 
fulness of the work. 

In a supplement to the book, the author describes, 
with a full-size illustration, a special form of slide 
rule which he has devised for the purpose of simplify- 
ing calculations relating to structures of reinforced 
concrete. The most difficult problems, which would 
require several hours for their solution in the ordinary 
way, may be dealt with by the slide rule in a few 
minutes. The rule can be obtained with a full 
explanation of its use in the English language. 


Technique. By A. HERMANSEN. 
{Price 25s. net. | 


Furnace 
Ernest Benn, Limited. 


Industrial 
London : 
THE name of the author, associated with the con- 
struction of furnaces in various parts of the world. 
and also with earlier publications, makes one take 
up the present work with feelings of pleasurable 
anticipation, enhanced by the preface in which 
Mr. Hermansen states that it represents the work of 
the laboratory established by him in 1916, and by 
the letters of commendation from Professors 
Jacobsen, of Copenhagen, and Defays of Louvain. 

The book, which deals mainly with principles and 
their application, and only to a limited extent with 
descriptions of furnaces and furnace details, should 
prove of value to students and engineers engaged on 
the design and operation of furnaces, in their efforts 
to attain maximum economy. A short discussion 
of temperature and heat quantity is followed by 
notes on combustion, gas analysis, and the produc- 
tion of high temperatures. In connection with the 
atter, the relative values of carbon monoxide, 
hydrogen, &c., are considered in the light of recent 
research. The next chapters deal briefly with 
various natural fuels, carbonisation and producer 
gas. Then follow chapters on heat transmission 
and the movement of gases, portions of the work of 
Nusselt and of Schack being used, which have not 
previously appeared in English. Some of the 
limitations to the application of the * hydraulic ” 
theory of flow of gas in heating and cooling are 
pointed out. After a chapter on general furnace 
building, which mainly discusses the relative merits 
of in-built producers and central gas plants, particu- 
lars are given of calculations for regenerators and 
recuperators, the latter naturally referring in detail 
to the Hermansen type, although, of course, the 
methods are of general application. The necessity 
for limitation of the resistance of the air ducts in 








of the moment areas of the vertical columns with 
|respect to the axis through the hinged supports, 
the second term being simply the moment area 
for the cross member regarded as an ordinary beam. 
Suppose the moment area drawn upon the cross 
member as base to be turned into a position at 


comparison with the chimney effect which can be 
produced is gone into fully, the appropriate calcula- 


tions being given. Types of burners and working 


chambers are then described, with calculations of 
the working space, followed by chapters on refrac- 
tory materials, furnace binding, starting up, and 





Moss “there to be employed in leading| right angles to the plane of the paper, it then 





In the discussion of the latter. the 


heat balance. 
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difficulty of measuring the temperatures of gases is | 

emphasised, a point to which reference had been | 

previously made several times. This is due to the 
tendency of the pyrometer to show the temperature 
of the enclosing walls, rather than that of the flowing 
gas, which may cause quite appreciable errors, even 
with the unidirectional flow of the chimney gases. 

- Sankey diagrams are given showing the heat 
distribution for typical furnaces. 








Unfortunately, there are two points which some- | diagrams, while valuable, lose much of their merit 
what detract from the utility of the book. The! by reason of the small and indistinct lettering. 
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Fig. 4 








No explanations are given of Figs. 14 and 60, which 
are certainly not the diagrams described in th 
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letterpress. The other criticism refers to the 
rather indiscriminate use of symbols. On Figs. 
8 and 9, pages 75 and 79, 8 is used presumably 
to denote temperature differences between the 
two sides of a wall (denoted by ¢ on page 129), 
although at first sight it appears to refer to 
thickness. This symbol 6 first occurs in the 
letterpress on page 81, where it represents the 
difference of temperature between two bodies 
in calculating radiation. In Chapter IX, 
Transmission of Heat, 0 is used for wall 
thickness, and also for temperature difference, 
8 for “ sweeping ” coefficient, uw and w for wall 
temperatures, s for thickness of gas layer and 
also temperature, and x for temperature. In 
the following chapter, The Dependence of Time 
of Heat Transmission, wall temperature is de- 
noted by y, 8 is used for convection (sweeping 
plus radiation) coefficient, » for ‘“‘ sweeping” 
coefficient, and also for thickness of plate, and 
so on. 

A technical work can be used in two ways. 
It may be read through and studied carefully. 
Even in this case, although the meanings attached at 
the moment to particular symbols may be quite clear, 
reference to previous chapters, equations or tables 
is necessary, and variations of such meanings are far 
from helpful. When, however, the book is placed 
on the shelf for future reference, these variations 
become of really serious consequence. In such a 
work, in the present stage of development of 
technical literature, one might reasonably expect to 
find at the beginning of the book a schedule of the 
symbols to be used, and the meanings attached to 
them, and also that these should be such that 
reference to this schedule should be practically 
unnecessary to the trained student or reader. 











4-6-0 TYPE FOUR-CYLINDER LOCO- 
MOTIVE FITTED WITH BEARDMORE- 
CAPROTTI VALVE GEAR. 


WE recently illustrated an application made on 
the London and North Eastern Railway, under Mr. H. 
N. Gresley, C.B.E., M.Inst.C.E., Chief Mechanical 
Engineer, of rotary-cam poppet-valve gear to a three- 
cylinder loconiotive. We now illustrate another 
interesting modification recently carried out on the 
same system, viz., the equipment of a four-cylinder 
locomotive of the 4-6-0 type with Beardmore-Caprotti 
valve gear. It may be recalled that we illustrated 
the original Caprotti gear, as applied to locomotives of 
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the Italian State Railways, in 1923,* while a few years 
later, in 1927,+ we described an application of this gear 
to a four-cylinder engine on the London Midland and 
Scottish Railway. In the present instance, two loco- 
motives have been taken in hand; one illustrated in 
Figs. 1 to 8, on pages 132 and 133, is in service and is 
stated to be giving satisfaction; the second is not 
yet out of the shops. The locomotives belong to a 
class introduced by Mr. J. G. Robinson on the Great 
Central Railway, before the amalgamation, the first 
of the design having been put on the road in 1917. 
The class had cylinders 16 in. in diameter by 26 in. 
stroke, and piston valves 8 in. in diameter above the 
cylinders. Two outside cylinders drove on to the 
middle coupled axle, and the two inside on to the 
leading coupled axle. The evaporative heating sur- 
face was 2,044 sq. ft., and, fitted with 28 elements, 
the superheater surface was 343 sq. ft. The grate 
area was 26 sq. ft. 

In the present modification, cylinders of the same 
dimensions have been retained. They are cast in 
two pairs, as will be evident from the photographs 
reproduced in Figs. 4 and 8, on pages 132 and 133. 
Of these views, the former shows the back end and the 
latter the front end. The first view shows the end of the 
cardan shaft, and some of the valve spindles projecting 
through the steam-chest covers of the near outside 
cylinder, while the second shows the gear box in 
position on the top of the cylinder. 

The cranks are arranged so that the left-hand 
inside one is in opposite phase with the left-hand 
outside, as is also the case with the right-hand pair. 
The two cranks of the leading axle are at right angles 
to each other, and the arrangement of the outside 
cranks is similar. The valve gear is driven off the 
middle coupled axle, the cardan shaft extending 
forward from the driving gear box to transmission 
gear placed under the smoke box as shown in Fig. 5, 
whence shafts extend right and left to the gear boxes 
over the cylinders. A bearing is provided for the 
cardan shaft on the motion plate, and a Hooke’s joint 
is provided to allow for the vertical motion of the 
boxes. 

The reversing gear is on the right-hand side of the 
cab, a wheel being provided which has to be given less 
than a full turn to put the engine from full forward 
into full back gear. The movement of the wheel 
rotates a tube extending forward to a gear box placed 
behind the cylinders, from which a shaft connects 
with the mechanism in the valve cam box above 
the right-hand cylinders. By means of a rod passing 
under the boiler, the second gear box is likewise 
controlled. 

The whole of the valve gear works in oil baths. 
The gear box on the driving axle is filled with super- 
heater cylinder oil to a working level, and the housing 
of the transmission gear is kept supplied by an oil box 
inside the right-hand frame. The cam boxes above 
the cylinders are filled with oil to the required level 
in the shops befere covers are put on, and the only 
loss possible is that by way of the dash-pot tappets. 
Replacement of this is only required at long intervals, 

The closing of the steam and exhaust valves is 
controlled by springs. In the first case, in order to 
prevent blowing through when the regulator is opened 
after drifting, the springs are given only just sufficient 
strength to close the valve, and, when drifting at 
about 5 m.p.h., the return stroke of the tappet to 
open the valve commences when the valve is still 
open § in., making the engine drift very freely. 








LETTERS TO THE EDITOR. 


THE CORROSION OF METALS. 


To THE Eprror oF ENGINEERING. 


Sir,—In the last volume of the Proceedings of the 
Institution of Mechanical Engineers, it is stated{ that 
‘Commercial metals are impure, and the greater the 
impurity, the greater is the tendency for them to 
decompose. Pure iron has a_ remarkable 
immunity from rust, and pure zinc does not pass 
quickly into solution like commercial zine. Reaction 
seldom takes place in absolutely pure substances.” 

Ten years ago, this view was held very widely ; 
I confess that I held it myself when I started work on 
corrosion, To-day, it cannot be defended. Since, 
however, the statement quoted has been made, 
apparently unchallenged, before two audiences of 
engineers, it may be useful to summarise the facts 
regarding the effect of minor constituents on the 
corrosion of zinc and iron, as established by careful 
measurements made in recent years by a large number 
of different groups of investigators. 





~ * See EXGINEERING, vol. cxv, page 522 (1923). 
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Zinc.—The exceptionally accurate work of Ben- 
gough, Stuart and Lee,* proves definitely that, even 
spectroscopically, pure zinc is corroded quite appre- 
ciably by the purest conductivity water; addition of 
salts to the water increases the rate of attack, which 
is approximately as rapid as that of zinc containing 
small amounts of impurities. In regard to atmos- 
pheric corrosion, Vernon’s indoor testst reveal only 
a slight difference between the different “‘ grades ”’ of 
zinc, whilst the outdoor tests conducted by Hudson, 
in five different localities, indicate that there was 
practically no difference between electrolytic zinc 
and “ordinary” (impure) zinc. Patterson§ has 
investigated the various impurities one by one; in an 
indoor saturated atmosphere, he finds that the addition 
of small amounts of iron, lead, cadmium, copper or 
antimony to zinc has no pronounced effect on the 
corrosion; in outdoor exposure, lead produces slight 
retardation of the attack, copper or antimony accelerate 
it, whilst cadmium and iron have no appreciable in- 
fluence. In the case of immersion in acids, the effect 
of minor constituents is more pronounced; the 
measurements of Vondraéek and Izak-Krizko|| show 
that, whilst some constituents notably accelerate the 
corrosion of zinc by acids, others greatly retard it ; the 
same conclusion was reached by Patterson.{] 

Iron and Steel.—Here again, the effect of minor 
constituents is most important in corrosion by acids. 
The extensive measurements of Endo** indicate that 
certain constituents accelerate attack by acids, whilst 
others retard it. In neutral liquids, under the condi- 
tions of “ differential aeration,’ which usually prevail 
in service, the anodic and cathodic areas are not the 
metal and carbide particles, as stated in the article 
quoted. The E.M.F.’s are set up,‘not by variations in 
the metal, but by variation in the oxygen-content of 
the liquid, producing anodic and cathodic areas enor- 
mously larger than the size of the grains ; the genera- 
tion of this ‘‘ differential aeration current” does not 
depend on the presence of a second phase in the metal, 
and can proceed with pure iron. Measurements at 
Cambridge Universitytt have shown that, in many 
liquids, pure electrolytic iron is attacked nearly as 
quickly as mild steel, under conditions of differential 
aeration. On the other hand, under conditions of 
uniform oxygen concentration, pure iron is often much 
less attacked than impure iron, largely because the 
invisible oxide-film which, if continuous, renders the 
metal passive, is interrupted by the presence of a 
second phase. (This oxide-film is the result of direct 
oxidation, and must be distinguished from “ rust,” 
which is an indirect corrosion-product ; the oxide- 
film is ‘invisible,’ whilst on the metal, being too 
thin to produce interference tints, but is perfectly 
visible when isolated from the brightly reflecting 
basis).tt 

As regards atmospheric exposure, purity, as such, 
fails utterly to give the desired resistance. In the tests 
conducted by the American Society for Testing 
Materials,§§ involving the exposure of over a thousand 
specimens, the purer forms of commercial iron (low 
in carbon and manganese) have given very disappoint- 
ing results. In this country, Friend’s lengthy tests||\| 
indicate that several elements tend to increase the 
resistance to atmospheric attack, whilst the study of 
weighed specimens exposed outdoors to the Cambridge 
atmosphere show that, although electrolytic iron 
develops less rust than mild steel during the first few 
days, it has suffered quite as much rusting as steel 
after six months. No doubt, yet more work is required, 
and is being planned elsewhere. Probably certain 
impurities will be found definitely to be dangerous, but 
it is extremely improbable that the cure for corrosion 
will ever be found in the use of * pure” metals. 

The writer of the article advises that ‘‘ lead pipes 
should be enclosed in wooden casing.’ In America, 
where this plan has been adopted widely for lead cable- 
sheathing, great damage has been done, owing to the 
action done by the acetic acid given off by the wood ; 
indeed, it has been necessary to pass ammonia gas 
through the conduits, in an attempt to bring the 
trouble to an end. The corrosive character of the 
vapours from different kinds of woods has recently 
been compared by Burns and Campbell.4{ : 

Yours truly, 
Uxick R. Evans. 

University Chemical Laboratory, Cambridge. 
January, 1930. 





* Proc. Roy. Soc. (A), 1927, 116, 425; 1928, 121, 88. 
+ Trans. Faraday Soc., 1924, 19, 839. 

t Trans. Faraday Soc., 1929, 25, 177. 

§ J. Soc. Chem. Ind., 1927, 46, 3907. 

Rec. Trav. Chim., 1925, 44, 376. 

4] J. Soc. Chem. Ind., 1926, 45, 3257. 
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THE FLUIDITY OF CLAY. 

To THE EpiTor OF ENGINEERING. 
Sir,—The partial subsidence at the Eildon Weir (0 
Sugarloaf Dam) has been editorially dealt with jy 
your paper of October 4, 1929, page 444, also in letters 
by correspondents, on October 11 and October 18, }j 
may, therefore, interest you to consider another explana. 
tion of the occurrence, as given by me in the Octobe; 
number of the Commonwealth Engineer. Briefly sum. 
marised, my calculations appear to show that, after 
allowing for friction, the immense clay-core il] 
exert a horizontal pressure of 100 tons or more per 
lineal foot of dam; that where the clay-core and 
rock-fill rest on the natural rock surface, there js 
a least resistance of 184 tons per lineal foot to the 
sliding of the rock-fill; and that where the clay-core 
and rock-fill rest on the natural clay surface there may 
be only about 90 tons per lineal foot resistance to the 
sliding of the rock-fill. Or, in other words, if the rock- 
fill had been taken down to the bed-rock everywhere, 
there would have been no subsidence. ¥ 
The above estimate of a horizontal pressure of 100 tons 
per lineal foot of the clay core was deduced by a slight 
modification of the method by which the pressures on 
silos are computed, as first published by Koenen (Berlin), 
Thus, take 
¢ = angle of repose of wet clay (say, 15 deg.). 


f = friction of clay-core on sides (say, 0-27). 

w = weight of cubic foot of wet clay (say, 0-053 
ton). 

t = thickness of clay-core (average, say 25 ft.). 


h = height in feet below crest of dam. 
With these values, calculate the coefficient 
> 
m= tg? (45 deg. — +) FX = 
= 0°59 x 0-27 x 0-08 = 0-0127 
Thus the horizontal pressure in tons per square foot, 


at any height h below crest of dam, will be, with 
e = 2-71828: 


Pressure = — ( mans +) tg (45 deg. — ? ) 
m e” xh 2 
— 0-053 1 ) 0 59. 
~ 90-0127 ~ ua xs) MED Es 


A 








The diagram A-B-d-e-f-g-A, above, shows the pressure 
area, equal to a total of about 100 tons horizontal 
pressure, after allowing for friction. The pressures 
at the different levels are as follows :— 


h. Pressure. 
R.L. 840... < oO 0 
RL. Si6 ... ... 24ft. 0-66 tons per sq. ft. 
Bele, TOS «5 coe as 1-13, ” 
Rul. 368°... Sey ore 1-48 ,, or 
R.L. 744 : soe 696, 1-73 5; ” 


The area A-B-C-A shows the horizontal pressure 
due to the wet clay (about 144 tons per linear foot, 
when the friction at the sides is not taken into account) 
and the hatched part indicates the pressure lost by 
that friction. The total weight of clay-core is about 
125 tons per linear foot, and the friction about 55 tons, 
so that, at the bottom of the clay-core, there is a load 
of about 70 tons on an area of 30 sq. ft., or an average 
load of 2-3 tons per square foot. 

The remarks of your correspondents about the 
fluidity of clay at certain critical pressures are Instruc- 
tive, but are they quite applicable here? Approx- 
mately, the weight per linear foot of the clay-core 1s 
125 tons, and the friction at the sides 55 tons, leaving 
a load of 70 tons to be distributed over an area of 
30 sq. ft. at the bottom of the core, or an average 
pressure of 2-3 tons per square foot; this is much 
less than the critical pressures dealt with by your 
correspondents. If such critical pressures did exist, 
however, why was there no subsidence in the 850 lin. ft. 
of dam resting on a natural rock surface, nor in the 
260 lin. ft. next to the spillway, where the clay-core 
and rock-fill rest on a natural clay surface? In regard 
to the latter case, it may be asked why no sliding took 
place there, in accordance with my view of the case ? 





8§ Proc. Amer. Soc. Test. Mat., 1928, 28, Part I. 





+ Ibid., vol. exxiv, page 292 (1927). 
t Proc. Inst. Mech. Eng., 1929, I, page 545. 


|li| Carnegie Schol. Mem., 1929, 18, 62. 
i949 Trans. Amer. Electrochem. Soc., 1929, 55, 271. 


The explanation of the matter is due to the fact that 
| here the rock-fill offers more resistance to sliding. ®s 
jit is confined between the big wing-wall of (he 
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spillway, and the heavy structural work connected 
with the emergency outlet and water-tower. 

After many years of experience with clay in founda- 
tions and cuttings I agree fully with the remarks 
made about the uncertainty of judging of the behaviour 
of the material. The clay may be found so hard and 
solid that it will resist the action of running water, 
or it may appear hard when opened out, but will 
dissolve almost like sugar when exposed to the action 
of water, while in other cases it may resemble a kind 
of putty; and at all times there is the baffling incon- 
sistency of volume to contend with, due to the varying 
percentages of water absorbed. 

Faithfully yours, 
F. Esiine. 

37, Medway-street, Box Hill North, 

Melbourne (Victoria), December 12, 1929. 








LABOUR NOTES. 


A MEMBER of the Amalgamated Engineering Union 
deals with the subject of rationalisation in an interesting 
communication printed in the organisation’s Monthly 
Journal. ‘* In the past,” he says, “‘ a fair degree of our 
status and bargaining power has rested on our skilful 
manipulation of the tools of our trade and our know- 
ledge, as it were, of the secret processes. This, at 
least, is what has placed us in a more favourable position 
than those known as the unskilled. Further, the 
status and the wages of the unskilled have been fixed in 
relation to those of the skilled, which have hitherto 
been the standard. For some reason a position has 
been arising where this standard is being reduced. This, 
of course, is natural progress. Owing to the force 
bearing on this progress, however, we are faced with a 
very dangerous position. Through the natural anti- 
social development of capitalism, it must, in order to 
bolster up its decaying structure, secure to itself all 
the benefits of progress. This must be at our expense, 
causing our employers to make organised attacks on 
our standard. Worst of all is the failure of our organi- 
sation to anticipate it. Our skill and knowledge are 
becoming unmarketable, or perhaps, I should say, more 
concentrated. Where, before, it was necessary for 
each worker in the shop to be skilled, we are approaching 
the time when skill will be necessary only in a few who 
will direct armies of workers on simple processes. 
Under capitalist rationalisation even these armies will 
suffer reduction.” 





After pointing out that, since 1914, the skilled and 
unskilled workers have become fewer, and the semi- 
skilled workers more numerous, the writer proceeds :— 
“Thus, we have a position where the unskilled men are 
coming up to meet us, and we are going down to meet 
them. This process, too, is being accelerated, for it has 
been more rapid between 1921 and 1926 than it was 
between 1914 and 1921. It is a position deserving of 
considerable thought. There will, as far as can be 
seen, always be skilled men required for preparatory and 
maintenance work, but they will be so few that their 
influence will hardly be felt. The engineering industry 
will then be employing labour of the partially skilled 
type in the sense that any man who works and gains 
experience is skilled, whilst there will be little demand 
for the highly-skilled type we have known hitherto. A 
large number of the present highly-skilled men will 
presumably be preferred to the unskilled, and so will 
be mainly employed on this semi-skilled work in com- 
pany with men who have had little or no training in 
comparison, and, if we are not prepared, will be paid 
accordingly.” 

_The opinion of this craftsman is that the position will 
right itself in the course of time through the abolition 
of apprenticeship. ‘* But, in the meantime,” he asks, 
“what is the position of the A.E.U. and its members ? 
It has got to be ready to meet this situation and to 
resist these inevitable attacks. How is it going to be 
organised for this purpose? The constitution has 


been broadened to cover different classes of workers, 
but little advantage has been taken of it. The question 
we have to decide is :—Is the A.E.U. going to embrace 
all workers in the industry, male and female, or only 
the craftsmen? If the latter, what power can it 


have in view of the redundancy of the craftsmen ? 
The answer is only too obvious. To have the power 
to promote and safeguard the interests of its members, 
't must embrace all the workers in the industry. 
To fail in any degree to do this must inevitably result 
in the impoverishment of its members who will then 
hot be in a position to bear the expense of maintaining 
an organisation. This is the road we are on now, and 
it leads to bankruptey. As at present constituted, 
the A.E.U. does not, and will not, attract the workers 
in the engineering industry, especially those of the 
type which will be preponderant in the near future.” 





According to the Berlin correspondent of the Man- 
chester Guardian, the total number of persons now 


receiving the maximum unemployment allowance in rejected a proposal to allow time lost on public holidays 
Germany exceeds 2,000,000. The new figure is | or through emergencies to be made up. 

arrived at by adding the latest returns of new un-| (5) Overtime should only be permissible in case 
employment in the provinces to that of the last | of accident, actual or threatened, or of urgent work 
fortnightly total issued by the Labour Office. The | to be done to machinery, plant, or equipment of the 
2,000,000 figure does not, of course, include those | mine, and only so far as may be necessary to avoid 
persons who have exceeded the period for which relief | serious interference with the ordinary working of the 
is granted and are therefore no longer on the register. | mine. 
If their numbers were added the total would be very 

much larger. 





Under a Grand Ducal Decree of November 30, 
1929, no wage earner of foreign nationality may be 

The New York correspondent of the Daily Telegraph engaged for employment in Luxemburg without 
states that President Hoover’s description of the previous authorisation by the Director General of 
unemployment situation in the United States as | Labour and Social Welfare. To obtain such authorisa- 
‘“‘improving” has been contradicted by Miss Frances tion, an application must be made by the future 
Perkins, Commissioner of Labour for the State of | employer, accompanied by a certificate from the official 
New York. December was, Miss Perkins says, the employment exchange to the effect that the register 
worst experienced by the workers since 1914, when | of applicants for work shows that there are no 
records were first made. At present, the correspondent | Luxemburg workers who could fill the vacancy, and, 
adds, New York contains an extraordinary number of | further, that the employer has submitted to the em- 
unemployed, and the charitable agencies report that | ployment exchange all the necessary documents 
applications for relief are three times more numerous | concerning the foreign worker, for purposes of super- 





than is usual at this time of year. 





On January 20, 1930, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain, was 1,473,400. Of these, 1,075,800 
were wholly unemployed, 316,700 were temporarily 
stopped, and 80,900 were persons normally in casual 
employment; 1,092,900 were men, 43,200 boys, 
292,900 women, and 44,400 girls. Of 1,476,261 on the 
registers, on January 13, 1930, 1,074,876 were wholly 
unemployed, 321,797 were temporarily stopped, and 
79,588 were persons normally in casual employment, 
1,102,422 were meh, 42,959 boys, 287,367 women, and 
43,513 girls. The number of unemployed persons on 
January 21, 1929, was 1,425,620 of whom 1,110,964 
were men, 44,639 boys, 229,277 women, and 40,740 
girls. 





At a meeting in London last week, the National 
Joint Council for the building industry agreed to 
recommend to their constituent bodies that a joint 
committee should be appointed to review the existing 
wages agreement, taking into consideration the pro- 
posals made by the unions. The proposals of the 
unions called for a stabilisation of wages. 
existing agreement, which has a cost-of-living sliding 
scale for its basis, a reduction of a halfpenny per hour 
is due to take effect next month. The unions hoped 
that in view of the decision to reconsider the terms of 
the agreement, the employers would suspend the 
operation of the reduction, but the employers could 
not see their way to make so important an alteration 
without full consideration. 





A small committee composed of members of execu- 
tives of the engineering trade unions was appointed by 
last week’s conference in London, to seek an interview 
with Sir Allan Smith on the subject of wages, They 
are, it is understood, to ask the employers’ principal 
representative to agree to arbitration and, if he refuses, 
to call upon the Government to set up a court of 
guy. 

The ballot of the Cotton Weavers’ Amalgamation 
on the question of ceasing work to enforce a claim for 
higher wages, has resulted in favour of strike action 
by 92,142 votes to 43,531. There were 8,523 blank 
papers, and 173 spoilt papers ; 19,631 papers were not 
returned. In view of all the circumstances, however, 
the General Council of the organisation have accepted 
the recommendation of the Central Committee to 
suspend further activities regarding the claim. 





The International Preparatory Technical Conference 
on conditions of workin coalmines succeeded in coming 
to a general agreement on five of the points submitted 
for its consideration. These were as follows, according 
to the Labour correspondent of The Times :— 

(1) An international agreement should extend to 
all coalmines. The German Government’s proposal 
that lignite mines should be excluded met with no 
support, although it was agreed that the matter should 
not be finally decided until the I.L.O. had obtained 
further information. 

(2) An international Convention must apply to all 
underground workers (not to surface workers), persons 
holding positions of supervision or management, and 
not ordinarily performing any manual work being 
alone excepted. 

(3) ‘“‘ Time spent in the mine” should be calculated 
on a “ bank to bank” basis. Several attempts were 
made to find a method of bringing the British system 
of calculation within this principle, but a satisfactory 
formula was not found. 

(4) Where, by mutual agreement, a full day is not 
worked on one day of the week, or of alternate weeks, 
the daily hours of work may be extended on the other 





days by not more than an hour. The Conference 


Under the ; 


| vision. These are the national passport or identity 
;card of the worker concerned; the certificate or 
| certificates of previous employers showing that the 
worker has the necessary technical skill for the job 
‘in question ; a recent extract from his police record ; 
{a recent certificate of character issued by the au- 
| thorities of his last place of residence; and a health 
| certificate not more than a fortnight old. The latter 
| document, which is very similar to that required by the 
| corresponding French regulations, and is issued by a 
| doctor of the country of origin under the supervision 
|of a Luxemburg consul, must show that the worker 
|has been vaccinated against smallpox, and is not 
|suffering from a contagious disease or physical or 
| mental infirmity, and it must be countersigned by the 
holder. oe 

The engagement permit is compulsory for all workers, 
whether engaged by private individuals or public 
works undertakings, as well as for salaried employees 
earning less than 6,000 francs a month, professional 
musicians, domestic servants, and workers who do 
jobs in private houses. An exemption may be granted, 
however, for certain agricultural seasonal work, and, in 
accordance with the Belgo-Luxemburg Treaty of 
October 20, 1926, no permit is needed for the engage- 
ment of Belgian workers. In all other cases this permit, 
which in principle can be withdrawn, is compulsory. 
If the workers are engaged abroad, the permit must be 
applied for and granted before they enter Luxemburg. 
Similarly, a permit must be obtained for foreign 
workers who have already worked in Luxemburg 
whenever they change their employer, but in this case 
the compulsory medical examination is unnecessary 
if they have not left the Grand Iyichy since the Decree 
came into force. Employers are bound to keep up to 
date, and place at the disposal of the authorities, an 
engagement record showing all the workers of foreign 
nationality they employ, and certifying that they hold 
all the necessary documents. They are also bound to 
keep these documents from the time the holder has 
been registered with the local authorities. 





The Post Office Engineering Union recently applied 
for a revision of the wages of workmen employed in 
the engineering department. The Postmaster-General 
now announces that a certain degree of revision has 
been decided upon. Under the new arrangement, the 
minimum of the scale of skilled workmen, Class 1, is 
increased by 2s. and the maximum by 4s.; the maxi- 
mum of the scale of skilled workmen, Class 2, is in- 
creased by 2s.; and an allowance of 3s. a week is to 
be paid to the whole of the indoor staff with two years’ 
service, except those employed in automatic exchanges 
and repeater rooms, who will get an allowance of 5s. 
Class 2 workmen in charge of gangs will get an allow- 
ance of 10s., and Class 1 men in charge of gangs, in 
addition to sharing in the improvement in the scale, 
will get a variable allowance to insure that their pay 
is not below the maximum of the Class 2 men plus 
the 10s. allowance. Improvements are also made in 
the scales of the establishment staff of the submarine 
cable ships and to way-leave officers and the staff of 
the Post Office Tube Railway. The improvements are 
| subject to the Civil Service cost-of-living bonus. The 
(improvement in the Class 1 workmen’s scale, and 
| the granting of the allowances date from April 1 last. 
| The range of the work qualifying for Class 1 posts has 
| been enlarged, and allowances have also been granted 
to certain other sections of the staff outside those 
affected by the grant to the indoor staff. 











| Tus Wortp’s Trx Ourrut.—The world production of 

tin during 1929 amounted to 172,393 tons, compared with 
| 159,229 tons in 1928 and 139,520 tons in 1927. Out of 
| the total for 1929, the Federated Malay States supplied 
| 67,040 tons, the Dutch East Indies 33,990 tons, Bolivia 
| 43,030 tons, and Nigeria 10,410 tons. 
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AUTOMATIC TEMPERATURE OR PRESSURE REGULATING APPARATUS. 


CONSTRUCTED BY MESSRS. THE DRAYTON 





REGULATOR AND INSTRUMENT COMPANY, LIMITED, WEST DRAYTON. 
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Fia. 1. 


AUTOMATIC TEMPERATURE OR 
PRESSURE REGULATING APPA- 
RATUS. 

THE apparatus illustrated by the accompanying 
engravings has been designed and constructed by 
Messrs. The Drayton Regulator and Instrument Com- 
pany, Limited, of West Drayton, Middlesex, for auto- 
matically controlling the opening of stop valves, 
dampers, Xc., in order to maintain a constant pressure 
or temperature in steam-heated and other vessels, in 
cases where the response to the regulating action is 
delayed. In such applications, it is necessary for the 
regulator to move the valve or damper gradually, and 
to maintain it at some position intermediate between 
fully open and closed, i. order to keep the temperature 
within the allowable range. For example, if the desired 
mean temperature were 250 deg. I’., with an allowable 
variation of -+ 10 deg., the valve would be closed when a 
temperature of 260 deg. were attained in the apparatus, 
half open with a temperature of 250 deg. and fully 
open at 240 deg. 

Fig. 1 is reproduced from a photograph of the 
apparatus used for the purpose, as actually set up, 
while Fig. 2 shows the various components separated in 
order to illustrate their construction more clearly. The 
apparatus illustrated is intended for temperature 
regulation, and comprises three main parts: a pilot 
valve of the leek-port type, a piston valve operated by a 
diaphragm and spring, and an operating cylinder by 
which the valve or damper is moved. The mechanism 





Fig. 2. 
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of the pilot valve has been described in detail on 
previous occasions,* but we may here explain that a 
bulb containing volatile liquid, and inserted in the 
vessel of which the temperature is to be regulated, is 
connected to a metal capsule, the expansion and con- 
traction of which, acting through a system of levers, 
opens or closes a small port in the regulator allowing the 
operating pressure fluid, usually either air or water, to 
escape when the port is open, or its pressure to build 
up when the port is closed. The pressure fluid enters 
the regulator, which is shown on the left in Fig. 2, 
through the pipe indicated by dotted lines in the figure. 
If the leak port is closed, which would be the case if the 
temperature were higher than required, the pressure 
fluid is conveyed, through the pipe shown in full lines 
at the top of Fig. 2, to the space above the flexible 
diaphragm controlling the piston valve shown in the 
top right-hand corner of Fig. 2. The piston valve then 
moves downwards, allowing the pressure fluid to enter 
the space below the piston in the main valve-operating 
cevlinder and opening the space above this piston to the 
exhaust. The piston then moves upwards, and, in 
doing so, partially closes the steam valve, or damper, 
to which itis connected, thus reducing the supply of heat 
to the apparatus of which the temperature is to be 
regulated. 

Unless some compensating gear were provided, the 
upward movement of the piston would continue until it 





* See ENeimnggRine, vol. cxxv, page 460 (1928), and 
vol, cxxvi, page 635 (1928). 


reached the top of the cylinder, when the valve would 
be completely closed. The temperature would then 
fall rapidly until the contraction of the metal capsule 
in the regulator again opened the leak port, allowing the 
pressure to escape from above the diaphragm controlling 
the piston valve. The latter would then be raised by 
the action of the spring, pressure would be admitted 
above the main piston and the steam valve would again 
be fully opened. Wide temperature fluctuations would 
thus be produced, and, to prevent this effect, the main 
piston is made to move an inclined bar, shown on 
the left of the operating cylinder in Fig. 2 and also 
visible on the right in Fig. 1. On this inclined bar 
rests a roller mounted on the end of a lever, which 
actuates a cam in the regulator, so that, as the main 
piston rises, the leak port is opened, and vice versa. 
Contact between the roller and the bar is maintained 
by a weighted arm clearly shown in Fig. 2. Thus, the 
opening of the leak port is dependent both on the 
expansion of the capsule and the movement of the 
inclined bar, and, consequently, the main piston comes 
to rest at some intermediate position with the steam 
valve opened to an extent which is just meets © 
maintain a practically constant temperature. With 
any increase in temperature, the valve will be closed 
slightly, and with a in temperature it will be 
correspondingly opened. 

She aan’ aes to be maintained can be 
adjusted by turning a pointer over a dial on the regu- 
lator, clearly shown in Fig. 1, and the change 11 
temperature necessary to move the piston through its 
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HYDRAULIC JET DISPERSERS. 


CONSTRUCTED BY MESSRS. GLENFIELD 


AND KENNEDY, LIMITED, KILMARNOCK. 
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Fic. 1. Jet DIsPERSER FOR ARAPUNI. 





Fic. 2. Jet DiIsPERSER IN USE AT MANHAGAO Dam. 


complete stroke, and therefore to move the steam valve 
or damper from the fully open to the closed position, 
is determined by the setting of the inclined bar above 
referred to. To enable this adjustment to be made, the 
bar is held at its lower end by a bolt passing through a 
slot in the bracket mounted on a rod attached to, and 
Moving with, the main piston rod. The inclination of 
the bar can, of course, be adjusted by slacking back the 
nut, moving the bar as required, and tightening up the 
nut in the desired position. The only alteration 
necessary to render the apparatus suitable for con- 
trolling pressure, instead of temperature, is the replace- 
ment of the capsule connected to the bulb containing the 
oe liquid by one having elastic properties to suit 
working pressure, which is, of course, admitted to 
the interior of the capsule. The expansion and con- 
traction of the latter, due to pressure variations, will 





then open and close the leak port, in conjunction with 
the compensating device, as described above. 








ELEVATED RESERVOIR, SYDNEY, AUSTRALIA.—An 
elevated reinforced-concrete water reservoir, costing 
some 11,000/., is being erected at Vaucluse, a suburb 
of Sydney, New South Wales, for the purpose of main- 
taining the pressure in the water mains serving the houses 
on the higher levels in the vicinity. The reservoir is 
400 ft. above sea level, and 110 ft. above ground level. 
It has a diameter of 42 ft. 6 in., and is supported upon 
eight reinforced-concrete columns, 62 ft. in height, 
and having a cross-sectional area of 3 sq. ft. The depth 
of water in the tank, which is to be open at the top, 
will be 31 ft. 6in. The tank will be filled by means of 
centrifugal pumps. An access tower is being built in 
the centre of the structure. Construction is well advanced, 
and the reservoir will be put into service shortly. 
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JET DISPERSERS FOR THE ARAPUNI 
POWER PLANT. 


In 1925* we gave a description of the sluice gates 
fitted to the diversion tunnel of the Arapuni power 
scheme on the Waitako River in New Zealand. The 
dam across the gorge of the Waitako River is a 
structure 192 ft. high, impounding water to a height 
which affects the river upstream for a distance of 
18 miles. At high level, water is diverted into an old 
channel of pre-historic date. The water passes down 
this channel for a distance of ? mile, to the forebay 
and to the spillway weir, over which all flood and 
surplus water is discharged. The penstocks for the 
ultimate scheme consist of eight pipe lines, each 
12 ft. in diameter, formed in tunnels through the 
cliff, and the first installation consists of three of 
these pipe lines, each supplying one turbine in the 
power house, which is situated on the bank of the 
liverted river below the dam and about 180 ft. below 
the forebay. The surplus water from the spillway 
flows down the old channel, above referred to, for 
another } mile, and then passes over a waterfall 
100 ft. deep into the Waiteti valley, returning thence 
into the Waikato. 

Owing to the fact that the dam and diversion 
works were completed about two years ago, and 
the power house has only recently been finished, 
the whole flow of the river, amounting normally 
to about 8,000 cusecs, has been passed over the 
spillway and waterway for over eighteen months. 
During this period the actual flow has been 12,000 
cusecs for many months. As a result of this, a heavy 
fall of rock occurred at the crest of the waterfall 
towards the middle of 1928, and other falls occurred 
from time to time without causing much anxiety. 
On August 18, 1929, however, an extensive retro- 
gression, amounting to 200 ft., occurred, bringing 
the crest of the fall to within about 1,100 ft. of the 
spillway. The waterfall was then formed into two 
steps, one about 50 ft. deep and the other 60 ft. 
deep. To relieve the situation, by reducing the flow 
over the spillway, two further tunnels are being 
excavated and the pipe lines finished, these pipe lines 
being numbers 7 and 8 of the completed scheme. 
These pipe lines, however, instead of supplying water 
to turbines, are, for the meantime, each being fitted 
at the lower end with a Glenfield energy disperser. 
By means of these dispersers the energy of the 
3,000 cusecs of water escaping from each of the jets, 
and amounting to nearly 50,000 h.p., will be harmlessly 
disposed of, the water falling on the surface of the 
river in the form of a heavy rain. 

One of the dispersers used at Arapuni, and 
constructed by Messrs. Glenfield and Kennedy, 
Limited, Kilmarnock, is illustrated in Fig. 1 on this 
page. It tapers from the pipe line diameter of 12 ft. 
to a diameter of 8 ft., which is also the diameter 
of the jet at the outlet. The fixed guide vanes visible 
in the illustration produce a free-vortex motion in 
the water flowing along the pipe, so that, when the 
pressure is released at the orifice, the escaping jet 
disintegrates by centrifugal action and the water is 
distributed over a large area in small drops. The 
energy of the jet is thus absorbed in air resistance, 
and the erosive effects are entirely eliminated. 
As an illustration of the effect of these dispersers 
we reproduce, in Fig. 2, a photograph of the Manhagao 
dam of the New Zealand Public Works Department, 
in which one is shown in action. In this case, the 
discharge amounts to 700 cusecs and the energy 
dissipated is 5,000 h.p. To control the erosive effects 
at Arapuni, the completion of two further penstocks 
with dispersers is proposed, and these, when the 
turbines installed are in full operation, will bring the 
flow of the river under complete control. 

It may be of interest to mention that the design 
of these dispersers is the result of experimental work 
on scale models and short-exposure photographs made, 
in the research laboratory of the firm. _.We may also 
mention that, as the two dispersers were urgently 
required, they were completed, ready for despatch, 
in eight weeks from the receipt of the order, although 
the guide vanes had to be specially designed, the 
patterns made, and the steel castings obtained and 
machined. 








A Recorp BorLer PERFORMANCE.—We have been 
informed by Mr. G. A. Orrok, of New York, that 
on a recent occasion one of the bent tube boilers 
at the East River station, New York, was run for 
a considerable length of time at an output of 
1,200,000 lb. of steam per hour, with an efficiency 
which he believes to represent about 90 per cent. of the 
heat value of the fuel. The figure given is not the 
maximum output of which the boiler is capable and 
might be increased by some 300,000 lb. per hour. Only 
two men per watch are required as boiler attendants, 
so that the cost of steam making must, in this instance, 
have been reduced to nearly the possible minimum. 





* See ENGINEERING, vol. cxix, page 764, 
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LAUNCHES AND TRIAL TRIPS. 


‘“* Kampar.”’— Motorship ; Sulzer Diesel engines. 
Launch, January 11. Main dimensions, 165 ft. by 
28 ft. 8in. by 10 ft. Built for the Royal Packet Company 
of Amsterdam by Messrs. The ‘“‘ De Maas ” Shipbuilding 
Company, Slikkerveer, Holland. 


** Marpo.”’—Twin-screw  oil-tank 
expansion engines. Launch, January 15. Main dimen- 
sions, 378 ft. by 49 ft. 9 in. by 29 ft. 3 in. Built by 
Messrs. Sir W. G. Armstrong, Whitworth and Company 
(Shipbuilders), Limited, Walker-upon-Tyne, for the 
Chilean Government. 


‘* BENEDICT.’’—Single-screw cargo steamer; triple- 
expansion engine. Launch, January 15. Main dimen- 
sions, 405 ft. by 53 ft. 6 in. by 36 ft. 6 in. Built by 
Messrs. Cammell Laird and Company, Limited, Birken- 
head, to the order of Messrs. The Booth Steamship 
Company, Limited, Liverpool. 

“Sr. Patrick.’’—Twin-screw passenger steamer for 
the Channel Islands and Irish services; Parsons single- 
reduction geared turbines. Launch, January 15. Main 
dimensions, 290 ft. by 41 ft. by 17 ft. Built by Messrs. 
Alexander Stephen and Sons, Limited, Linthouse, 
Govan, for The Great Western Railway Company. 


“* LINDENBANK.”’—Single-screw cargo steamer; quad- 
ruple-expansion engine. Trial trip, January 15. Main 
dimensions, 420 ft. by 56 ft. 6 in. by 30 ft. 3 in. Built 
by Messrs. Workman Clark (1928), Limited, Belfast, 
for Messrs. Andrew Weir and Company, Bank Line, 
Limited, London. 

‘** LANGLEEBROOK.”’—-Single-screw cargo steamer ; 
triple-expansion engine. Launch, January 15. Dead- 
weight carrying capacity, 8,000 tons. Built for Messrs. 


steamer; __ triple- 


F. Carrick and Company, Limited, Newcastle-upon- 
Tyne, by Messrs. Palmers Shipbuilding and Iron 
Company, Limited, Hebburn-on-Tyne. 


‘* PRINCE HENRY.”’’—Twin-screw passenger and cargo 
steamer, for service between Vancouver, Canada, and 
Skagway, Alaska, in summer, and Stewart in winter ; 
single-reduction geared turbines. Launch, January 17. 
Main dimensions, 384 ft. 6 in. by 57 ft. by 20 ft. 2 in. 
Built by Messrs. Cammell Laird and Company, Limited, 
Birkenhead, for Messrs. Canadian National Steamships, 
Montreal. 








THe Late Mr. W. D. Hive.-—-We regret to note the 
death, on January 21 last, as the result of an operation 
for appendicitis, of Mr. Walter Daniel Hide, chief 
assistant on the staff of Messrs. C. F. Mackness, consulting 
engineers, 28, Victoria-street, London, S.W.1. Mr. Hide 
was born at Chiddingly, Lewes, Sussex, on April 30, 1889. 
After completing his general education, he became an 
engineering apprentice at St. George’s Works, Brighton 
meanwhile continuing his technical education at Brighton 
Municipal Technical College. He subsequently served, 
for a few months, as draughtsman and outside engineer 
in the St. George’s Works, and later in the drawing office 
of Messrs. The Reason Manufacturing Company, Limited, 
Brighton. In July, 1911, Mr. Hide proceeded to London 
to take up an appointment as draughtsman with Messrs. 
Vickers Limited, Broadway, Westminster. He became 
engaged upon the design of naval gun-sighting and gun- 
controlling mechanism, of torpedo-controlling apparatus, 
and of aircraft-sighting gear. Some years ago, Mr. Hide 
joined the staff of Messrs. Mackness. A former graduate 
of the Institution of Mechanical Engineers, he was 
elected to associate membership in 1917. 


SHIPBUILDING IN 1929.—We give below the concluding 
portion of our summary of British Shipbuilding in 1929, 
the first portion appeared on page 46 ante.—Eight vessels, 
aggregating 50,403 gross tons, were launched by Messrs. 
Palmers Shipbuilding and Iron Company, Limited, Jarrow 
and Hebburn-on-Tyne.—Messrs. Lobnitz and Company, 
Limited, Renfrew, launched ten dredgers, rockeutters, 
and pontoons, totalling 2,552 gross tons.—The shipping 
launched by Messrs. Barclay, Curle and Company, 
Limited, Glasgow, totalled 11 vessels, aggregating 
38,454 gross tons. Five of these were over 5,000 
tons, and the remaining six were 1,940-ton Canadian 
lake steamers.—Messrs. Earle’s Shipbuilding and Engi- 
neering Company, Limited, Hull, launched three 
vessels, making together 7,140 gross tons.—Seven 
vessels were launched by Messrs. Workman Clark 
(1928), Limited, Belfast. The largest unit was the 
17,800-ton whaling factory, 8.8. Kosmos, and the total 
tonnage of the seven ships was 53,900.—-Messrs. Napier 
and Miller, Limited, Old Kilpatrick, launched five vessels, 
having an aggregate gross tonnage of 33,619. The two 
largest were the 10,926-ton Eastern Prince and Western 
Prince.—Three colliers, tetalling 7,151 gross tons, were 
launched by Messrs. Cowpen Dry Docks and Ship- 
building Company, Limited, Blyth.—Messrs. Craig, 
Taylor and Company, Limited, Stockton-on-Tees, 
launched three vessels, all over 5,500 tons, aggregating 
17,104 tons, the i.h.p. of the engines being 6,900.—The 
shipping launched by Messrs. The Caledon Shipbuilding 
ro Engineering Company, Limited, Dundee, totalled 
five vessels, making together 17,424 gross tons. The 
largest of these was the 8,000-ton M.S. Menestheus.— 
Messrs. Short Brothers, Limited, Sunderland, launched 
six vessels, aggregating 36,116 tons. All were over 5,500 
tons.—The four steam colliers launched by Messrs. S. P. 
Austin and Son, Limited, Wear Dock Yard, Sunderland, 
totalled 10,792 gross tons.—Messrs. A. McMillan and Son, 
Limited, Dumbarton, launched four cargo vessels, making 
together 13,086 gross tons.—Three dredgers, aggregating 
1,437 tons, the machinery totalling 1,630 i.h.p., were 
launched by Messrs. Wm. Simons and Company, Pimited, 
Renfrew. 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Travelling Crane.—The supply and delivery of one 
10-ton two-motor overhead electric travelling double- 
girder crane. The New Zealand Public Works Depart- 
ment, Wellington; February 11. (Ref. No. A.X. 
9061.) 

Radial Drill.—The supply and 
belt-driven high-speed radial drill. 
Public Works Department, Wellington ; 
(Ref. No. A.X. 9063.) 

Shearing, Punching, and Cropping Machine.—The 
supply and delivery of one combination shearing, 
punching, and angle and tee bevel cropping machine. 
The New Zealand Public Works Department, Wellington ; 
February 11. (Ref. No. A.X. 9064.) 


Asbestos Mattresses.—The supply of asbestos mattresses, 
1 in. and 1} in. in thickness, complete with lacing, hooks 
and wire. The Victorian Railways Commissioners, 
Australia; February 5. (Ref. No. A.X. 9065.) 


Wire for Telegraph Department.—The supply and 
delivery of V.I.R. wire. The Post and Telegraph 
Department, Wellington, March 5. 
(Ref. No. B.X. 6089.) 

Transformers.—The supply and delivery of 750 kv.-a. 
oil-immersed self-cooled single phase transformers for 
the Arapuni power scheme; May 6. (Ref. No. B.X. 
6095); and 110-kv. condensers of similar type, suitable 
for outdoor services for Mangahao power scheme ; 
May 13. (Ref. No. B.X. 6096). The New Zealand 
Public Works Department; Wellington. 

Telegraph Instruments.—The supply and delivery of 
spare parts for B.P.O. dial No. 10. The Post and 
Telegraph Department, Wellington, New Zealand ; 
March 31. (Ref. No. B.X. 6097.) 

Water Mains, &c.—The supply and installation of 
water mains in the town of Dessouk (Gharbieh Province), 
comprising 1,800 m. (5,900 ft.) assorted cast-iron pipes, 
521 m. (1,709 ft.), doubled-wrapped assorted steel 
pipes, together with specials, 11 sluice valves, 6 hydrants, 
and 2 drinking fountains. The Egyptian Ministry of 
the Interior, Municipalities and: Local Commissions 
Section, Cairo; March 20. (Ref. No. A.X. 9072.) 

Steel Water Tank and Tower.—The supply and erection 
of a steel water tank on a steel framework tower, 
complete with piping and fittings, and an electric 
water-level indicator. The Egyptian Ministry of the 
Interior, Municipalities and Local Commissions Section, 
Cairo; March 20. (Ref. No. A.X. 9073.) 

Bucket Dredger.—The supply and delivery of one 
bucket dredger for the Port of Casablanca. The 
Department of Roads and Bridges, Casablanca, Morocco ; 
February 15. (Ref. No. A.X. 9076.) 


delivery of one 
The New Zealand 
February 11. 


New Zealand ; 








BOOKS RECEIVED. 


United States Geological Survey. Bulletin No. 810—B. 
The Chandalar-Sheenjek District, Alaska. By J. B. 
Merti£, Jr. No. 812—B. The Kevin-Sunburst Oil 
Field and Other Possibilities of Oil and Gas in the 
Sweetgrass Arch, Montana. By A. J. Cotter. [Price 
30 cents.] Washington: Government Printing Office. 

United States Geological Survey. Water-Supply Paper 
No. 607. Surface Water Supply of the United States, 
1925. Part VII. Lower Mississippi River Basin. 
[Price 20 cents.] No. 608. 1925. Part VIII. Western 
Gulf of Mexico Basins. [Price 30 cents.] No. 609. 
1925. Part IX. Colorado River Basin. [Price 
15 cents.] No. 610. 1925. Part X. The Great Basin. 
[Price 20 cents.] No. 613. 1925. Part XII. North 
Pacific Slope Drainage Basins. B. Snake River Basin. 
[Price 30 cents.] No. 614. 1925. Part XII. North 
Pacific Slope Drainage Basins. C. Pacific Slope Drain- 
age Basins in Oregon and Lower Columbia River Basin. 
[Price 30 cents.] No. 636—B. Suspended Matter in 
the Colorado River in 1925—1928. By C. S. Howarp. 
Washington: Government Printing Office. 

United States Geological Survey. Professional Paper 
No. 158—B. The Contact of the Fox Hills and Lance 
Formations. By C. E. Dossrn and J. B. REESIDE, Jr. 
Washington : Government Printing Office. 

The Law Relating to Injuries to Workmen. By F. George 
Neave and G. Turner. Fourth edition, revised. 
London: Effingham Wilson. [Price 6s. net.] 

University of Illinois Engineering Experiment Station. 
Circular No. 18. The Construction, Rehabilitation and 
Maintenance of Gravel Roads suitable for Moderate 
Trafic. By C. C. Wiley. [Price 30 cents.] No. 19. 
Equipment for Gas-Liquid Reactions. By D. B. Keyes. 
[Price 10 cents.] Urbana, Ill. : University of Illinois. 

Transactions of the Institution of Naval Architects. Vol. 
LXXI. 1929. Edited by R. W. Dana. London: 
Offices of the Institution. 

Proceedings of the Staffordshire Iron and Steel Institute. 
Vol. XLIV. Session 1928-29. Birmingham: Office 
of the Institute. 

Department of Overseas Trade. 
Commerical Review and Handbook. July, 1929. 
Report. By J. Garnetr Lomax. London: His 
Majesty’s Stationery Office. [Price 4s. 3d. net.] 

The South and East African Year Book and Guide, 1930. 
Edited by A. SaMLeR Brown and G. Gorpon Brown. 
London: Sampson Low, Marston and Company, 


Republic of Colombia. 








Limited. [Price 2s. 6d. net.] 




















NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business is still contined 
to narrow limits, the trade developments generally 
expected in January having failed to occur. The 
situation is really unchanged. There is not a great 
deal of marketable Cleveland iron. Second hands have 
only small lots to dispose of, and makers are conveying, 
in molten state, the bulk of the output to their own 
foundries and steelworks for consumption. Stocks are 
not heavy, and are expected to be drawn upon to meet 
spring requirements. Home users who have to enter 
the market for their supplies are buying a few parcels, 
but firms abroad are as unwilling as ever to pay rates 
demanded and export business is almost at a standstill. 
Ironmasters see no reason to break the fixed minimum 
quotations which have ruled for some months past, and 
prices remain: No. | grade, 75s. ; No. 3 g.m.b., 72s. 6d. ; 
No. 4 foundry, 71s. 6d.; and No. 4 forge, 71s. 


Hematite.—Demand for East Coast hematite is very 
disappointing, and values show a further rather marked 
downwardtendency. Merchants hold considerable quanti- 
ties, and are offering iron freely at prices which makers 
declared to be well below cost of output. Market 
rates are not fixed, and terms of contract vary a good 
deal after individual bargaining. Home business is not 
heavy, and export transactions are light owing to the 
comparative cheapness of foreign iron. Second hands 
readily accept orders on the basis of ordinary qualities 
at 78s. 


Foreign Ore.—Consumers of foreign ore are not in 
the market for ordinary business, but have picked up 
a few cheap spot lots. Best rubio is now in the neigh- 
bourhood of 22s. c.i.f. Tees. 


Blast-Furnace Coke.—Supply of Durham blast-furnace 
coke is plentiful, and quotations are easy. Good 
medium descriptions are offered at 22s. delivered to 
works in this area. 

Manufactured Iron and Steel.—Aggregate tonnage 
output of finished iron and steel is heavy, most depart- 
ments being well employed, but sheet producers are 
needing work and are cutting prices. Specifications 
for shipbuilding material are coming forward fairly 
well; bridge builders are actively engaged, and depart- 
ments manufacturing requisites for railway construction 
are turning out a lot of work. Among the principal 
market quotations are: Common iron bars, 10/1. 15s. ; 
best bars, 11/. 5s.; double best bars, 11l. 15s.; treble 
best bars, 121. 5s.; iron rivets, 111. 10s.; packing 
(parallel), 82.; packing (tapered), 10/.; steel billets 
(soft), 6/. 17s. 6d.; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 8/. 2s. 6d.; steel rivets, 11l. 5s. ; 
steel ship plates, 8/. 15s.; steel angles, 8/. 7s. 6d.; 
steel joists, 8/. 10s.; heavy sections of steel rails, 
8l. 10s. for parcels of 500 tons and over; and 9. for 
smaller lots; fishplates, 127. 10s. for parcels of 500 tons 
and over, and 13/. for smaller lots; black sheets, 
91. 15s.; and galvanised corrugated sheets, 12I. 








NOTES FROM THE SOUTH-WEST. 
CarpiFrr, Wednesday. 

The Coal Trade.—Conditions in the Welsh steam-coal 
trade show no improvement. The mildness of the weather, 
and the fact that consumers abroad laid in stocks at the 
end of last year to meet severe climatic conditions, which 
have not been experienced, has led to a curtailment in the 
demand and the postponement and cancellation of 
deliveries. This has upset the calculations of collieries, 
especially in respect to large coal, the output of which 
is excessive, to meet requirements, even at schedule 
prices. Even sized descriptions, which for months past 
have commanded relatively high prices and have been 
difficult to obtain, have developed a much weaker ten- 
dency. Dry nuts, for instance, which before Christmas 
readily commanded 32s. 6d., can now be secured at 28s. 
On the other hand, small coals are scarce and tight, the 
unsatisfactory position of large causing a restriction In 
the production of small, with the result that best bunker 
smalls command 14s. 9d. to 15s., with cargo classes from 
13s. 6d. to 148., but even at these prices, salesmen refuse 
to sell, except in conjunction with large. - 

Ships Laying Up.—The unsatisfactory position o! the 
freight markets has caused shipowners to lay up tonnage. 
owing to the unremunerative level of rates. At present. 
a round voyage to South America and back produces 
only 27s., compared with 36s. a year ago, while rates in 
other trades also produce the same result, namely, . 
loss. In view of this, many Cardiff shipowners are laying 
up boats as they reach port, and it is estimated that - 
least 40 vessels are now tied up at Cardiff, Barry an¢ 
Newport with the crews, numbering at least 800 men, 
thrown out of work. One firm, owning 17 modern cargo 
steamers, has laid up 10, while many other companies 
have three and four ships idle. Even so, rates pees 
improve, as the volume of shipping offered is = fos 
excess of requirements. One of the reasons oe 1s 
slump is the large crops of grain in Europe, anc : “ 
consequent dearth in the demand for the semper’. 
wheat from South America, the Danube, and Austra!ia. 








Tue Warrworrs Socrety.—Last July, the Whitworth 


Society made a donation of 251. to the Municipal ag 
of Technology, Manchester, to provide prizes oi i 
encouragement of promising students preparing *0 satilie 
Whitworth Scholarship examinations. The first = we 
have now been made to Messrs. F. F. Butterwort! = 
F. C. Thornley. The Society hopes to make sim! 


| donations to other colleges as funds may permit. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The after-Christmas recovery is rather 
slower than usual, and is causing a certain amount of 
anxiety, though the adverse features of the position are 
being exaggerated in certain sections of the daily press. 
The gross volume of unemployment and part-time 
employment has been heavier than for some time past, 
but a welcome movement is seen in the fact that large 
numbers of those who were engaged on short time have 
resumed full employment. The depression appears to be 
widespread in the heavy steel and engineering branches. 
It is particularly pronounced in those sections most 
exposed to foreign underselling. While consumption 
of bulk steel is maintained at a steady rate, it is 
insufficient to employ more than half the open-hearth 
furnaces in the area. Forward work is unsatisfactory in 
volume, and buying is largely of a hand-to-mouth descrip- 
tion for comparatively small quantities. This applies 
both to hard basic-steel billets and acid-steel billets. 
Prices are mainly unchanged. The latest quotations 
are as follow: Siemens acid-steel billets 9/. 10s., hard 
basic-steel billets 71. 12s. 6d. to 91. 128. 6d., soft basic-steel 
billets 62. 15s., Lincolnshire foundry pig iron 76s., 
Derbyshire foundry pig iron 73s. 6d., Derbyshire forge 
iron 69s. 6d., Crown iron bars 11/., iron hoops 12/., steel 
hoops 97. 15s. to 10/. 5s., soft wire rods 8I., basic-steel 
serap 65s. The reiterated decision of the English Steel 
Corporation to close their Penistone works came as a 
great blow to that locality, where the bulk of the male 
population have been dependent on steelmaking and 
steel manipulating operations. Efforts are being made 
to relieve the resultant unemployment. A conference 
has been arranged between representatives of the Iron 
and Steel Trades Confederation and the Sheffield and 
District Engineering Trades Employers’ Association, 
at which the question of giving preferential treatment to 
unemployed operatives from Penistone when vacancies 
occur at works in this neighbourhood will be discussed. 
Heavy forges and rolling mills are working less regularly 
than was the case two months ago, and there is keen 
competition for business in large scale machinery for 
industrial use. Some of the tool-making sections are 
showing more life. Agricultural needs are on the increase, 
and Shettield is doing well in the latest types of drills and 
boring tools, despite the strenuous efforts of rivals on the 
Continent. More orders are stated to be expected from 
Russia for edge tools and steel. 


South Yorkshire Coal Trade.—Business presents few 
outstanding features. Orders for house coal are below 
the level usually experienced at this time of the year. 
Users appear to be exercising strict economy, both in 
regard to present needs and future requirements. The 
industrial position is fairly steady. Inland deliveries, 
while below maximum capacity, represent a large tonnage 
in the aggregate. The export position is uneven, 
Enquiries are more numerous. Keen efforts are being 
made to extend business in best steams. Minor advances 
have been registered in rough slacks and washed smalls. 
Blast-furnace coke continues to be an active market at 
steady rates. Sales of foundry coke are in progress at 
unchanged prices. Quotations: Best branch hand- 
picked, 26s. 6d. to 28s. ; Derbyshire best brights, 21s. to 
23s. ; Derbyshire best house, 20s. 6d. to 21s. 6d. ; screened 
house coal, 18s, 6d. to 20s. ; screened house nuts, 16s. 6d. 
to 18s.;: Yorkshire hards, 15s. 6d. to 17s. ; Derbyshire 
hards, 15s. 6d. to 17s. ; rough slacks, 9s. to 10s. ; nutty 
slacks, 7s, 6d. to 8s. 6d. ; smalls, 3s. to 5s. 








CANADIAN NICKEL AND ASBESTOS.—The Canadian 
production of nickel amounted to 109,000,000 Ib. during 
1929, an increase of 13 per cent. over the total for 1928. 
Production is mainly centred in the Sudbury area of 
Ontario. The output of asbestos in the Dominion 
amounted to 205,000 tons in 1929, constituting an 
increase of 12 per cent. over the figure for the previous 
year. Canada now produces 90 per cent. of the world’s 
nickel, and 85 per cent. of its asbestos. 


THe Farapay Mepaut.—The ninth award of the 
Faraday Medal has been made to Sir Ernest Rutherford, 
0.M., F.R.S. The Medal is awarded by the Council of the 
Institution of Electrical Engineers not more frequently 
than once a year, either for notable scientific or industrial 
achievement in electrica engineering or for conspicuous 
service rendered to the advancement of electrical science, 
without restriction as regards nationality, country of 
residence, or membership of the Institution. 


ORDER FOR Two TurBo-ExLEctRic LINERS.—Messrs. 
Vickers-Armstrongs Limited, Barrow-in-Furness, have 
secured an order from The Peninsular and Oriental Steam 
Navigation Company for two passenger liners for the 
Australian service. The vessels, which, we understand, 
will have a gross tonnage of about 20,000 and a speed 
in the neighbourhood of 20 knots, will be propelled 
by turbo-electrie machinery and will employ oil fuel. 
The propelling machinery will be manufactured by 
Messrs, The British Thomson-Houston Company, 
Limited, Rugby, acting in collaboration with Messrs. 
ickers-Armstrongs Limited. The boilers will be of 
the latest high-pressure type and will be designed by 
Messrs. Yarrow and Company, Limited, Glasgow, 
who will also construct the boilers for one of the vessels. 
The boilers of the other vessel will be constructed by 
Messrs, Vickers-Armstrongs. The order for these two 
ships, which is the largest individual order secured by 
the Barrow works during the past ten years, will very 
considerably relieve the unemployment position, as the 
Work on the ships will absorb an average of approximately 


9 ° 
*,500 men for nearly two years, in Barrow alone. 
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NOTES FROM THE NORTH. 


Gtascow, Wednesday. 
Scottish Steel Trade.—There is still little life in the 
Scottish steel trade, and a dull tone exists all round. 
Orders are very scarce, and specifications from the 
shipyards for plates and sections are coming to hand 
very slowly. The month of January has been a very 
poor one in most industries throughout the country, 
and this has not in any way assisted the steel trade. 
Inquiries are not very promising, and the export side 
of the trade is dull and featureless. In the black-sheet 
trade there is quite a fair amount of business passing, 
but light sheets are in better demand than the heavier 
gauges. Galvanised sheets are somewhat quieter, and 
quotations have a tendency to sag a little. The 
following are the current market quotations: Boiler 
plates, 10/7. 10s. per ton; ship plates, 8/. 15s. per ton; 
sections, 8/. 7s. 6d. per ton; sheets, }-in., 9/. per ton; 
and galvanised corrugated sheets (No. 24 gauge), 

12/. 15s. per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—No improvement of any kind 
can be recorded in connection with the malleable-iron 
trade of the West of Scotland. Business has been so 
difficult to pick up this month that hand-to-mouth 
conditions have been much too general to be pleasing. 
There is a great scarcity of orders, and keen competition 
to secure any which come into the market. A very 
similar state has to be reported regarding the re-rolled 
steel bar trade, and the works are badly off for new 
business. Prices are unchanged at 10/. 5s. per ton 
for ‘‘Crown”’ bars for home delivery, and 91. 15s. 
per ton for export lots. Re-rolled steel bars are called 
7l. 12s. 6d. per ton for home delivery and for export. 


Scottish Pig-Iron Trade.—A quiet tone prevails in 
the Scottish pig-iron trade, and there is no rush of 
orders to contend with. The demand which exists is 
steady, but the volume is not heavy and is easily over- 
taken. Stocks are ample to meet any sudden calls, 
but anything of that nature appears to be very distant. 
Prices of pig iron are maintained on recent levels, and 
are as follow :—Hematite, 8ls. per ton, delivered at 
the steel works; foundry iron No. 1, 80s. 6d. per ton, 
and No. 3, 78s. per ton, both on trucks at makers’ 
yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour, for the week 
ending last Saturday, January 25, amounted to 
1,930 tons. Of that total 1,546 tons went overseas 
and 384 tons coastwise. These figures must be 
considered very satisfactory as they are a little above 
the recent average. During the corresponding week 
of last year the figures were 532 tons overseas and 
199 tons coastwise, making a total shipment of 731 tons. 


Pig-Iron Trade Wages Increased.—Messrs. James C. 
Bishop and Owen Coyle, joint secretaries of the Board 
of Conciliation for the Regulation of Wages in the 
Pig-Iron Trade of Scotland, have received intimation 
from Messrs. Kerr, MacLeod and Macfarlane, that 
on an examination of the employers’ books for the 
last three months of 1929, they certify the average 
net selling price to be 3/. 17s. 3d. This means that 
there will be an increase in the wages of the workmen 
of 2 per cent. on basic rates. 


Rationalisation in the Scottish Steel Trade.—Two of 
the largest steel manufacturing firms in Great Britain— 
Messrs. William Beardmore and Company, Limited, 
Parkhead, and Messrs. David Colville and Sons, Limited, 
Motherwell, have just come to an agreement for the 
rationalisation of the steel trade. The following is the 
official statement which has been issued on behalf of 
the two firms and which speaks for itself :—‘‘ Messrs. 
William Beardmore and Company, Limited, of Parkhead 
Forge and Mossend Steelworks, have made an arrange- 
ment with Messrs. David Colville and Sons, Limited, 
whereby the latter firm acquires the goodwill of Messrs. 
Beardmore’s business in so far as it relates to plates, 
sections and rails. The complete arrangement will 
operate as from February 1. The agreement does not 
involve amalgamation, interchange of shares, or any 
form of merging, financial or otherwise.”” The works of 
Messrs. Beardmore will be remodelled with the view 
to concentration upon the production of heavy forgings 
wheels, axles, tyres, and armour and guns. The 
foundry will be reconstructed on the most modern 
lines. The new scheme, it is hoped, will ultimately 
increase employment, but at the moment it has the 
opposite effect, as approximately 600 men at Parkhead 
works will be thrown out of work almost at once. 
Notices terminating their employment were posted 
this week. With the intention of bringing the Parkhead 
works into line with the latest practice in steel 
production a sum of approximately 100,000/. will be 
spent by Messrs. Beardmore. 


Boiler Contract.—Messrs. Yarrow and Company» 
Limited, Scotstoun, Glasgow, have received an order 
from the Japanese Government for a water-tube boiler 
of their land type, working at a pressure of 1,000 Ib. 
and a steam pressure of 800 deg. F. The principal 
parts of the boiler will be made at Scotstoun and 
shipped to Japan, where the boiler and super-heater 
will be tubed. 








BaveR-WacH TURBINES FOR 8.S. “City or Cam- 
BRIDGE.”’—The Ellerman liner 8.8. City. of Cambridge 
sailed on January 17:last, after a satisfactory trial trip 
off the mouth of the Tyne. The vessel had been in the 
Wallsend yard of Messrs. The Wallsend Slipway and 
Engineering: Company, Limited, for some .months for 
the purpose of having a Bauer-Wach turbine fitted to 
augment the power of the existing reciprocating steam 
engines and enable the ship to steam at a higher speed. 
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NOTICES OF MEETINGS. 


Junior INstrruTion oF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘* Superheating,” by 
Mr. F. Onions. Friday, February 7, 7.30 p.m., Honorary 
Members’ Lecture: ‘‘ Co-operation Between Technical 
Institutions and Industry,” by Mr. G. F. O’Riordan. 

Royat Instrrution.—Monday, February 3, 5 p.m.. 
General Meeting. Tuesday, February 4, 5.15 p.m., 
** Isotopes,” by Dr. F. W. Aston. Thursday, February 6, 
5.15 p.m., ‘‘ Radio Direction Finding by Transmission 
and Reception,”’ by Dr. R. L. Smith-Rose. Friday, Feb- 
ruary 7, 9 p.m., “ Diving,” by Dr. L. Hill. 

Soctery or EnNetIneers.—Monday, February 3, 
6 p.m., Geological Society, Burlington House, Piccadilly, 
W.1. Presidential Address by Mr. W. M. Beckett. 

BRADFORD ENGINEERING Soctety.—Monday, Feb- 
ruary 3, 7.30 p.m., Technical College, Great Horton- 
road, Bradford. ‘‘The Steam Turbine for Power and 
Heating in Mills,” by Mr. R. McLean. 

INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
February 3, 7.30 p.m., Engineers’ Club, Coventry-street, 
W.1. ‘‘A Note on the Sun-Cracking of Vulcanised 
Rubber,” by Mr. B. B. Evans. ‘* Ageing of Rubber 
Compounded with China Clay,” by Mr. P. G. Packman. 
“* An Investigation of the Viscosity of Rubber Solutions,”’ 
by Mr. C. M. Blow. 

Institute oF Merats.—Birmingham Local Section : 
Tuesday, February 4, 7 p.m., Chamber of Commerce, 
New-street, Birmingham, ‘‘ Nickel Casting Alloys,”’ by 
Mr. J. McNeill. 


INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
February 4, 7.45 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. ‘The Relative Safety of 
Mild and High-Tensile Steel under Alternating and 
Pulsating Stresses,’’ by Professor B. P. Haigh. 

INSTITUTION OF PRODUCTION ENGINEERS.—-Coventru 
Centre: Wednesday, February 5, 7.30 p.m., Kings’ 
Head Hotel, Coventry. ‘“‘ The Manufacture of Cycle and 
Motor Cycle Chains,” by Mr. C. J. Potts. London : 
Thursday, February 6, 7.30 p.m., Society of Motor 
Manufacturers and Traders, Limited, 83, Pall Mall, 
S.W.1. ‘‘ Mould Design for Synthetic and Other Com- 
pounds,” by Mr. H. T. Richardson. 


Roya Socrety oF Arts.—Wednesday, February 5, 
8 p.m., John-street, Adelphi, W.C.2., ‘Some Aspects 
of the Question of Trade with South America,” by 
Sir W. C. Lees. Friday, February 7, 4.30 p.m. “* Recent 
Mineral Developments in India,” by Mr. G. H. Tipper. 

RoyaL AERONAUTICAL Socrety.-—Thursday, February 
6, 6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. ‘*Modern Aerodynamical Research in Ger- 
many,”’ by Mr. J. W., Maccoll. 


INSTITUTION OF MECHANICAL ENGINEERS.-—Glasyow 
and West of Scotland Branch: Thursday, February 6, 
7.30 p.m., Royal Technical College, Glasgow. ‘‘ Some 
Factors Associated with High-Pressure and High-Tem- 
perature Steam Generation,’ by Mr. F. H. Rosencrants. 

Nortu-East Coast INSTiItuTION OF ENGINEERS AND 
SHIPBUILDERS,—Friday, February 7, 6 p.m., Mining 
Institute, Newcastle-upon-Tyne, ** High-Pressure Steam 
for Marine Work,” by Mr. 8. S. Cook. 

Society oF CHEMICAL INDUSTRY. CHEMICAL ENGi- 
NEERING GrovP.—Friday, February 7, 6.30 p.m., Cham- 
ber of Commerce, New-street, Birmingham. Joint Meet- 
ing with Birmingham Section. “ Electric Furnaces for 
Heat Treatment,” by Mr. A. G. Lobley. 

INSTITUTE OF FurEt.—Friday, February 7, 7 p.m., 
Engineers’ Club, Albert Square, Manchester. Joint Meet- 
ing with Society of Chemical Industry. ‘The Funda- 
mental Problems of Flue Gas Purification,” by Prof. 
M. W. Travers. 





PERSONAL.—Messrs. The Stanton Ironworks Company, 
Limited, near Nottingham, have acquired the sole 
British rights of the Victaulic joint for use with cast-iron 
pipes.—Mr. A. Newlands, chief engineer of the 
London Midland and Scottish Railway Company, has 
been elected chairman of the Railway Clearing House 
Civil Engineers’ Committee, for the year 1930.—Mr. 
T. H. U. Aldridge, vice-president and general manager 
of the Shanghai Power Company, China, has relinquished 
that office, and is returning to London where he will 
be associated with the American and Foreign Power 
Company.—Mr. G. 8. Wilkinson, until recently chief 
designer of Messrs. D. Napier and Son, Limited, Acton, 
London, W.3, has been appointed chief engineer, and Mr. 
C. Charles, works manager of the Company. 








OurpuT OF MARINE MACHINERY IN 1929.—We have 
received further returns of marine machinery outputs 
during 1929, and these are summarised below.—Five sets 
of triple-expansion engine propelling machinery, repre- 
senting, together, 12,600 i.h.p., were supplied by Messrs. 
Blair and Company (1926), Limited, Stockton-on-Tees. 
Some 37 marine boilers, representing a further 24,280 i.h.p., 
were also manufactured.—Messrs. David Rowan and 
Company, Limited, Elliot-street, Glasgow, C.3, built 
the steam propelling machinery for 30 vessels. The 
aggregate h.p. was 78,200. The 5,400-h.p. turbine 
machinery for 8.8. Markhor, the 4,000-h.p. quadruple- 
expansion engines for 8.8. Sulairia and 8.8. Gregalia, 
and the 3,750-h.p. quadruple-expansion engines for 
8.8. Benwyvis constituted the four largest units.- 
The total output of Diesel marine engines built last 
year up till the middle of November, by Messrs. Sulzer 
Brothers, represented about 300,000 h.p. Practically all 
were of the two-cycle single-acting type, 
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35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the .ttention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between thi- 
Journal and any other publications bearing 
somewhat similar titles. 
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“ ENGINEERING” may be ordered from any 
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stalls, or it can be supplied by the Publisher, post free, 
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Thin paper copies ................0000 £218 6 
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THE HEAT TREATMENT OF STEEL. 


Amone the many interesting papers read before 
the recent World Power Conference in Tokyo, was 
one in which Mr. H. Rickli drew attention to a 
number of cases in which the attempt to improve 
the properties of alloy steels by heat treatment had 
been responsible for the explosion of the rotors of 
high-speed three-phase alternators. The designers 


of such machinery have quite commonly based their | 


factors of safety on the so-called elastic limit of the 
material, and history has repeated itself in demon- 
strating once again that, in general, no simple 
relationship exists between the real factor of safety 
of any structure or machine and the elastic limit of 
the material of which it may be composed. In the 
particular cases cited by Mr. Rickli, it seems certain 
that the immediate cause of the accidents has been 
the internal stresses set up by the heat treatment 
of the somewhat massive slabs of steel of which the 
rotors were built up. 

This view is supported by the results of an 
experiment made not long since by a leading 
firm of electrical engineers, who proposed to 
use a high quality heat-treated alloy steel for 
a generator rotor. The material in question 
passed most successfully through every mechanical 
and chemical test. The ultimate strength ai.d 
the elastic limit were all that was demanded, the 
micro-structure could hardly have been improved 
upon, and most excellent results were obtained in 
the notched. bar test. Nevertheless, when a heat- 
treated 36-in. disc of this material, which . had 
received meticulous care in its passage through 
the shops, was run in the bomb-proof up to its 
intended working speed, it burst into fragments. 
Evidently the alloy steel in question had little 
power of adjustment to internal stresses, the 
importance of which seems to be almost negligible 





in the case of ordinary mild carbon steel. Indeed, 
structural engineers never hesitate to credit cold 
straightened material with its full nominal strength, 
in spite of the fact that such a procedure must 
result in the production of internal stresses well 
up to the elastic limit of the metal. On the other 
hand, other materials have far less power of accom- 
modation. This was strikingly demonstrated a 
good many years ago, when so-called toughened 
glass was introduced into chemical apparatus. 
Although this glass would withstand, without 
apparent injury, a blow which would shatter 
ordinary glass, it proved apt to fly to pieces spon- 
taneously, and its use had to be abandoned. Quite 


136 | Corresponding results were recorded in some of 


Professor Bridgman’s experiments, in which bars 


8 | of steel, glass, and other materials were exposed 


to extremely high hydraulic pressures. The mild 
steel rods under this treatment drew down locally 
and broke much as they would do in a tensile test, 
and the ends were shot out through the glands. 
The rods of hard steel and of glass, however, broke 
off short, whilst some thick glass tubes which had 
been similarly treated but survived, -were left in 
such a condition of internal stress that they fell to 
powder spontaneously many months subsequent to 
the experiment. 

Probably heat treatment is less likely to give rise 
to dangerous internal stresses when the objects 
to which it is applied are less massive than rotor 
forgings, but the recent experience of American 
engineers in the attempt to use heat-treated wires 


8|for suspension bridge cables, shows that this rule 


does not always hold good. In the cases in question, 
it had been found possible by appropriate heat 
treatment to raise the elastic limit of the wire from 
144,000 to 190,000 lb. per square inch, but perhaps 
the really significant fact was that there was little, 
if any, improvement in the ultimate strength. 
However, this may be, those responsible for the 
design of the bridges in question, felt assured that 
the working stress might be increased in proportion 
to the rise in the elastic limit. Actually, however, 
many of the wires in question broke spontaneously 
in the process of erection, although the shop and 
laboratory tests had given no indication of brittle- 
ness. In the outcome, the whole of the “ improved ” 
wires had to be rejected and replaced by ordinary 
material. 

Other American engineers are, we note, advocating 
the use of heat-treated eyebars in bridge work. 
Such eyebars are fairly heavy masses of steel, and 
the experiences cited by Mr. Rickli at least raise the 
question whether they will prove reliable in service, 
or whether the heat treatment may not give rise 
to internal stresses which the special steels used 
will be too brittle to withstand indefinitely. 

The troubles discussed by Mr. Rickli had their 
origin in the demand for larger and larger outputs 
from high-speed electric generators. With a given 
length between end caps, the possible output 
depends on the centrifugal stresses set up in the 
rotor, and these vary as the square of the external 
diameter. These considerations led, in the first 
instance, to the introduction of alloy steels, and 
still later to the attempt to gain additional strength 
by heat treatment, a procedure which has been 
followed by the bursting of a number of rotors. 
The problem of securing safety is a little more 
difficult here than in the analogous case of the 
wheels of steam turbines, with which it is possible 
and usual to use discs of approximately hyperbolic 
profile, the thickness being much greater at the hub 
than at the rim. In this way, a fairly uniform 
distribution of stress can be secured, and indeed 
may be less at the inner periphery than elsewhere. 
Generator rotors cannot, however, be thus treated, 
as they must provide a path with a minimum of air 
gap for the magnetic flux. Hence, if, as in the 
case of the low pressure generator at Hell Gate, the 
rotor is built up of discs, these must be of uniform 
thickness from the inner to the outer periphery. It 
is thus quite impracticable to make as good use of 
the higher tensile strength of alloy steels as is 
possible in steam turbine work. 

In the paper cited, Mr. Rickli: suggests the 
abandonment of the process of heat treatment, and 
the use for rotors of well-annealed alloy steels, 
although this will involve a very considerable 
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lowering of the yield point, as compared with that 
of the heat-treated metal. 

There are, however, grounds for suggesting that 
equally satisfactory, or possibly superior results 
may be attained by abandoning entirely the use 
of expensive alloy steels, and by reverting to the 
simple mild carbon steels, but subjecting them, 
in the process of manufacture, to a treatment 
analogous to that by which Professor Bridgman 
prepares the cylinders in which he has attained 
hydraulic pressures of some 200 tons per square 
inch. These cylinders are rough bored, and then 
subjected to a pressure in excess of the intended 
working pressure. Under this treatment, they 
take a permanent set, and when the pressure is 
released, their inner surfaces are in a state of com- 
pression. Having been thus permanently strained, 
the cylinders are then machined to their finished 
dimensions. Owing to the internal stresses thus 
set up, the stress in the walls of these cylinders, 
when under their designed working pressure, is 
more or less uniform throughout the whole thickness 
of the wall, whereas, as is common knowledge, in an 
unstrained thick-walled cylinder, the stress at the 
inner periphery may be very much greater than it 
is at the outer. So long as the working pressure is 
less than that by which the original straining was 
produced, these cylinders suffer in service no 
additional permanent set. 

It may be noted that during the war the late 
Professor John Perry proposed the adoption of a 
corresponding system for the construction of heavy 
ordnance.* 

Now it does not seem impracticable to establish 


a similar favourable distribution of internal stress | 


when a rotor is built up of discs. The procedure 
would be to rough finish the disc, and then to run 
it up to a really high speed in the bomb-proof so as 
to stretch it permanently. It would then be finish- 
machined, and there is much reason to believe that 
its actual strength would be well in excess of that 
of discs formed in the ordinary way from the harder 
steels now in favour, whilst it would have better 
magnetic properties and would distort less if acci- 
dentally over-speeded. 

At the meeting of the British Association in Bir- 
mingham in 1913, Dr. Gerald Stoney, F.R.S., men- 
tioned a case of a mild steel disc 27 in. in diameter 
with blades on it, and also holes in it, belonging 
to a turbine running normally at 4,800 r.p.m., but 


which was run up to about 8,000 r.p.m. accidentally. | 


Hence the theoretical stress was magnified about 2? 
times, and the elastic limit was very greatly exceeded. 
Nevertheless, although the bore increased in diameter 


ENGINEERING. 


that such treatment is much safer than any heat 
treatment, which may leave most undesirable and 
unknown stresses in the rotor ; in fact such stresses 
are impossible to avoid in a large mass of material. 
There has never been any failure of one of these 
rotors treated as above described. A medium 
carbon steel is invariably used for these, as it gives 
the maximum permeability for the magnetic flux 
combined with reliability of material and good 
ductility. 


THE BASIS OF BUILDING PRACTICE. 


Aw authority on the art and science of building 
once described its practice as mostly folklore. 
It is a characteristically apt and sympathetic 
description. The folklore of a countryside embodies 
its imagination. The materials of which it is made 
up are, in all parts of the world, more or less 
similar, but in each some local element distinguishes 
between them. They are based on the experience 
of the people, whose purpose they serve very 
well, but they may be less satisfying if they are 
transplanted into another countryside, where they 
have to blend with new matter and cannot graft 
themselves on to their own kind. Moreover, when 
the imagination of a people is no longer sufficient for 
their needs, they have to supplement and sometimes 
replace their traditions by more exact material. 
The history of the building arts began long before 
there was any exact science to help them, and longer 
still before the quite recent days when they started 
to acquire the habit of using such aid. Proceeding 
almost entirely on empirical bases, British civil 
engineering works long held more than their own 
in comparison with those of other countries. In 
modern times British manufacturers, still with- 
out any fundamental knowledge of the chemical 
mechanisms involved, continued to lead the world in 
the development of the manufacture of cements. 
All this has been done mainly, if not entirely, on 
empirical knowledge, and the prospect of maintain- 
ing the present lead remains subject to the hazard 
of empirical work. In the present days of greater 
mobility, moreover, experience that has been gained 
on the material of one locality must often have to be 
applied in other localities, on materials of a different 
character. Some, too, of the materials on which 
practice has been built up become scarce or dis- 
appear, and have to be replaced by new materials, 
which the building industry has to use in the light 
of experience gained on the old. 

British builders have no reason to fear comparison 
with builders in other countries. All of them are 
working on empirical bases, and none has succeeded 











from 4 in. to4}in.,no burst occurred. In these tur- 
bines, which were made about 1891, the discs were 


sometimes found to come loose and they were then | 


rebored and bushed, and there was no further trouble. 
A somewhat similar incident was described by Dr. 
Lasche, in his book on steam turbine components. 
Here mention is made of the wheel of a steam tur- 
bine which, having been permanently stretched by 
an accidental overspeed, was rebored and remounted 
with no subsequent trouble. Again, in some recent 
tests in the North of England, it proved impossible 
to burst in the boimb-proof a disc of mild steel, in 
spite of a calculated stress 40 per cent. in excess of 
the ultimate strength of the material, and experi- 
ments of similar kind are described in Mr. Rickli’s 
paper already referred to. It is now common prac- 
tice with many firms to run turbine wheels up to 


much above their normal speed, and thus the stress | 


at the hole, where the stress is generally a maximum, 


is above the elastic limit. The hole is bored small | 


at the outset and then efter being thus stretched is 
re-bored to the final size, when it is found that in 
normal working no further set takes place. 

Large alternator builders also run alternator 
rotors completely wound at high overspeeds, so 


that the calculated local stresses exceed the elastic | 


limit. The rotors being in their finished state, 


the distribution of stress is the same as in service, | 


and the calculated stresses at the axial hole in the 
rotor, which is bored to ensure the material being 
sound, are above the elastic limit. Thus the 
material near the hole gets a permanent set which 
puts the whole rotor into a state of stress most 
suited to enable it to run safely. It seems probable 





* ENGINEERING, vol. xcix, page 306 (1915). 


in establishing a thorough-going connection between 
| their practice and the fundamental physical facts 
|which must regulate it. The caution of British 
|engineers, to whom in large works architects look 
|for guidance, has kept their practice conspicu- 
| ously safe. From time to time, indeed, their works 
| are faced with difficulties, which existing knowledge 
| of fundamental principles is unable to explain, and 
_structures are found to have deteriorated or to be 
|unsuitable for their purpose through causes that 
| cannot be assigned precisely, but might perhaps have 
| been prevented if the knowledge had been greater. 
| Many of the cautious factors of safety, again, by 
| which catastrophes have been avoided, have been 
erected upon a foundation of extremely prudent and 
conservative guess-work. Noestimate can be formed 
of the cost that has to be paid for these deficiencies 
in knowledge, and it may be asked reasonably, 
whether a country which has no money to spare for 
the margins that have to be provided when working 
| by guess-work, can afford to go on using that method 
without attempting seriously to do better. 

These considerations are suggested by a perusal 
of the Report of the Building Research Board of 
the Department of Scientific and Industrial Re- 
search for the year 1928, which, coupled with that 
of Dr. R. E. Stradling, the Director of Building 
|Research, has recently been published (H.M. 
Stationery Office. Price 3s. 6d. net). A description 
was given in these columns last year of the Building 
Research Station in which the Board’s operations 
are mainly conducted. Those who have read it are 
aware both of the class of investigations which 
are undertaken at the Station, and of the relations 
in which its staff seeks to stand to the various 








branches of the building industry. 
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The Board 
knows well the many respects in which the build- 
ing arts have, as yet, no scientific foundation. 
As opportunity has offered, it has undertaken 
the investigation of such matters, and in the pre- 
sent report, as in its predecessors, has succeeded 
in throwing an important light on some of them. 
As a consequence, for instance, of work undertaken 
for the Board by the Director of Research before 
he took over his present appointment, the suggestion 
was made that many of the vagaries in the behaviour 
of cement and concrete might be explained if 
cement could be regarded as what in colloid 
chemistry is known as a rigid gel, which changes 
its physical properties and the stresses to which 
its mass is subjected, according to the variations of 
its moisture contents. Further experiments have 
confirmed the probability of this suggestion, and 
given rise already to important practical conse- 
quences, which appear still to be in course of 
development. 

On a different line, the Department announced this 
year a very important investigation into the design 
of steel structures. The suggestion of such an 
inquiry was made by the British Steelwork Associa- 
tion, comprising practically all British firms rolling 
and using structural steel, which offered to sub- 
scribe for five years about half the estimated 
cost involved. A Committee has been set up 
representing the Association, the Institution of 
Civil Engineers, and the Department. The terms of 
reference include the review of present methods 
and regulations for the design of steel structures, 
including bridges, and the application of the modern 
theory of structures to such designs, with any recom- 
mendations the results may justify as likely to lead 
to more efficient and economical designs. Dr. Strad- 
ling will act as executive officer to the Committee. 
the experimental and theoretical work being carried 
out partly at the Building Research Station and 
partly at the Universities, while constituent mem- 
bers of the Association will give facilities for full- 
scale work. The research is estimated to last several 
years, and if, as seems likely, it will include chemical 
as well as physical tests, and take account of the 
materials used as well as of the designs and struc- 
tures, it promises to be the most thorough ever under- 
taken into the problem. It is one which for some 
years past has received attention in the United 
States and Germany, but until now the investigations 
appear to have been hardly wide enough for their pur- 
pose, and no definite conclusions have been reached. 
It is so long since the basis of factors of safety 
for steel structures has been reconsidered that no 
doubt can be felt but that the subject requires 
attention. Every one, moreover, will recognise the 
wisdom of making a thorough-going investigation, 
and not risking a fall between two stools. 

Steel structures do not present the only indetermi- 
nate problems of capital importance to various 
branches of the building industry, but it is to be 
observed in the annual report that no instances are 
given of action comparable with that of the British 
Steelwork Association, in connection with other 
classes of building manufacture and construction. 
The Station, indeed, offers its facilities and infor- 
mation in aid of all bodies and persons connected 
with the building industry. In recent years there 
has been a gratifying increase in the number of 
problems submitted to it in'this way. The inquiries 
last year were more than twice as many as in the 
previous year, and the examples described in the 
report, from almost every branch of building 
activity, show that they have led repeatedly to'results 
of great importance to the inquirer, in addition to 
increasing the pool of common knowledge centralised 
at the Station. When, however, they are all put 
together, they show clearly that no co-operation has 
been received comparable with that involved in 
the proposal of the British Steelwork Association. 
In the last budget, for instance, published by the 
Department the expenditure on building research 
is about 34,000I., while the Station’s total receipts 
are only just over 2,000/. The country’s annual 
expenditure on building is probably of the order of 
150,000,002. to 200,000,000/. To a very large 
extent the trades engaged in building and the 
manufacture of building materials are necessarily : 








sheltered industry, and seem to be enjoying a greater 
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prosperity than others, but none the less something 
like an eighth of the workpeople engaged in them 
are unemployed. On the face of it, there seems 
to be serious doubt whether these trades can be 
taking anything like full advantage of the oppor- 
tunities offered by the Government. The design, 
for example, of reinforced concrete is subject to 
obscurities at least comparable with those of steel 
structures, and the rapid developments in the 
manufacture of fresh materials have introduced 
new unknowns, in addition to such factors as flow 
and shrinkage, which themselves are so newly 
recognised that account is seldom or never taken 
of them. Bricks, again, plasters, and stones are 
all materials of the first consequence to the builder, 
in regard to which no branch of the industry seems 
at present to be instituting any such thorough- 
going inquiry as has been projected in regard to 
steel structures, though each of them has its own 
problems, which are unlikely to be solved until the 
entire pools of experience and scientific knowledge 
are combined. 

Incidentally, moreover, the institution of such 
co-operative investigations would give valuable 
help in the work of substituting scientific for 
empirical bases of practice. At present, the in- 
dustry stands in particular need of foremen and 
other superior officers who can understand such 
advances as are being made in knowledge and 
practice, and can adapt their methods to changes 
in their materials or circumstances. In limes, 
for instance, there are four principal sources of 
supply to the country. Each of these requires a 
different method of slaking, and the fate of struc- 
tures in any one supply used depends on the 
appropriate method being adopted. Foremen from 
the districts in which it originates may apply the 
correct method, but when they migrate into districts 
supplied from another source, or to which it is 
introduced in the course of commercial organisation 
or competition, foremen who are not familiar with 
the different requirements of different limes may 
readily go wrong, and the structures they build be 
needlessly and expensively unsatisfactory. At times, 
too, even the local traditions may be wrong, as, for 
instance, in those parts of the country where it is 
thought desirable to preserve the skin of a stone 
without working it, though as a fact the skin is 
usually sulphate of calcium, and highly mischievous 
to the permanence of the stone. The prosperity of 
the building industry will undoubtedly call for a 
constantly increasing number of foremen, managers, 
and other directive officers, who can appreciate the 
numberless considerations of this sort with which 
they have to deal. What may be the best method 
of providing the necessary supply is another ques- 
tion, but it is evident in the meantime that investi- 
gations undertaken in order to place the knowledge 
of materials on a sound basis, would incidentally 
be a considerable contribution to providing key 
men, by whom such knowledge could be not only 
turned to account, but also imparted to others. 
The Building Research Station will doubtless 
continue to do the best it can to guide the use of 
the trade folklore and to supplement it. It seems 
evident, however, that neither the industry nor the 
community composed of its customers will get the 
full benefit of that institution until the great con- 
stituent industries of the building trade co-operate 
with it whole-heartedly, after the manner of the 
Steelwork Association. 








NOTES. 
INTERNATIONAL CONGRESS OF GENERAL MECHANICS, 
Li£GE. 
ON pa ¢ 688 of our issue of November 22 last, 
We gave brief particulars of the Sixth International 


Congress of Mining, Metallurgy, and Applied 
Geology, to be held in Liége, Belgium, from June 22 
to June 28, 1930. We there stated that previous 
Congresses, held at Diisseldorf in 1910, at Liége in 


1905, and at Paris in 1900, 1889, and 1879, also 
embodie! applied mechanics. Possibly because the 
older combination was becoming unwieldy, it 


ro been decided to hold a separate International 
ngress of General Mechanics, at Liége, some 
time after the close of the mining, metallurgy, and 
geology congress, namely, from August 31 to 


September 6. The congress will aim at reviewing 
the progress made in general mechanical engineering, 
and will endeavour to indicate new fields for research. 
The work of the congress will be divided into six 
sections, namely, stationary engines, prime movers, 
and motors; motors used for purposes of locomotion ; 
plant for producing and for condensing steam ; 
gears for the mechanical transmission of power ; 
machine tools and hoisting, loading and unloading 
apparatus ; and mechanical recording instruments. 
The committee of the congress will endeavour to 
avoid duplicating the work of the World Power 
Conference, in Berlin, which, as is well known, will 
discuss the world’s resources of energy and will study 
the best methods of utilising them. The work of 
the Congress of Applied Mechanics at Stockholm 
will also not be interfered with, this function having 
been organised for the special purpose of studying 
the progress made in the application to practical 
conditions of various theoretical principles. The 
president of the organising commitee of the Liége 
Congress, which is under the Patronage of H.M. the 
King of Belgium, is Professor C. Hanocq, of Liége 
University. The general secretary is Professor R. 
Masui, and the offices of the Congress are at 4, Place 
St. Lambert, Liége, Belgium. 


INTERNATIONAL ILLUMINATION CONGRESS, 
GREAT BRITAIN. 


The development of the science of illuminating 
engineering has been continuous during the past 
few decades, and the progress so far realised is 
due partly to the research work carried out by 
gas and electrical-apparatus and electric-supply 
companies, either individually or in combination, 
and, partly to the efforts of such organisations as 
the Illuminating Engineering Society, and the 
Association of Public Lighting Engineers. The need 
for the exchange of ideas and of data, and for closer 
co-operation generally in the sphere of illumination, 
brought about the formation of the International 
Photometric Commission as long ago as 1901. In 
1913, this organisation was reconstituted on a wider 
basis ard re-named the International Commisson 
on Illumination. To this commission are affiliated 
National Committees in all the principal countries 
of the world. Since the conclusion of the European 
war, successful congresses, held under the auspices 
of the International Commission, have taken place 
in Paris (1921), Geneva (1924), Bellagio, Italy 
(1927), and New York (1928). The last congress in 
the United States was particularly successful, and 
was attended by some 500 delegates from Great 
Britain, Austria, Belgium, France, Germany, 
Holland, Italy, Japan, Sweden, Switzerland, and 
from all parts of the United States. It has been 
decided that the next International Illumination 
Congress shall be held in London, and other centres 
in Great Britain, from September 3 to 13, 1931. 
The congress is being organised by the National 
Illumination Committee of Great Britain and the 
Illuminating Engineering Society. Several com- 
mittees are already at work on the arrangements 
and more detailed particulars regarding the function 
will be issued in due course. The congress will be 
followed by the technical meetings of the Inter- 
national Commission on Illumination, which will 
take place in Cambridge from September 13 to 19. 
The honorary general secretary of the Congress is 
Colonel C. H. Silvester Evans, Offices of The 
Illuminating Engineering Society, 32, Victoria- 
street, London, 8.W.1, to whom all communications 
should be addressed. 








GOVERNMENT ASSISTANCE FOR FREQUENCY 

| STANDARDISATION. 

| The Central Electricity Board announce that they 
| have adopted the North East England Scheme, 1929, 
| full particulars of which were given in ENGINEERING, 
vol. cxxviii, page 22 (1929). That scheme, it will 
be remembered, necessitated considerable frequency 
standardisation, the cost of which was given in the 
Supplementary Particulars issued at the same time 
as 5,963,0701. It was also stated that, to avoid 
dislocation of the industries concerned, the work 
would be carried out in stages, and that by the end 
of 1935-36 not more than 2,207,1551. would be 
required. The resulting annual charges on this 
sum were, of course, to fall on the undertakers as a 
whole, and not only on those in the district concerned. 


It appears, however, that those concerns are to be 
largely relieved of this expenditure, or rather are 
to participate in it as taxpayers, as the Central 
Electricity Board has applied to the Unemployment 
Grants Committee for a grant-in-aid for this work 
and the application has been approved. Under the 
terms of the grant, the whole of the interest charges 
will be met for a period of seven years, and half the 
interest charges thereafter, up to a total of 15 years 
from the date of the expenditure. If, however, the 
development of electricity is sufficiently rapid for 
these charges to be borne partially or wholly by the 
industry without undue hardship at an earlier date, 
the State contribution will then be reduced or cease. 
The result will be, it is hoped, that the work will be 
rapidly pushed forward and that unemployment 
in many trades will be thereby relieved. While 
welcoming this arrangement as one likely to effect 
what Mr. J. H. Thomas has in view, we may be 
permitted to make two comments. The first is that 
the cost of conversion, as given in the scheme, was 
roughly 6,000,000/. In the statement issued by the 
Lord Privy Seal, which we have just summarised, it 
is set down as “ at least 9,000,000.” The discrep- 
ancy seems considerable enough to require explana- 
tion. If it is as large in the other districts where 
standardisation is to be effected, the Unemployment 
Grants Committee may well receive other applica- 
tions for assistance. It is also interesting to find 
that frequency standardisation is at last to be 
definitely used to relieve unemployment, as it is 
an open secret that, when the Labour Government 
were in office in 1924, they asked the Electricity 
Commissioners to make suggestions for providing 
work and that that body put forward frequency 
standardisation as something that might be under- 
taken with that object. Before anything was done, 
however, the Government went out of office and 
the matter was temporarily shelved, only to appear 
as a sort of addendum to the main features of the 
1926 Bill. Although originally it was intended 
that the cost of this conversion should be borne 
nationally, it was afterwards placed on the under- 
takings, to be re-transferred to the nation in the 
present scheme. It is probable that, on the whole, 
this is the fairer way, though a good deal can be 
said on both sides. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Aw ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 24th inst., at Storey’s-gate, Westminster, the 
President, Dr. Daniel Adamson, occupying the 
chair. 

ELECTION OF OFFICERS. 

The minutes of the previous meeting having 
been read, the Secretary announced the names of 
those Members of the Council who were due to 
retire, and also read a nomination list as suggested 
by the Council. The latter was as follows :—As 
President, Mr. Loughnan St. L. Pendred; as 
Vice-Presidents, Professor W. E. Dalby and 
Mr. Charles Day ; as Ordinary Members of Council, 
Mr. Cecil Bentham, Mr. Francis Carnegie, Mr. 
Thomas Clarkson, Mr. Sterry B. Freeman, Professor 
F. C. Lea, Mr. R. E. L. Maunsell, Mr. J. F. Petree 
(Associate Member), Mr. D. E. Roberts, Mr. W. A. 
Stanier, and Sir John E. Thornycroft. Two 
additional names were proposed by members 





present, viz., Mr. G. N. Guest and Mr. Hal Gut- 
teridge. It was announced that these names 
would be placed on the list which would then form 
the complete nomination list on which the election 
would take place at the next Annual General 
Meeting. 

Raptiant-HeEat BOILER. 





The President then called upon Mr. E. Watson 
Smyth to read a paper on “ General Operation 
Experiences with the First ‘ Wood ’ Steam Genera- 
tor.” This Mr. Smyth did in abstract. The paper 
is reproduced, in an abridged form, on page 149 of 
this issue. 

Dr. Adamson, in inviting discussion, commented 
on the utility of the paper in giving actual working 
experiences, including difficulties, with a type of 
boiler new to this country. It was stated early 
in the paper that it was possible to evaporate 








90,000 Ib. of water with only 1,900 sq. ft. of pressure 
heating surface, and, in connection with this high 
rate of evaporation, it might be of interest to quote 
from a report on a test of a boiler in his own works, 
made by the late Mr. Michael Longridge in 1909. 
The object was to test whether it were possible 
to transmit 40,000 B.Th.U. per square foot through 
a Cornish boiler flue plate, at a place not exposed 
to radiation from the fire, a point about which 
there was some debate at the time. The report 
stated : ** The results show a mean transmission of 
32,000 B.Th.U., up to a maximum transmission 
of 51,600 B.Th.U. per square foot per hour.” Mr. 
Longridge had thus considered it fairly certain 
that 40,000 B.Th.U. had been transmitted in that 
case. In tests Nos. 3 and 8, mentioned in the paper, 
the boiler evaporated about 54,000 Ib. per hour. 
According to his calculations, this would mean a 
transmission rate of about 34,000 B.Th.U. per sq. ft. 
per hour. If, therefore, the evaporations of 83,000 lb. 
and 94,000 lb. per hour mentioned generally in 
the paper were obtained, the author’s contention 
that such high transmission rates had never before 
been demonstrated could be upheld. It did not 
appear that the velocity of the tube contents or the 
arrangement of downcomer tubes had been men- 
tioned in the paper. 

Mr. Arthur Spyer opened the discussion by a 
reference to the tests carried out by Niclausse on 
sections of water tubes about 12 tubes in height, 
which tests had shown that the rows of tubes exposed 
to the fire were operating at about 3} times the 
average rate of transmission over the whole section, 
a ratio which was independent of the rate of working. 
He had, himself, carried out experiments on an 
express type of water-tube boiler evaporating at an 
average rate of 28 lb. per square foot per hour. With 
the Niclausse ratio, this would mean an evaporation 
of 84 lb. per square foot for the tubes near the 
fire, and a transmission rate of 80,000 B.Th.U. 
Earlier still, some experiments on an inclined tube 
type of boiler showed that the rate of transmission 
on the tubes exposed to radiant heat was about 
77,000 B.Th.U. There was thus no reason to 
doubt that the Wood boiler, the entire heating 
surface of which was equivalent to the lower tubes 
of the more usual form of water-tube boiler, could 
evaporate the figure claimed, viz., 90,000 Ib. per 
hour on 1,900 sq. ft. of heating surface. 

He agreed that the plan of entirely surrounding 
the combustion with water walls was sound in 
principle, but submitted that unless these water 
walls were worked with a reasonable rate of trans- 
mission their life might be short, owing to possible 
fatigue in the material and the bad effects resulting 
from any slight change in velocity of the tube con- 
tents. The effect of the fins was to intensify these 
troubles by an increase in the rate of heat trans- 
mission. The boiler was practically only a furnace, 
that is, it was an element in a single unit, consisting 
also of an economiser and air heater, and the gases 
left the “ boiler” at a very high temperature, so 
much so that the economiser had had to be reduced 
to prevent steaming. The gas temperature, after 
leaving the economiser, was about 400 deg. F., 
and might have been expected to be lower. He 
questioned the ash and radiation losses given in 
the paper; they were outside general experience. 
It was rather disappointing to hear of slag troubles, 
as this seemed to limit the range of coals available 
with powdered fuel. He thought it was quite 
possible that fatigue had had something to do 
with some of the tube failures recorded. The 
failure of the superheater supports was a common 
trouble, which could be overcome by some of the 
new heat-resisting materials or by the calorising 
process. 

Mr. W. M. Selvey considered that the design of 
the Wood generator had practically solved the 
problems of the “ series ’ type of boiler in a technical 
sense, but there was still an economic aspect, and 
complete success of an invention often rested on a 
reduction of the amount of material originally 
employed in it concurrently with a reduction in 
price of those materials. The difficulties that had 
been described were not really serious, and were, 
relatively, no more troublesome than those of 30 or 
40 years ago, which had been now overcome. He 
thought the author's firm were deserving of much 
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credit for the practical way in which they had 
contributed to the trying-out of an important step 
in mechanical engineering. 

Mr. John Christie also referred appreciatively 
to the author’s firm, Messrs. Taylor Brothers’ 
Steelworks, Trafford Park. It was, he said, as a 
result of watching the tests on the boiler there that 
he had felt justified in recommending his Corporation 
to sanction the two boilers they now had at the 
Southwick Power Station, Brighton. The boiler 
tests at Trafford Park had enabled great improve- 
ments to be made in the design of those at 
Brighton, particularly in the direction of the pro- 
portion of the several heating elements of the boiler 
as a whole. With both the station boilers run- 
ning, he had been able to increase the output from 
30,000 Ib. to 70,000 lb. or 80,000 Ib. per hour in 
about 20 seconds when they were hot. Ina power 
station where 10,000-kw. of increased load might 
be required for some 20 minutes, this flexibility 
was a very great asset, and its attainment by oil- 
burners and regulation of the fuel stream was much 
easier than in boilers having chain-grate stokers. 
Murray fin tubes were fitted in these boilers, and 
there had been no signs of trouble with them after 
2,000 to 3,000 hours of continuous service. He would 
ask Mr. Smyth if he had experienced any trouble 
from the emission of grit and dust. A satisfactory 
solution was needed for this problem, but he was 
convinced that the trouble was not confined to 
boilers using pulverised fuel. 

Regarding economy in working, he thought the 
future lay with the big boiler. He had heard from 
Mr. Wood that a boiler recently put down at Hell 
Gate, New York, had actually steamed a 125,000-kw. 
generator by itself. He might mention that one 
of the Brighton boilers was being equipped with oil- 
burning plant, which would afford an excellent 
opportunity of testing out that type of boiler for 
marine use. In a recent trip to the United States, 
he had sailed in a liner having 25 large Scotch 
boilers. He believed that eight boilers such as he 
had at Brighton, and oil-fired, would probably 
give 20 per cent. to 30 per cent. more steam, take 
up only half the space, and probably be only one- 
third the weight on a vessel of the same size. 

Major S. J. Thompson was of opinion that if 
pecuniary aid were to be given to research, Messrs. 
Taylor were a firm which merited it, as the experi- 
ments they had carried out, and of which they had 
made the results public, must have cost many 
thousands of pounds. Mr. Spyer had referred to 
some of the difficulties experienced. With more 
imagination of what would be likely to happen, 
perhaps many of the difficulties could have been 
sooner overcome. He had first seen the water-wall 
boiler in the works of the Erie Boiler Company. 
The facts and figures given in the paper would be 
very valuable to both boilermakers and engineers. 
He would assume the high evaporation figures in 
the early part of the paper to be correct, but would 
like to say that the 89-5 per cent. efficiency did not 
seem very remarkable. As a matter of fact, within 
the last month or two advertisements of boilers for 
big power stations had guaranteed this, and, in an- 
other case, the guarantee given with oil fuel was an 
efficiency of 91 per cent. With regard to space, it 
must not be forgotten that, with a pulverised-fuel- 
fired boiler, the space occupied by the grinding ma- 
chinery, fans, and distributors should be counted in 
with the boilers. He questioned whether the author’s 
claim that greater power was obtained in equal space 
with that particular type of boiler, when the air- 
heaters, economisers, and pulverising plant were 
taken into consideration, could be maintained. Re- 
liability was important, and it would almost seem as 
if the great increases of output in half-a-minute 
quoted by Mr. Christie would have a tendency to 
cause depreciation of the plant. 

Mr. A. D. Maclean said that, referring to the last 
point, he could say from personal inspection that the 
rapid increase in rate of steaming of the Brighton 
boilers in a few seconds had not so far done any 
harm. It might be noted that very full provision 
had been made for free expansion in all directions, 
and the heating surfaces were all thin. It was, 
therefore, a simple matter to increase the rate of heat 
transference. The progress of the design was not 
such a succession of failures as the paper might seem 





to indicate, and the present design was very different 
from that described by Mr. Smyth. 

Mr. Charles Erith said, though he had not seen the 
boiler under discussion in this country, he had 
inspected a modification of it at a Detroit plant, 
the tests on which were fully reported in Power 
for February 7, 1928. The boiler was of large size 
and evaporated up to 100,000 lb. per hour. Mr, 
Christie had referred to the new boilers at Hell Gate. 
on which heavy overload tests were being made. 
These boilers were not of the design under discussion, 
but the ordinary Stirling type of boiler had been 
reverted to. It would appear that the author of the 
paper had failed to make out any case for the novel 
feature of the boiler, viz., the passing of the whole 
of the ash through the main tube bank ; indeed, it 
had been necessary to install soot blowers. He was 
of opinion that the normal practice of having upward- 
flowing gases and a downward discharge of ash, 
no matter what firing method was adopted was still 
preferable. He considered, too, that the claim 
relative to the use of water walls had not been 
substantiated, as nineteen years before Mr. Wood’s 
patent, the Bettington boiler, with the same general 
principles, except the discharge of ash through the 
main tube bank, had been introduced. The Murray 
fin tube had been described and illustrated by Mr. 
Brownlie in 1924. He thought that the figures given 
in the paper did not agree well with others quoted 
in the several appendices. 

Mr. H. E. Geer said that, as the superheater had 
been referred to as a special type, some additional 
particulars might be interesting. The particularly 
novel feature was that the tubes were not expanded 
into the headers, but were connected by a ball-joint 
device. As originally designed, it was necessary 
to have elements with long lengths of tubing, each 
element having 100 ft. of tube. This length was 
obtained by making the joints by mechanical forging, 
and not electric welding. When the superheater 
was placed vertically and also horizontally, the 
weight came on the joints through failure of the 
supports, but in neither case was there any leakage. 
The temperature had, at times, risen to 1,000 deg. F. 
The original elements had been re-made and were, 
in spite of such temperatures, still in use in that 
particular boiler, a striking testimony to the 
properties of ordinary mild steel. 

Mr. Pendennis Wallis said he took it that the 
high temperature of the combustion chamber had 
affected the gills on the water screen where they 
had been tried. Experiments with economiser 
tubes showed that, when the depth of the gill 
was more than three times its thickness at the 
base, no further heat could be transmitted, while 
at a very high temperature they would be liable 
to burn away. He then proceeded to criticise the 
arrangement for preventing priming, and expressed 
a fear that pitting of the downcomers might result if 
there were any free oxygen in the feed water. Mr. 
Wallis concluded by showing some slides illustrative 
of radiant-heat boilers on the Continent. 

Mr. P. St. G. Kirke said that, judging by the 
ratio of water surface to floor space in the boiler, 
which was only 13 per cent., it seemed impossible 
that the boiler could evaporate more water for 
a given floor space than others on the market. 
He also challenged the claim that 90,000 Ib. of 
water were evaporated on 1,900 sq. ft. of heating 
surtace, on the ground that the temperature drop 
in the combustion chamber was only 52 per cent. 
of the total temperature drop. It appeared that 
purchasers were buying nearly double the heating 
surface they could use, seeing that only one-half 
of the tube surface was exposed to the radiant 
heat. The figures for efficiencies at different loads. 
as given in different parts of the paper, did not 
seem to harmonise; neither were the figures in the 
appendix relating to the dryness of the steam 
consistent with the statements made. 

Mr. J. D. Twinberrow, referring to the develop- 
ment of the Wood boiler in the United States, 
said that, although this boiler at Calumet, which 
was near a Babcock and Wilcox boiler occupy'n¢ 
the same space, might have been put in for a load 
of 150,000 Ib. per hour, as stated by one speaker. 
the Babcock boiler was installed for a guaranteed 
load of 200,000 Ib. per hour, and afterwards worked 
at 290,000 Ib. 
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Mr. E. R. Dolby remarked that the paper and 
discussion showed how Perkins was far in advance 
of his time with his high-pressure boiler of 1860, 
for the principle he had adopted was substantially 
that now being hailed as new. 

Major W. Gregson considered that the maximum 
output of the boiler had been aimed at in the 
purely boiler section, and first one expedient and 
then another had had to be adopted to effect 
temperature reductions in the outgoing gases. 
A rough calculation showed that about 62 per 
cent. of the total heat of the coal was absorbed 
by the boiler section, leaving the remaining 38 per 
cent., less the heat losses, to be dealt with elsewhere. 
It was surely better to recover much of this heat 
as steam, rather than to do so indirectly, and the 
better way to do this would be to make the boiler 
a definite two-stage one, the first section designed 
for radiant-heat absorption and the second section 
for contact-heat absorption. This second section 
would reject its gases, at, say, 550 deg. F., to the 
air heater, under which conditions the steam 
generated in it would be approximately equivalent 
to 22 per cent. of the total fuel, this latter figure 
including also the heat absorption by the super- 
heater section. 

There would still be sufficient heat in the gases 
to deal adequately with the combustion air, giving 
a further recovery of not less than 7 per cent., 
making a total overall efficiency of 91 per cent., 
which could be reasonably expected. The actual 
sensible heat loss would be about 63 per cent. of 
the fuel, that is, leaving 23 per cent. for radiation, 
unburnt fuel, heat loss in ash, &e. It would 
appear that too much of the success of the generator 
had been attributed to combustion-chamber design, 
whereas a good deal was apparently due to proper 
mixing of the fuel and: the air supply. Major 
Gregson concluded by a discussion of the treatment 
of the feed water, in which he expressed his 
preference for regenerative heating from the prime 
mover. 

Mr. Watson Smyth, being left with only a very 
limited time in which to reply, had to do so briefly. 
He pointed out, in the first place, that most of the 
criticisms had been directed at the design of the 
boiler, while his responsibility only concerned its 
operation. In reply to the President’s remarks, he 
said there were two banks of downcomers, four 
in all, one on each side of the boiler; there were in 
them 20 plain 4-in. tubes. He might mention that 
the initial tests were carried out by Messrs. Solvay, 
and Company, Belgium. With regard to the 
figure of 90,000 lb. per hour, he would be pleased 
to show anyone the boiler working at a steady 
load of 80,000 lb. The load conditions had been 
very bad originally, but, a Ruth’s steam accumu- 
lator having been installed, the load was now very 
steady, and the Wood boiler took a load of 
anything from 70,000 Ib. to 90,000 lb. per hour. 

A vote of thanks was then accorded to Mr. Smyth, 
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so that it is necessary to have recourse to a sample 
of employment in nine principal manufacturing 
districts. This sample, given in Table I, is repre- 
sentative of the industry, and previous experience 
has demonstrated its reliability in reflecting 
the general state of activity in this branch of 
engineering. 
In 1929, employment showed a further recession, 
as compared with 1928, which was already worse 
than 1927. In considering Table I, it must be 
borne in mind that these figures take no account of 
short time, which, during 1929 and 1928, is known 
to have been considerable, whereas, in some of the 
more active years in this table, this was not the 

case. 
TaBLE I.—Employment in the Textile Machinery 

Industry. 


Numbers Employed Index, July 


Date 








in Nine Districts. {| 1914 = 100. 
= CR Fiat: = 

1914, July We 29,393 100-0 
1918, September 16,582 56-4 
1920, May 25,326 | 86-2 
1923— 

Ist. half year € 20,492 | 69-7 

2nd ee xa ke 22,362 | 76-1 
1924— 

Ist half year es 19,308 | 65-7 

2nd a aa 17,634 | 60-0 
1925 | 

Ist half year we 21,266 72-4 

2nd a wal 21,869 74-4 
1926. | 

Ist half year <s 19,534 | 66-5 

2nd ae a 18,867 | 64-2 
1927— | 

Ist half year ws 20,286 69-0 

2nd, mal 21,151 72-0 
1928— | 

ist half year ic 20,801 | 70°8 

2nd rr sell 19,507 | 66-4 
1929— | 

1st half year is 20,261 | 68-9 

2nd _s,, ee 18,018 61:3 


The results of the Census of Production for the 
year 1924 showed that at that time, the textile 
machinery industry was still primarily an export- 
ing industry, as in pre-war years. In 1924, over 
77 per cent. of its production was sold overseas, 
and there is no reason to think that this proportion 
has materially altered. The export statistics for 
1929, as compared with previous years shown in 
Table II, are therefore of considerable importance, 
as showing the state of the industry as a whole. 











TABLE II.—EZzxports of Textile Machinery Manufactured 
id 














and the meeting terminated with the announcements 
that an informal meeting would be held on Friday, 
February 14, at 7 p.m., when a lantern lecture 
would be delivered by Mr. G. Stevenson Taylor on 
the “Home Office Industrial Museum,”’ a visit 
to which would follow the paper; the Annual 
General Meeting would be held on Friday, Febru- 
ary 21, at 6 p.m., when the Annual Report would 
be submitted and the election of officers would take 
Place ; and the Fifth Report of the Steam Nozzles 
Research Committee would be presented for dis- 
cussion after the business meeting. 








THE ENGINEERING OUTLOOK. 
V.—TExTILE MACHINERY. 

Last year, after a detailed review of the circum- 
stances of the Textile Machinery Industry, .it was 
concluded that on balance, the year 1929 would 
show rather better results than 1928. This restrained 
forecast has erred, if anything, on the side of 
optimism. the export position having shown scarcely 
any improvement, the home market continuing to 
be depres sed, and the general level of activity being 
Seriously below that which prevailed before the war. 

Officia employment statistics published by the 


Ministry of Labour are not available for the textile | slightly, but the increase in value has been less than 











| Volume. | Value per ton. 
Monthly | 
Average. | Index, | Index, 
Tons. | 1913 = | £ 1913 = 
| 100. | | 100. 
| | 
1913 .. re ..| 14,840 | 100-0 | 46-5 100-0 
1922— 
Ist Qr. .. ..| 16,624 | 112-0 | 141-7 304-7 
2nd ,, = ..| 6,286 | 42-4 | 166-4 358-0 
3rd e ..| 12,924 | 87-1 139-0 298-9 
ri ae ..| 15,681 | 105-3 | 124-9 268-6 
1923— | 
Ist Qr. 13,886 | 93-6 | 122-1 | 262-6 
2nd ,, 11,756 | 79-2 | 116-5 | 250-5 
3rd, 10,543 | 71-0 | 105-6 | 227-1 
4th ,, | 10,034 67-6 106-3 228-6 
1924- | 
Ist Qr. | 8256 | 55-6 | 105-2 | 226-2 
2nd ,, | 8,798 | 59-3 105-1 | 226-0 
Srd, .. «|. 8,580 | 57-5 102-8 | 221-1 
4th” -:. ¢:| 8955 | 60-8 105-1 | 226-0 
1925— | | 
Ist Qr } 63-1 | 103-7 | 223-0 
2nd ,, | 67-8 | 101-2 217-6 
3rd | 71-2 | 97-4 | 209-5 
4th | 74-5 93-6 201-3 
1926— | | 
Ist Qr. .| 9,890 | 63-3 95:5 | 205-4 
2nd ,, .| 7,586 50-8 98-8 | 212-5 
3rd | 8,174 55-1 97-2 | 209-0 
4th 8,747 58-9 100-9 217-0 
1927— | 
Ist Qr. .. ..| 8,992 | 60-6 | 98-8 212-5 
2nd ,, a ..| 10,078 | 67:9 97-3 209-2 
3rd_,, i ..| 9,730 | 65-6 | 99-0 | 212-9 
4th ,, ee ..| 10,966 | 73-9 | 98-5 | 211-8 
1928— | 
Ist’ Qr. 10,524 70-9 | 96-8 208-2 
2nd ,, a .-| 10,424 | 70-2 | 94-7 203-7 
ord -,, ee ..| 10,143 | 68-3 | 91-5 196-8 
4th , 10,646 71-7 | 88-4 190-1 
1929— | 
Ast Qr. vet 10,578 | 25-2 89-8 | 193-1 
2nd ,, ..| 11,105 | 74:8 90-8 | 195-3 
3rd ,, ..| 10,920 | 73-6 92-5 | 198-9 
4th ,, a] 9,589 | 64-6 95-2 204-7 





In volume and value, exports have increased 


has been a further drop of a less marked character 
than last year in value per ton. 

This position is probably best reflected in the 
short statement which follows, showing from 1925 
to 1929, inclusive, the total annual volume and 
value of textile machinery exports from this 


country. 
Volume. 


Value. 
£ 





ons. 
1925 dae ee. 123,107 
1926 A .-- 101,541 
1927 See .-- 119,299 
1928 aa --» 125,210 11,623,480 
1929 126,553 11,643,902 


From these figures, it will be seen that the decline 
in value per ton of 8/. per ton, from 1925 to 1928, 
has been carried further in 1929 by approximately 
10s. per ton. Taking the whole period, an increase 
of 3,000 tons in volume of exports has been accom- 
panied by a decline of 500,000/. in income. 

British India continues to be the biggest indivi- 
dual customer, her purchases in 1929 having 
‘increased by 200,000/., as compared with 1928, and 
700,0001., as compared with 1927. Japan also 
shows a satisfactory advance for the second year in 
succession. Australian demand has reacted slightly, 
‘after a bad year in 1928, while there has been a 
marked increase in exports to China amounting in 
value to nearly 500,000/. On the other hand, there 
has been a big decrease in exports to Russia, 
Germany, the Netherlands and other countries in 
Europe, excepting France. The United States have 
taken a slightly larger quantity, but it is a very small 
quota having regard to the size of that country, and 
its textile industry. South American demand also 
appears to be declining progressively. 

With such an export position, it would not be 
probable, however unsatisfactory the financial 
results may be, that employment would have 
declined, unless the Home market had been definitely 
less valuable to the British industry. It may be 
regarded as certain that the actual volume of Home 
demand was slightly less, while the competition of 
foreign imports was greater. 

Table III shows the trend of textile machinery 
imports in recent years, as compared with 1913. 


TaBLe ILI.—IJmports of Textile Machinery Retained in the 
United Kingdom. 























| Volume. | Value per Ton. 
| 
Monthly | | | 
Average. | Index, | Index, 
| Tons. | 1913 £ | 1913 = 
100. | | 100. 
| | 
1913 .. oP sf aa 100-0 | 71-6 100-0 
1922— | 
Ist Qr. .. ..| 193 47-0 | 162-0 226-2 
2nd ,, a ..| 190 | 46-2 | 197-7 276-1 
3rd ,, ce ae 39-9 | 229-8 | 321-0 
4th ,, Me a 164 | 39-9 | 206-3 | 288-1 
1923— | 
Ist. Qr. | 907 | 50-4 200-0 279-3 
2nd ,, |} 154 | 87-5 192-0 268-2 
3rd ,, |} 192 | 46-7 190-8 266-5 
4th ,, | 193 | 47-0 | 190-5 266-1 
1924— } 
Ist Qr 253 31-6 | 193-6 | 
2nd ,, 256 2-3 | 240-0 | 
3rd, 310 75-4 | 236-5 | 
4th ,, 345} 3-9 | 260-8 | 
1925— | | 
Ist’ Qr. 302 73-5 | 242-8 | 
2nd ,, 258 62-8 | 233-2 | 
3rd ,, 333 81-0 | 191-8 
4th ,, 346 84-2 | 233-4 
1926— 
Ist Qr. 401 97-6 | 301-4 
2nd ,, 485 118-0 227-7 
3rd , 413 100-5 | 203-6 
4th , 569 138-4 218-9 
1927— | 
Ist Qr. 407 99-0 | 313°5 
2nd ,, 567 |} 138-0 | | 240-6 
3rd 505 122-9 |} 282-5 
4th ,, 615 149-6 | 262-1 
1928— 
Ist Qr 7380 189-8 | 275°7 
2nd ,, 732 178-1 | 259-5 
3rd ,, pe “ 673 163-+7 | 249-3 
4th ,, ~ af 552 134-3 | 274-0 
1929— 
Ist Qr. .. Ss 612 148-9 | 180-5 | 252-1 
2nd ,, Be a 187-1 | 172-6 | 241-1 
SHS kk sk ae 156-4 | 180-7 | 252-4 
4th ,, ae ee 865 210-5 170-1 | 237-6 


The steadily-increasing volume of imports has 
often been the subject of comment in previous years. 
In 1928, these imports represented a loss of 
1,800,000/. to the home manufacturer, a position 


which would appear to deserve serious considera- 


tion. In 1929, a further increase in volume took 








machinery-making industry as an individual unit, 


the increase in volume, with the result that there 


place, the figures being 8,949 tons, as compared 
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with 8,743 tons in the previous year. There is 
cause for congratulation, however, in the fact that 
the gross value of these imports fell, for the first 
time for many years, from 1,803,576l. to 1,688,1991. 
It is to be hoped that it may be inferred from these 


TABLE IV.—Jnternational Exports of Textile Machinery. 
Value £000. 


— | 1913. | 1924. | 1925. | 1926. | 1927. | 1928. | 1929. 
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| anticipated last year as a result of the conclusion of 

the treaty with that country, will be continued if 
| that country does not revert to the chaos of renewed 
| civil war. The resumption of relations with 
| Russia, and the adoption by the Government of 
|that country of the “five years’ plan” for the 
|reconstruction of her industries, should lead to 
|renewed demand. But here, it is questionable 
| whether Germany will not benefit more than we. 
| In India, the position is so unsettled that it would 
| be rash to make any prophecy as to whether the 





United | 
yningdom | 8,282) 10,831) 12,157) 9,957) 11,739) 11,623/ 11,644 | improvement of recent years will continue, or will 
france... 90} 921) 799) 740) 1,095) 1,005] 1,005* | : alike 
Germanyt || 5,255) 5,566) 6,593/ 6,937| 7,871) 91,975| 12’510* | be brought to an end by political factors. 
Switzerland| 564| 1,446) 1,642) 1,882) 1,653/ 2,202) 2,325*| Altogether, the prospects for this section of 
1.8, = | | 2,880) 2,142] 2,360] 2,642) 2,725" | .) : : : : 
aA --|__ 404) 1,981) 2,880) 2,142) 2,360) 2,642) 2,725* | engineering are most depressing. It is an industry 
Total. .| 14,595) 20,745) 23,571) 21,158| 24,718 27,447) 30,209 | which has, in the past, falsified expectations in the 
* Estimated on incomplete returns. — . we eee But it ony he stated 
+ Including Reparations. ; that textile machinery manufacturers will have 
TABLE V.—VotumE—Lone Tons. 
— 1913... 1924. 1925. 1926. | 1927, | 1928, | 1929. 
j | 
ER se. ka «6d. oe ARTE 103,618 123,107 | 101,541 119,299 | 125,210 126,553 
ee 1,942 10,530 12,290 15,020 19,100 17,490 16,320* 
(iermanyt va ba ..| 72,600 45,000 52,680 52,000 58,720 | 71,780 88,700* 
Switzerland i yf - 10,050 9,625 12, 17,790 14,340 18,840 19,520 
Total s,s pe] ORIOOS 168,773 200,207 | 180,351 | 211,450 | 233,320 | 251,003 


* Estimated on incomplete returns. 


figures that British manufacturers have turned 
their attention to some of the more valuable types 
of machinery previously supplied from abroad. 

Even so, the import figures represent a formidable 
volume of business (in the last quarter of 1929 they 
were more than double the pre-war figure). They are 
not small, even relatively, to our own exports, and 
the value per ton at nearly 1801. is double that of 
British exports. 

Outside the Home market, the competitive position 
is best shown by a comparison of international 
exports, as shown in Table IV. The declared values 
of the exports of textile machinery from five princi- 
pal countries are given in sterling, converted at the 
average rate of exchange for the year. 

The salient feature of this table is the sustained 
increase in the world demand for textile machinery. 
Of this increase, the United Kingdom has obtained 
a negligible share, practically the whole of it being 
accounted for by the continued progress of Germany. 
Before the war, Germany supplied approximately 
one-third of the world demand, a position which she 
regained for the first time since the war, in 1928. 
In 1929, however, she obtained over 40 per cent. of 
the business, and her exports actually surpassed 
our own in value. Nor can it be any consolation 
that although we have, for the first time, lost pride 
of place in this branch of engineering exports, we 
still retain a prominent position, when it is con- 
sidered that in 1925 we supplied more than 50 per 
cent. of the world’s requirements, and in 1929, little 
more than 33 per cent. Before the war, our share 
was 56 per cent. 

From the point of view of volume, it is impossible 
to make a similar comparison, as statistics of volume 
for the United States are not available. The 
position as regards the other four countries is shown 
in Table V. 

From this table, it will be seen that the tendency 
of the volume of exports does not differ materially 
from that of the value figures, though absolutely 
the British share is greater, owing to the low value 
per ton of our exports. 

If the experience of 1929 has been far from satis- 
factory, the prospects for 1930 cannot be said to be 
any brighter. Both the cotton and woollen indus- 
tries continue to be extremely depressed, while the 
threat of labour troubles during the year 1930 is 
not a distant one. The only hope of prosperity in | 
the textile industry is the carrying into effect of a 
genera] rationalisation. Without minimising, in any 
way, the efforts which have been, and are being, 


! 





+ Including Reparations. 


cause to congratulate themselves if, by the end 
of 1930, the state of the industry is not worse than 
at the end of 1929. 








RING-OILED BEARINGS. 


In a paper presented to the Annual Meeting of the 
American Society of Mechanical Engineers, held in 
New York from December 2 to 6, 1929, Mr. G. B. 
Karelitz, summed up the results of an_ experi- 
mental and theoretical study of ring-oiled bearings. 
Bearings of this type were, he states, exhibited in London 
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0 2 = 6 8 0 2 4 16 
(1808) Value of A 


in 1848, but the modern pattern in which the bottom 
half of the brass is solid over the whole length of the 
journal was not introduced till much later. Ring-oiled 
bearings are not, he says, in favour for cases in which the 
speeds are so high that the oil must be artificially cooled, 
but they still hold an important place in the design 
of machinery. Each bearing is a self-contained unit 
requiring but little attention or maintenance, and it is 
desirable both to increase their load-bearing capacity 
and to be in a position to predetermine their per- 
formance and thus to decide whether the type is suitable 
for particular cases. In practice the suitability depends, 
the author states, on the minimum thickness of the oil 
film. Thus in finely finished small bronze bushes, 
its thickness may be as little as 0-0001 in., whilst in 
ordinary commercial bearings with a steel journal and 
babbitted shell the least film thickness should not be 
less than 0-00075 in. where speeds are high and not less 
than 0-0004 in. in other cases. As the result of an 
extensive series of computations based on Reynolds 
theory, but including a rough provision for side leakage, 
Mr. Karelitz has derived the following method, applic- 
able to bearings from one to three diameters long, of 
calculating the minimum thickness of the oil film. 

If the difference in the radius of brass and journal 
be denoted by R — r, then the least thickness of the 
oil film is hy, = (1 — c) (R — r), where c is known as the 
eccentricity ratio and is read off the curves reproduced 
in the figure above. These curves are plotted against 
a function A, which is defined by the equation 








made in this direction—they are even showing some 
signs of being successful—it would be unwise to 
expect any definite results during the present year, | 
which would have the effect of increasing the home 
demand for textile machinery. 


| 


” 1000(R — r)\2 W 1 1 
ar ’) ‘ED'Z ‘RPM’ 

where W is the total load carried, L the effective length 
of the brass and D its diameter, whilst Z is the viscosity 
of the lubricant in centipoises, the centipoise being 


od of the C.G.S. unit. The viscosity of water at 





As regards export, it may be hoped that the very 
great strides made in export to China, which were | 


20 deg. C. is, it may be added, almost exactly one 
centipoise. 
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The angle «, for which the different curves are plotted, 
is the angle between the effective leading edge of the 
brass and the line of the load. 

As an example of the use of the formula, Mr. Karelitz 
takes the case of a slow-speed ring-oiled bearing, haying 
an effective length of 224 in. and 11 in. in diameter. 
The brass is cut away for 15 deg. at each side of the 
horizontal diameter, so that the value of « is 90 deg. 

15 deg. = 75 deg. The brass is 12} mils more in 


° Fi R — 
diameter than the journal, so that - — = 0-0012, 


and the load to be carried is 35,400 lb., the speed being 
187-5 r.p.m., whilst the viscosity of the oil is taken as 
17 centipoises. Inserting these values in the expression 
for A we get 
«<tex 84a0 x 
iii §) oe 
Then from the figure the value of c for A = 12-7, 
and « = 75 deg. isc = 0-86. 
Hence the least film thickness is 
0 -0125 : 
hn = (1 — c) (R — r) = 0-14 x — = 0-0009 in. 


= 12-7. 


> 

This is greater than the permissible minimum of 
0-0004 in. and the proposed bearing would, therefore, 
work satisfactorily. 








ENGINEERING WAGES IN GERMANY. 


In our issue of October 4, 1929, we gave a summary 
of the first report, dealing with an enquiry conducted, 
towards the end of 1928, by the German Federal 
Statistical Office, into the conditions and wages pre- 
valent in the engineering industries of the Republic. 
This first report referred to conditions in Berlin. The 
second part of the report has now been published, and 
deals with the Rhineland-Westphalian area. The 
enquiry in this district covered 136 undertakings, the 
55,606 workers being grouped in 21 collective agree- 
ment areas, having six wages tariffs. These workers 
comprised about one-fifth of all those engaged in the 
metal-working industries in Rhineland-Westphalia, 
juveniles being omitted. Of the workpeople con- 
cerned, 51-8 per cent. were classified as skilled work- 
men, 24-9 per cent. as semi-skilled, 15-7 per cent. un- 
skilled, and 7-6 per cent. were women. The majority 
of the employees were engaged on piecework, 39-6 per 
cent. being paid at time rates. Throughout the area 
the regular extension of normal working hours, as 
distinct from overtime, was fully recognised, the 
agreed extensions beyond the 48 hours per week being 
a maximum of four hours. This extended time was 
subject to special rates of pay, varying from time and 
a quarter in the North-West and Solingen areas to 
from 20 per cent. to 15 per cent. advance in other 
districts. 

The average actual hourly earnings, inclusive of 
extended time, but omitting overtime, are given as 
follows (100 reichspfennigs equals 1 Reichsmark equals 
11-8d. approximately) :—Timeworkers: skilled men, 
100-3 rpf. (11}d.); semi-skilled, 85-4 rpf. (10d.);_un- 
skilled, 77-6 rpf. (9d.); women, 52-9 rpf. (6}d.). 
Pieceworkers : skilled men, 113-5 rpf. (1s. 14d.) ;_ semi- 
skilled, 104-9 rpf. (ls. O}d.); unskilled, 96-1 rpf. 
(11}d.); women, 64-5 rpf. (74d.). Since these details 
were received, the Statistical Office adds, agreed rates 
have been increased in almost all agreement areas. 

Including family allowances and payments for ex- 
tended hours and overtime, the average weekly earn- 
ings of the various classes are given as follows :—Time- 
workers: skilled men, 52-19 R. marks (2/. 11s. 3d.) ; 
semi-skilled, 44-30 R. marks (2/. 3s. 6d.) ; unskilled, 
40-62 R. marks (11. 19s. 11d.) ; women, 23-46 R. marks 
(11. 3s.). Pieceworkers: skilled men, 56-85 R. marks 
(2. 15s. 10d.) ; semi-skilled, 53-01 R. marks (2/. 12s. ld.) ; 
unskilled, 48-48 R. marks (2/. 7s. 8d.) ; women, 29-44 
R. marks (1/. 8s. 11d.). ; 

In the general engineering branch, the report gives 
details of the average weekly gross earnings for the 
Rhineland-Westphalian district. The figures are 
slightly above the average weekly earnings of the in- 
dustry as a whole, and are as follows :—Timeworkers : 
skilled men, 53-49 R. marks (21. 12s. 7d.) ; semi-skilled, 
43-43 R. marks (2/. 2s. 8d.) ; unskilled, 38-59 Rn. marks 
(1l. 17s. 11d.); women, 24-89 (ll. 4s. 5d.). Piece- 
workers ; skilled men, 56-12 R. marks (2/. 15s. 20.) 5 
semi-skilled, 52 R. marks (2/. 11s. 1d.) ; unskilled, 
45-98 R. marks (2I. 5s. 2d.) ; women, 33-04 R. marks 
(1. 12s. 5d.). On the other hand, the average gross 
weekly earnings in the production of small iron goovs. 
including cutlery, small tools, &c., were below the level 
of the whole industry :—Timeworkers : skilled men. 
49-84 R. marks (2I. 9s.) ; semi-skilled, 43-39 R. marks 
(21. 2s. 8d.); unskilled, 42-33 R. marks (20. Is. id.) 
women, 23:92 R. marks (ll. 3s. 6d.). Pieceworkers : 
skilled men, 57-85 R. marks (2/. 16s. 10d.) ; semi- 
skilled, 52-63 R. marks (2/. 11s. 9d.) ; unskilled, 51°50 
R. marks (2/. 10s. 7d.); women, 28-80 R. marks 
(11. 8s. 3d.). 
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Of the 55,606 workers with which the enquiry was 
concerned, only 4-8 per cent. had a week of 48 hours, 
21-7 per cent. working less and 73-5 per cent. working 
more than the normal hours. Including both extended 
hours and overtime, the average working week for 
male workers was 50 hours, that for female workers 
being 45 hours. Male timeworkers had an average 
week of 50? hours, including two hours overtime ; 
while those on piece rates worked an average of 494 
hours, including ? hour overtime. 








THE LATE MR. WAYNMAN DIXON. 


Mr. WaYNMAN DIxon, whose death occurred at 
Great Ayton on Friday, January 24, at the age of 85, 
was associated with his brother, Mr. John Dixon, and 
Mr. (afterwards Sir Benjamin) Baker in the work 
of bringing Cleopatra’s Needle from Egypt to London 
and of erecting it in its present position on the Thames 
Embankment. The operations involved were fully 
described in ENGINEERING of March 16 and September 
21, 1877, and September 13, 1878, copies of which in 
pamphlet form were deposited in the pedastal of the 
Needle, but it may be recalled that they included the 
enclosure of the obelisk in a cylindrical vessel, which 
was then towed into the Thames. Mr. Waynman 
Dixon’s part in this work was to build the cylinder, 
which had been constructed at the Thames Iron Works 
and forwarded to Alexandria in pieces, around the 
obelisk and generally to prepare it and its cargo for 
launching. ‘This was successfully accomplished on 
September 8, 1877, and after some delay the Cleopatra, 
as she was named, started in tow of the steamer Olga 
for England. Some six weeks later, however, she was 
lost in the Bay of Biscay during a heavy gale, but was 
subsequently picked up and taken into Ferrol. She 
remained in this port for some three months, finally 
arriving in the Thames on January 20, 1878, where the 
shell was stripped off and the obelisk erected. The 
cost of this work was entirely borne by Mr. (afterwards 
Sir) Erasmus Wilson, and the indifference, and even 
hostility, of the Government authorities, the Press, the 
salvors, and nearly everybody else, were the subject 
of racy comment in our columns at the time. 

Mr. Dixon was the son of a civil engineer, who 
for many years worked with George Stephenson 
in the construction of the Stockton and Darlington 
Railway and was, himself, for many years connected 
with another brother, Sir Raylton Dixon, in the 
management of the Cleveland Shipbuilding Company, 
Limited, of Middlesbrough. For a period he also 
acted as Vice-Consul for Japan in Middlesbrough, 
and played a leading part in that town’s activities. 
Among his publications was a book entitled ‘‘ The 
Intimate Story of the Origin of the Railways.” 











YEAR BOOKS AND ANNUALS. 


The South American Handbook, 1930.—The visit 
to South American Republics of the British Economic 
Mission under Lord D’Abernon, and the impending 
British Empire Trade Exhibition in Buenos Aires, 
have once again focussed the attention of British 
merchants and manufacturers on the South American 
continent. A knowledge of the resources and general 
outlook of the Latin-American States is indispensable 
to the intending trader, and it is the aim of The South 
American Handbook to supply this essential information 
in concise form. The volume is now in its seventh 
year of issue, and, like its predecessors, contains a 
mass of information regarding the products, railways, 
banks, currency, and trade of each of the South 
American republics, including Central America, 
Mexico and Cuba. Notes on the form of government 
and constitution, postal information, cost of living, 
hotel accommodation, and legislation affecting pas- 
sengers and commercial travellers will be found par- 
ticularly useful. The rapid progress made by the 
continent, as a whole, since the last issue of the book, 
has necessitated some 2,000 changes in the text of 
the present edition. The book, which is edited by 
Mr. H. Davies, contains some 700 pages; it is well 
bound and printed. A large folding coloured map 
of South and Central America is included, together with 
numerous smaller maps in the text. The publishers 
are Messrs. Trade and Travel Publications, Limited, 


14, Leadenhall-street, London, E.C.3, and the price 
is 28. 6d. net. 





W ho’s Who, 1930.—Messrs. A. and C. Black, Limited, 
4, 5, and 6, Soho-square, London, W.1, publish a 
number of books of reference, probably none of which 
's so well known as the annual biographical dictionary, 
Who's Who. The book, in fact, forms an integral part 
of our everyday life ; it is constantly consulted by all 
classes of society as the well-thumbed pages of many 
of the volumes we have seen testify. The fact that 
the biographies it contains are revised annually by 
the persons concerned serves to enhance the value of 
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the work. The 1930 edition, which is now ready, 
constitutes the 82nd annual issue of the work, and 
contains about 35,000 biographies of prominent persons. 
As has been the case for many years past, the data 
given include, in the case of each biography, very 
complete particulars of the training and career of 
the individual, together with a list of works published 
by him, clubs of which he is a member, and his spare- 
time occupations, the whole written in abbreviated style. 
It is pointed out in a prefatory note that, as it was 
necessary to begin the printing of the book in August 
last, occurrences of a later date are in many cases 
not recorded. Deaths reported up till October, how- 
ever, have been included in an obituary list. Bound 
in its familiar scarlet buckram covers, the price of the 
volume is 50s. net. en 

South and East African Year-Book and Guide.— 
The thirty-sixth edition of that well-known vade- 
mecum for travellers to our large African Dominions, 
The South and East African Year- Book and Guide, has 
recently come to hand. As was the case with former 
issues, the volume, which contains nearly 1,000 pages, 
is divided into three main sections, the first dealing 
with South Africa, the second with East Africa, and 
the third with hunting and fishing in South and equa- 
torial Africa. A mass of information of interest to 
the settler, traveller, and tourist is contained in the 
volume, including chapters on transport routes and 
facilities, Customs duties, mails, hotel tariffs, coinage, 
weights and measures, cost of living, climate and 
topography, the acquisition of land, irrigation, farming, 
mining, and mining laws. The present edition contains 
for the first time a bibliography of books relating to 
South and East Africa, including those in Afrikaans, 
which have appeared during the past year. Other 
new features embodied in the text are plans of African 
harbours touched at by liners of the Union-Castle 
Mail Steamship Company, Limited, and a table of the 
value of rural land sold during 1928 within the Union 
of South Africa. The volume contains an atlas of 
64 pages of maps in colour. This, coupled with the 
fact that over 2,000 place names appear in the index, 
and that imports and exports and questions relating 
to agriculture and industries are dealt with in detail, will 
render it a useful work of reference for merchants and 
manufacturers. The Guide is edited by Messrs. A. 
Samler Brown and G. Gordon Brown, and is published, 
price 2s. 6d. net, for the Union-Castle Mail Steamship 
Company, Limited, 3, Fenchurch-street, London, E.C.3, 
by Messrs. Sampson Low, Marston and Company, 
Limited, 100, Southwark-street, London, S.E.1. 





Almanacs, Calendars, &c.—We have _ received 
monthly tear-off calendars from Messrs. Charles 
Roberts and Company, Limited, Railway Wagon 
and Wheel Works, Horbury Junction, near Wakefield 
(two calendars); Messrs. John Player and Sons, 
Tobacco Factory, Nottingham; Messrs. Industrial 
Brownhoist Corporation, Cleveland, Ohio, U.S.A.; 
Messrs. Sir W. G. Armstrong, Whitworth and Com- 
pany, Limited, Newcastle-upon-Tyne; Messrs. The 
Cambrian Wagon Company, Limited, East Moors- 
road, Cardiff ; Messrs. Submarine Signal Corporation, 
9, Victoria-street, London, 8.W.1; Messrs. Green- 
wood and Batley, Limited, Albion Works, Leeds ; 
and Messrs. J. and H. McLaren, Limited, Midland 
Engine Works, Leeds. Daily tear-off calendars have 
reached us from Messrs. The De Havilland Aircraft 
Company, Limited, Stag Lane Aerodrome, Edgware, 
Middlesex; Messrs. The Davonport Engineering 
Company, Limited, Harris-street, Bradford ; Messrs. 
Harrison and Sons, Limited, Printers, 44—47, St. 
Martin’s-lane, London, W.C.2; and Messrs. Ashwell 
and Nesbit, Limited, Barkby-lane, Leicester. A 
weekly tear-off calendar has come to us from Messrs. 
Ransome and Marles Bearing Company, Limited, 
Newark-on-Trent. We have received a wall calendar 
from Messrs. A. West and Partners, Photo-Printing 
Works, 91, Petty France, London, S.W.1. Messrs. 
Welin-MacLachlan Davits, Limited, 40, St. Vincent- 
place, Glasgow, C.1, have sent us weekly refills for 
their calendar. We have received a weekly tear-off 
desk calendar from Messrs. The Lea Recorder Company, 
Limited, 28, Deansgate, Manchester. A telephone 
card has come to us from Messrs. The County of 
London Electric Supply Company, Limited, County 
House, 46-47, New Broad-street, London, E.C.2. A 
handsome desk calendar and appointments book has 
been sent to us by Messrs. Underground Electric 
Railway Company of London, Limited, 55, Broadway, 
Westminster, London, 8.W.1. Monthly calendar refills 
and two pocket calendars have come to us from Messrs. 
The Premier Filterpress Company, Limited, Finsbury 
Pavement House, London, E.C.2. Messrs. Hopkin- 
sons, Limited, Huddersfield, have sent us monthly 
calendar refills for their ‘“‘moving-ring”’ calendar. 
We have received from Messrs. The United Steel 
Companies, Limited, Sheffield, a weekly tear-off desk 
calendar and note pad. Monthly calendar refills have 
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come to us from Messrs. British Insulated Cables, 
Limited, Prescot, Lancashire. Daily tear-off calendar 
refills have reached us from Messrs. Wm. Jessop and 
Sons, Limited, Sheffield. Messrs. Demag Aktien- 
gesellschaft, Duisburg, Germany, have sent us daily 
refills for their desk calendar and scribbling pad. We 
also desire to acknowledge the receipt of greeting cards 
from Messrs. The De Havilland Aircraft Company, 
Limited, Stag-lane Aerodrome, Edgware, Middlesex ; 
Messrs. The Skefko Ball-Bearing Company, Limited, 
Luton; Messrs. William Jacks and Company, Win- 
chester House, Old Broad-street, London, E.C.2; 
The President and Council of the Institution of Engi- 
neers-in-Charge, London; Messrs. Davidson and 
Company, Limited, Sirocco Engineering Works, 
Belfast ; The New South Wales Government Railways 
and Tramways, Australia; and The Institute of 
Marine Engineers, Minories, London, E.C.3. 








Hypro-Etectric PowER IN SOUTHERN QUEBEC.— 
The Southern Canada Power Company has submitted to 
the Quebee Government plans for the construction of 
dams and a generating station near Spicer Rapids on 
the St. Francis River. The plant is expected to have a 
capacity of 50,000 h.p., and to involve an expenditure of 
about 6,000,000 dols. 


SILVER-LEAD MINING IN QUEENSLAND.—An Act of 
Parliament recently passed by the Queensland Govern- 
ment confirmed the grant of a mineral concession, some 
100,000 acres in area, to Messrs. Mining Trust, Limited, 
London. The concession comprises the Lawn Hill 
silver-lead mineral field, which is some 100 miles south 
of the Gulf of Carpentaria and is in the Burketown 
mining district, Northern Queensland. A survey of 
the orefield has shown that the scattered nature of the 
ore deposits necessitates large-scale prospecting and 
mining operations, and Messrs. Mining Trust are sending 
geologists and diamond drillers to investigate throughly 
the entire concession. It is hoped that a sufficient 
number of ore bodies will subsequently be developed to 
justify the construction of a railway to the smelting 
plant, now in course of erection at the Mount Isa lead 
mines, some 200 miles south of Lawn Hill. 


Pocket Microscore.—We have received from Messrs. 
The Reason Manufacturing Company, Limited, Brighton, 
a useful souvenir in the form of a pocket compound 
microscope. This little instrument, which is constructed 
of white metal, is of about the same dimensions as a 
fountain pen, and can be clipped into the pocket in the 
same way as these are often carried. The object glass is 
mounted on a reversible fitting, one side of which is 
provided with a short tubular extension, cut off at an 
angle so as to allow the light to fall on to a surface on 
which the lower end is placed ; the length of the tubular 
extension is such that the surface is then accurately 
focussed. The magnification obtaincd appears to be 
about 10 diameters, which would be useful for reading 
fine scales, examining metal fractures, and many other 
purposes. The name of the firm and a list of a few of 
their principal products are neatly engraved on the body 
of the instrument. 


ConTRAcTS.—Heating and ventilating installations on 
the Punkah-Louvre system have been fitted on the 
8.8. Isle of Jersey, belonging to the Southern Railway 
Company, and on the Foucauld, a vessel of the fleet of 
Messrs. Chargeurs Réunis Compagnie Frangaise de 
Navigation & Vapeur, by Messrs. Thermotank, Limited, 
Helen-street, Govan, Glasgow, S.W.1. The installation 
on the Isle of Jersey is of the Thermoreg type, and that 
on the Foucauld of the Thermotank type. Thermotank 
indicators have also been fitted on each ship.—Messrs. 
Mirrlees Bickerton and Day, Limited, 7, Grosvenor 
Gardens, London, S.W.1, have recently received orders 
for Mirrlees-Diesel engines of various types from the 
Shan States Silver Lead Corporation, Limited, Burma ; 
British Columbia Electric Railway Company, Vancouver ; 
The Mid-Kent Water Company, Snodland; Alexandria 
Water Company, Limited, Egypt; Sind Flour Mills, 
Karachi, India; and from firms at Trivandrum, India, 
and at Manila, Philippine Islands.—The Egyptian State 
Railway has placed, with Messrs. Metropolitan-Vickers 
Electrical Company, Limited, Trafford Park, Manchester, 
a contract for the complete equipment of a 5,000-kw. 
generating station, which is to be constructed at Gabbary, 
near Alexandria. The power house is to supply current 
to the railway workshops, and also for public distribution 
in the district and in Alexandria. The equipment 
comprises three turbo-alternator sets, one of 2,500 kw., 
and two of 1,250 kw. capacity, four Babcock and Wilcox 
water-tube boilers, superheaters and economisers, coal- 
handling plant, fans, pumps and pipework, switchgear and 
transformers. —- Messrs. International Combustion, 
Limited, Africa House, Kingsway, London, W.C.2, have 
secured the contract for the complete boiler plant, 
comprising boilers, air pre-heating equipment, pulver- 
ising plant, and auxiliary machinery for the B’wana 
M’Kubwa copper mines, South Africa. The same 
firm is also supplying a complete stoker-fired boiler 
plant for the Ryde pumping station, Sydney Water 
Board, Australia.—Messrs. Merryweather and Sons, 
Limited, Greenwich, London, S.E.10, have received 
a repeat order from the London Fire Brigade for two 
motor fire engines. Other recent contracts include a 
motor turntable fire ladder from Margate, a motor 
tender from Carnforth Corporation, and fire engines for 
Stornaway, Tonbridge, Dublin, Limerick, &c. 
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BUTANE AND PROPANE FOR THE 
CARBURATION OF WATER-GAS. 


THE carburation of poor gas has become so general 
that the ordinary water-gas generating plant in the 
United States now includes oil-washing and gas fixing 
chambers, known as the carburettor and super-heater, 
for the purpose of vaporising and gasifying the gas oil 
which is the usual gasenricher. The oil is gasified by 
introducing it as a mist into a stream of poor gas, while 
the latter is passing through the chequer bricks of the 
carburetting chamber, heated to about 1,400 deg. F. 
As the carburation and water-gas generation are both 
intermittent processes, they can well be fitted into one 
another. This is an important point in the economy 
of carburation by cracking, which involves some waste. 
Only about 70 per cent. of the total calorific value of 
a good gas oil will be found in the heat of combustion 
of the gas made. The rest of the gas oil appears as 
water-gas tar and as carbon. The value of the tar is 
only half that of the gas oil, and its recovery from the 
tar fog is difficult. The carbon deposited during the 
washing is not recovered but it clogs the chequer brick- 
work and may, with gas oils of high carbon content, 
become a serious nuisance in a few hours. 

The price of gas oil has fluctuated a good deal since 
the war, but has certainly risen during recent years. 
On the other hand, the production of condensable 
hydrocarbons of the paraffin type, or natural petrol 
from natural gas, has increased enormously, relatively 
much more than the natural gas production. The 
proportion of the natural gas, which is treated for the 
production of natural petrol, has nearly reached 90 per 
cent. since 1923, although it was less than 1 per cent. 
in 1912. Owing to the high percentage of methane 
and of other hydrocarbons, which are gases at ordinary 
temperature, this natural petrol is highly volatile and 
has to be blended with other petroleum products, and 
the present tendency is towards the removal of all 
low-boiling paraftins from petrol. This affects ethane 
C,H,, propane C,H, and butane C,H,,, which are now 
removed in large quantities from petrol by refining. 
The problem of finding uses for these hydrocarbons, 
especially for propane and butane, has been studied 
by the U.S. Bureau of Mines and the Phillips’ Petro- 
leum Company. This company has brought a product 
consisting essentially of butane and propane, either 
pure or mixed, upon the market under the name gas- 
enriching petrol, and Bulletin 294* of the Bureau of 
Mines deals with experiments on the use of these hydro- 
carbons as gas enrichers cold, without cracking. 

The experiments were made first at Davenport, 
Iowa, and then on a commercial scale at Muscatine 
in the same State and at Moline, Illinois. The chief 
products tried were a mixture, in equal proportions, of 
butane and propane, with small amounts of ethane and 
pentane C,H,,, and a mixture of normal butane and 
iso- butane containing small percentages of propane and 
pentane. All these hydrocarbons are rather inert and 
do not attack metals, but as their boiling points are 
low, trouble might be experienced from the high pres- 
sures in the containers, from condensation in the pipes, 
ignition at inconvenient temperatures, and other 
difficulties. The boiling points are: Methane — 259, 
ethane — 128, propane — 47-4, butane + 31-5, iso- 
butane -++ 13-5, and pentane + 97 deg. F. All these 
hydrocarbons, except pentane, are therefore gases at 
ordinary temperatures. The investigations showed 
that there was, with the butanes in enriched water 
gas of 565 B.Th.U., no complaint about the gas 
quality, condensation in the pipes, or lowered candle- 
power at a distance from the works. The enriched gas 
was slightly denser than other carburetted water-gas, 
and the ignition point slightly lower; the ignition 
temperatures of these hydrocarbons depend, however, 
upon many factors and are, for the purposes under 
consideration, not much affected by the nature of the 
hydrocarbon. The water-gas was made in the usual 
way, and the gas-enriching petrol was introduced into 
the holder for the poor gas at a uniform rate. Although 
a small amount of tar was produced and some conden- 
sation may occur after a time, this tar settled quickly, 
and from the economic standpoint the cold carburet- 
ting by gas-enriching petrol seems to offer advantages. 
One point in favour of the mixture is the smaller pro- 
duction of naphthalene, tle deposition of which from 
cracked gas oil causes considerable trouble. On the 
other hand, the low boiling-point mixtures have to be 
stored under pressure in weli-insulated tanks. 








CANADIAN MINERAL Ovutrut.—The Canadian Bureau 
of Statistics estimates the value of the mineral output of 
the Dominion, during 1929, to be 303,876,000 dols. This 
tigure is 28,876,000 dols, or 10-5 per cent. above the 1928 
total, and is the highest on record. 





* Carburation of Combustible Gas with Butane and 
with Propane-Butane Miztures with Particular Reference 
to the Carburation of Water-Gas, by W. H. Odell. 
United States Government Printing Office, Washington, 
D.C. [Price 25 cents. ] 
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THE ROYAL METEOROLOGICAL 
SOCIETY. 


THE annual general meeting of this Society was 
held at the Society’s House, 49, Cromwell-road, on 
Wednesday, January 15, Sir Richard Gregory, D.Sc., 
LL.D., the President, being in the chair. The Symons 
gold medal, which is awarded biennially for distin- 
guished work in connection with meteorological science, 
was presented to Dr. G. C. Simpson, C.B., F.R.S., and 
the Council of the Society for the ensuing year was duly 
elected, the new president being Mr. R. G. K. Lempfert, 
C.B.E., M.A., F.Inst.P. 

Sir Richard Gregory gave an address on ‘‘ Weather 
Cycles and Weather Recurrences,” in the course of which 
he said:—‘‘ When Joseph interpreted Pharaoh’s 
dream of seven fat kine and seven lean kine as signifying 
seven years of plenty and seven of famine, his prediction 
was based upon a weather cycle or period of about 
fourteen years. Though the periodicity could not 
have been very highly developed, it was sufficiently 
well-marked to influence the general character of the 
seasons. The predictions made by Elijah and Elisha 
may have been founded upon knowledge of this kind 
of general periodicity preserved by the priests. . 

“The extraordinary weather of the year 1929— 
frosts, droughts, floods and gales—gives renewed 
interest to the question whether these abnormal pheno- 
mena return in regular cycles or whether their occurrence 
is irregular. Innumerable weather cycles have been 
described, of which the best known are the Briickner 
cycle of about 35 years, and the sunspot cycle of eleven 
years. The Briickner cycle is an alternation of groups 
of years, which are, on the whole, cool and wet with 
groups of years which are, on the whole, warm and dry ; 
it is useless for forecasting the weather of individual 
years. It may, however, be important in business 
affairs, where profits may accumulate during long 
runs of generally favourable years, to be dissipated 
when conditions become generally unfavourable. In 
the rainfall of the British Isles, a 50-year cycle is far 
more evident than the Briickner cycle, and gave us, 
for example, wet periods in the 1870’s and the 1920's. 
The eleven year sunspot cycle is important in tropical 
regions, and is strictly reflected in variations of the level 
of Lake Victoria, but is almost non-existent in the 
weather of the British Isles. 

“From time to time shorter cycles appear in our 
weather. Between 1868 and 1886 every fifth year 
was outstandingly wet; from 1887 to 1909 every 
third year was wet; while from 1910 to 1922 the odd 
years were all dry and the even years wet. Each 
of these cycles, while it lasted, was astonishingly regular, 
but each broke down just when it seemed to be defi- 
nitely established, and such cycles are useless for fore- 
casting. 

“* There are other weather cycles, especially in rainfall, 
having a length from five to six days a month. A 
possible seven-day cycle has been discovered in the 
manufacturing town of Rochdale, where the rainfall on 
Sunday, when the air is comparatively clean, is on 
the average less than that on the other days of the week, 
when the air is smoky from the factory chimneys. A 
more general cycle of five or six days probably exists 
over the greater part of the northern hemisphere, 
but these short cycles are too indefinite and irregular 
to be of service in forecasting, and attempts to employ 
them for predictions several weeks in advance have not 
met with any appreciable success. 

‘*The best known examples of weather recurrences 
are Buchan’s warm and cold spells, supposed to return 
at about the same dates each year. These were dis- 
covered from observations in Scotland in the middle 
of the Nineteenth Century, and there is no warrant for 
expecting to find the same recurrences in the weather 
of south-east England in the Twentieth Century. The 
general conclusion is that neither weather cycles nor 
weather recurrences are at present of any value in 
forecasting coming weather for any particular year, 
month or day.” 

















| VACANCIES FOR AIRCRAFT APPRENTICES.—The Air 
Ministry informs us that 600 aircraft apprentices, 
between the ages of 15 and 17, are required by the Royal 
Air Force for entry into the Schools of Technical Training 
at Halton, Bucks., and at Cranwell, near Sleaford, Lincs. 
They will be enlisted as the result of an open competition 
and of a limited competition, which will ‘be held in the 
near future by the Civil Service Commissioners and the 
| Air Ministry, respectively. Successful candidates will 
be required to complete a period of 12 years’ regular Air 
Force service from the age’ of 18, in addition to the 
training period. At the age of 30 they may return to 
civil life or may be permitted to re-engage to complete time 
for pension. Full information regarding the dates of 
| the respective examinations, the methods of entry, and 
| the aircraft apprentice scheme generally can be obtained 
|upon application to the Royal Air Force (Aircraft 
Apprentices’ Department), Gwydyr House, Whitehall, 
London, 8.W.1. The sons of officers, warrant officers, 
}and senior N.C.Os. of the three Services will receive 
special consideration. 
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ENGINEERING TRAINING AND 
EDUCATION. 

Lectures on High-Tension Electricity.—A special 
course of five lectures on ‘“‘ High-Tension Transmission 
and Distribution of Electrical Energy’”’ will be held 
at the London County Council School of Engineering 
and Navigation, High-street, Poplar, E.14, on Tuesday 
evenings, commencing on February 4 next. The 
lectures will be delivered by Mr. E. T. Painton, and 
the syllabus will cover economic principles, electrical 
design, mechanical design, constructional details, and 
erection and operation. The fees for the course, to 
persons over 21 years of age is 3s. 4d., and to those 
under 21 years of age, ls, 8d. Further particulars 
may be obtained from the secretary of the School, 
at the address given above. 


The Institute of Fuel.—The Council of the Institute 
of Fuel invites competition for a medal, together 
with a prize of books or instruments, to the value 
of 5l., to be awarded annually for a paper submitted 
by a student member of the Institute. The paper 
must deal with some subject relating to the preparation 
or utilisation of fuel, or allied subjects, and must be 
submitted to the secretary on or before September 1 
in any year. Papers will be limited to a maximum of 
10,000 words, and may be illustrated by line drawings 
or photographs. Further particulars may be obtained 
from the secretary of the Institute, 53, Victoria-street, 
London, 8.W.1. 








CATALOGUES. 


Switchgear.—Messrs. Cantie Switch Company, Limited, 
Carlton-road, Nottingham, have issued a circular describ- 
ing the general range of their switchgear; they offer to 
supply detailed lists of separate items. 

Lamp-Hoisting Gear.—Messrs. The London Electric 
Firm, Brighton-road, South Croydon, have sent us a 
number of leaflets describing their hoisting gear for the 
lamps used in suspension street lighting. 

Electric Furnaces.—A catalogue of electric furnaces 
for carburising, annealing, hardening, and heat treating 
steel and aluminium alloys is to hand from Messrs. 
Wild-Barfield Electric Furnaces, Limited, North-road, 
London, N.7. 

Water-Flow Measurement.—Messrs. The Lea Recorder 
Company, Limited, 28, Deansgate, Manchester, have 
issued a new booklet, discussing the measurement of 
widely-fluctuating flows of water by means of com- 
pound or stepped weirs and Lea recording instru- 
ments. 

Small Marine Engines.—A new list of marine engines, 
to hand from Messrs. The Parsons Oil Engine Company, 
Limited, Southampton, gives complete specifications for 
three sizes suitable for all ordinary and high-speed 
craft. The engines are supplied for either petrol or 
paraffin fuel, and a range of accessory fittings and 
spare parts is available. 

Steam Turbines.—We have received from Messrs. 
Escher, Wyss and Company, Switzerland, through their 
London office at 20, Grosvenor-gardens, S.W.1, a 
copy of their News, containing descriptions, printed in 
English, of steam-turbine plants, &c., produced by them, 
including pumping plant for the Osaka water works, 
locomotives, marine turbines for small outputs, and 
machines for clearing the gratings of the intakes of 
hydraulic turbines. 

Electrical Equipment.—The Allgemeine Elektricitiits- 
Gesellschaft, Berlin, have sent us a copy of a recent issue 
of their house journal Progress, through their London office 
at 131, Victoria-street, London, 8.W.1. It is printed in 
English, and gives descriptions of the Company’s products, 
including a new power station at Schulau, Germany, 
insulators for high-tension lines, electrical equipment for 
oil fields, and large alternators, driven by hydraulic 
turbines, for Japan. 

Electrical Machinery.—A copy of the Brown Boveri 
Review, issued by Messrs. Brown, Boveri and Company, 
Limited, Baden, Switzerland, and received from their 
London office at 56, Victoria-street, Westminster, S.W.1, 
contains descriptions of individual electric drives for 
cloth-printing machines and for Jordan mills, an inter- 
locking system for electric train-heating couplings, and 
an automatic gear for discharging sand, gravel, «c., 
fitted on a cargo boat on Lake Constance. The review 
is printed in English. 

Salinometer.—Messrs. W. Crockatt and Sons, Limited, 
Darnley-street, Glasgow, S.1, have sent us a copy of a 
new catalogue describing their electric salinometer lor 
continuously indicating impurities in the condensate 
or feed water for steam plant. The tendency to higher 
steam pressures greatly’ augments the dangers of impure 
feed water, salt giving the greatest trouble. The subject 
is discussed in the catalogue in practical terms, and an 
instrument is also described for directly indicating the 
density of the water in the boiler. cf 

Marine Sounding Apparatus.—A _—— describing 
the construction and application of an instrument for 
indicating the depth of water in which a ship is floating 
has been issued by Messrs. Submarine Signal Corpora- 
tion, 9, Victoria-street, London, 8.W.1. It is called the 
‘“‘Fathometer,” and the action is based on the time 
taken by a sound travelling to the bottom of the water 
and the return of the echo. One type is made for deep-sea 
sounding and another for the ordi depths requirec 
to be measured for navigation purposes. 
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ENERAL OPERATION EXPERIENCES 
WITH THE FIRST ‘“*‘ WOOD ’’ STEAM 
GENERATOR.* 


By E. Watson Smytu. 


Ir is proposed to record the actual experience 
obtained throughout the various stages of development 
and subsequent operation of the first radiant-heat 


steam generator. During the early part of 1924, the 
development of pulverised-fuel firing {became pro- 
minent, and in view of the possibilities of coal-dust 
firing for metallurgical furnaces, progress both in 
England and on the Continent was closely watched. 
It was at this stage that the proposal was made to install 
the radiant-heat boiler now known as the “ Wood” 
steam generator. On the assurance of the designer 
that violent fluctuations in steam demand would not 








period of 3,500 boiler operating hours from March 15, 
1928 to December 31, 1928. The troubles encountered 
have required no very serious changes in design, thus 
showing: (1) that the design of combustion chamber 
as originally installed is not likely to undergo any great 
modification in the near future ; (2) that it is possible 
to evaporate 90,000 lb. of water per hour with only 
1,990 sq. ft. of pressure heating surface ; (3) that it is 
possible to propagate a flame with pulverised fuel 





Fig.1."WOOD™ STEAM GENERATOR 
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boiler in ihis country, fired exclusively with pulverised | adversely affect the operation of the plant, it was 
fuel, com: prising the plant known as the “ Wood” | decided to proceed with the installation. The account 
is intended to give details of every difficulty experienced 

* Paper read before the Institution of Mechanical | from its first steam trials up till the present, and includes 
Engineer:, on Friday, January 24, 1930. Abridged. observations and conclusions arrived at during a 
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in a combustion chamber composed entirely of steel 
water-walls, without the addition of refractory 
materials. 

General Description of Combustion Steam Generator.— 
Fig. 1 is a general drawing of the generator as origin- 
ally installed. Construction was commenced during 
March, 1925, and completed during October, 1925. 
There are four solid forged drums. The whole of the 
pressure heating surface is arranged to form the com- 
bustion chamber by means of four walls of Murray 
fin tubes. The two top drums are connected by 
nineteen 4-in. tubes, whilst the two bottom drums are 
connected by fifty-six 4-in. diameter tubes, generally 
known as the water-screen. The structure for support- 
ing the combustion chamber comprises four built-up 
steel columns, attached to which are the necessary 
gusset plates to form the cradles for holding the two 
top drums. Whilst cradles are formed in the two main 
columns for the two bottom drums, it should be noted 
that these are not actually used for this purpose, the 
top cradles taking all the weight in order to allow for 
expansion. The casing is constructed of light steel 
plate reinforced with angles to house the insulating 
material behind the tubes. The four walls have 4} in. 
of firebrick between the back of the tubes and the 
casing together with 2 in. of Celinsulate for addi- 
tional insulating purposes. The roof of the combustion 
chamber is formed by two thicknesses of firebrick laid 
on top of the tubes, shaped to form a flat surface 
exposed to fire. This prevents infiltration of air into 
the combustion chamber. 

The burner pipes are introduced at all four corners 
of the combustion chamber by means of a cast-iron 
box so arranged that the coal pipes are in the centre of 
a square box directly connected to the air ducts from 
the air-preheater. This ensures the correct mixture of 
air and coal at the point of combustion. The burners 
are set tangentially to an imaginary circle 4 ft. 6 in. 
in diameter, having its axis as the centre of the 
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combustion chamber. The effect of this arrangement 
is to scour the tubes with flame, and to increase the 
length of the flame path, thus causing the products 
of combustion to remain in the chamber for a longer 
period of time. The ash-settling chamber is con- 
structed of ordinary firebrick. The superheater was | 
of asomewhat special design. The saturated steam from 
the boiler entered the top headers. The superheated 
steam was led out of the bottom headers into a 10-in. | 
steam-main running on the side of the boiler-house. 
Directly above the superheater casing is situated the 
air-preheater. This is arranged in two banks forming 
a top and lower air-preheater, so allowing the forced 
draught fan suction to be coupled directly to the top 
air-heater, and the fan discharge to the lower air-heater. | 
The gases from the combustion chamber are exhausted | 
at the top of the air-heater by means of an induced- | 
draught fan, through a suitable duct direct to the 
chimney. As laid down originally the whole of the plant | 
formed a complete self-contained unit including the raw- | 
coal bunker, pulverising equipment, pump-house, and | 
operating platform. No coal driers were installed, for | 
it was on this installation that the system of drying 
with hot air in the mill circuit was first tested and 
established in practice. Remote electrical control and | 
recording instruments for steam-flow, pressures, and 
temperatures, were arranged on a central operating 


panel. 


AS ORIGINALLY INSTALLED 
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Performance on Steam Trials with Information as to 
Failures Ex perie need and their Causes.—The auxiliary 
lighting equipment (consisting of four high-pressure 
oil burners) was put into operation on October 2, 
1925. On October 9, four coal burners were brought 
into commission without difficulty, and a short test 
was carried out for three hours at an actual rate 
of 40,000 Tb. of steam per hour. There followed a 
series of trials each of which necessitated some minor 
modification, until, on December 14, a six-hour trial 
was carried out. During the first four hours of this 
test, the average load on the generator was maintained 
at 48,000 Tb. of steam per hour, actual evaporation. 
During the last two hours the load was gradually 
increased to 70,000 Ib, of steam per hour, actual 
evaporation, The average coal consumption for the 
first four hours was 3,900 1b. per hour, and for the last 
two hours, 5,120 Ib. per hour. The mean temperature 
of the superheated steam rose from 550 deg. F. at 
the start to 850 deg. maximum, the average temperature 
of the steam over the six-hour period being SOO deg. F. 
The average temperature of the gases entering the 
air-heater was 800 deg. F. The final gas temperature 
leaving the induced draught fan averaged 340 deg. F. 
The average temperature of the preheated air during 
this test was 700 deg. F. The summary of this trial 
gave the following resul’s, the coal as fed to the boiler 
having a calorific value of 13,300 B.Th.U. per Ib. : 
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| fineness of the coal had an effect on the combustion 
| conditions established during the test. The final tem- 
| perature of the steam was excessive and much too high 
|for operating the plant installed in the works. Also 
| the high temperature of the gas passing to the air-heater 
endangered the plates of the lower air-heater, although 


| at the rates at which the generator was operating at 


this stage definite conclusions could not be formed. 

As a result of the unburnt carbon in the ash noticed 
in this trial a modification was made. The coal on 
entering the boiler is picked up by the stream of air 


‘from the forced-draught fan and swirled round the 


four walls of the combustion chamber. But as the 


|coal burner pipes are situated some 12 ft. above the 


water-screen tubes the velocity of the gases as they 
sweep down the walls of the chamber is reduced. 
To prolong this swirling effect, four secondary air 


| pipes were taken from the hot-air ducts and admitted 


at the four corners of the combustion chamber, pointing 
in the same direction as the coal feeder pipes, that is, 
tangentially to an imaginary circle having for its 
axis the centre of the combustion chamber. This 
arrangement showed a marked improvement in 


subsequent tests. 

General Conclusions.—(1) The temperature of the 
steam under all conditions of load was excessive. ‘At 
certain loads this temperature exceeded 1,000 deg. F. 
(2) The air and gas temperatures were too high and | 
GENERAL ARRANGEMENT OF PULVERIZEO-FUEL PLANT 
WITH PRIMARY AIR FAN 
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liable to damage the ducts and air-preheater. (3) Apart 
from these features, the general design of the plant was 
satisfactory, and the unit was capable of generating 
80,000 Ib. of steam per hour as a normal load. 

Early in 1926 it was decided to modify the water 
screen, with the object of absorbing the heat from the 
gases before passing them out of the combustion 
chamber. The 56 plain tubes were cut out and 
replaced by a similar number of tubes, each having a 
series of discs or gills welded on. The discs were 
} in. thick and were spaced 2 in. apart. This arrange- 
ment gave an increase of 1,216 sq. ft. in the heating 
surface of the water screen. The boiler was again 
brought up to full pressure and a long series of tests 
was made. These generally consisted of the application 
of a series of increasing loads to the generator up to 
an actual evaporation rate of 83,000 lb. of steam per 
hour. At this load the final temperature of the steam 
averaged 780 deg. F., indicating that an improvement 
had been obtained from the new water-screen tubes. 
The maximum temperature of the gases directly under 
the water screen at peak loads was 1,410 deg. F. At 
the peak-load period the gas temperatures on entering 
the air-heater were still too high and averaged 925 deg. 
F. The high temperatures in the combustion chamber 
began to affect the discs or gills on the water-screen 
tubes, and it became evident that these would ulti- 
mately burn away. 


Ethciency, 89-5 per cent.; heat loss in flue gases, During this series of tests the output of steam was 
8:75 per cent.; heat loss in ash, 0-5 per cent.; heat invariably maintained at the full normal load. The 
loss in radiation, 0-5 per cent. ; heat loss in moisture method of distributing the coal to all 12. burners 


in coal, 0-75 per cent. 

During this trial and a later test, when working 
with excessive CO,, the combustion chamber was 
tilled with hot gases which extended through the 
water-screen tubes and caused a rise in superheat 
temperature with consequent high gas temperature 
in the air-heater. By varying the speed of the forced- 
draught fan, the CO, content of the gases could be 
regulated quite easily. The readings obtained at the 
chimney base gave an average of 12} per cent. The 


was by means of a cyclone distributor with 12 dis- 
charge ports arranged on the lower peripheral edge. 
These burners were each controlled by means of ¢ 
butterfly valve fitted with a vertical spindle adjacent 
to the discharge ports. During the full-load tests 
the maximum rate of evaporation could be obtained 
with eight burners. When attempting to operate the 


buttertly valves in order to isolate the four surplus | drum, and increased in diameter to 10 in.; t 
burners, the distributor choked, due apparently to} diameter drain pipes with open ends were 
the pulverised coal filling up the short lengths of pipe | end baftle-plates with louvres extending jus 
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| between the distributor and the valve. The coal the: 
|}commenced to accumulate inside the distributor a: 

| interfered with the operation of the remaining burne:. 
| So great were these difficulties that it became necessa) 

| to replace the original distributor by two four-porte: 
| distributors arranged one above the other. It is now 
| possible to run the plant by using the lower distribut. 
|and four top burners for all loads up to and includi 

| 40,000 Ib. per hour, and the additional burners ar 
| operated through the lower distributor for all loa: 
| exceeding this figure. 

The International Combustion Engineering (0) 
| poration of New York were kept fully informed 
'the results obtained, and they sent over Mr. Henry 
| Kreisinger to conduct a complete and independent 
| test on the generator. Mr. Kreisinger arrived in 
| May, 1926, just after the commencement of the coal- 
mining dispute. A supply of fuel was ultimate!, 
| obtained and the boiler was prepared for test. Generall) 
| these tests were of a disappointing nature. On account 
of the poor nature of the coal available, which caused 
excessive * bird-nesting’’ in the water-screen tubes. 
the draught was greatly impeded. Further, as the 
| plant had been closed down for a considerable time duc 
to the coal shortage, the ash settling chamber had 
absorbed an excessive amount of moisture which 
had to be dried out before reliable results could be 
obtained. A test at a high rate of evaporation was 
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maintained for 10 hours. The trouble experienced 
from excessive superheat temperatures had not been 
remedied by the special discs on the water-screen 
tubes, and the calorimeters fitted to the two saturated- 
steam pipes, 2 ft. above the discharge saddles on the 
steam-drum, showed distinct signs of priming, which 
were confirmed by the fluctuating temperatures 
measured in both headers of the superheater. In his 
report Mr. Kreisinger made the following observations : 
* The heat loss to the ground is indicated by the high 
unaccounted-for losses, which were very marked in 
the first series of tests. With a dry setting and when 
the plant is operating smoothly, a generator with this 
amount of heating surface should. give an overall 
efficiency of 81 per cent. without difficulty. It appears 
that the furnace of the steam generator is capable of 
burning powdered coal at much higher rates than is 
possible in the standard Lopulco furnace. With prope! 
furnace operation, this furnace should be able to 
generate heat at 40,000 B.Th.U. to 50,000 B.Th.U. 
per cubic foot of combustion space per hour. with 
incomplete-combustion losses not exceeding 2 pel 
cent.” 

In spite of the difficulties attending this series 0! 
tests, there was sufficient evidence to show that drasth 
alterations were necessary to overcome the diffi 
occasioned by the high steam, gas, and air temperat 
and the more recent difficulties of priming. Priming 
received first consideration, and in this conne tt 
reference should be made to Fig. 4. The steam-crum 
as originally designed had a baffle-plate B slig 
offset from the centre of the drum, and set me 
angle to the centre-line. There were also two int 
feed-pipes running the full length of the drum. bu 
with open ends. Each of these pipes had a slot n 
by 4 in. at the feed check end of the drun 
modifications made were as follows: The « 
6-in. diameter pipe was extended to the end 
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the ends of the enlarged sparge pipe at each end of the 
drum were fitted ; the existing internal feed-pipes were 
closed at their extremities, and slots made so that the 
water would only enter at the ends of the drum directly 
over the ten down tubes. The gilled water-screen 
tubes were replaced with plain tubes as originally 
fitted. This test proved that the modifications were 
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to the upper air-heater, and its discharge to the lower 
air-heater. The fan at the lowest speed gave an output 


bustion at loads not exceeding 30,000 Ib. to 40,000 Ib. 
of steam per hour. 
of canvas roller blinds, which were fixed so as to reduce 
the area of air inlet into the upper heater. This is now 


in excess of that necessary to obtain satisfactory com- | 


This was remedied by the addition | 


restricted. Ferrules were therefore fitted to the second 
and fourth rows from the bottom. Ferrules were also 
fitted in the side-wall headers at the inlet to the 
| bottom back drum, thus reducing the area of the 
openings by 20 per cent. It was found that this 
alteration did not entirely overcome the trouble, for 
several more cases of blistering occurred on the top 
















































































satisfactory, and enabled another set of observations | infinitely variable. 


row of tubes. The reduction in area of the side-wall 
to be made. 


ea as ea In ensuing tests, it was found that the priming | headers appeared to make no difference to the circula- 

Further important modifications were, however, | difficulties had been fully overcome, and the tempera- | tion in the side-wall tubes, for there was a complete 
decided upon, namely: (1) To reduce the heating | tures of the steam, gas, and air were more satisfactory. | absence of trouble at this time in any of the wall tubes. 
surface of the superheater from 3,470 sq. ft. to 1,489 sq. |The results of a number of tests conducted during | A further modification in the curvature of the top tube 
ft.: and (2) to introduce an economiser between the | March, 1927, are set forth in the Table below, and it will | was then made. 

, rapa and the air-preheater with a heating surface | be seen from the first test that a mean load of 29,137 1b.| About July, 1927, it was observed that some of the 
of 2,297 sq. ft., thus slightly increasing the convection | of steam per hour was obtained. This is considered to fins on the front and side walls were burning away, 
surface after the combustion chamber. Fig. 5 shows| be the lowest limit of output at which satisfactory | thus reducing the heating surface exposed to the gases. 
the new general arrangement of the generator with | combustion conditions can be maintained when operat-|The arrangement of over-lapping fins adopted is 
the leading particulars of the revisions made at this |ing with coal. With oil burners, a load of 20,000 Ib. probably quite satisfactory when the tubes are swept by 

of steam per hour can be maintained, if necessary. il | gases spreading longitudinally over their length. In the 








period, which necessitated the complete closing down 
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i ht alterati il the ¢ — of Pag year, A further | burners are an essential feature of this plant for lighting | case of this steam generator, the gases are being swirled 
slight alteration was made : same time — Wea . P : Re . OSes 
, cies Pete : us 4 arate e at the same time by in- up purposes, and they increase its range of evaporation | round the combustion chamber, and the projecting 
serting ree 2-in. Ss ¢ 2¢ ack ¢ : ; See ae : é Ff : : 
P ri : ons d a Tt i connecting the back and | to an extent conforming in the main to previous boiler | edges of the overlapping fins have a tendency to collect 
‘ont steam-drums. > original ash-se he 02 ea De : P : ar 
} ront steam-drums. ‘T’he original ash settling chamber | standards. ash, with the subsequent burning of the fins. 
was built with vertical walls on the front and sides. : 
" The gases as they passe oug -ater-scree 
d £ ieee hey passed through the water-s¢ reen PARTICULARS OF TESTS CoNDUCTED DuRING 1927. 
tubes were inclined to be stagnant at the front wall, 
their tendency being to take a natural sweep towards i - 
M the superheater. A tapered wall of firebrick was built, | 1- Test Number es . . . . “ vs *: 1 2 3 + > 
is 3. Duration at ‘a ae + - a3 .. hours 20°5 24-0 11-6 33°38 24-6 
a 4. Number of burners used. . a rat Pi a : as 4 8 8 8 s 
fig.15. ARRANGEMENT OF BLOWERS. | 
Temperatures, deg. F. 
—N° 2. Blower 5. Water to economiser ite : = can ee i 7 52 19 17 
ate ° P ree 6. Water from economiser — .. “ a Md cf #3 7 2 266 312 
Ss Working Position 7. Saturated steam af 5 304 $05 
8. Superheated steam .. 712 748 : 
9. Steam at calorimeter 281 245 261 
10. Air to upper heater. . 83 89 S4 
11. Air to lower heater .. 305 380 350 
12. Air from lower heater 515 608 590 
13. Air to feeder. . ae BD 630 605 
14. Air and coal at burners 240 275 250 
15. Pulverised coal to bin 06 102 os 
} 16. Gas leaving upper heater 310 350 335 
| 17. Gas leaving lower heater 450 560 520 
18. Gas leaving economiser 622 758 687 
19. Gas leaving superheater v sa ss is aa ae 1,110 1.345 1.280 
20. Gas leaving water screen... i “a , ee = ie 1,355 1,695 1,600 
21. Gas entering water screen .. : it : - A + 1.860 2.070 O81 
Pressures. 
Steam leaving superheater.. ; oe Ib. per sq. in., abs. Isl 220 243 235 216 
Steam in boiler ia As “te ae “ ~ 187 230 262 u44 228 
Air to feeder... ‘ as ia aa aa in. of water 11-0 10-0 10-2 10-0 10-0 
Air at burners we ne i wa : as ue 0 0-3 0-6 O-4 O-4 
fas Analysis. 
40. COs at outlet of upper heater per cent. 12-0 14-2 13°6 14-1 14-3 
41. (Oo leaving economiser ts 13-1 16-0 15-5 15-3 15-9 
42. CO leaving economiser 0 0 e- 0 0 
43, Ov leaving economiser 6-2 31 367 3-0 te 
Water. 
45. Average evaporated per hour es Ae Pr ‘ a Ib. 29,137 40,190 ALO 
46. Evaporated per Ib. of coal milled... Pe - 7-O172 01767 70386 
47. Heat absorbed by economiser per Ib. 3. Th. 200 217 27 
48. Heat absorbed by boiler per Ib... se a = 1,138-5 1145-6 1109-9 
$9. Heat absorbed by economiser per Ib. coal milled 1,403 -4 1.557 °3 1.907 5 
50. Heat absorbed by boiler per Ib. coal milled 7989-1 8221-6 7812-1 
ed Coal. . aed 
en N?7. Blower Weight per hour to mill ee | 4.308 S006 
ah ; . oo Moisture in pulverised coal se <5 a yer cent. 3-08 0-9 
ai (1839 € ly x av Withdrawn Position Ash i. bib eves poor i on “. ae xe ‘ + 5°26 5°26 
l- “ENGINEERING Volatile matter in pulverised coal. . a ae e - 34-86 34°03 
he , oo : ‘ 58. Fixed carbon in pulverised coal .. re as - ee 46-80 49-380 
which reduced the original capacity of this chamber | 59. Heating value in pulverised coal ; re 3.Th.U. | 11,790 12,125 
t ==0 . an = 
from 1,778 cub. ft. to 1,450 cub. ft. poss aeeraes — 
cs ‘* > P = 
; Fig. 6 shows a general arrangement of the pulverised- ; 
a fuel plant as originally installed. The original feeder No. 3 test was made with the highest load officially During August, 1927, after the generator had been 
“th was of the drum type. Fig. 7 shows the arrangement | recorded in this series, the mean evaporation reaching in regular operation for seven months, the new super- 
“ah of the feeder with the primary air fan. The feeder con- | a total of 53,017 lb. of water per hour. Other boilers | heater began to cause anxiety. Reference to Fig. | 
in 7 : : , 2 : - : ; ; y :. , “OINs r > 8 srheater ele » 
sisted of an outer casing with a drum | ft. 9in. diameter, | were under steam during this test, and it was not will show that originally the superheater elements 
? having twelve grooves parallel with its axis, each | possible to transfer a greater load to the generator, were arranged to hang from the headers. Following 
Is , > : . . 7 . f > 7 ; } y } 7 » val is. oS i > “] apne: oy 
ll groove being 16 in. long with a maximum depth of | owing to the extreme fluctuations of the load, which the introduction of the economiser, the superheater 
a . be a e . . e ’ 2, € >, ne, € r > r j a » 
i l-in. Its speed could be varied from 4 r.p.m. to|at this period it was not thought possible for the elements were placed horizontally | below it, with the 
f 6 rpm. It possessed several satisfactory features | generator to follow without assistance from other headers outside the back wall. The superheater ele- 
0 x, 2 . “ ‘2 € 7 z pe . " ‘ . cal a. _ ss 
such as low power consumption, freedom from flooding, | steam-generating units. In this test, the mean ments were supported by means of a cast-iron girder 
ind the ability to deal with moist pulverised fuel. | temperature of the superheated steam was 748 deg. F., built into the arches of the ash chamber, to which were 
t ] te . . . . . . . . . . “ ° 4 . . : . 
: On the other hand, it was found in practice that it had { which was still considered to be on the high side for attached metal hangers for holding the elements in 
' \ distinct tendency to cause panting. A new drum | normal steel-works practice. The temperature of the | position. So great was the heat in the brickwork at this 
+h was therefore designed with the slots arranged spirally, | gases entering the air-heater had, however, been point that the cast-iron girder commenced to sag and 
instead of parallel with the axis. This made it possible | reduced to a mean temperature of 758 deg. F. The finally gave way, allowing a number of elements to bend 
to deliver a more constant stream of coal. Another | generator continued to work daily until September, and actually touch the floor. This condition permitted 
difficulty was the suspension of pulverised coal in the | 1927, a period of nine months. Minor alterations were the ash to collect and build up over the elements and 
; riginal bunker, the design of which is shown in Fig. 6.| carried out during this period upon the pulverising seriously impeded the draught conditions of the gene- 
lt T ; ; . . . ‘ r i ; se pte ry i 
‘0s Phis gn was superseded by an entirely new one, | plant, and from experiments made with coal varying rator. The unit was closed down on Septe mbet 12, 
show Fig. 8, which had much steeper sides, but was | both in moisture and fineness; it was concluded that 1927, for examination, and it was decided that it was 
lso gonal. The capacity of both bunkers was | the pulverised fuel should not contain more than 5 per unsafe to keep the generator under steam in this state. 
i ‘bout 22 tons. Subsequently the new type of feeder, | cent. of moisture, and its fineness should be such that The following were the final modifications now carried 
ia xnOW! the Rosencrants, was installed, and Fig. 8 | 93 per cent. would pass through a 100-mesh screen, out: (1) The combustion chamber was entirely re-tubed 
A shows general arrangement of the pulverised-coal | and 75 per cent. through a 200-mesh screen. This was with the new type of Murray fin tube arranged for the 
ts bunk« ts. coal feeders, and primary air plant. obtained with little loss in output from the mill. fins to be butt-jointed; (2)_ the superheater was 
: lhe venerator was again started during January, 1927, The next difficulty encountered arose through ash returned to the makers for straightening the elements 
ad and from this period commenced to supply steam for}and slag adhering to the vertical water-walls and and reassembly ; (3) a new design was prepared for 
works purposes. By putting other boilers also on steam | falling off in large pieces onto the water-screen tubes. supporting the superheater from the floor level, the 
rhe Supply, efforts were first directed towards acquiring | This varied according to the kind of coal in use, and previous cast-iron girder being removed ; (4) the ash 
reliable data for the generator when working at mini- | at the time, it was found necessary to restrict the ash chamber walls were altered again to the original 
he mum loads, and in order to accomplish this, a slight | content of the coal to a maximum of 12 per cent. It design; (5) the economiser was entirely re-tubed as 
modification to the air-preheater was found necessary. | was then found that some of the centre tubes on the it was found to be badly corroded ; (6) a de-aerating 
It will be seen, on referring to Fig. 1, that the forced-| top row of water-screen tubes had become badly plant was installed capable of treating 90,000 Ib. of 
- araught in is arranged centrally between the upper and | blistered, and had to be renewed. The opinion was | water per hour ; (7) soot blowers were fitted mn the 
ower heaters. Thus, the fan suction is connected | formed that the circulation in this row of tubes was combustion chamber: (8) a revision of the heating 
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surface of the superheater and economiser was effected ; 
and (9) the new arrangement of tubes for the top row 
of the water screen mentioned above was installed. 
The revision of the superheater heating surface 
consisted of the removal of seven elements. It has been 
altered as follows :—Original design, 1925, 3,470 sq. ft. ; 
first modification, 1927, 1,489 sq. ft.; Final modifi- 
cation, 1927, 1,192 sq. ft. At low loads the economiser 
had a tendency to steam, which necessitated by-passing 
a certain amount of water to the hotwell. The heating 
surface of the economiser has been altered as follows :— 
Original design, 1925, No economiser ; first modifica- 
tion, 1927, 2,297 sq. ft.; final modification, 1927, 
1,838 sq. ft. The fitting of two Parry soot blowers 
represented an important addition to the combustion 
chamber, Fig. 15 shows the arrangement of the blowers 
and their respective ranges of action. At this period ex- 
tensions to the works plant created an increased demand 
for pulverised fuel. This necessitated the construction 
of a central pulverising house into which the pulverising 
equipment was moved. The coal is now pulverised at 
about 500 yards distance from the generator house and | 
delivered into a specially designed tank, which, by | 
means of compressed air, shoots the pulverised coal | 
to the various bunkers in the works. Following the | 
removal of this plant it was necessary to fit new cyclone | 
separators over the pulverised-fuel bunkers, this being | 
the only alteration necessary to this section of the | 
plant. | 


| 
Particulars of Performance and Observations over Ten | 
Months’ Daily Operation during 1928.—Upon_ the 
completion of this overhaul the plant was again | 
ready for service early in 1928. The alterations to | 
the pulverised-fuel plant delayed progress somewhat, | 
and it was not until March 15, that the unit was again 
under steam, but it has since operated regularly on the 
works load. The average number of operating hours 
per week is 135. The results of the modifications soon 
became apparent, and the generator was found capable 
of dealing quite easily with the widely varying load, 
changing rapidly from 30,000 lb. per hour to peaks of 
90,000 Ib. per hour, without difficulty. On a typical 
s:eam-flow chart the load conditions vary so rapidly that 
the record is a thick painted section covering the loads 
which are indicated many times per hour. The control 
of the feed-water occasioned some difficulty which 
necessitated hand manipulation of the feed-water 
check valves while the plant was running. Ultimately 
a special design of feed-water control was made which 
proved successful, and there has since been no necessity 
for providing labour for hand control. The equipment 
of the combustion chamber with soot blowers effected 
a considerable improvement in the plant operation. 
When used for a period of two minutes at intervals 
of about six hours, the chamber was kept quite free 
from slag or ash accumulation. At the end of a full 
week’s operation an internal examination of the chamber 
was carried out, and the walls were found to be without 
any sign of deposit on the external surface of the tubes. 
The final temperature of the steam had been reduced 
and now remained fairly constant at 650 deg. F. Thus 
the modifications made to the superheater heating 
surface appeared to have completely remedied the 
previous difficulties experienced with this section of 
the plant. The reduction in the heating surface of the 
economiser had eliminated all signs of steaming at low 
loads, The heat transfer at high loads also proved 
satisfactory, the inlet temperature of the feed-water 
being 90 deg. to 100 deg. F., and the outlet temperature 
300 deg. to 350 deg. F. on the normal works load. 
The de-aerator functioned well, and after many months 
of service there has been no further serious corrosion 
apparent in the economiser tubes. 

All the feed-waver used in the generator from its 
inception has been town water taken direct from the 
mains ef the Manchester Corporation. No condensing 
water is available so that the percentage of make-up 
feed-water is 100. No boiler compounds have been 
used at any period, and the results appear to have 
justified the view that compounds are unnecessary. 
It is customary to blow down the boiler once every 
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| that the points of concentration of stress were probably | 
| promoted by slight irregularities in the tubes and not 
| by corrosion centres. The blistered tubes were found 
| to have a layer of scale less than ¥ in. thick in places. 
| It was decided that all the tubes in the generator should 
| be cleaned immediately, and that the removal of scale 
|should be carried out at regular intervals. Since then 
| no further difficulties have been experienced. 


| 








THE DEION CIRCUIT BREAKER. 


In our opening account of the Power and Mechanical 
| Engineering Exhibition, New York, on page 55 ante, we 
| alluded briefly to the Deion circuit breaker which has 
| been developed by Messrs. Westinghouse Electric and 
| Manufacturing Company, East Pittsburgh, Pennsyl- 
|vania. As this circuit breaker, the invention of 
| Dr. J. Slepian, a research engineer to the firm, adds 
| another method to the two already in use for inter- 
| rupting heavy alternating currents, and as it illustrates 
| the results of a new discovery in the control of electric 
phenomena, we believe a fuller account will be appre- 
ciated. This we now give, with the aid of Figs. 1 to 4, 
on the opposite page. It is advisable, we believe, for 
the sake of those whose acquaintance with the subject 
is not very wide, to treat it in a more elementary 
way than would have been done if a new principle | 
had not been involved. It is not generally recognised 
that a switch or circuit-breaker has to be at one time | 
a good conductor, when it must carry hundreds or | 
thousands of amperes with only a few volts drop, 
and at other times a good insulator, when it must with- 
stand hundreds or thousands of volts with the pas- 
sage of no more than a few milliamperes of current, 
its resistance then being in the region of hundreds of 
thousands of ohms. The change from one state to 
the other must take place in a fraction of a second, and 
is accompanied, when the switch is opened, by the 
formation of an arc between the separated contacts. 
This arc, under modern investigations, has proved 
to consist of a stream of ions which make the air into 
a good conductor. Hence, if it can be de-ionised by 
withdrawal of the ions, the air space between the 
separated contacts will be the good insulator it is 
required to be when the circuit breaker is open. It | 
is possible for not very heavy currents to be inter- | 
rupted by elongating the arc in air, that is, by drawing | 
it out into such a length that the operating voltage is | 
no longer able to sustain it, but, as most modern | 
electrical supplies are generated at high voltages, | 
this method has largely given place to the oil-immersed | 
circuit-breaker. In this apparatus, the arc may | 
said to be quenched by the surrounding oil when 
the switch is opened. The action is actually much | 
more complicated than this, but the fact remains | 
that separating the contacts in a bath of oil does) 
prevent arcing, though it involves the progressive | 
deterioration of the oil, as regards its insulating pro- | 
perties, and the risk of fire from the ignition of 
the oil. The Westinghouse Company, recognising 
the drawbacks of fire risk and costly maintenance 
involved by the use of oil-circuit breakers, decided 
to investigate the possibility of de-ionising the path of 
an are struck in air other than by merely extending it 
to great length, and the results of several years’ 
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central rod and are separated by narrow strips of 
insulating material, also y; in. thick. These strips are 
held in place by dowels, as shownin Fig. 3. The straight 
portion of the copper disc is cut with a deep taperir 
notch. When a number of the insulated discs are 
assem bled on the centre rod the result is the formation 
of a series of chambers, each ¥ in. wide, consisting of 
an annular space with a bottle neck entrance, and also 
of a long discontinuous groove of an inverted V-shape in 
cross section. A diagrammatic view of the de-ionising 
chambers in longitudinal section is shown in Fig. 4, and 
from this it will be seen that, at intervals throughout 
the series, coils are spaced round the central core. These 
coils are so wound and connected that the magnetic: 
fields of adjacent coils are in opposition, an arrange. 
ment which, as will be seen from Fig. 4, causes the flux 
to be diverted radially through the gaps. The return 
circuit for the blow-out magnet over the top of the 
shield, also acts as a partial return path for this flux. 

As the are is struck when tripping takes place, the 
blow-out coils, automatically connected in series with 
the are when the main contacts are opening, rapidly 
transfer it from the moving contacts to stationary are 
horns, so that the former continue their opening stroke 
independently of the motion of the arc. To prevent 
possible retardation due to mover ent of the arc in a 
closed chamber, vents are provided at each end. 
These are seen in Fig. 2, the centre vent of the three 
circuit breakers shown in it being illuminated by the 
flash of an arc, which, when passing the vent, impinges 
on the metal plates of the deionising chamber. The 
arc, still moving upwards, is decreased in cross-section, 
as the V-shaped groove becomes narrower and the 
current density is decreased, with a corresponding 
increase in are voltage. When a sufficiently high arc 
voltage is reached, the arc strikes to the plates, and 
is formed into a series of short arcs each }-in. in 
length. These short arcs are then caused to travel 
round the central core in a circular path under the 
influence of the radial fields. This motion continues 
until a zero of current is reached, at which time deionisa- 
tion prevents further flow of current. The arc travels 
round the circular path repeatedly before extinction, 
i.e., about 15 times in a half cycle, with a velocity 
several times that of sound. The arc stream, after 
deionisation, becomes a good insulator, instead of 
a good conductor. 

The action of the plates as deionising agents must 
now receive attention. Investigations on the behaviour 
of the electric arc showed that the first 250 volts of a 
discharge were borne almost entirely by a thin layer 
of gas immediately adjacent to the cathode. Electrons 
readily leave this layer, but others to replace them 
cannot enter from the metal. The positive ions dis- 
charge into the cathode and this cathode layer is 
deionised very rapidly. The dielectric strength, after 
the limit given above, is recovered much more slowly, 
that is to say, the curve showing the voltage required 
to re-ignite the arc immediately after current zero on a 
time basis is steeper at the beginning. The ions recom- 
bine at a much slower rate in the arc space remote from 
the electrodes, and it is this property which has hitherto 
limited the applicability of the arc in air for interrupt- 
ing high-voltage currents. The principle of the Deion 
circuit breaker is that of causing all the arc to play in 








investigations in this direction are embodied in the 
apparatus now to be described. 

In the new Deion circuit breaker, which has been 
named from the principle of arc extinction adopted, 
the arc is struck in air and magnetically forced into a 
deionising chamber. In this chamber it is broken up 
into a series of very short ares which are whirled round 
at an extremely high speed in annular paths between 
insulated copper electrodes and are finally extinguished 
within one half to two and a half cycles as the current 
passes through zero. How this is accomplished is best 
understood by a consideration of some of the con- 
structional details. In Fig. 1 is shown a single-pole 
unit Deion circuit breaker, but it is necessary at this 
point to make it clear that the lower portion of the 
apparatus is not part of the new device. Standard 
closing mechanisms may be used to operate the 





12 hours. Following a period of six months’ constant 
steaming, a fin tube in the back wall (No. 9 taking 
the first left-hand tube facing the generator as No. 1) 
showed signs of blistering about 18 in. below the top 


back drum. This tube was replaced during a week-end | 


together with two further tubes which revealed signs 
of similar trouble on examination. The blistered 
portions of the tubes were submitted to an examination 
by the research department of the works. Two possible 
causes of the defects were: (1) That at high loads the 
back wall tubes were not getting sufficient water or were 
suffering from stagnant circulation ; and (2) that creep 
strains may have been set up in the steel of which the 
tubes were made. The first explanation, seemed 


unlikely, since in that case a defect of this nature would 
not suddenly show itself after the plant had been 
operating so regularly for upwards of six months. 
Microphotographs showed no indications of inter- 
crystalline brittleness, in the tubes, and it appeared 


breaker and tripping may be obtained in any conven- 
| tional manner applicable to modern breakers of other 
|types. The real interest of the circuit breaker shown 
in this figure is centred on the upper part. In this, 
| probably the most conspicuous detail is the cylindrical 
structure at the top, furnished with a central core 
and apparently held down by three laminated straps. 
The cylinder is an insulating shield which plays an 
|important part in the subdivision of the arc, and the 
straps form supports for the cores and coils of the 
| blow-out magnets. These cores, of iron and insulating 
| material, are made in the shape seen in Fig. 1, so that 
| the field in the air gap is concentrated at the necessary 
| points for rapid movement of the arc. 

Inside the electrostatic shield are arranged a number 
of discs of sheet copper, y; in. thick. As shown in 
Fig. 3 these have somewhat the contour of a Florence 
flask neck downwards. They are threaded upon a 


a space close to a cathode, as far as possible, hence 
the employment of a series of very narrow chambers. 


| With insulation and plates » in. thick, there are, in 
each inch of structure, eight cathodes with gas layers 
| capable of rapid deionisation. Immediately after the 


current passes through its zero value in its normal cycle, 
each cathode layer is almost instantly deionised, and 
becomes capable of withstanding 250 volts much more 
rapidly than any practical power circuit of corresponding 
voltage can supply the 250 volts. In 1 in. of the struc- 
ture, the voltage necessary to reignite the arcs after the 
current zero is 2,000, and circuits of which the voltage 
9 
is not over =, or 1,414 volts, r.m.s. per inch of 
2 

length, can be interrupted. With plates ,'; in. thick, 
and spaces of  in., the structure would interrupt 
3760 volts, r.m.s., per inch. 

In the Deion breaker, as at present constructed, the 
circuit voltage per plate is less than 130 volts, r.m.s. 
This is partly to provide a substantial factor of safety 
and partly to ensure a uniform voltage distribution 
along the series of plates. The unequal distribution of 
potential is extraordinarily evident if the electrostatic 
shield is not provided, and, moreover, a series of plates 
which would not operate at more than 6,000 volts 
unshielded, was satisfactory at over 10,000 volts when 
shielded. A considerable equalising of potential is 
secured by the shield, which is formed of micarta and 
has layers of tin foil, of varying shape and size, 
embedded in it, but it is desirable also to keep the plate 
voltage low. It may be stated here that the maximum 
voltage for which the circuit-breaker has been con- 
structed, so far, is 15,000, but there does not seem 
to be any inherent difficulty in constructing it for 
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THE DEION CIRCUIT BREAKER, 


CONSTRUCTED BY MESSRS. 
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25,000 volts or over. In fact, data for such apparatus 
should be available within a year. 

It may be thought that the copper plates would 
suffer from the arcs. If the arcs remained stationary 
in the narrow annular spaces for even one-half cycle, 
say +1, second, the plates would undoubtedly fuse 
together. The arc terminals, however, are moved 
over the electrode surfaces at such a high velocity by the 
radial field coils that there is no time for the necessary 
transference of heat to take place before the arcs are 
extinguished. Experiments in this direction have shown 
that arcs of more than 20,000 amperes have been carried 
on copper electrodes for more than 1, second with 
The particular 
plate, a photograph of which is reproduced in Fig. 3, 
had been subjected to about 300 rupturing tests with 
currents up to 14,000 amperes. This implies that the 
arc terminals have moved over the surface some 
thousands of times in the track indicated in the figure, 
which track is stated to be only due to a very thin film 
of copper oxide not affecting the operation of the 
circuit breaker. As a heating effect is absent in the 
new design, a characteristic associated with it is that 
of cold-electrode arcs. 

The first experimental Deion circuit-breakers built 
and tested were single-pole units, but tests were also 
carried out on a three-pole 2,000-ampere, 15,000-volt 
breaker of the multiple single-pole type of the construc- 
tion shown in Fig. 2, and arranged successively for 
group-phase and isolated-phase tests. These tests were 
carried out on the testing circuit at the Crawford 
Avenue Station of Messrs. The Commonwealth Edison 
Company, and included a study of the effects of a fault 
and its interruption on the remainder of a system linked 
to the fault as well as one of the apparatus itself. 
In the field tests, the breakers successfully interrupted 
currents as high as 25,800 amperes at 12,700 volts. 
Three successive short circuits were applied when the 
breaker was in a closed position, and, after each short 









circuit, it was then allowed to trip open immediately, 
and to have one minute to cool after each interruption. 
When the three-pole breaker was closed upon a short 
circuit, allowed to trip open immediately and to remain 
open one minute before it was again closed on a short 
circuit, and with this operation repeated three times, it 
interrupted 15,000 amperes. During a series of the 
group-phase tests, a total of 21 three-phase interruptions 
were made in a period of 2 hrs. 23 min., and the breaker 
regained its full dielectric strength almost instantaneous- 
ly afterinterrupting acircuit. Of the 82 tests carried out, 
the breakers failed to clear only two short circuits this 
being due to the overheating of the de-ionising chambers 
after a rapid succession of tests. Owing to the absence 
of oil, there was no fire or damage to the barriers 
between the breakers. In the laboratory tests, .a 
three-pole 15,000 -volt breaker subjected to 250 rup- 
turing tests withstood them without a failure to clear 
the circuit and very little maintenance. In no case 
has tests shown that the Deion circuit-breaker produces 
any undesirable effects upon the system to which it is 
connected. 





JAPANESE SECTIONAL MEETING OF 
THE WORLD POWER CONFERENCE. 
(Continued from page 117.) 

In the summaries given below of further papers 
selected from among those taken at the recent Sec- 
tional Meeting of the World Power Conference, held 
in Tokyo, we deal with such subjects as the joint 
operation of steam and hydro-electric plants, the 
generation and storage of steam, turbine developments, 
marine propulsion, &c. 


THe Jomnt OPERATION OF STEAM AND HypRo- 
ELectric PLANts. 

In a paper on The Economic Aspects of the Joint 
Operation of Hydro and Steam Power Plants, Mr. 8. 
Fukumaka said that, in Japan, both water and steam 
power plants had been developed somewhat slowly, 
and, until 1917, were mainly operated as base- 
load plants for electric-light service. Between 1917 
and 1922, progress had been rapid, and since the 
latter year, more use had been made of water power. 
This was accompanied by a radical change in the 
method of operation, and, with a view to an effective 
combination of both types of plant, the steam stations 
were mainly used on peak loads and to supplement the 
water power plants, thereby reducing the cost of energy 
toa minimum and conserving fuel. Water-power plants 
might be divided into two parts: primary and second- 
ary. The first included that part with which power could 
be generated throughout the year, its capacity being 
based on the average minimum flow, while the second 
part consisted of that by which excess power could 
be generated during part of the year, according to 
the quantity of water available. It could be con- 
sidered as primary if it was supplemented as required 
by steam plant. Such a combination had an important 
economic aspect, which must be considered so that the 
best results were obtained in each particular case. 
The total electrical demand in Japan was 3,261,810 kw., 
the seasonal peak occurring during the winter, when the 
water power available was least. ‘The steam plant, 
which had to be installed to meet that shortage, must 
be cheap, capable of meeting large fluctuations, and of 
being started quickly, while its banking losses must be 
low and its operating stafl small. These requirements 
had influenced the design of the stations, one result 
being that the use of pulverised fuel was becoming 





general. 

The same subject was dealt with by Mr. L. Hirose, 
in a paper on Parallel Operation of Hydraulic and 
Steam Power in Certral Japan. In recent years, there 
had been a tendency to design hydro-clectric power 
stations for a larger flow than would formerly have 
been allowed for, but there was an economic limit to 
this course as it rendered auxiliary steam power neces- 
sary to make up the shortage during the dry seasons. 
It would, therefore, be preferable to design these 
plants on the basis of about three times the minimum 
tlow of the stream, than on twice, or less, as had 
hitherto been the custom. Again, there had been a 
general tendency to design hydro-electric plants on the 
basis of the winter peak, the steam plant being used 
merely to supplement ary shortage of water. More 


recently, however, it had been recognised that the cost | 


of power would be reduced considerabiy by limiting 
the output of hydro-electric plants to the summer 
demands and using steam plant to carry the winter 
peaks. As a result, in Central Japan, about 15 per 
cent. of the demand was now met by steam plant, and 
it might be economically advantageous to double this 
percentage. In many centres, moreover, steam plants 
were operating independentiy of the hydro-electric 
stations, and it was exceedingly desirable that they 
should be interconnected, 

This point was further developed in a paper entitled 
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Gawa Hydraulic Power Plant and the Tokyo Steam 
Power Station, which was presented by the Bureau of 
Electricity of the Japanese Government Railways. The 
Shinano-Gawa river was dammed at Miyanaka, the 
water being led 7,600 m. (25,080 ft.) to an impounding 
reservoir with a capacity of 32,400,000 cub. ft. It 
then flowed through two pressure tunnels, 2,791 m. 
(9,210 ft.) long, to the power station at Senju, the 
plant at which was operated at a head of 50-3 m. 
(165-9 ft.). Investigations made at various flows 
showed that the best result would be obtained with a 
flow of 6,500 cub. ft. per second. This would enable 
a plant capacity of 109,647 kw. to be installed, which 
would be supplemented by a 50.000-kw. steam station 
at Tokyo. 
SteaM GENERATION. 

A number of papers on the design and operation 
of steam and hydraulic plants for the generation of 
electricity were presented, among which mention may 
be made of one on The Thermal Electric Plant, 
by Mr. F. S. Clark. At the present time, he said, 
about 60 per cent. of the electricity used in the United 
States was generated by steam-driven equipment, 
0-2 per cent. by internal-combustion engines, and the 
remainder by water power. The rapid growth in 
demand which had taken place in recent years, had 
afforded exceptional opportunities for developments 
in production. These included an increase in the steam 
pressure from 200 Ib. per square inch at the beginning 
of the century to 400 lb. per square inch to-day, while 
1,200 1b. was being more and more employed in high 
capacity, high-load factor plant. Temperatures up to 
880 deg. F. were being used. These advances had been 
accompanied by better thermodynamic efficiencies, 
the figures for which had risen, in the case of turbo- 
generators, from 60 per cent. in 1900 to nearly 82 per 
cent. at the present time, as well as by large increases 
in the size of the units, the maximum being the 208,000 
kw. machine installed at the State Line station. Since 
1921, the use of reheating and regenerative cycles 
had become almost universal, though the advantages 
of these methods had not at once been recognised in 
the United States. They had not only enabled the 
efficiency of the steam cycle to be improved, but had 
increased the capacity of the turbine by the withdrawal 
of steam and moisture ahead of the relatively crowded 
lower stages. 

Almost equally marked advances had occurred in 
steam-raising. At the present time there were at 
least 30 boilers in operation in the United States with 
an output of 400,000 lb. or more of steam per hour, 
and five of these, which were pulverised-fuel fired, 
had an output of 800,000 lb. Thirty years ago hand- 
firing was almost universal, and the rating did not ex- 
ceed 5 lb. per square foot of boiler heating surface. At 
present, rates in excess of 15 1b. per square foot were not 
unusual, while other developments included water- 
cooled furnace walls and pulverised-fuel firing. In 1900, 
boiler efficiencies seldom exceeded 70 percent., with a 
fuel consumption of about 55,000 B.Th.U. per kilowatt- 
hour. By 1925, an efficiency of 89 per cent. had been 
obtained, and a figure between 85 and 87 per cent. 
was now recognised as norma! in plants using a good 
bituminous coal, running at a reasonably high load 
factor and equipped with automatic or semi-automatic 
control. As regards thermal efticiencies, the Columbia 
station of the Columbia Power Company was consuming 
only 12,600 B.Th.U. per kilowatt-hour. The results 
obtained with the 1,200-lb. plant in the Edgar station 
showed that the heat consumption was 12 per cent. 
less than for the 350-lb. plant, and at Lakeside, 
the 1,300-lh. equipment showed a reduction of 14 per 
cent, compared with the 300 lb. equipment. With 
this increase in thermal efficiency there had been a 
marked reduction in maintenance and attendance, 
chiefly owing to improvements in design and material 
and to the increase in unit size. The floor space 
occupied by turbo-alternators had been much reduced, 
the best figures in 1903 and at the present time being 
21-5 kw. per square foot and 79-3 kw. per square foot, 
respectively. Other factors which had tended to 
reduce the cost were the introduction of the evapo- 
rator, closed-circuit ventilation, the steam-jet air pump 
and the isothermal type of condenser. 

As regards the fuel economy of high steam tempera- 
tures and pressures, tests showed that, on a simple 
regenerative cycle with an initial temperature of 700 deg. 
F. at the throttle, the maximum thermal efticiency of 


the machine was reached at a pressure of about 1,200 Ib., 
; ‘ : 4 
and at a much higher figure with a temperature of 


1,000 deg. F. On the other hand, for an initial tem- 
perature of 700 deg. F., the point of maximum thermal 
efficiency for the station as a whole was below 1,000 Ib. 
per square inch, and there was no advantage in increas- 
ing the pressure beyond 1,400 lb. per square inch. The 
results were much the same if a regenerative re-heating 
cycle were used. At a temperature of 700 deg. F., the 
moisture at the exhaust became excessive at pressures 
above 500 Ib. per square inch, though at higher tem- 


higher pressures. The most promising field of improve- 
ment for the steam cycle seemed to be in the direction 
of increased steam pressures, as was shown by the 
results obtained at Langebrugge, Mannheim and with 
the Léffler and Benson boilers. Several other types of 
high-pressure boilers were being experimented with in 
Europe, and, as a result of exhaustive investigations, a 
10,000-kw. mercury-vapour unit with an overall effici- 
ency of from 10,000 to 11,000 B.Th.U. per kilowatt-hour 
had been built by the Hartford Electric Light Company. 
While much attention had been paid during the past 
few years to increasing the thermal efficiency, a reduc- 
tion in the cost of the plant was of even greater impor- 
tance. This could be effected by simplification in design, 
standardisation of pressure and capacity, and more 
efficient utilisation of building space. Another impor- 
tant problem was how to provide for the short-perio! 
peak load. In Europe, the steam accumulator was 
being used in conjunction with a variable-pressure 
generator, while, in the United States, equipment with 
a large overload capacity and designed to give its 
maximum thermal efficiency at less than the maximum 
rated load was common. In any station. reliability 
was the first requirement. In stations working with 
load factors below 25 per cent., the next most important 
factors were simplicity, easy operation and quick 
starting. For stations running at higher load factors. 
fuel economy and thermal efficiency were essential. 
while it was advisable to install large units and to 
use high steam pressures and temperatures. Where 
the water supply was limited, it was often an advantage 
to adopt such pressures and temperatures for smail 
units. 

Small central stations were the natural field of the 
oil engine, as the latter was relatively simple to install 
and operate, while its cost was no higher than that of a 
steam plant of the same capacity. The sites on which 
it could be installed were more numerous, and there 
was no refuse-disposal problem. It could often be 
used temporarily for the supply of isolated areas, to 
which long-distance transmission lines would subse- 
quently be extended, and was particularly suitable for 
peak.load work, owing to the ease with which it could 
be started up. Manufacturers were now going to 
some length to provide machines suitable for stand- 
by service. The tendency appeared to be towards 
trunk-piston engines with a large number of cylinders 
and operating at high piston speeds, the result being an 
appreciable decrease in the cost per horse-power. 
In the United States, the Diesel engine was not largely 
used for the production of electrical energy, only 
18 per cent. of those sold being employed for that 


purpose. : 
In a paper entitled High-Pressure Steam, Mr. 
F. H. Rosencrants reviewed the present stage of 


development in steam generation and utilisation at 
increased pressures and temperatures, stating that 
opinion was yet unsettled as to whether the economic 
advantages theoretically due to these super-presswres 
and high superheats were being actually realised. 
So far as high superheats were concerned, the anti- 
cipated thermal gain appeared to be obtained, but 
the reverse was the case with super-pressures. Provision 
for the latter, moreover, implied an increase of 17 to 
20 per cent. in capital costs, whilst the rise in steam 
temperatures only involved an increase of 5 to 7 
per cent. in the establishment charges. With tem- 
peratures exceeding 750 deg. F., engineers were enter- 
ing an imperfectly explored field, and the necessity 
of providing for “creep” involved a considerable 
reduction in the usual working stresses. Moreover. 
in the case of thick tubes, the stresses arising from the 
temperature drop between the external and internal 
surfaces became far in excess of those calculated on 
the usual assumptions, and the author attributed to 
these thermal stresses many failures of superheater 
tubes. He expressed the opinion that interest in 
super-pressures would diminish, but that there would 
be a further increase in steam temperatures. 

A paper on the Main Principles of Efficient Boile! 
Plant Lesign, was contributed by Professor L. k. 
Ramzin, director of the State Thermo-Technical 
Institute, Moscow. In this paper, the author gave 
comparative estimates of the total costs of firing with 
pulverised fuel and by automatic stokers. In regard 
to the former, he expressed himself as strongly 10 
favour of the unit system of operation as opposed to the 
central pulverising and drying plant, holding that 





the latter was very much more costly in almost ever) 
regard. It hada slight advantage in that the air excess 
might be, perhaps, one-half per cent. less than with 
unit system, but this gain was more than offset b) the 
fact that there was distinctly less waste of fuel witli the 
unit system. The latter had now proved successiul in 
using, without a preliminary drying, fuels containing 
large percentages of moisture. It was, moreover, note- 


worthy that, to-day in most of the pulverised-fuel 





Economic Considerations on Planning the Shinano-] peratures this trouble was only encountered at much 





plants now being installed in the United States. te 
unit system was preferred. From his comparison 0: the 
\ | bv 


relative costs of firing. with pulverised fuel an 
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mechanical stokers, the author concluded that, in| the surface exposed to radiation, and to a new phase 


general, the former system was much the most econo- 
mical, but some fuels, such as lump peat, run-of-mine, 


in the development of boiler design. It had thus been 
found that, when the air was preheated and the steam 


low-ash, and commercial moist brown coals were | superheated, it was economically possible to have the 


better adapted to the mechanical stoker. 


With dry| whole of the steam-generating part of the boiler 


long flame and caking coals, the pulverised-fuel | heated solely by radiation. The Bettington boiler was 
system showed an economy of 35 per cent. to 55 per|the prototype of this new departure. No entirely 
cent. aS compared with the mechanical stoker, and the | satisfactory method had yet been proposed for calcula- 


advantage was still higher with anthracite culm and 
lean coals. 
sorted anthracite or high-ash brown coal fines, 
both methods were about on a par. However, with 
pulverised fuel greater furnace capacities were prac- 
ticable, with consequent higher steam generating 
power, higher rates of evaporation, wider range in the 
choice of fuel, and greater elasticity and ease of control. 

It was only in the case of wood, peat and low-ash 


ting what ratio of radiation surface to convection 


When, however, the fuel available was| surface would give the cheapest boiler. Though good 


results had been obtained when the whole of the 
evaporating surface was radiation heated and con- 
vective heating used solely in the superheater and air 
preheater, it had not been proved that this procedure 
was really the best. The calculations of Munziger, based 
on the assumption of a uniform temperature in the com- 
bustion chamber, indicated that the best temperature 


brown coals that the stoker had the advantage, and | of the gases on leaving the chamber should be about 


in the case of firing with wood or similar material, even 
better results were obtained with the author’s system 
of * suspension firing,’ which differed from firing by 
pulverised fuel mainly in that the particles of fuel 
suspended in the air were much larger. Experiments 
made at the Thermo-Technical Institute showed that it 
was the rate of combustion per cubic foot of the furnace 
volume which was responsible for the clinkering troubles 
experienced, since most Russian fuels had an ash of low 
melting point which, in fact, lay generally between 

1,000 deg. C. and 1,200 deg. C. By water cooling the 
furnace, the trouble from clinker was eliminated. The 
author described a method of determining the effective 
heating surface of the combustion chamber tubing from 
the laws of radiation, and concluded that the common 
practice of taking this at half the total surface of such 
tubes was highly erroneous. His results indicated that 
the actual effective absorption surface for a series of 
boiler tubes facing the furnace, approximated closely 
to the limit b x L, where L denotes the length of the 
tube and- 6 the interior breadth of the combustion 
chamber. With water walls and screens, the rate of 
heat transmission might rise to 150 or 200 ton-calories 
per square metre per hour, whilst when the tubes were 
protected, as with Bailey blocks or the like, the rate 
did not exceed 40 to 80 ton-calories per square metre per 
hour, and the cost was much higher than that of 
bare tubes. On the other hand, the latter might have 
so great a cooling effect as to lead to incomplete com- 
bustion of the fuel, but this was not likely to be of 
material importance with roomy combustion chambers. 
When, however, the space was limited, the bare walls 
should be located only in the upper part of the furnace, 
where combustion was already completed. Calculation 
showed that, in general, the velocity of the gases past 
the first row of boiler tubes lay between 8 m. and 
12 m. per second, and, when this was the case, the 
most profitable temperature at the outlet from the 
combustion chamber was some 800 deg. C. to 900 deg. C., 
which was much lower than common practice. 

One of the difficulties in working with such tem- 
peratures lay in disposing water walls of adequate 
area in the furnace so as to secure the full benefit 
of radiation heating without checking combustion, 
and the author described a boiler in which he had 
attempted to solve this problem. A boiler built on 
the lines in question would, he stated, shortly be tested 
at the Thermo-Technical Institute. Calculations indi- 
cated that, if all the upper tubes of the boiler were com- 
pletely eliminated, and only the widely spaced lower 
sections left, on which the superheater was imposed, 
then, with an average evaporation of 130 kg. per 
square metre per hour, the temperature of the gases 
on leaving the boiler would be only about 430 deg. C. 
lhe general considerations on which this boiler was 
designed were that, in the combustion chamber, the 
temperatures should be so high as to ensure complete 
combustion, a condition to be obtained either by the 
use of brick linings or protected wall tubes, whilst 
in the upper part, the cooling should be intensive, and 
continued through nests of tubes widely spaced and 
heated mainly by radiation. 

Ina paper on The Most Favourable Relation between 
the Heating Surface in the Furnace of a Steam Boiler 
and the Total Heating Surface of the Boiler, Professor 
Pore Lindmark, of the Technical University, Stockholm, 
stated that, in the ordinary water-tube boiler, the heating 
surface in the combustion chamber formed only from 


» x . . . 
- to.) per cent. of the total, the remainder being heated | steady rotation, the sectors heated by the flue gases 


by convection. Owing to the small surface heated 


by radiation, the furnace temperature rose so much, | incoming air entered, whilst the cooled sectors passed | charges were reduced. 
at heavy loads and with high pre-heating of the air | in the same way into the path of the hot gases. A very 
‘upply, ‘hat damage was done both to the brickwork | large heating surface was obtained in a very small 
Hence, it had been found advisable | volume. 
either to water cool all parts most exposed to radiation, | between the hot and cool compartments of the pre- 
orto make the walls out of tubes connected up with the | heater, but this was of no importance in boiler work. , p : 
With high flue-gas temperatures, of the order of 1,000 | combustion chamber, and to a rapid deterioration of 


and the crate. 


general circulation of the boiler. It was then noted 


that th. 


1,180 deg. C., which implied that the radiation surface 
should be about one-eighth the total, if in the latter 
were included the surface in the economiser. If air 
pre-heating were adopted, the best ratio, on the assump- 
tion made, was even less. The author of the paper stated, 
however, that these calculations were based on the 
assumption of a constant furnace temperature, whilst 
actually in a modern boiler, with a roomy combustion 
chamber, there was a large fall of temperature before 
the point of discharge was reached. 

Much experimental work had, during the past two 
years, been devoted to this subject at the Stockholm 
Technical University with a view to acquiring fuller 
data. Partly on the result of these still incomplete 
experiments, the author concluded that a gas tem- 
perature of 1,200 deg. at the point of discharge from 
the combustion chamber might be considered fairly 
satisfactory. Whether this could be obtained in a 
high-efficiency radiation steam boiler would, he said, 
depend on the working conditions. In the absence of an 
air preheater, there should always be some convective 
heating surface, even when the steam was highly super- 
heated. The higher the air preheat, the smaller might 
be the area of the evaporating surface heated by con- 
vection. With air preheated to 600-700 deg., a steam 
temperature of 450 deg. C., and with the feed heated 
to at least 150 deg. C., the whole of the steam-generating 
surface could be radiation heated, whilst still main- 


be added, a simple matter to keep this type of pre- 
heater clean. The total weight of the heating surface 
required for a Ljungstrom preheater was about one- 
fifth of that necessary in preheaters of the recuperative 
type. The latter were only suitable for cases in which 
the heated air had to be absolutely clean. In another 
paper, Laboratory Test Results with Different Types 
of Heating Elements for Ljungstrém Air Pre-Heaters, 
were described by Messrs. Alf. Lysholm and Henrik 
Edenholm. The experiments were directed mainly 
towards discovering the best methods of building up the 
honeycomb of the preheater, and included measure- 
ments both of the rate of heat transfer and of the 
pressure drop across the honeycomb. It was found 
that the character of the flow was, in many cases, far 
from being fully turbulent. 


STEAM STORAGE. 


The following papers dealing with the Ruths System 
of Thermal Storage were submitted: The Ruths 
Accumulator in the Power Industry, by Dr. J. C. 
Ruths; Die Beudeutung des Ruths-Speichers in der 
Neuzeitlichen Dampftechnik, by Professor von E. 
Josse; The Storage of Steam, by Dr. E. C. Ritchie ; 
and The Ruths Steam Accumulator in Japan, by Mr. J. 
Tobolla. In the first of these papers, Dr. Ruths 
criticised a certain tendency to overestimate the im- 
portance of record steam rates, and the consequent 
neglect of other considerations of greater economic 
value. Attempts had been made to obtain better 
load factors in power stations by giving special rates 
to consumers taking current during off hours, or, in 
other cases, by restricting the supply to certain 
industries during the incidence of peaks. A diagram 
given in the paper demonstrated the rapid increase. 
since 1923, in the magnitude of the peaks associated 
with the mid-winter load at a large Continental city. 
The author pointed out that the replacement of the 
Lancashire boiler by the water-tube type had led to a 
great reduction in the water content, and consequently 
in the ability of the boiler to damp out automatically 
small fluctuations in the demand forsteam. This had 
made it necessary to vary the rate of firing in close 
accordance with the variations in the load. Neverthe- 
less, although a certain flexibility was attained both 
with certain types of mechanical stoker and with 





taining a fairly high boiler efficiency. This was illus- 
trated by a test made at the Vasteras Power Station, 
Sweden, on a boiler of this type, oil-fired, which had | 
105 sq. m. of evaporating surface heated by radiation, | 
none heated by convection, and 128 sq. m. of super- 
heating surface. The following results were recorded : | 
Absolute steam pressure ... 20-1 kg. per sq. em. 
Steam temperature ... 438 deg. C. 
Temperature of air entering | 
furnace ... aa ..- 615 deg. C. 

Total heat supplied by fuel 39-49 x 10% keal. per hour 
Total heat in steam 29-3 x 106 keal. per hour 
Evaporation per hour 38,090 kg. 

Temperature in lower part 
of combustion chamber 1,550 deg. C. 
Temperature at outlet from | 
superheaters 1,125 deg. C. | 
Of the total heat added to the steam, 24-1! x 10° kcal 
per hour were supplied in the radiation section. The 
feed temperature was only 22 deg. C.; had it been 
50 deg. C., and the steam temperature 400 deg. C., the | 
evaporation would have been 40,400 kg. per hour. 

In a paper on The Regenerative Principle as Ap- 


and might be distinguished as belonging, respectively, | 
to the recuperative and to the regenerative type. In 
the recuperative type, the cool and the hot gases were | 
separated by a conducting wall through which the 
transfer of heat took place. The regenerative principle 








peratures of the waste gases were too high for the | 


pulverised-fuel firing, some little time was necessary 
for adjustment, even with the best arrangements. 
Moreover, the modern high-efficiency turbine was ill 
adapted for meeting large surges in the load, or even 
for being shut down daily. They were, therefore, 
kept running continuously night and day, in spite of a 
high fuel cost at no-load. A demand had thus arisen 
for a cheap and robust type of turbine specially designed 
for taking the peaks. Turbines of this kind, used in 
conjunction with the Ruths accumulator, constituted a 
stand-by ready for instantaneous duty. When such 
accumulators were installed, the station boilers could 
be run under almost uniform conditions, and the cost 
of the Ruths plant was small, as compared with the 
provision of boilers capable of taking the peaks unaided. 
Considerations of this kind were of special force when 
it was a question of extending an existing station. 
It was, in such cases, sometimes possible to adapt 
some of the existing turbines to take their supply 
from the accumulators. The largest installation yet 
made of the Ruths accumulator was at the Charlotten- 
burg power station, Berlin. Here there were 16 


plied to Air Preheaters and Similar Apparatus, Mr. accumulators with an aggregate volume of 176,600 cub. 
Carl A. Jacobson pointed out that two methods of | ft. These were capable of supplying steam sufficient to 
transferring heat from a hot gas toa cold one were in use, | generate 67,000 kw.-hours on drop 


ping the pressure from 
190 lb. to 8-51b. per square inch. The steam generated 


during this drop of pressure was 650 tons, and was uti- 
lised in two Ruths steam turbines, each rated at 20,000 
kw. The cost of this plant per kilowatt installed had 
been about two-thirds of that at base-load stations 
had long been employed in steel works where the tem- | erected at about the same time. 


In Professor Josse’s paper, mention was made of the 


recuperative type. It was Ljungstrém who introduced | fact that, since 1916, more than 400 Ruths accumu- 
the same principle into air preheaters for boilers. | lators had been installed in different industrial plants. 
His air-preheater was a rotating cylindrical drum | This system of steam storage had the advantage that 
divided radially into a number of sectors, each of which | the associated boiler plant could be run at a nearly 
had a honeycomb structure. The flue gases passed | uniform rate, and thus required less heating surface 
through one side of the drum and the incoming air | and smaller grate area than if it had to take, unaided, 
through the other, the two flows being separated by | the peak loads. The steam generated was, moreover, 

The drum being kept in| of uniform quality and constant superheat, and the 
combustion chamber was not exposed to large and 
sudden changes of temperature. Hence, maintenance 
The system economised fuel, 
and the accumulators could supply instantaneously 
large quantities of steam. Whilst considerable flexi- 
There was, in general, some small leakage | bility in the rate of firing was obtainable with pulverised 
fuel, the attempt to provide for peak loads in this 
way led to trouble with the refractory linings in the 


an appropriate partition. 





passed in succession into the passage through which the | 











the @ , . . 
“ combustion chamber not only gave increased pro- | ¢ 
®ction azainst damage from overheating, but also gave 


fered but little with the efficiency of the pre-heater, 
* large increase in the evaporation per square foot of | and, moreover, the damaged sectors could, when neces- 


consequent increase of the heating surface in| deg. F., the mild-steel plates, out of which the honey- | the boiler heating surface. The paper included a de- 


-ombs were constructed, would oxidise, but this inter- tailed discussion of various uses of the Ruths accumu- 
lator. 


In his paper, Dr. E. G. Ritchie stated that a boiler 


| : j 7 : la . . . . e © | 7 © i ¢ ¢ a1 7 j 
‘eating surface. This had led to a gradual increase in ' sary, be simply and cheaply replaced. It was, it might | plant was capable of taking a maximum continuous 
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overload of 25 per cent., and one of 35 per cent. for a 
short period of time. It was, therefore, limited in its 
capacity, not only for taking peak loads, but also for 
supplying steam at the time rate usually required. 
Moreover, fluctuations in steam pressure were very 
important in factory economics, and in the boiler house 
the attempt to maintain constant pressure by varying 
the firing rate was responsible for a loss of 15 per cent. 
or more of the total fuel consumed. Pressure fluctua- 
tions were specially wasteful in the dye and sugar 
industries, where they might be responsible for a re- 
duction of 50 per cent. in the output of a manufacturing 
unit, whilst in steel works a large drop in pressure might 
bring important machines to a standstill. These 
difficulties could all be overcome by adopting the 
Ruths accumulator, and a number of these had been 
installed in British dye, sugar and other factories, 
as well as in steel works. 

In his paper, Mr. J. Tobolla discussed the Sipe st 
of the Ruths accumulator in Japan, where 13 plants 
were now at work, but where he considered there was 
room for a twenty-fold expansion. 


TURBINE DEVELOPMENTS. 


In a paper on the General Trend of Steam Turbine 
Development by the General Electric Company, Mr. 
E, L. Robinson gave a series of diagrams showing 
the increase in the efficiency and in the size of steam 
turbines made by the company cited during the past 
ten years. In 1919, their largest single unit developed 
45,000 kw., the speed being 1,200 r.p.m. Some two- 
casing machines were built, but, as it was found possible 
to get the capacity then demanded in single-cylinder 
units, there was a reversion to this type, although the 
extra cost of the alternative pattern proved less than 
might have been expected. In 1927, however, the 
demand for high outputs made it necessary to adopt 
the cross-compound type, which, moreover, lent itself 
well to the practice of re-superheating the steam, 
a procedure rendered necessary by the introduction of 
super-pressures. The author’s firm had already in 
operation, or under construction, turbines with an 
aggregate rating of 363,700 kw., designed for an initial 
pressure of 1,200 lb. per square inch. A steam tem- 
perature of 750 deg. was reached in 1926, and, under 
suitable conditions, there would be no hesitation in 
going up to 800 deg. F. Progressive feed heating was 
adopted first, by the author’s firm, in 1924, and in 
some recent installations as many as five stages were 
used. Up till 1923, the best heat rate attained in 
America was about 12,700 B.Th.U. per kilowatt-hour, 
but a figure of about 9,400 B.Th.U. per kilowatt-hour 
was reached in 1929. The present demand, however, 
was for a flat heat rate, rather than for maximum 
efficiency at the most economical load. Thus, in some 
turbines built by the author’s firm, the maximum 
efficiency was attained at 70 per cent. of the nominal 
capacity, but the heat rate only varied 2 per cent. 
between 47 per cent. and 85 per cent. of the maximum 
output. This demand for a long range of reasonably 
efficient operation was due to the realisation that instal- 
lation costs could be greatly reduced by providing 
turbines with a very large overload capacity. 

Two papers were read on the Ljungstrém steam 
turbine. In the first of these, which was entitled 
Double-Rotation and Axial-F low Turbines, the authors, 
Messrs. M. T. Lindhagen and Alf. Lysholm, pointed 
out that the double-rotation system made it easy to 
use high values of Parsons coefficient k. All parts 
being small, the soundness of the material used was 
assured, and the type was particularly well adapted 
to the use of high-pressure steam. Ordinary sizes had 
repeatedly been started up from the cold in two or 
three minutes, and, in many stations having Ljungstrém 
turbines, the standard time for this operation was less 
than 10 minutes. There was a great saving of space 
and weight, and two 100,000 kw. Ljungstrém turbines 
would occupy less space than a single 80,000 kw. 
three-cylinder axial-flow machine. The authors claimed 
that the relative total costs of the axial-flow and the 
radial-flow types were, respectively, 1-60 and 1-13, when 
the plant was erected in the country of origin, and 

1-85 and 1-25 whenexported. The saving was largely 
due to the lessened expenditure in buildings and freight. 

In a second paper, entitled Recent Developments 
of Radial-Flow ‘Turbires for Large Outputs, Mr. O. 
Wiberg stated that the original Ljungstrém steam tur- 
bine was not suitable for large outputs, but, by adding 
axial blading, full'advantage had now been taken of the 
double-flow exhaust, and large units could therefore be 
built. A unit of 50,000 kw., running at 1,500 r.p.m., 
had been supplied to the Vister’s plant, Sweden, and a 
section through one designed to develop 70,000 kw. 

was given in the paper. Owing to the double-rotation 


principle, very large Parsons coefficients were readily 
Taking this as defined by 


Ay R.P.M.\?2 
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where d was the diameter in inches of the blade row, 


attainable. 


coefficients of 460,000 were readily reached, even in 
the case of a 10,000 kw. machine, whilst with a 
70,000 kw. unit running at 1,500 r.p.m., values of k = 
740,000 were practicable. Such a value would be 
suitable for a heat drop of 350 centigrade heat units, 
which was higher than present limitations of steam 
pressures and temperatures rendered available. The 
turbines were very robust, and there had, in fact, been 
several cases in which they had been accidentally 
subjected to water hammer without causing damage 
in any way. 
MarInE PROPULSION. 

In a paper entitled Recent Developments of the 
Exhaust-Steam Turbine, Dr. Gustav Bauer stated 
that, up till April, 1929, arrangements had been made 
to apply the Bauer-Wach system of coupling up an 
exhaust-steam turbine and a reciprocating marine engine 
to the same shaft, to thirty-five new vessels, either on 
service or under construction, and for the conversion of 
the machinery of sixty-eight boats already built. The 
new installations and conversions brought up the total 
to an aggregate of about half a million horse-power. 
In general, the addition of the turbine increased the 
power by 25 per cent. and diminished the steam 
rate by 20 per cent. Incidental advantages were that 
the flywheel effect of the turbine and gears diminished 
the tendency towards torsional oscillations, whilst the 
oil coupling increased the damping factor. The cyclical 
variations in the torque were also greatly diminished, 
and this had been recognised by the insurance corpora- 
tions, which did not, in the case of a conversion, 
require the fitting of a larger propeller shaft, in spite of 
the higher horse-power developed. Room for the 
reduction gears was obtained by replacing the usual 
multi-collar thrust block by one of the Michell pattern. 
The main gear wheel was mounted on a hollow shaft 
which fitted over the original thrust section of the 
shafting, from which the collars were machined off. The 
hydraulic coupling was generally fitted to the second 
pinion shaft, and the motion of the oil, as it was played 
to and fro between the driving and following halves of 
the coupling, was closely analogous to the motion of the 
fluid in a vortex ring. With the coupling making between 
500 r.p.m. and 700 r.p.m., the slip between the halves 
ranged from 24 per cent. to 3} per cent. The oil to the 
coupling was supplied from the lubricating system, and 
the engine manceuvring gear was interlocked in such a 
way that it was impossible to start up the turbine unless 
the coupling was charged, and it was also impossible to 
reverse the engine without at the same time cutting 
the turbine out of action. The paper included dia- 
grams showing how the system was applied in different 
cases. 

In a paper on The Economic Use of High-Pressure 
Steam for Marine Propulsion, Mr. Arthur Spyer 
described some of the advances made during the past 
few years in the design of turbine-driven ships. He 
pointed out that the forecast made by Mr. Cook that 
the fuel consumption (for all purposes) of such ships 
might be less than 0-65 1b. of oil per shaft horse-power 
hour had already been bettered in the case of the 
Duchess of Bedford, with which the fuel consumption 
was 0-6 lb. of oil per shaft horse-power hour (propell- 
ing machinery only) and 0-64 lb. for all purposes. 
The auxiliaries in this case were electrically driven. 
Recent estimates in comparative plans showed that, 
with modern steam plant, the fuel cost per 1,000 
shaft horse-power per hour would be 123d., whilst 
with Diesel engines the fuel cost would be 196d. These 
figures were based on coal at 25s. per ton and on 
oil at 4/. per ton, the coal having a calorific value of 
11,500 B.Th.U. per lb., the corresponding figure for the 
oil being 18,500 B.Th.U. The overall efficiency of the 
steam plant was taken as 25 per cent., and that of the 
Diesel engine at 30 per cent. Recent comparative 
estimates showed that, in the case of an 11}-knot ship 
with machinery of 2,500 shaft horse-power, there would 
be a saving of 20 per cent. on raising the pressure from 
180 lb. per square inch with a total temperature of 
580 deg. F. to 550 lb. per square inch with a total 
temperature of 750 deg. F. Riveted drums could be 
used for pressures up to 650 Ib. per square inch, but in 
some cases seamless drums were specified for pressures 
of 400 lb. to 450 lb. per square inch. Mechanical 
stokers were not easily fitted to cylindrical boilers, but 
there were a number of water-tube boilers afloat which 
were mechanically fired, and which had given satis- 
factory service. The pressure was more uniform than 
with hand firing, and less fuel was used. Pulverised fuel 
had been adopted in a few cases, and had given satis- 
faction. The advantages claimed were increased speed, 
lower fuel consumption, absence of ash deposit on the 
decks, uniform steam pressure, and a smaller boiler- 
room staff. Estimates got out by the Babcock and 
Wilcox Company for an 114-knot ship of 8,750 tons dead- 
weight capacity, to be fitted with water-tube boilers 
fired with pulverised fuel, indicated that the total fuel 
expenditure would be 28 tons of coal per day. Ordinary 
carbon steel could be used for the boiler tubes up to 


might be necessary to employ alloy steels, which weve 
not only more costly but were also more difficult to 
work. , 

Water-tube boilers should be supplied with pure feed 
water, and this requirement had hitherto restricted 
their use in the Mercantile Marine. To-day, however, 
feed evaporators were being supplied in certain cases, 
even when cylindrical boilers were used. The introduc- 
tion of better condenser-tube materials had much re- 
duced the danger of leakage of salt water into the feed, 
and, with adequate provision for the detection of such 
leakage, there was no reason why water-tube boilers 
should not prove as satisfactory in the future as the 
Scotch boiler had done in the past. With ordinary care, 
there was, in fact, very little trouble from tube failures. 

In a paper on Some Phases of Ship Propulsion 
as Influenced by Modern Power-Plant Engineering, 
contributed by Messrs. A. Kennedy, junr., and R. A. 
Beekman, the authors mentioned that, 25 years ago, 
good central-station plants in the United States had a 
fuel rate of 2-5 lb. of coal per kw.-h., whilst to-day 
there were a number of stations in which the above 
figure had been reduced, in certain cases, to from 0-97 Ib. 
to 0-85 Ib. of coal per kw.-h., the pressures being 400 Ib. 
to 1,200 Ib. per square inch, and the total tempera- 
ture, 725 to 750 deg. F., while the vacuum was 29 in. 
With the mercury-steam combination, figures of 
0-695 lb. to 0-665 lb. of coal per kw.-h. were realised. 
Practice on land, however, was generally far in ad- 
vance of that at sea. 

Nevertheless, the turbine-electric plant on the 
Viceroy of India had been credited with a fuel-oil 
consumption of 0-581 Ib. per shaft horse-power hour, 
the steam pressure being 375 lb. per square inch (gauge), 
the total temperature 700 deg. F., and the vacuum 
28-93 in. The authors claimed that, with increasing 
pressures and temperatures, it would be found difficult 
to maintain the water tightness of the surface con- 
densers of geared-turbine ships. At the moment of 
reversal, they stated, the exhaust steam temperature 
might be higher than 900 deg. F., whilst, with the 
same initial steam conditions, the exhaust steam 
temperature would never be over 250 deg. F. in the 
case of the turbine-electric system. With the latter. 
there was also a very large saving of fuel due to the 
adoption of electric auxiliaries, current being taken 
from the main generators. Where there was a large 
port load, this advantage was enhanced. There had 
been only one generator failure on the 23 ships thus 
equipped, which had been running since 1923, but 
there had been some motor breakdowns, attributable 
to the inexperience, both of the designers and the 
engine-room staff. Nevertheless, the motors had been 
temporarily made good whilst still at sea, by cutting 
out the damaged coils. The present practice was to 
cool both motors and generators on the closed-circuit 
system, thus preventing the access of salt-laden air 
to the windings. Diesel engines had advantages in 
the case of small powers or very long trips, in which 
it became highly important to save space. Whilst 
thermally efficient, the Diesel engine was often handi- 
capped by the relatively high price of Diesel oil. In 
some recent contracts made by a company operating 
both Diesel-electric and turbine-electric ships trading 
between the United States and Central and South 
America, the bunker oil cost just about half as much 
as the Diesel oil. The comparative fuel costs per mile 
run, accordingly, have averaged 1.01 dols. for the Diesel 
ships and 0.83 dol. for the turbine ships. _The former. 
moreover, took 1,200 gallons (U.S.) of lubricating oil 
per month, as against only 47 gallons (U.S.) for the 
steamers. 

(To be continued.) 








THE SHIPPING AND SHIPBUILDING PosiTIon IN 1929. — 
An event of outstanding importance to the shipping 
communities of the world was the meeting in London, in 
May, 1929, of the International Conference for the Safety 
of Life at Sea. The representatives of 18 maritime 
nations, then assembled in conference, signed a new 
Convention, the main provisions of which dealt with 
subdivision for passenger ships, life-saving appliances, 
radiotelegraphy, and measures for increasing the safety 
of navigation, such as the ice-patrol and derelict services. 
The Conference is discussed, and its findings commen 
upon at some length in several of the articles contained 
in The Journal of Commerce Annual Review of Shipping, 
Ship'uilding and Marine Engineering. This work, 
as its name implies, gives a review of events and dev elop- 
ments in the spheres of shipping, shipbuilding and marine 
engineering during 1929. Among other articles con- 
tained, the following’ may be cited: The Shipping In- 
dustry, by Mr. W. Harding ; The Load Line, by 5t 


Charles J. O. Sanders; Safety of Life at Sea, by = 
Westcott Abell; Shipbuilding and Naval Architecture, 
by Mr. A. T, Wall; Marine Steam Engineering, >) Mr. 
J. Hamilton Gibson; The Bauer-Wach Syst “— 0 


Dr. G. Bauer; Pulverised-Coal Firing, by Mr. 
Ash; The Marine Oil Engine, by Mr. D. M. Shannon; 
Ports and Harbours, by Dr. Brysson Cunnins nee 
Marine Insurance, by Mr. D. King-Page ; and Freights 
in 1929, by Mr. G. P. de Pallens. The Review }s ‘ song 
able, price 2s., or post free 2s. 9d., from the oilices o 








temperatures of 850 deg. F., but for other parts it 





The Journal of Commerce, 17, James-street, Liver} ol. 
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PLATE XI. 














THE WELLAND SHIP CANAL, CANADA. 


(For Description, see Page 157.) 
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Fic. 207. Lock No. 1, Lower ENTRANCE. 
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Fig. 208. CHAMBER oF Lock No. 2. 


Breast WALL IN DiIsTaANCcE; DISCHARGE CULVERTS IN FoREGROUND. 








(To face page 156.) 
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THE WELLAND SHIP CANAL, CANADA. 


(For Description, see Page 157.) 
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Kia. 209. Lock No 2, Lookinac NortH FROM BrREAsT WALL. 
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Fic. 210. Lock No. 1, Upper EntrAncE, GATE Positions AND BREAST WALL. 
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THE WELLAND SHIP CANAL, CANADA. 


(For Description, see Page 157.) 

















Fig. 225. Intake AND VALVE HovusE; Lock No. 1. 
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THE WELLAND SHIP CANAL.—IX. 


In the articles of this series already published 
we have given a general account of the Ship Canal 
and its construction, involving, as we have shown, 
in parts reconstruction of the so-called present 
canal, but for the most part entirely new works. 
In this and succeeding articles we intend to give 
details of the designs of the main structures, and 
propose commencing with the most important 
features, namely, the large lock structures. It 
will be well to recall as a preliminary that there 
are eight locks, five of which are single locks, while 
the other three are double locks in a continuous 
flight. While, with the exception of Lock No. 8, 
the construction of which was described in our issue 
of December 13 (page 763), the main dimensions 
of all are similar, there are individual differences, 
due to site, &c., to which some reference will be 
necessary, and for this reason it will not be possible 
to consider any one structure as completely typical 
of the series. On the other hand, many of the 
parts, and particularly the details of equipment, 
are standard for all locks, and it will suffice therefore 
in regard to these to deal with them in such a way 
as to avoid repetition. 

It has been noted previously that in the original 
design of the locks for the present reconstruction of 
the canal, chambers having a usable length of 800 ft., 
and width of 80 ft., were designed, with single leaf 
gates. On Mr. Alex. J. Grant, M.E.I.C., the 
present Engineer-in-Charge, taking over super- 
vision of the work, this design gave way to one 
involving mitre gates, by which a gain of 20 ft. was 
secured in the usable length, which is now therefore 
820 ft., the gate pintles being set 859 ft. apart. 
The average lift for the first seven locks of the 
series is 464 ft., this being the actual lift for Locks 
Nos. 1, 2, 3 and 7. In the case of the locks in 
flight a slight departure from the average is necessary, 
due to the fact that the highest locks are provided 
for safety purposes with double gates at both the 
upper and lower ends. The presence of the latter 
results in the area of these locks being increased, 
and in order to equalise the total volume of water 
in these top locks with that contained by Locks 
Nos. 5 and 4, into which it must be passed directly, 
the lift for Locks Nos. 6 has been made 43-7 ft., 
and for Nos. 5 and 4,47-9 ft. The lift at Lock No. 8 
at Humberstone is variable. This is not properly 
a lift lock, but is provided to make it possible to 
maintain a steady working level on the summit 
reach of the Canal, in spite of fluctuations in the 
level of Lake Erie. We have pointed out that 
such fluctuations may range over as much as 12 ft. 
ormore. Although a range of 14 ft. has been allowed 
for, the average lift which it is expected to have to 
meet at Lock No. 8 is no more than 3 ft. This 
lock is 1,380 ft. in length, and it will therefore be 
possible to pass more than one vessel through at a 
time, though even with single vessels the small 
lift will not involve the waste of much time or 
water. 

In connection with operation a number of 
features have been embodied in the design of the 
lock structures with the object of ensuring safety. 
Accidents have been very frequent in the present 
canal due to steamers passing into the locks not under 
proper control, and crashing through the head gates. 
It will be remembered that, on the Panama Canal, 
8o great stress is laid on the need for proper control 
that vessels are not allowed to work themselves 
through the locks, this being arranged for by means 
of towing locomotives on the lock walls. It is 
not proposed to adopt such equipment on the 
Welland Canal, but the precaution has been taken 
in the case of all locks of providing long approach 
walls, to enable vessels to draw in and get out 
warping lines well away from the lock gates. A 
further precaution against the carrying away of 
head gates has been taken by placing such gates in 
all cases on the breast wall. These breast walls are 
16 ft. 6 in. high above the water level of the lower 
reach, and any vessel moving too fast into the 
lock chamber from the lower level would come in 
contact with this part of the structure and not 
With the headgates. Furthermore in the case of 
Locks Nos. 6, 7 and 8, double sets of gates are 
Provided at both ends, so that should an accident 


still hold up the main mass of water at the higher , valves of the same type, housed in pairs, in a valve 
level. chamber in each wall near the north or lower 
As a further protection, wire rope fenders will gates. Beyond these valves the culverts change 
be installed. These will consist of 3}-in. wire | to 14 ft. by 15 ft. section, and then sweep inwards 
rope, stretched across the lock, snubbed round | with almost a right-angled bend, so that the two 
a capstan at each side, and capable of being paid | culvert mouths face each other across the lock 
out slowly under heavy load if struck by a vessel. | entrance. On the bend, the section of the culverts 
Such fenders will be installed to protect all the is gradually enlarged to 19 ft. 3 in. width and 
service gates on both sides, with the exception of | 20 ft. in height. With the two discharges facing 
the upstream side of the gates at the head of Locks | each other in this way a great deal of the energy 
Nos. 1, 2 and 7, and the downstream side of the | of the water is at once dissipated without damage 
lowest gates of Lock No. 8 and the guard gates, to the structures or trouble to near-by shipping. 
these being protected on the sides named by rolling | The two discharges of Lock No. 2 may be seen on 
lift bridges spanning the entrance. Again, it may | the right and left hand of the view reproduced in 
be mentioned that the gates themselves will be! Fig. 208 on Plate XI. 
fitted with safety horns, a device which provides; In addition to the culverts, a mooring passage 
a measure of support for the leaves, even if the runs along each wall, with floor 29 ft. below 
mitre is broken by collision of a vessel, and ensures | coping level. These passages are 6 ft. 6 in. high 
the leaves mating again properly, provided the | and 3 ft. wide. They are set back 5 ft. from the 
distance a leaf is moved is not over a limit of a few | wall face, and, at intervals on 60-ft. centres, have 
feet. All these features will be described in due| branches of the same height and width opening 
course, as will also the emergency dam to be/on to the face, and finished with mooring post, 
installed at the guard gates, for the purpose of | guard and rail. At three points in the back of the 
affording protection near the end of the summit | lock wall spiral staircases give access te these 
level in the event of failure of the guard gates | passages from coping level. In the upper part of the 
themselves through collision, &c. Such features | wall, towards the back and 12 in. below coping level, 
are only referred to now in passing, in order to is a large cable tunnel or gallery, 10 ft. high and 
complete the reference to protective features dis-|6 ft. wide, and immediately below this is a drain 
cussed above. \4 ft. 6 in. wide by 5 ft. high. This drain falls 
As typical of the single lock structures we give a|towards the north, and from its end, near the 
general plan of Lock No. 1, omitting the approach | north end of the chamber, a 24-in. drain is carried 
walls, in Fig. 211 on Plate XIII. The lock chamber | first on a small slope and then vertically downwards, 
is shown in the upper part of this drawing, the lower to join the main culvert discharge. 
level, at the north end, being on the right. At The invert of the lock chamber floor is struck to 
the lower left hand is the corner of the pondage | a radius varying from 89 ft. to 255 ft. in different 
for this lock, communicating direct with the intake , locks, giving a difference in level from the centre 
monolith a for the filling culverts. | of floor to the toe of the side walls of from 3 ft. to 
Just to the right of the intake is a regulating | 5 ft. For the greater part of the length of the 
weir at b, provided for the purpose of maintaining | chambers the floor thickness is 3 ft., but at the 
correct level in the pond and reach above the|south end for some 60 ft. near the breast wall, 
lock. Extending alongside the lock to the right | this is increased to 5 ft. The smaller radius of 
of this structure is a concrete-lined waste raceway c, | 89 ft. for the invert floor was used only in the 
terminating at its lower (north) end in a stop-log | special case of Lock No. 3. At this lock site 
weird. Beyond this the waste channel turns into|a great deal of trouble was experienced owing 
the prism, enlarged considerably at this point,|to the tendency, as already described in detail, 
in order to minimise the possible effect of eddies, | for material on the west side to form slides. It 
&e., due to the waste weir discharge. The lower! will be remembered that the west wall of this 
entrance, waste weir, &c., are well shown for Lock | lock was for this reason built in the early stages 
No. 1, in Fig. 207 on Plate X1. as a retaining wall. In- order to increase the 
The subsidiary structures of the regulating and| support to the toe of this wall, the lock floor is 
waste weirs will be dealt with separately at a/6 ft. thick at the haunches and struck to the small 
later date. At the moment we propose to confine | radius stated, the slab terminating on both sides 
ourselves to the locks proper. These are mostly ;on radial inverted skewbacks as shown in Figs. 215 
gravity wall structures, founded on rock, with and 216. Here, as at Lock No. 2, the floor is not 
floors also laid on rock and anchored thereto by laid upon and anchored to sound rock, and any 
anchor rods. The walls have a height of 81 ft. 6 in. | uplift must be carried by arch action in the floor slab. 
from toe to coping and a maximum width at the The breast wall will be seen more clearly in Figs. 
base of 46 ft. They are stepped in towards the | 217 and 218, showing the south end of Lock No. 2 
top at the back to a width of 16 ft. which holds | in the detail views Figs. 234 and 235, on page 158, 
for the upper 24 ft. An excellent idea of the/and also in the views reproduced in Figs. 208 
structures may be obtained from Figs. 208, 209, to 210, Plates XI and XII. It is struck to a 
and 210 on Plates XI and XII. A typical section | radius of 53 ft., and has a thickness of from 18 ft. to 
taken from a drawing of Lock No. 2, is given in| 24 ft., the back, however, being formed of three flat 
Fig. 213 on Plate XIII, which also indicates the faces instead of being curved. Beyond the breast. 
position of the filling culverts, running parallel | wall the floor of the entrance is continued flat with 
with and set back 18 ft. from the face of the walls. | a thickness of 3 ft., for a distance of about 110 ft. 


wall, the one running direct from the intake a, | 


Fig. 211, along the east wall, while that in the west 
wall is connected with the intake by a large 
culvert running under the lock floor as shown in 
the section, Fig. 214. The filling culverts are 14 ft. 
wide and 16 ft. 6 in. high, with arched roof. They 
communicate with the lock chambers by means 
of right-angle laterals 3 ft. wide and 4 ft. high, 
spaced at 30-ft. centres, thus providing 25 branch 
openings in the length of the lock chamber wall 
on each side, as in Fig. 212. The main cross culvert 
at the head of the lock is rectangular and 14 ft. 
high by 15 ft. wide, the risers joining the horizontal 
length by means of curves struck from the same 
centre, giving a 4-ft. radius of the inside and 18-ft. 
radius on the outside. 

Supply to the main culverts is controlled by 
four valves in the intake monolith. These valves 
are of the Taintor gate type, with openings 
7 ft. wide by 15 ft. high. This type of valve 
was adopted as saving a great deal of space as 
compared with cylindrical valves. The discharge 








occur for some reason to one set, the other would 





from the lock chamber is controlled likewise by four 





The lock is filled by one culvert in each side | At the lower entrance the concrete floor or apron 


extends about 170 ft. beyond the gates, ending in a 
shallow cut-off wall, let into the rock. These 
details vary in the several locks for sundry reasons, 
such as varying quality of rock foundation, the 
presence of bridge substructures, &c. In the case 
of locks Nos. 1, 2 and 3, the lower entrance and cham- 
ber are founded direct on rock, but the upper 
entrance of Nos. 1 and 2 is built on bearing piles. 
Where employed under the concrete floors of the 
upper entrances, these were driven at about 8-ft. 
centres in staggered lines, while under the walls 
they were spaced at 2-ft. and 3-ft. centres. Along 
the inner toe of the walls lines of close bearing piling 
were driven. 

The mitre gates are sufficiently wide to stand out, 
from the wall when closed at an angle of Tan 4 = 
26° 33’ 54”. This has involved gates of a width 
making necessary gate recesses about 55 ft. long. 
The recesses are 7 ft. deep, and when the gates stand 
back in them, their downstream fenders are flush 
with the lock wall. We have already recorded the 
fact that work was so far advanced on some of the 
structures, viz., Locks Nos. 1 and 6, that when the 
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design of the gates was modified, alterations were 
required to some of the concrete work already done. 
In some instances the recesses provided for the 
larger single-leaf gates had to be reduced to suit 
the smaller size of the mitre gate leaves, while on 
opposite sides, where no recesses existed, the concrete 
had to be cut out to suit the new plan. Other work 
also was involved in connection with breast walls 
and sills. Figs.217 and 218, however, represent the 
work at Lock No. 2, which only reached a stage 
when these features were commenced, after the final 
plans had been adopted, and is therefore without 
modifications which would be revealed, for instance, 
in drawings of the breast wall of Lock No. 1 to be 
seen to a small scale in Fig. 212. 

The upper sill in locks with a single pair of upper 
gates, well shown in the typical view, Fig. 210, is | 
placed upon the top of the breast wall, and outside 
this, the floor is lowered, as in Fig. 218, to form a 
shallow pit, 6 ft. deep, over which the gates work 
into their recesses. This is bounded on the far side 
by a vertical 6-ft. face, beyond which the entrance 
floor is continued on a level with the top of the sill 
wall. In the case of locks with twin sets of upper 
gates, this arrangement of pits is repeated for the 
outer gates. On these depressed floors are small 
concrete walls, 3 ft. 8 in. high by 3 ft. 7 in. thick, 
curved to a 41-ft. l-in. radius struck from the gate 
pintle centres. These are provided with cast-iron 
facings on the outside, and act as guides for the 
cables of the gate-operating gear, as will be described 
in a later section. These dwarf walls form a notice- 
able feature in the foreground in Fig. 210. 

At the lower gates much the same arrangements 
hold, but where unwatering gates are provided, as 
in Locks Nos. 1, 4, and 8, reverse sills are also pro- 
vided at the lower entrance for the timber un- 
watering gates. ° 

Details of the sill walls above the breast walls are 
shown in the two drawings, Figs. 234 and 235, on this 
page. The sills are fitted with 14-in. by 174-in. white 
oak timbers set with the short face vertical, and laid 
to a true seat on the sill with a floating bed of 
cement mortar | in. and 14 in. thick for the hori- 
zontal and vertical faces, respectively. The sill 
timbers, protected by being sunk below the top of 
the sill wall are bolted down to the concrete by 1-in. 
bolts at 2-ft. centres. These bolts are let 2 ft. 
into the concrete, and. have large square washers 
under the lower head. They were set in the concrete 
in lengths of 4-in. pipes, which were filled with grout 
when the bolts and timbers were finally set. 

The discharge valve chambers are illustrated by 
the typical drawings, Figs. 219 to 221, these also 
actually relating to Lock No. 2. At these points 
the arched culverts open into an open-topped 
chamber, 15 ft. 6 in. wide and 21 ft. 8 in. long, 
divided into two by a pier 18 in. thick. The valve 
chamber is extended to coping level by means of 
a shaft of similar length, but 16 ft. 6 in. wide, on 
one side of which is a corbelled shelf 3 ft. 6 in. 
wide, provided in connection with the valve- 
operating gear. The pier dividing the chamber 
into two only extends some 18 ft. above the floor, 
or about 3 ft. above the crown of the culvert 
arch. These piers or walls are extended 6 ft. up 
and down the culvert beyond the limits of the valve 
chamber, and terminate at both ends in cut-waters, 
ending in cast-iron guards of 3-in. radius. 

The intakes vary to some extent with the locks, 
according to site, &c., but are generally of the 








type shown in Figs. 222 to 227, on Plates XIII and 
XIV; Fig. 225 is a view of the intake of Lock 
No. 1, while the drawings relate to Lock No. 2. 
The monolith provides for four intake valves, the 
full width of opening of 40 ft. being divided by three 
4-ft. walls at the gate evel, reduced to a thickness 
of 2 ft. 7 in. in the upver part. The valve shafts 
are closed on the intake er pond side by a curtain wall 
4 ft. 6 in. thick, in front of which the dividing walls 
extend outwards in buttress form with a batter of 
1 to 2. Across the face of these are reinforced 
concrete beams 3 ft. deep by 15 in. thick, details of 
which are shown in Figs. 223 and 224. Ledges are 
provided, as shown in Fig. 226, to carry trash racks. 
The toes of the buttresses are carried by a heavy 





concrete wall founded on piles, and the forebay of 
the intake is finished with floor slab 2 ft. thick ; 
Figs. 226 and 227 show how two of the valve 
chambers supply the east main culvert direct, while | 
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the other two communicate with the west culvert 
by way of the cross culvert or tunnel under the lock 
floor. 

The single lock at the summit differs mainly 
from the lower locks Nos. 1, 2 and 3, from the fact 
that it is excavated wholly in rock. The proximity 
of the present canal works has also resulted in 
modifications in connection with the provision of 
the regulating weir for the pondage, so that this has 
influenced the layout to some extent. Except, 


LOCK N°2. ; 


Fig. 234. # 
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on page 159, the culvert in the east wall is supplied 
from a sump 10 ft. deep extending across the 
entrance floor, at right angles to the wall. The 
culvert in the wall is 13 ft. 6 in. wide by 15 ft. 
high, as is shown in Fig. 229, and some 40 ft. from 
the mouth is provided with two standard Taintor 
valves, beyond which the section is somewhat 
reduced. Past the double gates the width of 
this culvert is contracted from 13 ft. 6 in. to 8 ft.. 
while the height increases to 24 ft., the top being 
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this lock presents few points which need 
illustration or description. The section, 
therefore, given in Fig. 236, annexed, will 
suffice in this case and shows the culverts, 
mooring passage, &c., as in the structures 
already described. It also shows the 
means employed for anchoring the struc- 
ture to the rock, referred to later, and in 
addition to the other passages, a circular 
culvert, 8 ft. 6 in. in diameter, in the 
west wall. This culvert is continued right 
down to the foot of twin Locks Nos, 4. 
For part of the way it consists of a welded 
steel pipe run behind the west approach 
wall extending continuously between 
Locks Nos. 7 and 6. It then continues 
through the west wall of the structure of 
the twin Locks Nos. 6 and 5 asa reinforced 
concrete culvert, while in twin Locks 
Nos, 4 it is again a steel pipe, embedded 
in the back of the wall. This pipe line 
forms the penstock for the power station 
which is being installed at the foot of 
the flight of locks. The head available 
will be 186 ft., and as stated on page 7, 
vol. exxviii, three 5,000 h.p. turbines will 
be provided. Lock No. 7 is designed for 
the full lift of 463 ft. and its walls are, 
therefore, the same height above the lower 
gate sill platform as those of Locks Nos. 1, 
2 and 3, viz., 81 ft. 6in. At Lock No. 8, 
also in rock cut, the lift only requires 
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walls of a height of 44 ft. This lock 
presents a number of features quite dis- 
tinct from the others, and is illustrated 
in Figs. 228 to 233, on Plate XV, and 
Figs. 237 to 240, on page 159. 

As already noted, it is of exceptional length, but 
the average lift is low, being only about 3 ft. For 
most of its length the side walls consist of little 
more than concrete facing 5 ft. thick anchored to 
the rock, the wall section being enlarged for the 
upper 13 ft. 6 in. to 15 ft., so as to accommodate 
the cable gallery, 6 ft. wide and 7 ft. high, set back 
as in other locks, 8 ft. from the face, together with 
the drain below. These features are well shown 
in the typical section given in Fig. 233, on Plate XV. 
In this lock the filling and emptying arrangements 
are confined to restricted areas at the south and 
north ends, respectively. At the south end, of 
which drawings are given in Figs. 237 and 238, 
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arched, as in Fig. 230. This change in height takes 
place over a length of 150 ft., in which distance 
12 right-angle branches 5 ft. high by 4 ft. wide 
open out into the lock chamber. 

On the west side the wall has been designed of 
gravity section, since, if traffic warrants it in the 
future, the lock will be duplicated on this side. 
Sufficient rock has, in fact, been removed behind 
the west wall to prevent danger by this procedure. 
The filling culvert, in consequence of this, more 
nearly resembles those of the standard locks as 
regards section, but the intake is in the head of the 
west wall and partly recessed into the west approach 
wall, as shown in Fig. 237. If duplication 1s 
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both intakes. 


Fig. 237. 
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Fig. 238. 
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the east side, though the main culvert does not 
change form to the same extent, remaining through- 
out 12 ft. wide beyond the Taintor valves. Stop-log 
slots are provided throughout on both sides of such 
valves for unwatering. 

At the north end, discharge arrangements of a 
similar kind are provided. On both sides there are 
12 branches from the lock chamber connecting with 
the main culverts, each provided with two standard 
Taintor gate valves. Beyond these, the main culverts 
*xtend past the double gates, and turning at right 
angles discharge facing each other across the lower 


proceeded with, this approach wall would be de- 
molished, and the lock structure centre wall com- 
pleted with a semi-circular monolith accommodating 
Inside the lock chamber the arrange- 
ment of the culvert branches is similar to that on 


be-45"0™->«--48- 0-->ie—--55- ee 05/a-—-><~----72- 0° 
I | 
| 
| 










16-04 


Discharg 
Valve P 
Chamber 





entrance. 


in Figs. 239 and 240. 


As this lock can only be unwatered by the use of 
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The discharge mouths are enlarged to 
16 ft. wide by 18 ft. high. The discharge is indi- 
cated in the cross section given in Fig. 232, and 
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north gates is filled by two lateral culverts under the 
lock floor, connecting with the main culverts, 
fitted with valves in the side of the main culverts. 
These twin culverts may be seen-in Figs. 239 and 
240. A 4-ft. by 4-ft. equalising culvert is also pro- 
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unwatering gates and the employment of pumping, a 
pump pit is arranged in the north end of the east 
wall. Drains are led to this from various points. 
A sump is provided close inside the unwatering gate, 
and a culvert runs under the floor to the west wall, 
to serve a future duplicate lock, as shown in 
Figs. 239 and 240. Three pumps are installed, 
coupled to a common discharge, which ends in a 
swan neck, terminating in a 4-ft. by 9-ft. mouth in 
the lower entrance wall. This is shown in the cross 
section, Fig. 231. 

As in Locks Nos. 7 and 6, the space between the 
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vided at the south end from the entrance to the space 
between the gates. 


(To be continued.) 











SwEDISH AMBULANCE AEROPLANE.—A new ambulance 
aeroplane has recently been delivered to the Swedish 
Red Cross organisation. It is an all-metal machine, and 
is fitted with a Junkers 280/310-h.p. engine. The cabin 
is arranged to take two stretcher and two seated cases, 
With full load the range is 800 km. (496 miles). The 
aircraft, which is equipped to alight on water, land, or 
snow, will be stationed at Haiggenis, Jemtland, Central 
Sweden. 
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HANDLING AND ERECTING GEAR 
USED AT THE GODAVERY BRIDGE, 
INDIA. 


In a Technical Paper* recently issued by the 
Railway Board, India, Mr. R. V. Gregory describes 
the construction of a bridge built in 1925-1927 to 
carry the Kazipet-Belharshah railway over the 
Godavery River. The chief interest in the paper 
lies in the description given of various tools and 
gear used on the works, which were constructed on 
the spot, largely out of second-hand material. The 
bridge, though it has a total length of 3,800 ft., is 
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The masonry above the curb was laid in 1 to 5 
cement mortar and incorporated in it were steel- 
bonding rods. On reaching foundation level the 
wells were sealed with concrete and then filled with 
sand up to within 6 ft. of the top, the remaining 
space being plugged with a weak cement concrete. 
Well-sinking plant was ordered in England, but 
pending its receipt, some progress was made with the 
extemporised hand grabs illustrated in Figs. 1 and 2. 
These were fashioned by fixing bamboo rods to Bell 
dredgers of 5 cubic ft. capacity. By means of the 
rods the grab could be worked into the sand, and 
when full was closed and lifted by a small steam 
































was built up of 12 in. by 12 in. timbers supported 
on ballast trucks, from which the sides had been 
removed and the springs chocked by wooden packing. 
The tracks on which the trucks ran were spaced at 
14-ft. 4 in. centres. The jib was also constructed 
of 12-in. by 12-in. timbers, and a steam boiler and 
5-ton winch were mounted on the base frame. as 
indicated. The crane was shifted from pier to pier 
by hauling on a warping rope secured to the track. 
These cranes were also used for operating an 
improvised under-cutting and scraping tool. de- 
scribed below, and for depositing the concrete 
by which the bottom of each well was sealed. 











































































































iz y 
SECTION B.B. q| 
. ] = Indicato 
rt Fig.5. { L343 20ft Long. 
Fig.1. Fig. 2.4) ‘ 
it - 3:0" ae oe 
i ae ie a | ZLS S3*VG Thich 
| = 
16:0 Bamboo k------— 4:0-——--—- 2 a i 
5 Fig.6-secrion AA 7 | 
| ae, 5g'Plate Crane Rope+~—, 
a oe 
Sm «COB 
fal vi 
“ en | 43 +34 L 4'Long 
Hardwood / aan 
innit a ae eo F. | 
= 1.23 = ews ne ?. 
Lt... r / ~~~; \66%Lb EF Rail 
! . / es 
rd mj \ Fig. 7. JU fn 2. 6 Plate 
if) |. WI OAM S'Row 
C-} * ~ 
of i ® / 
2/793" / ‘ 
D.ARail- 
1% 
2h A 
4 
Bolt 
i - 
See SES SORES ide aes 
(598A) “ENGINEERING” 
not otherwise noteworthy, and no serious difficulties i | ——_—— 
were encountered either in sinking the foundations 
or in erecting the superstructure. It comprises 
forty-four 80-ft. plate-girder deck spans carried | 
on masonry piers, resting on masonry wells | Fig.4 
sunk to rock through the sands of the river bed. | _ 
The girders weighed about 45} tons each, and were 
obtained from Germany, being delivered f.o.b. | 


Antwerp at a cost of 101. 18s. 9d. per ton. 


The river bed was almost dry during several | 


months of the year, so that service lines could be 
laid on its bed, the remanent waterway being 
spanned by two 20-ft. girders. These had to be 
removed each year before the onset of the monsoon. 

A white quartzite stone was used for the masonry 
of both the piers and the wells. The quarry was 
about six miles distant from the bridge works, 
and the best stone was situated at the top of a hill. 
To the bottom of this it was transferred down slides 
improvised out of pairs of old flat-bottomed rails 
placed upside down and tilted slightly towards each 


other. 


About one-half of the foundations were more than | 


25 ft. in depth. It was originally intended to 
construct those of less than this limit, by means of 
cofferdams, but ultimately it was decided to use 
wells throughout, a lhyhter type being employed for 
the shallower foundations. The deep wells were 
15 ft. in diameter with a wall thickness of 3 ft. 9 in., 
and were pitched at 21 ft. centres. The masonry 
was not dressed at the outer surface, but was roughly 
smoothed off with cement. 

The well curbs were of reinforced concrete, 
the cutting edge being of steei plating. The total 
weight of metal in the curb, including all reinforce- 
ment, was about 1:91 tons. The shallow wells 
had thinner walls and their curbs much less steel. 





* Technical Paper, No. 268. Jovernment of Indiax 


Central Publication Branch, Caleutta, 1929.) Price 
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winch. The limit of depth, however, at which these 
tools could be effectively used was about 12 ft., but 
in all some 200 ft. of sinking was accomplished in 
this way, four of the grabs being used simultaneously 
in each well. Their use was discontinued on receipt 
of the plant ordered from home. These were mainly 
25 cub. ft. Stothert and Pitt sand grabs, which 
are stated to have proved extremely efficient, and 
were responsible for most of the excavation, whilst 
Priestman grabs were used where harder material 
was encountered. 

In view of the large number of wells to be exca- 
vated, it was necessary to be able to shift gear 
easily from one to the other. With this object in 
view the two special dredging cranes illustrated in 
Figs. 3 to 4 were improvised. The base frame 
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The shallow wells were all dewatered by means of 
centrifugal pumps, of which two with 10-in de- 
liveries were in one case required. The deep wells 
were not dewatered, and this necessitated the employ- 
ment of divers, whose work was reduced by the 
adoption of the undercutting tool already referred to. 
This is illustrated in Fig. 5 to 7. It was con- 
structed out of old rails, to which chisels were 
secured, as shown. The total weight of the tool 
was about } ton. Its action was confined to 
scraping the bottom of the wells and_ pulling the 
spoil into the centre, where it could be picked up 
by the grab. A vertical rod, built up of two 
3 in. by 3 in. by g in. angles rises from the hor- 
zontal part of the tool frame, and the uppe! end 
of this rod was attached toa crab winch, as ‘st 
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seen in Fig. 8. The crane is coupled to the other 
end of thisframe. An indicating bar is also secured 
by chains to this horizontal section of the tool 
frame, and the chains are kept taut by a 
counterweight as shown in Fig. 8. This indicator 
tilts with the frame, and shows the surface men at 
each instant the attitude of the tool below. In 
using the appliance, the length of rope from the 
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winch was adjusted so that, as the tool was lowered 
Into the well from the crane, the weight was 
transferred to the winch just as the tool came level 
with the top of the curb. On slacking off the crane 
tope the chisels get under the curb, as indicated 
in Fig. 9, and the whole was then lowered down till 
the bottom was reached. By hauling on the crane 
Tope, the tool then scraped away the material, 
collecting the debris in the centre. 

This procedure was found better than the alter- 
native of making greater use of divers. At the 
outset, indeed, difficulty was found in securing from 
the divers a reasonable amount of work. This was 





overcome by an ostentatious discussion of alter- 
native methods of doing the work ; by giving a bonus 
for time saving, and by adopting the pneumatic 
system in two cases, a second-hand air lock being 
available. In one of the wells founded in this way, 
the rock was 7 ft. below the cutting edge at one 
point, whilst the curb was in full bearing for two- 
thirds of its circumference. The air lock was wanted 
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In the first instance the derrick was mounted on 
the pier, as represented in Fig. 14, and used to build 
up the masonry to the levels indicated by the 
dotted lines. The end A was then uncoupled from 
its anchorage to the ground and the end B anchored 
in its turn. By pulling on the anchor ropes the 
whole derrick was then tilted and dragged into the 
position shown in Fig. 15, and used to build up the 
masonry on the other half of the pier, as indicated 
by the dotted lines. This operation of building up 
the masonry alternately on each side of the pier 
was repeated until coping level was attained, after 
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for use on the other foundation, which it was neces- 
sary to finish, if possible, before the onset of the 
monsoon. ‘The well was therefore founded as it 
stood, and to buttress it on the unsupported side a 
second well was sunk as indicated in Figs. 10 and 
11 above. The two were braced together at the 
top by concrete and masonry reinforced with old 
rails. 

For building the masonry of the piers great use 
was made of the tilting derrick, illustrated in Figs. 
12 to 15. This was built on the spot of light parts, 
assembled in such fashion as to be easily erected 
and taken apart, thus facilitating transfer from 





pier to pier. 


















































which the derrick was taken apart and re-erected 
on another pier, which was then built up in the same 
way. 








British Propuction or Pic-IRon aND STEEL.— 
According to the monthly memorandum of the National 
Federation of Iron and Steel Manufacturers, Caxton 
House (East), Tothill-street, London, 8.W.1, the number 
of blast furnaces in operation at the end of December 
was 162, a net decrease of one since the beginning of the 
month. The production of pig-iron during December 
amounted to 643,000 tons, compared with 631,400 tons 
in November, and 540,000 tons in December, 1928. 
The December output of steel ingots and castings totalled 
661,200 tons, against 815,000 tons during November, and 
683,100 tons in December, 1928. 
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Select Methods of Metallurgical Analysis. By W. A. 

NalsH and J. KE. CLENNELL. London: Chapman and 

Hall, Limited. [Price 30s. net.] 

Tue authors of this work, who have had wide experi- 
ence of metallurgical analysis, have made a compre- 
hensive collection of the methods available, not 
merely for the determination of the common metals, 
but also for that of the rarer elements. Sir H. C. H. 
Carpenter, who has written an introduction, points 
out that no single book has before been produced 
which covers the same ground, and that it constitutes 
a useful work of reference for professiona] metallur- 
gists, assayers, chemists and students. This view 
can be cordially endorsed, the authors, while 
making the collection, having exercised a judicious 
selection, and chosen the methods given because of 
their practical value in enabling the execution of 
rapid and accurate work. Not only have they made 
an extensive search of published literature, as 
evidenced by the many references given ; they state 
that they have also tested most of the methods in their | 
laboratory, which much increases the value of the 
collection. The bibliography is arranged in a 
convenient manner, permitting ready reference for 
more detailed information should this be felt 
desirable. The necessity for this should, however 
only rarely arise, the methods given being described 
in clear and precise language. Besides these 
descriptions, particulars are given of the properties 
of the elements and the chemical reactions on which 
the analyses are based. 

The first section of the book contains a_brief 
note on the sampling of ores, alloys, &c.; quali- 
tative analysis, including the separation of rare 
elements, with appropriate tables and confirmatory | 
tests ; methods of solution and separation ; and the 
preparation of samples for quantitative analysis. 
This is followed by a section giving the reactions 
and methods for determination of the elements, 
these being arranged in alphabetical order. As 
already indicated, the general properties of the 
elements are given, followed by various methods of 
analysis, the controlling circumstances which lead 
to the adoption of a particular method in any 
specific case being discussed, with notes regarding 
the relative speed and accuracy. The methods 
given include electrolytic, volumetric and _ colori- 
metric, as well as gravimetric analysis. There is 
then given the bibliography for the particular 
element being considered, the references being 
grouped in a convenient manner. The next sections 
deal with the analysis of commercial metals and 
alloys, such as copper, bearing metals, steel, ferro- 
alloys, &c. ; the complete analysis of ores and slags ; 
the assay of metallurgical products such as “ pre- 
cipitates,” scale, &c. ; and the analysis of refractory 
materials and coal. The concluding section contains 
chapters on electrometric titrations ; the analysis of 
minerals—as distinct from assaying ; and spectrum 
analysis. The latter chapter discusses the apparatus 
and methods adopted, comparisons made of spectro- 
graphic and chemical analyses showing close agree- 
ment and justifying the view that the spectroscope 
may prove of great service to the analyst. 





Ingenieurgeologie, By Dr. K. A. Reputcu, Dr. K. V. 
TeRzaGHI and D. R. Kamrg. Vienna: Julius Springer. 
[Price 57 marks. | , 

GEOLOGY is a valuable ally, not only of that 

branch of engineering to which it can most 

obviously be of service, viz., mining, but also to civil 
engineering and to a lesser extent to architecture 
and agriculture. However, each of these fields of 
application have by their very nature varying 
demands to be fulfilled ; in a general way the miner 
is concerned with the winning of minerals, while 
the civil engineer is interested in the structure of 
the earth's crust at shallower depths, the architect 
only as deep as the foundations of his tallest 
building, and the agriculturist merely in the subsoil. 

It is natural and convenient, therefore, that the 

literature of geology should include works which 

deal with the subject from various angles in accord- 
ance with specified practical requirements. 

In the book now under review, geology is dealt 
with from the practical standpoint of the civil 
engineer, whose diverse requirements are treated 


| dealt 





in turn. It follows that the arrangement of the | 


book must be dissimilar from that of the usual | 
geological treatise, and its special value to the | 
engineer is apparent by a glance at some of the | 
section headings. But before making reference to| 
these it may be mentioned that Ingeniewrgeologie | 
has been specially written by geologists who are 
experienced in the requirements of the engineer. | 
Dr. Redlich is professor at the German Technical | 
High School at Prague; Dr. Terzaghi is professor | 
at the Institute of Technology at Cambridge, 
Mass., U.S.A., whilst Dr. Kampe is manager of the 
control board of Springs and Wells at Carlsbad. 
Apart from the main sections dealt with by the 
three co-authors there are numerous contributions | 
by a number of others who are also specialists in 
some particular branch of geology, or of its appli- 
cations. 

The book is subdivided into 15 sections of varying 
length and importance. General considerations of 
an introductory nature are dealt with briefly, | 
followed by a section on petrography contributed | 
by Dr. Preclik who deals with this important | 
subject very thoroughly. 


The section on the | 
classification of rocks, with special chapters on 
eruptive, sedimentary and metamorphic rocks is 
followed by chapters on examination, analysis, and 
physical and mechanical tests, which treat of the 
suitability of rocks for certain purposes such as 
road making, use as concrete aggregates, con- 
structional work of various kinds, abrasives, &c. 
Weathering and methods of preservation are also 
with. Comparatively short sections are | 
devoted to such subjects as ores, fireproof materials, 
binding aggregates for mortar and concrete, earth 
movements (tectonics) and earthquakes. On the 
other hand comprehensive treatment is given 
to the more complex undertakings of the civil 





| engineer, such as foundations, tunnels, dam con- | 


struction and difficult problems often arising from 
natural, or other conditions, which involve land- | 
slides, subsidence, and so forth. The section on | 
water by Dr. Kampe covers some 60 pages and 
deals with the physical and chemical properties 
of the various kinds of water, such as river, lake, 
sea, and underground waters and mineral springs, &c. 

In important engineering undertakings the services 
of geological experts are often obtained, before 
work is commenced, in order to prepare geological 
maps and sections of the area under consideration, 
and to provide descriptions of the rock formations 
below the surface, their character, composition and 
strength, &c., with the object of enabling the 
engineer to decide on the most suitable location for | 
the proposed structure or work, and also to enable | 
him to provide in his designs for any peculiarity or | 
weakness in the underlying strata. The data upon | 
which the geologist has to base his conclusions is 
often limited to that provided by local outcrops of | 
rocks, and sometimes, as in towns, is limited to | 
the information supplied by geological survey maps. | 
In such cases it is scarcely to be wondered if the | 
conclusions obtained by purely empirical means | 
have sometimes proved unreliable. In many | 
cases bore-holes are drilled to test the actual | 
conditions below the surface, and this procedure, | 
obviously supplies the geologist with practical | 
data. In practice, however, the description of the | 





drillman ; but this has not always led to satisfac- 
tory results. 
deposits is a matter of personal judgment, and the 


standardised, although attempts to devise a means | 
by which this could be done have been and continue 
to be made. Meanwhile, this remains as one of the | 
least defined, and yet one of the more important | 
aspects of technical geology, and the most expe- | 
rienced engineer is unable to express his experience | 
in terms of definite value. 

The importance of a correct appreciation of 
geological factors in connection with engineering 
operations has probably been more emphasised and | 
brought to general notice in the case of dam con- 
struction than in any other branch of engineering. 
Some dam failures which have occurred in recent 








years have accentuated the fact that it is necessary 


The classification of sedimentary | of Rust Protection.” 


to give very special attention to this aspect of 
technical geology. It is, obviously, false economy 
which avoids the expense of employing a geological 
expert, or the drilling of sufficient bore-holes as a 
preliminary to finally selecting the site, and com- 
pletes the designs for construction without as 
complete knowledge as possible of conditions below 
the surface. An inadequate structure may easily 
cost much more for subsequent repairs and reinforce- 
ment than these preliminary investigations which, 
besides being fully justified, may also be regarded 
as a form of insurance. A number of examples of 
notable dam failures are described in the book, 
each of which is valuable for the lessons which it 
teaches. 

Despite the large amount of material contained in 
this volume, it has, nevertheless, been kept within 
reasonable dimensions by the use of small print for 
all subsidiary matter—a device already made familiar 
in the best-known handbooks. The work, excel- 
lently printed in Roman type, and well illustrated, 
will doubtless take the place it deserves as a standard 
work of reference on geology as applied to engi- 
neering. j 


Motor Vehicles and Tractors. By P. M. HELpD?. London: 
lliffe and Sons, Ltd. [Price 40s. net.] 

Mr. P. M. HeEtpt, the author of this new work on 
Motor Vehicles and Tractors is a_ well-known 
American specialist in motor engineering, and the 
author since 1912 of a number of large works on 
various aspects of motor vehicle technics. His 
present work is a closely-printed text-book and 
epitome of modern motor vehicle construction with 
scores of illustrations, mostly drawings and sections, 
embracing both European and American motor 
vehicles. The uniformity of the drawings both 
as regards size and reproduction makes the work 
pleasant to refer to, and should enhance its value 
for the student of current practice and design. 
The work, moreover, is reasonably up-to-date, 
and so far as we have tested it, sufficiently compre- 
hensive for reference. The subject matter occupies 
twenty-four chapters of upwards of 630 pages, 
and is followed by an appendix and index with some 
750 references to the text. 

The appendix matter has a general value, being 
mainly concerned with notes on hardness tests 
and treatment of case-hardening steels, propertics 
of spring steel, and a graphical exposition of 
problems of helical gearing, and some general 
dimension sheets issued by the Standards Depart- 
ment of the Society of Automotive Engineers of 
the United States. 

The order of the layout of the work is as follows : 
It begins with a general treatment and description 
of types of normal motor vehicle. This is followed 
by chapters on clutches, gearing and change-speed 
gear, transmission shafts and universal couplings, 
driving axles and differential and axle gears, with 
a special chapter on front and four-wheel drives 
and six-wheel vehicles. Then in sequence are 
discussed :—Brakes, front axles and steering gear, 
control mechanism, frames and suspension, followed 
by a special chapter on independent suspension 
systems, road wheels, chassis lubrication, petrol- 
electric drive, and chain transmission. ~ Some 
Problems of Tractor Design” occupy the eleven 


strata encountered is usually left to an experienced | pages of Chapter XXII, the two remaining chapters 


dealing with “ Fits and Tolerances ” and “ Methods 
An instructive resumé of 
| various anti-rust and preventive processes and 


descriptions assigned by the geologist might not | alternatives to painting are described, though a few 
only differ from those of the drillman, but both | of the processes are not in vogue in this country. 
of these might differ from those of the engineer. |The more recent plating processes using chromium 
It is a question of values which at present cannot be | and cadmium are briefly dealt with, and details are 


given of the Packard Company’s special process; 
which appears to give very satisfactory wear and 
polish. The Schoop process of metal spraying 8 
also briefly explained. 
Much of the matter in the chapter descriptive of 
various chassis features and components has 4 
drawing office value for its mathematical zraphs 
and analysis, while the use of paragraphs with heavy- 
type side-heads, facilitates reference, aided by the 


index. In his chapter on steering gear, a 
the Jeantaud modification of Ackermann s divid “ 
poi 


axle, the author favours the in-front-of-axle : 
for the intersection of the V lines through = 
steering pivot heads and cross-bar eyes, for modern 
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chassis with increased wheel-base. This seems the 
most important chapter of the work, since it is 
concerned with problems of suspension and wheel 
wobble and shimmy. Dr. Lanchester’s recent 
Institution of Automobile Engineers’ paper has 
a reference in this section, and his suggested hydrau- 
lic shimmy-damping device is noted and _illus- 
trated. Free wheels or over-running clutches are 
referred to, and an example is shown. Apparently 
there is no American form of free wheel commercially 
extant, for the author mentions only one of German 
origin, besides the obviously British example, illus- 
trated on page 118 (Chapter IV). Engines are not 
included in this volume, which, it is explained in a 
preface, replaces vol. ii of the author’s Gasoline 
Automobile, from which it differs mainly (apart 
from being an up-to-date treatise) in being confined 
to design, the former volume including both methods 
of production and design. 


Strength of Materials. By J. O. Drarrty, M.S., of the 
University of Illinois, U.S.A. New York: John Wiley 
and Sons, Inc. London: Chapman and ffall, Limited. 





[Price 15s. net.] 
TxE author of this work has attempted to provide | 
a text-book on the strength of materials, suitable 
for architects and others who have not studied the | 
calculus, and whose mathematical knowledge does | 





equations as Euler’s column formula, the theorem | a8 matters progressed, « 
of three moments, and the Jaws of deflection, have |#2d_ hopes of their protagonists i 
| realised. It was hoped that the heavy cost of separating | cent. oxygen, as mentioned. _t ; 
oxygen and nitrogen from the air, by liquefaction | liquid goes up to the valve V., in which the pressure 
and rectification, would be repaid by making oxygen, | 18 reduced to atmospheric, and then trickles down 


had to be omitted, and the design of reinforced | 


concrete beams is discussed without reference to | 


the derivation or use of many of the usual formule. 


In spite of this reservation, the author has succeeded | 
in presenting the subject in a simple and concise 
form which will appeal to the non-mathematical | 


teader who is content to take some of the more 
important propositions on trust. It may be con- 


tended that this procedure is not entirely free from | 
objection, and that the blind use of formule, the | 


derivation of which is not properly understood, 
may lead to disastrous results. It must, however, 
be admitted that this applies only in a few instances 
in the work before us, and that the methods adopted 
throughout by far the greater portion of the book 
are quite sound and reliable. The knowledge 
which can be obtained in this way will, at any rate, 
tender those for whom the book is intended inde- 
Pendent of published tables, and enable them to 
make their own calculations or check results sub- 
mitted to them with a reasonable degree of con- 
fidence. In this connection, it is much to be 
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regretted that in dealing with the design of beams, 
stanchions, &¢., no instructions are given in the 
use of tables of the properties of standard rolled 
sections. 

Beginners frequently experience some difficulty 
in applying a formula to effect the solution of a 
comparatively simp!e problem, and it is generally 
admitted that properly worked out examples are 
of great assistance not only in acquiring familiarity 
with the operation, but also in inculcating correct 
methods of working. The “illustrative problems ” 
provided for this purpose and which are very 


clearly worked out in detail, constitute a valuable | 


feature of the book. The author has also proceeded 
on the assumption that the reader will be prepared 
to spend some time in working out the additional 
problems given at the end of each section. These 
are mainly of a type met with in practice, and will 
be found a great help in obtaining a sound know- 
ledge of the subject. The book is well produced, 
and should serve its intended purpose in a satis- 
factory manner. 








LINDE PLANTS FOR COKE-OVEN 
GAS DECOMPOSITION. 











Fivre-StaGe HiGH-PRESSURE NITROGEN COMPRESSORS AT SODINGEN. 


of the Gesellschaft fiir Linde’s Eismaschinen A.-G., 
of Hdllriegelskreuth, near Munich, which we describe 
below, proceeds more on the lines of the decomposition 
of water-gas than upon the isolation of oxygen and 
nitrogen from the air. With regard to the latter 
process, we may explain that the first commercial 
pure oxygen which Carl Linde put on the market in 
1902 was prepared by the application of the Joule- 
Thomson effect, and of double rectification with the 
aid of heat and cold exchange by counterflow circu- 
lation. By 1906, the Linde apparatus had assumed 
the general form illustrated diagrammatically by 
Fig. 2 on page 164. The counterflow coil A encloses 
two further systems of pipes. Compressed air enters 
at the upper end of A, while the gases richer 
in nitrogen or oxygen circulate in the other pipes in 
the opposite direction. The cooled air passes through 
the coil C, which lies in the bath D of liquid air and 
oxygen (with about 40 per cent. of oxygen); the air 
within the coil liquefies, while a thermal equivalent 
of the liquid in D is boiled away. The liquid in C 
flows through the throttle valve V, and the pipe } 


|in the lower rectification column B at a pressure of 
| about 5 atmospheres, and trickles down B against 
| the vapours rising from D. These vapours lose more 
| and more of their oxygen (down to about 12 per cent.) 


on their way to 5, and, rising to the top of the column, 
are liquefied in the condenser F, which is flushed 
outside by liquid oxygen. At atmospheric pressure 


THE complex combinations of high- and low-tem- | oxygen boils a few degrees below the liquefaction 
perature and high-pressure reactions, and catalytic | point of nitrogen at 5 atmospheres. Half of the 
not extend beyond algebra and trigonometry. It! processes, for the treatment of fuels have not been | liquid is returned to D, further stripping the vapours 
follows that the derivation of such important | considered discouraging because difficulties increased | of oxygen, so that the vapours entering F consist 


or because the original aims | of practically pure nitrogen, which is then condensed, 
were not always| While the liquid arriving in D is enriched to 40 per 


The other half of the 


lor air enriched with it, available for industrial | the upper rectifier G, in which it takes up more and 


whilst the metallurgical furnace using oxygen-enriched 
| air is still to come. 


| have a similar fate. 


One of the latest of these fuel | 
processes, the decomposition of coke-oven gas, may | 
It was first studied in order to | 
| produce hydrogen for the manufacture of ammonia, | 


combustion, but the actual developments have been | More oxygen, so that the liquid arriving in the 
mainly in other directions. The two separated gases | vaporiser 18 pure oxygen. ) t t 
have found varied applications, nitrogen even more | vapours of oxygen from the vaporiser F (outside 
than oxygen. The oxygen is chiefly required, in a|the coils) is withdrawn through the pipe f, while 
purity of over 99 per cent., for autogenous welding, | y 
|B and G oxygen is passing from the vapours into 


About one-fifth of the 


the remainder passes up into G. In both the columns 
the liquid, and the heat liberated helps to boil the 
nitrogen, which is thus rectified. The separated 
gases cool the air supplied, so that they themselves 
leave the apparatus at a temperature only a few 


|and coke-oven gas is actually producing hydrogen, | degrees lower than that of the air supply. This 


or a suitable mixture of hydrogen and nitrogen, 
for that purpose on a large scale. It may be, however, 
that the general utilisation of hydrogen in connection 
| with the long-distance supply of fuel gas, and for 
| the Bergius treatment of coal, will become the more 


nuisance and the acid fumes and dust from coal- 
burning power stations in cities will doubtless direct 
further attention to this problem. 








The decomposition of coke-oven gas by the process ! 


temperature difference constitutes part of the loss 
of cold in the apparatus, and might be diminished by 
using very large surfaces; the other loss is due to 
conduction. 

Approximately the Joule-Thomson cooling effect 


|important feature. The protests against the smoke/|increases in proportion to the pressure difference 


in the reduction of pressure. To compress the air 
to a higher initial pressure would, therefore, be useful, 


| but it would require more work. The same cooling 


effect can be obtained by compressing one-fifth of the 





164 


air supplied to 100 atmospheres, as by compressing the | 
whole amount to 20 atmospheres, but much less energy | 
is required to compress four-fifths of the air to 5 atmos- | 
pheres, and one-fifth to 100 atmospheres, than by | 
the compression of the whole to 20 atmospheres. | 
The former practice has, therefore, been adopted, and | 
the bulk of the air is only compressed to the 4 or 5} 
atmospheres required in the first column. The} 
mechanical energy required for the decomposition of 
1 cub. m. of air can thus be reduced to 0-17 horse-power 


ig. 2. OXYGEN AND NITROGEN 
ROM AIR BY THELINDE PROCESS 
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Munich, which supplied 16,000 cub. m. of nitrogen per | 
hour by the Linde system, the units each having a| 
capacity of 3,300 cub. m. per hour. 

As already mentioned, the decomposition of coke- 
oven gas is analogous to the Linde process for the 
decomposition of water-gas into pure hydrogen and 
carbon monoxide, which was applied in the synthetic | 
ammonia works at Oppau of the Badische Anilin und | 
Soda Fabrik until 1915. The Badische Company then | 
adopted a catalytic process of their own, treating | 
water-gas with steam in order to obtain hydrogen 
and carbon dioxide, CO,, the latter being useful for the 
recovery of the ammonia. Utilisation of coke-oven | 
gas for this purpose was first proposed in 1914 by 
Jegor Bronn, of the Rombach Hutte, near Metz, 
in the German patent No. 301,984. Bronn approached 
the Linde Company, and an experimental plant was 
erected at the Concordia Colliery at Oberhausen, 
Diisseldorf, in 1919. The process has, therefore, | 
sometimes been designated the Bronn-Linde-Concordia | 
process, but the technical development is entirely 


| due to the Linde Company. A similar process was, | 


however, worked out by Claude, and his plants, 


Fig.3. DECOMPOSITION OF COKE -OVEN GAS. 
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of hydrogen and 25 per cent. of nitrogen for ammonia 
production by the Mont Cenis process, and two 


| auxiliary units, each supplying 3,300 cub. m. of 
nitrogen per hour. The compressed nitrogen is th: 


refrigerating medium for the whole process. 

The principle of the method is that the coke-oven 
gas is cooled stage by stage until finally only hydrogen 
remains in the gaseous state. The low temperature 
is obtained by treating the gas with liquid nitrogen 
which extracts the heat necessary for its evaporation 
from the original gas. Heat exchangers or counterflow 
coolers are inserted at different points in order to 
withdraw the several liquefied portions, which in 
re-evaporating extract further heat. To avoid compli- 
cation in the separation processes, the purification 
of the several gases is not carried to a high degree, 
and the different portions designated on the diagrams 
and in the description as CO, &c., are not pure. The 
final hydrogen, however, must be pure, and should, 
in particular, be free from CO, which would poison 
the catalyst in the subsequent ammonia manufacture. 
In carefully-controlled plants, the Linde Company has 
reduced the CO content to 0-001 per cent. Their 
guarantee is generally for a maximum of 
0-1 per cent., but sometimes of 0-01 per cent. 
of CO. The highest purity of the hydrogen 
is not equally essential for all the catalysts in 
use; as a rule, the gas is passed over a 
preliminary contact mass, which converts 
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any CO still present ‘into CH, and H,0. 
Considering the complex character of coke- 
oven gas, it is surprising that the great 
difficulty of most refrigerating processes, i.¢., 
clogging of the pipes by solidifying constitu- 
ents, can be overcome. After the removal of 
carbon dioxide, the German coke-oven gas 
contains, on an average, about the following 
percentages of other gases: hydrogen, 53: 
methane, 26; heavy hydro-carbons (ethane, 
ethylene, &c.), 3: carbon monoxide, 7; and 
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hour, or less. The Claude apparatus of the Société 
PAir Liquide regains part of the energy by making 
the expanding gas do mechanical work. In a recent 
paper, Dr. R. Linde (son of Dr. C. Linde and now head 
of the Hiéllriegelskreuth branch of the firm) stated 
that the Claude apparatus was simpler in construction 
than his own when working with both high-pressure 
and low-pressure circulation. The expansion engines 
using only liquid air as lubricant and leather cup 
packings were, however, less reliable for continuous 
operation, and, in large plants, the Linde system was 
perhaps more economical in power consumption. 
The largest air-separation plant in existence was that 


Fig.4. LINDE PLANT FOR DECOMPOSITION OF COKE- 
OVEN GAS INTO H,.N, AJ THE MONT CENIS COLLIERY 
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nitrogen, 11. After liquefying the heavy 
hydro-carbons and the methane, there will 
remain about 75 per cent. of H,, 10 per cent. 
of CO, and 15 per cent. of N,. The CO is 
replaced by N, in a rectifying column and 
scrubber, which is washed with pure liquid 
N.. The CO, is, as stated, first removed 
by scrubbing with water e»J caustic soda. 
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Methane" || ‘(CO,N; 


H,,N; 


built in 1922 and 1923 in Belgium and France, were 
the first in the field. The delay in Germany was 
partly due to the proponderating position of the 
Badische Company in the ammonia industry. Other 
synthetic ammonia processes, known as the Casale, 
Fauser and Mont Cenis, were, however, developed, 
and the plant which we illustrate by the diagrams, 
Figs. 3 and 4, on this page, and by the photographs 
reproduced in Figs. 1, 6, 7, 8 and 9, on pages 163, 165, 
and 172, was constructed by the Linde Geselleschaft 
for the Mont Cenis Colliery, at Sodingen, near Dort- 
mund, in the Ruhr District. The plant consists of 
four units, each capable of decomposing 5,300 cub. m. 





of the Bayerische Stickstoffwerke at Trostberg, east o1 


of coke-oven gas per hour into a mixture of 75 per cent. 








Fortunately, most of the other constituents 
likely to solidify are soluble in one another 
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and in methane, CO or N,. This does not apply 
to acetylene, which is, however, soluble in water and is 
removed together with the CO, ; neither does it apply 
to benzene, which solidifies at + 4 deg. C. and has a 
high vapour tension at this temperature. Benzene. 
however, is sufficiently valuable to justify its recovery. 
as will be explained later. ; 

In the replacement of CO by nitrogen, the latter !s 
first condensed at high pressure and cooled down to 
— 165 deg. C. in a bath of liquid methane. By 
reducing the high pressure to that of the column, 
the temperature is further lowered to — 180 deg. 
This liquid nitrogen enters at the top of the column, 
and as it trickles down it takes up CO, without itsel 

















FEB. 7, 1930.] 








becoming perceptibly warmer. The liquid collecting 
at the bottom is conducted to the CO vaporiser: the 
pressure is hereby reduced to atmospheric, and the 
temperature lowered to — 190 deg., to which the 
coke-oven gas is cooled. Thus the vaporiser works at 
about — 190 deg. and the liquefier at — 165 deg. ; 
but a heat exchanger is interposed between these two 
parts of the nitrogen refrigerator and the compressor, 
in order to shift the compression into a temperature 
range in which the heat of compression can be taken 
up by the cooling water. The cycle of the operations 
will better be understood from the diagrams, Fig. 3, 
indicating the principal processes, and Fig. 4, illustrating 
the actual apparatus. In the latter diagram, L.P., 
[.P., and H.P. indicate low, intermediate and high 
pressures, and the liquids circulating in the pipes are 
generally denoted by their chemical symbols. 

The coke-oven gas will, as a rule, have been freed 
from by-products and sulphur before it is delivered 
into the decomposition plant, and will not contain 


more than 1 g. of benzene per cubic metre, so that the | 


benzene-stripping plant, shown in Fig. 4, may not be 
required. When needed, the stripping is done by 
refrigeration. Operations begin with the compression 
of the gas to 10 atmospheres in the two-stage compressor 
1, Fig. 4. In the stripping plant the gas flows, first 
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165 








are collected, and then through the coil Ein the methane 
evaporator C. The liquid (mainly methane) discharged 
into D is then passed back into C, where the pressure is 
reduced to atmospheric, while the gaseous portion 
flows through a second heat exchanger F into the coil G 
in the CO vaporiser, where it is partly liquefied. The 
uncondensed gas, which contains about 75 per cent. of 
hydrogen, the remainder being nitrogen and carbon 
monoxide, is taken to the lower part of the scrubber H, 
in which liquid nitrogen, from the auxiliary plant, is to 
replace the CO. This high-pressure nitrogen (at 200 
atmospheres) has previously been cooled in the appara- 
tus J; the nitrogen pressure is then reduced, in K, to 
40 or 50 atmospheres. Most of the gas returns at this 
pressure through J to the compressor; a small 
portion, partly liquid, is further condensed in the coils 
L and M, located in the methane and CO vaporisers, and 
is then discharged into the scrubber where it takes up 
CO while trickling down. The liquid flowing off from 
the bottom of H is brought to atmospheric pressure 
by the valve N and then returns to the CO vaporiser G 
}in which it is evaporated by the heat of the gas and 
| the nitrogen. All the constituents finally pass through 
|the various counterflow apparatus, the CO and the 
| mixture of hydrogen and nitrogen passing first through 
| F and then through A, while the methane gas is 








0-6 horse-power hour per cubic metre of hydrogen- 
nitrogen mixture. This figure includes the 0-22 horse- 
power hour mentioned. The production of the H,-N, 
mixture necessary for 1 kg. of synthetic ammonia 
would thus require about 1-8 horse-power hour, in- 
cluding the compression to 10 atmospheres. 

The scrubbers for the removal of the carbon dioxide 
from the coke-oven gas are illustrated in Fig. 6. The 
large towers are for the treatment of the gas with 
water under pressure; the final scrubbing of the gas 
with caustic soda takes place in the small scrubbers. 
The white cylinder in the foreground of Fig. 7, which 
represents the fourth unit of the decomposition plant, 
is the pre-cooler for the highly-compressed nitrogen. In 
these coils, which are jacketed with wood, the nitrogen 
is cooled down to — 45 deg. C. by means of ammonia. 
Very careful pre-cooling is required to prevent the 
formation of ice in the separation apparatus, and the 
system is duplicated for reasons already explained. The 
heavily lagged pipes shown in Fig. 8 are conduits for 
the low-pressure air, which is precooled to the same 
temperature, — 45 deg. C. The high compression of 
the nitrogen is effected in compressors, shown in 
Fig. 1, which were constructed by the Maschinenfabrik 
Siirth, one of the manufacturing branches of the 
Linde Gesellschaft. The three machines shown are 
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downwards and then upwards, in the counterflow 
cooler I and then into the ammonia refrigerator IT, 
which it leaves at —45 deg., returning again to I, 
and flowing in the opposite direction. The benzene is 
condensed on the walls of the second nest of tubes, 
and, to avoid clogging, the flow is reversed at intervals, 
by means of the valves shown, so that the frozen 
benzene melts again and can be drawn off. After this 
benzene stripping follows the CO, scrubbing by the 
apparatus 2, Fig. 4, which consists of a centrifugal 
pump 3, a Pelton wheel and an electric motor on a 
common shaft. The pump delivers water at 10 
atmospheres to the top of the scrubber ; the discharged 
water drives the Pelton wheel and recovers 55 per cent. 
of the mechanical energy so that the motor has only to 
supply 45 per cent. of the energy needed. The water, 
which removes various other impurities, can be re-used. 
[t also carries away some of the gases, but most of these 
are recovered as the hydraulic pressure is released, 
while the acetylene runs to waste with the water. Some 
0-2 per cent. of CO, will, however, remain in the 
scrubbed gas, and this is absorbed in the caustic-soda 
tower 4, supplied by the pump 5. 

The gas leaving this scrubber, which will be saturated 
With moisture, is cooled in the counterflow apparatus 6 
and in the ammonia refrigerator 7, chiefly for the 
purpose of drying it. The diagram, Fig. 3, will render 
these and the subsequent operations clearer. The 
symbols marked represent the preponderating con- 
stituents of these fractions. Cooled down to —40 deg. 
the gas enters the top of the counterflow apparatus A 
and is there further cooled by the various fractions 
from the subsequent treatment. The gas then flows 
into the separator B, in which the heavy hydrocarbons 





delivered directly into A, as it is at a temperature 
30 deg. higher. Part of the hydrogen and nitrogen 
mixture is finally warmed by the high-pressure nitrogen. 
The whole heat exchange is so regulated that the gases 
leaving are only 5 deg. colder than the gas supplied. 
While most of the gases are finally discharged at 
atmospheric pressure, the hydrogen-nitrogen mixture is 
still at a pressure of 10 atmospheres, since it has subse- 
quently to be compressed to 100 atmospheres for 
ammonia production by the Mont Cenis process. In 
the processes of the Badische Anilin und Soda Fabrik 
and of Fauser the compression is to 200 atmospheres, 
and in the Casale process to 800 atmospheres. 
Referring again to Fig. 4, we see that the mixture 
of H, and N, is produced in 8, and that it is returned 
to 6 for discharge. The bulk of the nitrogen is com- | 
pressed to 200 atmospheres in the five-stage com- 
pressor 9, and then throttled down to 50 atmospheres, | 
as in the separation of oxygen and nitrogen of the air. 
The ammonia compressor and liquefier are indicated 
by 11 and 12, respectively. Three of the four units, 
each for the decomposition of 5,300 cub. m. of coke- 
oven gas per hour, and the production of 3,300 cub. m. 
of the H,-N, mixture, are in operation, at the Sodingen 
plant, the fourth being a reserve. The nitrogen plant, 
which forms part of this installation, consists of two | 
units, each producing 3,300 cub. m. of pure nitrogen | 
with an energy consumption of about 0-22 horse-power | 
hour per cub. m. In a recent trial, conducted after | 
nine months’ operation by the Steam Boiler Supervision | 
Association of the Dortmund district, the plant ex- | 
tracted about 93 per cent. of the hydrogen in coke- | 
oven gas containing 49 per cent. of hydrogen before | 
purification. The energy consumption was less than | 
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of the five-stage type. The ammonia compressors, 
shown in Fig. 9, were constructed by the Maschinen- 
fabrik Augsburg-Niirnberg, in co-operation with the 
Wiesbaden establishment of the Linde Company. 
Plants similar to the Sodingen installation have 
recently been started up at Herne and Sterkrade, in 
the same district, and in the Netherlands. Further 
installations, now under erection in Germany, France, 
Belgium and elsewhere, bring the number of the 
Linde plants for the production of the hydrogen- 
nitrogen gas mixture up to twenty-two, and they will 
be able to deal with more than six million cub. m. of 
coke-oven gas per day. Most of the H,-N, mixture is 
made into ammonia by the Mont Cenis process. Other 
plants are for ammonia manufacture on the Casale 
system ; the first of these, built for the Union Chimique 
Belge, near Ostende, has a capacity of 40 tons of 
ammonia per day. These works employ a combination 
of the Semet-Solvay and Piette coke ovens, the Linde 
hydrogen-extraction process and the Casale synthetic- 
ammonia process. There are also Linde-Fauser am- 
monia plants in Belgium and the Netherlands, the 
latter having a capacity of 120 tons of ammonia per 
day. The aggregate daily capacity of these various 
Linde installations will amount to 900 tons of ammonia. 
This figure includes a plant of three units, each for 
dealing with 8,000 cub. m. of coke-oven gas per hour, 
for South Manchuria, now under construction. Apart 
from these, there are Claude plants for the decomposi- 
tion of coke-oven gas in France and in other countries. 
As already stated, in most of these plants the coke- 
oven gas is used for the production of synthetic 
ammonia. On the other hand, a Linde plant, at present 
the largest of its kind, has been in successful operation 





near Duisburg since last spring, producing hydrogen 
for the liquefaction of coal by the Bergius process. 
This plant, which is illustrated in Fig. 5, on page 165, 
produces 3,500 cub. m. of hydrogen per hour of 95 per 
cent. purity, from 7,000 cub. m. of coke-oven gas. 
The figure shows, on the left in the foreground, the 
oxygen vaporiser, which contains about 6,000 fine 
tubes, in which nitrogen is condensed at 4 or 5 atmo- 
spheres, whilst pure oxygen is boiling away outside. 
In the vaporiser on the right of the figure, the coke- 
oven gas is cooled, after separation of the bulk of 
methane, to — 205 deg. C. by means of liquid nitrogen, 
for the collection of all condensable constituents except 
hydrogen. The large vertical tubes enclose the heat 
exchangers for the gas; the spirals inside form the 
counter flow apparatus for the liquid nitrogen, which is 
the refrigerating medium. 

As regards the cost of coke-oven gas decomposition 
on the Linde system, Mr. F. A. F. Pallemaerts gave 
some figures when describing the above-mentioned 
Linde-Casale plant of the Union Chimique Belge, near 
Ostende, at the International Conference on Bituminous 
Coal, held at Pittsburgh in November, 1928. His 
conclusion was that hydrogen could not be produced 
for ammonia synthesis at a lower cost by any other 
process. The estimate did not assess any higher value 
to the residual gas, consisting essentially of methane and 
its homologues, ethylene, and some nitrogen, than to 
the crude coke-oven gas. Actually, the residual gas 
is more valuable, and its compression to about 30 atmo- 
spheres, for long-distance transmission, would require 
less than half the energy necessary for compressing 
crude gas of equal calorific value. The 30 per cent. of 
ethylene in the residual gas, moreover, can be used for 
the manufacture of alcohol and ether, and encouraging 
progress is being made in the utilisation of the by- 
products of the process. 








THE EMPIRE HALL, OLYMPIA. 

Tue popularity of Olympia, the well-known hall 
in the west of London, for the purposes of exhi- 
bitions, together with the periodical demands on its 
space for the display of spectacular performances, has, 
for some time past, created a shortage of adequate 
accommodation for trade exhibition purposes. In 
particular, the British Industries Fair, with the large 
yearly increase in the demands of exhibitors for space, 
has found itself faced with the prospect of being 
unable to accommodate the whole number of would- 
be exhibitors, owing to the absence of suitable premises 
of sufficient size. The expiration of the lease of some 
houses on the west of the present hall placed at the 
disposal of Olympia (1912), Limited, who had acquired 
them, a site of about a fourth of the floor area of the 
existing Olympia buildings, and it was determined 
to turn this site to account in such a way as to provide 
the largest possible addition to the accommodation 
available for exhibition purposes, with the object, in 
the first instance, of meeting the requirements of the 
British Industries Fair. 

The decision has been carried into effect with remark- 
able promptitude. The new site was only a fourth as 
large as that of the existing Olympia buildings, and in 
order to make an addition large enough to satisfy the 
probable demand, it was necessary to erect an exhibi- 
tion building of several storeys. The work was put in 
hand within a few days of the expiration of the leases, 
and, within just over nine months, the site has been 
cleared, foundations put in, a basement and four- 
floored steel-framed building, containing 7,400 tons of 
steel, erected, and the equipment of the building 
completed up to and including the first floor. In 
this extension, together with the old building, 
accommodation will be found for the British Industries 
Fair to be opened next month. The work has been 
carried out by Messrs. James Carmichael (Contractors) 
Limited, to the designs of Mr. Joseph Emberton, 
A.R.I.B.A. The consulting engineer for constructional 
work was Mr. Ewart S. Andrews, B.Sc., M.Inst.C.E., 
and for heating, ventilation, electrical work, &c., 
Mr. M. G. Bland, of Messrs. Albion T. Snell and 
Partners, the Resident Engineer being Mr. E. Lonnon. 
The steelwork was supplied by Messrs. Dorman, Long 
and Company, Limited. The rate at which the 
erection was carried out averaged 500 tons a week 
for the first 5,000 tons, completing the building to the 
level of the second floor, with a maximum of 800 tons 
in one week, a remarkable speed when compared with 
the 100 tons a week, which is said to be a normal rate 
for such work in this country. 

The building, which has four floors, in addition to a 
basement over half the site, is a steel-framed structure 
supported on stanchions, the bases of the heaviest 
of which carry 1,650 tons, The foundation of each 
stanchion is a reinforced-concrete base, 21 ft. 6 in. 
square by 5 ft. thick, resting on the London blue clay 
28 ft. below ground level. The base of each stanchion 


rests on a solid machined slab measuring 4 ft. by | 





ENGINEERING. 
4 ft. 6 in., by 84 in. thick, supported by a steel-beam 
grillage 8 ft. 3in. square, composed of six 24-in. by 7}in. 
I-beams in the upper tier, and eleven 15-in. by 7-in. | 
I-beams in the lower tier, which rests on the concrete | 
foundation. The retaining wall is of an average | 
height of 24 ft. at the back and 8 ft. thick at the base. | 
Above the basement level, the thickness of the wall is | 
5 ft., except for the top 6 ft., which are 3-ft. thick. | 
It is made of mass concrete, slightly reinforced with 
vertical steel rods. For most of the building, the 
stanchions are about 50 ft. apart in each direction. 
The main beams are plate girders about 4 ft. deep, 
with flange plates 18 in. wide, and the secondary 
girders are of plated 24-in. rolled-steel I beams, spaced 
12 ft. 6 in. apart. At the extreme east of the 
building, the wall and upper floors are cantilevered 
over at the first-floor level by pairs of heavy plate 
girders 4 ft. deep, and each weighing 22 tons, to| 
enable the foundations of the stanchions to be made | 
without disturbing the foundations of the adjoining | 
building, #.¢., the existing small hall. Another notable | 
use of cantilevers is for the support of the centre of the | 
floors, so as to enable them to be removed and leave 
a light well, the cantilevers for this purpose passing 
through the main girders. | 
The ground floor, which is intended for the heaviest 
type of loaded lorry, consists of 8 in. I-beams at 3 ft. | 
centres, the spaces between them carrying hollow | 
burnt-clay tiles supported between the lower flanges | 
of the I-beams. The spaces are filled in with concrete | 
reinforced by expanded metal and surmounted by 2 in. | 
of ordinary concrete and 1 in. of asphalt. The upper | 
floors are composed of pre-cast Siegwart hollow | 
reinforced-concrete beams, covered by 3 in. of ordinary | 
concrete and 1 in. of asphalt. 
The architecture is notable partly for a studied | 
absence of ornamental additions to the structure, and | 
partly for an unusual distribution of windows in the | 
outer walls. The stanchions and beams in the external | 
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and Company, Limited. It includes a main switch 
room adjoining the substation, with sub-switchrooms 
on each floor, all equipped throughout with circuit 
breakers. The general lighting of the hall is by 
readily movable incandescent lamps in Trapp fittings, 
which give a powerful and well-distributed light. Each 
floor has single-phase, three-phase, and direct-current 
service boards on the girders for supplying stands. 
There is also a secondary lighting system run off 
batteries, and special lighting schemes for the entrance 
hall and the external flood-lighting. Gas and water 


| services, with drain connections, are also available for 


stands. There are six fire hydrants on each floor, by 
Messrs. Nicholson, and two in the basement. As a 
whole, the needs of exhibitors seem to be supplied 
with unusual completeness. 

The existing boiler installation has been increased 
by two Economic sectional boilers, supplied by Messrs. 
Davey, Paxman and Company, Limited, each with a 
capacity of 7,500 lb. of steam per hour. The steam is 
carried some 700 ft. in two mains, respectively 4 in. 
and 5 in. in diameter. 

Two electric goods lifts, by Messrs. Waygood-Otis, 
Limited, with a capacity of 8,000 lb. at a speed of 150 
ft. per minute, serve all four floors, and are run off the 
three-phase supply. When desired, they are readily 
convertible into passenger lifts for 50 passengers 
each. Messrs. Express Lift Company, Limited, are 
supplying four direct-driven, multi-voltage control 
passenger lifts, with automatic pneumatically-operated 
opening and closing gear on the car gate and landing 
doors ; all of them serve the four floors, and two also 
the basement. They can run up to a speed of 400 ft. 
per minute, and can each carry 33 passengers. 








THE WORLD’S SHIPBUILDING. 


THE outlook in our shipbuilding industry is distinctly 


walls and staircases are encased in concrete, but the | brighter than it has been for some years past. That 
main beams are left uncased, as also are the whole of | this statement is not an unduly optimistic one may 
the pipes, &c., for the electric, gas, drainage, and other| be judged from the following facts: In the first 
services. The distribution of windows is a conse- | place, 489 vessels, making together 1,522,623 tons, were 
quence of the provisions made for safety against fire. | launched in this country during 1929, representing 
The whole of the exhibition space is equipped with | an increase of 77,000 tons over the total for 1928; 
automatic sprinklers, supplied by Messrs. Hoffmann | secondly, and this is perhaps more important, the 
Sprinkler Company, Limited, but eight fire-resisting | tonnage commenced in 1929 totalled 1,650,000, 
staircases have been provided on each floor, each leading | which figure, as will be seen, more than replaces the 
directly to the street, in addition to the staircases and| tonnage launched during the year. The present 
lifts leading from floor to floor. These fire staircases | position in the shipbuilding industry is clearly set 


are arranged interlaced in pairs at the four corners of 
the building, and the windows are distributed along the 
outside walls in long horizontal panels running con- 
secutively round the walls above the level of the exhibi- 
tion stands, except where they are interrupted by a 
staircase. These interruptions do not occur at the 
same point on different floors, and correspondingly the 
windows on different floors do not end under each other. 
The windows are glazed with a new type of glass, com- 
bining lens and prismatic forms, which deflect incident 
light towards the centre of the building. 

For the purpose of showing at a glance the whole of 
the floors and their connections by staircases and lifts, 
a rectangular well passing through the whole of the 


out in the ‘‘ Annual Summary of the Mercantile 
Shipbuilding of the World for the Year 1929,” which 
has just been published by Lloyd’s Register of Shipping. 
The summary contains particulars regarding merchant 
vessels of 100 tons gross and upwards, launched 
during 1929, whether they were completed during the 
year or are still under construction. As will be seen 
|from Table I, on the opposite page, which gives, for 
| purposes of comparison, the number and gross tonnage 
|of merchant vessels launched in the most important 
| shipbuilding countries of the world during the past 
| 37 years, the years 1927, 1928 and 1929 were periods 
of steady general progress as far as this country 1s 
concerned. In Table II will be found the number 





floors is formed in the centre of the building, along the | and tonnage of merchant vessels launched in the 
line of the main entrance and the main staircase to the | principal shipbuilding districts of Great Britain and 
upper floors, lit by a window running-practically the | Ireland during the three years 1927, 1928 and 1929. 
whole height of the building. The spaces left solid |The Clyde district, while experiencing a decrease of 
on the outer walls through the distribution of | 39,569 tons compared with the previous year, never: 
the windows, provide positions for displaying an-| theless continued to occupy first place among our 
nouncements of the exhibition in progress, and the shipbuilding centres, with an output of 532,379 tons. 





external detail has been designed so as to avoid|The Tyne experienced a decline of 28,907 tons but 


unintentional shadows in the flood lighting of the | 
facade, which will be done from under a canopy pro- 
jecting over the footpath for protecting visitors and 
posters from the weather. 

A ventilating and heating system, provided by 
Messrs. Richard Crittall and Compary, Limited, con- 
sists of four fresh-air fans on the roof, with steam-heated 
batteries, having a total capacity of 11,500,000 cu. ft. per 
hour, together with six extraction fans of a slightly larger 
capacity, giving a very small negative pressure in the 
building, to prevent smoke from being driven down 
the main exit staircase in case of fire. The fans are 
of the slow-speed Keith-Blackman type, operated by 
Texrope drives from three-phase motors totalling 108 
h.p. A heating system, primarily for night use, has 
been provided by Messrs. J. H. Nicholson and Com- 
pany, Limited, including radiators mounted about 
10 ft. from the ground, supplied with hot water from 
two calorifiers of 2,000,000 B.Th.U. capacity. 

The Hammersmith Borough Council have reorganised 
their electric supply to Olympia, providing two 6,600- 
volt three-phase mains to a new main intake station, 
capable of supplying over 4,000 kv.-a. for the ser- 
vice of the three existing 2,200-volt substations, in 
addition to a new substation of the same capacity in 
this building. In addition, 1,000 kv.-a. will be avail- 
able at 415 volts, three-phase, for power. The lighting 
and power installation is by Messrs. Francis Polden 








retained second place with a production of 271,601 tons: 
The Wear, with 245,511 tons, the Tees, with 162,209 
tons, and Belfast, with 143,855 tons, continued to 
occupy third, fourth and fifth places, respectively. 
The highest increase, as compared with 1928, took 
place at Belfast, the total for which was 68,117 tons 
greater than that for the previous year. The corre- 
sponding increase on the Wear amounted to 37,865 tons, 
and that on the Tees to 29,243 tons. 

The total British output of 1,522,623 tons, quoted 
above, represents 54-5 per cent. of the shipping 
launched in the whole world during 1929, as compared 
with 53-6 per cent. in both 1928 and 1927, 38-2 per 
cent. in 1926, 49-5 per cent. in 1925, and 58 per cent. 
in 1913. Of the 489 ships launched in this country, 
114, making together 259,870 tons and equivalent 
to 17-1 per cent. of the total output, were intended 
for foreign owners. Furthermore, 25 of these vessels, 
representing an aggregate tonnage of 90,749, will be 
registered in Norway. The returns for the yeat 
under review show that 95 vessels of between 5,000 tons 
and 10,000 tons each, and 18 vessels of 10,000 tons 
and upwards, were launched in this country. The 
largest was the 26,840-ton motorship Britannic. 
incidentally the largest vessel launched in the world 
during the year. Other large ships were the 25,000-ton! 
Empress of Japan, and the 19,970-ton Orontes, both 
turbine steamers, and the 19,950-ton motorsiip 





THE WORLD'S SHIPBUILDING. 
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REAR AXLE OF 


CONSTRUCTED BY MESSRS. KERR, STUART AND COMPANY, 


SECTION A.A. 


THE KERR-STUART DIESEL-ENGINED 
LORRY. 


ALTHOUGH we believe a number of commercial road- 
transport vehicles fitted with Diesel engines, or airless- 
injection engines, as they should be called, are being 
developed in this country by different manufacturers, 
one designed and constructed by Messrs. Kerr, Stuart 
and Company, Limited, California Works, Stoke-on- 
Trent, appears to be the first to be actually placed 
upon the market. The principal advantage of the 
so-called Diesel engine in this application, as in 
others, is that it utilises a comparatively cheap 
fuel in a highly-efficient manner, so that the fuel 
costs, which form an important item in the total 
running costs, are very materially reduced. The 
Kerr-Stuart lorry, a photograph of which is reproduced 
in Fig. 1 opposite, carries a load of 7 tons, and 
the total cost per mile, including all standing charges 
and running costs, and assuming 600 miles to be 
covered in a five-day week, is given by the makers 
as 5-64d., as compared with 11-13d. for a petrol- 





driven vehicle of similar capacity and 10-8d. for 
a steam wagon. The actual fuel consumption is | 
stated to be one gallon of crude oil in from 10 to} 
14 miles, depending on the load, while the figure | 
given for the consumption of lubricating oil is 
1} gallons per week, again for a distance of between 
600 miles and 700 miles. The cost of the fuel was taken 
as 4d. per gallon in estimating the total cost per mile 
given above. _If, therefore, the reliability and flexi- 
bility of the airless-injection engine can be shown to 
meet requirements, there is no doubt that its employ- 
ment in the application referred to will materially 
affect the economics of heavy transport by road. 

The Kerr-Stuart lorry has a platform 15 ft. 3 in. | 
long by 7 ft. wide, the wheelbase being 13 ft. 6 in. | 
and the track 6 ft. 2 in. in front and 5 ft. 8} in. at| 
the rear, It has an overall length of 22 ft. 3 in., | 
with an overhang of 5 ft. 3 in., and can turn in a 
circle of 28 ft. radius. As will be understood from | 
Fig. 1, the driver is accommodated by the side of | 
the engine in a weatherproof cab, in which a seat is | 
also provided for a second man. The overall height | 
of the cab is 8 ft. 9} in. The chassis frame is of | 


Fig. 6. 


controlling the governor which, in turn, controls 
the quantity of fuel oil injected into the cylinders 
at each working stroke. It is, of course, an advantage 
of the airless-injection engine, in comparison with the 
petrol engine, that it is capable of producing a useful 
torque at low speeds, and, for this reason, we under- 
stand that the need for gear changing is greatly reduced. 
To demonstrate this feature, a Kerr-Stuart lorry was 
driven from Stoke-on-Trent to Harrogate, a distance 
of nearly 100 miles, without touching the gear lever, 
the vehicle being started on top gear at the commence- 
ment of the journey and after each of the subsequent 
traffic stops. The route followed in this test run was 
through several busy towns and over Marsden Moor, 
which involved a steady climb for many miles. In 
general, the makers state that, although four speeds 
forward and reverse are provided, it is rarely necessary 
to drop below third gear for starting on the level, 
even with full load. For actually starting up the 
Diesel engine, a small air-cooled petrol engine of the 
motor-cycle type, fitted with a pull starter, is provided, 
this engine turning the main-engine flywheel through 
a friction gear. This auxiliary starting engine is 
fitted with coil ignition, the current being supplied 
from the lighting battery, and the necessary petrol 
supply, about 1 pint, being carried in a tank attached 
to the carburettor. It is located under the second 
seat in the cab on the near side of the vehicle, and 
all the operations involved in starting can be carried 
out by the driver without leaving his seat. 

Power is transmitted from the engine to the gear-box, 
through a clutch of the reverse-cone type with Ferodo 
facings, by means of a short propeller shaft fitted with 
Hardy-Spicer fabric joints at eachend. The design and 
construction of the gear-box, which, in general, follows 
standard practice, can be followed from Figs. 2, 3 and 4. 
As already stated, four speeds and a reverse are pro- 
vided, the gear ratios being: Top, 4-4 to 1 ; third, 7-94 
to 1 ; second, 14-78 to 1, bottom, 29-35 to ! ; and reverse 
27-8 to 1. The respective speeds, in miles per hour, 
with the engine running at 800 r.p.m., are 20, 11-1, 
6, 3, and 3-16. Fig. 2 shows the selectors which are 
operated by a gate-change control lever. The latter, 
owing to the forward position of the driver, cannot 
be mounted close to the gear-box, but arrangements 


pressed steel, the maximum depth of the longitudinal | are made so that the operating rod follows the longi- 
members being 14 in., and the cross members being | tudinal and lateral movements of the lever. The final 
of box section. | reduction is by means of a six-start steel worm engaging 


The engine fitted is of the McLaren-Benz airless-| with a phosphor-bronze worm wheel, in which the 


injection type, several examples of which have been 
illustrated ‘and described in our columns on previous 





differential is incorporated, as clearly shown in Figs. 
3and 5. All the shafts are carried on ball and roller 


occasions, so that we need not deal here with its design | bearings, and it should also be noted that the gear-box 
and construction. The particular model fitted has four | is suspended from the chassis on three spherical seat- 
cylinders, the bore and piston stroke being 135 mm. | ings, one at each of the outer ends of the transverse 
(5% in.) and 200 mm. (7} in.), respectively, and the | shafts, as shown in Figs. 2and 5, and the third at the 
brake horse-power developed being 70. A governor | point where the propeller shaft enters, as shown in Fig. 3. 
Prevents the engine speed from exceeding 800 r.p.m.,/ This form of suspension allows a certain amount of 
but the speed can be varied from the maximum down | chassis play without straining the gear-box and also 
‘0 about 150 r.p.m. by means of an accelerator pedal | provides adequate support as close as possible to the 





7-TON LORRY WITH DIESEL ENGINE. 


LIMITED, ENGINEERS, STOKE-ON-TRENT. 











points at which external forces are applied in service. 
The rear wheels, which are of pressed steel and are 
detachable, are driven from sprockets on the ends of the 
transverse shafts of the gear-box, through silent roller 
chains of 2} in. pitch, which engage with sprockets 
formed integrally with the brake drums, as will be clear 
from Fig. 6, on this page. The driving wheels, it will be 
seen, are mounted on taper-roller bearings carried on a 
dead axle in the form of a light tube of nickel steel, 
this design having been adopted, in preference to a 
live axle, in order to reduce the unsprung weight to 
a minimum. The weight of the dead-axle tube, we 
understand, is 2 cwt., whereas that of a live axle for the 
same loading would be of the order of 7 cwt., so that 
a very material reduction in tyre wear results from the 
employment of the former. The brake drums, it will 
be seen, are provided with radiation fins to dissipate 
the heat generated, and ample clearance is left between 
the drum and the tyre rim so that tyres shall not be 
injured by the heat. There are four brake shoes, of the 
internally-expanding type, on each back wheel, as 
clearly shown in Fig. 7, and two on each front wheel. 
Of these, two on each back wheel, and those on the 
front wheels, are operated simultaneously by means of 
the brake pedal, the other shoes on the back wheels 
being operated by the usual pull-on lever and being 
intended mainly to hold the lorry when stationary. 
The efficiency of the brakes is such that the lorry can 
be brought to rest from a speed of 20 m.p.h., on a dry 
road, in a distance of 26 ft. 8 in. 

A new system of springing, which the makers 
describe as “‘ enharmonic springing,” is employed for 
the back axle, its object being to reduce bounce to a 
minimum while retaining the full resiliency of the 
springs. For this system, two exactly similar trans- 
verse semi-elliptic leaf springs, one of which is shown 
in Fig. 6, are located parallel with the axle, one on each 
side, the ends bearing on pads on the brake housings. 
The axle is, of course, constrained to move in the arc 
of a circle by means of the usual radius rods, and it is 
claimed that, since the forward spring is nearer the 
pivot point of the radius rods than the other, the 
harmonic vibrations of the two springs after deflection 
are out of phase, and are consequently rapidly damped 
out. The front axle, which is a drop forging, is carried 
on semi-elliptic longitudinal springs, pinned at the 
forward ends, and bearing on slippers at the rear ends. 
The wheels are mounted on taper-roller bearings, and 
are steered by means of the Marles gear, which, as is 
well known, employs a ball-bearing roller in conjunc- 
tion with a specially shaped helical cam. Since a 
taper-roller bearing is fitted at the top of the axle 
pivot pin to take the upward thrust, the steering is 
particularly easy. Single 36-in. by 8-in. pneumatic 
tyres are fitted as standards on the front wheels and 
twin tyres of the same dimensions on the rear wheels, 
although 38-in. by 9-in. tyres can be fitted on all 
wheels without involving structural alterations. With 
the smaller wheels, the ground clearance is ample for 





running over rough roads, being 12? in. at the centre 
and 8 in. under the chain sprockets. 

One other advantage of the Diesel-engined lorry, 
which may be referred to in conclusion, is the greatly 
reduced fire risk to the vehicle and its load, as well as 
to inflammable goods which may be located near the 
point at which the load is taken on or deposited. For 
all practical purposes, the crude oil used as fuel may be 
regarded as non-flammable, and the risk from the 
small quantity of petrol carried for starting purposes 
is almost negligible. Moreover, the exhaust gases are, 
of course, free from sparks, which, in the case of steam 
vehicles, have occasionally caused the loss of the load 
and even of the vehicle itself. 








LAUNCHES AND TRIAL TRIPS. 


““URANIA,”’—Steel screw trawler. Launch, January 16. 
Main dimensions, 190 ft. by 32 ft. by 17 ft. 4 in. Built 
by Messrs. Cochrane and Sons, Limited, Selby, for 
owners at Le Havre, France. 


“* MaADRUGADOR.”’—Steel screw tug. Launch, January 
17. Main dimensions, 96 ft. 8 in. by 25 ft. by 12 ft. 6 in. 
Built by Messrs. Cochrane and Sons, Limited, Selby, 
for use in the port of Buenos Aires. 


““ THOROLD.”’—Single-screw cargo motorship ;_ single- 
acting, two-cycle, four-cylinder Sulzer Diesel engine. 
Launch, January 18. Main dimensions, 250 ft. by 
43 ft. 9 in. by 23 ft. Built by Messrs. Earle’s Ship- 
building and Engineering Company, Limited, Hull, for 
Messrs. Quebec and Ontario Transportation Company, 
Limited, Montreal. 


““ KonIstan.’’—Passenger and cargo steamer for 
service in the Far East ; triple-expansion engines. Trial 
trip, January 18. Main dimensions, 440 ft. 3 in. by 
55 ft. by 31 ft. Built by Messrs. John Readhead and 
Sons, Limited, South Shields, for Messrs. F. C. Strick 
and Company, Limited, London. 


“ RoMSEY.’’—Twin-screw passenger steam tender for 
service at Southampton. Launch, January 20. Main 
dimensions, 140 ft. by 34 ft. by 15 ft. 6 in. Built to 
the order of Messrs. Alexandra Towing Company, 
Limited, Liverpool, by Messrs. Ferguson Brothers 
(Port Glasgow), Limited. 


“ HIGHLAND Hope.”’—Twin-screw passenger and 
refrigerated cargo motorship, for service to Brazil 
and the Argentine ; eight-cylinder, double-acting, four- 
cycle Harland-B. and W. Diesel engines. Trial trip, 
January 25. Main dimensions, 520 ft. by 69 ft. by 
35 ft. 9 in. Built by Messrs. Harland and Wolff, 
Limited, Belfast, for Messrs. H. and W. Nelson, Limited, 
London. 


“ GENOVA.”’—Twin - screw, shallow-draught cargo 
motorship for river work; six-cylinder, trunk-type 
airless-injection Harland-B. and W. engines. Launch, 
January 28. Main dimensions, 275 ft. by 43 ft. by 
13 ft. Built by Messrs. Harland and Wolff, Limited, 
Govan, Glasgow, for Messrs. The Argentine Navigation 
Company (Nicolas Mihanovich), Limited. 


‘“* TRISBANK.’’—-Twin-screw cargo motorship ; _five- 
cylinder Sulzer-type Diesel engines constructed by the 
vessel builders. Launch, January 28. Main dimensions 
440 ft. by 57 ft. by 38 ft. 7in. Built by Messrs. Workman 
Clark (1928), Limited, Belfast, for Messrs. Andrew Weir 
and Company, Bank Line Limited, London. 


“ RANCAGUA.”’—Twin-screw oil-tank steamer ; triple- 
expansion engines. Trial trip, January. 28. Main 
dimensions, 378 ft. by 49 ft. 9 in. by 27 ft. 3 in. Built 
by Messrs. Sir W. G. Armstrong, Whitworth and Company 
(Shipbuilders), Limited, Walker-on-Tyne, for the Chilean 
Government. 


“ REGISTAN.’’—Passenger and cargo steamer for the 
Far Eastern trade; triple-expansion engine working 
in conjunction with a Bauer-Wach low-pressure exhaust 
turbine. Launch, January 380. Main dimensions, 
440 ft. 3 in. by 55 ft. by 31 ft. Built by Messrs. John 
Readhead and Sons, Limited, South Shields, for Messrs. 
F.C, Strick and Company, Limited, London. 


“South Arrica.’’—Twin-screw oil-tank motorship ; 
four-cylinder, two-stroke-cycle, Wallsend-Sulzer oil 
engines, supplied by Messrs. Wallsend Slipway and 
Engineering Company, Limited. Launch, January 30. 
Main dimensions, 499 ft. by 65 ft. 6 in. by 39 ft. 9 in. 
Built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Wallsend-on-Tyne, to the order of Mr. Leif 
Hoegh, for the A/S Noruega, Oslo, Norway. 


“* DINAMAR.”’—Steel screw trawler. Launch, Febru- 
ary 1. Main dimensions, 140 ft. by 25 ft. by 14 ft. 3 in. 
Built by Messrs. Cochras.e and Sons, Limited, Selby, 
for owners at Fleetwood. , 








Joux Morris Memortat Prize.—In recognition of 
the services of the late Mr. John Morris to the Salford 
Royal Technical College and to the Salford Technical 
and Engineering Association, a fund has been opened 
with a view to the establishment of a John Morris 
Memorial Prize. The prize would be awarded annually 
to the student of the Engineering Department of Salford 
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TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Motor Alternator Sets.—The supply of two 150-kv.-a. 
motor alternator sets for the Durban Workshops. The 
South African Railways and Harbours Board ; March 20. 
(Ref. No. B.X.6115.) 

Portal Cranes.—The supply of 10 electrically-operated 
portal cranes, lifting capacity, 24 metric tons. The 
Gothenburg Harbour Authority, Sweden; March 3. 
(Ref. No. A.X.9089.) 

Sewage Pumps.—The supply and delivery of five sets 
of electrically-driven spindle centrifugal pumps with 
incidental plant and accessories, including motors, 
switchboard, automatic sewage level recorder, structural 
steelwork, and hand-operated single-girder travelling 
crane. The Cape Town Electricity Department, South 
Africa; April 2. (Ref. No. A.X.9096.) 

Goods Lifts and Shoots.—The supply and _ erection 
on site of six 3-ton goods lifts and six spiral gravity 
shoots for 2-ewt. bags. The Egyptian Ministry of Com- 
munications, Ports and Lighthouses Administration, 
Alexandria; March 27. (Ref. No. A.X.9105.) 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—It becomes increasingly apparent 
that in several of the most important sections of the 
heavy steel and engineering trades, conditions, from the 
standpoint of employment, will become worse before 
an improvement sets in. This was the inevitable effect 
of rationalisation schemes. The applicants of these 
schemes are meanwhile doing their utmost to relieve 
the disturbing effects now current by giving preference 
to displaced workers when other vacancies arise. Their 
hope is that the rendering of products both cheaper 
and more efficient by rationalisation processes, through 
concentration of output on the most modern plant, 
will ultimately broaden the demand and so give rise to 
the need for extended production. Quietude generally 
reigns in the raw and semi-finished material branches. 
Slight increases in the price of certain grades of steel 
had been contemplated, but owing to the moderate 
amount of turnover at steel-using works and the conse- 
quent small demand, distributors are deferring advances. 
Moreover, increased competition is being met with from 
the Continent. Current quotations are : Siemens acid 
steel billets, 9/. 10s. ; hard basic-steel billets, 7/7. 12s. 6d. 
to 91. 12s. 6d. ; soft basic-steel billets, 61. 15s.; Derby- 
shire foundry pig iron, 73s. 6d.; Derbyshire forge iron, 
69s. 6d.; Lincolnshire foundry pig iron, 76s.; crown 
iron bars, 11/.; iron hoops, 12/. ; steel hoops, 9/. 15s. to 
107. 5s. ; soft basic wire rods, 8/. ; basic-steel scrap, 65s. 
Depression is by no means uniform in the finished 
branches. Indeed, where special attention has been paid 
to the most modern needs of export markets steps are 
being taken to extend works so as to provide a larger 
output. There is a rising demand for steel of different 
descriptions for use by railway engineers, shipbuilders 
and house builders. Light and medium castings are the 
subject of more numerous inquiries. Furniture makers 
are buying thin sheets and strip more freely than at any 
preceding period. Producers of the most efficient alloy 
steels are doing good business. Among the most prominent 
users are makers of airships and automobiles, and the 
chemical industries. The market for stainless steel and 
rustless iron shows a steady expansion. 

South Yorkshire Coal Trade.—It is difficult to determine 
the trend of business in industrial fuel for inland con- 
sumption. The reconcentration of production in different 
areas has somewhat upset current calculations. On 
the whole, however, there is a firm tendency and best 
qualities are in steady request. This also applies to 
export business, in which more inquiries are circulating 
on forward account. Washed fuel is a harder market 
and values generally are firm. The coke demand is 
somewhat easier. Stocks have accumulated, and no 
difficulty is experienced in obtaining prompt deliveries. 
House coal is a featureless market. Quotations: Best 
branch handpicked, 26s. 6d. to 28s.; Derbyshire best 
brights, 21s. to 23s. ; Derbyshire best house, 20s. 6d. to 
21s. 6d. ; screened house coal, 18s. 6d. to 20s. ; screened 
house nuts, 16s. 6d. to 18s. ; Yorkshire hards, 15s. 6d. to 
17s. ; Derbyshire hards, 15s. 6d. to 17s. ; rough slacks, 
9s. to 10s. ; nutty slacks, 7s. 6d. to 8s. 6d. ; smalls, 3s. to 


5s. 








Cuart oF Exuisitions.—A large four-page chart, 
entitled Erhibitions and Shows, and published by Messrs. 
F. Wilkins (Exhibition Agencies). Limited, 149, Fleet- 
street, London, E.C.4, has reached us. In it are set 
out clearly and in chronological order, under the respective 
countries, the principal exhibitions, commercial shows, 
and trade fairs taking place in this country and abroad 
in 1930. The price of the Chart is 2s. post free. 


PERSONAL.—Messrs. Constructors, Limited, have 
removed their office and works from Imperia! House, 


Royal Technical College, whose work and examination | Charlotte-street, Birmingham, to larger premises. Their 
results, during the evening courses for the ordinary | new address is Nickel Works, Tyburn-road, Erdington, 
National Certificate, show the greatest merit. Details | Birmingham.—Mr. W. Simmons, late works manager 
of the scheme will be settled later, meanwhile subscrip- 
tions should be forwarded to the treasurer of the fund, 
Mr. R. Halliday, 239, Walkden-road, Worsley. 


| of Messrs. Gleniffer Motors, Limited, Glasgow, has been 
| appointed general manager of Messrs. Alfred Wiseman, 


Limited, Glover-street, Birmingham. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Little news is ascertainable 
concerning Cleveland pig iron. Second hands have only 
small quantities to dispose of and makers are not inclined 
to break their fixed prices except for sale to Scotland, 
There they are encountering keen continental competition. 
Stocks are not heavy, but are gradually increasing. The 
bulk of the output continues to be conveyed, in its molten 
state, direct to makers’ own foundries and steelworks for 
consumption. Home users who have to buy supplies 
are taking up a little iron, but customers abroad still 
refuse to pay ruling rates which stand: No. 1 grade, 
75s. ; No. 3, g.m.b., 728. 6d.; No. 4, foundry, 71s. 6d. ; 
and No. 4, forge, 71s. Small parcels of Midland foundry 
iron continue to arrive for use in this district. 


Hematite.—Unsatisfactory accounts are given of the 
East Coast hematite departments. Makers have 
contracts on hand which will keep them going for a week 
or two, but are unable to obtain further orders except at 
well below cost of delivery. Merchants have sub- 
stantial parcels at their disposal and are keen to unload 
their holdings in view of threatened continued downward 
movement of prices. Home users are taking moderate 
supplies, but firms abroad are buying chiefly from conti- 
nental makers, who are selling their products at com- 
paratively cheap rates. Quotations are a matter of 
individual bargaining and vary a good deal, but the 
equivalent of 78s. for ordinary qualities is generally 
asked by sellers. 

Foreign Ore.—There is very little activity in foreign 
ore. Nominally quotations are on the basis of best 
rubio at 22s. 6d., c.i.f., Tees. 

Blast-Furnace Coke.-—Durham blast-furnace coke is 
plentiful and quotations are weak. Good average 
qualities are 21s. 6d. to 21s. 9d., delivered here. 

Manufactured Iron and Steel.—Aggregate output of 
manufactured iron and steel remains heavy, though in 
some departments specifications are not coming forward 
as freely as could be desired. The sheet branches are the 
quietest section of the market. Among the principal 
market quotations are: Common iron bars, 10J. 15s. ; 
best bars, 11/. 5s.; double best bars, 11/. 15s. ; treble 
best bars, 12s. 5s.; iron rivets, 11/. 10s.; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 62. 17s. 6d.; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 8/. 2s. 6d. ; steel rivets, 117. 5s. ; steel 
ship plates, 8/. 15s. ; steel angles, 8/. 7s. 6d. ; steel joists, 
8/. 10s.; heavy sections of steel rails, 8/. 10s. ; fish 
plates, 127. 10s. ; black sheets, 9/. 10s. to 91. 15s. ; and 
galvanised corrugated sheets, 110. 15s. to 121. 

Imports of Iron and Steel.—Statistics issued this week 
by the Tees Conservancy Commission show the aggregate 
imports of iron and steel to the Tees, during January, 
from Holland, Belgium, France, Norway, Sweden, 
Finland, India, Germany and coastwise to have been 
19,706 tons, comprising 574 tons of pig iron, 14,829 tons 
of crude sheet bars, billets, blooms and slabs, and 4,303 
tons of plates, bars, angles, rails, sheets and joists. 
December unloadings totalled 11,628 tons, comprising 
2,153 tons of pig iron, 7,271 tons of crude sheet bars, 
billets, blooms and slabs, and 2,204 tons of plates, bars, 
angles, rails, sheets and joists ; while imports in January, 
1914, prior to the war, amounted in the aggregate to 
only 5,012 tons, comprising 40 tons of pig iron, 3,611 tons 
of crude sheet bars, billets, blooms and slabs, and 1,361 
tons of plates, bars, angles, rails, sheets and joists. 

Tees Shipments of Iron and Steel.—January shipments 
of iron and steel from the Tees reached only 71,471 tons, 
comprising 16,656 tons of pig iron, 3,812 tons of manu- 
factured iron, and 51,003 tons of steel. Scotland was 
the largest buyer of pig iron with 4,960 tons, while Italy 
took 2,790 tons; Wales, 2,750 tons; Belgium, 1,211 
tons; and France, 1,103 tons. The Union of South 
Africa with an import of 884 tons was the chief receiver 
of manufactured iron. Principal customers for steel 
were: Australia, 8,243 tons; Argentina, 7,161 tons; 
India, 6,443 tons; Union of South Africa, 4,688 tons ; 
Nigeria, 1,609 tons; Straits, 1,239 tons; Federated 
Malay States, 1,188 tons; and Hong Kong, 1,029 tons. 














NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—There has not been much change 
in the state of the Scottish steel trade during the — 
but specifications are, if anything, a little better - 
plant is more fully employed. There is nevertheless, 
a cloud hanging over trade in general, and consumers 0 
steel material are not placing orders for much more pes 
actual requirements, and consequently producers cannot 
see any distance ahead. Inquiries from overseas are 
fair. The arrangement between Messrs. Beardmore 
and Messrs. Colville, referred to last week, is now 1! 
operation, and several hundred of the employees - 
the former firm have now been paid off. New — 
ments regarding wages in the iron and steel trades, which 
have been under discussion for some time, have oon 
been concluded between the Iron and Steel andr 
Employers’ Association and the Iron and Steel ire ee 
Confederation. In the black-sheet trade fairly ee 
conditions are ruling at the moment, although — 
are quite able to undertake a lot more business. ~~ —_ 
are better and inquiries give hope of some og : “s 
being placed here in the near future. Galvanise on. 
on the other hand, are not in a very healthy stat — 
now. Orders are few, and price cutting 15 so oeremnen 
that there are rumours of an agreement or arrangen _ 
being suggested which would deal with output an 
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prices. The following are the current market quota- 
tions :—Boiler plates, 107. 10s. per ton; ship plates, 
8i. 15s. per ton; sections, 8/. 7s. 6d. per ton; black 
sheets, } in., 9/. per ton; galvanised corrugated sheets 
(No. 24 gauge), 127. 15s. per ton, all delivered at Glasgow 
stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade little in the way of improvement 
has taken place, although one or two makers have a 
little more work on hand. There is an undoubted 
dullness in the trade and no indication of any expansion 
in buying yet. The re-rollers of steel bars are still very 
quiet and fresh orders are very scarce. Prices are un- 
changed and are as follows :—‘‘ Crown ”’ bars, 10/. 5s. per 
ton for home delivery, and 91. 15s. per ton for export ; 
re-rolled steel bars, 7/. 12s. 6d. per ton for home delivery 
and for export. 


Scottish Pig-Iron Trade——The pig-iron trade of 
Scotland is somewhat dull and quiet with consumers 
buying sparingly. In few cases do we find buyers order- 
ing on a larger tonnage than actually wanted for current 
requirements, and this shows a lack of confidence in 
trade prospects. While quite a fair amount of hematite 
is being delivered at the steel works, foundry iron is 
quieter, on account of short time in many of the foundries. 
Prices remain steady and are as follow :—Hematite, 
8ls. per ton, delivered at the steel works ; foundry iron, 
No. 1, 80s. 6d. per ton, and No. 3, 78s. per ton, both on 
trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, February 1, amounted to 1,207 tons. 
Of the total 375 tons went overseas and 832 tons coast- 
wise. During the corresponding week of last year the 
figures were 768 tons overseas and 72 tons coastwise, 
making a total shipment of 840 tons. 

Shipbuilding.—The shipbuilding returns for the 
month of January were, in different ways, very satis- 
factory. The output totals were as follow :— 





Vessels. Tons. 
The Clyde en die 15 31,910 
The Forth ate ia 1 2,010 
The Dee and Moray Firth 2 146 
Total ee ot 18 34,066 


The Clyde figures do not appear very large, but are 
quite a good average for the month of January. New 
orders reported since the beginning of the year num- 
bered 15, and of these 5 were placed by the Anglo- 
Persian Oil Company on the lower reaches of the Clyde, 
and one for an oil-tanker of 11,250 tons at Scotstoun by 
American owners. Employment generally at the ship- 
yards is fairly good and there is no talk of any differences 
between the masters and the men at present, and it is 
hoped that the good relations which have existed for 
some time will continue. 


Shipbuilding Contract.—Messrs. Worms et Compagnie, 
of Paris, are reported to have placed orders witb Messrs. 
D. and W. Henderson, Partick, for four medium-sized 
steamers. Two of these vessels will be of about 2,500 
tons deadweight capacity, and the other two of about 
1,550 tons deadweight capacity. The speeds of the 
vessels are to be 104 to 11 knots. 


Filter Contract.—The Water Committee of the Edin- 
burgh Town Council has recommended the acceptance 
of the tender of Mr. A. M. Carmichael, Saughton Mains, 
Kdinburgh, to construct two sand filters at Fairmilehead. 
The tender figure is 15,108). 








Contracts—The London Power Company, Limi- 
ted, has placed an order with Messrs. Taylor Stoker 
Company, Limited, Bush House, Aldwych, London, 
W.C.2, for the complete fuel-burning equipment for the 
first section of Battersea Power Station. This equip- 
ment will comprise six Taylor multiple-retort under- 
feed stokers, which will fire six boilers, and each unit will 
be capable of producing 350,000 Ib. of steam per hour 
continuously, at 600 lb. per square inch pressure. Pre- 
heated air at 330 deg. F. will be used. The new Kraft- 
werk-West of the Berlin Electric Company is to be 
supplied with eight equipments of similar design and 
steam output.—Messrs. James Pollock Sons and Com- 
pany, Limited, 3, Lloyd’s-avenue, London, E.C.3, have 
supplied and superintended the fitting, on board the 
vessel ‘* Osage,”’ of two 350 b.h.p. four-cylinder Bolin- 
der engines for the Anglo-American Oil Company. 

Among recent orders received by The British Gene- 
ral Electric Company, Wellington, New Zealand, is 
one from the Auckland Electric Power Board, for two 
1,000-kw., 750-r.p.m., motor-started rotary converters, 
together with fully automatic switchgear and four track 
feeders, for use in connection with the City tramways. 
Another order comprises seven 5,500-kv.-a., 63,500- 
38,100-volts, outdoor-type, single-phase, auto-wound 
transformers for service in the interconnection of the 
Waitaki and Lake Coleridge power schemes in the South 
Island. A thirdrecent order refers to auxiliary generating: 
plant and switchgear for the Waitaki power station.— 
The shields for the constructional work of the tunnel 
under the River Hooghly, mention of which was made 
on page 124 ante, are to be operated by hydraulic air- 
driven shield pumps, supplied by Messrs. Hayward- 
yler and Company, Limited, 99, Queen Victoria-street, 
London, E.C.4.—Messrs. Thermotank, Limited, Helen- 
street, Govan, Glasgow, S.W.1, have supplied and fitted 
the heating and ventilating installation on the motorship 
Lafayette, of the Compagnie Générale Transatlantique, 
Paris. The installation is mainly on the Thermoreg 
Punkah-louvre system. 
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NOTICES OF MEETINGS. 


Junior InstTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. Honorary Members’ 
Lecture. ‘‘ Co-operation between Technical Education 
and Industry,” by Mr. G. F. O’Riordon. Friday, Febru- 
ary 14, 7.30 p.m. Kinematograph Film. “The 
Manufacture of Staybrite and Stainless Steels,” at the 
Works of Thos. Firth and Sons, Limited, with notes 
by Mr. J. G. Hopcraft. 

MINING INSTITUTE OF SCOTLAND.—Saturday, February 
8, 3 p.m., Mining Laboratories, 79, Grassmarket, Edin- 
burgh. ‘‘Some Notes on Colliery Blasting Practice,” 
by Mr. J. E. Lambert. ‘‘ The Lochaber Water-Power 
Scheme and its Geological Aspect,’ by Mr. B. A. Peach. 
Address by Sir T. H. Holland. 


InstituTION oF ELEcTRICAL ENGINEERS.—North- 
Eastern Centre : Monday, February 10, 7 p.m., Armstrong 
College. Newcastle-upon-Tyne. ‘‘ Recent Develop- 
ments in the Protection of Three-Phase Transmission 
Lines and Feeders,’’ by Mr. T. W. Ross and Mr. H. G. 
Bell. North Midland Centre: Tuesday, February 11, 
7 p.m., Hotel Metropole, Leeds. ‘‘The Jet-Wave 
Rectifier, The Experimental and Theoretical Basis 
of its Design,” by Dr. J. Hartmann. Scottish Centre : 
Tuesday, February 11, 7.30 p.m. Royal Technical 
College, Glasgow. ‘The Visit of the Institution to 
France,” by Mr. W. B. Hird. London: Thursday, 
February 13, 6 p.m., Victoria-embankment, W.C.2. 
“The Jet Wave Rectifier. The Experimental and 
Theoretical basis of its Design,’’ by Dr. J. Hartmann. 


Instirute OF Metats.—Scottish Local Section: 
Monday, February 10, 7.30 p.m., Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow. ‘‘ Pyrometry,” by Mr. 8S. H. Hawkins. North 
East Coast Local Section: Tuesday, February 11, 7.30 
p.m., Armstrong College, Newcastle-upon-Tyne. ‘“‘ Elec- 
tric Heating,” by Mr. W. Richardson. Swansea Local 
Section: Wednesday, February 12, 7 p.m. The Thomas 
Café, High-street, Swansea. ‘‘ The Corrosion of Non- 





‘| Ferrous Metals,’’ by Dr. A. G. Ramsay. London Local 


Section: Thursday, February 13, 7.30 p.m., Society 
of Motor Manufacturers and Traders’, Limited, 83, Pall 
Mall, S.W.1. ‘*‘ Temperature Measurement and Control 
in Works,” by Mr. H. H. Smith. Sheffield Local Section : 
Friday, February 14, 7.30 p.m., The University, St. 
George’s square, Sheffield. ‘‘ Recent Developments in 
Measuring Instruments,” by Mr. 8. Matthews. 


Rattway Cius.—Monday, February 10, 7.30 p.m., 
57, Fetter-lane, E.C.4. Annual General Meeting. 
Presidential Address by Mr. K. Brown. 

Royat Instirution.—Tuesday, February 11, 5.15 p.m. 
21, Albemarle-street, W.1. ‘“‘ X-Ray Determination of 
the Structure of Cellulose,’ by Sir W. Bragg. 

INSTITUTION OF CivIL ENGINEERS.—Tuesday, February 
11, 6 p.m., Great George-street, S.W.1. ‘‘ The Diversion 
of the River Ashop,’” by Mr. R. W. 8S. Thompson. 
Wednesday, February 12, 6 p.m. Informal Meeting. 
‘* The Influence of the Progress of Aeronautical Engineer- 
ing on other Branches of Engineering Work,” by Mr. 
L. A. Legros. 

InstITUTE OF MARINE ENGINEERS.—Tuesday, Feb- 
ruary 11. 6.30 p.m., 85-88, The Minories, Tower-hill, 
E.C.3. Discussion on ‘‘ Machinery for Future High- 
Powered Atlantic Liners.” ‘‘ Steam Machinery,’ by 
Mr. J. H. Gibson; ‘‘ Oil Engines,”’ by Mr. J. Calderwood. 
Thursday, February 13, 6.30 p.m. Junior Section Meet- 
ing. ‘“‘ Discipline as Applied to the Engine-Room, &c.,” 
by Mr. 8. N. Kent. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Coventry 
Centre: Tuesday, February 11, 7.30 p.m., King’s Head 
Hotel, Coventry. ‘‘The Double-Six Engine,” by Mr. 
L. H. Pomeroy. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
February 11, 7.30 p.m., 198, West-street, Sheffield. ‘A 
Review of the Effects of Cold Work on the Physical 
Properties of Steel,’’ by Mr. F. S. Merrills. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Wednesday, February 12, 2.30 p.m., Holborn 
Restaurant, W.C.2. Presidential Address by Mr. E. R. 
Jones. ‘‘ Half a Century of Boiler Making.” By Mr. 
S. Fox. 

INSTITUTION OF ENGINEERS-IN-CHARGE.—-Wednesday, 
February 12, 7.30 p.m., St. Bride Institute, Bride- 
lane, Fleet-street, E.C.4. ‘‘ The Water Supply of the 
Metropolis,”’ by Mr. H. E. Stilgoe. 

INSTITUTION OF MECHANICAL ENGINEERS.— Yorkshire 
Branch: Wednesday, February 12, 7.30 p.m., Grand 
Hotel, Sheffield. ‘‘ Die Casting,” by Mr. A. H. Mundey. 
Thursday, February 13, 7.30 p.m., Hotel Metropole, 
Leeds. ‘‘ High-Speed Airless-Injection Diesel Engines,” 
by Mr. J. A. McLaren. London: Friday, February 14, 
7 p.m., Storey’s-gate, S.W.1. Informal Meeting. Lantern 
Lecture by Mr. G. S. Taylor, followed by a Visit to the 
Home Office Industrial Museum. 

INSTITUTION OF MINING AND METALLURGY.—Thurs- 
day, February 13, 5.30 p.m., Geological Society, Burling- 
ton House, Piccadilly, W.1. ‘‘The Role of Chemical 
Engineering in Mining and Metallurgy,’’ by Professor 
W. E. Gibbs. 

British ASSOCIATION OF REFRIGERATION.—Thursday, 
February 13, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s Gate, S.W.1. Adjourned Discussion 
on ‘‘Some Considerations in Design: of: Modern Re- 
frigerating Plant,’’ by Mr. B. C. Oldham. 


Royat AgERoNAvuTICAL Socrety.—Thursday, Feb- 
ruary 13, 6.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘‘ Recent Work on the Autogiro,”’ by 
Sefior J. de la Cierva. 





Oprticat Socrety.—Thursday, February 13, 7.30 p.m., 
Imperial College of Science and Technology, South 
Kensington, S.W.7. Presidential Address. ‘* Optics in 
Radio Transmission and in other Fresh Fields,” by 
Mr. F. Twyman. 

INSTITUTION OF ENGINEERING INSsPECTION.—Friday, 
February 14, 5.30 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2., ‘‘ Optical Aids to Engineering 
Inspection,” by Professor A. C. F. Pollard. 

INSTITUTION OF LocoMOTIVE ENGINEERS.—Manchester 
Centre: Friday, February 14, 7. p.m., Manchester 
Literary and Philosophical Society, 36, George-street, 
Manchester. ‘‘ Water-Tube Boilers Suitable for Loco- 
motives,” by Mr. K. W. Willans. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Mild weather continues to exercise 
an adverse influence on the coal trade. Stocks of coal 
abroad are sufficient and the general demand has in 
consequence become restricted. In many cases con- 
sumers with contracts have requested postponement of 
deliveries, the effect of which has been to disorganise 
colliery arrangements. Outputs, in the circumstances, 
are ample to meet a quiet inquiry, and in many cases 
collieries are called upon to clear production with contract 
obligations. Supplies of large coal are plentiful, and 
shippers can obtain their needs at schedule prices, 
which are on the basis of 20s. for best Admiralty large. 
On the other hand, the unsatisfactory position of large 
has caused a falling off in the production of small, with 
the result that these classes are scarce prices being about 
ls, 6d. above the minima schedule. Sized products, too, 
have developed irregularity, demand having fallen away 
because of the weather conditions. At the beginning 
of the year, dry nuts readily realised 32s, 6d., but to-day 
are difficult to sell at 28s., which is, however, still above 
the schedule price. Shipments of coal foreign, as cargo, 
last week, at 518,490 tons, were 67,000 tons, less than in 
the previous week, though 181,000 tons were sent to 
France, 66,000 tons Italy, and 33,000 tons to Portugal. 


Docks Full of Idle Vessels.—The South Wales Docks 
are at present full of vessels which have been laid-up 
because shipowners cannot secure remunerative employ- 
ment for their ships. Some 50 vessels, with a carrying 
capacity of at least 200,000 tons and worth approxi- 
mately 1,500,000/. are at present tied up in the South 
Wales ports with their crews, numbering over 1,000, 
rendered idle. The position has become so acute that 
the Great Western Railway Company, the owners of 
the docks, have had to place a ban on vessels entering 
Cardiff, unless for the purpose of discharging or loading 
cargoes, so as to avoid congestion in the movement of 
traffic. The reason for this wholesale laying-up is to 
be found in the collapse of the homeward markets, due 
to heavy stocks of grain in European countries and the 
consequent lack of demand. A year ago, vessels were 
able to secure an average freight of 37s. 104d. for a round 
voyage from Cardiff to the River Plate with coal, and 
back to the United Kingdom or the Continent with grain, 
but at present the average works out at only 29s. 14d., 
a reduction of 8s. 9d., which does not leave a profit. 
Again, a vessel going to Port Said with coal from Cardiff, 
and then across to Bombay in ballast, and back to the 
United Kingdom or the Continent with cargo, a year ago 
was able to secure an average freight of 36s. 9d., but to-day 
can only obtain 24s. 6d., a fall of 12s, 3d. per ton. There 
is at present no trade which offers remunerative employ- 
ment, with the result that owners are sending their 
vessels to the United Kingdom ports in ballast to lay-up 
until freights show that a reasonable profit can be 
secured. 








Farapay House Oup STUDENTS’ ASSOCIATION.— 
Mr. S. B. Haslam has been elected president of the 
Faraday House Old Students’ Association, for the current 
year, and Mr. J. A. Taylor, vice-president. The members 
of the Council for the year comprise Dr. W. R. C. Coode- 
Adams, Messrs. G. W. Gray, H. S. Selves, and H. EK. 
Webb, and Majors G. A. B. Leishman and C. E. Prince. 

ALMANACS, CALENDARS, &c.—We have received 
monthly tear-off calendars from Messrs. Fredk. Pollard 
and Company, Limited, Corona Works, St. Saviour’s- 
road East, Leicester ; Messrs. Douglas Motors, Limited, 
Kingswood, Bristol; Messrs. Urquhart Lindsay and 
Robertson Orchar, Limited, Blackness Foundry, Dundee ; 
Messrs. B.S.A. Tools, Limited, Sparkbrook, Birmingham ; 
Messrs. Peckett and Sons, Limited, Atlas Locomotive 
Works, Bristol; Messrs. The Moss Gear Company, 
Limited, Crown Works, Tyburn, Birmingham; Messrs. 
W. H. Willcox and Company, Limited, 38, Southwark- 
street, London, S.E.1; Messrs. The International Con- 
struction Company, Limited, 56, Kingsway, London, 
W.C.2 (monthly calendar with daily indicator); and 
Messrs. Chas. Pearson and Son, Limited, stationers and 
printers, 53 and 55, Mansell-street, Aldgate, London, 
E.1.—Daily tear-off calendars have reached us from 
Messrs. Joseph Adamson and Company, Hyde, Cheshire ; 
Messrs. The Tangent Tool Engineering Company, Liraited, 
Tangent Works, Keynsham, near Bristol ; and Mr. A. L. 
Curtis, Westmoor Laboratory, Chatteris, Cambridge- 
shire.—We have received a set of daily refills for their 
calendar from Messrs. Liverpool Marine Appliances, 
Limited, Cunard Building, Liverpool.—A wall calendar 
has reached us from Messrs, C. Isler and Company, 
Limited, Artesian Works, Bear-lane, Southwark, London, 
S.E.1.—A set of postcards of the works of Messrs. 
Maschinenfabrik Augsburg-Niirnberg A.-G., Germany, 
has come to hand from the British agents, Messrs, John 
Le Boutillier, Limited, 13, Rood-lane, London, E.C.3, 
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PLANT FOR THE DECOMPOSITION OF COKE-OVEN GAS. 


(For Description, see Page 163.) 





Fia. 8. Low-Pressure Arr PIPEs. 





“Tue Gas WoRLp’s * ANALYSIS OF GAS COMPANIES’ 
Accounts, 1928.—-The analysis of Gas Companies 
Accounts, 1928, compiled by The Gas World [London : 
Ernst Benn, Limited; price 21s. net] is a very useful 
publication. It consists simply of two sheets, about 
15 in. by 20} in., of tables giving particulars about the 
coal carbonised, the products obtained, the therms (i.e., 
the declared calorific value), the various costs and 
revenues, capital invested, length of main systems, 
numbers of consumers, &c., for 48 gas companies, 
which are named. The whole is folded so as to make 
a booklet of half the dimensions mentioned. In some 








Fic. 9. AMMONIA COMPRESSORS AT SODINGEN. 


respects, the statistics vary greatly, of course ; in others, 
the deviations from the averages are not noteworthy. 
The declared calorific values ranged from 450 up to 550, 
but the figure 500 was not often exceeded. The largest 
amount of coal carbonised was 2,702,677 tons, the 
maximum amount of oil used was 2,240,654 gallons. 
The weight of coke and breeze made per ton of coal, 
10-1 cwt. on average, varied between 7 per cent. and 13-7 
percent. The gas unaccounted for showed very striking 
discrepancies ; it came up to 12 per cent. and 14-5 per 
cent. in the case of a few small undertakings, was down 
to less than 3 per cent. in the case of the big companies, 





and to 1-5 per cent. in one small company ; the 
average was 6-5 per cent. The revenue from the 
ammonia products represented in no case more than 
0-25 penny, the average being, indeed, 0-05d. per therm 
sold, and the corresponding figure for tar was 0-62<., 
the extreme values being 1-38 and 0-34d. The distribu 
tion charges, 1-56d. per therm sold, did not fluctuate 
over much, nor did the net costs of gas, 7 “34d. per therm 
sold, the extreme figures being 9-23d. and 7-22d. But 
the capital,'‘reduced to the basis of a thousand therms 
sold. showed very marked variations, from 51. to 2201., 
with an average of 108/. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 
We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 


Journal and any other publications bearing 
somewhat similar titles. 





TELEGRAPHIC } “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 


(2 lines). 
SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 


For the United Kingdom....................... £3 5 0 
For Canada— 
Thin paper copies ..................:0004 £218 6 
Thick paper copies........................ £3 3 0 
For all other places abroad— 
Thin paper copies ..................:0:0 £3 3 0 
Thick paper copies.................00 £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are. 12 in. deep and 9 in. 
wide, divisible into four eclumns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Post on Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of publication. 


All accounts are payable to ‘““ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney ; 
N.S.W. T. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-98, Queen-street, East. 

DENMARR, Copenhagen: Kaat-Jensen and Company, Vester 
Farimagsgade 22. 

EDINBURGH : John Menzies and Company, Limited, Rose-street. 

FRANCE, Paris: Ricour, Chevillet et Cie. 22, Rue de la Banque. 

GERMANY: Hermann Fromm, Liitzowstrasse, 84, Berlin, W.35. 

GLasGow : William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 

HOLLAND, Rotterdam: H. A. Kramer and Son, Limited. 

INDIA, Calcutta : Thacker, Spink and Company. 

Bombay: Thacker and Company, Limited. 

ItaLy: U. Hoepli, Milan. Anonima Libraria Italiana, Torino 
and any post office. 

JAPAN, Tokio: Maruzen Company, Limited, and all branches. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER: John Heywood, Limited, 143, Deansgate. 

NEw ZraranD: Gordon and Gotch, Limited, Wellington, 
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CIRCUIT BREAKER DESIGN. 

Tue late Dr. Ferranti once said that the modern 
practices of increasing the size of power stations and 
of extending the length of transmission lines had 
brought with them the necessity of devising vastly 
improved switching arrangements, in order that 
the cost of tapping the system might be reduced 
and the large amounts of energy, which were 
liberated, when a fault occurred, controlled. It 
is common knowledge that for the past eight 
years the British Electrical and Allied Industries 
Research Association have been engaged in investi- 
gating the operation of circuit-breakers, a most 
important factor in the difficulties implied in the 
above statement. The problem is, however, 
extremely complex, owing to the number of variables 
involved ; and it cannot yet be said that any final 
solution has been reached. Some interesting, and 
even startling, results have, however, been obtained 
and have not only led to the revision of old ideas, 
but may bring about profound changes in generally 
accepted designs. The similar investigations which 
have been conducted both in the United States 
and Germany point in the same direction, as a study 
of the formidable amount of literature, which has 
already grown up on the subject, will show. 
As is well known, the interruption of an alter- 
nating current circuit carrying a large amount of 
power has, up to the present time, generally been 
effected in one of two ways. The contacts of the 
switch used have either been immersed in some 
insulating liquid, such as oil, which, it has been 
generally supposed, played an important part 
in quenching the are which was struck when those 
contacts were separated; or they have been left 
surrounded by air, the are being extinguished 
simply by drawing it out, until the voltage was 
no longer able to maintain it. For the powers 
that have been considered in recent investigations 
the latter type can, for reasons of space and fire 
risk, only be installed in the open air and with the 
pressures now employed its use is virtually imprac- 
ticable. Unfortunately, the oil-switch, as generally 
designed, though it takes up much less room, is 
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»|is the part played by the oil. 


when dealing with the same amount of power on 
successive occasions. The result is that it has 
had to be made larger than the assumed theoretical 
conditions require, and even then some risk has 
not been altogether excluded. Investigators have 
therefore directed their attention to the attain- 
ment of improved security under all conditions, and 
in so doing have attempted to prevent the arc 
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separated, an equivalent would have to be devised. 
This may perhaps explain why the oil circuit- 
breaker has changed so little since it was first 
invented by Mr. G. W. Partridge a generation ago. 
Another interesting point that has been considered 
The researches 
of Messrs. E. B. Wedmore, W. B. Whitney and 
C. E. R. Bruce in this country have shown that 
the extinction of the arc is not due to quenching by 
that means, and that the oil, indeed, introduces 
such factors as local gas production, surging, for- 
tuitous contact with the hot crater, thus leading to 
difficulties in control. In addition, when it is used, 
there is a fire risk. On the other hand, it may be 
admitted that the oil does assist in breaking up 
the arc, insulates the contacts from each other 
and from earth, and reduces the clearances that are 
necessary. It also allows a cooling surface to be 
placed closer to the arc than would be safe with 
unprotected insulated surfaces. Its presence there- 
fore is in many ways justified. 
A further problem is to determine the effect on 
oil-switch performance of the circuit phenomena, 
such as the voltage, current and phase angle as well 
as of that separate group of conditions, which form 
an. inherent part of circuit-breaker design, such 
as oil head, type of enclosure and speed of break. 
On these subjects a large amount of work has been 
done and the steps taken, as a consequence, to dis- 
cover the best practical arrangements, and to assess 
the risk were summarised in a paper, which was 
read by Mr. L. C. Grant before the meeting of the 
Institution of Electrical Engineers on Thursday, 
January 23. This communication included a 
comparison of the relative advantages of single 
and multi-break switches, which showed that the 
breaking capacity, based on the actual distress 
produced, is in the ratio of 100 : 62 : 50 for single, 
double and four-break switches respectively, and 
that the six-break arrangement appears to give less 
than 10 per cent. improvement over the four-break. 
It seems, too, that, within limits, the speed of 
breaking has comparatively little effect on the 
distress. At very low-speeds of break, however, 
the distress becomes excessive, while anything which 
tends to produce sudden speed-changes, such as spring 
contacts, explosion pots and magnetic blow outs, 
should only be adopted, it is argued, after careful 
consideration. As might be expected, the distress 
varies roughly with the power broken. On the 
other hand, it is not dependent to any great extent 
on asymetrical conditions in the circuit. Mr. Grant 
concludes that switchgear designs are tending to 
reach a state of equilibrium, owing to the experience 
gained from successive breakdowns on the one 
hand and the restraining demands of economics 
on the other, with the result that present day 
apparatus appears to have reached a condition, 
where it is suitable for average distress conditions. 
This is, however, not altogether a satisfactory 
position, for it indicates that present-day commercial 
breaking capacity ratings are average ratings only, 
and that switchgears based on them are therefore 
liable to a varying percentage of breakdowns. In 
other words, if the largest breaking capacity now 
economically possible is assumed to be 2,000,000 
kv.-a., the true breaking capacity, to give absolutely 
reliable service, must not be regarded as higher 
than 800,000 kv-a., if heavy tanks are used, and 
not more than 300,000 kv.-a., if light tanks are 
employed. The short-circuit powers, which now 
have to be dealt with, cannot therefore be inter- 
rupted with absolute certainty by any existing oil 
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switch, though analysis shows that such a switch 
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will be called upon to operate under conditions, 
where the rated capacity is exceeded, in 6-5 per 
cent. of the total times it is opened. As over- 
stressing occurs in half these cases it follows that 
such a switch will only give a 96-75 per cent. 
service. It remains therefore to be considered 
whether this is a sufficiently high value for the 
conditions under which electricity is supplied in 
this country or whether steps must be taken to 
secure further improvement. This is not easy to 
decide having in view the economic and technical 
factors involved, but it is a dilemma out of which 
both manufacturers and users must obviously find 
a way. 

In this connection it is important to point out 
that the investigations we have just summarised, 
and others that have been made on the same subject, 
have led to the opinion that the cause of these 
fortuitous variations in the operation of oil-switches 
lies in the oil itself, and that a contributory factor 
is the extreme instability of the arc. The latter, 
in fact, varies in the path it takes, in the length 
of that path, in shape and in many other ways, 
while, as Professor Compton has shown, its ion 
mobility is so small that it may re-strike after the 
voltage has fallen to zero or has reversed. As 
regards the first point, a number of experiments 
have been made by Mr. Slepian and others in the 
United States with a view to devising a switch, 
which does not involve the use of oil. These 
experiments seem, primarily at least, to have 
arisen from growing demands for the reduction 
of fire risk and for the solution of the main- 
tenance problems attendant on the employment of 
the ordinary equipment. The result is to be found 
in the Deion circuit-breaker, a description of which 
was published on page 152 of our issue of January 31. 
Without repeating the information given in that 
article, it may be stated that the principle of that 
device is to break up the arc into a number of very 
short sub-divisions, so that the air between the 
contacts rapidly recovers its dielectric properties, 
i.e., it is deionised and re-striking is thus prevented. 
Another important point is that no oil is used, 
while the dimensions of the switch seem to be 
smaller than those of a conventional circuit-breaker 
of comparable capacity. 

Curiously enough, a somewhat similar arrangement 
has been devised by Mr. L. C. Grant in the course of 
his investigations into are stability, and was 
described by him in the paper, to which reference 
has already been made. He also recognises that 
the control of ion production lies at the root of the 
matter, and his object has therefore been to reduce 
the amount of energy appearing at the are under 
given circuit conditions, so as to secure stability 
and that greater consistency of distress symptoms, 
which is its accompaniment. His switch has, there- 
fore, been designed so that the energy dissipated 
at its contacts is reduced to some low value and 
then abstracted in the form of low-grade heat. It 
is opened by withdrawing a central contact rod 
from a fixed contact under oil, and by passing it 
between a series of heavy metal discs, which are 
also under oil. The are, as in the Deion breaker, 
is forced by magnetic and thermal action into the 
openings between the latter, and it is stated that, 
when the power is moderate, extinction occurs 
at a comparatively short radial distance from the 
central rod, but that as it increases the are becomes 
longer and longer, until finally it emerges into an 
annular chamber near the outer edge of the discs, 
where it is quietly broken. It is found that both 
this chamber and the discs tend to stabilise the arc, 
which, in passing through the radial openings, is 
sub-divided into a number of annular sections, 
which expand radialy, the gas pressure and tem- 
perature conditions being such as to assist rapid 
extinction. The construction is more robust, both 
mechanically and electrically, than the usual oil 
switch, though this, it is stated, is merely by way 
of additional safeguard, as the pressure set up 
during the breaking process is very small. 

It will be noticed that the important difference 
between this design and the Deion breaker lies in 
the use of oil, which, according to Mr. Grant, is 
introduced with the object of reducing the insulation 
clearances, and thus enabling the distances between 
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difficulty in using discs only ;; in. thick with 
spaces of equal width between them. It appears 
too that, even in Mr. Grant’s switch, the break does 
not occur under oil, the latter during operation 
being forced out of the arcing area and only flowing 
back again when the arc has been extinguished. 
Some further research seems to be necessary, 
therefore, as to whether the use of oil is really 
essential. 

Apart from the introduction of a new principle, 
both these switches are interesting from the great 
saving in space, which their use would appear to 
allow. Mr. Grant states that a switch of the type 
devised by him and capable of breaking 50,000 kv.-a. 
at 6,000 volts would only measure 6 in. in diameter 
by 6 in. long and weigh less than 28 lb. Though no 
similar figures regarding the Deion breaker are 
available, it is evident that the room occupied by it 
is smaller than that of a comparable unit of con- 
ventional design. 

On the other hand, it is clear from the discussion 
that neither the data on which the arrangement of 
Mr. Grant’s device is based, nor its constructional 
details have secured universal acceptance. Mr. Wed- 
more, in fact, went so far as to say that he doubted 
whether it had any merits, while Mr. Trencham 
expressed doubts whether on heavy short-circuits 
it would be as effective as an oil circuit-breaker, 
which incorporated an explosion pot. The tests 
on the Deion breaker, to which we made reference 
in our previous article, do, however, show that the 
use of arcing discs has something to recommend it, 
and it may be expected that its intrinsic value will 
be determined by future experiment. At the same 
time, it would be manifestly unwise to discard 
apparatus which has worked, and is still working, 
well, and especially to do so on the results of a not 
very extended investigation. The wiser course 
would seem to be to go on trying to discover the 
effect of the various factors involved on design and 
performance. This is likely to be both arduous 
and tedious, but in the end it should be well worth 
while. 








THE PROGRESS OF INDUSTRIAL 
RESEARCH. 

As a stocktaking of progress in the application 
of science to industry, the annual reports of the 
Department of Scientific and Industrial Research, 
are always interesting and suggestive. The 14th 
Annual Report, however, which has just been 
published has the special claim to consideration 
that it appears to record a second stage in 
the development of the application of scientific 
research to industrial purposes, and to mark the 
present time as a critical epoch in the evolution 
of State-organised research. The first critical 
period in its history began naturally with its 
institution in 1916. Up to that time the country 
had enjoyed powerful and prosperous industries, 
which worked side by side with brilliant and 
enthusiastic bodies of scientific men, but no 
systematic mechanism had been evolved for co- 
ordinating their labours in the interests of industry. 
Speaking generally, each side had its own point of 
view, from which it considered the work of the 
other side, when it took account of it at all; and 
neither side was apt to recognise the essential 
differences in the circumstances of their two classes 
of work. Scientific men protested against the 
slowness with, which the practice of the industries 
assimilated laboratory results, and practical men 
the apparent arrogance with which scientific men 
demanded that laboratory results should be applied 
to industry, irrespective of the difference between 
the circumstances of industrial and laboratory 
work. 

The first business of the Department was to 
attempt to reconcile these misunderstandings. It 
had both to create a mechanism by which the 
resources of both sides could be co-ordinated in 
exploring the vast unknown fields for research in 
which industry might find its scientific basis, and 
to lead industry to a more general recognition of 
the necessity of such collaboration. To institute 
the mechanism was not so difficult as to induce the 
conviction that it would be economically prudent 
to use it. Some among the senior men of science 





the live parts and earth to be cut down by 25 per 
cent. On the other hand, Mr. Slepian sees no 





expressed a lively distrust of the results to be 





expected from conducting scientific work under the 
guidance of a body composed jointly of scientific 
men and laymen. A still larger part of industrial 
opinion, distrusting no less the disposition and 
ability of scientific men to view the problems of 
industry from the industrial point of view, regarded 
the proposed investment of large sums of money 
in research as an unjustifiable speculation. These 
difficulties were increased by the chequered economic 
situation which arose a few years after the Depart- 
ment had begun to work. They were faced with 
an admirable resourcefulness and perseverance. 
The original programme was modified in accordance 
with the unexpected circumstances of the time, and 
the present report, coupled with those of recent 
years, appears to show that in many industries the 
initial object has been attained. Many indus. 
trialists have become satisfied that co-operative 
research is a practical and necessary means of 
stabilising and fertilising their work, and in a 
constantly increasing measure they are taking 
advantage of the organisations for research. Many 
of them, moreover, have persevered with the work 
of the Industrial Research Associations, which have 
already resulted in discoveries and inventions of 
practical importance, and seem likely to lead to 
still further developments. During the last two 
years an exhaustive examination of the work of 
these associations has been made, and it is clear 
that they are having or are likely to have a profound 
effect on the industries with which they are con- 
cerned, 

It is in these circumstances that the report dis- 
closes two directions in which the organisation of 
industrial research must be improved if the in- 
dustries are to reap the full benefit of the results 
that have been obtained, and of the mechanism 
that has been established for further progress. 
For the time being the present organisations seem 
to be obtaining a reasonably satisfactory number 
of positive results, but up to now the measures 
available for applying these results in practice are 
far less satisfactory. A large part of the more 
valuable results have to be obtained in the circum- 
stances of the laboratory, and for many or most 
of them it cannot be known by what means they 
can be applied technically and economically to 
industrial practice without full-scale trials in in- 
dustrial conditions. In most industries the re- 
sources for such full-scale trials are wanting. The 
report gives, indeed, examples of attempts that 
are being made to provide such resources. The 
Industrial Research Council of the National Federa- 
tion of Iron and Steel Manufacturers, for example, 
has been instituted with the co-operation of the 
Department for that purpose; the British Cast- 
Tron Research Association has made some full- 
scale investigations through the co-operation ot 
constituent firms; and the Non-Ferrous Metals 
Research Association has instituted a Development 
Department for the purpose of facilitating the 
passage of suitable discoveries from the laboratory 
to the works. As a whole, however, the organisa- 
tions for applying the results of research are much 
fewer than those for obtaining them, and as yet 
even the few that have been established do not 
seem to be provided with the resources by which 
their work can be conducted on an adequate scale. 

These circumstances appeare the main factors 
in creating what we have termed the second critical 
epoch in the Department’s history. They have the 
peculiar difficulty that the remedy involves 1n 
most instances the expenditure of a large sum of 
money, and until the necessary resources are 
obtained, nothing like the full benefit of the research 
work can be expected. For many industries, 1n- 
deed, the resources required, though large 1 
themselves, are small when compared with the 
scale of the industries, and to the advantage that 
may be expected to industry from the full and 
systematic observation of the results of research 
applied in industrial conditions. It may well be, 
indeed, that the means for bridging the gap be- 
tween experimental results and practical applications 
may require more capital than was required for 
obtaining the results themselves. On the other 
hand, the need is being realised after a brilliant 
series of results in various industries has demon- 
strated the enormous potential advantages t° be 
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hoped that in these circumstances the difficulty of 


obtaining the larger sums, after the demonstrations 
that have been given in the course of the last 
14 years’ work, may prove to be less than that of 
obtaining the resources requlred for organising the 
research before such evidence was available. 

A second need of the present time is to obtain an 
adequate supply of research workers. As an em- 
pirical result, the truth of which even now some 
people find difficult to believe, and many more 
find harder still to understand, the experience of the 
Civil Service both at home and in India and the 
Colonies has appeared to show a remarkable corre- 
spondence between academic distinction, even in 
subjects remote from practical life, and efficiency in 
administrative work. Whether the academic train- 
ing that has been necessary to obtaining high places 
in civil service examinations may have formed a 
gymnastic that developed students’ abilities, or 
whether the essential factors of administrative 
ability make those who possess them specially apt 
at the academic gymnastic, experience has shown 
an astonishingly close correspondence between the 
persons who excel in both. 

The majority of engineering students who attain 
a good standard of scientific training, pass into 
industrial life. This, indeed, is usually the object 
of their training. There can be little doubt 
however that those who so pass into industry 
must include a proportion of the men who by 
temperament and ability would have been suited 
to become research workers of the type of those 
who might develop original conceptions and become 
pioneers in their subjects. At the present time, 
it cannot be doubted that the material prospects 
offered to men of this type, if they pursue their 
vocation for research, are much smaller, both in 
extent and in certainty, than those that are offered 
in administrative positions. Doubtless men with 
the vocation for research will be prepared to make 
some sacrifice in exchange for the means of being 
occupied on the work they like best. There are, 
however, limits to the sacrifice that can be expected 
of a man for such considerations, and these limits 
will restrict the supply of suitable men all the 
more when, as at the present time, the assurance 
of continued employment is often wanting. Doubt- 
less, on the other hand, there are obvious difficulties 
in assuring continuity of employment on work in 
which no assurance can be given of maintained 
output. These difficulties will be felt the more 
keenly in regard to those research workers who are 
wanted, not so much for their industry, accuracy 
and even acuteness, all of which in some measure 
can be tested, as for their originality of thought, 
and their persistence in investigation—qualities 
that are more difficult to recognise and to measure 
in advance. Nevertheless, it is clear that as the 
application of scientific results to industrial purposes 
progresses, the need for a maintained supply of 
original research workers must increase. The 
subject remains under the consideration of the 
Department, and of the many eminent men of 
science and teachers with whom it has conferred 
on the matter. The difficulties admittedly are 
great, though they do not seem to be insuperable. 
In any case it is clear that for the assured main- 
tenance of progress in scientific industry it is indis- 
pensably necessary that they should be overcome. 








THE ‘‘ ERSATZ PREUSSEN.”’’ 


ALTHOUGH representatives of Germany are not 
taking part in the Naval Conference, there is 
ample evidence that whilst the experts of the Five 
Powers concerned are considering the effect of 
limitations of the unit tonnages of battleships 
and other types of warships, and the maximum 
calibre of guns to be mounted thereon, many re- 
ferences are being made to the Ersatz Preussen, 


and other warships of the Naval Powers, and 


to the disadvantage of the latter. It was claimed 
by them that Germany had once again led the 
world, and the naval designers of other nations 
were lacking in initiative and resource. Information 
which has since been forthcoming has modified 
to a considerable extent the details which were 
first published, but this has not, as is generally 
the case in such circumstances, been given the 
same wide publicity. 

It may be recalled that by the Treaty of 
Versailles, the unit tonnage of armoured ships to 
be built by Germany to replace those of the eight 
battleships she was allowed to retain, and which 
may be replaced after twenty years’ service, is 
limited to 10,000 tons. This tonnage, as was usual 
at the time, was generally assumed to include 
a proportionate weight of fuel, and thus differed 
from the standard tonnage adopted three years 
later at the Washington Conference, which excluded 
all fuel. The difference between these two systems 
of tonnage varied with the practice of the diffe- 
rent admiralties, but for a vessel of the size of 
the Ersatz Preussen—10,000 tons—amounted to 
between 400 tons and 500 tons. The German 
authorities appear to have interpreted the Versailles 
tonnage by the Washington standard, and as the 
Five Powers have all built cruisers of 10,000 tons, 
comparison of the qualities of these with those 
reported for the Ersatz Preussen was an easy matter 
for the critics. 

According to the published reports, the Ersatz 
Preussen is about 590 ft. in length and 66 ft. in 
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beam. The draught is not stated, but is probably 
in the neighbourhood of 16 ft. Her armament 
consists of six 28-cm. (1l-in.) guns in two triple 
turrets, one forward and one aft, as in the pre- 
Dreadnought battleships; eight 15-cm. (5-9-in.) 
guns in single mountings ; and four 3-in. anti-air- 
craft guns in twin mountings. Two triple torpedo 


writers to hail her as a revolution in warship 
design, and to enter into comparisons of her} writer pointed out that in the Hood, whose 
reported qualities with those of the latest cruisers | 


especially those of the British Navy, and greatly 
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has been made by the German engineers, one 





propelling installation weighed 5,356 tons, the 
German engines would develop no less than 
684,000 brake horse-power in place of the 144,000 
shaft horse-power obtained from the boilers and 
turbines actually fitted. 

| From stability considerations alone this very low 
| . ° : 

weight of machinery in the Ersatz Preussen appeared 
extremely doubtful, the beam of the ship being 
24 ft. less than that of the Kent class, and the 
top hamper being certainly greater, due to the 
heavier armament. Details which have since been 
published in a German technical paper indicate 
that the figures quoted above are entirely mis- 
leading, and that the estimated weight of the 
propelling installation is 1,150 tons (514 lb. per 
brake horse-power), a far different figure, but 
one which shows an appreciable reduction on 
previous German engines. The most powerful 
submarine Diesel unit built by the Germans during 
the war, developed 3,000 brake horse-power, and 
weighed 78 tons, or 58 lb. per brake horse-power. 
This was a four-cycle 10-cylinder engine, whose 
maximum revolutions were 400 per minute. <A 
12,000 brake horse-power six-cylinder double-acting 
engine, also constructed by the Germans during 
the war, and running at about 150 r.p.m., weighed 
112 lb. per brake horse-power. This engine was 
73 ft. long, 14 ft. wide and 24 ft. high, a size 
unsuitable for a warship of the dimensions of the 
Ersatz Preussen. The weights per unit power just 
quoted are for the engines alone, whilst the 514 Ib. 
for the new engines includes gearing, propellers 
and their shafting, &c., showing that notable 
economies have been effected by the German 
engines during the intervening period. It is stated 
that the new engines are to be of the double-acting 
type, and have been developed from the fast- 
running submarine engines rather than from the 
much slower moving 12,000 brake horse-powcr 
engine. It is perhaps of interest to add that the 
Beardmore Diesel engines each of 585 brake horse- 
power fitted in the airship R.101 and running at 
900 r.p.m. weigh 8 lb. per brake horse-power. 

A comparison of the weight of the engines of 
Ersatz Preussen with those of the steam installation 
fitted in the latest British warships can be made 
from the figures given by Sir Robert Dixon, 
formerly Engineer-in-Chief of the Navy, in his 
recent Presidential address to the Institute of 
Marine Engineers. He stated that in Hood the 
weight is 81 lb. per shaft horse-power, in Nelson 








tubes (19-7 in.) are to be fitted on the weather 
deck, one on either quarter. A sketch published 
with the first account indicates a vessel with a long 
forecastle deck extending to just abaft the after 
turret, the triple torpedo tubes being placed on 
the deck below and slightly abaft this turret. The 
eight 5-9-in. guns are mounted on the forecastle 
in four groups of two guns, the position of each 
pair being clear of the after training of the forward 
and forward training of the after turret, respectively. 
The pairs of guns are also positioned so that four 
can fire forward and four aft, and four on either 
broadside. The axes of the ll-in. and 5-9-in. 
guns are all at approximately the same height 
above water. The triple turret for large calibre 
guns is not a new departure, having been used by 
the Italians for 12-in. guns in 1910, by the U.S.A. 
for 14-in. in 1913, and on the Nelson and Rodney 
for 16-in. guns. The Normandic class of battle- 
ships laid down by the French in 1913, and 
launched but never completed, were to have had 
quadruple turrets for their 13-4-in. guns. 


and Rodney 100 Ib., in Kent class 45 lb., and in 
destroyers 33 lb. Taking the Kent class weight 
as a basis, her tonnage being the same as the 
German ship, a steam turbine installation of 50,000 
shaft horse-power would weigh 1,000 tons, or 
150 tons less than that of the Diesel plant. In 
this comparison the weights of the latter are 
presumably estimated, whilst those of the British 
warships are actual weights for engines and boilers 
which have proved satisfactory after extended 
experience. 

The weight of the auxiliary machinery is not 
included in the foregoing comparison, but in this 
respect the ship with a steam installation should 
have the advantage over a Diesel plant, but what 
this difference amounts to cannot be stated. 
According to one account, the auxiliary machinery 
in the Ersatz Preussen is estimated to weigh 
450 tons, a much higher figure than is usual in 
steam-driven warships. 

The German account, which has been already 
drawn on, states that the 50,000 brake horse-power 








The propelling machinery of the Ersatz Preussen 
is to be of 50,000 brake horse-power, giving a 
speed of 26 knots to 27 knots, whilst the radius 
of action is estimated to be 10,000 miles at 
20 knots. The most startling detail given in the ori- 





ordered by the German Government in August, 
1928, and now frequently designated by journalists 
as the ‘pocket battleship.” This new warship 
1s termed by the German authorities an armoured | 
cruiser, but in the Parliamentary Return entitled 
Fleets,” recently published by the Admiralty, 


she is classed as a battleship. The particulars of | total weight of the propelling machinery would 
the ship, when published in February last year, | thus amount to 390 tons, a truly remarkable figure. 
were sufficiently startling to move several naval | As an illustration of the advance which he believed 





ginal description of the ship was that the propelling 
engines were to be wholly of the Diesel type, and | 
that by improvement in design and the extensive 
use of light alloys in their construction, the weight 
had been reduced to 8 kg., or 174 lb. per brake 
horse-power. 


will be obtained from eight engines each of 
6,250 brake horse-power, four engines driving each 
of the two propelling shafts. Each of the two 
groups of four engines will be symmetrically placed 
in relation to the line of the propeller shaft, and 
will drive the latter through a common gear box. 
The arrangement to be adopted appears to be 


|that referred to in a paper read at the 1927 


meetings of the American Institution of Naval 
Architects, and is possibly the only practicable 


For 50,000 brake horse-power the|and convenient quadruple engine drive for the 
propeller shaft of a ship. The scheme is shown 
diagrammatically in the figure above, the four 
engines 


being separate, a hydraulic or other 
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transmission gear being interposed between each 
engine and its driving pinion. 

If the foregoing account of the machinery installa- 
tion is correct, and there is little reason to question 
it, the whole installation appears to be of a highly 
experimental character, and the German designers 
have been full of courage in adopting it in its entirety 
for such an important and costly unit of their 
reconstructed fleet. There is little doubt shop 
trials have been exhaustive and, presumably, satis- 
factory, and from a recent announcement it would 
appear that trials at sea with two of the engines 
and gearing are to be carried out in the new 
6,000-ton cruiser Leipsig, launched last October. 
The sister vessels Karlsruhe, Konigsberg and Koln 
are reported to be twin-screw ships, fitted with 
65,000 shaft horse-power turbines and an auxiliary 
Diesel drive for low speeds. The Leipsig is stated 
to have three propellers, the two wing shafts being 
each driven by turbines of 30,000 shaft horse-power, 
whilst the centre shaft is to have a 12,000 brake 
horse-power Diesel drive. The number of Diesel 
engines is not stated, but it may be concluded 
there will be two of the same type as for the Ersatz 
Preussen, to enable sea experience to be obtained 
before the larger vessel is completed. 

The main advantage of the Diesel engine for 
ship propulsion lies, as is well known, in its smaller 
fuel consumption in comparison with steam engines, 
and the increased radius of action which may be 
obtained for a given quantity of fuel, or the 
decreased weight of fuel to be carried for a given 
radius. The reported radius of action for the 
Ersatz Preussen of 10,000 miles at 20 knots is 
greater than can be obtained from the 10,000-ton 
cruisers fitted with steam machinery. As already 
stated, the fuel carried by a warship is not included 
in the standard tonnage ; its effect, however, is 
felt in the deep condition of the ship, and any 
decrease in the amount of fuel to be allowed will be 
reflected in a smaller difference between the full 
speeds for the deep and standard conditions. From 
the figures for fuel consumption given by Sir Robert 
Dixon, in the address already alluded to, it would 
appear that the difference in the fuel consumption 
per unit power for steam and Diesel machinery is 
gradually being reduced, and in the near future 
something approaching equality may be secured. 
Superheat, higher pressures, &c., are progressively 
reducing the fuel consumption of the steam turbine, 
whilst for engine drives as arranged in the Ersatz 
Preussen with the mechanical gearing, transmission 
years, &c., the consumption must be increased as 
compared with that obtained on shop trials with the 
engine alone. Extended experience with the engines 
at sea can alone determine the relative values of 
the two types of propelling machinery in this 
important feature. The steam plant has one 
advantage in requiring a much smaller quantity 
of lubricating oil to be carried, but on the other 
hand reserve feed water, unnecessary in the Diesel, 
must be provided, although its weight does not 
appear in the Standard tonnage. 

The reintroduction of heavy reciprocating weights 
moving at high speeds as in the Diesel engine will 
tend, as in the older steam reciprocating machinery, 
to increase vibration, a feature which is in the 
highest degree objectionable in the modern warship, 
whose efficiency as a fighting unit depends to a 
larger extent than was formerly the case, on the 
accuracy of numerous very delicate instruments and 
mechanisms. In this respect the turbine possesses 
a distinct advantage. 

Another feature which was emphasised in the 
first account of the Ersatz Preussen was the notable 
saving of hull weight whi-h it was anticipated would 
result from, (1) the adoption of a high-quality 
steel in the structure; (2) the omission of all 
riveting and the substitution of welding; and 
(3) the extensive use of light alloys in place of steel 
for numerous fittings and furniture. It was 
claimed by the naval writers, who commented 
on these proposals, that some hundreds of tons 
would be saved on the hull weight, and these could 
be utilised for improved protection, as compared 
with British and other warships. A little inquiry 
on the part of the critics would have disclosed the 
fact that economies had already been effected in 
these directions in the latest warships of most 











navies. In adopting higher qualities of steel for the 
structure of warships and fast liners, it can be 
claimed that Great Britain has been a pioneer, 
and it is open to doubt if the structure of the 
Ersatz Preussen will be of better material than is 
used in this country. Welding has long been 
employed in shipbuilding ; its use is being extended 
as experience is gained, but it is very doubtful 
indeed if the German warship designers will rely on 
welding for the main structural portions of a vessel 
of the length of the Ersatz Preussen, where the 
stresses are necessarily high, and especially with 
steel of a superior quality used to meet those 
stresses. The use of light alloys for the minor 
fittings and the furniture of ships, is an obvious 
step in the direction of economising in the weight of 
hull, and for some years has been the practice in 
most navies. 

Information is not available as to the thickness 
of armour on the belt and on the barbettes, or of 
the thickness of the two protective decks which 
it is stated will be fitted. It seems probable that 
there will be insufficient weight, having regard to 
other considerations, to fit a belt of greater thickness 
than 4 or 5 inches. 

Before concluding this article, it may be of interest 
to quote the published official German memorandum 
relating to the functions of the Ersatz Preussen. 
Her speed must be such that she will be able to work 
in conjunction with the 6,000-ton cruisers, and 
avoid action with more powerful enemy capital 
ships; her armament strong enough to crush the 
10,000-ton Washington cruisers, and to strike a 
deadly blow at a hostile capital ship in the event of 
an unavoidable encounter at night or in a mist ; 
and, finally, she must possess in the highest possible 
degree security against underwater or aerial attack. 
The estimated cost of the ship is four million 
pounds or nearly twice that of the Kent class. 


Although the Ersatz Preussen is not such a start- 
ling revolution as some of our naval writers so boldly 
announced, she is a most interesting experiment 
in warship design, and her completion, trials and 
subsequent service will be watched by the naval 
authorities of. other nations, and probably with no 
little anxiety by her designers. 








THE ENGINEERING OUTLOOK. 
VI.—Macuine Toots. 


Ir is gratifying that the forecast made at the 
beginning of 1929 should have erred on the side of 
pessimism. Our forecast was that in the absence of 
some export development, such as the opening up 
of the Russian market, little improvement could be 
expected during 1929. Although Russia has been 
responsible for an increased demand, there has been 
some little improvement, both in the home market 
and in export generally. Unfortunately, the value 
of this improvement is reduced by the fact that the 
progress of the British industry is not keeping pace 
with that of its competitors. 


TaBLE I.—Employment in the Machine Tool Industry. 

Numbers 

employed Index, July, 
in six 1914 = 100. 

Districts. 








1914, July - 3.599 100-0 
1918, September 3,735 | 103-8 
1920, May oe as 4,859 135-0 
1923— 
1st Half-year.. 2,074* 57°6 
2nd a os 2,546 | 70-7 
1924— | 
Ist Half-year.. mea ae 2,165 60-2 
2nd + ex is ae 2,972* 82-6 
1925— | 
Ist Half-year. . 3,021 | 83-9 
2nd > = 3,035 84-3 
1926-— | 
Ist Half-year. . | 3,323 | 92-3 
2nd 2 | 2,979 | 82-8 
1927— | | 
Ist Half-year. . | 3,147 87-4 
2nd_sCi,, is | 3,849 93-1 
1928-— | | 
1st Half-year.. “te i. 3,576 99-4 
2nd mt % 4,336 | 120-5 
1929— | | 
lst Half-year.. 4,599 127-8 
5 


ers ae .| 4,989" | 184- 





* Partly estimated. 


Official employment statistics published by the 
Ministry of Labour are not available for the 
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machine-tool industry as an individual unit. It is, 
therefore, necessary to have recourse to the index 
which has previously proved reliable, and which 
relates to a sample of employment in six chief 
machine-tool producing centres in Great Britain, 
The statistics given in Table I, above, may be taken 
as an approximate measure of activity of produc- 
tion. 


Taste 11.—Exports of Machine Tools Manufactured in 
the United Kingdom. 














| | 
Monthly | Volume Index Value per | Index 
Average. | (tons). 1913=100.) ton, £. | 1913=100, 
eee ae 
1913 te a 1,378 100-0 61-2 } 100-0 
1922— | 
Ist Qr. nye 1,162 84°3 135-5 | 211-4 
2nd ,, ea 924 67-1 130-2 | 212-7 
3rd ,, ne 737 53:5 132-6 | 216-7 
4th ,, < 1,181 85-7 110-0 | 179-7 
1923— 
Ist Qr. ke 1,090 79:1 118-6 | 193°8 
2nd ,, Pa 1,240 90°0 104-8 |} 171-2 
3rd ,,; és 944 68-5 102-9 168-1 
4th 1,430 103-8 101-8 166°3 
1924— 
1st Qr. oe 843 61-2 109-8 179-4 
2nd ,, ns 959 69-6 111-5 182-2 
3rd i 3238 «| Sit 111-3 181-9 
4th ,, 1,078 78:2 120-6 197-1 
1925— 
Ist Qr. 1,426 103°5 107-5 175:7 
2nd ,, 1,126 81-7 117-1 191-3 
Srd , 1,046 75°9 108-1 176-6 
4th ,, | 1,165 84-5 104-9 171-4 
1926— 
1st Qr. | 1,262 91-6 |} 115-8 189-2 
2nd ,, 1,066 77-4 105-2 171-9 
3rd 1,162 84-3 112-7 184-2 
4th 1,034 75-0 117-6 192-2 
1927— 
1st Qr. 1,162 84-3 114-6 187-3 
2nd ,, 1,121 81-3 114-5 187:1 
Sra, |} 1,162 84-3 105-1 171-7 
4th ,, 1,400 | 101-6 110-5 180-6 
1928— 
Ist Qr. 1,137 2°5 | 130-9 213-9 
2nd ,, 1,242 90-1 115-4 188-6 
3rd 1,183 82-2 110°7 180-9 
4th 1,339 97-2 128-8 210-5 
1929 
Ist Qr. can 1,409 102-4 135-5 221-4 
2nd ,, an 1,381 100-2 129-1 210-9 
3rd _,, =e 1,267 91-9 138-2 225-8 
4th ,, ..| 1,355 98-3 128-8 210-5 








Although the last figure given in Table I is an 
estimate based on incomplete returns, there is no 
reason to doubt that it reflects accurately a degree 
of increased activity in the industry as a whole. 
For the first time this index has risen satisfactorily 
beyond the pre-war level, and the numbers employed 
have approached even the level of the boom year 
1920. 

TaBLe III.—Imports of Machine Tools Retained in the 
United Kingdom. 














eas a 7 | 
Monthly | Volume Index, Value per | Index, 
Average. | (tons). | 1918-100.) ton, . | 1913 =100, 
oe ae . ——__—_—__— 
1913— | 312 | 100-0 | 91-4 100-0 
1922— | ng 
Ist Qr. | 275 | 88-1 110-7 21: 
a | 216 | 69-2 111-1 121-6 
3rd | 332 106-4 128-9 141-0 
4th ,, sa) | PSB 80-4 127°5 139-5 
1923— 
Ist Qr. = 284 91-0 109-8 120-1 
2nd ,, 320 102-6 131-2 143-5 
Srd_,, 290 92-9 118-1 129-2 
4th 316 101-3 137-9 150-9 
1924 | sc 
Ist Qr. se] 198 | 63-5 179-1 196-0 
2nd ,, 2 188 60-3 | 182-2 199-3 
3rd, a 320 102-6 | 156-3 171-0 
4th ,, i ee 82:4 | 166-1 181-7 
1925— | ve 
Ist Qr. =: 333 106°7 169-1 185-0 
2nd ,, | 368 117-9 144-1 157-7 
3rd, ..| 416 133-3 133-5 146-1 
4th ,, Lal 584 187-2 136-5 149-3 
ae | | 111-3 121-8 
Ist Qr. ..| 684 203-2 | “f 21:8 
2nd ¥ ..| 509 163-1 | 130-2 142-5 
3rd _,, ..| 622 199-4 | 115-4 126-3 
ath ” = |.| -777,—«| 240-0) | 110-1 | 120-5 
ae | 446 142-9 | 197-4 205-0 
st ¢ | 2 7° 205-0 
ond . ie 297-6 | 134-1 146-7 
3rd ..| 667 213-8 | 250-9 | 165-1 
4th | 689 220-8 147°3 161-2 
1928— | nae 
B ..| 724 232-1 | 148-8 | 162°! 
= | 553 177-2 170-8 | 186-9 
3rd, | 769 146-4 162-7 178-0 
4th ,, | 784 251-3 156-3 171-( 
1929— | A 
Ist. Qr 770 246-38 | 161-2 176-4 
2nd ,, 891 285-6 | 180-5 197-8 
3rd_,, me 866 277-6 196-0 214 
4th ,, ..| 1,037 332-4 | 164-7 180 2 








Exports of machine tools have also shown ‘ 
marked improvement over last year, and are a little 
greater than in any previous post-war yeat in 
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volume. In value{the advance has been even™more 
gratifying, with the result that value per ton has 


precarious development can be expected. In con- 
clusion, it may be said that the prospects for 1930 


been favourably affected and stands at a higher] are for a continued expansion of demand both at 


level than in any year since 1922, in spite of the 


home and in other countries, and that the British 


TABLE IV.—IntTeRNatTiIonaL Exports oF MAcHINE Toots, £000. 














| 1913. | 1924. | 1925. | 1926. | 1927. | 1928. | 1929. 

a oe ] | | 
United Kingdom s be 1,013 | 1,362 1,561 | 1,532 1,615 1,770 2,156 
France .. ce oe 372 663 | 792 659 763 793 932* 
Germanyt : ag a 4,004 2,769 | 3,816 4,590 5,689 | 6,937 8,990* 
Switzerland : - ms 97 488 | 486 | 403 490 | 659 745* 
U.S.A. : Ki He 3,309 | 3,304 | 4,568 | 3,886 5,149 | 7,014 8,460* 

Total “a | | 17,173 | 21,288 


8,795 | 8,586 





* Estimated on incomplete returns, 


general fall in the price level. It is, however, con- 
siderably lower than that of imports. No contribu- 
tion to this improvement has been made by Empire 
markets, which generally speaking, have been dis- 
appointing. On the other hand, European and other 
foreign countries show remarkable increases. The 
progress of exports in recent years compared with 

1913, is shown in Table II. 

In 1929, the level of exports was very nearly the 
same in volume as in 1913, whereas in more than 
one year recently it has not been more than 75 per 
cent. of the pre-war figure. 

It will be clear from the foregoing that satis- 
factory as is the improvement in exports, it has not 
been sufficient to account for the whole of the in- 
creased activity of the industry. It is clear that 
there has also been a brisk movement in home 
demand, and it is regrettable that the whole of the 
advantage of this improvement has not been seized 
by the British industry. From Table III., however, 
it will be seen that imports have increased very 
considerably. 

The numerous unsatisfactory features in this 
table really show up a very serious position. The 
steady upward trend of the volume of imported 
machine tools brought the figure for the last quarter 
of 1929 to a level considerably more than three times 
the pre-war figure. This rapid increase has been 
accompanied by the maintenance of a very high 
value per ton, with the result that the balance of 
trade in machine tools brought in barely 200,000/. 
to this country in the twelve months of last year. 
The British industry has lost no less than 1,950,0001. 
of orders in the home market, the equivalent of 
the employment of 4,000 workpeople for one year. 
It must be admitted that to a considerable extent 
these high-grade importations are special-purpose 
tools from the United States. The view may be 
expressed that the British industry should by now 
be in a position to cope with this demand. If it is 
not, there can be no reasonable hope for its future, 
as it would appear that any improvement in indus- 
trial conditions in this country would only benefit 
foreign manufacturers and fortify their competitive 
strength. 

_ Outside the British market the competitive situa- 
tion can best be tested by an international compari- 
son of the exports of the five principal producing 
countries. Table IV. gives the declared values of 
these exports in pounds sterling converted at the 
average rate of exchange for the year. 

The first point to be observed in Table IV. is the 
rapid growth in world demand for machine tools, in 
supplying which all five countries have increased 
their exports. The battle for supremacy is between 
Germany and the U.S.A., and the former country 
Seems to be maintaining her pre-eminence. The 
United Kingdom is such a poor third that the in- 
crease in German exports between 1928 and 1929 
is almost equal to the total of our exports in the 
latter year. Taking 1924 as a basis, when world 
demand was not quite as great as in 1913, this 
country’s exports have increased by approximately 
800,0007., Germany’s by 6,000,000/., and those of 
the U.S.A. by more than 5,000,000/., out of a total 
mcrease of 12,500,000I. 

Although it is reasonable to expect that the in- 
crease in world demand will continue, the British 
Industry on its present showing would not seem 
likely to reap much benefit from the expansion. 

.country is competitively so weak, both in the 
export markets and the home market as compared 
with its two great rivals, that only a moderate and 


11,223 | 11,070 13,706 





t Including reparations. 


machine-tool industry should be enabled thereby 
to operate at a somewhat higher level of activity 
than during 1929. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS ; NORTH - WESTERN 
BRANCH. 


A MEETING of the North-Western Branch of the 
Institution of Mechanical Engineers was held at the 
Engineers’ Club, Albert-square, Manchester, on Thurs- 
day, January 23, to hear and discuss a paper by Mr. E. 
Watson Smyth on “General Operating Experiences 
with the first “‘ Wood” Steam Generator.” Contrary 
to the usual procedure this paper was read at Man- 
chester before it was given in London, wihch latter 
event took place on Friday, January 24. The London 
discussion will be found in it, on page 143 ante. The 
paper itself, in abridged form, will also be found in the 
same issue, page 149 ante. The discussion at the Man- 
chester meeting, at which the chair was occupied by 
Mr. H. L. Guy, is given below. 

After the formal business had been transacted, Mr. 
Guy referred in an appreciative manner to the late Pro- 
fessor Callendar, whose recent death, he considered, in- 
volved an irreparable loss to engineers, and moved that 
a letter of sympathy should be conveyed to the bereaved 
family. This was unanimously agreed to. Mr. E. 
Watson Smyth then read his paper, at the close of 
which he was heartily accorded a vote of thanks. In 
moving this, the chairman pointed out that during the 
five or six years that had elapsed since the principles 
of the ‘‘ Wood” boiler had been laid down, advance 
in boiler theory and practice, especially as regarded 
heat transmission and combustion, had been rapid. 
The enterprise therefore, of the designer, constructors, 
and purchasers in making such a departure at that time 
was more noteworthy than appeared at first sight. He 
thought that the Institution and indeed all engineers 
owed a debt to the author for his frank and informative 
discussion as to his difficulties with the boiler, though 
it must not be overlooked that the paper indicated 
quite clearly that a substantial amount of success 
had been met with. 

The discussion was opened by Mr. R. W. Whittle 
who thought that some further particulars regarding 
the superheater might be of interest. At one time this 
had fallen into a jumbled heap on the floor owing to 
the failure of the supports, but, while in that condition, 
still passed steam at about 1,000 deg. F. The return 
bends were all forged and the connections with the 
headers made with ball joints. As, sometimes, the 
whole superheater must have been at a dull red heat, 
and the same tubes which were put in in 1925 were 
still in use, it was a tribute to both design and work- 
manship, a metal-to-metal ball joint being the only one 
that would remain tight under such conditions. He 
would ask Mr. Smyth what were the differences between 
his boiler and those which had been satisfactorily 
operated at Derby and Brighton, and what advantages 
had been found by alterations in design, if any. He 
thought the boiler took up remarkably little floor space 
as compared with previous boilers, and, with regard 
to the modifications in design, which had been made 
during the tests, it appeared to him that in a “ series ” 
boiler there must be the closest co-operation between 
the boiler maker and the makers of auxiliaries, such as 
superheaters, &c. Finally, it would be interesting to 
know whether the products of combustion as discharged 
from the chimney of the ‘‘ Wood ”’ boiler were free from 
the drawbacks which attached to other chimneys 
situated in the immediate neighbourhood of the place 
in which the ‘‘Wood”’ boiler was operating and 
about which a great deal had been heard. 

Mr. H. E. Partridge was of opinion that the develop- 
ment of a radiant heat boiler was more or less accidental 
as it was an undoubted fact that water-walls had first 
been used to protect the combustion chamber brick- 
work. This protection had now become a desirable, 
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perhaps not quite fair to make a comparison of the 
original plant with modern designs of other types, 
but even if the figures given in the appendix were 
taken, there was not much in advance of what had 
been done in other directions. Whether, after generat- 
ing heat, it was transmitted by a small boiler surface 
and a large air heater, or a large boiler surface and a 
small air heater, was not essential. The measure 
of success must bear a relation to the total amount 
of heat transmitted, and some comparisons might 
be useful. One plant he knew dealt quite comfortably 
with an evaporation of 72,000 lb. per hour from a total 
heating surface of 22,920 sq. ft. In another the total 
transmission surface was 58,900 sq. ft., the total 
evaporation 300,000 lb., and the chimney temperature 
208 deg. F. The experiments with pulverised fuel were 
interesting and were keeping pace with developments 
in mechanical stoking. The experience at Trafford 
Park was, however, generally universal as far as it 
concerned fine pulverisation, which undoubtedly paid 
in elimination of slag troubles. He thought the paper 
gave a good indication as to the future path to be 
pursued by boiler-makers. Flexibility and reliability 
must come first, then low maintenance costs, while 
reasonable capital cost and good thermal efficiency 
were also essential. The real difficulty was to find 
firms willing to experiment with new ideas. 

Mr. J. E. Braham inquired if the plan of giving 
the gases a circular sweeping motion round the com- 
bustion chamber did not result in the lodging of partly- 
burned particles on cooling surfaces, with a consequent 
partial quenching of those particles. He would ask 
if the author had tried a straight delivery burner at 
any stage during the trials. It might be asked also 
whether the particles making a circular path really 
had a longer time in which to burn than with a straight 
flame. 

Mr. F. Jones also referred to the path of the flame 
from the burner. It was stated, in the paper, that the 
effect of the circular flame path was effectively to scour 
the tubes with flame. If this were the case, surely there 
was some effective heat besides radiant heat. Looking 
at the chart in the paper, the average load appeared to 
be about 53,000 Ib. per hour. Was the generator 
capable of maintaining an evaporation of 90,000 lb. per 
hour for an hour period? He thought that the exit 
for the waste gases was in the correct part of the boiler, 
as the cooler gases naturally moved towards the 
bottom. He wondered whether any temperature 
measurements had been taken actually in the combus- 
tion chamber, and how did the rate of heat transfer 
found in the tests really compare with what could be 
expected from the laws of radiant heat emission. 
Blowing down was stated in the paper to take place 
once every twelve hours. He would enquire if that 
was allowed for in calculating the thermal efficiency, 
and also if there were any figures available giving the 
total evaporation for a month, as these would yield a 
truer efficiency value. 

Mr. Carey described his experience with a number of 
pulverised fuel-burning boilers, one of the chief troubles 
being that arising from slagging in the combustion cham- 
ber. He conceived this to result from the coal par- 
ticles touching the cool part of the combustion chamber 
before they had been reduced to the melting point of the 
ash. Such an action seemed to be encouraged by the 
circular path of the flames in the present design, of which 
design he questioned the finality, as it might evolve into 
something else. He would ask whether the boiler had 
evaporated the very high figure of 90,000 lb. per hour 
continuously. If so, the limit, as far as heat transfer 
on the water side, would probably have been reached. 
At a much higher rate, the tube temperature would no 
doubt be so high that the least imperfection or defect 
in circulation would cause them to be burnt out. On 
the Continent, they had tried to get over such difficul- 
ties by circulating steam, instead of water. There was 
not a great deal published on the exact mechanism of 
the burning of pulverised coal, but present results 
seemed to indicate that the particles had to be heated 
up to some temperature in the neighbourhood of 500 deg. 
or 600 deg. C., after which they ignited very rapidly. 
Perhaps that was why such a large air heater and high 
air temperature were used in the boiler under discus- 
sion. Certainly, a large air heater would have the effect 
of diminishing the combustion chamber surface, and 
so lowering the total cost of the boiler, but there were 
various troubles to be met with in using highly-pre- 
heated air; for example, oxidation of the surfaces. 

Mr. T. W. Cole raised the question of corrosion in the 
economiser, and asked if the oxygen content of the feed 
water before and after de-aeration was known. He 
also enquired what make of feed water regulator was 
employed. It was stated in the paper that two operators 
were necessary to run the boiler in its present form, 
which seemed a great expense for the relatively small 
amount of steam generated. Could not the boiler be 
enlarged so as to evaporate, say, 200,000 lb. per hour, 
without the employment of a larger staff? In Appen- 





and perhaps an essential, part of a boiler. It was 





dix IV, the pulverised coal water-content had an average 
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of over 12 per cent. He had had some experience with 
the Rosencrants feeder and pulverised fuel, and had 
found that over 5 per cent. there was trouble in both 
the feeder and the bunkers. He would like to know 
whether the bunker of the boiler under discussion was 
an ordinary steel shell, or was it wood lined. 

Mr. R. W. Seymour inquired how long had the 
superheater to withstand the stringent conditions 
involved in a steam temperature of 1,000 deg. Fahr., 
and the resultant dull-red heat. 

Mr. C. E. Stromeyer said he found nothing to criticise 
either in the boiler or the paper, but he might comment 
on one or two of the points raised by other speakers. 
There seemed to be an impression that the air supply 
was affected by the swirling action of the burner flame. 
This swirling made no difference to the quantity of air 
that had to be passed through the combustion chamber, 
but the velocity at which the air was introduced had to 
be greater, which was, in itself, an advantage. With 
regard to the suggestion to increase the size of the 
boiler, a note of warning must be sounded. As the 
boiler was based on radiant heat activity, the larger its 
diameter, the more difficult it would be for the radiant 
heat to leave the centre and find its way to the circum- 
ference. Increase in capacity might, however, be 
obtained by increase in height, though, as it appeared 
that there might be some important relation between 
diameter and height, further study would be advisable 
before embarking on new schemes. As regards the 
theory of radiant heat, he had drawn attention to the 
necessity of considering its function in a boiler some 
30 years ago, and had studied it when writing his book 
on marine boilers. Later, he had read a paper on the 
subject at the North-Western Branch, and had returned 
to it again afterwards. His remarks had apparently 
no immediate effect, but he would like to think that 
perhaps, after all, they had helped to turn engineers’ 
thoughts in such directions as were indicated by the 
evolution of the boiler under discussion. 

Mr. H. R. H. Ward also dealt with points raised by 
other speakers rather than arising directly from the 
paper. The boiler at Brighton was almost exactly the 
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to about 15,000 Ib. per hour, with a constant 16 per 
cent. of CO, over both high and medium loads. 

Mr. A. L. Lunn inquired as to the type of economiser 
used, and at what part the corrosion referred to had 
occurred. He would like to know the conditions under 
which it was operated since the installation of the 
de-aerator. He was also curious as to the type of 
prime mover utilising the very highly superheated 
steam, and whether it had been affected by the priming 
of the boiler; at what part of the day was the soot- 
blower in operation ? The calorific value of the coal 
used as stated in the paper was so high that it 
would appear to be simpler to burn it on chain-grate 
stokers, a fact which practically destroyed the case for 
pulverised fuel. 

Mr. Watson Smyth, in reply, said that when the 
superheater was supplying steam at 1,000 deg. F. 
they could not utilise the steam; in fact, they had 
some difficulty in disposing of it. As to the length 
time the superheater had lasted, it was still in opera- 
tion when he had left the works that afternoon. The 
floor space occupied was 336 sq. ft. in area, and the 
height of the building to the eaves was 33 ft. He 
noted the comments about the necessity for fine 
pulverisation and the advisability of utilising coal with 
a high ash content, but thought there was no use in 
grinding ash when they might as well grind coal. It 
might be mentioned that grinding costs varied weekly 
with the quality of coal used. The amount of pyrites 
was important, as a high percentage involved heavy 
repairs to the grinding machinery. Some comments 
had been made about the sweeping action of the flames 
on the water walls, but he considered that there was 
no question of the combustion chamber being anything 
but one subjected to radiant heat. He had not 
published all the tests made, but they had run up to 
an output of 90,000 lb. per hour over a long period of 
time. Generally, as their works was a steel works 
with big rolling mills, the load was very fluctuating. 
The boiler could be steamed at 90,000 Ib., with an 
efficiency of 82 per cent. to 83 per cent. day in and 





same as the one they had just heard described, but | 
certain differences were embodied as the result of | 


experience. For example, the water-screen had had 
its heating surface doubled in area. There were now 


day out. The boiler had not been blown down during 
the tests, so the figures were not affected. 

There had been no trouble with the air heater, 
though some high-temperature gases had passed 
throughit. No oxidation had occurred which seriously 





nine complete rows of tubes in it, instead of the two | 


complete rows and the two half-rows, totalling three 
in all. The result was to reduce the temperature of 
the gases entering the superheater. These passed into 
the air heater at a temperature of about 800 deg. F. 
The arrangement 
similar in the two boilers. 
the other hand, was different, inasmuch as instead of 
corner firing being adopted there was a central burner 
at the bottom of the combustion chamber. This 
projected the coal up through the water-screen and 
spread it out. The heavier particles seemed to hang 
back, and a large part of them fell through the water 
screen. The results were therefore not so good as 
with corner firing. The pulverisation at that station 
was coarse ; at times only 40 per cent. to 45 per cent. 
was passed through a 200-mesh. The gases passed 
up through three rows of tubes in the roof, where the 
superheater was situated. 
heater the gases were led downwards through the 
economiser to the air heater, leaving the plant at the 
ground level instead of at the top. 


of the combustion chamber was | 


The Derby generator, on | ; a 
: |0-03 ¢.c. and 0-1 e.c. per litre. 


| the boiler to take a very high load by itself, it primed 


After leaving the super- | 


Future designs | 


of this generator would follow these lines. as the coarser | 
particles had a longer time in which to burn and did | 


not tend to be carried out of the combustion chamber 
as quickly as when they were coming downwards. 
Corner firing would probably be adopted. As regarded 
high preheated air temperatures, in a radiant-heat 


boiler this was beneficial. The rate of transfer of | 
radiant heat varied as the fourth power of the absolute | 


temperature. 
Mr. A. N. Harrison-Slade drew attention to the fact 
that in the tests conducted in 1927 the amount of ash 


in the pulverised coal at no time exceeded 6 per cent., | 


while at another time it was found necessary to restrict 
the ash content of the coal to a maximum of 12 per cent. 


Great interest was now being centred in the utilisation | #4 Banto, the length and beam of which are, respec- 


of low-grade coals, but if this type of generator could 
only satisfactorily burn «oal with a low ash content 
its use was severely limited, 


alterations recorded in the paper indicated that much 
more remained to be found out in order to enable the 
correct amounts of heating surface in the different 
elements of a series boiler to be apportioned with 
initial certainty. Again, there still seemed much to 
be said for a combination of the steel and refractory 
chamber such as existed in the second extension of the 
plant at Prince’s Power Station, Birmingham. In 
these boilers they had no water-screen, and, on the 
other hand, there were none of the limitations alluded to 


by Mr. Smyth. There was a greater range of capacity, | wards 


, . In spite of what had | puilt by the Haarlem Shipbuilding Company, Haarlem, 
een said about the recent increase of knowledge on | Holland, and are equipped with British Kromhout semi- 
the laws of heat transfer, he felt that the repeated | Diesel engines constructed in this country by Messrs. 


affected the plates. As regarded the economiser, this 
had steel tubes 2 in. in diameter. It was at first 
seriously corroded, and had only lasted six months. 
Since the de-aerator had been fitted the trouble had 
been cured. The water used was town’s water with 
an oxygen content of 7 c.c. per litre. The average 
content after leaving the de-aerator varied between 
The average feed 
temperature was 100 deg. to 110 deg. F., and the outlet 
temperature 130 deg. to 140 deg. F. Since blowers 
had been fitted the ash content of the coal had been 
much raised; nowadays, it even went up to 20 per 
cent. The blowers were used once a shift, but he did 
not know at what time. As to priming, they always 
had two boilers on the line to take heavy demands 
and had no trouble. When, however, they had put 


badly. He would answer the other questions that 
had been put, in a written reply. 








THe InstiruTioxs oF NAvAtu ARCHITECTS—The 
seventy-first annual meeting of the Institution of Naval 
Architects will take place from April 9 to 11 next, in the 
lecture hall of the Royal Society of Arts, John-street, 
Adelphi, London, W.C.2. Admiral of the Fleet Lord 
Wester Wemyss will occupy the chair. The annual 
dinner will take place at 7.30 p.m. on April 9, in the 
Grand Hall, Connaught Rooms, Great Queen-street, 
Kingsway, London, W.C.2. The summer meeting 
will be held in Liverpool from July 15 to 18. 

THAMES Motor Tvucs.—A fleet of four single-screw 
motor tugs, owned by Messrs. A. H. Green and Company, 
Limited, 8, Harp-lane, London, E.C.3, were put into 
service on the river Thames recently. The vessels are 
primarily intended for the towing of large dumb barges, 
|mostly carrying 200 tons of cargo, between Tilbury 
| Docks and Brentford. The fleet comprises the Balna 


| tively, 58 ft. and 14 ft. 6 in., and the Alcis and Ansay, 
| which have a length of 54 ft. and a beam of 12 ft. 4 in. 
| The draught, in all cases, is about 7 ft. The vessels were 





|Perman and Company, Limited, 82-83, Fenchurch- 
| street, London, E.C.3. The engines are of the two-stroke, 
| single-acting type. The Balna and Banto have a four- 
| cylinder 200-b.h.p. engine, and the Alcis and Ansay, a 

two-cylinder 100-b.h.p. engine. The larger boats carry 

5 tons of fuel oil, and the smaller 3 tons. These quanti- 
| ties, it is stated, are sufficient for one month’s operations. 
| The main oil-fuel tank on each vessel is forward of the 
| machinery space, and extends over the full width of the 
|ship; two smaller wing oil tanks are also provided. 
| We were given the opportunity of inspecting the four 

tugs at Westminster pier on January 23 last, and after- 
roceeded for a short trip in the Balna, during 





too, as the generator could be operated from 200,000 Ib, | which the engines worked completely satisfactorily. 
| 








LETTER TO THE EDITOR. 


THE LATE PROFESSOR AUGUSTE 
RATEAU. 


To THE EpItor OF ENGINEERING. 


Srr,—In your issue of January 17, page 86 ante, you 
published a very exhaustive account of the life work 
of our late regretted Chairman, Professor A. Rateau. 

May we point out a small inaccuracy which occurred 
in one of the last paragraphs of your article, dealing 
with the gas-driven Rateau superchargers installed on 
board the Agamemnon and Menestheus? You state 
that the efficiency for the turbine and compressor was 
72 per cent., corresponding to a 60 per cent. overall 
efficiency. The latter figure is accurate, but the first, 
giving the average efficiency of the turbine and com- 
pressor considered separately should read 77 per cent., 
the overall efficiency of the set being the product of the 
efficiency of the turbine and compressor. In fact, 
Professor Rateau estimated that the efficiency of the 
compressor was somewhat above the average of 77%, 
and that of the turbine accordingly somewhat below. 

As the research work of Professor Rateau, in connec- 
tion with superchargers for Diesel engines, was specially 
directed towards obtaining high efficiencies, and as he 
felt very gratified with the results actually obtained, we 
take the liberty of pointing out this slight error. 

Yours faithfully, 
For and on behalf of Socrzt& RaTEav, 
F. RIEDER, 
Branch Manager. 
28, Russell-square, 
London, W.C.1. 
February 1, 1930. 








LABOUR NOTES. 


AppreEsstne the 10th annual conference of the 
National Federation of Professional Workers in London 
on Saturday, Mr. G. Lathan, M.P., the President, 
said that the time would soon come when the nations 
of the world would start to reorganise, on a world basis, 
the whole scheme of production, to meet the world’s 
needs. The machinery was in existence in the League 
of Nations and the International Labour Office. 
Already the keen observer could detect a few halting 
steps being made in that direction. For the basis 
of such an advance to be sound, the organisation 
must be sound and complete from the bottom—the 
individual man and woman in commerce and industry. 
It would be a reproach on the non-manual workers 
if they retarded progress through failure to recognise 
the need of organisation, both of individuals and 
societies. 


The annual report, submitted by Mr. 8. W. Smith, 
the General Secretary, and adopted by the meeting, 
stated that 1929 was notable politically for the advent 
of the Labour Party to office, and industrially for the 
resumption of discussions between employers and 
employees. The accession of the Labour Party 
to office vitally affected the Federation. It greatly 
improved the prospects of the Offices Regulation Bill 
and the Conditions of Employment Bill. By bringing 
into early possibility an amendment of the Trades 
Disputes Act it strengthened the probability of the 
return to the Federation, at a comparatively early date, 
of their former colleagues in the Civil Service Con- 
federation. aes 

It was officially announced last week that under a 
new agreement between the Iron and Steel Trades 
Confederation and the Iron and Steel Trades Employers 
Association, there will shortly be a general improvement 
in the standard wages of lower paid workers in the heavy 
steel industry. The agreement, which has been under 
discussion for a considerable time now, covers all the 
important establishments in England and Scotland 
outside of the Sheffield area, where special conditions 
operate. The base rates will be increased by from 
ls. to 5s. per week. Improvements in workshop 
conditions and in the conciliation machinery for the 
adjustment of disputes and anomalies have also been 
obtained. A further agreement has been arrived at 
fixing schedules of uniform tonnage rates, and these 
agreements cover the general body of workers operat!n¢ 
in the heavy steel trade. Improved methods o! 
production and reorganisation are contemplated, and 
it is expected that tonnage workers, as well as the lower : 
paid men, will secure increased earnings. Similar 
agreements have been negotiated between the em ployers 
and the National Union of General and Municipal 
Workers. 


Amongst the papers discussed at the annual confer- 


ence in New York of the Personal Research Foundation 
of the United States, was a series based on cacy a 
tions conducted during the past two years and a ha 
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in the Hawthorne Works of the Western Electric 
Company. One of the contributions was a report 
on an experimental investigation of individual varia- 
tions of output as related to mental attitudes and 
physiological conditions, rest periods, length of the 
working day, method of wage payment and character 
of supervision. Consideration of the sensitiveness 
of the operators to treatment led the enquirers to 
make studies of the emotional states and attitudes 
of other workers. All operators in the inspection 
organisation were interviewed, with a view to securing 
an impression of their problems, cares, likes and dis- 
likes in relation to working conditions and supervision. 
This programme is being extended to other depart- 
ments, and is bringing about considerable changes 
in the training of supervisors. Rest periods have also 
been introduced into several operating departments ; 
some 5,000*workers are affected by them, and they 
show signs of leading to increased production. The 
results of these studies are held to be of such importance 
that a more extensive programme of research has been 
undertaken. It is confidently expected that the 
findings of these experimental studies will form a 
valuable contribution to the science of management. 





An address on psychology and work was delivered 
by Professor John Dewey, who drew attention to the 
industrial and social value of ensuring that the worker 
should receive personal recognition and the opportunity 
to make his intellectual, as well as manual contribution 
to the success of the undertaking. An address on 
fatigue, morale and output was given by Mr. Stuart 
Chase. Dr. H. Paul Douglass, of the Institute of 
Social and Religious Research, gave an address on the 
activities of ministers and church staffs, illustrating 
the extension into professional fields of the technique 
of occupational study, and furnishing a basis for 
conclusions relating to scientific management and the 
selection and training of staff. Miss Frances Perkins, 
Industrial Commissioner in the State of New York, in 
an address on the function of the Government in the 
solution of industrial problems, declared that the three 
chief duties of Government were to enforce minimum 
standards in the treatment of men and women in 
industry, to encourage the development of experiment 
and invention in all matters tending to improve human 
relationship to industrial life, and to serve as an educa- 
tional influence, so as to spread among employers 
the knowledge of improved methods, leading to lower 
costs of production and better conditions for the 
workers. 

A lightening of the burden of taxation, and the 
introduction of measures to encourage the accumulation 
of capital, were advocated by Mr. Gustav Weiss- 
Wellenstein, at a recent meeting in Vienna of the 
Austrian Federation of Industries. Social charges, the 
speaker said, had assumed appalling proportions, such 
as were unknown in any other country, even in Germany 
which was the most advanced country as regards 
social insurance. Employers were conscientiously 
bound to protest against these social charges on account 
of the difficulties which they caused in connection with 
conditions of labour and employment. They had, in 
fact, become anti-social charges. The total cost of 
contributions to social insurance had risen from 
93 million schillings in 1923 to 420 millions, or four 
and a half times the cost at the time of stabilisation. 
The cost per head of the population was now 65 schil- 
lings, as compared with 14 schillings in 1923 and 5-50 
crowns in 1913. The total cost of social charges, 
including holidays with pay, special allowances, notice 
of dismissal and indemnities for dismissal, amounted 
to at least 500 million schillings, which represented 
about 18 per cent. of the wages of manual workers 
and 20 per cent. of the remuneration of salaried em- 
ployees. The introduction of invalidity and old 
age insurance would involve a further annual charge 
of 50 million schillings. In Germany, the total cost 
of social charges was 5,000 million marks, or 12 per 
cent. of the wages paid. 


The writer of an editorial note in the February issue 
of Man and Metal, the organ of the Iron and Steel 
Trades Confederation, says that some superficial 
thinkers believe that it actually takes as many people 
‘o produce the same quantity of goods in the building, 
Maintenance and use of a machine as it would to 
Produce the same quantity by hand labour. “ It 
hever occurs to them,” he says, “‘ that if that proposi- 
tion were true, nobody would buy the machine. If a 
farmer could dig his land with a spade as easily as he 
could turn it up with a plough in the same time and 
tow as much, it is obvious he would never be at the 
cost of purchasing the plough. Machinery is a human 

nefactor, but the human mind has steadfastly 
refused to accept its full benefits. The machine has 
enabled us to adopt a higher standard of living and 
reduce the hours from sixteen to eight per day, because 
with its aid workers can produce more. At the present | 
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time we think that we have attained perfection, and 
gained to the limit what we could by an eight-hour 
day; but thisisnotso. An accumulation of mechanical 
devices enables us to turn out wealth of every descrip- 
tion at a higher rate than we have foundta way of 
consuming under the commercial system. We, there- 
fore, have a large army of unemployed, and instead of 
reducing hours still further, calling in the assistance of 
the unemployed workers, and letting them take their 
full share of the burden and of the product, we prefer 
to overwork some and keep others in idleness. Let it 
be clearly understood that it is no fau!t of the machine, 
but the fault of the people who will not try to under- 
stand the problem.” ant 

The December quarterly report of the General 
Federation of Trade Unions states that the total 
number of affiliated societies is 97, 64 of which are on 
the higher scale of contributions, 30 on the lower scale, 
and three on both scales. The gross membership is 
524,460, of whom 296,913 are on the higher scale, 
215,747 on the lower scale, and 11,800, on both scales. 
The financial position continues, it is stated, to be 
sound. 


Discussing the question of combinations in industry, 
Mr. Appleton, the General Secretary of the General 
Federation of Trade Unions, says that an attempt to 
combine all engaged in industry was begun in 1916 
by Frederick Huth Jackson, and Arthur Paterson, 
both of whom are now dead. “Similar attempts are 
being made,” he goes on to say, ‘‘ through what are 
known as the Mond-Turner conferences. The earlier 
scheme fell short of success mainly because it was 
assumed by powerful interests that the industrial 
dislocations caused by war could be better arranged by 
Parliament than by the association of the employer 
and the employee.’ Mr. Appleton goes on to say that 
‘*thirteen years of failure has disturbed, though not 
altogether destroyed, this assumption, and yet, if costs 
are to be reduced, deliveries expedited, credit improved, 
and distribution equitably controlled, the relations 
between the directive and the operative factors to 
production must be harmonised. It is commonly 
agreed, that without reduction of costs there can be 
no definite recovery of export trade, and it is to the 
harmonising of those elements represented by em- 
ployers and employees that one looks for reductions 
in costs without reductions in wages. If these groups, 
discarding denunciatory epithets and paralysing oppo- 
sitions, can reach common understanding and make 
common cause, the greatest obstacle to industrial and 
commercial recovery, debt, becomes assailable and its 
influence reducible to manageable, if not negligible, 
proportions. Both employers and employees are vitally 
interested in this problem of debt reduction, and it 
would be to the interest of both to avoid inflicting 
hardship upon existing creditors or their immediate 
descendants.” 


A conference held recently at Tallinn, of represen- 
tatives of commercial and industrial organisations in 
Estonia, Latvia, and Lithuania, adopted the following 
resolution :— ‘The introduction of a system of 
minimum wage fixing machinery in industry and the 
regulation of wages by collective agreements between 
employers’ and workers’ organisations must be regarded 
as premature so long as the organisations in question 
take part in politics. The legal regulation of the 
hours of work of salaried employees, whose duties are 
not regular and systematic like those of manual 
workers, and do not consist in carrying out precisely 
defined tasks, but rather in placing themselves at the 
disposal of the management, should be approached 
with the utmost caution, and should be determined 
solely by free negotiation between the parties con- 
cerned. The introduction of wages books for manual 
workers is desirable in the interests of employers and 
workers alike.” eens 

On January 27, 1930, the number of unemployed 
persons on the Registers of Employment Exchanges 
in Great Britain, was 1,491,500. Of these, 1,076,100 
were wholly unemployed, 332,400 were temporarily 
stopped, and 83,000 were persons normally in casual 
employment; 1,101,300 were men, 43,100 boys, 
301,600 women, and 45,500 girls. Of 1,473,402 persons 
on the registers on January 20, 1930, 1,075,766 were 
wholly unemployed, 316,720 were temporarily stopped, 
and 80,916 were persons normally in casual employ- 
ment; 1,092,905 were men, 43,162 boys, 292,897 
women, and 44,438 girls. The number of unemployed 
persons on January 28, 1929, was 1,394,078, of whom 
1,086,763 were men, 43,697 boys, 223,151 women, 
and 40,467 girls. Eee. 

At a meeting of the Unemployment Grants Committee 
on Monday, Lord St. Davids in the chair, a number 
of schemes of work submitted by local authorities and 





other statutory bodies for the relief of unemployment 


were approved for Government grant. The estimated 
cost of the schemes so approved was 1,808,0001., 
the schemes to provide employment for approximately 
5,000 men. Schemes before the Committee for approval, 
which are now the subject of inquiry, number 1,044, 
and are estimated to cost 19,306,000/. 








STABLE CHANNELS IN ALLUVIUM.* 
By Geratp Lacey, B.Sc., Assoc.M.Inst.C.E. 

From data connected with the transport of silt 
by stable (regime) channels in erodible material, 
new general formule are deduced in this paper, which 
fit with reasonable accuracy a very extended range of 
observations. 

Considering the simplest case, that of a regime silt- 
transporting channel in which the velocity in a channel 
of assumed unlimited width is a function of both the 
depth and the type of silt f, that is V, = F (D, f), 
the author examines the data of exponential formule 
derived from the critical velocity and the average 
vertical depth. Three of these formule are :— 


Kennedy. Upper Bari Doab canal... Vy = 0-84 D®-®4, 
Lindley. Lower Chenab canal Vo = 0:95 D®57, 
Madras. Godaveri Western Delta ... Vo = 0-67 D%55, 


The stumbling-block to progress and co-ordination 
of these local formule is that both the exponent and 
the “constant vary. It has been suggested that the 
Kennedy exponent 0-64 is correct and that later 
observers have done violence to the formula, to which 
there has been a tendency to ascribe the validity of 
alaw. It is, however, more rational to assume that 
all the formule are of value in respect of the particular 
set of conditions to which they refer, and that the 
discrepancies in the powers are due to the methods of 
analysis adopted. This view has been accepted in 
part by other observers, for Mr. W. J. Howley, 
M.Inst.C.E., in 1912, expressedt the opinion that the 
regime velocity varied as the mean depth, including 
side slopes, and produced for the Madras data the 
formula V, = 0-72 D,,"*; Mr. W. M. Griffith, Assoc. 
M.Inst.C.E., in 1927, using Mr. Kennedy’s data, 
obtainedt a similar expression, V, = 0-94 D,,°-*. 
The power difficulty still exists. The author, in 1926, 
found that, by plotting the hydraulic mean depth R 
instead of the value of the depth D, the formula V, = 
1-16 R° was obtained, which fitted the entire range 
of Mr. Kennedy’s observations with reasonable accur- 
acy. On subjecting the Madras data; and the data 
obtained by Mr. E. 8. Lindley, M.Inst.C.E.§ to the 
same method of analysis, the following amended 
formule are obtained : 


Kennedy - Vg = 1-17 RO, 
Lindley ss Ve = B-JSRee 
Madras . Vo = 0°79 R&S, 


As a result, co-ordination of all the data is im- 
mediately made possible. Using Mr. Kennedy’s data 
as a standard for the type of silt carried, and employing 
a fineness silt factor f, of which the value is unity for 
Mr. Kennedy’s standard silt, the following first general 
formula is obtained :— 


Y= iw 7e.«.. ei 
the silt factors for the Madras and Mr. Lindley’s data 
being 0-456 and 0-933, respectively. In terms of the 
old silt classification, V/V, =f. The new silt 
factor has a simple scalar significance, the hydraulic 
mean depth varying inversely as the silt factor. 

Accepting provisionally the contention made by 
Mr. Lindley in 1919, that there was no valid reason 
why the law governing widths should not be of the 
same character as that governing depths, a dimensioned 
conception of the silt problem may be arrived at by 
considering cross-sectional areas. If the velocities in 
two stable channels are equal, then, from the author’s 
definition of a silt factor, fR=f’R’. If the law 
governing widths is deliberately assumed to be of 
the same character as that governing depths, f Py, = 
f’ Py’, where P,, denotes the wetted perimeter; hence 
A f?= A’ f?2= A’ f”, &c., and these identities must 
hold good if the assumption made is correct. If, 
therefore, values of Af? are plotted for all the data 
against the critical velocities, and the assumption is 
found to be correct, all the data conforming with the 
second general formula 

Af?=3-8V, . . . 
which immediately results. Multiplying by V,, 

Q=3-8V, /f2 . . . (8) 
By utilising the first and second general equations, 
the dimensions of any stable channel can be calculated 
from the discharge and the silt factor once the shape 
is known. In any prismoidal channel, the shape is 


(2) 





* Abstract of a paper read before the Institution of 
Civil Engineers on Tuesday, January 28, 1930. 
+ ‘Critical Velocity Observations,’”’ P.W.D. Irrigation 
Branch, Madras (1912). 
t Minutes of Proceedings Inst. C.E., vol. 228 (1927), 
page 279. 
§ Ibid., page 292. 
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determined by the horizontal bed. Calculating 
values of A and R from the general equations, the 
channel dimensions may be obtained by substitution 
in the following expressions :— 

D = (A/2 RK) — {(A/2 R K)* — (A/K)}5 

B = (A/D) —rD 
in which B is the’ bed-width{of the channel,» D,the ver- 
tical depth, r the ratio of horizontal to vertical in the 
side slopes, and K a constant depending on the value 
of r and having values of 1-736 and 1-8284 for side 
slopes of $ to 1 and 1 to 1, respectively. Combining the 
two general equations and solving for the wetted 
perimeter, P,, = 2-668 Q®°. 

There are thus two elementary principles governing 
stable channels in alluvium : all stable silt-transporting 
channels of the same mean velocity assume the same 
shape or geometrical figure, and all silt-transporting 
channels when stable, if of the same discharge, have 
the same length of wetted perimeter, irrespective of 
the type of silt carried. 

The formule, if correct, should fit the data for large 
rivers. In large rivers, in which the ratio of the width 
to the depth of water is high, the width of water- 
surface may be taken as the wetted perimeter without 
sensible error. The formula for the minimum stable 
width of waterway of large rivers transporting silt 
should therefore be W, = 2-668 Q°-°. 

Taking the widths of waterway of four large modern 
railway bridges designed to pass the water through a 
stable waterway without, for practical purposes, having 
narrowed the section, the author has plotted the 
data against the formula and obtained complete 
agreement. He, therefore, submits that his new 
formule are general and cover a range of wider extent 
than any yet evolved. 

In order to calculate scour through bridges, it is 
necessary to know both the silt factor and the shape. 
The silt factor can be determined by an examination 
of the material of the bed. The shape can only be 
assessed by rough rules. Stable rivers in straight 
reaches are shown to assume a semi-elliptical cross 
section. In the worst type of bend, the maximum 
depth should be of the order of twice the mean depth, 
or, in large rivers, approximately twice the hydraulic 
mean depth. By means of the following table, maxi- 
mum scour can be calculated from calculated values 
of the hydraulic mean depth. 

Dmax. c R. 
Type of River Section. Value of c. 
Greatly constricted section ... bie er 1-00 
Natural sections 


Class A. Straight reach ... 1-27 
B. Moderate bend... 1-50 

» C. Severe bend... 1-75 

» D. Right-angled bend 2-00 


This table reproduces conditions commonly obtaining 
inrivers. Observations of scour at a number of bridge- 
sites give concordant results. 

Utilising Mr. Griffith's method,* by which it is 
possible to estimate the probable scour in a restricted 
section under maximum flood, provided the width 
and depth of scour for a flood of the same magnitude 
have previously been measured in an_ unrestricted 
section, and substituting his first general formula for 
Mr. Griffith’s, the author obtains R” = (W’/W’)?3R’, 
in which W’ R’ and W” R” are the data for the 
unrestricted and restricted sections, respectively. Scour 
data yield concordant results. ; 

The author’s general formule can be solved for the 
limiting velocity which occurs when the section is semi- 
circular, This limiting velocity is 0-882 ft. per 
second. That is, turbulent velocity in terms of the 
general formule cannot be set up unless the stream 
can generate such a section that the hydraulic mean 
depth is a function of the velocity raised to the second 
power, and the discharge a function of the velocity 
raised to the sixth power. The velocity of 0-882 is inde- 
pendent of the silt factor, and if, therefore, it has a 
physical significance, it must be a physical constant of 
water. In this connection, attention is drawn to the 
limiting surface ripple velocity of water of 0-765 ft. per 
second, the critical viscous flow of water in the Thames 
and Kennet of approximately 0-65 ft. per second deter- 
mined by Mr. EK. C. Thrupp, Assoc. M.Inst.C.E.,+ 
and the limiting sand-ripple velocity of Dr. J. S. 
Owens, of between 0-6 and 0-8 ft. per second. 








UnusuaL ADDRESS FOR British FirM.—-Messrs. The 
Coventry Chain Company, Limited, Spon End Works, 
Coventry, have sent us a photographic reproduction of a 
post-card which reached them recently. This, it appears, 
was posted in aremote part of Russia and bore the following 
quaint address :—‘* Anglia. The Coventry Chain Com- 
pany, Limited. Roller Chain Drives (1-75 h.p.) can be 
supplied from Stock.” 





* Minutes of Proceedings Inst. C.E., vol. 223 (1927), 
page 243, 





7 Ibid., vol. 171 (1908), page 346. 
t Ibid., vol. 223 (1927), page 298. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 


NOVEMBER. 1929. 


DECEMBER. /929. 


JANUARY. 1930. 
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Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


the London Metal Exchange for “ fine foreign” and “ standard” metal, respectively. 
lead are for English metal, whilst those for spelter are for virgin metal. 


The prices shown for 
Middlesbrough prices are plotted 


for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 


plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. 
bottle, the contents of which vary from 70 Ib. to 80 lb. 


The pig-iron 
The price of quicksilver is per 
The price of tin-plates is per standard box, but in 


other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


CaNADIAN Gotp PrRopvuctTion.—The 1929 output of 
go'd in Canada totalled 1,915,000 fine oz., valued at 
39,585,000 dols., Ontario yielding 1,606,000 oz. The 
Poreupine gold field, in Northern Ontario, is still the 
principal producer in the Dominion, its output, during 
the year under review, being 925,000 oz. The remainder 
of the Ontario output came almost entirely from the 
Kirkland Lake area. Small amounts of gold were 
produced in the Provinces of Quebec, Manitoba, Nova 
Scotia, and British Columbia. 

A PorRTABLE PIANO PLAYER.—Engineers will, perhaps, 
be best able to appreciate the difficulties involved in the 
production of a piano player which can be folded and 
conveniently carried from place to place, and also fitted 
in position on the keyboard of any piano, for rendering 
all kinds of music of which that instrument is capable. 
The difficulties appear to have been satisfactorily over- 
come by Mr. J. Wearham, who has designed a pneumatic 
player to meet the above-mentioned requirements, the 
parts of the instrument having been constructed by 
Messrs. The Rose Engineering Company, 49, Selkirk- 
road, 8.W.17. The player is in two main parts, hinged 
and latched together, and is fixed above the keyboard 
of the piano by extensible rubber buffers at each end, 


which press against the end cheeks of the keyboard, and | 





employed, and the player is operated and controlled 
entirely by hand. In use, the operator’s hands are 
placed one on each of two velvet-covered discs suspended 
on cranks, the dises being moved by the hands so as 
to rotate the cranks. Both cranks drive exhausters 
which extract air from a main common to all the key- 
striking motors, one of which is provided directly over 
each note. The motors are each connected by a small 
pipe toa bar over which the music roll passes, the perfora- 
tions in the paper roll allowing the air to enter certain 
of the motors and causing those notes to be struck ; the 
actual contact with the keys is made by rubber rollers. 
The music roll is driven from the right-hand erank, 80 
that the speed is under the direct control of the operator, 
who can also control the volume of sound, for the base 
and treble notes separately, by turning the discs abo : 
their centres. This movement regulates valves whic 
vary the suction on the exhaust main. Simple anc 
convenient arrangements are made for key transposition, 
for winding and rewinding the rolls, &c. By invitation 
of Messrs. Vintry Trust Limited, 83, Cannon-street, 
E.C.4, we attended a demonstration of the player do 
by Mr. Wearham, with very pleasing results, on or 
day, February 4, at the Bishopsgate Institute. - 
at present constructed, the weight of the player !s oe “i 
but this figure, we were informed, could be reduce’ 


out 


can be locked in position. Standard music rolls are! about 13 1b. by employing mass-production methods. 
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| the stresses in a section of some assumed convenient 
|length. Under such a limited portion, it is readil 
MASONRY DAMS.* | conceivable that uplift, due to Pigs or crevice P 
By H. DE B. Parsons, M.AM.Soc.C.E. | the rock, could be present over the whole or major 
Tuts paper has been prepared to present an analysis | portion of the area of the section. It can be conceived 
of the problem for assuming a reasonably correct | also that the similar adjacent sections on either side | 
allowance for hydrostatic uplift under masonry dams, | might be practically free from uplift, or have only a | 
which is an important factor when computing their | small amount, due to the absence of seams or crevices 
stability. | under those sections. If the uplift is assumed too low, 
The writer is not advocating a code to govern the | then the excess of actual uplift would be resisted by 
designing of dams, but believes that the engineers and | 2n arching reaction in the masonry. If the dam is 
geologists in charge should have freedom in the pre- | high enough, the masonry might have ample arching 
paration of their plans. The forces acting on a dam | Strength to resist this thrust, but if of low dimensions, 
should be comprehended. One of these forces is|the upward pressure may cause cracks or open the 
hydrostatic uplift, whenever it exists. He believes | joints. Therefore, in case of ‘‘ low” dams and “ high” 
it best to compute uplift by some universally adopted | dams of importance, that is, those across inhabited 
method, so that comparisons can be made. He also | valleys, it would be prudent to consider the uplift as 
believes that it would be advantageous to have the | acting on a large portion of the base area in computa- 
hydrostatic uplift force made a subject for research. | tions for stability; while for dams, so situated that 


HYDROSTATIC UPLIFT UNDER 





A committee of engineers, of acknowledged experience, | failures would not cause disastrous flooding, the con- 

could collect data, encourage the recording of observa- | sideration of uplift as acting on a smaller portion of | 

tions, and publish its findings. Its reports would be | the base area might be justifiable from an economic 

valuable guides to every designer in forming his | Viewpoint. 

judgment and would be of great benefit to all interested | The upward hydrostatic pressures that have been 

in dam construction. observed under dams in test pipes arranged in lines 
Hydrostatic uplift results from natural laws, and it | across the dams, do not always show mutual relation- 


is the province of the engineering profession to study 
the forces of nature, so as to control them for the use 
of mankind. Uplift and resistance to sliding are two 
important factors in making computations for safety. 
The uplift has a tendency to, and probably does 
diminish the resistance to sliding. Also, the uplifting 
force will move the resultant of the horizontal water 
pressure and of gravity toward the down-stream edge 
of the dam. If uplift is not considered in the computa- 
tions for stability, it might bring the resultant outside 
of the middle third of the base and produce tension 
in the up-stream face of a dam. Some engineers do 
not consider uplift when the weight of the masonry 
exceeds the upward hydrostatic force. This does not 
seem logical to the writer, since the full weight of the 
masonry is used for computing resistance to sliding 
and overturning. The consideration of uplift, there- 
fore, would seem of prime importance. 

The title ‘‘ masonry dams” includes those built of 
concrete, as well as of stone. This paper is limited 
to the upward hydrostatic pressure on the under- 
surface of the base, and does not treat of uplift acting 
in the joints or material of the structure. It may 
happen that the percolation of water under the base 
of a dam, especially one founded on pervious soil, is 
greater at some season of the year than at another. 
If so, the uplift would vary, increasing with a lessened 
velocity, and decreasing with a greater velocity. 

It is hoped, that after a full discussion, a recognised 
method of treatment may be evolved, so that this 
upward force can be universally computed by the 
same method. While a fixed rule cannot be devised to 
solve every problem of uplift, nevertheless certain 
general principles are known to exist, and it would 
seem possible to agree upon a scale extending from 
maximum to minimum and to select assumptions 
within these limits to suit the variable conditions of 
dam design and of foundation material. 

When a dam is founded on firm rock, without seams 
or fissures, and so built that water does not enter the 
joint between the base and the rock surface, there 


ship. This is due, no doubt, to the pipes entering 
the foundation material at places where different 
characteristics exist. A line illustrating the uplift 
intensity, drawn through the plotted hydrostatic 
heads at different places across a base, should be 
curved, as the pressures will not change abruptly at the 


in which (A) represents the cross section of a standard 
gravity dam, and (B) the section of a buttress dam with 
deck. The lengths of all vertical lines will be approxi- 
mately proportional to the weights. Suppose the 
designer assumed a weight for the masonry at 20 per 
cent. lighter than that of the actual weight, the per- 
centage rate for reduction being immaterial for the 
purpose of this illustration. Mark off 20 per cent. 
on the length of each vertical weight line, and draw a 
line through the points. The vertical ordinates from 
the base to this line will represent the allowance made 
for uplift. While such an assumption might approxi- 
mate the actual uplift for gravity sections, Fig. 1 (A), 
it would be far from being accurate for cross sections 
similar to that shown in Fig. 1 (B). In the latter 
case, the greatest allowance for uplift per unit area of 
base is shown at the down-stream edge, while it should 
be at or near the up-stream edge. The upward force 
due to water under the base is independent of the 
weight of the masonry. For any section, other con- 
ditions being alike, the magnitude of uplift would be 
the same whether the dam were constructed with 
heavy or light masonry, 

As many dams are being designed with sections 
very different from a standard gravity section, it 
would not be safe to allow for uplift under Assumption 
(a). 

Assumption (b).—Here the conditions assume a water- 
tight cut-off, and the non-existence of any hydrostatic 
head between the cut-off and the down-stream edge 
of the base. If these conditions could be realised in 
practice, then the uplift on the base area between the 


points where the heads are plotted. up-stream edge and the cut-off (if there is any) might 

Assumptions.—Since it is not possible to know the | be logical. However, the assumption is not logical. 
actual hydrostatic uplift before a dam is constructed, | For a dam founded on rock, it presupposes that water 
computations must be based on assumptions. It}can enter under the base as far as the cut-off, and 
if it could do this it might equally be assumed that 
it could pass the cut-off in some places and to some 
extent. Should a dam be founded on pervious soil, 
the water might percolate through or under the cut-off. 
(6) BUTTRESS SECTION WITH DECK | It is not conceivable that such absolute tightness of 
cut-off could be realised, unless the dam were founded 
| on an exceptionally firm rock without seams or fissures. 
Of course a drainage system, under the base and down- 
stream from the cut-off, would lower the hydrostatic 
uplift, but it could not be expected, in all probability, 
to reduce the uplift to zero. 

Foundation rock usually has some seams, cracks, or 
water carrying fissures running under the base of a dam. 
Grouting does not always seal every fissure or crack. 
If the rock has numerous veins, cracks or fissures 
extending under the dam base, Assumption (b) would 
not be suitable. If the dam were founded on a pervious 
<eoe S4J| soil, Assumption (b) should not be chosen, because 
rons “‘gnomzernc” | an absolutely tight cut-off could not be anticipated. 

| Assumption (c).—It is known, from uplift heads 
which have been measured, that this assumption 
would give an allowance for uplift exceeding that 
which would be obtained under a dam founded on 
any class of material. The uplift at the down-stream 
| edge of the base would not be that due to the reservoir 
head, and then suddenly fall to tail-water head after 
just clearing the base. This assumption would provide 
too great an uplift, with its centre of effort located at 
mid-width of the base, while it is known that this 


Fig.1. UPLIFT ESTIMATED BY LIGHT WE/GHT 
OF MASONRY 


(A) GRAVITY SECTION 























is important that the assumptions should closely 
approximate the uplift that will exist when the structure 
is completed. Below is a list of the generally accepted 
assumptions, the engineer selecting one according 
to his idea of the conditions obtaining at the site :— 
(a) Allowance for uplift by assuming a unit of 
weight for the masonry lighter than that of the actual 
masonry. 
(b) When conditions are favourable for a tight ; 
cut-off at the up-stream edge of base, an allowance | centre will be nearer the up-stream edge. : ! 
for uplift due to the reservoir head, acting on that| Assumption (d).—This assumption is similar to (¢), 





cannot be any hydrostatic uplift. However, this ideal 
condition seldom, if ever, exists, and it is difficult to | 
conceive of such a perfect cementing of masonry to | 
rock. When seams, fissures or crevices exist in the | 
rock, water may enter and percolate, probably in a 
tortuous manner, from the reservoir to tail-water. 


portion, if any, of the base contained between the | but makes an allowance for uplift of much less intensity. 
up-stream edge and the cut-off. | It embodies the same error in assuming a uniform uplift 
(c) Allowance for uplift due to the reservoir head | pressure, which locates the centre of effort too far down- 
acting on the full area of the base. | stream from the up-stream edge of the base. It would 
(d) When conditions are favourable for a tight joint | be applicable only when the tail-water surface was 
at the up-stream edge of the base and at cut-off, an | higher than the down-stream edge. If the tail-water 








Water might enter a crevice, which has no exit, and 
exert an uplift due to reservoir head, as there would 
be no loss due to velocity head. This might cause 
uplift with a firm rock foundation in excess of that 
with fissured rock or pervious soil. When the founda- | 
tion is pervious, uplift can be expected to act with | 
varying intensity on the total area of the base.t The 
hydrostatic head would vary, due to the flow of the 
water through the foundation, and to the locations 








allowance for uplift due to the tail-water head at the | were relatively low, the assumed uplift might be smaller 
down-stream edge of the base, acting on the full area | than the actual. However, for moderate heads at the 
of the base. down-stream and up-stream edges of the base it might 
(e) Allowance for uplift due to reservoir head at the | give fairly reasonable allowances for dams founded on 
up-stream edge of the base, which is assumed to diminish | rock. For pervious foundation material, it pre- 
uniformly to zero at the down-stream edge. | supposes that the cut-off is tight and that the tail- 
(f) Allowance for uplift due to a portion of the | water head extends back under the base to the cut-off, 
reservoir head (say three-fourths, two-thirds, one- | a condition that would be true only if the cut-off were 
half or one-third) at the up-stream edge of the base, | exceptionally tight and the reservoir head were low. 





of the unit areas considered. It will be evident that | which is assumed to diminish uniformly to zero at the| Assumptions (e) and (f).—These two assumptions 


uplift can be predicted with accuracy only after & | down-stream edge. 


careful and thorough examination of the foundation | 
material, its formation and characteristics. 

Should the uplift be considered as exerting a pressure | 
on the whole base area, or only on a portion of the base | 


at tail-water head, instead of at zero as in (e) and (f). 


being alike in principle and differing only in intensity, 
(g) When the down-stream edge of the base is| had best be discussed together, as what may be said 

below tail-water level, the uplift at this edge is taken | of the one would apply to the other. 

These assumptions are the most logical of any that 

(h) Modifications of these assumptions are made | are listed, and are reasonable for both rock and pervious 


ral This question has never been answered in a| by designing engineers to comply with their ideas for | soil conditions. They make allowance for a maximum 
hvincing manner. Sometimes a third, a half, oT | safety, especially when drainage ducts under the base | uplift at the up-stream edge, give a diminishing 


two-thirds : * * : ° 
wo-thirds of the base area is considered free from | or their equivalent are provided. 


uplift, depending on the engineer’s opinion of the rock | 


. |intensity as the down-stream edge is approached, and 
It will be profitable to analyse these different assump- | do not assume unduly tight conditions at the cut-off 


and the expected tightness of the cut-off. In com-/ tions for estimating the intensity of hydrostatic | or up-stream edge joint, which conditions cannot be 


puting the stability of a dam, it is usual to consider | uplift. 


Santina 





: ? | assumed with safety, due to imperfection of workman- 
Assumption (a).—The arbitrary use of a light unit| ship, shrinkage cracks, fissures in rock, and the like. 


* Pann . r 7 . . | . J 
Paper read before the World Engineering Congress, | weight for the masonry will not produce a correct | Assumption (e) will provide too great an uglift for 


Tokyo, October 29 to November 7, 1929. A resolution | 
on this subject was adopted by the Congress as recorded | 
in ENGINEERING of December 6, 1929, page 746. 


* See “ Hydrostatic Uplift in Pervious Soils,” Pro-|it will be far from representative with others. To 
| illustrate, take cross sections of two dams, as in Fig. 1, | static head. In what proportion the head will be 


ceedings, Am: Soc. C.E., April, 1928, and Discussions. 





| allowance for hydrostatic uplift. While it will make | most cases, and a modification under (f) would produce, 
/an approximately close allowance with some designs, | in general, a more accurate allowance. 





A well-built cut-off will reduce materially the hydro- 
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reduced is problematical, as the reduction will depend 
on the character of the rock foundation and on the 
efficiency of the cut-off in pervious soils. The selection 
of the fraction of the reservoir head must depend on 
good judgment, based on a study of the actual heads 
as observed under dams which have been constructed. 
The importance of recording such data is therefore 
self-evident. 

It would seem that the uplift might be closely 
estimated by properly applying Assumption (f) for 
both rock and pervious soil foundations. Only static 


cut-off, and passes through the points of the observed 
heads. The hump in the curve at pipe D-3 is probably 
caused by the deepening of the base, which, no doubt, 
acts as a down-stream cut-off. The weep-holes partly 
relieve the uplift, but apparently tail-water head is 
not reached until after passing the down-stream edge 
of the dam at station 40-5 on account of the influence 
of the apron. 
A straight line has been drawn to represent the 
equivalent uplift, as under assumptions (f) and (g), 
|so that the average head under it would be the same 





head produces uplift, and if there is any flow of water | as under the curved line through the observed heads. 
under the base, the loss of head due to velocity is |The equivalent uplift at the up-stream edge of the 


embraced in the fraction of reservoir head selected. 


dam is 62-1 per cent. of the reservoir head above the 


The fraction is also equivalent to using the full reservoir | base of the cut-off, and 46 per cent. of the reservoir 


head acting on a portion of a base founded on rock, 
the other portion being the intimate contact between 
masonry and rock where no uplift exists. 


highest that reasonably can be expected. 

Assumption (h).—The modifications are intended to | 
make allowances for the efficiency of any sub-base | 
drainage system that may be installed to reduce uplift. | 
Some designing engineers have individual ideas how | 
uplift should be computed, but such ideas would be | 
equivalent, in all probability, to one of the assumptions 
listed, more especially (f) and (g), unless the engineer | 
concluded that no uplift allowance should be con- 
sidered. 

Actual Measurements.—A library search revealed 
only eight dams under which the maximum uplift 
had been measured. Seven of these dams were con- 
structed in the United States and one in Germany, 
four being founded on rock and four on pervious 
materials. There were three other dams under which 
observation pipes were built. Under the Keye dam 
in Germany (Engineering News, July 31, 1913), the 
pipes were not placed so that a hydraulic grade line 
could be drawn. Gas formed under the Island Park 
dam in Ohio, U.S.A. (Engineering News-Record, 
May 20, 1920), and the observations were not con- 
clusive. The writer was informed that observations of 
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uplift had not been made under the Sandstone Rapids 
dam in Wisconsin, U.S.A. (Engineering News-Record, 
February 18, 1926). If there are any other instances 
where uplift was measured, such records are not readily 
obtainable. 

Hydrostatic heads under the Willwood, American 
Falls, Colorado River, and Percha dams were recorded 
in a paper entitled ‘‘ Upward Pressures under Dams,” 
Proceedings, American Society Civil Engineers, March, 
1928. 

The Willwood dam, built in Wyoming, U.S.A., is 
48 ft. 6 in. (14-78 n.) high. The rock foundation is 
partly shale and partly sandstone, with the maximum 
uplift where the foundation is sandstone. Sections of 
the dam and the locations of eight of the test pipes are 
shown in Figs. 2 and 3. 
the dam, arranged in three lines of four pipes each. 


The pipes shown are those in which the maximum | 


hydrostatic heads were observed during a period of 
several years. 

The maximum uplift reported for the sandstone, 
which was somewhat broken and porous and thoroughly 
grouted along the up-stream cut-off, is plotted in 
Fig. 2; and a curved line has been drawn through the 
points to illustrate the intensity of the upward pressure. 
Hole C-3 was reported plugged. The pressure line 
starts at the reservoir surface over the up-stream edge 
of the base, falls rapidly, due to the influence of the 
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Assumption (g).—This modification of (e) and (f ) is | 
self-evident. The tail-water head used should be the | 





There were 12 test pipes under | 


| head above tail-water, while its centre of effort is about 
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been drawn through the points. Apparently the 
hydrostatic head at pipe C was not aftected by either 
the reservoir or tail-water heads. The other two lines 
of pipes recorded uplifts of similar characteristics but 
of lesser intensities. 

As before, a straight line has been drawn to represent 
the equivalent uplift. The equivalent uplift at the 
up-stream edge of the base is 45-7 per cent. of the 
reservoir head above the base of the cut-off, and 27-] 
per cent. of the reservoir head above tail-water ; while 
its centre of effort is about 43-5 per cent. of the width 
of the base from the up-stream edge. 

The Oester dam, built across the Ruhr River near 
Duisburg, Germany, has a height of 131 ft. (39-93 m.) 
(Zeitschrift fiir Bauwesen, 1913, and Engineering 
News, July 13, 1913). The foundation is composed 
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Fig. 6. BRULE RIVER DAM 
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44 per cent. of the width of the base (station -6 to 
| 40-5) from the up-stream edge. 


| which was reasonably good and grouted along the up- 
|stream cut-off, is plotted in Fig. 3. Holes A-1, B-1, 
|and C-1 were entirely in the shale, while hole D-1 
/was in the sandstone. The reported heads were 
erratic, as shown by the two maximum uplift curves 
drawn through the heads as observed on different 
dates. A straight line has been drawn to represent the 
equivalent uplift, using the higher point of either 
curve when reading the ordinates to find the average. 
|The equivalent uplift at the up-stream edge of the 
| dam is 56-4 per cent. of the reservoir head above the 
base of the cut-off and 38-5 per cent. above tail-water ; 


width of the base (from station — 6 to 40-5) from the 
up-stream edge. 

The American Falls dam, across the Snake River, 
| Idaho, U.S.A., is about 61 ft. (18-59 m.) high at the 
| place where the uplift was measured. The rock 
|foundation is columnar basalt, and the up-stream 
| cut-off was grouted. A section of the dam is shown in 
| Fig. 4, as also are the locations of four test pipes. There 
| were twelve test pipes, arranged in three lines of four 
| pipes each. The line of pipes shown is the one which 
| recorded the maximum upward pressure. This maxi- 
| mum uplift is plotted on Fig. 4, and a curved line has 
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while its centre of effort is about 42-7 per cent. of the | 
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|of gray wacke and shale, which varies in character 
| at different parts of the site. 
The maximum uplift reported for the shale rock, |wacke vary with rotten shale and with strong but 


Firm benches of gray 


fissured shale, the fissures being filled with clay. The 
stratification planes run approximately parallel to 
the valley. In the bed of the valley the strata stand 
almost vertically. In some parts no regular direction 
of the stratification planes could be observed as the 
entire site was well broken up. A section of the dam 
is shown in Fig. 5, and also the location of three test 
pipes. There were twelve test pipes, arranged in four 
lines of three pipes each. The pipes shown in Fig. 5, 
were placed on perfectly dry parts of the foundation 
bed during construction, and in the pipes of this line 
the highest hydrostatic heads were observed. Appat- 
ently this is an example where the water under the dam 
did not have free exit, and caused a high uplift 
pressure. 
The lowest hydrostatic heads were observed in 4 
corresponding line of pipes near the left abutment, 
although this line ran along a crevice in which there 
was a considerable amount of water, where possibly the 
head was reduced by a drain from a spring uncovered 
during construction not far from the upstream edge. 
A straight line has been drawn to represent the 
equivalent uplift. The equivalent uplift at the up- 
stream edge of the base is 100 per cent. of the reservoir 
head, while its centre of effort is about 42-4 per 
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SINGLE-LEVER CONTROLLED MILLING MACHINE. 


CONSTRUCTED BY 


MESSRS. 

















The bedplate is of particu- 
larly stiff design and the 
spindle is very rigidly sup- 
ported at its outer end. The 








Fig. 1. 


cent. of the width of the base from the up-stream 
edge. 

The Brule River dam, built near Florence, Wisconsin, 
U.S.A., is about 70 ft. (21-34 m.) high. The founda- 
tion is crystalline rock locally known as greenstone 
schist, very badly shattered or broken up, but the 
breaks and cracks are so fine that in general they 
seem to be watertight. (Hngineering News-Record, 
February 18, 1925.) 

A section of the dam is shown in Fig. 6, as also the 
location of three test pipes. Pipes Nos. 1 and 2 are 
in the same line, while pipe No. 3 is offset about 48 ft. 
There were seven test pipes, irregularly located, four 
of which have not shown hydrostatic heads equal to 
8 ft. (2-44 m.) above the base, at which elevation the 
pipes turned horizontally to an outlet for measuring 
purposes. Under-drainage was provided by a 12-in. 
(30-5-em.) vitrified pipe drain laid longitudinally in 
the trench shown in Fig. 6, from which 12 in. (30-5 cm.) 
laterals extended beyond the down-stream edge. 
These drains were laid in trenches filled with broken 
stone. 


1923, and the pressure heads for pipes Nos. 1 and 2 
are plotted. The plotted head for pipe No. 3 was 
taken from a diagram, given in the reference article, 
at the head corresponding to the same reservoir surface 
as reported for October 25, 1923. It is possible that 
the plotted head for Pipe No. 3 was not reached. 

A straight line has been drawn to represent the 


OPERATING SIDE OF MACHINE. 











drive, of 5 to 7-5 h.p., may 
be taken either from an 
electric motor in the base or 
from a single belt pulley. 
It is transmitted through a gear box, seen to the left in 
Fig. 1, to a vertical splined shaft along which the head- 
stock is traversed as it is required to be moved up or 
down. The limits of this movement are from 3.3; in. 
to 144; in. from the centre of the spindle to the face of 
the table. At the same time, provision is also made for 
moving the column carrying the headstock trans- 
versely, up to a maximum of 5$ in. The power is 
transmitted to the spindle from the vertical shaft by 
the worm gear shown in Fig. 2, an arrangement which 
makes for smooth running. The spindle drive also 
embodies a friction clutch and a braking device, 
which stops the motion of the spindle instantaneously. 
The gear wheels are of nickel-chromium steel and the 
various shafts are splined. The headstock is carried on 
two narrow double slides, and the pilot-bar and spindle- 
end bush on one double slide. The table has a long bed 
with a dovetail guide. It has a surface of 383 in. by 
10} in., and a travel of 26 in. 

As mentioned above, the control is very simple, but it 
should be understood that this is to be taken literally, 


|i.e., neither the rate of speed of the spindle nor the 
The highest heads reported occurred on October 25, 


feed rate of the table are regulated by the levers 
mentioned. There are 16 spindle speeds available, 
ranging from 30r.p.m. to 355 r.p.m., and 12 table 
feeds, between 1,7, in. per minute and 18% in. per 
minute. Alteration to speeds and feeds is made 
by change gears, a disconnecting lever throwing the 
drive completely out while a change is being effected. 
The control of the machine with a single lever when 


equivalent uplift. The equivalent uplift at the up-| working, however, is effected thus: Suppose a piece 


stream edge of the base is 57-7 per cent. of the reservoir | 


head above the base of the cut-off and 52-1 per cent. 
of the reservoir head above tail-water; while its 


of the base from the up-stream edge. 


(To be continued.) 








SINGLE-LEVER CONTROLLED 
MILLING MACHINE. 


of work is loaded on the table ready for milling. A 
movement of the lever starts the cutter revolving and 


J | the table travelling up to it at its non-cutting speed of 
centre of effort is about 33-6 per cent. of the width | 97 in. per minute. 


When the work has reached the 


| cutter, the speed of the table is reduced to the feed 
| selected. 


On the completion of the cut the table is 
reversed and returns, at the non-cutting speed, to its 
original position. These motions are effected auto- 
mically by suitable stops on the table, but when the 


|machine has come to a standstill, if another cut is 


_ Tue milling machine illustrated in the accompanying | desired, the cutter is lowered, and the whole cycle of 
Figs. 1 and 2 is notable for the simplicity of its control, | operations may be repeated by again moving the lever. 


one lever only being used for the cutter and table move- 
ments, 


Messrs. George H. Alexander Machinery, Limited, 
Coleshill-street, Birmingham. It has been given the 
trade name of the Stabil surface miller. 


features of its construction are well shown in Fig. 1. | 


It is made by Messrs. Ludw. Loewe and | 
Company, A.-G., Berlin, and is sold in this country by 





The general is provided with a clutch to prevent damage from an 


At the same time, with work consisting of, say a 
number of machined faces having gaps between them, 
the lever can be manipulated to give the table its 
rapid traverse between the gaps, the reverse and 
stop motions following automatically. The feed gear 


overload. Adequate cooling and lubricating systems 





LUDWIG LOEWE AND COMPANY, A.G., 
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Fie. 2. 


SPINDLE DRIVE. 


are provided. The machine is also made with another 
headstock in place of the spindle-supporting column. 
All the other particulars are the same as for the single 
machine, but, as the spindles have overhung cutters, 
they can be run in opposite directions, and so cutting 
may be done on both strokes of the table. Reversing 
gear is fitted to both spindles. From 7} to 10 h.p. is 
required for driving this machine. 








JAPANESE SECTIONAL MEETING OF 
THE WORLD POWER CONFERENCE. 


(Continued from page 156.) 


A LARGE number of papers at the recent Sectional 
Meeting of the World Power Conference in Tokyo 
dealt with fuels and their successful utilisation. A 
selection of these papers is given below, with sum- 
maries of others on the cognate subject of oil engines. 


FuEL, CoAL AND OIL CARBONISATION. 


The report by Mr. K. Watanabe, geologist to the 
| Geological Survey of Japan, on the Coal Resources 
of Japan, was largely based upon a general paper 
presented to the Twelfth International Geological 
| Congress of 1913, by Dr. K. Inouye, dealing with the 
|coal resources of the world. Mr. Watanabe spoke 
| as a geologist in making additions to that paper, on the 
' strength of subsequent official publications and personal 
| observations. The coal deposits of Japan occurred in 
formations ranging from paleozoic to tertiary. In 
insular Japan, palzozoic coal was rare, and the anthra- 
cite recently found there was of doubtful economic 
value. The anthracite of Chosen, Korea, was mostly 
permo-triassic. Mesozoic coal was mined in Japan and 
Chosen, the coalfields of the latter district being mostly 
small. Tertiary bituminous coal and lignites, and 
palzogene coal were widely distributed and extensively 
mined ; the lower coal-bearing series of Hokkaido and 
South Saghalien resembled the Alaska deposits. 
Miocene and pleistocene beds occurred in Honshu, 
South Saghalien and Taiwan, Formosa. The Honshu 
and the Ube coals were rather inferior, high in ash and 
sulphur, but were being actively mined owing to the 
good railway facilities connecting the district with 
Tokyo and Osaka. The deposits of the Kyushu island, 
which were easily accessible from sea ports, had fostered 
the development of an industrial centre. Taiwan 
produced more coal than it consumed, and exported 
it from Keelung harbour. The coal reserves of Japan 
down to a depth of 4,000 ft., mostly bituminous and 
black lignite, were roughly estimated at 8,276,000,000 
metric tons. 

Mr. K. Nanjo, Director of Messrs. Mitsui and 
Company, gave, in his paper on Transportation and 
Distribution of Coal in Japan, for the total coal 
production of the country in 1927 the figure of 
32,950,000 gross tons. The Kyushu field contributed 
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19,719,000 tons, Hokkaido 6,176,000 tons, Joban (north 
of Tokyo on the coast), 2,619,000 tons, Formosa, Korea 
and Saghalien together 2,746,000 tons, the remainder 
being produced from smaller fields. Imports of coal 
had risen rapidly in recent years, and now exceeded 
the home production. Transport was mainly by water, 


and by railway only to nearby ports and works. The | 


mining and handling of the coal was still largely 
done by human labour, but coal cutters and machinery 
had now been adopted at many places. Modern 
equipment had been installed by the Mitsui Bassan 
Kaisha at Kawasaki, near Tokyo, including three 5-ton 
hoppers and bridge transporters, which could each deal 
with 250 tons of coal per hour. 

The Petroleum Resources of Japan, reviewed by 
Mr. Y. Chitani, consist essentially of a belt of oilfields 
running southward along the west coast of the country, 
i.€., on the east coast of the Sea of Japan between Japan 
and the Asiatic Continent, from southern Saghalien 
and Hokkaido down to Honshu Island (in the south 
of the country), and further in the island of Formosa 


(now Taiwan), all in marine neogene formations | 
The most important oilfield | 


(miocene and pliocene). 
of Hokkaido is the Ishikari field which, though mined 
since 1887, has not yet been developed to any extent. 
The same may be said of the others. The wells in the 
Ishikariand Akita districts are usually not deeper than 
600 m. (1970 ft.). The Niigata district, farther south, 
is, or was, more productive, but the production of oil, 
which amounted to 2,000,000 barrels in 1914, fell to 
800,000 barrels in 1928, which is only a little larger 
than that of the Ishikari field, viz., 600,000 barrels. 
In Formosa, likewise, many wells have become unpro- 
ductive. The total production of Japan has decreased 
slightly in bulk, and, to a greater extent, in value, 
since 1924, whilst imports have steadily increased both 
in value and bulk, and represented, in 1928, twice the 
value of the native ‘production. Developments are, 
however, expected. 

Statistics of Japan’s Oil Consumption for Power 
Uses were given by Mr. K. Hashimoto, president 
of the Nippon Oil Company, Limited. They covered 
Saghalien, but excluded Korea and Formosa. Auto- 
mobiles were practically unknown in Japan prior to 
1907, but the number of cars and lorries had, by 1928, 
risen to 60,000, and the consumption of petrol, expressed 
in units of 1,000 gallons, was estimated at the same 
figure. Motor cycles added 16,000 to the number, 
and 80,000 gallons to the consumption of petrol. 
Aeroplanes were still mostly Government-owned. The 


number of fishing boats using gas oil as fuel had | 


increased from 50 in 1916 to 320 in 1928, though 80 
other fishing boats were now equipped with Diesel 
engines. In mines, the gas-oil consumption had 
decreased since 1922, because electrification had spread. 
In factories, the consumption of gas oil rose rapidly 
until 1921, but then fell off owing to the competition of 
Diesel engines, which brought the total oil engine power 
again up to 22,000 h.p. by 1926, or about 2,000 h.p. 
more than the 1922 figure; later statistics were not 
available. The total fuel consumptions for 1928 were 
estimated as follows, in 1,000-barrel units: petrol, 
1,448 ; kerosene, 11; gas-oil, 1,534; and heavy oils, 
1,534. Including Korea and Formosa, the country 
consumed about 8,350,000 barrels of oil fuel in 1928, 
and only about a fourth of that bulk was covered by 
the crude-oil production of the country. Restrictions 
on oil importation were, therefore, suggested. 

The demand for charcoal for the hibachi (the native 
brazier without grate or chimney) in Japan now 
so much exceeds the possible supply that anthracite 
briquettes are being used in towns. As they are, 
however, too expensive, the utilisation of the senseki, 
coal metamorphosed by the intrusion of eruptive 
rocks, was advocated by Mr. Asobu Naito, in a paper 
on Soft Coal Metamorphosed by Igneous Intrusives as 
Domestic Fuel. Deposits of this senseki occur chiefly 
in the northern coal district of Kyushu, partly under 
the sea. The sequence in a cross-section is: coal, 
semi-carbonised coal, soft senseki, hard senseki, in- 
trusion, shale, sandstone, &c. The senseki resembles 
a black shale and contains over 70 per cent. of com- 
bustible matter; it is a smokeless fuel, but is difficult 
to ignite and breaks up when rapidly heated owing to 
the liberation of steam. Experiments indicate that 
the metamorphosis probably took place at temperatures 
little exceeding 500 deg ©., but in the presence of 
superheated steam and under strong pressure. Com- 
bustion is facilitated by gradually heating or pre- 
heating senseki in the flue of a boiler. The Kyushu 
deposits, estimated at 100 million tons, are so far 
utilised locally only for lime burning, but they can 
give a good coke. 

In conjunction with Professor Y. Takeda, Professor 
M. Kamo presented a further paper on the Economic 
Possibilities of the Low-Temperature Carbonisation 
of Korean Brown Coal, on which he had spoken at 
the London Conference (see ENGINEERING, vol. exxvi, 
page 402 (1928)). This brown coal is of low calorific 
value, weathers rapidly, and does not repay heavy 
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expenses for transport. It yields, however, by low- 
temperature carbonisation in Asorbus apparatus 
(in which the coal is kept agitated and the gas and 
vapours are freed of dust by being passed through 
| coarser coal), at least 12 per cent. of tar and 55 per cent. 
| of semi-coke, calculated on the original charge. The 
tars yield light and also heavy oils, which proved 
economical and suitable for Diesel engines, and the 
pulverised semi-coke would burn in an experimental 
boiler without giving trouble due to fusion. Ninety-five 
per cent. of the tar contents could be recovered by dis- 
tillation, and the semi-coke did not require drying 
before the pulverisation, but the raw brown coal 
had to be dried for such treatment. It was, therefore, 
proposed to combine power stations on the site with 
carbonising plant, and to inter-connect the stations by 
transmission trunk lines for the supply of electric 
energy. 

The considerations on Low-Temperature Distilla- 
tion in its Relation to Power Production, which 
Messrs, E. H. Smythe and E. G. Weeks submitted, 
were largely based upon the experience gained in 
the experimental distillation plant which Messrs. 
| Babcock and Wilcox erected at the Dunston Power 
Station of the Newcastle-on-Tyne Electric Supply 
Company, Limited. We illustrated this plant, which 
has been in continuous operation since 1927, on 
page 787 of our issue of December 21, 1928 (vol. cxxvi 
of ENGINEERING), and may, on this occasion, limit 
ourselves to the conclusions arrived at. The process 
is continuous. The plant has run quite satisfactorily 
with two retorts, each of a daily capacity of 30 tons. 
The balance sheets of capital outlay and operating and 
maintenance expenditure showed, however, that much 
larger charges would have to be used to render the 
process profitable, and arrangements are now being 
made to instal a 60-ton retort to produce a coke which 
would be suitable for pulverising. Pulverised semi- 
coke is less hygroscopic and less liable to spontaneous 
combustion than raw coal, and could be piped into ship 
bunkers, thus dispensing with the grinding equipment 
which is now part of the necessary plant on board ship. 

Though Professor A. W. Nash introduced his com- 
ments on Synthetic Fuels and Lubricating Oils by the 
remark that there was no immediate danger of petrol 
and fuel oils manufactured from petroleum failing to 
meet the demand, and that, during this era of over- 
production of petroleum, it was difficult to see any other 
but political stimulus for the investigation of synthetic 
fuels, he acknowledged subsequently that the fuel side 
| of the problem might ultimately become secondary to 
| the production of chemical intermediates. Professor 
Nash also referred to bituminous sands and shales. 
The Scottish shale-oil industry would rise in importance 
as petroleum prices went up, and the Esthonian shales 
gave as much as 90 gallons of oil per ton, but became 
pasty during distillation. The shales of the Fushun 
Mine in Manchuria, it was said, might provide Japan 
with oil fuel for 100 years. Dealing with low-tempera- 
ture carbonisation, Professor Nash referred to the 
preparation of lubricants by tar distillation as realised, 
with some success, by F. Fischer and Gluud, by the 
Deutsche Erdél A.G., in vacuum stills, and by Nielsen 
and Baker, the latter using a Shirebrook bastard 
cannel coal. By hydrogenation, Bergius had obtained, 
on a semi-commercial scale, from 1 ton of bituminous 
coal, 150 kg. of motor spirit, 200 kg. of Diesel and 
impregnating oils (also kerosenes), 60 kg. of lubricant, 
80 kg. of fuel oil, 240 kg. of coke relatively high in 
ash, and 5 kg. of ammonia ; friction tests of these lubri- 
cants, however, were not yet available. No catalysts are 
applied in the Bergius process. By the use of catalysts, 
the I. G. Farbenindustrie claimed to render the process 
of hydrogenation more flexible and the products more 
valuable. A great variety of catalysts, comprising 
ammonium and sulphur compounds, were used ; 
ammonium molybdate was said to be immune from 
sulphur poisoning, which was one of the great difficul- 
ties. Nickel and iron-oxide catalysts had been tried at 
Birmingham ; zinc oxide was said to increase the oil 
yield. By the water-gas reaction, coal was converted 
into a mixture of carbon monoxide and hydrogen, 
which, by the aid of catalysts, could further be con- 
verted, at high pressures. chiefly into oxygenated 
|compounds, such as alcohols, and at moderate or 
| ordinary pressures into hydrocarbons and oils. Crack- 
| ing of natural gas at 600 deg. to 700 deg. C. caused 
| dehydrogenation ; at higher temperatures, 800 deg. C., 
aromatics (benzene, &c.) were formed; between 
1,000 deg. and 1,200 deg. C. light oils and, further, 
acetylene and ethylene, were produced by the de- 
composition of methane in periods of less than a 
second. The supply and distribution of gaseous fuels 
by pipe lines were becoming important in France and 
Germany. 

Two papers contributed from Russia were of a general 
type. In the first, Mr. S. A. Koukel-Krajewsky, of the 
Electrotechnical Main Board, outlined the Power 
Supply of U.S.S.R. Industries and its Possible Develop- 
ments over the Period 1925-1926 to 1932-1933. The 
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paper was a plea for unification of all the power 
resources of the country for the purpose of supplying 
electric power and heat, as electricity, steam and hot 
water, to all districts, with the object of reducing the 
local peak and generating reserves, of preventing 
waste of power and fuel, and of making the best use of 
poor fuels. Under the scheme, the difference between 
State, municipal and industrial and special supplies 
would be merged into a centralised supply. 

In the other contribution to this section from 
Russia, Professor L. K. Ramzin, director of the State 
Thermotechnical Institute of Moscow, dealt with the 
Latest Developments in the Combustion of Low-grade 
Fuels in the U.S.S.R. Professor Ramzin discussed 
the comparative rating of different types of furnaces, 
with particular regard to low-grade fuels, in the London 
and Pittsburgh Conferences of 1928, and he now 
stated that the efficiency of mechanical stokers de- 
creased as the contents of volatile matter in the fuel 
decreased, and was particularly low with fuels high in 
ash. On the other hand, wood waste, peat and pure 
brown coal could be burnt perfectly with mechanical 
stokers, even when moist, so that the quality of the 
material mattered little as regards final thermal 
efficiency. That, again, did not apply, however, to 
anthracite culm, lean coal and impure fine brown coal, 
but the wealth of low-grade coal made success in the 
matter of complete combustion of such fuels very 
important in Russia. The brown coal from the 
industrial district of Moscow contained, on an average. 
32 per cent. of moisture, but could be completely 
burnt on chain grates by the aid of hot-air draught. 
The pre-drying of this coal to 15 or 10 per cent. of 
moisture had been a failure financially. The fuel was 
ground in a high-speed Atritor mill of Messrs. Alfred 
Herbert, and the aerated dust was blown into two 
long-flame burners located in the upper arch of the 
furnace, the flames being then diverted downward and 
forming a U. The bottom of the furnace was fitted 
with Babcock and Wilcox waterscreen. Coal with 38 per 
cent. of moisture clogged the mills too badly, but with 
up to 34 per cent. of moisture steady combustion was 
realised in the narrow furnaces, and the furnace 
efficiency was practically independent of the moisture 
contents, up to the 30 per cent. limit, at any rate. 
Pyritic brown coal could not be ground in the mills 
without heavy wear taking place. 

In saw-dust, the moisture rose to 50 and 60 per cent., 
and suspended sawdust, containing more than 40 per 
cent. of moisture, was burnt mixed with mazut in 
similar furnaces, in which the lower portion of the 
stoker was, however, fitted with a special auxiliary 
grate for completing the combustion. A mechanical 
atomiser for the fuel oil was placed in the centre of 
each burner, and operated only when the moisture 
content was high. Steady combustion had been 
obtained even with sawdust containing 65 per cent. of 
moisture, though, in such cases, the mazut supplied 
65 per cent. of the total heat. Brown coal from the 
Ukraine had also been burnt recently without pre- 
grinding, and peat excavated with a cutter in small 
pieces, mostly not exceeding 1 mm. in dimensions, and 
only dried down to 50 per cent. of moisture, had been 
treated like unground brown coal in the furnace. 
The final conclusion was that fuels of high volatile 
content did not require fine grinding, and that, for 
modern furnace operation, the distinction of low-grade 
and high-grade fuels had lost much of its significance. 


PULVERISED COAL. 


Among a group of papers dealing with pulverised 
fuels was one by Mr. R. Jackson, who pointed out, in 
his paper on Modern Developments in Pulverised- 
Coal Firing, that this method of burning fuel went 
back to Niepce, the originator of the photographic 
processes of about 1820. Coal was then cheap, and 
the protests against the smoke were not sufficiently 
influential to have much effect, although Acts against 
the smoke nuisance were almost as old as the use 
of coal fires in England. It was not until 1890 that 
the smokeless flame of pulverised coal was adopted 
in the place of oil for firing rotary cement kilns. The 
development was rapid after 1920. Mr. Jackson 
advocated the unit or direct pulverising system, which 
takes the raw coal from the bunker and delivers it 
pulverised to the furnace, in preference to the storage 
system. For metallurgical furnaces and puddling, 
drop forging and rolling-mill furnaces in particular, 
uniform fine grinding of a coal of reasonable porosity, 
not a low-grade fuel, was essential, and the ash should 
be removed either by slagging or by flame deflectors. 
The fine light-coloured dust discharged from the stacks 
of pulverised-coal fires could not be quite suppressed 
by cyclone separators, and electric precipitators were 
too expensive for general adoption. High stacks, 
of 200 ft. and more, and the installation of wet dust 
collectors, chambers fitted with wetted plates and tubes, 
had, however, given satisfactory results. 

Dr. G. E. K. Blythe discussed several aspects of the 
pulverised-fuel problem in a paper on Pulverised Fuel 
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and its Various Applications. The emission of radiant 
heat by furnace gases, which was generally attributed 
to the carbon dioxide and water vapour, was, in 
pulverised-coal flames, rather due to the incandescent 
carbon particles. The pulverised-coal flame emitted 
more heat than the stoker furnace, in which, he said, 
there was much combustion of a secondary nature 
of carbon monoxide with a non-luminous flame. That 
factor was of importance, since it made pulverised 
fuel more economical than gas fuel in metallurgical 
heating. It was a fallacy to liken pulverised-coal firing 
to gas and oil firing. In gas or oil vapours, the speed 
of combustion increased with the velocity of the jet; 
that was not true in the same measure for pulverised 
coal. There the length of time required for combustion 
did not depend much upon the velocity of injection, 
because the coal remained essentially a solid, however 
finely it was pulverised, and the conditions necessary 
for the combustion of solid carbon still applied to the 
fixed-carbon constituent in the particles. With regard to 
the direct and the storage systems, Dr. Blythe had 
found the performance of the unit-mill fired boilers and 
furnaces equal, if not superior, to the performance of 
similar furnaces supplied on the storage system. The 
fuel should be dried before pulverisation. For supplying 
the pulverised fuel from the hopper to the pipe line a 
pump with a high-speed worm impeller of steel was 
being adopted, a small amount of compressed air being 
admitted just beyond the discharge end of the worm. 
Ball mills and impact types of pulverisers were not 
as good as roller-type pulverisers, and the development 
of large boiler units rendered pulverised-fuel installa- 
tions more economical in initial cost and maintenance 
than stoker grates. 

The paper by Messrs. H. W. Hollands and E. C. 
Lowndes on Pulverised Fuel for the Small Unit Shell 
Type Boiler and Metallurgical Chemical Processes 
also dealt with certain special problems, such as the 
conversion of pulverised coal into producer gas. The 
early attempts at firing Lancashire and other shell- 
type boilers and also metallurgical furnaces with pul- 
verised coal had required large combustion chambers, 
which proved expensive to maintain, involved heavy 
radiation losses, and were extravagant in power con- 
sumption for the high-speed unit mills. The latter 
costs did not arise where the powdered fuel was stored, 
but the fuel itself was then, of course, more expensive. 
During the past three years, pulverised fuel had first 
been gasified, so that the fire tubes of the boiler and the 
hearth of the metallurgical furnace served as combustion 
chambers and the heat was generated at the points where 
it was needed. The difficulty in making powdered 
coal into producer gas arose in retaining the particles 
for a sufficient time in the gasifying zone. By making 
the projected fuel strike a bridge wall from which it 
recoiled, violent turbulence would, however, be main- 
tained for a sufficient period in quite a small primary 
chamber, in which the temperature should not be 
raised above the ignition temperature of the fuel, and 
the ashes could drop out, actual combustion taking 
place among the tubes or on the hearth. The direct 
introduction of the coal jet into the tubes or over the 
hearth had not given satisfaction. Gasified powdered 
coal had been successfully employed in puddling and 
ingot-heating furnaces where rapid temperature fluctu- 
ations were frequent, and the easy control of the furnace 
atmosphere was also of particular importance for non- 
ferrous materials. 

Rotary cement kilns, now made up to 230 ft. long 
and 9 ft. diameter, consumed fuel amounting to 25 per 
cent. to 30 per cent. by weight of the clinker produced. 
The figure was high because a temperature of 1,600 
deg. C. had to be produced. Slurry supplied in the 
wet state (with 40 per cent. to 42 per cent. of water) 
required more fuel than dried slurry, but the general 
question of the advantages of the dry or wet processes 
were still disputed. When grinding or crushing mills 
were used, a large steel concrete-lined bin, containing 
at least 12 hours’ supply of powdered coal, was placed 
above the firing floor, at least 15 ft. away from the kiln 
in a horizontal line, and the coal dust was fed through 
a double screw conveyor from the bin to the burner 
where it met air from a Sirocco fan; the burner 
extended through the hood which closed the kiln to 
the inside for about 6in. In recent modifications of the 
rotary kiln, the firing zone was enlarged. _ In the pro- 
duction of caustic soda from sodium carbonate and lime, 
a weak soda solution favoured a good yield of caustic, 
but necessitated, of course, longer concentration of the 
weak lye, so that a compromise had to be effected. The 
best concentration temperature was 80 deg. C., but 
boiling by live steam was generally preferred in order 
to accelerate the reaction. 


CentraL HEATING oF Towns. 
_ The central heating of districts has been developed 
in Germany, as in other countries, from the central 
supply of heat in hospitals and other large groups of 
buildings. Mr. W. Ellrich, of Charlottenburg, discussed 
the Development and Problems of Distance Heating, 
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especially Town Heating, in Germany, in a paper in 
which he summarised the main features of some 
noteworthy installations for steam and water heating. 
In 1900, the most important of these installations 
was in Dresden, for the heating by steam of the palace, 
the museums, picture galleries and theatres. Steam, 
representing 15,000,000 keal., per hour was generated 
in 14 boilers at 90 lb. per sq. in., and reached the 
rooms to be heated by two systems of mains laid in 
large tunnels, at a pressure of 30 lb. per sq. in. In 
Dresden, considerations of economy were secondary 
to safety and cleanliness, and the utilisation of waste 
steam had not then become customary. In the recent 
designs of town-heating plants, particular attention 
was paid to fuel economy, reduction of the number 
of fireplaces and of fire risks, and the suppression 
of smoke and of the interruption of traffic by the 
transport of coal and refuse. In Berlin, the Neu-Kolln 
(central district of the city) electricity works, in 
1919, when electricity was obtained from the Golpa- 
Zschornewitz works, were converted into a plant for 
the supply of hot water and steam at 22 lb. per sq. in. 
amounting to 12,500,000 keal., to public and private 
buildings. In Hamburg, two old electricity works 
were, in 1921, connected by steam mains, 2-1 km. 
in length, for the supply of 36,000,000 kcal. to 
distances not greater than 2-8 km. The meters are 
placed in pipes which return the water of condensation 
to the works; this, Mr. Ellrich mentioned, was 
largely the practice elsewhere, but a fixed charge 
was also in use. The arrangements in Kiel were 
similar. The city of Barmen started, in 1921, a 
special heat station, intended also to supply steam 
to factories; this plant was rebuilt and transformed 
into a power reserve station in 1925, when the old 
electricity works of the town had become super- 
fluous owing to the connection of the town with the 
central electricity works at Hattingen. 

Asmaller heating plant in Schwerin, Mecklenburg, 
a town of 50,000 inhabitants, was connected with 
the electricity works in 1924, and is interesting because 
it utilises the waste heat from three Diesel engines, each 
of about 800 h.p. The water leaving the cylinder 
jackets at 80 deg. C. is heated up to 87 deg. C. in three 
boilers by the exhaust gas from the engines, pumped 
into the mains (laid in concrete) under 20 m. head 
and finally returned, cooled if necessary, to the engines 
at about 60 deg. C. The pipe mains, of 136 mm. 
internal diameter, have a length of 2-5 km. Water 
storage tanks had been provided as the periods of the 
main demand for heat in the morning and for power in 
the evening, did not coincide. In the more recent 
plants at Leipzig, Berlin, Dresden, and elsewhere, 
electricity and heat generation were combined and 
the variety of boilers, engines and turbine types is 
great. Much use is, of course, made of bled steam. In 
Berlin, the original steam pressure is 525 lb. per sq. in. ; 
in the steam mains it is 30 lb. per sq. in., and it is kept 
at that pressure by means of Askania regulators. The 
main, of 450 mm. diameter, branches into a ring main 
of 350 mm.; the Steglitz works, in a Berlin suburb, 
supply hot water by separate hot water and warm water 
pipes with a third common return main. The muni- 
cipal electricity and heat station of Forst, a town of 
40,000 inhabitants in the southern part of the province 
of Brandenburg, have, since October, 1928, supplied 
electricity and steam at 60 Ib. per sq. in., principally 
to the textile, weaving and dyeing works of the 
town. At a distance of 2:5 km. from the station 
a steam pressure of 45 lb. per sq. in. is still maintained 
in the 600-mm. main; the pipes are laid in trenches 
and are partly carried on brackets along the backs of 
the houses. In this case, the condensed water, which 
might be acid, is not returned to the station. 

As regards distribution, the mains were wrought-iron 
pipes, autogenously welded in long sections and laid 
mostly in concrete conduits supplied in sections. Only 
the elbows, valves, &c., were connected by flanged 
joints. Expansion joints were made of corrugated 
pipes or of hose, or were fitted with stuffing boxes. The 
corrugated pipes were convenient for steam pressures 
exceeding 60 lb. per sq. in., but they required much 
space and the provision of manholes at distances of 
50 m. In these respects, the stuffing boxes had advan- 
tages. Heat insulation was effected by slag and glass 
wool, aluminium foil, Rubberoid and Expansit. Deve- 
lopment had not been rapid, and the conditions were 
not generally favourable for it. 


DIESEL ENGINES. 


Comprehensive and detailed information concerning 
the construction of Diesel engines was given by Mr. 
H. H. Blache, of Messrs. Burmeister and Wain, Copen- 
hagen, in a paper on Propulsive Machinery for Ships, 
with Special Regard to the Development of Marine 
Diesel Engines. Mr. Blache pointed out that, whilst 
the development of the marine steam engine had led 
to the standard triple-expansions type, and in steam 
turbines the reaction type had prevailed over the 





impulse type, no final type of marine Diesel engine 


had, so far, been evolved. Yet four-cycle Diesel 
engines were, according to Lloyd’s Daily Index of 
April 30, 1929, installed on 381 ships of more than 
2,000 tons, totalling 2,340,986 tons, while other Diesel 
types had been installed only on 141 ships of a total 
of 832,696 tons. Many of the Burmeister and Wain 
engines had been in continued service for 17 years. 
For large cargo vessels, the large trunk piston of short 
stroke had recently become very popular; for fast 
passenger liners, the double-acting four-stroke engine 
was preferred, and had, by May, 1929, been adopted on 
27 large liners, twelve of which were under construction, 

As regards airless injection, the improved four-stroke 
engines were fitted with heavy spring-loaded automatic 
fuel valves, and with fuel pumps for oil pressures from 
3,000 to 6,750 Ib. per sq. in., operated by means of cams. 
The pumps were lined with Perlit bushes, accurately 
finished, and without packing. The airless engine 
gave, with its less complicated machinery, 15 per cent. 
more power for the same length of engine room than 
the air-injection engine, and it consumed something 
like 10 per cent. less fuel. Low-pressure supercharging 
for scavenging had been provided by means of electric 
motors since 1922; high-pressure supercharging was 
obtained by turbo-blowers. It was noteworthy, with 
respect to the determination of the heat stresses in 
Diesel engines, that the temperatures observed at the 
outlet from the cylinders in the exhaust manifold were 
not reliable, especially so when comparing four-cycle 
and two-cycle performances. In new vessels, high- 
pressure supercharging involved complication. Whilst 
the four-stroke engines built by the firm in 1912 were 
still in service, only one of all the two-stroke engines 
of the same age was working, but several types of two- 
stroke Diesel engines had recently come into favour. 
By the end of April, 1929, 90 ships of over 2,000 tons 
were fitted with Sulzer engines of that type, 53 with 
Doxford engines, 25 with M.A.N. engines, and 76 with 
other designs. His own firm had brought out a double- 
acting two-stroke marine engine, the scavenging ports 
of which were common to the top and bottom, and were 
arranged in a single row around the circumference of the 
cylinder liner. The pistons were similar to their four- 
stroke engine pistons, but shorter. The double-acting, 
two-stroke type was very adaptable to single-screw 
installations, but the auxiliary machinery of the two- 
stroke engine was more costly than that of the four- 
stroke engine, and this was a point of considerable 
importance, except for the small sets used in fishing 
craft and trawlers. 

In a summary of Recent Developments of the 
Diesel Motor in Germany, Dr. Ing. A. Nagel reviewed 
developments which had been particularly striking 
during the past two or three years, under the headings 
of large stationary Diesel engines for power plants, 
large motors for ship-propulsion, and high-speed 
motor-car engines. For power stations with periodical 
duty, the initial cost was the main item, and the 
M.A.N. had adopted, in the Berlin electricity works 
plant at Hennigsdorf, double-acting two-stroke units of 
12,000 h.p,. running at the relatively high speed of 215 — 
r.p.m., with airless injection without compressor, while 
the M.A.N.-Blohm and Voss plant at Hamburg, had 
15,000 h.p. units running at 94 r.p.m., with air- 
injection. Continuous service, reliability, long life, 
and high thermal efficiency were the chief considera- 
tions, and, in that case, the large power motors were 
generally likewise of the double-acting two-cycle tyre. 
For moderate powers, up to 4,000 h.p., the higher thermal 
efficiency of the four-cycle engines resulted in competi- 
tion of this type, especially when the engines were 
fitted with the turbo-blowers of the Biichi design. In 
marine motors, the firms of the A.E.G., Deutsche Werke, 
Krupp, M.A.N.,Sulzer Brothers, and the Doxford Works 
(Junkers’ patents) held the field. Direct coupling to the 
propeller shaft was popular, even for 7,000-h.p. units, as 
it saved space in spite of the high speeds and vibration 
troubles of such sets; the oil-coupling gear of Féttin- 
ger-Vulkan had proved efficient for 10,000 h-p. engines. 
In marine work also, four-cycle types, even when 
double-acting, were giving way to two-cycle engines ; 
but the general question of single- or double-acting 
two-stroke design was still undecided. The M.A.N. 
favoured the former, Sulzer Brothers, the latter; and 
for units above 8,000 h.p. the latter preference seemed 
to be general. 

In the development of high-speed (1,000 r.p.m. to 
1,500 r.p.m.) motor-car Diesel engines, Germany had 
achieved considerable success, and four-cycle motors 
(except Junkers) with airless injection (except the 
Maybach engines for small boats) were therule. Simple 
direct atomisers were used by Junkers, M.A.N. and 
Linke-Hofmann. The first Junkers aeroplane Diesel 
motors were fitted with double pistons and spur gearing, 
and weighed 1-3 kg. per horse power. Diesel loco- 
motives were still in the experimental stage, but were 
exciting interest, particularly in Russia. The Pawlikow- 
ski-Gérlitz pulverised-coal fuel motor had given satis- 
faction, but the accessory plant was very complicated. 





The Diesel engine was only introduced to Japan 
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during the war. Stimulated by the unprecedented 
trade prosperity, several Diesel-engine works were then 


established, and the development was very rapid, | 


according to the paper on the Diesel Engine and its 
Future in Japan, by Mt. M. Ino, of the Mitsubishi 
Shipbuilding and Engineering Company, Limited. The 


first passenger motorship, Ondo Maru, was launched | 


in October, 1923. In the next five years, 33 more 
motor ships each exc2eding 500 tons, and aggregating 
72,340 brake horse-power, were launched, and, in 1929, 
20 motor ships were under construction; this figure 
included eight ships exceeding 10,000 tons gross, 
and brought the total brake horse-power up to 
147,990. Engineers in Japan had, in this development, 


followed the western lead, for good reasons of their | 


own. Diesel engine oil cost, in Japan, nearly three 
times as much coal. In America and Borneo, 
however, the prices of coal and of this fuel oil were 
nearly equal, so that ships proceeding to those coun- 
tries could obtain cheap fuel with the great advantage 
of saving cargo space and smaller crews. The conditions 
for stationary land engines, which had been built in 
Japan for electricity works before the introduction of 
marine engines, were not quite so favourable. In 


as 


Niigata city, a two-cycle Diesel engine of 1,650 brake | 
horse-power was employed to take the peak load of a | 


4,000 kw. Zoelly turbine. Other engines were installed 
for the Kobe-Akashi electric railway, and for the Noto 


weaving factory in a remote district of the Kanazawa | 
Diesel engines for the | 
Chosen Hydro-Electric Power Company in Korea, were | 


province. The last, like six 
built by the Mitsubishi Company on the four-cycle 
principle, with eight cylinders, and Vickers airless fuel 
injection, for 277 r.p.m. , 
evcle generators, of 350 kw. at 3,300 volts. 
these Diesel equipments had not given any trouble, 
they had, owing to the high fuel cost, not been 


They were coupled to 60- | 
Although | 


able to compete generally against steam turbines as | 


stand-by for water-power plants during the dry season. 

For success, it would be necessary 
thermal efficiency, though already high, and to reduce 
the initial and fuel costs of the Diesel engine. Dealing 
oniy with the thermal efficiency, Mr. Ino pointed out 


that the high-pressure steam turbine was challeng- | 


ing the high efficiency (30 to 37 per cent.) of the Diesel 
engine, and he commented at some length on his 
own investigations of the efficiency of Diesel engines, 
brought before the Japanese Society of Mechanical 
Engineers in 1926. Theoretically, the Otto cycle and 
the Sabathé cycle promised higher efficiencies than the 
eonstant-pressure Diesel cycle, and the Diesel output 
could be raised by diminishing the amount of air 
injection, notwithstanding the unfavourable combus- 
tion efficiency of the airless Diesel engine. Mr. Ino’s 
experimental investigations were concerned mainly 
with the relations between fuel pressure, area of 
injection nozzles, and the shape of the combustion 
ehamber. For Japan, the two-cycle double-acting 
type seemed to be most suitable for large powers 
and the four-cycle supercharged type for high speeds, 
both fitted with airless injection, while for land engines 
pulverised coal-fuel Diesel motors of the Rupa type 
appeared to be worthy of further study. 

In dealing with the Comparative Economic 





Aspects 


of Oil-Burning Steamships and Motor Ships, Mr. T. | 


Kawamura, managing director of the Mitsui Bussan 
Kaisha, Limited, gave, in a paper of this title, particu- 
lars of an extensive series of trials carried out by his 
company for four years. They built, in 1924, a cargo 
motor ship, the first of its kind, the Akagisan Maru, of 
7,000 tons, equipped with a Burmeister and Wain type 
Diesel engine, and an oil-burning steamer, the Akibasan 
Maru, of corresponding type, and made observations 
on these two ships for the period stated, in service 
between Japan and the Pacific Coast of North America. 
The conclusion drawn was that, in actual operation, 


the motorship was superior to the oil-burning steamer. | 
The two ships were practically equal in main dimen- | 





sions, length 375 ft., moulded breadth 50 ft., depth 
30 ft., in deadweight 7,000 tons, gross tonnage 4,635 
and 4,670 tons, hold space (about 360,000 cub. ft.), and 
engine room space (607 and 661 cub. ft.), but differed 
as to maximum speeds, which were 12 and 15 knots, 
respectively, and naturally in some otherdata. The oil- 
burning ship had 3,128 cub. ft. more hold space, but the 
motor boat had more a«tual cargo space, while the 
Diesel engine, being of the slow-speed, long-stroke type, 
was by 72 tons the heavier. On the outgoing journey, 
the liquid load on the motor boat. consisting of fuel oil 
120 tons, reserve oil 47 tons, and drinking and boiler 
water 50 tons, amounted to 217 tons; the figures 
for the other ship were 335, 130, and 100 tons, a total 


of 565 tons. On the home journey, the two totals were | 


438 and 1,775 tons, so that the Diesel ship took 
1,120 tons less fuel and water for the round trip. The 
crews consisted of 72 and 75 men, respectively, and the 
pay rolls and mess expenditures were in the ratio of 
183 to 200. Yet the engine departments spent in the 
four years, 14,600 and 12,614 yen, respectively, that is, 
more on the Diesel boat ; 


to increase the | 


FIAT HIGH-SPEED 


factors, want of experience being one of them. But it 
was considered that the repair items, so far fairly equal, 
would decrease more on the motor boat. The actual 
average speeds were, on both ships, about 10 knots, but 
the fuel consumption of the motor boat was, at sea, 
only one-third of that of the oil-burning boat, and at 
anchor only one-eighth. Thus the motor boat had the 
advantage as to cargo capacity, freight income and fuel 
expenditure. 

The particular object of a similar series of trials 
conducted by the Fisheries Bureau of Japan was 
reviewed by Mr. T. Tajima, of that department, in a 
paper on a Comparison of the Steam Engine and the 
Diesel Engine as Prime Movers for Trawlers. The 
first internal-combustion engine had been installed on 





this was ascribed to various | 


4s 
17,804 boats were equipped with such engines, aggre- 
gating 315,041 h.p. These engines were, however, 
not considered suitable for trawlers and whalers, 
because their noise disturbed the fish, the installation 
and fuel were expensive, and the trawl winch required 
jan additional electric motor to which the men were 
}/not accustomed. As long as the fishing grounds 
| were not too far removed, therefore, from home ports 
|}in the neighbourhood of the Kyushu coal fields, coal 


a fishing boat as early as 1906, and by the end of 1927 


| fuel. 
Formosa and the Ochotsk Sea, and pairs of fishing 
boats, fitted with a double hand-hauled net dragged 
along the sea bottom, were found to be good substitutes 
for trawlers. The Kyodo Fishery Company, Limited, 
therefore constructed three types of experimental 


| trawlers, the first, which may be designated as (1) | 


| equipped with a coal-burning triple-expansion engine, 
the second (2) with a triple-expansion set with heavy- 
| oil-fired boiler, and the third (3) with a two-cycle 
air-injection Diesel engine. The engines were all 
Japanese, (1) being built by the Osaka Iron Works, 
(2) by the Havima Shipyard and (3) by the Mitsubishi 
| Shipyard. The propeller materials were cast-iron for 
(1), and manganese bronze for (2) and (3), and the boats 
and engines differed more than those of the previous 
case. Only the (2) and (3) boats were provided with 
ammonia refrigerators; they all had crews of 18 men, 


and the fish load capacities 47, 79, 73 tons. Yet the 
observation data seemed to justify a comparison, 
which marked a decided economical superiority of the 
Diesel boat over the other two. Some improvements 


| in the construction of the Diesel-engine boat, suggested | 


| by the trials, were now being adopted. The main 
| engine, for a boat 135 ft. long, 24 ft. broad, 134 ft. deep, 
of 312 tons, was to be of 530 h.p., and the fuel capacity 
70 tons. 
concluded, would be decisive for the future develop- 
| ment of the trawler, and the Diesel engine offered 
| the additional advantage that displacement and 
| draught would be fairly the same when the trawler 
vas leaving port and when returning to it. 


|v 
(To be continued.) 
{ 


was decidedly the more convenient and less expensive | 
But the fishing grounds were extending beyond | 


but the gross tonnages were 220, 316, 312 tons, | 


The choice of the prime mover, it was | 


AIRLESS-INJECTION ENGINE. 





FIAT HIGH-SPEED AIRLESS- 
| INJECTION ENGINE, 


In describing the Fiat rail-car, in service on the 
Florence—Faenza line, on page 7 ante, we mentioned 
|that the firm had a new engine under .construc- 
| tion. It will be recalled that the engine fitted to 
| the rail-car was a six-cylinder model with a cylinder 
| bore of 200 mm. and a piston stroke of 270 mm., 
}and that it developed 200 brake horse-power at a 
| crankshaft speed of 750 r.p.m. The new engine, which 

we are able to illustrate in the figure on this page, 
has a cylinder bore of 160 mm. and a piston stroke of 
| 180 mm. It is also a six-cylinder model, and develops 
| 150 brake horse-power at 1,500 r.p.m. It will thus 
| be seen that, whereas the older engine had an output 
| of 3:5 brake horse-power per litre at full power, the 
| corresponding figure for the new model is 6-5 brake 
| horse-power per litre, the difference, of course, being 
| mainly due to the higher speed of the smaller engine. 
|In order to attain this higher speed, a number of 
| modifications have been made to the design. The most 
|important is in the type of injection valve fitted, but 
| the makers are naturally unwilling to give details of 
/the new valve in view of the present international 
rivalry to perfect this type of engine. It may be 
mentioned, however, that one-piece aluminium-alloy 
pistons are fitted in place of pistons having an alumi- 
nium-alloy skirt bolted to a stainless-steel head, and 
that a chain is employed instead of spur gearing 
for the camshaft and fuel-pump drive. Another 
modification, which does not appear to have any 
| bearing on the higher speed, is that the engine casing 
The general 





|is made from cast-iron instead of steel. 
arrangement of the valve gear, fuel pumps, and so on, 
is the same in both engines, and it will be noticed, by 
comparing the annexed figure with the corresponding 
view of the earlier engine, given in Fig. 4, page 9 ante, 
that the appearance of the two models is similar. _ 

The new engine has been fitted in both a locomotive 
and a rail-car, with corresponding systems of trans- 
mission to that described in our earlier article. The 
| length of the body of the new car is 17-9 m. (59 ft.), 
| and the total length of the vehicle over buffers is 19-05 m. 
(62-5 ft.). The breadth of the body is 2-8 m. (9-2 ft.), 
| and the distance between the bogie centres is 11-85 m. 
(38-4 ft.). The weight on the forward bogie, with 
the vehicle fully loaded, is 22 tons, and on the 
rear bogie is 18 tons. The rail car is therefore 
some 4 tons lighter than the earlier model. It is, 
however, designed to carry more passengers, as there 
are 24 seats in the first-class compartment and 50 
seats in the third class. With a total train load of 65 
tons, including the weight of the rail-car, the new 
vehicle has attained a speed of 50 km. per hour, the 
| corresponding figures for weights of 100 tons and - 
tons being 40 km. and 20 km. per hour. On an incline 
of 1 in 200, the rail-car will draw a load of 65 tons at 
| 30 km. per hour, and a load of 115 tons at 20 km. pet 
hour. Finally, the former load can be drawn at 20 km. 
per hour on an incline of 1 in 100. 
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THE AIRSHIP R101. 
In the present state of knowledge and experience, 
no one can have a definite opinion about the 


ultimate position of airships in transport practice. | 


The most important recent step towards obtaining 
the material for forming such an opinion was taken 
when the Air Ministry decided, in 1924, to construct 


anticipated, and when, last autumn, the R 101 
first went out, it was not recognised as generally as 
it might have been, that she was still in the cautious 
and enquiring frame of mind in which she had been 
bred and brought up. Her designers had learnt 
much from the experiments which had been made 
before and during construction, but it was only in 
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two new airships, each of 5,000,000 cub. ft. gas 
‘apacity. At that date, the largest airship that had 
been built was little more than half the size of what 
"as then proposed, and before the designs for this 
teat enlaryement of size were settled, a prolonged 
“nes of experiments was undertaken, for providing 
the data on which the designs could be carried out 
with the prospect of improved efficiency. The 
nethods of design, construction and operation em- 
Dloyed in arriving at the great increase shown by 
ren eneels were, in many respects, radically new, 
, ey were applied in a highly conservative 
ne. The first evident result was that the ships 
‘ook some 18 months longer to build than had been 
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the air that they could check the stresses in the 
various parts of the structure under practical 
conditions, estimate how much of the margin that 
had been allowed, ex abundanti cautela, could be 
| regarded as superfluous, and generally, how far the 
various new methods of design, manufacture and 
erection had worked out as expected. These 
trials are not yet completed, and the material is 
therefore not available for summing up their final 
results. Already, however, it is clear that, in certain 
vapital respects, the performance of the ship has 
realised its highest expectations. It behaved at 
the mast in a satisfactory manner, slewing round 
on an even keel in weather far worse than average. 
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In the opinion of pilots of the highest experience 
and authority, it is the first airship that has ever 
been built to show no trace of eraking or vibration. 
Its heavy-oil engines have worked without trouble. 
These are all encouraging results, but the prospect 
of further progress in the development of this and 
other airships seems to lie mainly in the continua- 
tion of the Ministry’s careful exploratory policy. 

General Design.—By the permission of the Air 
Ministry and with the assistance of its technical 
staff, we are able to give a detailed account of some 
of the more original features of this vessel. It has 
been built to the designs of Lieutenant-Colonel 
V. C. Richmond, the officer in charge of airship 
design and research, manufactured by Messrs. 
Boulton and Paul, Limited, at Norwich, and as- 
sembled at the Royal Airship Works, Cardington. 
Its general structural arrangement will be seen from 
the elevation in Fig. 1 and the sections in Figs. 2 to 
5, on Plate XVI. The vessel is about 732 ft. long, 
with a maximum diameter of about 132 ft., and a 
maximum height from the bottom of the control 
car of about 140 feet. The length is now to be 
increased to about 780 ft. Its gas capacity gives it 
a lift of something over 150 tons gross, and the 
alterations now to be made will increase its gas 
capacity and lift by about 10 per cent. It will be 
seen that the shape of the hull is a continuous curve, 
without any parallel portion, and the ratio of its 
length to diameter is less than has been adopted in 
previous rigid airships. The size of the ship has 
made it possible to use high-tensile stainless steel for 
some parts instead of Duralumin, which, for a given 
strength, is heavier, but had to be used in smaller 
work for the sake of stiffness. All steel used in the 
girders is stainless, and for further protection is 
sand-blasted and coated with grey lacquer. All 
other steel is zinc-plated. Considerable use is made 
of Duralumin forgings in the joints, and special 
research was required for producing these, as well as 
for drawing and rolling the high-tensile steel. All 
Duralumin is protected against corrosion by anodic 
treatment. 

All the transverse frames. except those at the 
ends, are designed without any radial bracing. 
and provide stowage for the fuel and ballast systems, 
passenger accommodation, platforms and other 
means of communication, instead of these having to be 
arranged for outside the hull ina keel. The reduced 
fineness-ratio, as compared with previous airships, 
prevents these arrangements from raising the centre 
of gravity of the vessel above what has been usual, 
and thus possibly introducing a tendency to roll not 
observed in other ships. 

The transverse rings with clear centres forming 
frames 3 to 13, are of the typical section shown in 
Fig. 4. Of these frames, Nos. 4 and 9 each carry 
two power cars, and No. 11 carries a single power 
sar on the centre line. The passenger accommoda- 
tion is carried on frames 6, 7 and 8. Next to the 
bow frame No. 0, which embodies the mooring 
arrangements to which reference is made below, is 
a radially-braced frame (No. 1), carrying at the 
bottom a hinged platform, shown in Fig. 6, which 
when let down allows passengers to enter from the 
mooring tower. Frame No. 2, Fig. 2, in which the 
transverse girders are hinged to one another, carries 
a platform at the bottom, through which the main 
trail rope and two standing guys can be lowered 
through hatches, which are released by distant con- 
trol from the control cabin. Frames Nos. 14 and 15 
are designed, as shown in Fig. 3, for supporting the 
structures of the fins, as explained later. The longi- 
tudinal girders, of which there are 15 main and 
15 intermediate, are wholly outside the transverse 
frames, the intermediate girders helping to take 
the lateral loading caused by the outer cover, and 
also reducing the tension in the outer-cover fabric 
itself. As is indicated, for instance, in Fig. 5, the 
transverse and main longitudinal girders are tri- 
angular members with tubular booms, which are of 
high-tensile stainless steel. 

Passenger Accommodation.—The passenger ac- 
commodation is of interest, not only because 
of its considerable extent, but also because it 
serves to illustrate the new standardised method 
of repetitive design on which the work has been 
carried out. Fig. 5 shows a portion of the trans- 
verse frame No. 7, with its inner and outer ridge 
girders strutted and supported by wires in a manner 
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that will be readily followed from the drawing, and is 
found generally throughout the structure of the ship. 
This frame, as has already been mentioned, carries 
a part of the passenger deck, and, in addition to the 
structural elements used throughout the vessel, 
special means have been taken in supporting these 
decks within the hull framework, to prevent any 
distorsion to either the frame or the deck from pro- 
ducing an indefinite partition of stress. This has 
been done by giving the fore and aft floor bearers an 
intermediate support through an auxiliary struc- 
ture, which can rise or fall, according to the strain 
of its suspension wires, independently of the main 
hull framework. At the main transverse frames, 
moreover, the other principal transverse supporting 
members have hinges at their suspension points. 
Figs. 7 and 8 are longitudinal sections, including 
frames Nos. 6 to 8, Fig. 7 showing straining bracings 
and horizontal struts, and Fig. 8 inclined and verti- 
cal struts, such as are commonly met with through- 
out the structure. The control cabin, shown in 
Fig. 8 below the floor, is seen more fully in Figs. 9 
and 10, which are, respectively, a longitudinal 
section through the centre line of the ship, including 
the upper deck, and a plan of the lower deck. 

The accommodation provided in the lower deck 
for passengers, crew and kitchen will be followed 
readily from Figs. 9 to 11; the cooking is donc 
electrically. The captain’s control room is situated 
in the forward part of this deck, and adjoining it is 
the wireless cabin. The control room has open 
access to the main control cabin, which is attached 
outside the hull of the ship immediately below, 
and being at about the centre of the ship, provides 
a good view both forward and aft. Some of the 
principal controls are in duplicate, so that they can 
be operated either from the control cabin or, 
alternatively, from the control room above. In 
addition, as will be seen later, the controls of the 
rudder and the elevator can, if necessary, be operated 
independently from an auxiliary control position 
provided in the lower fin of the ship at frame No. 14. 
The course of the heating and ventilating currents 
and the communication between the floors are shown 
in Fig. 9. The ventilation is provided by a 50-in. 
electrically-driven fan in a ventilation chamber, the 
air being driven th-ough a steam-heated radiator, 
together with fresh air induced from outside. The 
radiator is fed from two of the main engines, as 
described below, and when heating is not required, 
is lowered through the hull to be cooled by the 
passing air. A small lift connects the kitchen with 
the dining room on the upper deck. 

The general arrangements of the upper deck are 
shown in Fig. 11. As will be seen, it includes, 
in addition to a dining room, berths and lavatory 
accommodation, a sitting-room or lounge 60 ft. by 
32 ft., with promenades on either side 7 ft. 6 in. wide, 
lighted through windows at an angle of about 45 deg. 
Fig. 12, on page 187, shows part of one of the 
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promenades, the position of the window giving an 
indication of how low the upper deck is in the hull; 
Fig. 13 shows part of the dining room. A 
corridor runs along one of the bottom longitudinal 
girders to the place near the nose of the ship at 
which passengers board and disembark. 

Structural System.—A new feature of the work has 
been the manner in which it has been designed for 
erection. In previous practice, joints have usually 
been riveted, with a free use of gusset plates. The 
bulk of the work was fitted and riveted in situ, and 
not only a very indefinite distribution of stress re- 
sulted, but also a tendency to rack loose in the 
course of time. These disadvantages were naturally 
felt to be more serious than ever in the construction 
of the present ships, owing to the unprecedentedly 
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large scale on which the work had to be done. 
and it was therefore decided to replace the use of 
rivets by introducing a form of joint which, with the 
use of accurately fitting bolts, would enable the 
various girders to be manufactured and assembled 
accurately to length without fitting or riveting. 
Moreover, it was thought essential that the position 
and loading of the thousands of attachments \s hich 
the shell of the ship had to carry should be cal- 
culated individually in advance, so as to avoid not 
only the occurrence of secondary stresses, * ich as 
would certainly arise if these attachments were 
settled after the design of the main shell had been 
completed, but also the considerable delay in erec- 
tion and the increased cost of repairs or r place- 
ments. In order to obtain parts that would g0 
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together accurately in this way, it was found 
necessary to work to tolerances, which ranged from 
0-015 in. on girders about 11 ft. long, to 0-030 in. 
on girders about 45 ft. long. Typical varieties of 
the joints and methods of construction adopted for 
this purpose are shown in Figs. 14 to 17, on page 188. 
Figs. 14 and 15 show the arrangement of the inner- 
ridge intermediate joint of the transverse frame 
No. 9, and Figs. 16 and 17, show similarly the outer- 
ridge frame joints of the transverse frames Nos. 4 
to 11. These drawings illustrate some of the vast 
variety of joints that can be designed in this 
way, and the precision in erection that can be 
obtained by the use of parts made to satisfactory 
limits of accuracy. The simplest and most usual 


Fig. 18. 
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principle on which these joints are designed is seen 
most readily in Figs. 14 and 15, where it will be 
observed that adjacent forces acting on a girder 
are so directed as to pass accurately through a 
single point on its neutral axis.* The detail design 
of the girders is due to Messrs. Boulton and Paul. 
The flexibility in erection obtained by this method 
of construction is well seen in the fact that it has now 
been determined to add about 45 ft. to the length 
of the ship by interposing another bay at about 
the centre. This will mean constructing another 
transverse frame with the corresponding longitudinal 
girders outside and a gas bag inside, and on the ship 
being unbolted along the frame where the addition 
'8 to come, the new work can be mounted in place 
in the way in which the ship was originally built. 
Main Controls.—Of the many controls with which 
the ship is provided we may here describe those that 
operate the rudders and elevators. The main control 
position is in the control cabin on frame No. 6, and 
wires are led from it to mechanism in an auxiliary 
control position fitted in the lower fin at frame No. 14. 
The four tins, on which the flaps forming the rudder 
and elevators are mounted, are spaced at intervals 
of a right angle round the circumference of the hull. 
They extend from frame No. 15 to frame No. 13, 
with ribs running parallel with the axis of the ship 
atintervals of 4 ft. to 7 ft. according to the distribu- 
tion of the air pressure. As is shown in Fig. 3, 
frames Nos. 14 and 15 have large girders built 
into them crosswise and supported by four trusses 
within each frame. Each of these girders is 
‘ontinued outside the ship, and thus forms a 
cantilever post or spar, each pair of which supports 
one of the fins. The ends of these spars are con- 
hected to each other and to frame No. 13 by a strong 


leading edy girder, shown in Fig. 1, and the fin ribs 
intereonnect each pair of spars and their leading 
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An account of the manufacturing methods used by 
Boulton and Paul on this work was given in 
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edge girder, serving to give the fin its correct longi- 
tudinal profile. 

The vertical top and bottom flaps, which form 
the rudders, and the horizontal port and starboard 
flaps, which form the elevators, have each a span 
of about 44 ft. Whatever might be the transmit- 
ting mechanism, it was thus of considerable import- 
ance to obtain a device for communicating the 
power, whether manual or mechanical, to these 
large surfaces without the use of complicated 
structures, by which the drag of the ship would 
be increased. The arrangement adopted, due to 
Squadron-Leader F. M. Rope, is of considerable 
simplicity and neatness. Each rudder flap is 
attached to its top or bottom fin in the usual way 
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by vertical hinges, and is moved about them by 
two levers, consisting of two tubes connected to 
the flap and projecting forward and there joined 
together. The ends of the tubes are attached to 
the front face of the flap by joints, one on each 
side of the hinge line, a line joining them being 
inclined to the vertical. At the front end the 
tubes are provided with a roller, which moves up 
and down in curved vertical guides. The line 
formed by the lever joints is so set that the flap 
is in its mean position when the roller is in the 
central position in its guides, and is moved thence 
to port or to starboard according as the roller | 
is moved up or down. Similar arrangements are | 
made for the elevator flaps, hinged to the port and 
starboard fins. The levers are operated by wires 
running over pulleys from the auxiliary control 
mechanism, which is fixed in the lower vertical fin 
in frame No. 14. 

The purpose of this mechanism is partly to receive 
and transmit to the rudders and elevators the 
motions of the helm in the control cabin under frame 
No. 6, partly to relieve, if necessary, some of the 
strain on the helmsman by means of a servo motor 
and gear, and partly to provide an alternative 
steering position from which, either with or without 
servo mechanism, the rudders and elevators can 
be operated, should any failure occur in the control 
cabin or the transmitting system operated from it. 
Figs. 19 and 20 on page 202, show the auxiliary 
control machinery ; Figs. 21 and 22, one of the four 
combinations of drum and fuzee by which the trans- 
mitted power is intensified for operating the two 
rudder and two elevator flaps ; and Fig. 18, on this 
page, shows, on a larger scale, the operating machan- 
ism, seen in Fig. 20, by which the servo-motor is cut 
in or out. The wires to the auxiliary control me- 
chanism, running from the rudder and elevator 
helms in the control cabin, are in pairs, of which 
one—a 15-cwt. wire—is for taking the operating 
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load, and the other—a 5-cwt. pilot wire—is for 





cutting in the servo mechanism. The wires for the 
rudder control are taken to the upper combining 
shaft, Figs. 19 and 20, and those for the elevator 
to the lower shaft which has been omitted in 
Fig. 20, so as to show the variable-speed gear. 
25-cwt. wires run from drums on these shafts to the 
intensifying drum-and-fuzee combinations, which 
are placed in the four fins on frame No. 15, and serve 
as the last link in the mechanism by which the 
rudder flaps are operated. The auxiliary power 
is derived from a single 3-h.p. constant-speed 
squirrel-cage motor, which, through a reduction 
gear, drives two hydraulic variable-speed gears, 
made by Messrs. Variable Speed Gear, Limited, of 
Crayford, each consisting of a constant-stroke 
hydraulic motor with a variable-stroke pump, one 
being gear for the rudder and one for the elevator. 
The variation in the speed of the motor in either 
direction is effected through a swashplate, which by 
connections not shown on the drawing, is operated 
from the rudder or elevator shaft through a small 
vertical lever, to be seen in Fig. 19 to the right of 
each hydraulic motor. 

The operation of the gear by which the servo 

motor is thrown in or out will be followed most 
easily by reference to Fig. 18, as well as Fig. 20. 
In the normal use of the mechanism, the 5-cwt. light 
or pilot wire runs on one drum of the rudder- 
operating shaft and the 15-cwt. wire on the other, 
while the drum carrying the 15-cwt. wire is connected 
to the shaft by a spring coupling, shown in Fig. 18, 
through which the helm drives the shaft until the re- 
sistance of the springs is overcome. While, however, 
the load on the drum with the 15-cwt. wire has . 
been increasing to this extent, the drum with the 
5-ewt. wire has also been driven off the helm in the 
control cabin, and the yield in the spring coupling, 
together with the stretch in the 15-cwt. wire, has 
allowed it to gain on the shaft, driving in front 
of it a nut which travels along a coarse thread 
on the shaft. This motion is transmitted to the 
lever on the hydraulic motor by which the swashplate 
is tilted and the motor cut in. The motor drives the 
shaft by a chain on to a sprocket wheel on the 
shaft, seen towards the left in Figs. 18 and 20, 
through a multi-jaw clutch which is normally 
engaged by a spring, but is disengaged automati- 
cally if the effort of the motor opposes the 
manual effort applied to the 15-cwt. wire drum. 
A clutch on the left of the left-hand handwheel 
serves to connect the handwheel with the drum 
shaft, and thus allow the rudder to be operated 
by hand from the auxiliary control station. By 
withdrawing two knobs on the left of the 15-cwt. 
wire drum, it can be allowed to run free on the 
shaft, and the rudder wires from the control cabin 
can thus, if necessary, be disconnected from the 
operating system. 
A similar shaft and equipment are provided for 
the control of the elevator flaps, together with 
variable-speed gear, not shown in Fig. 20. A 
chain drive, shown in Fig. 19, enables the elevator 
shaft to be operated by the handwheel on the right 
of the rudder shaft, on which otherwise it runs 
free, being carried there only for convenience. 

The positions of the drums to which the wires are 
led from the auxiliary control station relative to 
their fuzees varies with the flap to be operated ; one 
such arrangement is shown in Figs. 21 and 22. 
A separate 25-cwt. wire runs from the auxiliary 
control gear to each fuzee drum, but a single 80-cwt. 
wire runs from the fuzee in the port fin to the 
elevator lever in the port fin, the lever in the 
starboard fin, and the fuzee in the starboard fin, 
with a similar system operating the rudder flaps 
in the top and bottom fins. The fuzee is thus operated 
in one direction by the 80-cwt. wire and in the 
other direction by the 25-cwt. wire. The purpose 
of giving a fuzee form to the intensifying drum is 
to provide, in its varying diameter, for the effect on 
the length of the operating wire produced by the 
circular path of the levers by which the flaps are 
operated. 





(To be continued.) 








BripGE AND TUNNEL Rattway TrarFic.—During an 
average working day, 106 trains are scheduled to pass 
over the Forth Bridge, while, through the Severn tunnel, 
119 trains are regularly dealt with daily, or one 
every 12 minutes almost exactly. 
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in which s represents the thickness of the plate in | 
centimetres, p the pressure in kilograms per square | 
centimetre on the concave face of the dishing, a the | 
half diameter of the cylindrical shell, and & the | 
depth ratio a/b, where b denotes the depth of the | 
dishing, so that, in the case of an elliptical end, 
a and b are, respectively, halves of the major and | 
minor axes. The ultimate strength of the material 
is presented by K, and is expressed in kilograms 
per square centimetre. The coefficient z is intro- 
duced to provide for the case in which there are 
manholes in the end. When there are none, z is 
unity, but with a central manhole, adequately 
reinforced at the edges, z ranges from 0-90 to 
0-95. When the manhole is not situated at the 
centre, it may range from 0-85 to 0-90. The ratio 


is that of 


| 
| 





least radius of curvature of the| 


s 
R 
dishing to the maximum radius of curvature. In 
each case, the dimensions denoted by a, 6, r and R 
are measured to the medium surface. A full dis- | 
cussion of the construction of this formula will be 
found in the author’s pamphlet on the Resistance | 
des fonds bombé,” which is published by Messrs. | 
Ch. Beranger, Paris. 

The formula was criticised by Mr. E. J. Salmon in 
a letter published in ENGINEERING on September 27 
last, page 417. Mr. Salmon suggested that it 
should read 


S (crm). — 


(2 


where x is a variable factor of safety. It may 
therefore be of interest to state that formula (1) has 
been carefully studied with the results indicated in 
Fig. 1, which represents the results of calculations | 
made on three ends. The pressure was in every 
case taken to be 10 kg. per sq. cm., and the radius 
of the cylindrical end was taken as 1,000 mm. 
The strength of the material, K, was assumed to be 
3,600 kg. persq.cm. The ratio / was 2 for the lower 
curves, 3 for the curves in the middle of the diagram, 
and 4 for the upper set of curves. 

The ordinates represent the plate thickness in cm. < \ 
The angle « was determined as in Fig. 2, and is | Al Za —-4-------- = 

| 








! 
is connected | 





° Y ° r 
plotted as the abscisse. The ratio R 
with this angle and the depth ratio k, by the | | \ 
expression \R 
r sina k cosa k “i 
R sin a k cosa a x 
and is represented graphically in Fig. 3. 

The ratio, it will be seen, has a maximum value, 
and the curves are symmetrical about the ordinates | \ 
through these maxima. The maximum values in | \ 

| 
| 


question are given by the expression 


r Jkt 3-1 —k | \ 

lichen alk? l I not 

A. 
These are the best ilaen to adopt for dished | \ 
ends of the basket-handle type, since the three- | \ 
centre curve then corresponds most closely with | 1M 
an ellipse having the same depth ratio, and the | 
plate thickness required by the formula is therefore | 
a minimum. The proof of this is given in Fig. 1, 
which shows the thickness of plating calculated | and observation, the results of which have been 
for ends 200 cm. in diameter, and with the different |embodied in equation (1). The alternative form 
depth ratios 2, 3 and 4. The curves representing | equation (2) is inadmissible, since the thickness of 
RO ie as liana iting aii: thems dina. the plating must be a function of the depth ratio 
Kz k. The abscisse of Fig. 1 represent the angle «, 
W have been drawn as full | Fig- 2. expressed in degrees. This diagram gives 
2 Kz | the results of calculations covering a long range of 


(810.4) | 


: IRe 
sponding to s — 2™** 


; 7 se eX 28S] a y » Se Ss » VE 
line - these expressions, W represents the value | hasket-handle curves, the ordinates representing the 
0 13 | plate thickness required. In the case of the dotted 
" ‘ : : sg8 : 
of The abscisse represent the angle «,|curves in Fig. 1, minimum values are attained 
20 t+ 1 ° wT « ° . - 
R | when the ratio R 8 & maximum, thus confirming 


Fig. 2, expressed in degrees. | Fig. 3. The thickness is a maximum when R= 
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(« = 0) andr =0. Acareful consideration of thee 
results showed that an adequate factor of safety 
would be secured if t were put equal to 1-65, as in 
equation (1). 

Dished ends of the basket-handle type should be 
regarded as equivalent to ellipsoids, and not as if 
they were sections of spheres. The thickness should 





p -10 at. 
@-100cm. 

K = 3600%9/cm?2 
X= 425 Z7. 
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thus be proportional to 


: R 
- and not to 5 4" 
If the calculation be repeated, using the formula 


20 ES Ee 
_ pRe, " R en 
2 ke 20 r 1 
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a factor of safety, the full 


obtained. The dotted 
show that min 


7 
where — represents 
line curves in Fig. 1 are 
curves, on the other hand, 


mum plate thickness is obtained when the anvie % 
Tr — 
. - The 
corresponds to the maximum value of R 


the full-line curves. in 
points intermediate 
that 


contrary is the case with 
which the minima lie at 

: PG. fs ; 
between that for which Ra maximum and 


in which © 0. Such a calculation, in which the 
R . 

that 
thickness is computed on the assumption t 
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the dished end forms part of a sphere, is funda-|R = 0. The former corresponds to the case of no 
mentally wrong, and remains so even if the value thus | transition curve, and the latter to a flat plate. The 
0743 formula gives w=3 in both cases. Hence 
deduced be increased by the factor w — i ieee (1) should be limited to cases in which 
wa)" ts 
orsome corresponding expression. On the other hand, | adopted safely in steam-boiler practice. 

With & = 1, the dished end 
ys may be hemispherical and the 
thickness, as calculated from 

formula (1), becomes 

ex #392 ed x 1-1 


2K 


is greater than 0-04. Smaller ratios cannot be 





The factor of safety is then 
3-63, and somewhat more for 
a basket-handle profile. 

The formula, it will be seen, 
has been based on the maxi- 
mum stress along a meridian 
line, since, as the figures repro- 
duced in ENGINEERING, loc. 
cit supra, show, these are the 
most important, especially on 
the inner surface of the plating. 
The stress in the crown rather 
than that at the edge of the 
plate has been taken as the basis of the formula, 
because, as shown in Fig. 4, this plots down fairly 






0-25 
“ENGINEERING” 


0 
(1810.0.) 


regularly against the depth ratio whilst the 


suggested alternative plots much more erratically. 
The two are, however, more or less proportional 
to each other. It will be noted that the formula, 
has been based on measurements made on the 
external surface of the plate, whilst the stresses 
are higher on the inside surface. The latter, 
however, cannot be determined by direct measure- 
ment, and the evaluation of them by indirect 
methods would be complicated and somewhat 
uncertain. 

The points plotted as rectangles in Fig. 4 refer 
to elliptical ends, in which the stress ratios are 
more favourable than with the basket-handle type. 
Hence the formula favours most those ends on 


7) 4 


. . r . . . 
(1810.E) k-— “ENGINEERING” which, the ratio R having its maximum value, the 


profile approaches most closely to a true ellipse. 
Formula (1) has been in use in Switzerland 
for about three years and has given good results. 
It may be compared with the formule, which have 
recently been employed in Germany, such as :— 


equation (1) holds good for all values of the ratio 
r . . . . 
y’ and not merely when this ratio is a maximum. 
The coefficient w was deduced in the following 


way: 


If the maximum positive stress, as determined by | 8= Dy Pe +e. . - (6) 
ag \ 
actual measurement on the external surface of the | 200 - 
a 


dishing, be o,,, (see Figs. 5 to 9, of the previous article, | 
oR where 

above referred to), whilst o4),= Qs represents the cal- p the working pressure in kg. per sq. em. 

elle : . D the external diameter of the end in mm. 

culated stress on a spherical shell of radius R, then y a factor determined by the shape of the end and 


u ae based on the hemispherical type. 


e Ow), - ° 
the ratio 4 “lis a function of R The above stresses é 
B 


1 Ix the breaking stress of the material in kg. per 
were deduced from the measured strains by the SAE 
Y z the ratio between the breaking stress and the 


standard formule of the mathematical theory of permissible working stress. 
elasticit y, and have been adopted as the basis for |} ¢ an addition to the thickness of the plate. 
comparing results in accordance with the view that h the depth of the end, including the plate thick- 
failure depends on the maximum stress rather Rispssiaptin aeacte 
than on the maximum strain. In Fig. 4, values of According to the rules, h/D and y bear the follow- 
Tr ; ; : ig hich | ing relationship to each other : 

ave s 
sy “Mave been plotted against the ratio, in which) , 7) 9.18 9-19 0-2 0-22 0-24 0-25 0-26 0-28 0-3 


the triangles represent the results of the Diisseldorf | 4 a oo Pe ope Le ; - eo eo sas 
experiments, the circles, the author’s experiments| © | ss—S ie 
at Zurich on basket-handled ends, whilst the squares | Further, 
show the results obtained with elliptical ends. | x 3-5 to 4-5, depending on whether there is, or 
This curve includes some additional results to dene is not, a manhole 
represented in the corresponding diagram, Fig. 10| 
of the previous article. be 
Each measurement was made with great care,| The results obtained with ends designed in accord- 
and the different series check well with each other and | ance with formula (1) and formula (6), respectively, 
r,|may be compared graphically as in Fig. 5. Both 
ee R | curves apply to an end with a radius a = 100 cm., 
The curve drawn through them is the hyperbola | the pressure p being 10 kg. per sq.cm. As k increases, 





2 mm. for unpierced ends. 
- 3 mm. for ends with manholes. 





cover, In all, a considerable range of the ratio 


20” 3 | i.e., a8 the depth of the end decreases, Curve I shows 
=> . Inthe case r = R, corresponding to a | the thickness of an end calculated according to 
et formula (6) (with x = 3-5 and ¢ = 2), and Curve II 


R is one calculated according to the proposals of the 
spherical shell, the value of w lies between 1-095 and | writer. It is clear that the thickness of the end 
1-1, and is therefore, even in this case, not materially | determined by Curve I will reach infinity before 
different from unity, the theoretical value. In fact, | t = 3. This is not in accordance with experience. 
even with hemispherical ends, allowance should be | Ends in which & = 3 are in use in large numbers of 
made for the additional stresses which arise at the | boilers and pressure accumulators without break- 
Junction with the cylindrical shell. The formula is | down. On the other hand, formula (1) has proved 
less reliable at the other extreme, where r = 0 or! ts practical value. 











Finally, something more may be said concerning 
the manufacture of dished ends. Works in which 
ends are made should investigate what value should 
be chosen for the depth ratio of ends used in boilers 
and pressure accumulators, in order that they may 
meet modern requirements with regard to strength. 
An experiment made by the author throws some 
light on this subject. 

Two cast-iron containers, in one of which k = 2 
and the other / = 2-5, were tested to destruction. 
Container I broke at 69 atm. in the cylindrical 
shell, whilst the other broke at 60 atm. in the 
end and in the cylindrical shell simultaneously. 
The thickness of plating in both instances was the 
same, and both the containers were cast from one 
pouring. 

This experiment proves that, so long as the 
thickness of the end and cylindrical cover is the 
same, both parts can be stressed equally, if k = 2-5. 
The writer considers, therefore, that all works which 
are concerned in the production of dished ends for 
boilers and pressure vessels should give instructions 
that the matrices are so designed that in the ends 
produced by them 

b= 26 = 2-6. 
This will give, he considers, the dished end of 
maximum strength. 
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Elements of Radio Communication. By Joun H. More- 
crort. London: Chapman and Hall, Limited. [Price 
15s. net. | ‘ 

Proressor Morecrort has produced this book in 
response to a demand for an introductory volume 
to his more comprehensive treatise, Principles of 
Radio Communication. The work is an introduction 
to the whole subject of radio communication, and 
is in no sense a mere collection of selected material 
from another book. The object in view has been 
to provide for students of the subject an elementary 
scientific explanation of principles and apparatus, 
and, for those who wish eventually to specialise, an 
introduction to more advanced reading. Those 
acquainted with the elements of electrical technology 
will find the two chapters on the simple laws of the 
electric circuit chiefly of interest for the notes 
referring to particular forms of coils and condensers. 
These general laws should be studied with particular 
attention, however, in their application to radio 
circuits, for a coil which functions as an inductive 
reactance on a 50-frequency circuit may very 
possibly be found to be a capacitative reactance 
when used in a radio circuit having a frequency of 
one million or more cycles per second. 

Those to whom ‘ wireless”’ is largely a mystery, 
may benefit from the general idea of radio com- 
munication given in the third chapter. To explain 
electro-magnetic radiation by analogy to transmis- 
sion of electric power over wires, and to state that 
‘as the frequency of the circuit is increased, some 
of the electric energy shakes loose from the circuit 
and escapes into space never to return to the 
circuit,’ however, is not exactly helpful to the more 
serious student. Of course, any popular explana- 
tion which is essentially non-mathematical may not 
only be unconvincing, but may also avoid being 
definitely wrong with great difficulty. A good 
general account of the phenomena associated with 
the Heaviside layer, of the absorption of radio waves 
by buildings, of atmospherics and fading, and state- 
ments of the values of power used in transmitting 
stations with their corresponding range, completes 
the section of the book devoted to general ideas. 

Modern radio communication depends upon the 
thermionic valve. Although large installations of 
continuous-wave generators, such as the Poulsen 
are and high-frequency alternators, are in service 
for commercial radio-telegraphy, the thermionic 
valve will probably supersede other systems for the 
production of high-frequency currents employed in 
transmission of telegraphic signals ; it is indispen- 
sable for the transmission of telephony. A full 
account is given of the vacuum tube, by which name 
the valve is known in America. Valve action and 
details of construction are explained and charac. 
teristics of typical triodes set out at full length. 
These pages can be recommended to valve users, to 
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whom such terms as amplification-factor, mutual 
conductance, plate-impedance, &c., require to be 
made plain. 

The function of the valve as a high-frequency 
amplifier, detector and audio-frequency amplifier, 
and the relevant circuit connections and conditions 
are very clearly demonstrated, and illustrated with 
curves and oscillograms. Later developments, such 
as the use of alternating-current for heating fila- 
ments and the screen-grid valve are noticed. In 
connection with the screen-grid valve, it is stated 
that, as its characteristics make it somewhat diffi- 
cult to design a suitable circuit to take advantage 
of its high amplification constant, it has not yet 
come into very general use. This may be true with 
reference to radio receivers in use in America in 
1929, the date of the book, but is emphatically un- 
true as regards such apparatus in this country, 
where practically all new receivers offered by leading 
manufacturers have at least one stage of high- 
frequency amplification with screen-grid circuits. 

The subject of broadcasting is adequately treated, 
both as regards the transmitting station and from 
the standpoint of the listener and his receiving set. 
The subject matter has particular reference to 
American conditions and apparatus, as may be 
inferred from the author’s statement that the charge 
for the time of a station sold for advertising purposes 
may be from 500 dols. to 5,000 dols. an hour, and 
his account of a broadcast receiver of the simpler 
type, which is nothing less than a six-valve set with 
three radio-frequency amplification stages. In spite 
of this inevitable reference to American conditions, 
all interested in the subject will find much valuable 
information given in a form intelligible to the non- 
specialist. 


Die Kunst der Ofenplatten. By Dr. ALBRECHT KIPPEN- 
BERGER. Issued by the Verein Deutscher Eisen- 
hiittenleute. Diisseldorf: Stahleisen m.b.H. 

RECENT research is improving the position of the 
direct product of the blast furnace as a structural 
material. With the development of the steel indus- 
try, pig iron became essentially the raw material 
of the steel maker, and the later advent of the light 
metals tended to reduce the position of cast-iron to 
that of a somewhat inferior metal, which had little 
to recommend it apart from its cheapness. But 
cast-iron has, in recent years, been improved in 
many respects, and the engineer now has special 
cast irons as well as special steels. In one respect, 
however, cast iron is not recovering the position 
it once held, and is, perhaps, not likely to—that is 
as a material for the artist. From an engineering 
point of view, this is, perhaps, not of importance. 
Real progress depends upon finding the proper 
material for each particular purpose, and not the 
adaption of a particular material to all purposes. 
Yet the craftsman worthy of his name, whether of a 
primitive race or of our own day, has, in all ages, 
wished to beautify his work, and the medizval 
iron founder was guided by that instinct, when 
making such articles as the plates and panels for 
iron stoves. 

The art originated in the home of the old-fashioned 
big and square stove for the wood and peat fires 
of the German Louse. The plates from which the 
stoves were built-up were cast in sand moulds and 
carried patterns, which were at times of remarkable 
complexity. The plates were cast with marginal 
flanges and lugs and holes for bolting the sections 
together. Large stoves were built up of such plates ; 
a famous specimen at Coburg was 8 ft. high and 
6 ft. wide, and weighed over 8 ecwt. Cast-iron 
slabs were also placed on tombs and used in church 
and cemetery monuments, and on fountains. The 
subjects were taken trom biblical history and the 
scenes were frequently framed in Gothic columns 
and arches ; later, saints, classical episodes, allegori- 
cal figures, coats of arms and home-life scenes 
became more popular. The designs were originals 
or copies of pictures and statues, the patterns being 
made in wood ; the art of wood carving flourished 
in Germany about 1500, and later. In due course, 
however, fashion changed, and stoves were decorated 
with light-coloured ceramic tiles or were less sombre 
and more easily kept neat. When the late Dr. 


Ing.-Dr. Emil Schrédter, a leading member of the 
Verein Deutscher Eisenhiittenleute, began to study 
and to collect the old specimens, rust and destruction 


had not left many complete iron stoves either in 
private houses or museums. Nevertheless, he made 
a collection of more than a thousand characteristic 
exhibits, which were stored in the Eiserne Archiv 
of the Verein in Diisseldorf. A few years ago the 
collection was presented, as a permanent loan, to 
the Municipal Museum of Diisseldorf, and Dr. A. 
Kippenberger, of Marburg, was asked to write a 
treatise on the history of artistic iron stove plates 
with descriptive notes on the collection. This is 
the origin of the quarto volume before us, which is 
illustrated by over a hundred plates of splendid 
photographic reproductions. 

The Verein has rendered a real service to the 
history of metallurgy by the publication of this 
volume, which is dedicated to E. Schrédter. The 
title vignette, probably from Betzdorf, near the 
Sieg River, old, but of uncertain date and by an 
unknown artist, is excellently chosen. The plate, 
inscribed ora et labora, shows workers entering chapel 
for their morning prayer, proceeding to the mine, 
transporting the ore to the blast furnace, watching 
the tap hole, and attending to the forge hammer. 
The oldest specimen of the collection dates from 
1497, and came, like many others, from Mander- 
scheid, in the Eifel, the volcanic district north of the 
Mosel, on the left bank of the Rhine. Georg Bauer 
Agricola, in his De Re Metallica, of 1557, mentions the 
Eifel as the country of origin of the iron stove. 
But the Siegerland, on the opposite right bank of 
the Rhine, which possessed 28 iron works in 1463, 
had made iron stoves and plates long before 1497, 
though none are left. The cast-iron industry also 
prospered in Luxemburg, Alsace-Lorraine and the 
Netherlands, and spread from the Siegerland to 
Hessen, with the famous ironworks of the Haina 
monastery, the Harz Mountains, north to Bremen, 
and south to Wiirttemberg and Tyrol. In France, 
stove plates were made in the 16th century. With 
the seventeenth century, the art began to decline in 
Germany, but developed in Scandinavia. Many of 
the relics in that country were shipped from Bremen, 
and its iron works nearby. Similar treasures went 
to parts of Pennsylvania, where German was still a 
language of the people, though called Pennsylvania 
Dutch some years ago. One of the latest German 
plates, illustrating how swords are turned into 
scythes, was cast in 1815, at the end of the liberation 
wars against Napoleon. Some of this work is 
exquisite. The designers are mostly unknown, but 
Poelit van der Aer (Eifel), Philipp Soldan (Siegen), 
and Johann Pender (Hessen) stand out prominently, 
and their designs were often copied. 

In England, artistic firebacks (one of which is 
illustrated in the book) and fire dogs were made of 
cast iron before 1500, in Sussex. The Sussex 
furnaces were shut down when the wood fuel was 
exhausted, in the 17th century. The Victoria and 
Albert Museum, in South Kensington, contains some 
later specimens of firebacks, mostly coats of arms, 
from the north, and Scotland ; the latest specimen, 
from Wales, dates from the 19th century, but the 
art has now declined in all countries. 





Blast-Furnace Practice. Vol. III. Operation and Pro- 
ducts. By FRED CLEMENTS, M.Inst.C.E., &c. London: 
Ernest Benn, Limited. [Price 63s. net. ] 

THE concluding volume of Mr. Clements’ treatise 

confirms the expectations raised by the earlier ones, 

which were reviewed on page 315 of our last volume. 

The whole constitutes a comprehensive survey of 

present practice, with valuable indicators of future 

development, and deals in considerable detail with 
the various items. In spite of this, in reading the 
third volume, there are occasions when, as previ- 

ously with Volumes I and II, the lack is felt of a 

bibliography by means of which still more detailed 

information could be obtained. 

The first four chapters deal with the calculation 
of the furnace burden, control of furnace temperature 
and physical conditions, blowing-in, damping down, 
blowing-out and operating problems. They cover 
most of the salient points met with in practice, 
although, as the author is careful to emphasise, the 
solution to be adopted in any particular case is 
dependent on the correct adjustment of many 
factors, some of which are but indifferently under- 
stood. Slag control receives considerable attention, 
a useful summary being given of Imhoff’s work on 





colour classification. ‘‘ Safety First ’’ having proved 





itself to be of distinct economic value, quite apart 
from its humanitarian aspect, is dealt with in a 
very practical manner, after which follows a chapter 
on the important subject of the workpeople and 
the conditions of employment, including examples 
of the staffing of works to suit the size and equip. 
ment of the plant. The section of the book dealing 
with operation concludes with a chapter on oper- 
ating records and costs, containing typical schedules. 
The author calls attention to the value of such in 
enabling comparisons to be made, and advocates the 
establishment of a standard method of costing as an 
important step towards the attainment of increased 
economy in the industry generally. 

The cleaning and utilisation of blast-furnace gas 
are considered very fully, occupying about a third 
of the book, the questions involved being discussed, 
followed by critical illustrated descriptions of 
modern systems and plant, with particulars of the 
results obtained. Gas-driven blowing engines were 
described in considerable detail in Volume II, and 
are therefore omitted in the present book, which, 
however, gives similar information about gas-driven 
electric generators, and the use of blast-furnace 
gas for steam generation. The author points out 
that the increasing cost of coal and the necessit, 
for greater economy is compelling attention to 
details and the adoption of equipment which would 
formerly have been rejected as too complicated or 
troublesome, showing how the relative importance 
of various factors depends upon the current circum- 
stances and the particular point of view. 

The chapter on the production and methods of 
using flue dust—nodulising, briquetting, catalytic 
method, and sintering—emphasises the necessity for 
regarding the work as a whole, and the care which 
has been exercised in reducing repetition as far 
as practicable. While giving a clear treatment. 
reference is made to the earlier volumes for further 
details in several instances. 

The transformation of blast-furnace slag from an 
incubus into a source of revenue is an interesting 
chapter in blast-furnace history, which has not been 
by any means a matter of plain sailing. Various 
lines of treatment have been adopted and only 
abandoned after very persistent endeavours, and 
the author has given a critical survey covering the 
production of tar macadam, slag bricks, and cement. 
which should prove of very distinct value to all 
interested. Here, as elsewhere, Mr. Clements 
gives particulars from his own works as well as from 
others, all in a strictly unbiassed and judicial manner. 
Not the least important point is the relationship 
between the furnace burden and operation, and the 
ultimate possibility of obtaining a saleable product 
from the slag. ; 

The remaining chapters deal with the production 
of ferro-manganese and other ferro-alloys, and of 
charcoal pig iron, comparative schedules being given 
of the leading particulars of the construction and 
operation of the blast furnaces used for these 
purposes. Information is also given regarding the 
production of ferro-alloys and pig iron in electric 
furnaces. 
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Die Aufbereitung von Kohle und Erzen. GU: 
Arthur Felix. 


Evcen Liwexr. Vol. Il. Leipzig: 

[Price 24 marks.] 
Tuts book is the second part of a work to be com- 
pleted in three volumes. In the first volume, 
which was published in 1917, the author, who is 
a mining engineer, dealt exclusively with t he 
general theory of coal and ore dressing. and with 
the arrangements for dressing by dry methods. 
The third volume is to include dewatering arranze- 
ments, the special processes for separating minerals 
with small differences of specific gravity, flotation. 
electro-magnetic and electrostatic methods. I he 
present volume, therefore, is devoted to the various 
methods of wet separation, which, up till now, renin 
the most widely used and, in general, the most 
economical. Both during and since the war, :1"' 
attention has been given, especially in Germany, t 
perfecting methods of wet dressing, the theoretical 
principles of which remain substantially unalter : 
and the author has been at pains to compile a criti: ’ 
account of typical methods, including rece)! 
improvements, in the hope that it may serve «~ “ 
book of reference for those engaged in the indus‘), 
not only in Germany, but in England and overs 
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At the time of publication of the second volume, 
It was stated that the manuscript of the third volume 
was completed, but as the latter does not seem 
to have been published yet, it may be desirable 
‘o deal with the present volume without waiting 
further for the remainder of the book. 

The material is treated under four principal 
headings, dealing, respectively, with washing and 
classifying, jigging, buddles and tables, and centri- 
fugal apparatus. Each of these is sub-divided 
acording to the type of apparatus, and, for most 
'ypes, a careful summary is made of its respective 
advantages and disadvantages. Though the 
machines and processes selected for description are 
hot contined to continental designs, the latter form, 
hot unnturally, a large part. Asa whole, they cover 
fairly well the kind of devices that have been used 
in dressing coal and ores, and the descriptions of the 
manner in which they operate in each case are full 


jand clear. 





Fie. 2. 


It would, of course, be unreasonable to 
| expect all the inventions that have been introduced 
|into this very opportunist practice to be dealt with 
| individually in a work of this kind, and, indeed, 
}any attempt at such completeness would probably 
| have done the reader more harm than good. It 
seems curious, however, thatno mention appears to 
have been made of some of the machines that are most 
widely used ; the Rheolaveur, for instance, among 
| washers, the Dorr among classifiers, and the Liihrig 
among jigs and vanners. In a work of reference, 
too, it seems an important omission that no table 
is given of the three or four hundred illustrations 
which form an important part of the work. 








THE INsTITUTE OF METALS.—The annual May lecture of 
the Institute of Metals will be delivered on May 7 next by 
Major F. A. Freeth, D.Sc., F.R.S., joint research manager, 
Messrs. Imperial Chemicai Industries, Limited. His sub- 
ject will be “‘ The Influence of Technique on Research.” 





THE COOLIDGE MULTIPLE-DOME 
D ” 


By Frep A. Norrzu, D.Sc. 


THE Coolidge Dam, built in 1927-1928, is a 
multiple-dome structure, the design and construc- 
tion of which involve several novel features marking 
a step forward in the science of dam engineering. 

The dam is located in the canyon of the Gila 
River, Arizona, about nine miles below its con- 
fluence with the San Carlos, and about 35 miles 
south of the city of Globe. It was built for the 
United States Government, to store water for 
irrigating about 100,000 acres of land, located 
largely.on the Pima Indian Reservation, near 
| Florence, Arizona. The construction was authorised 
| by an act of Congress appropriating 5,500,000 dols. 
| to cover the cost of the dam and appurtenant works, 
;and the reconstruction of about 14 miles of rail- 
| way which would be flooded by the impounded 
| water. The dam was named in honour of the then 
| President of the United States, Calvin Coolidge. 
| The dam is 220 ft. high above river bed, and 
| 250 ft. high above the deepest point of the founda- 
| tion. It creates a reservoir about 25 miles long, 
| with a maximum width of two miles, a surface 
|area of 19,500 acres, and a storage capacity of 

1,200,000 acre-feet. The drainage area above the 
, dam is 13,450 square miles. The flow of the river 
is very irregular, ranging from practically nothing 
|in summer, to nearly 150,000 cub. ft. per second 
| during maximum floods. The mean annual run- 

off is about 400,000 acre-feet. The large reservoir 
| capacity was considered necessary for over-year 
| storage during periods of drought extending perhaps 
for several years. It also gives reserve storage for 
| the large quantity of silt carried by the river during 
floods. 
| The dam site is a relatively narrow canyon, with 
| very steep walls, and consequently a comparatively 
broad bottom. The foundation conditions were 
| thoroughly explored by diamond-drill borings, and 
showed the rock to be a quartzite of excellent quality 
throughout. Bed rock was found at a maximum 
| depth of 23 ft. below stream bed. 
The selection of the multiple-dome type for the 
| Coolidge Dam was made after careful investigation 
| of several other types considered feasible at the 
| site. Comparative designs and estimates of cost 
| were made for dams of the usual gravity type, and for 
arch, multiple-arch, and rock-fill dams. These inves- 
tigations indicated that, at the site in question, the 
, multiple-dome type would probably cost less, and at 
the same time provide a factor of safety as high as, 
or higher than, any of the other types. This con- 
| clusion was concurred in by two Boards of Consulting 
| Engineers, and the multiple-dome type was approved 
| for construction. 
| Two views showing the completed dam are 
reproduced in Figs. 1 and 2, on this page, while 
| general drawings are given in Figs. 3, 4 and 5, page 
| 194. The dam consists of three inclined egg-shaped 





; domes, on 180-ft. centres, supported by two tri- 


angular buttresses at 180-ft. centres, and by the 
canyon walls at the sides. Each dome is symmet- 


| rical, the outside domes being identical with each 


other throughout, and also with the centre dome, 
except at the lower elevations, the latter extending © 
somewhat below the former. In order to secure the 


| requisite dimensions and symmetry of the outside 


domes, the sides of the canyon were excavated as 
required. The maximum height above foundation, 
at the centre of the middle dome, is 250 ft., and 
the span at the crest, exclusive of spillways, is 
580 ft. 

At each end of the dam there is a spillway 150 ft. 
long, excavated into the rock of the canyon walls. 
These spillways will be fitted with automatic gates, 
14 ft. high, designed by the firm of Barrages Auto- 
matiques, Ziirich, Switzerland. With gates fully 
open, and with 22-ft. depth over the weir, the 
calculated capacity of the two spillways is 120,000 
cubic feet per second. The spillway channels are 
curved, requiring large superelevation of the floor 
toward the outside, to prevent piling up of the 
water and uneven flow. The proper proportions 
of the spillways were worked out largely from 
experiments with models on a 1 : 120 scale. 





Across the top of the dam, and over the spillways, 
a 20-ft. roadway for a state highway is carried. 
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— Fig. 
a f 
nasi 
mass ~ AL ALLE Lededl| y 
ba aH 
LB 


Intrados Spring Line| 
Extrados Spring Line’ \ 


\ 
\ 
~ 








7 


oO 








\ 
on 
a 
i} 
IS 1 
\= | 
S| 
a 
\5\ 
\B \ 
Vil 
.\) 
~) 
2 \s 8 
8 N 8 is] 


(52.0 


Over the dam, this roadway is supported on | 
arches which are a continuation of, and monolithic 
with, the domes, the surface of which has, at this 
point, become horizontal in planes normal to the 
axis of the dam. The roadway arches carry no 
water load, and are influenced thereby only 
indirectly, by stiffening the upper part of the domes. 

A power house was built between the buttresses 

and beneath the centre dome, and will be seen in 

Fig. 2. There are two units of 7,500 kw. each, 

designed to operate under a head varying from 

150 ft. to 220 ft. 

The outlet works consist of two outlet towers, 
one located on the upstream side of each buttress, 
as shown in Figs. 1,4 and 5. The control is by 
two 72-in. needle valves, with butterfly valves for 
emergency purposes. In addition, there are the two 
turbine outlets, controlled by 60-in. needle valves. 

The extrados of each of the three domes of the 
Coolidge Dam is a surface of revolution generated 
by rotation around an inclined axis. The intrados 
is determined by three-centred ares, such that a 
section through the dome, normal to the axis, is 
thicker at the abutments than at the crown, the 
amount of this increase being such as to keep the 
maximum stresses within permissible limits. 

For design purposes, each dome was considered to 
be composed of a serie: of elementary arches normal 
to the springing line. The latter being inclined, the 
water load is variable across the elementary arches, 
which were designed by the elastic theory, for this 
variable water load, the arch-weight component 
in the plane of the arch, and also for a drop of 
temperature ranging from 35 deg. F. at the crest, 
to 10 deg. F. at the base of the dome. These 
assumed temperature variations correspond to 
dome thicknesses of about 4 ft. and 20 ft., respec- 
tivelv. Fig. 6, on the opposite page, is a vertical 
section through the centre of a dome, and typical 
sections of some of the elementary arch ribs are given 


in Figs. 8to 13. Fig. 7, isan elevation of a buttress. | influence of the direct forces, the bending moments, | lapped 40 diameters at the splices. They var) 
























The possible effect of setting shrinkage of the 
concrete was purposely neglected in the stress 
analysis. Tests have shown that concrete expands 
again approximately to its original length when 
wetted. The domes of the Coolidge Dam being 
relatively thin, capillary action will probably moisten 
the concrete sufficiently, by the time the water level 
in the reservoir reaches the crest of the dam, to 
compensate for the effect of shrinkage. 

For each elementary arch, the direct stresses 
were found by determining the location of the 
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and the shear. The least-work method was also 
used for the determination of the stresses due to 
changes of the temperature. Tables I and II give 
the direct stresses, and those due to rib-shortening 
and temperature in the elementary arches shown 
in Figs. 8 to 13, assuming the water level at the 
crest of the dam. 

The maximum compression stresses in the domes 
are somewhat less than 600 Ib. per square inch. 
When the reservoir is only partly filled or entirely 
empty, the theoretical tension stresses due to 





TABLE I.—Arcu Stresses Due To Futt LOAD AND Drop oF TEMPERATURE, 


Arch Stresses in Ib. per square inch. 








Arch at Drop of 
Elevation. Arch Temp. Crown. 
Ft. Deg. Fahr. 
Extrados. Intrados. 
33 428 174 
24 542 62 
18 581 + 84 
-15 + 586 - 80 
10 | 339 + 45 





compression stress. 


pressure line in the arch rib, and then computing 
the corresponding stresses. Also, the stresses due 
to elastic deformations of the arch (rib-shortening), 
and those due to the assumed drop of temperature, 
were separately computed. The maximun stresses 
at crown and abutment, at intrados and extrados, 
respectively, were then obtained by adding alge- 
braically the stresses due to these several conditions. 


For the determinatien of the direct stresses in| 
the arches, an analytical method was used which | 


is similar to that commonly applied in the design 
of arch bridges. The stresses resulting from the 
shortening of the arch ribs were computed by the 
method of least work, taking into account the 












| 
Arch Thickness. 
Abutments. | Crown. Abutments. 
Extrados. Intrados. Ft. Ft. 
- 23 + 397 4-6 8-6 
- 40 491 10-3 16-2 
34 + 552 13-7 21-1 
- § + 15-8 23°1 
— 14 | 20-6 24-4 


— = Tension stress. 

temperature variations may reach a maximum of 
about 140 lb. per square inch. It is probable that 
these stresses are reduced somewhat below the 
theoretical values, by arch and dome action 
planes other than those normal to the axis of 
revolution, as assumed for the purpose of analysis. 

| The domes are heavily reinforced with steel bars, 
| 





to carry the computed tension stresses, the amount 
of steel being determined by the ordinary methods 
of reinforced-concrete design. The steel was placed 
in the plane of the elementary arches, and in two 
layers, distant 6 in. in from the extrados and 
intrados surfaces, respectively. In effect, the bars 


are continuous from abutment to abutment, being 
in 
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THE COOLIDGE MULTIPLE-DOME DAM, ARIZONA. 


SECTION A-A 


SECTION THROUGH C.L.OF DONE SHOWING 


LOCATION OF ARCH SECTIONS. 


'a.7, 2OWN-STREAM ELEV. 
Fig. OF BUTTRESS 































TYPICAL SECTIONS THROUGH DOME 
SECTION D-D 














size from 1} in. in diameter at the base of the 
domes to } in. in diameter at the crest, and are 
tied to vertical bars % in. in diameter, spaced 4 ft. 
to 5 ft. apart. Reinforcing steel was also providel to 
transfer shear to the buttresses in the upper parts of 
the domes, where dome action in planes other than 


TABLE II,—Stresses in Elementary Arch at Elev. 2333 due 
to Various Influences, 














| 
; Rib- Temperature | ,, A 
Point. —_ Shortening} Dropof | ——— 
, 2 Stress. | — 15 deg. F.| , 
— | 
Crown—- | : 
Extrados ..| + 379 + 126 ahs + 586° 
Intrados .. + 379 — 182 — 552 + g0* 
Abutments— 
Extrados ..| + 289 — 181 — 116 =5 a8 
Intrados ..| -+ 289 +175 +1138 | + 577* 
| 





* See Table I. 


normal to the springing line of the assumed elemen- 
tary arches, tends to produce shear stresses approxi- 
mately parallel to the sides of the buttresses. 
These shear bars were 1} in. in diameter, spaced 
on 8} in. centres, and were placed between the 


two layers of dome steel. 


Both the main dome re- 


inforcement and the shear steel is thoroughly 
anchored into the buttresses, and so tie these and the 
domes rigidly together. The domes are also anchored 
to the foundation by means of 1} in. bars at 15-in. 
centres along the extrados face, grouted into holes 
drilled 8 ft. into the rock. 


(To be continued.) 


THE 








LOAD-DESPATCHING SYSTEM OF THE LONDON 


Power Company : ADDENDUM.—In connection with the 
article on the load-despatching system of the London 
Power Company, which appeared on page 804 of our issue 
of December 20, it should be added that the frequency- 
control apparatus was supplied by Messrs. Everett, 


Edgeumbe and Com 


Hendon, London, N. 


pany, imited, Colindale Works, 
W.9. 








SECTION E-E 














SECTION B-B 


Fig.9. 































te —————— -CtoCof Bi 180.0: 
THE SOCIETY OF GLASS 
TECHNOLOGY. 


Tue last meeting of the Society of Glass Technology 
for the year 1929 was held in the Science Museum, 
London, on December 18, 1929, when the following 
three papers were presented and discussed. 

The Choice of Annealing Schedule for Commercial 
Glassware, by J. E. Murgatroyd, B.A.—The two 
principal conditions governing the type of schedule to 
be chosen were (@) the composition of the glass; and 
(b) the amount of strain permissible in it, after being 
annealed. The composition of the glass controlled 
the annealing temperature, ana the annealing range. 
For the purpose of the investigation, these terms were 
defined as follows: For annealing temperature, the 
definition of F. Twyman was accepted, namely, that 
temperature at which at least 95 per cent. of the strain 
in glass was relieved in 3 minutes, the determination 
being made by the bending bar method. The annealing 
range was that range of temperature below the anneal- 
ing temperature extending to the point where only 
1 per cent. of existing strain was removed in 3 minutes. 
A safe figure for the annealing range was 56 deg. In 
actual works practice, larger ranges must be allowed 
in lehrs, even as much as 100 deg. The 
author then discussed the kind of temperature gradients 
allowable in cooling through the range. There were two 
possible conditions, namely (1) where the annealing 
temperature (as defined) was higher than the critical 
point where the expansion coefficient increased; and 
(2) where the annealing temperature was at, or 
below this critical point. 

It was not possible to state definitely the relative 
positions of the annealing temperature and criticial 
temperature for expansion, but of several glasses 
examined, it was found that the annealing temperature 
was 40 deg. to 50 deg. higher than the critical tempera- 
ture. The problem was discussed mathematically, 
and certain results obtained. For ordinary soda-lime- 
silica glassware, of an average thickness of 0-5 cm., 
the annealing schedule might be as follows :— 

Fifteen minutes for the ware to become uniform and 
strain free at the annealing temperature; 10 minutes 
for the annealing range of 50 deg. at 5 deg. per minute. 
There would then remain a range of about 450 deg., 
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over which an average rate of cooling of 10 deg. to 
15 deg. could be maintained in most lehrs, requiring, 
say, 35 minutes. The most economical schedule for 
ordinary commercial glassware, therefore, required 
some 60 minutes to 70 minutes. This had to be 
modified according to the thickness (L) of the ware, as 
expressed in the approximate figure for the rate of 
cooling through the annealing range, i.e., 1-3 deg./L? 
per minute, leaving 5 per cent. of the breaking stress in 
the ware. 

When discussing the amount of strain permissible 
in commercial glassware, the author stated that if it 
were possible so to control a lehr as to alter the rate 
of cooling and maintain uniformity of conditions it 
would be possible to improve the resistance of ware, 
both to thermal shock and internal pressure. Ware 
stressed in this way, up to about 20 per cent. of the 
breaking stress, did not show any lessened resistance 
to mechanical shock, and was certainly more resistant 
to the two tests mentioned. If this figure were chosen 
for the desired amount of stress in the annealed ware, 
it would change the rate of annealing, as estimated, 
from 1-3 deg./L? per minute, to 5-2 deg./L? per minute, 
and this would give an allowable state of 21 deg. per 
minute through the annealing range for ware 0-5 cm. 
in thickness. The amount of heat conducted from one 
wall to the other in glass was approximately 0-01 
calories per second. 

A Theory of the Strength of Thermally Toughened 
Glass, by Dr. J. T. Littleton, Jr., and Dr. F. W. 
Preston.—Giass that was poorly annealed, or that is 
deliberately ‘‘ toughened” by chilling it from above 
the annealing range, was characterised by having its 
outer layers in compression, and its inner layers in 
tension. Such poorly-annealed or toughened glass 
might be stronger or weaker than well-annealed glass, 
according to circumstances. The glass became treach- 
erously weak if any part of the interior zone of tension 
reached the surface, and it was then likely to break 
spontaneously—hence, some writers used the term 
“negative hardening” and ascribed this to subtle 
changes of physical constitution. The author first of all 
discussed the nature of glass fracture. Flaws in the in- 
terior of a piece of glass would need twice as much effort 
to extend them as would a flaw at the surface. The 
interior of the glass would be twice as strong as the 
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skin. On this fact depended the merit of “‘ toughened ” 
glass. There was an optimum heat treatment, produc- 
ing an optimum initial strain, which was such that 
when the mechanical pull was applied, the limiting 
strength of the interior and of the surface was reached 
simultaneously. The optimum heat treatment for 
ordinary soda-lime glasses was one which introduced 
about 3,500 lb. of axial tension, as in such glasses the 
breaking load was usually about 7,000 lb. per square 
inch. This applied to rods under plain tension. The 
usual test, however, was to take a lath of glass, to place 
it like a bridge over two supports near the ends, and 
to break it by bending. The author gave a mathematical 
discussion of this problem, from which it appeared 
that, theoretically, the best possible heat treatment 
would be to make the glass about 3-4 times as strong 
as well-annealed glass. The question was considered 
next in the light of impact tests. The greatest cause 
of the breakage of glass was impact. Under impact, 
two new sets of stresses appeared—vibrating stressses, 
and a great concentration of bearing stresses at the 
point where the impact occurred. This might result 
in driving a conical hole through the glass, or in tend- 
ing to do so, whereon a general radiating system of 
cracks started in all directions. This problem was 
discussed and reference was made to experimental 
results obtained by L. T. Sherwood. 

The Strength of Glass Containing Cracks, by 
Lowell H. Milligan.—Experiments were made to study 
the travel of cracks through glass. The general pro- 
cedure was to cut small bars from a pane of window 
glass. A steel-wheel glass cutter was used to do this, 
and also to mark the bars with a transverse scratch 
across the centre. Then the bars were subjected to 
atmospheres of different types, or were wetted with 
various liquids, and the conditions of time and load 
under which they would break were studied. The 
nature of the scratches, and the distribution of stress 
around them, were determined by microscopic examina- 
tions with ordinary and with polarised light. The 
experiments showed that (1) the presence of water 
in the crack reduced the strength by about 20 per 
cent. ; (2) exposure in air saturated with water vapour 
reduced the strength considerably. Although the 
exact magnitude of this effect was not determined, it 
would seem to be similar to that produced by the 
liquid water; (3) bars that were wetted and then 
re-dried before testing regained slightly more than their 
original dry strength; (4) air saturated with the 
vapour of absolute alcohol, produced an effect similar 
to that of air saturated with water vapour; (5) the 
presence of dry paraffin oil in the crack increased the 
strength by about 20 per cent.; (6) wetting the 
crack with a dilute solution of sodium silicate, followed 
by drying increased the strength by about 20 per cent. 
(7) the effect of water in decreasing the strength, and 
of dry paraffin oil in increasing the strength, was 
practically instantaneous, and therefore these effects 
were thought to be physical, rather than chemical in 
nature. 








COAL-WASHING INVESTIGATIONS. 


THE term coal-washing, within recent years, has 
come to mean the general preparation of the coal for 
direct or indirect utilisation. The improvements in 
coal-washing processes, however, have not kept 
step with the growth of the literature on the subject, 
and the practice of coal-washing is only slowly gaining 
ground. In the United States, we see from Bulletin 300 
of the Bureau of Mines, on Coal- Washing Investigations, 
Methods and Tests, by H. F. Yancey and Thomas 
Fraser [Price 50 cents], the average proportion of the 
coal washed in the wet rose between 1906 and 1914 from 
2 to 4-8 per cent. of the total coal production, remained 
at that level until 1917, but decreased to little over 
3 per cent. in 1921, afterwards rising slowly nearly 
to 4 per cent. in 1927. These figures, it may be 
mentioned, are lower than those recorded in this 
country. The interesting feature of the statistics is 
the local character of the practice of coal washing. 
Whilst the Alabama coalfields wash two-thirds of 
their output, and Michigan and Washington reach 
nearly the same proportion, the average for the whole 
American coal production amounts only to a few 
per cent., as stated. ‘I'hese figures concern only 
wet-washing. Dry-cleaning, so far, has had little 
effect on the general statistics. The average percentage 
was 0-7 in 1927, and only in a few States was more 
than 1 per cent. of the whole coal output dry-cleaned. 
Dry-cleaning plants, however, have been put up in 
a considerable number of collieries since 1928. 

Primarily, the washability of a coal depends upon 
the specific gravity and composition. These are 
influenced by many factors, and, in general, the success 
cf a washing plant will depend upon the characteristics 
of the raw coal, which will have to be studied before 
selecting a particular process. For this reason, the 
investigation by the Bureau of Mines, which was 


concentrating plants, divides the reports on the tests 
of the coals from the different fields of the United 
States into six groups, arranged in decending order of 
washability, and deals, on the whole, more with tests 
made with the aid of tables and jigs, by flotation and 
with sludge dewatering, &c., than with descriptions of 
actual processes and machinery. Particular attention 
is paid to the sulphur contents of the coals. Though 
early exhaustion of the coalfields is not feared, most 
of the American coal is bituminous or lignitic, and coals 
with less than 1-5 or 1 per cent. of sulphur, suitable for 
making metallurgical coke, are becoming scarcer every 
year. Fortunately, mechanical gravitational processes 
can remove much of the sulphur, but that in low- 
sulphur coal is, to a considerable extent, organically 
bound, and not removable by these means. The 
fusain in banded coals is also troublesome, because it 
is frequently associated with clay and pyrites. This 
charcoal-like fusain generally forms a thin dull film 
along the bedding planes, but the layer may be } in. 
or even 2 in. thick. Owing to its powdery character, 
the fusain goes into the fines and impairs the coking 
property of the coal. 

The washing processes are discussed under the 
headings: gravity stratification, float-and-sink pro- 
cesses, and non-gravity processes, the last class com- 
prising both flotation and oil amalgams. In all the 
three classes, wet and dry processes are distinguished, 
but magnetic and electrostatic separators are merely 
mentioned. The air-sand process of the authors of the 
report, Messrs. Yancey and Fraser, effects a float-and- 
sink separation in a dry medium consisting of sand and 
air. A mass of dry sand is artificially kept in what is 
practically a fluid state in pipes extending downwards 
from a sand bin, by means of air blown in from below. 
The sand flows down into a separator, into which the 
raw coal is introduced laterally above a wire screen, 
through which the air is blown, and the coal is lifted 
and delivered into an upper chute. The sand and slate 
are carried on to a lower chute, and to a second de- 
sanding screen; the sand passing through the screen 
is raised again to the bin. 

The treatment of fine coal is dealt with in the last 
section of the report. As regards the minimum size 
which can profitably be washed, estimates differ 
widely ; some experts speak of separating particles as 
small as 0-25 mm. (0-008 in.). The difficulties are 
great when the shale or clay in the coal tends to 
disintegrate in the water. The Rheolaveurs of A. 
France-Focquet make use of a running stream of 
water, and remove the refuse constantly from the 
bottom of the trough, so that it does not obstruct 
the stream. The new Rheolaveur plant of the Pitts- 
burgh Coal Company, described in the report, can 
handle 13,000 tons of run-of-mine coal per day in two 
shifts of 10 hours. There are two washing launders, 
48 in. wide, from which the coal passes to two 50-ft. 
shaker screens for sizing and dewatering. The 3-in 
sizes passing through the screens, are re-washed and 
the sludge is settled in a Dorr thickner, 85 ft. in dia- 
meter. 

Flotation processes are generally applicable only to 
materials of less than 0-1 in. size. The Trent amalgam 
process mixes the coal with about 30 per cent. of oil 
and water; it is used for low-grade culms and slack. 
Froth flotation has advanced more in this country 
than in America. In 1927, 51,440,000 tons (20-5 per 
cent. of the total production) were mechanically 
cleaned in 546 plants here, 49,000,000 tons being 
wet-washed and the rest dry-cleaned; 932,000 tons 
were submitted to froth flotation in 19 plants. Com- 
parative tests by the Bureau showed the froth-flotation 
process to be more flexible than the Trent process, 
but these experiments were made in 1921 on coals 
with high inherent ash. As regards dewatering, the 
tests demonstrate that closely-sized coal drains readily, 
but that the presence of very fine coal is deleterious. 
Clean coal sludge can, however, be drained by several 
forms of vacuum filters, at least in the absence of clay. 
Long-continued drying is not effective, and, in any 
case, sludge-dewatering to less than 10 per cent. or 
15 per cent. of moisture is rarely remunerative. 








TRIALS OF H.M.S. “ ANTHONY.’’—Built and engined by 
Messrs. Scott’s Shipbuilding and Engineering Company, 
Limited, Greenock, H.M. Torpedo-Boat Destroyer 
Anthony has just completed a successful series of trials. 
She is one of the post-war group of destroyers ordered 
by the Admiralty under the 1927 programme. Al 
these vessels have a length of 312 ft., a beam of 32 ft. 3 in., 
and a displacement of 1,330 tons, on a main draught of 
8 ft. 6 in. They carry four 4-7-in. and other smaller 
guns, and eight torpedo tubes. The propelling machinery 
consists of Parsons-type turbines operating through 
single-reduction gearing. Superheated steam is supplied 
by three Express-type Yarrow boilers working under 
forced draught. During the trials, an average speed of 
36-301 knots was maintained during a six hours’ full- 
power trial with the engines developing over 34,000 s.h.p. 
Another vessel of the same class, H.M.S. Ardent, is nearing 





carried on at the University of Illinois and at several 


completion on Messrs. Scott’s dockyard. 


THE PROGRESS OF ELECTRICAL 
RESEARCH. 


TwELVE months ago we called attention to +e 
unsatisfactory financial position of the British Electri:al 
and Allied Industries Research Association, the result 
of which was that certain useful and even necessary 
work had had to be postponed. We are, therefore, 
glad to learn from the ninth annual report, which 
covers the year ended September 30, 1929, that as the 
result of an appeal from a conference of interested 
bodies, increased financial support, particularly from 
the electricity supply undertakings, has been forth- 
coming, and that work on some of the delayed 
researches has been commenced. There is also a pros- 
pect that before the termination of the present year the 
whole of the income foreshadowed by the conference 
will be assured, and that the Department of Scientific 
and Industrial Research will contribute a further 
substantial sum. 

It is only necessary to refer to some of the work 
that is being done by this body to show how desirable 
it is that its activities should not be circumscribed by 
any such utilitarian cause as finance. In the first 
place, mention may be made of the Conference on 
the Properties of Steam, which assembled to discuss 
the differences existing between the experimental 
results obtained by investigators in various countries, 
in the hope of securing agreement on the figures 
representing the properties of steam throughout the 
commercial range of working conditions, so that these 
could be used in contracts for steam plant and in 
design. It was finally arranged to issue two skeleton 
tables dealing respectively with the properties of 
saturated and superheated steam up to 350 lb. per 
square inch and 550 deg. C., each value being expressed 
with a small tolerance to cover present experimental 
uncertainty. These tables were published in our issue 
of December 6, 1929. During the year the extended 
steam tables prepared by Professor Callendar for 
pressures up to 4,000 lb. per square inch and tempera- 
tures up to 800 deg. F. were also issued, and were 
reprinted in our issues of May 3 and May 10, 1929. 
Much work has also been done on circuit-breakers, 
while investigations are being made into problems 
connected with cables. The researches on the transfer 
of heat from tube to water in a condenser have been 
completed and reduced to a form suitable for commercial 
use, while experimental apparatus for dealing with the 
problem of heat transfer from steam to tube is being 
developed. As regards dielectrics, important work is 
also being done, though lack of funds still prevents it 
from being conducted on an adequate scale. These 
researches include investigations into the heat-resisting 
properties of various materials, and tests to enable 
purchasing specifications for such accessories as oil, 
varnish, tape and cloth to be prepared. With regard 
to the work on insulating oil it has been stated that the 
cost of the necessary researches amounted to 8,000/., 
but that as a result some 100,000/. will be saved. The 
Association has also continued its support of the 
researches on die-casting and die-casting alloys, and is 
devoting attention to the question of heat treatment 
in relation to improvements in magnetic permeability 
and reduction of losses. A research dealing with the 
behaviour of high permeability alloys under service 
conditions in the manufacture of current transformers 
has been planned, while experimental work has been 
arranged to test certain theories regarding the inter- 
ference of high-tension transmission lines with com- 
munication circuits. 








Personat.—The Liverpool branch of Messrs. The 
British Thomson-Houston Company, Limited, has 
been transferred from South Castle-street to 27 to 29, 
Stanley-street. The office will be managed by Mr. 8. 
Nichols, for some years past manager of the Middles- 
brough office of the firm. Mr. A. D. Mackinnon, of the 
company’s Glasgow branch, has been appointed manager 
of the Middlesbrough office.—Messrs. The National 
Gas Engine Company, Limited, Ashton-under-Lyne, 
have taken over from Messrs. The Keighley Gas and Oil 
Engine Company, Keighley, the patterns, drawings and 
records of all engines sold by them. All communications 
addressed to Messrs. The National Gas Engine Compan) 
upon this subject, should bear the reference “‘ Keighly 
Department.”—On Monday, Feb. 17, Messrs. Oerlikon 
Limited, are removing their offices from Oerlikon House, 
28-31, Essex-street, Strand, to Victoria House, South- 
ampton-row, London, W.C.1.—Mr. H. E. Timson has 





1| been elected chairman of the committee of the newly 


formed service and garage-equipment section of The 
Society of Motor Manufacturers and Traders, Limited. 
83, Pall Mall, London, 8.W.1.—Messrs. The Genera! 
Electric Company, Limited, have opened two ne\ 
branches in India, namely, The General Electric Com- 
any (India), Limited, at 7, Brigade-road, Bangalore, 
Myore, and at Main-road, Trivandrum, Travancore. 
Furthermore, Mr. P. H. Nye, of the Shanghai brane) 
of The General Electric Company of China, Limited, is 
returning to England, and Mr. N. G. Beale, chief enginee: 
of the company in China, has now been appointed to 





succeed him as general manager in that area. 
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LABOUR NOTES. 


A RESOLUTION passed by the National Committee of 
the Amalgamated Engineering Union instructed the 
Executive Council to approach the Ministry of Trans- 
port, with a view to the framing of regulations making 
it compulsory to employ only skilled craftsmen on the 
overhauling, examination, and repairing of cars and 
other mechanically-propelled road vehicles ‘‘in order 
to safeguard the public against the ever-growing 
number of appalling accidents which are mainly due to 
inefficient examination of the mechanical parts thereof.”’ 
An account of an interview which the Executive Council 
have had with the Minister of Transport appears in the 
February issue of the organisation’s Journal. In the 
course of his submission to the Minister, Mr. Brownlie, 
it is stated, stressed the importance of employing 
only skilled craftsmen on work of the character indi- 
cated in the resolution, and suggested, on behalf of the 
Executive Council, an amendment to Clause 75, sub- 
sections 1 and 2 of the Road Traffic Bill (a) making 
it imperative that the examiners and certified officers 
appointed shall be skilled mechanics ; and (b) providing 
that all repairs must be carried out by qualified mech- 
anics. The Minister, in the course of his reply, pointed 
out that it might not be necessary to introduce amend- 
ments to the Bill, as was suggested, because the desired 
changes could be secured by means of regulations 
issued under the Act by the Ministry of Transport. 


During January, the home branch membership of 
the Amalgamated Engineering Union decreased from 
194,289 to 193,539, and the colonial branch member- 
ship increased from 27,240 to 27,259. The number of 
members in receipt of sick benefit increased from 5,415 
to 5,764, and the number in receipt of superannuation 
benefit from 10,389 to 10,448. The total number of 
unemployed members increased from 13,644 to 13,805. 


Addressing a conference at Westminster, on Satur- 
day last, of the National Federation of Professional and 
Non-Manual Workers, Mr. George Lathan, M.P., who 
presided, said that between 80,000 and 90,000 non- 
manual workers were linked up by the organisation in 
the Federation. They believed that the non-manual 
worker had not been sufficiently vocal, compared with 
other workers, in making his needs known. They 
were not, however, setting up in competition with other 
organisations, and they were on friendly terms with 
the Trades Union Congress. Mr. A. W. Creech Jones, 
National Secretary of the Workers’ Travel Association, 
said that when manual workers were demanding a 
larger participation in the running of industry, there 
was a danger of non-manual workers being squeezed out 
altogether, unless they had machinery to express their 
point of view. Mr. Stephen W. Smith said that a 
standard 38-hour week for non-manual workers, a 
five-day week, and adequate insurance and pension 
arrangements were among the aims of the organisation. 
The risk of unemployment among non-manual workers 
became greater every year with continued amalgama- 
tions, rationalisation processes and merging of firms, 
and there was all the more necessity for the organisa- 
tion to secure adequate protection and compensation. 
There was precedent for it, he pointed out, in the gas, 
light and coke industry and the railway and electrical 
undertakings, and they had a little Bill to secure 
compensation for ‘‘ black coated”’ workers who were 
so displaced. Mr. E. T. Palmer, M.P., National 
Insurance Workers, declared that non-manual workers 
would continue to have ‘“‘ the worst end of the stick” 
until they became thoroughly organised. 





The collapse of the American Stock market in the 
autumn of last year appears to have raised doubts in 
the minds of many employers as to the wisdom of 
workers’ stock-ownership plans. Two general weak- 


hesses of the system, the weekly organ of the Interna- 
tional Labour Office says, have been particularly 


prominent. In the first place, owing to the heavy 
reduction in stock values, many holdings by employees 
have sunk below the original purchase price. Because 
of the ordinarily low purchase price of workers’ shares, 
this deticiency is not believed to be great in any parti- 
cular case. Nor is any unusual alarm apparent, there 
being a general feeling of confidence that stock prices 
will, in ‘he course of time, rise above the purchase price 
paid by employees. On the other hand, companies 
Which ave considered the extension of existing plans 
have naturally deferred new issues, and the tendency 
Seems likciy to be towards greater conservatism in the 


establish ment and administration of employee stock- 


icmagarg p plans and greater emphasis, for the time 
ing at least, on workers’ saving plans. 





The second weakness which would appear to have 
vel adie evident in the course of the last few months, 
8 that to some extent employee stock-ownership plans 


ba 
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are conducive to speculation. It was reported in 
the New York Times of November 15, that many of the 
large corporations which had sold stock to employees, 
including the United States Steel Corporation and the 
Standard Oil Company of New York, were protecting 
the holdings of their employees by making loans on the 
stock above the prices which had prevailed on the New 
York Stock Exchange in the previous two weeks. This 
presumably implies that employees have been using 
company stock as collateral for the raising of loans, 
since otherwise there would be no need for these 
companies to take action to protect employee accounts. 


At the session which closed on Saturday last of the 
Governing Body of the International Labour Office, 
the Belgian Government delegate, M. Mahaim, asked 
what was the position in Great Britain in regard to 
the ratification of the Washington Eight Hours Conven- 
tion. Mr. Humbert Wolfe, British Government dele- 
gate, replied that although he was without instructions 
and therefore could not speak definitely, he thought 
that the Belgian delegate might be assured that before 
the International Labour Conference met in June, the 
British Government would have given evidence of its 
legislative intentions. 


On February 3, 1930, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,508,600. Of these 1,084,400 
were wholly unemployed, 339,000 were temporarily 
stopped, and 85,200 were persons normally in casual 
employment ; 1,108,700 were men, 43,400 boys, 310,400 
women, and 46,100 girls. Of 1,491,519 on the registers 
on January 27, 1930, 1,076,099 were wholly unem- 
ployed, 332,430 were temporarily stopped, and 82,990 
were persons normally in casual employment ; 
1,101,373 were men, 43,061 boys, 301,595 women, and 
45,490 girls. The number of unemployed persons on 
February 4, 1929 was 1,369,475, of whom 1,067,275 were 
men, 42,765 boys, 219,391 women, and 40,044 girls. 


The Ministry of Labour estimates that on January 27, 
1930, there were approximately 9,998,700 insured per- 
sons, aged from 16 to 64,in employment in Great Britain. 
This was 160,500 less than a month before, but 61,600 
more than a year before. During January, 1930, 
the average numbers of persons on the registers of 
Employment Exchanges in Great Britain were 1,071,411 
wholly unemployed, 328,856 temporarily stopped, and 
79,721 normally in casual employment, making a total 
of 1,479,988, of whom 1,026,550 were men aged 21 and 
over; 76,414 men aged 18 to 20; 42,837 boys aged 14 
to 17; 242,707 women aged 21 and over; 48,212 
women aged 18 to 20; and 43,268 girls aged 14 to 17. 





During the nine years of its existence, the National 
Union of Distributive and Allied Workers has paid in 
benefits nearly 630,000/., the principal item being 
sickness (225,160/.), unemployment (222,155/.), and 
dispute and victimisation (144,594/.). Contributions 
amounted to 1,688,4561., of which 221,987/.- were 
allotted to branches for local purposes. At the end of 
1929 the assets were 184,594/., and the membership 
111,847—a net increase of 7,718 during the year. 
The Union is connnected with nine joint industrial 
councils and has 61 representatives on 27 trade boards. 


A return issued by the Home Office estimates that 
12,000,000/. were paid as compensation to workmen in 
British industries in 1928. In the seven great groups— 
mines, quarries, railways, factories, docks, construc- 
tional work and shipping, which sent in returns, 
there were 2,735 fatal accidents, and 461,485 non- 
fatal accidents, the amount paid in compensation being 
6,457,2731. Including the charges and expenses of 
insurance companies, the total amount paid in these 
industries was 8,250,000/. The estimated amount of 
compensation paid by other industries was 3,750,0001. 
Of the total amount of compensation paid, 3,331,2961. 
was paid by or through mutual indemnity associations, 
1,471,832/. by insurance companies, and 1,654,145/. 
by uninsured employers. The average number of 
persons coming within the provisions of the Acts and 
employed in the seven groups was 7,433,660. As in 
previous years, the bulk of the cases occurred in the 
mining industry. The majority were due to miners’ 
nystagmus, beat hand and beat knee. Cases of miners’ 
nystagmus accounted for over 57 per cent. of the total 
number, and a table given in the return showed that 
the number had steadily increased from 1908 (386 
new cases) to 1928 (2,555 new cases). Cases of dermatitis 
have also been steadily growing. They chiefly occur 
among workmen employed in the baking and con- 
fectionery trades and in dyeing. 





The Geneva correspondent of the 7'imes states that 
on Wednesday, last week, the Governing Body of the 





International Labour Othce decided, by 15 votes to 5, 


to include on the agenda of the International Labour 
Conference, in June next, the question of hours of work 
in coal mines. The resolution adopted, which was 
presented by Mr. Humbert Wolfe, British Government 
delegate, was worded as follows :—‘‘The governing 
body decides to place upon the agenda of the 1930 
International Labour Conference the question of the 
hours of work in coal mines, and invites the conference, 
in framing a convention, to take into special considera- 
tion not only the resolutions adopted by the prepara- 
tory technical commission, but also the fact that the 
question has been raised entirely as a European one, 
and that the information necessary to enable its con- 
sideration to be extended to oversea countries has not 
been sought and will not be available to the conference.”’ 
The question of wages in the coalmining industry is to 
come before the International Labour Conference of 
1931, in the form of a report. 





The first stage in the election of a new president of 
the Amalgamated Engineering Union, in succession to 
Mr. J. T. Brownlie, has now been completed. In the 
first ballot, Mr. A. B. Swales has been returned at the 
head of the poll with 9,302 votes. Mr. W. H. Hutchin- 
son is second with 7,654, Mr. ‘“ Jack’ Tanner third 
with 5,331, and Mr. Kaylor fourth with 4,483. Messrs. 
Swales and Hutchinson now go to a second ballot. 
There were fourteen candidates. Messrs. Swales, 
Hutchinson and Kaylor are at present members of the 
Executive Council. Mr. Smethurst has been re-elected 
General Secretary on the first ballot. He received 36,557 
votes while his opponent, Mr. Hoyle, of Liverpool, 
polled 10,108. 





The German National Economic Council has set up a 
number of commissions or committees to deal with 
economic social, financial, workers’ housing and other 
questions, directly interesting Labour. The questions 
already under discussion include the recommendations 
of the Economic Committee of the League of Nations 
with regard to commercial policy ; a draft Bill dealing 
with the League of Nations’ agreements on the subject 
of international exhibitions ; inland communications ; 
a miners’ Bill ; the promotion of vocational training and 
continuation teaching for young persons engaged in 
commerce and trade by providing them with temporary 
employment in foreign countries ; a draft Bill amend- 
ing the ordinances regulating the brandy monopoly ; 
the Act dealing with housing societies operating in 
public interests and rises of rents in a large number of 
towns. The Settlement and Housing Committee, which 
deals with the last question, has issued, in collabora- 
tion with the National Research Company for the 
Promotion of an Efficient Building and Housing 
System, a questionnaire in connection with its research 
work. It deals with the costs of building dwelling 
houses, the financing of housing schemes, the computa- 
tion of taxation on dwelling houses, and the fixing of 
rents. When replies have been received from the 
various German towns to which the questionnaire 
has been sent, the committee will consider the results 
of the research. 





Prominent trade unionists are amongst those who 
will speak at a conference on ‘‘ World Aspects of 
Unemployment” which is to be held at the London 
School of Economics on February 25, 26 and 27, under 
the auspices of the League of Nations Union. The 
Conference will be similar in scope to those which the 
League of Nations Union has held in previous years on 
questions of social insurance, arbitration and concilia- 
tion in industrial disputes, methods of fixing minimum 
wages, forced labour, &c. On February 25, Mr. Arthur 
Pugh, General Secretary of the Iron and Steel Trades 
Confederation, is to deal with the effect of rationalisation 
on labour conditions, while Mr. Ernest Bevin, General 
Secretary of the Transport and General Workers’ 
Union will be in the chair on February 27, when a 
discussion will take place on American economic policy 
and European social legislation. 





Industrial and Labour Information, the weekly 
organ of the International Labour Office at Geneva, 
states that, according to South African newspapers, 
convict labour was to be made available for agricul- 
tural work before the end of December, 1929. It is 
estimated that about 3,000 convicts will eventually 
be sent to farms in order to perform ordinary farm work. 
An official of the Department of Justice is touring the 
Bethal district of the Transvaal in order to ascertain 
the exact requirements of the farmers, who have had 
their farming operations seriously retarded during the 
past few months by an acute shortage of native labour. 
Some local farmers fear that convict labour will be 
available for limited hours only, and may lead to the 
breaking down of discipline among the other labourers, 
Others, however, are in favour of the scheme, because 
they believe that the hours of labour for the prisoners 





can be extended. 
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ELECTRICALLY-CONTROLLED VALVE. 


CONSTRUCTED BY MESSRS. 


JAMES TATE AND COMPANY, 
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THE TATE ELECTRICAL CONTROL 
FOR VALVES. 


THE advantages of remote power control for the 


large valves of modern plants are being increasingly | 


recognised, and as these advantages have been already 
set forth in these columns, we propose to take it 
for granted that the claims of the 
described and illustrated by Figs. 1 to 5, on this page, 
can be appreciated without further discussion. This 
control has been developed by Messrs. James Tate 
and Company, Victory Works, Bradford, and the 
example given is of a 12-in. parallel-slide valve for 
steam of a working pressure of 600 lb. per square inch, 
having automatic operation of the by-pass valve. 
The valve body, cover and columns do not call for 
any detailed description, but the manner in which 
the vertical motor is mounted on the body should 
be noted. The general arrangement is well shown 
in Fig. 1. The by-pass valve actuating gear is also 
somewhat 


method now | 


unusual, a chain drive from the main- 


spindle gear being used, though it has its own limit | 


switch. The operation of opening and closing the 
by-pass valve is independent, therefore, of the main 
valve, and the automatic nature of the gear provides 


the correct sequence of operation. The drive is | 


transmitted from the motor through a centrifugal 
clutch controlled by a solenoid, which also controls 
a dog clutch for coupling the handwheel to the main 
spindle. The centrifugel clutch couples the motor 
to the main spindle through a train of transmission 
gear, proportioned so as to traverse the gate of the 
valve at the rate of 24 in. per minute. All the 
switches are interlocked. 

The details of construction are, perhaps, best under- 
stood by following the operation of the valve, which 
naturally commences with the controller, For the 
main operating position, a five-point controller is used, 
the movement of a single lever opening or closing 
both the main and by-pass valves. For the emergency 
position, a master controller is supplied which, on 
the pressing of a push button, renders the main control 
inoperative and causes the valve and its by-pass to 
close in the right order. Assuming the valve is closed, 
it must be understood that the spindle is connected 
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to the handwheel by a dog clutch on its lower side. 
The clutch is held in position by the spring of the 
solenoid, and it is clear of the gear wheel on the 
spindle which meshes with the transmission gear of 
the motor. The motor can thus be rotated without 
moving either the spindle or the handwheel, and, 
conversely, the latter is always in engagement with 
the spindle except when the motor is actually 
traversing the valve. The valve is shown in the 
closed position in Figs. 2 and 3, from which it will 
be seen that the solenoid is connected to the ends of 
two levers at right angles to one another. The one 
most clearly seen at the left of Fig. 2 is directly 
connected to a friction clutch on the by-pass valve 
spindle ; the other, best made out in Fig. 4, actuates, 
through a fulcrum shaft, a double lever carrying the 
fork of the dog clutch at the spindle end and connected 
to the centrifugal friction clutch at the motor end. 
A view of the main-controller dial is shown in 
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| Fig. 5. To open the valve the handle is turned until 
its pointer is in line with the lamp indicator which 
shows red when the by-pass has been fully opened. 
In the meantime, the movement of the handle has 
started the motor, which has, through the freely- 
revolving main transmission gear and the chain 
drive, opened the by-pass valve. The motor is stopped 
automatically by the by-pass limit switch, and steam 
| can be passed through the by-pass valve for as long 
as is necessary without any further movement of 
the handle. To open the main valve, however, the 
handle is moved farther round in the same direction 
as before. The motor is started and revolves freely 
on the spindle until it has attained 80 per cent. of 
its full speed, a slight movement of the solenoid 
having released the by-pass friction disc. During the 
period of acceleration of the motor, the solenoid 
transfers the dog clutch from the hand-wheel to the 
gear wheel on the spindle and, on the completion of 
this movement, frees the centrifugal clutch which 
| causes a rapid engagement to the motor shaft with 
|its pinion and thence with the valve spindle. The 
| object of this sudden application of high torque 1s 
to provide a positive unseating force at the moment 
of opening. The motor then proceeds to traverse 
the valve until it is stopped by the limit switch, if full 
opening is required, at which position the lamp indicator 
at the main position shows red. At this point, the 
cireuit to the motor is opened and the centrifugal 
action of the motor clutch is immediately overcome 
by the release of the solenoid. The motor then coasts 
to rest, the valve spindle having been disconnected, 
and the dog clutch is transferred to its normal position 
in engagement with the handwheel. ; 
It will be noticed, from Fig. 5, that there are five 
indicating lights in connection with the main valve. 
The ‘full open” and “full shut ” positions show red 
and green, respectively, the other three which are 
3, 3, and } open, all show white. Four other inter- 
mediate positions are also possible, and these - 
indicated by two lights, t.e., one on each side of the 
handle pointer. Thus, with the valve in the yale 
open position, or “ cracked,” the shut green = and 
the } open white light both show, while wit A the 
valve § open, the $ and } open lights both show. 
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MARINE-TYPE OIL SEPARATOR. 


CONSTRUCTED BY MESSRS. ALFA-LAVAL 
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There are thus nine positions of the valve visibly 
indicated. The control gear is fully safeguarded 
against ignorant use. Should the handle be moved 
through the by-pass position into the main-valve 
opening position without halting, the by-pass valve 
would still be opened first though the main valve 


would be opened immediately after. In the event of 
a similar movement being made when the valve 
was being closed, the by-pass would remain open 


until the main valve was closed. There is, further, no 
motion of the main or by-pass valves should the 
controller be placed at any position in which the valves 
already are. Thus, should the by-pass be closed 
and the handle be moved in to the by-pass shut 
position, there will be no movement of the gear. Simi- 
larly, should the main valve be open and the by-pass 
closed, red and green showing respectively, when the 
controller is moved to the main-valve shut position 
all motion will immediately cease as soon as the main 
valve is completely closed. Independent operation of 
the by-pass is provided in addition to automatic control. 

The emergency control gear provided with this 


valve consists of a four-light push-button set ; that is 
there is a pair of lights showing the open or shut 
position of the main valve, and a similar pair for the 
by-pass valve, with a single push button or plunger. 
The emergency controller, when operated, opens the 
connections to the main controller and functions as 
though the latter had been moved rapidly from any 
Position into the main valve shut position, with prompt 


closing of the main valve followed by the by-pass 
valve, if the latter be not already closed. When the 
*mergency control has been used, it is not possible to 
Operate the valve by the main control without. re- 
ne, the former. The control apparatus described 
“Sove is not the only type made by Messrs. Tate ; 
nelther (oes it illustrate the only form in which the 
Kym Sear is applied. It was selected for description 
troll; ty ® good example of a modern method of con- 
—s a high-pressure steam valve. The apparatus, 
a, can be fitted upon a pillar on the firing 
7 orm so that the handwheel is readily accessible, 

could be interlocked with, or controlled by, other 
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mechanism to operate the valve under predetermined 
conditions. It is, indeed, one of the great advantages 
of electrical control that it is sufficiently flexible to suit 
almost any combination of requirements. 








MARINE TYPE DE LAVAL OIL 
SEPARATOR. 

THE new type of De Laval oil separator, which we 
illustrate by the sectional drawing reproduced on 
this page, has been designed by Messrs. Alfa-Laval 
Company, Limited, 34, Grosvenor-road, S.W.1, to 
enable it to be rapidly and easily cleaned without 
transference of its parts elsewhere, a feature of con- 
siderable importance in the marine engine room, 
where space is generally at a premium, and joints 
requiring to be broken should be reduced to a mini- 
mum. The earlier patterns of De Laval centrifugal 
separators, with their cylindrical tin covers and their 
characteristic spouts, will be so familiar to most engi- 
neers that they will scarcely recognise the dome-shaped 
top of the new pattern as a modification of a well- 
known machine. This top, which forms the cover of 
the machine, is hinged at one side and held in place 
by a spring catch on the other. The dirty-oil supply 
pipe is embodied in the hinge, and the discharge 
passages are formed in the main casting, so that the 
operation of throwing back the cover exposes the bowl 
without necessitating the uncoupling of any pipe 
connections, or removing parts by hand or lifting 
tackle for examination elsewhere. 

The essential separating parts remain much the 
same as they were, except that the bottom of the 
bowl is now flat, instead of conical, as formerly, an 
arrangement enabling the bowl to be completely 
drained. The conical discs, perforated both near the 
base and the apex, and placed very close together, are 
employed as before, and are rotated at the compara- 
tively low speed of 6,000 r.p.m. to 8,000 r.p.m. The 
action on the mixture to be separated, consisting of 
oil, water and dirt, may be made clear by a reference 
to the figure. The dirty oil is introduced, by a pump 
or gravity feed, through the dotted pipe on the right 
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of the figure and the perforated pipe forming the 
hinge pin, into an internal: passage in the cover. 
Incidentally, when the cover is opened the ports in 
the perforated pipe are closed by the movement. The 
dirty oil enters the bowl by the vertical centre pipe, 
and is distributed to the discs through the holes in 
the lower conical part. Passing on to all the discs, 
through the holes in them previously referred to, the 
water and dirt, being heavier than the oil, travel 
outwards, and, in the space of a few hundredths of 
an inch, come into contact with the under sides of the 
discs. They then, still impelled by centrifugal force, 
slide down the discs and collect in the wide annular 
space. The oil, on the contrary, ascends along the 
upper surface of the discs. There is thus, between each 
pair of discs,'a descending current of impurities and an 
ascending one of the clarified oil. 

The oil is discharged from the bowl through the 
small orifices seen in the annular space surrounding 
the top of the inlet passage, and is deflected by the 
horizontal baffle plate on to the interior domed 
surface, from which it finds its way, through the port 
at the left-hand side of the figure, into the outlet 
pipe. The water, and some of the finer impurities, 
are discharged through the narrow space between the 
conical top to the nest of discs, and the conical cover 
of the bowl, and then pass through a narrow annular 
space round the neck through which the oil is dis- 
charged. The width of this annular space is determined 
by what is known as a gravity disc, which, by restricting 
the flow of water according to the specific gravity of the 
oil being handled, sets up a pressure which counter- 
balances the centrifugal flow of the oil, but not that of 
the water. The water, after passing the gravity 
disc, flows over the innermost of the domed surfaces 
seen in the figure, and flows down a port, shown dotted 
to the left of it, into a pipe parallel with and similar 
to that of the oil discharge. The heavier impurities 
remain in the bowl and are cleaned out at intervals. 

It is in the method of cleaning that the new design 
possesses great advantages over the old one. It is 
understood, of course, that the conical discs are self- 
cleaning, and do not require separating. It is clear, 
however, from the figure that they require to be lifted 
out in a mass. A davit is accordingly provided for 
this purpose, on the side of the bottom casting of the 
machine. It is not apparent in the figure, but consists 
of a rigid arm carrying a vertical screw with an operat- 
ing crossbar at its outerend. It is raised or lowered 
by a worm and screw gear, actuated by a crank handle. 
To carry out a cleaning operation, which does not 
normally exceed 10 to 12 minutes, the bow] is rapidly 
brought to rest by a brake, after the motor has been 
switched off, and is automatically drained during the 
slowing-down process. The hinged cover is then 
swung back, and the davit swivelled into position, 
the vertical screw being run into the inner screwed 
portion of the oil-inlet tube. When the top of the 
cover, which is of the breech-screw type, has been 
freed from the bowl, it and the whole of the discs 
are lifted clear of the bowl. The davit is then swung 
back until the internal parts are well clear, and is kept 
thus while the bowl is being cleaned. The rigid attach- 
ment to the davit prevents swinging in a seaway, a 
wire or chain suspension being apt to be troublesome. 

Referring again to the figure, it may be pointed out 
that inspection windows are provided in the dome, and 
in each of the outlet pipes. The projection just below 
the former is a handle for lifting the dome. On the 
opposite side is a perforated lug used for anchoring the 
dome when open. The details of the drive scarcely 
require comment, as the figure is sufficiently explicit, 
but it should be stated that the spindle runs on ball 
bearings, which were designed and tested on a rolling 
platform to reproduce sea-going conditions as far as 
possible. A  direct-reading tachometer is fitted, 
so that the speed at any moment can be seen at a 
glance. The pedestal is so designed that pumps of 
the rotary gear type can be fitted, to supply the 
machine with dirty oil and to deliver the purified oil 
to a higher level, respectively, if required. The 
machine is, at present, made in three sizes having 
capacities, in gallons per hour, from 250 to 1,100, with 
light fuel oil, and from 90 to 650 with heavy fuel oil, and 
corresponding duties with lubricating oil. 








Royat Corrs or NAvAL Constructors.—The annual 
dinner of the Royal Corps of Naval Constructors was 
held at Park-lane Hotel, Piccadilly, on January 31, 
last. The new Director of Naval Construction, Mr. A. W. 
Johns, presided. The health of Sir William Berry, the 
retiring Director, was proposed by Sir Eustace T. d’Eyn- 
court, while Mr. S. V. Goodall proposed the toast to the 
guests and past members of the Corps. He welcomed the 
naval constructor delegates of the other powers on behalf 
of the British Naval Constructors, and hoped they would 
leave England satisfied with their. work without turning 
the Royal Corps into a corpse. Mr. Johns, in responding 
to the toast of the Corps, spoke of the excellent spirit of 
co-operation existing between the design, production, 
and dockyard branches, 
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THE LATE MR. S. W. BAYNES. 


Mr. Sypney Wri1am Baynes, whose death occurred 
at High Welwyn, Hertfordshire, on Thursday, February 
6, at the age of 69, was one of the pioneers of electricity 
supply in this country and was, in fact, the doyen 
of those engaged in that capacity under a local 
authority. Though this connection began at Bradford 
as long ago as 1891, for the greater part of his life Mr. 
Baynes held the position of chief electrical engineer to 
the borough of St. Pancras, London, a post from which he 
retired only two years ago. This borough was among 
the earliest to obtain powers to generate electricity, a 
supply being initially given in 1891 from a station in 
Regent’s Park. One of Mr. Baynes first duties, on his 
appointment in 1895, was to take over the erection of a 
new station in King’s Road, Camden Town. This 
station has since been largely extended, its present 
capacity being some 28,700 kw. It is one of the plants 
which is to continue to work under temporary arrange- 
ments as part of the South-East England scheme, and 
its output will shortly be increased by the addition 
of a 10,000-kw. unit. All the extensions except this 
last were carried out in accordance with Mr. Baynes’ 
designs, and embodied a number of features which, at 
the time of their installation, were distinct departures 
from existing practice. 

Mr. Baynes had, in fact, always been a law unto 
himself. In the early days in Bradford he adopted bare 
copper distributors, which he operated at what was 
then a high pressure (about 500 volts), thus incurring 
the opposition of the fire insurance interests, but saving 
the capital expenditure, which would otherwise have 
been necessary on the mains system. This departure 
had the additional advantage that both the lighting and 
tramway loads could be supplied from the same genera- 
tors. At St. Pancras he was among the first to use 
steam turbines instead of reciprocating engines, this 
type of prime mover being installed in 1905, while in 
1914 he put down a Brush-Ljungstrém machine with 
an output of 1,500 kw., which was the first of its kind 
to be built in this country. Further units of the same 
make were added from time to time, the latest and the 
largest being one with an output of 12,500 kw., which 
was set to work early in 1928. He was equally enter- 
prising with regard to the boiler equipment employed, 
and in 1926 installed two 40,000-lb. boilers, which were 
arranged for pulverised-fuel firing. This tradition is 
being kept up since considerable pioneer work has 
recently been done at St. Pancras on the problem of 
removing sulphur from the flue gases. 

Mr. Baynes was elected a member of the Institution 
of Electrical Engineers in 1891, and also belonged to 
the Incorporated Municipal Electrical Association. 








Contracts.—Included in recent orders received by 
Messrs. The British Thomson-Houston Company, Limited, 
Rugby, is one from the High Commissioner for India 
for four large water-wheel-driven alternator sets to be 
used in the Shanan power station of the Uhl River 
hydro-electric scheme. Each alternator will be driven 
by a Boving water wheel and will have an output of 
12,000 kw. For the supply of electric power to the 
mines of Messrs. North Broken Hill, Limited; Messrs. 
Broken Hill, South, Limited; and Messrs. Zine Corpora- 
tion, Limited, Australia, orders have been received 
by the same firm for six 2,500-kv.-a. alternators and 
the whole of the switchgear.—Messrs. Metropolitan 
Vickers Electrical Company, Limited, Trafford-park, 
Manchester, have secured the order for the complete 
machinery and plant for the new Montevideo State 
electric power station. The order comprises two 25,000- 
kw., 3,000-r.p.m., turbo-generator sets, the necessary 
water-tube boiler equipment, pipe-work and_ valves, 
and complete switchgear.—The ‘Ait Ministry has just 
placed a contract with Messrs. Negretti and Zambra, 
38, Holborn Viaduct, London, E.C.1, for a further 580 
of their patent mercury-in-steel distance reading ther- 
mometers for engine oil temperatures on aircraft.— 
Messrs. The Westinghouse Brake and Saxby Signal 
Company, Limited, 82, York-road, London, N.1, have 
received an order from Messrs. Pearson and Dorman 
Long, Limited, for all-pneumatic decking plant for the 
downcast pit, Betteshanger Colliery.—Orders for Wood- 
type, pulverised-coal fired, steam-generating plant for 
the Quaregnon power station and the Hensies Pom- 
meroeul collieries have been received by La Société 
Anonyme des Foyers Automatiques, Paris, an associate 
company of Messrs. International Combustion Limited, 
Africa House, Kingsway, London, W.C.2.—Among 
recent orders received by Messrs. British Insulated 
Cables, Limited, Prescot, is one for the supplying and 
laying of 66,000-volt cables for a London power company. 
Another contract is for the supplying and laying of the 
new G.P.O. trunk telephone cable from Manchester to 
Chester, a distance of 42 miles. Other orders have been 
received from the Southern Railway Company, and from 
Shanghai and Australia.—Messrs. The General Electric 
Company, Limited, have built at their Witton works, 
to the order of the High Commissioner for India, two 
double-bogie type, 5-ft. 6-in. gauge, Diesel-electric 
locomotives for the North Western Railway, India. 
They each weigh 50 tonsand are equipped with a 350-b.h.p. 
Beardmore high-speed Diesel engine, direct-coupled to 
a single-bearing generator with overhung exciter. 


TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Locomotive Boilers.—The supply of six locomotive 
boilers, with smoke box, steel fire-box, &c. The South 
African Railways and Harbours Board, Johannesburg ; 
March 20. (Ref. No. A.X. 9115.) 


Locomotives.--The supply of two locomotives, 2-ft. 
gauge, 2-6-2 plus 2-6-2 type. The South African Rail- 
ways and Harbours Board, Johannesburg: March 27. 
(Ref. No. A.X. 9116.) 


Jib Cranes.—The supply and delivery, free on board 
ship, of 11 four-ton electrically-driven wharf jib cranes 
for Durban Harbour. The South African Railways and 
Harbours Board, Johannesburg; April 3. (Ref. No. 
A.X. 9119.) 


Tip-Cart Axles and Bushes.—The supply of tip-cart 
cranked axles, 3 ft. 6 in. by 11 in. by 1% in., complete 
with bushes, caps, and lynch-pins. City Council of 
Johannesburg, South Africa; March 22. (Ref. No. 
A.X. 9121.) 

Railway Track Material.—The supply of 4,450 pairs of 
fish-plates, 335 metric tons of dog-spikes, 104 metric 
tons of rail bolts, a complete set of points and crossings, 
spring washers, and rail chairs. The Argentine State 
Railways, Auxiliary Stores Department, Buenos Aires ; 
March 10. (Ref. No. A.X. 9136.) 

Dredgers.—The Albanian Government is considering 
the purchase of one or two dredgers for use on Albanian 
rivers. (Ref. No. A.X. 9134.) 

Battery-charging Set.—The supply and delivery of 
a battery-charging motor-generator set for the Indian 
Telegraphs Department (Wireless Section). India Store 
Department, Engineering Branch, New Delhi; March 5. 
(Ref, No. B.X. 6146.) 








ENGINEERING TRAINING AND 
EDUCATION. 


Faraday and Maxwell Scholarships.—The annual 
examinations for a Faraday Scholarship of 80 guineas 
per annum, tenable for two years in College and one 
year in a manufacturing works, and for a Maxwell 
Scholarship of 60 guineas per annum, tenable for two 
years in College and one year in a works, will be held 
at Faraday House Electrical Engineering College on 
April 8, 9, and 10 next. Exhibitions may also be 
awarded to candidates who acquit themselves creditably 
in the examinations. The subjects of examination 
for the Faraday Scholarship are geometry, algebra, 
trigonometry, dynamics, statics and hydrostatics, 
geometrical and freehand drawing, chemistry and 
physics. For the Maxwell Scholarship the subjects 
are mathematics, dynamics, statics and hydrostatics. 
Further particulars may be obtained from The 
Registrar, Faraday House Electrical Engineering 
College, 62-70, Southampton-row, London, W.C.1. 








BOOKS RECEIVED. 


Warmewirtschaft im Kesselhaus. By Driet.-Inc. Ernst 
PrRAETORIUS. Dresden and Leipzig: Theodor Stein- 
kopff. [Price 30 marks. ] 

The Incorporated Swansea Exchange. 
1928-29. Swansea: Offices of the Exchange. 
3s, 6d.] 

L’Ancienne et la Nouvelle Théorie des Quanta. 
EuvcENE Buiocn. Paris: Hermann & Cie. 
90 francs. ] 

Weetman Pearson, First Viscount Cowdray, 1856-1927. 
By J. A. SPENDER. London: Cassell and Company, 
Limited. [Price 2ls. net.] 

Department of Scientific and Industrial Research Report, 
1928-29. London:* His Majesty’s Stationery Office. 
[Price 3s. 6d. net. ] 

Was ist Gewicht? By MarTIN GRUBLER. Dresden and 
Leipzig: Theodor Steinkopff. [Price 1.60 marks. ] 
Department of Overseas Trade. Economic Conditions in 
Austria. November, 1929. Report. By A. S. PHILL- 
pots, London: His Majesty’s Stationery Office. 

[Price 2s. net.] 

Pickling of Iron and Steel. 

Cleveland, Ohio, and London: 

ing Co., Ltd. [Price 25s. net.] 

Kretselmaschinen. LEinfiihrung in Eigenart und Bere- 

chnung der rotierenden Kraft und Arbeitsmaschinen. 

By. Diet,-Inc. HERMANN SCHAEFER. Berlin: Julius 

Springer. [Price 7.50 marks. ] 

Rensselaer Polytechnic Institute. Bulletin No. 22. The 

Radiation Characteristics of Grounded Vertical “‘ L” 

and “ T'”’ Antennas. By LESTER Hocuerar. No. 23. 

A Study of the Color Sensitiveness of Various Types 

of Photo-Electric Cells. By N. F. Hess. Troy. N.Y. 

Rensselaer Polytechnic Institute. 


Annual Report, 
[Price 


By 
[Price 


By Watuace G. ImHorr. 
The Penton Publish- 


Sperrwerke und Bremsen. By Drrt.-Inc. RicHarpD 
HancHEN. Berlin: Julius Springer. [Price 6-90 
marks. | 


The British Journal Photographic Almanac, 1930. Edited 
by GeorcE E. Brown. London: Henry Greenwood 








and Company, Limited. [Price 2s. net.] 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday, 


The Cleveland Iron Trade.—Fixed prices for Cleveland pig 
iron are not altered, but the continued gradual accumu. 
lation of stocks threatens to weaken the hands of sellers, 
Tronmasiers are, however, determined not to allow stocks 
to increase to an extent sufficient to permit of second 
hands acquiring holdings that would enable them to 
control the market, and unless unexpected expansion of 
demand is experienced in the very near future, makers 
will probably resort to curtailment of output to check 
additions to the quantities stored near the furnaces, 
Producers’ own consuming departments continue to 
absorb, in its molten state, a very large proportion of the 
Cleveland iron output. The surplus make which is con- 
verted into pigs is more than ample for market needs, 
Home users who have to buy their supplies are placing 
a few small orders, but overseas firms refuse to pay rates 
asked, and export business is on quite a trifling scale. 
No. 1 Cleveland pig is 75s.; No. 3 g.m.b., 72s. 6d.; 
No. 4 foundry, 71s. 6d.; and No. 4 forge, 71s. 

Hematite.—Unsatisfactory and discouraging accounts 
are given of the East Coast hematite branch of trade, 
Buyers are not attracted by the comparatively low and 
unremunerative prices at which parcels are obtainable, 
The normal pre-war quotation for mixed numbers was 
8s. to 10s. above No. 3 Cleveland, whereas the difference 
is now no more than 5s. 6d. Makers of hematite have 
work on hand that will keep them employed for a week 
or two, but are much in need of forward contracts, and 
merchants have a good deal of iron at their disposal. 
Sales are almost confined to small lots for home use ; 
cheapness of Continental brands keep the products of 
this area out of foreign markets. Values show a further 
downward tendency. East Coast brands are on offer at 
the equivalent of ordinary qualities at 78s. 

Foreign Ore.—There is little or no activity in foreign 
ore, and terms on which contracts might be arranged 
are difficult to ascertain. Consumers are well bought 
and are not in the market. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
very plentiful and weak in price. There are sellers of 
good average qualities at 21s. 6d. delivered to local users. 


Manufactured Iron and Steel.—Producers of manufac- 
tured iron and steel have still substantial portions of 
contracts to complete, but new business develops very 
slowly. Sheet makers are most in need of work. Among 
the principal quotations are :—Common iron bars, 
102. 15s. ; best bars, 110. 5s. ; double best bars, 111. lis. 3 
treble best bars, 12/. 5s. ; packing (parallel), 8/. ; packing 
(tapered), 107. ; iron rivets, 111. 10s. ; steel billets (soft), 
6l. 17s. 6d.; steel billets (medium), 7/. 12s. 6d.; steel 
billets (hard), 87. 2s. 6d.; steel ship plates, 8/. 15s. ; 
steel angles, 8/. 7s. 6d. ; steel joists, 81. 10s. ; steel rivets, 
11l. 5s. ; heavy steel rails, 8/. 10s. ; fish plates, 12/. 10s. : 
and galvanised corrugated sheets, 11/. 15s. to 11/. 17s. 6d. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—The prevalent lack of confidence 
among most of the principal buyers of semi-manufactured 
iron and steel is strongly reflected at the works of South 
Yorkshire producers. Inquiries for most grades are 
numerous, but only a minor proportion of these 
materialises in actual contracts, and the gross weight of 
materials specified is disappointing. Producers declare 
that, apart from trade complexities, the political position 
is having a disturbing influence. This element of un- 
certainty directly accounts for the maintenance of 
iron and steel! prices largely at their recent level. Pressure 
on steelmaking hematites has eased, and quieter con- 
ditions prevail in foundry and forge iron. Recent sales 
of steelmaking scrap have not warranted any advance 
in price, while the market for ferro-alloys is featureless. 
Current quotations are as follow: Siemens acid-steel 
pillets, 9/. 10s.; hard basic-steel billets, 9/. 2s. 6d. and 
91. 128. 6d.; medium basic billets, 7/. 12s. 6d. and 81. 2s. 6d. ; 
soft basic billets, 67. 15s. ; Lincolnshire foundry pig iron, 
75s. 6d.; Derbyshire foundry pig iron, 73s. 6d. ;_ Derby- 
shire forge iron, 69s. 6d. ; crown iron bars, I1l.; iron 
hoops, 12/.; steel hoops, 97. 15s., to 101. 5s. ; soit basic 
wire rods, 8l.; heavy basic-steel scrap, 65s. Despite 
the obstacles which retard progress in certain sections 
of the local industries, some of the most prominent trade 
organisers in South Yorkshire maintain an amen 
attitude. The Master Cutler of the Cutler’s Company 0! 
Hallamshire (Mr. A. K. Wilson), who is prominently 
identified with the Sheffield steel trade, told a Sheffield 
audience this week that the passing of the De-Rating 
Act had transformed Sheffield from an undesirable area 1n- 
to what was probably one of the most suitable and favour- 
able areas in the country for industrial development. 
Sheffield was an ideal centre, he added, for the Parser range 
working of transport facilities, while the availabilit y= 
cheap gas and reasonably cheap electricity, In ‘ Pe 
junction with the fact that Sheffield was centrally —— 
from the standpoint of coal supplies, would'have a ‘ pons 
mining effect upon the advent of fresh trades. The = 
poration has recently received private inquiries from @ 


external firm for the development locally of a _— 


industry. Pessimists are answered by official figu i 
relating to last year’s steel production in the She er 
area. This totalled 1,219,300 tons, and was the la a : 
ever recorded. It was 340,000 tons greater than in : 006 


the last pre-war year. The Lincolnshire total of 7°. “ 
tons was 205,000 tons greater than in the preceding y« ari 
and 241,000 tons above the aggregate for 1913. Ratioua ; 





i i i leai O 
sation developments are still arousing a good d c 
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speculation. Strong efforts are being made to alleviate 
the position at Penistone. Specialised branches are 
booking substantial orders, but are also meeting with 
increased competition from abroad. Sweden is bidding 
keenly for orders for stainless-steel plates, and has 
just secured one of the biggest foreign contracts recently 


offered. Uneven.conditions prevail in tool manufacture. 
Sovih Yorkshire Coal Trade.-—Conditions have eased 
duriny the past week. Purchases of hard steams on 





inlan! account are mainly restricted to contract tonnages, 
while uncertainty respecting the outlook is depressing 
forward trade in the export market. Business is being | 
booked at slightly reduced values. Similar conditions | 
prevail in washed sorts. Coke producers have no difficulty 
in meeting requirements: stocks are rising. Blast | 
furnace coke is easier, and there is a concurrent fall in the 
demand for foundry coke. No improvement is evident | 
in the house-coal position. Strong efforts are being made 
to stimulate buying, so far with little success. Quotations : | 
Best branch handpicked, 26s. 6d. to 28s.; Derbyshire | 
best brighe. 21s, to 23s. ; Derbyshire best house, 20s. 6d. | 
to 21s. 6d. ; 
screened house nuts, 16s. 6d. to 18s. ; Yorkshire hards, 
l5s. 6d. to 17s. ; Derbyshire hards, 15s. 6d. to 17s. ; rough | 
slacks, 9s. to 10s.; nutty slacks, 7s. 6d. to 8s. 6d.; | 
smalls, 3s. to 5s. 


screened house coal, 18s. 6d. to 20s. ; | 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—Conditions in the Scottish steel 
trade remain steady with no great rush for deliveries, but 
the outlook is rather better owing to the prospect of a 
hardening in Continental quotations. It is generally 
agreed that prices generally leave too small a margin and 
in some cases are actually unremunerative, so that any 
move for a slightly higher level would be welcomed by 
the home makers. Meantime the local works are fairly 
well employed and specifications are coming in with 
some regularity, but not in sufficient tonnage to necessi- 
tate putting into operation of any of the plant which 
has been lying idle during recent months. In the black- 
sheet trade quite a healthy demand exists for light sheets, 
but the heavier gauges and galvanised sorts are dull. 
The latter are passing through rather a difficult time 
at present, as not only are orders scarce, but the compe- 
tition for any lines on offer is very severe. This is very 
noticeable in the matter of shipping lots, which are 
reported as having been put through at under 12i. 
per ton. The following are the current market quota- 
tions :—Boiler plates, 10/. 10s. per ton; ship plates, 
8l. 15s. per ton; sections, 8/. 7s. 6d. per ton; black 
sheets, } in., 9/. per ton; and galvanised corrugated 
sheets (No. 24 gauge), 12/. 5s. per ton, all delivered 
at Glasgow stations. 


_ Malleable-Iron Trade.—Still no change in conditions 
is the report in the malleable-iron trade of the West of 
Scotland. Plant in operation is being kept moving, 
but fresh business is exceedingly slow and difficult to 
secure. The re-rollers of steel bars are also very hard up 
for orders, and no distance ahead can be seen in either 
branch. Prices are unchanged and are as follow :— 
“Crown”? bars, 101. 5s. per ton for home delivery, 
and 9/. 15s. per ton for export; re-rolled steel bars, 
il. 12s. 6d. per ton for home delivery and for export. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade a dull tone continues to prevail, and producers are 
not meeting with any improvement in demand. The 
amount of pig-iron coming into the market from outside 
is being blamed for some of the quietness in the trade. 
Prices remain steady and are as follow :—Hematite, 81s. 
per ton delivered at the steel works; foundry iron, 
No. 1, 80s. 6d. per ton, and No. 3, 78s. per ton, both on 
trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, February 8, amounted to 894 tons. Of 
that total 784 tons went overseas and 110 tons coast- 
wise. During the corresponding week of last year the 
figures were 395 tons overseas and 73 tons coastwise, 
making a total shipment of 468 tons. 

Shipbuilding.—The General Steam Navigation Com- 
pany, Limited, London, have placed an order with Messrs. 
Ailsa Shipbuilding Company, Limited, Troon and Ayr, 


to build a single-screw steamer for their Continental trade. 
This \ essel will have a deadweight capacity of 1,600 tons, 
and triple-expansion engines will be supplied by the 
gn *s. A special feature will be the provision made 
fear ooling fruit cargoes and for carrying cargoes of 
Tult and chilled or frozen meat simultaneously. This 


hew vessel will be built at the company’s Troon yard.— 


Messrs. Ba rclay, Curle and Company, Limited, Glasgow, 
By reported to have received an order from Messrs. 
Surns, Philp and Company, Limited, Sydney, Australia, 
for a motor ship of about 5,000 tons gross. She will be 
very similar to the Malabar, which they built in 1925 








for th: same owners. The propelling machinery, which 
= coasist of Diesel engines of the Harland—B. and W. 
rhe will be supplied by Messrs. J. G. Kincaid and 
ompany, Limited, Greenock. 
SERVICE BETWEEN MANCHURIA AND JAPAN.— 





-weekly air service is being operated between 
Onak m Kwangtung peninsula, South Manchuria, and 
— 4, vapan, via Seoul in Korea, and Fukuoka, by 
—. Nihon Kohku Yuso Kaisha (Japanese Air 
ar rt Company). The route is 1,289 miles in length, 
Nd the journey occupies two days. There is a daily 
Service between Osaka and Tokyo. 





NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 
The Coal Trade.—Although shipments of foreign coal 
continue on a good scale on account of old contracts, the 
market generally is in an unsatisfactory position owing 
to a lack of new business. The demand for bunkers 


is showing signs of slackening because of the large number |. 


of steamers laid-up, while the foreign demand is curtailed 
by the continuance of mild weather. At the same time, 
production is excessive to meet requirements, and all 
classes of large can be secured on the basis of the minima 
schedule of 20s. for best dry large. On the other hand, 
smalls, owing to irregular colliery working, are in short 
supply, and strong at about ls. 6d. over the schedule, 
best bunker smalls realising 15s., with sellers in many 
cases refusing to sell except in conjunction with large. 
Sized coals, too, have developed patchiness, with dry 
nuts now available at 28s., compared with 32s. 6d. a 
few weeks ago. Cokes are also irregular on the basis 
of 36s, to 37s. for best foundry for export, 32s. to 35s. 
for good foundry, and 27s. to 28s. for furnace sorts, 
while patent fuel is at fixed prices. 


Railway Dock Charges.—South Wales traders have 
decided to oppose the 1930 Bills of the London and North 
Eastern Railway, the London, Midland and Scottish 
Railway and the Southern Railway in regard to dock 
rates and charges. It will be remembered that some 
time back the railway companies were allowed to make 
certain charges for a year. The railway companies are 
now seeking for the onus of proof to be thrown back 
upon traders instead of on the railway companies, also 
to have inquiries conducted by the Railway Rates 
Tribunal instead of the Railway Advisory Committee. 
The companies also seek that there should be no altera- 
tion in charges until October, 1931. No Bill has so far 
been deposited by the Great Western Railway Company, 
the owners of the South Wales docks, but the Cardiff 
Chamber of Commerce has decided to oppose the Bills, 
as they feel that they might establish a precedent for 
the Great Western Railway Company. 


Heavy Laying-Up,—Welsh shipowners have been badly 
hit by the general depression in the freight markets. 
Many vessels, some of which were only launched last 
year, are lying idle in the docks, their crews having been 
paid off on account of the impossibility of securing freights 
which will even meet expenses. he only outward 
market showing @ profit is South America, for which 
direction coal rates have been forced up to 17s. 6d. 
for the River Plate, but this, taken in conjunction with 
the homeward freight of 10s. 6d. from San Lorenzo, 
does not leave any margin for a round trip. For the 
Mediterranean, outward freights have fallen to levels a 
little above pre-war: Genoa at 6s. 44d., comparing with 
6s. in 1914, and Las Palmas at 7s. 44d., with a minimum 
of 6s. in 1914. At present vessels representing a carrying 
capacity of at least 200,000 tons are laid up in the Welsh 
docks, and unless an early improvement takes place in 
the freight market further additions to the already long 
list of idle vessels must be expected. 








THE Output oF IRON ORE IN THE UNITED StTaTES.—The 
iron ore mined in the United States during 1929, exclu- 
sive of that containing 5 per cent. or more of the metal 
manganese, is given as 73,283,000 tons by the Bureau of 
Mines at Washington. This represents an increase of 18 
per cent. compared with 1928. The chief producing 
centres are situated in the Lake Superior district, and in 
the States of Alabama and Pennsylvania. 


Tue Nortu-East Coast EXHIBITION, NEWCASTLE- 
UPON-TYNE.—The Disposals Committee of the North- 
East Coast Exhibition, Newcastle-upon-Tyne, has 
accepted the tender of Messrs. Thos. W. Ward, Limited, 
Albion Works, Savile-street, Sheffield, for the Palaces of 
Engineering and Industry, and other buildings, stands 
and structures. Some 20 large buildings are involved, 
having floor space ranging from 176,000 sq. ft. down to 
600 sq. ft. They are mostly constructed of steel and 
timber framing, with weather-board and asbestos- 
sheeting sides, wood floors, and Ruberoid roofs. The 
purchase does not include the Palace of Arts, the bridge 
over the lake, nor the pylons and fencing, as these have 
been acquired by the Newcastle Corporation. It is 
expected that the buildings and structures will be dis- 
mantled for re-erection and re-use in other parts of the 
country, and that the site will be cleared before the middle 
of May in order that the ground may be re-turfed and 
restored to its original state. 


British Gime AssociaTion.—In response to a 
general wish to develop a gliding movement in Great 
Britain, The British Gliding Association has been insti- 
tuted, and Air Vice-Marshal Sir Sefton Brancker has 
consented to become its president. It is proposed to call 
a meeting of founder and prospective members on March 
27 next, at 6.30 p.m., in the lecture hall of the Royal 
Society of Arts, John Street, Adelphi, London, W.C.2, 
to inaugurate the Association. Founder members 
can be enrolled up till March 25, the fee being ll. 1s. 
They will have power to vote and elect members of the 
Council at the inaugural meeting. Meanwhile, the 
provisional Council has been making all the necessary 
inquiries and preparations to enable the Association 
to commence as an active body. Clubs are being 
affiliated and branches formed at various centres, in 
readiness to start work when the weather becomes more 
suitable. The honorary secretary of the Association is 


Mr. L. Howard-Flanders, and its temporary address is, 
care of The Royal Aeronautical Society, 7, Albemarle- 
street, London, W.1. 


NOTICES OF MEETINGS. 





INSTITUTION OF ENGINEERING INSPECTION.—To-night, 
5.30 p.m., Royal Society of Arts, John street, Adelphi, 
W.C.2. ‘Optical Aids to Engineering Inspection,” by 
Professor A. F. C. Pollard. 

Junior InstiruTIOoN oF ENGINEERS.—To-night at 
7.30 p.m., 39, Victoria-street, S.W.1. Kinematograph 
Film, “The Manufacture of Staybrite and Stainless 
Steels. at the Works of Thos. Firth and Sons, Limited,” 
with notes, by Mr. J. G. Hopcraft. Friday, February 21, 
7.30 p.m., “The Application of Electrical Welding to 
the Erection and Strengthening of Steel Structures,” 
by Mr. E. P. S. Gardner. 

INSTITUTION OF MECHANICAL ENGINEERS.—Graduates 
Section: Monday, February 17, 7 p.m. Storey’s-gate, 
S.W.1, “Strip Rolling Mills and Auxiliary Machinery,” 
by Mr. W. W. S. Robertson. Friday, February 21, 
6 p.m. Annual General Meeting. Sixth Report of the 
Steam-Nozzles Research Committee. 

INstITuTION OF ELECTRICAL ENGINEERS.—Monday, 
February 17, 7 p.m., Victoria Embankment, W.C.2. 
Informal Meeting. Discussion on ‘‘The Nickel-Iron 
Battery and its Uses,” by Mr. M. E. Fox and Mr. W. E. 
Warrilow. ‘The Lead Battery and its Uses,” by Mr. 
E. C. McKinnon. North-Western Centre: Tuesday, 
February 18, 7 p.m., Engineer’s Club, Albert-square, 
Manchester. ‘Instrument Transformers,”’ by Mr. J. G. 
Wellings and Mr. C. G. Mayo. London Students’ Section : 
Friday, February 21, 6.15 p.m., Victoria-embankment, 
W.C.2, ‘ Paper-Insulated Power Cables,” by Mr. S. H. 
Hart. 

BRADFORD ENGINEERING Socrety.—Monday, Febru- 
ary 17, 7.30 p.m., Technical College, Great Horton-road, 
Bradford. ‘ Preheated Air for Boiler Furnaces,” by 
Mr. J. T. Fleming. 

Royat Socrety or Arts.—Monday, February 17, 
8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture. 
“ Recent Improvements in Methods of Brickmaking ” 
(Lecture I), by Mr. A. B. Searle. 

Society or Giass TecHNnoLtocy.—Tuesday, Febru- 
ary 18, 4.55 p.m., The University, Sheffield. German 
Visit Committee and Glass Standards Committee Meet- 
ings. Wednesday, February 19, 2 p.m., ‘The Ternary 
System K,O-CaO-SiO, ” by Dr. G. W. Morey, Mr. F. C. 
Kracek and Mr. N. L. Bowen. ‘‘ Note on the Determina- 
tion of Boric Oxide in Glass,” by Miss V. Dimbleby. 
““The Thermal Expansion of Glasses of Three or More 
Constituents,” by Professor W. E. S. Turner and Mr. F. 
Winks. ‘ Notes on Various Old Glasshouses,” by 
Mr. F. Buckley. ‘‘ A Study of the Chemical Reactions 
in the Melting of Potassium-Borosilicate Glass,” by Mr. 
M. A. Besborodov and Mr. Z. M. Silberfarb. 


Royat Instrrution.—Tuesday, February 18, 5.15 


.m., 21, Albemarle-street, W.1. ‘‘ X-Ray Deter- 
mination of the Structure of Cellulose,” by Sir William 
Bragg. 

IntummatiInG ENGINEERING SocreTy.—Tuesday, 


February 18, 6.30 p.m., Lighting Service Bureau, 
15, Savoy-street, Strand, W.C.2. “‘ Modern Incandescent 
Lighting in Kinema Studios,” by Mr. W. H. Villiers. 


ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Tuesday, February 18, 7.15 p.m., Junior Institution 
of Engineers, 39, Victoria-street, S.W.1. “‘ H.T. Heating 
of Water and its Application to Large Buildings,” by 
Mr. F. Selly. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
February 18, 7.30 p.m., 198, West-street, Sheffield. 
“Cobalt Magnet Steels,” by Mr. H. E. Kershaw. 

INstTITUTION oF AUTOMOBILE ENGINEERS.— Wolver- 
hampton Centre: Tuesday, February 18, 7.30 p.m., 
The Engineering and Scientific Club, Queen Street, 
Wolverhampton. ‘The Double-Six Engine,” by Mr. 
L. H. Pomeroy. 

Royat MetTeorotocican Socrety.—Wednesday, 
February 19, 5 p.m., 49, Cromwell-road, South Ken- 
sington, S.W.7. “The Distribution of Terrestrial 
Radiation,” by Dr. G. C. Simpson. ‘The Cyclonic 
Depressions of November 16 and 23, 1928,” by Mr. 
Cc. K. M. Douglas. 

Newcomen Socrety.—Wednesday, February 19, 
5.30 p.m., Institute of Marine Engineers, 85-88, The 
Minories, E.C.3. ‘‘ Pioneer Ships of the Atlantic Ferry,” 
by Eng.-Capt. E. C. Smith. 

RoyaL AERONAUTICAL SocteTy.—Wednesday, Feb- 
ruary 19, 6.30 p.m., Institution of Electrical Engineers, 
Victoria-embankment, W.C.2. “Gliding,” by Dr. W. 
Georgii. 

INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Section: Wednesday, February 19, 7 p.m., Grand 
Hotel, Birmingham. ‘‘ Recent Developments in Engineer- 
ing Materials,” by Mr. T. H. Turner. 

DieseEL EncInE Users’ AssociaTion.—Friday, 
February 21, 3.30 p.m., Caxton Hall, Westminster, 
§.W.1. The Report of the Committee on Heavy-Oil 
Engine Working Costs, 1928-29. 

Nortu-East Coast INstrTUTION OF ENGINEERS AND 
SuipBumLpERS.—Friday, February 21, 6 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘‘ Powdered Coal for 
Ship Propulsion,” by Rear-Admiral W. 8. Hill. 








Propuction or LEAD IN THE UNITED States.—The 
total output of refined lead in the United States was 
689,000 tons in 1929, compared with 626,202 tons in 
1928. The main producing states are South-Eastern 





Missouri, Utah, and Idaho. 
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important vessels coming under the 


t by Messrs. William Doxford and Sons, Limited, 
In addition to the above vessels, a contract 


Sunderland. 









tand Company, Limited, 4, Lloyd’s- 
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THE BRITISH 


INDUSTRIES 
BIRMINGHAM. 


SUPPLEMENT TO 





FAIR AT 


ENGINEERING. 


WE reier at some length in our leader columns 
to the rapid growth of the British Industries Fair, 
and to the possible directions in which it might be 
made of increasing value to the engineering industry. 
We may, therefore, confine the. introduction to 
our account of the Exhibition which opens at 
Castle Bromwich on Monday next, and closes on 
the 28th inst., to a brief discussion of the products 
exhibited, and to one or two minor details in the 
arrangements. Before doing so, however, a word 
may be said about the fact that our account of the 
Fair is appearing for the first time as a special 
Supplement. We believe that, upon the whole, 
this step will be to the advantage of our readers, 
as it gives them a comprehensive review of the 
exhibits in advance. Such a review is of considerable 
advantage to those who intend to visit the Fair, 
as it enables them to concentrate at once on the 
exhibits in which they are particularly interested. 
This method of presentation has, however, certain 
disadvantages. Our readers will appreciate that 
the whole of our description must be prepared in 
advance of the date of opening, and as it is not 
always possible for manufacturers to decide upon 
the exact nature of their exhibits until a compara- 
tively short time before that date, there is a 
possibility that some exhibit of particular interest 
to our readers may be omitted from our description. 
Every care is taken that these omissions are only 
of a minor nature, and should a maker decide at 
the last moment to exhibit a product of unusual 
engineering interest, it will be made the subject 
of a separate description. 

Although, as stated in our leading article, the 
exhibits at the heavy section of the Fair at Castle 
Bromwich are best covered by the term “ general 
engineering,” two specialised branches tend to pre- 
dominate. When first held in 1920, the exhibition 
at Birmingham was intended to be representative 
of the typical industries of the neighbourhood. 
Even at that date, however, the suggestion was 
honoured more in the breach than the observance, 
as firms having their works in such distant areas 
as Glasgow and Dundee exhibited. Subsequent 
Fairs have been almost entirely without geographical 
significance, except in so far as press work has 
constituted an important feature. This branch of 
industry is concentrated in the Birmingham area 
to a considerable extent, and not only all types of 
pressings, but the machines on which they are pro- 
duced, are widely in evidence. Apart from sheet- 
metal work, presses are now very largely used for 
Bakelite and similar products, and the latest 
machines exhibited are mainly designed to deal 
with such materials. The other branch of engineer- 
ing work which tends to predominate is heavy oil- 
engine manufacture. Although one or two important 
‘ums engaged in this class of product are located 
in the Birmingham area, makers from all over the 
country are showing, and the importance of this 
class of exhibit is no doubt explained in part by 
the fact that the engines can be used in almost 
every branch of industry, and in part because 
there is no exhibition devoted exclusively to these 
products, Other than electrical appliances, the 
remaining exhibits are too varied to admit of classi- 
fication, as they range from cranes and other hand- 
ling appliances to special machines used in such 
industries as box-making. 

_ Apart from its somewhat isolated situation and 
limited size, the Fair building is now well suited 





for its purpose, but that the latter is a very appreci- 
able disadvantage is shown by the extension of the 
outside exhibition area, inaugurated for the first 
time last year. February is hardly an ideal month 
for holding an exhibition in the open, and it is 
significant of the importance now attained by the 
Fair that exhibitors should be prepared to submit 
to the obvious disadvantages of an outside stand. 
Before describing the exhibits in detail, reference 
may perhaps be made to a small defect in the 
official catalogue. Upon the whole, this is an 
admirable publication, in keeping with the high 
standard achieved throughout the exhibition by 
the organisers, the Birmingham Chamber of 
Commerce. Some little difficulty, however, occurs 
in certain cases in finding the detailed description of 
a firm’s products, since the index gives the stand 
number instead of the page on which the details 
are to be found. No difficulty would arise on this 
account if the stands were listed in strict numerical 
order, but as this is not the case, it would be a 
convenience if both stand and page numbers were 
given in the index. We may commence our 
description of the exhibits by dealing with some of 
the oil engines. 

In dealing with the exhibits at the last Fair, 
we described a four-cylinder airless-injection engine 
shown by Messrs. Crossley Brothers, Limited, Open- 
shaw, Manchester. This year, the firm are exhibit- 
ing a larger engine of the same type, in which the 
exceptionally clean appearance which characterised 
the smaller model is retained. Apart from any 
aesthetic value pertaining to this feature, the absence 
of external piping and the plain external surfaces 
tend to the maintenance of a clean engine, and as 
any small escape of oil is retained within the engine 
casing, the engine room can also be readily kept in 
spotless condition. If the illustration of the larger 
engine given in Fig. 1, on page 204, be compared 
with that of the smaller unit on page 191 of our 
cxxvii volume, it will be seen that the resemblance 
between the two engines is a very close one, but as 
the two photographs are taken from a different 
angle, some additional details are brought out in 
that of the larger model. Our description of the 


engine has a cylinder bore of 12 in. and a piston 


range of fuels. The base plate is a cast-iron girder 


on the underside for fitting to an auxiliary base 
plate when desired, and is provided with the usual 


box section girder, designed to give complete free- 
dom from perceptible vibration. 


each cylinder. 





The cylinder head is a separate casting of simple 
form, designed to avoid tortuous gas passages, and 
to be free from excessive temperature stresses. The 
top casing of the engine, which covers the camshaft 
operating levers, is fitted with aluminium sliding 
covers giving immediate access to the valve gear 
and atomisers. Both inlet and exhaust valves are 
mounted vertically in the cylinder head, each valve 
being in a separate cage. The camshaft is overhead 
and is driven by a silent chain. The cams on the 
shaft actuate the valves through steel rocking levers, 
the latter bearing directly on the cams. The 
pistons are of the trunk type, ribbed to prevent 
distortion. The gudgeon-pin is secured by means 
of a key, and is hollow. The connecting-rod is made 
from acid open-hearth steel. The crankshaft is of 
larger diameter, the main-end bearings being 7} in. 
diameter by 92 in. long, and the intermediate 
bearing 7} in. diameter by 7 in. long. The big end 
bearings are the same size as the intermediate 
bearing, while the small ends are 5 in. diameter by 
52 in. long. The main bearings are of bronze lined 
with white metal, and the big ends are heavy steel 
housings, lined with white metal and secured by 
four bolts. 

The fuel pumps are arranged in one unit at the 
end of the engine, as shown inthe figure. The pump 
block is of steel, machined from the solid. The 
plungers are of steel, hardened and ground, and 
operate in detachable guides lapped to an accurate 
fit with the plungers. The pump operates on the 
by-pass principle, and each pump can be accurately 
balanced to deliver its relative quantity of oil, in 
relation to the other pumps, by a simple adjustment 
of the control valve lever. The pumps are provided 
with separate trip levers for cutting any one out of 
action. The spray valves are of the differential 
spring-loaded type, and are of simple construction 
and easily detachable for cleaning. An oil strainer 
is fitted to each sprayer. The governor is made from 
steel throughout, and is fitted directly on the end 
of the crankshaft. It is capable of a speed adjust- 
ment of 5 per cent. above or below normal. The 
bearings throughout the engine are lubricated on 
the pressure-feed system, the oil pump being 


110-h.p. unit was very brief, and as many of the | duplicated and located in an accessible position on 
following particulars apply equally to both engines, | the end housing. A dry sump is employed, and in 
they will, no doubt, be of interest. The 220-h.p. | addition to the usual strainers, the system is pro- 


vided with a priming pump. The cooling water is 


stroke of 16 in. It is capable of the rated output | pump circulated, the pump being mounted on the 
for a period of twelve hours’ continuous running | engine frame, and chain driven from the crankshaft. 
at 350 r.p.m., and has an overload capacity of |The engine is started by compressed air, each 
10 per cent. for one hour. It will operate on a wide | cylinder being fitted with a positively-timed air 


valve operated from the camshaft, and further 


casting, and is ribbed to offer adequate resistance | controlled by an automatic valve in the cylinder 
to torsional and bending stresses. It is machined | head. 


We have frequently referred in the past twelve 
months to the development of small high-speed 


outside oil channel. The frame is a heavy cast-iron | airless-injection engines suitable for heavy vehicles, 
tractors,andso on. More than one such engine was 
shown at the last Fair, and we expressed satisfaction 
The lower portion forms the upper part of the|at the time that British manufacturers appeared _ 
crankcase, and the upper portion constitutes the |to be making a very real effort to make up the lee- 
water-jacket. The lower doors, visible in the figure, | way that undoubtedly existed when our position 
give access to the moving parts, while the upper cir- | was compared with that of Germany, Switzerland, or 
cular doors communicate with the water space round | Italy. Even today, it may be noted with regret 
Each cylinder liner consists of a | that the most successful engine of this type employed 
plain parallel casting, with the top portion spigoted |in the British Isles is of foreign design, though of 
into the frame and held down by the cylinder head. | British manufacture. 
The lower ends of the liners are free to expand | however, recently placed engines of this type on the 


Several British firms have, 











through a gland packed with a rubber ring. | market, and we trust that these engines will be 
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given an impartial trial by makers of heavy vehicles 
and tractors. One of the latest of these engines is 
being shown by Messrs. Norris, Henty and Gard- 
ners, Limited, Barton Hall Engine Works, Patri- 
croft, and is shown on the firm’s stand coupled to a 
dynamo and a Gardner two-stage air compressor, 
the three units being carried on a common bed 
plate. The set is illustrated in Fig. 2, annexed, 
and it will be seen that the engine is a four-cylinder 
model. The engine has been designed to have 
approximately the same power to weight ratio as 
an ordinary petrol-paraffin engine. It is made in 
five sizes, developing respectively 19, 28}, 38, 473, 
and 57 brake horsepower, at 1,000 r.p.m. This 
corresponds to the heavy-duty speed for continuous 
service, but if the engine is required to take short 
period overloads, as for example, under acceleration 
conditions when fitted in a motor vehicle, it may be 
speeded up to 1,200 r.p.m., when the output for 
each of the models referred to above will be increased 
by some 20 per cent. The fuel consumption at 
1,000 r.p.m., is about 0-41 lb. per brake horse- 
power hour. The cylinders are cast in pairs, and 
the whole of the valve gear, the governor, the fuel 
pumps, and all other working parts are totally 
enclosed, giving a neat appearance to the engine. 
Care has been taken, however, to render all parts 
likely to require attention readily accessible. 
Forced-feed lubrication is employed for the main and 
big-end bearings, and the supply is carried through 
tubular connecting rods to the gudgeon pin bearings. 
In addition, the whole of the valve mechanism, 
including the fuel pump cams and rollers, is 
supplied with oil under pressure from the main 
system. The governor is of the usual centrifugal 
type, and controls the amount of fuel injected in 
accordance with the load. The governor can be 
adjusted by hand while the engine is running, the 
available speed range being between 330 r.p.m. and 
1,200 r.p.m. The engine is started by a starting 
handle of the usual car type, compression release 
gear being provided to enable an easy swing over to 
be obtained. It is equally suitable for use in 
traction work, marine propulsion, or for stationary 
lighting or pumping sets, alternative crank cases 
being available for marine or stationary work. In the 
former case, the lower half of the case is arranged for 
bolting to seatings, while in the latter, a flat base 
is provided for mounting on a concrete foundation 
or cast-iron bed plate. It is interesting to note that 
no light alloys are employed in the construction of 
the engine, although, as stated, the weight is com- 
parable with that of a petrol-paraffin engine. 
In addition to the set described, Messrs. Norris, 
Henty and Gardners are showing a single-cylinder 
horizontal engine of the Diesel type developing 
17 to 19 brake horse-power at 275 r.p.m., together 
with small compressor and lighting sets. 

So far as small stationary engines are concerned, 
it is now fully recognised that there is room for 
models operating on either the two or four-stroke 
cycle each having its particular advantages for 
different classes of work. Engines operating on 
the two-stroke cycle, for example, offer advantages 
in cases where reliability, simplicity and durability 
are of special importance, and where a high degree 
of economy is only a secondary consideration. 
Simplicity, in particular, is especially desirable 
in cases where the engine is run by unskilled labour, 
and the possibilities in this direction afforded by 
the employment of the two-stroke cycle are well 
brought out in a new range of small engines intro- 
duced by Messrs. Tangyes, Limited, Cornwall 
Works, Birmingham, and shown for the first time 
at the Fair. These »ngines are made in three 
sizes, respectively developing 2}, 4 and 6 brake 
horse-power at speeds of 650, 600 and 575 r.p.m. 
They are equally suitable for driving pumping, 
electric lighting, sawing, or barn machinery, and 
will run satisfactory on a wide range of oils, includ- 
ing paraffin and Diesel oil. 

One of the engines is illustrated in Fig. 3, on page 
205, and it will be noticed that it is of the vertical 
type, and that a large cast-iron silencer is per- 
manently mounted behind the cylinder, with the 
connection for the exhaust pipe at the top. The 
bedplate forms the bottom half of the crankcase, 
and is of sufficient depth to enable the flywheels 
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The bedplate is provided with an oil groove round 
the outside bottom edge. The cylinder block, of 
cast-iron, is in one piece with the top half of the 
crankcase, the joint being made with accurately 
machined faces. A small vaporiser is incorporated 
in the cylinder head, and starting is effected in the 
usual way by heating up with a blow lamp for a 
few minutes. The head and vaporiser have been 
designed with a view to eliminating any possibility 
of cracking either during the preliminary heating 
up or during service. They can easily be removed 
for examination or for cleaning. The piston is 
ground, and is fitted with cast-iron rings and a 
hardened steel gudgeon pin. The crankshaft is 
made from mild steel, and runs in white-metal 
lined bearings, designed to give easy accessibility 
and also to prevent loss of compression after long 
periods of running. The connecting rod is a steel 
stamping, and is fitted with a white-metal lined 
bearing for the big end, and a phosphor-bronze 
bush for the small end. The crankshaft is balanced. 
The fuel pump is of simple type, and is controlled 
by a governor mounted on the crankshaft outside 
one of the flywheels, as shown in the figure. Govern- 
ing is effected by varying the stroke of the fuel- 
pump plunger in accordance with the load. A 
force-feed lubricator, clearly visible in the illustra- 
tion, is provided for all the bearings except those 





to clear the floor when no pedestal is employed. 





Fic. 2. GENERATOR AND COMPRESSOR SET; Messrs. Norris, HENTY 
AND GARDNERS, LIMITED. 


The engines can be supplied as portable units if 
required. 

Although Messrs. R. A. Lister and” Company, 
Limited, of Dursley, have been manufacturing 
lighting sets for some years, they have previously 
confined themselves to sets of moderate size. This 
year, however, they are marketing two units of 
250 and 500 watts, respectively, designed to meet 
the demand for a small electric generating and 
mechanical power plant for country houses, the 
workshops of amateurs, and so on. We understand 
that the main features aimed at in these sets, one 
of which is illustrated in Fig. 4, page 205, are 
economical running, ability to meet sudden and 
considerable overloads, and a high degree of reli- 
ability. The engines, of } and 1 brake horse-power, 
respectively, operate on the two-stroke cycle, and 
are water-cooled, the circulating system embracing 
the cylinder head as well as the jacket. The smaller 
engine has a cylinder bore of 2 in and a piston-stroke 
of 2 in., the corresponding dimensions for the larger 
model being 24 in. and 3 in. Petroil lubrication is 
employed, and the cooling water is circulated on the 
thermo-syphon system. The 4-h.p. engine runs at 
1,200 r.p.m., and the 1-h.p. engine at 1,000 r.p.m. 
Ignition is effected by an M.L. magneto, and a 
float carburettor is employed. The inside of the 
cylinder heads is machined. 





for the crankshaft, which are of the ring-oiled type. 


The crankshaft is carried in two large ball 
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bearings, while the big-end is of the roller-bear- 
ing type. A centrifugal governor is fitted, the 
gear being self-contained and detachable. The 
governor controls the throttle opening through the 
medium of a single crank-lever. The cylinder head 
is detachable, and the interior of the crank-case may 
be readily inspected by removing the end cover. 
In addition, the opposite cover, which carries both 
the governor and the magneto, can be easily re- 
moved without disturbing the engine timing. The 
dynamo and engine are mounted on a common bed- 
plate, and are connected together by a flexible 
coupling. The switchboard is arranged for wall- 
mounting, as shown in the figure. The set is of 
the battery type, special care being taken to ensure 


that the batteries are automatically kept fully 
charged. Starting up may be effected by using 
the dynamo as a motor, or by either handle or 
cord gear. The smaller set will operate for about 


12 hours on a gallon of petrol, and the larger set 
for about half this period. The quantity of lubricat- 
ing oi! required is very small, being } pint to each 
gallon of petrol. The engines can be supplied as 
Separate units for driving small machine tools or for 


barn or dairy machinery. 

Many of the small general-purpose engines on the 
market can be run on either petrol or paraffin, but 
as an engine designed to utilise the latter fuel must 
have a relatively low compression ratio, it cannot be 
economical when running on petrol. To overcome 


this difficulty, Messrs. Petters, Limited, of the 
Westland Works, Yeovil, have introduced a simple 
modification in their range of Universal engines, 
which are made for outputs of from 1} to 5 brake 
horse-power. These engines are equipped with 
detachable heads, and the modification consists of 
the introduction of a compression ring between the 


| head and cylinder, of such a thickness that, without 
the ring, the correct compression ratio for petrol is 
obtained, and with the ring, the correct ratio for 
paraffin. The method of fitting the ring is shown 
in Fig. 6, page 206, and the makers state that the 
change-over only occupies a few minutes. Apart 
from this fitting, the engines, which were described 
on page 756 of ENGINEERING, vol. cxxiv, can be 
supplied as either petrol or paraffin models, and in 
either case are equipped to run on the alternative 
fuel. It will be appreciated, however, that the engine 
arranged for running on paraffin will have a rather 
high consumption when utilising petrol, and that 
in the opposite case, the brake horse-power will 
only be about two-thirds of the rated value. 
Apart from this exhibit, Messrs. Petters are 
showing a full range of their engines, together with 
lighting and compressor sets. Practically all these 
exhibits have been previously described in our 
columns. In the case of the Atomic airless-injec- 
tion engines, our description, given on page 223 of 
our issue for February 22 last, dealt with a single- 
cylinder unit, while the engine shown at the Fair 
is of the thrée-cylinder type. This model, which is 
illustrated in Fig. 5, page 206, is of 195 brake horse- 
power, the complete range including engines having 
from one to four cylinders, and varying in power 
from 25 to 260 brake horse-power. The makers 
state that the brake thermal efficiency is 32 per cent., 
and as the engines operate upon the two-stroke 
cycle, they are of relatively simple construction, 
and correspondingly reliable. In the multi-cylinder 
engines, there is a separate fuel pump for each 
cylinder, but, as shown in the model illustrated, all 
the pumps are grouped together at one end. In 
general, the constructional details of the 195-brake 








horse-power engine are similar to those of the 





Fic. 4. Automatic Ligutine Set; Messrs. R. A. ListeR AND 
Company, LIMITED. 


single-cylinder engine already described, and there 
is therefore no necessity to describe the former in 
detail. It will be noticed from the figure, however, 
that the cylinder and upper half of the crank-case 
form separate castings, whereas in the small model 
these two parts were in one piece. 

One of the lighting sets shown by Messrs. Petters 
embodies an improved-type controller and starting 
gear. The controls are mechanically interlocked, 
with self-cleaning contacts. The pressure on the 
contacts is high, while the energy required in the 
actuating coils is small, due to the efficiency of the 
magnetic circuit employed. Large-gauge windings 
are used, which remain idle except during the few 
seconds occupied in starting and stopping. The 
control switches may be placed in any convenient 
position. The controller functions as follows :— 
To start up, the nearest control switch is 
closed, causing an electro-magnet in the con- 
troller to close contact, when the motor starter sets 
the engine running. The earth connection to the 
magneto, which had occasioned the previous shut- 
down, is now automatically broken, and regular 
ignition takes place in the cylinder. As soon as the 
engine gathers speed, the lamps in the house begin 
to glow, when the operator releases the switch, 
and the starting controller windings are cut off 
from the starting battery. All the above operations 
occur practically simultaneously, and a momentary 
pressure on the switch suffices to obtain light. As 
soon as the correct voltage is generated by the main 
dynamo, a cut-out, which is part of the controller, 
automatically puts the starting battery on trickle 
charge to make up for the starting current used, 
but at a very low rate of supply, which prevents the 
overcharging of the batteries. To discontinue the 
supply ef light, all that is necessary is to press the 
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nearest control switch into the position marked 
“Stop.” The lights then quickly become dimmed, 
and the switch can be released at once, the engine 
coming to rest. 

As we have mentioned in our introduction, the Fair 
offers an exceptional opportunity for studying heavy- 
oil engine design, as all the recognised types are well 
represented. The great majority of the engines 
operate on the airless-injection principle, and it 
may be noted in passing that it is this method of 
injecting the fuel, originally developed in England, 
which has made the small high-speed engine possible. 
One of the most ingenious applications of this 
principle is the spring-injection system associated 
with the Blackstone engine, but also employed by 
Messrs. Davey, Paxman and Company, Limited, 
of the Standard Ironworks, Colchester. The 
Blackstone system has been fully described in our 
columns, and we have also dealt with its use, in 
conjunction with the Paxman eccentrically-operated 
exhaust valve gear, on the engine shown by Messrs. 
Davey, Paxman. This engine is a four-cylinder 
vertical model with a normal output of 265 brake 
horse-power at 333 r.p.m., and an overload capacity 
of 305 brake horse-power for one hour. It was de- 
scribed and illustrated on page 224 of ENGINEERING, 
vol. cxxv. While dealing with Messrs. Davey, 
Paxman’s products, mention may be made of an 
all-steel sectional hot-water boiler also shown at 
the Fair. This possesses obvious advantages over 
the ordinary cast-iron boiler, since its construction 
from mild-steel plating eliminates any risk of 
fracture and materially increases its useful life. 
The boiler is built up on the multiple-unit system, 
each section being self-contained. The front and 
back sections are water-cased, and the gases pass 
three times along the length of the boiler, which 
has a double-return flue. There are no tubes, and 
the straight flat surfaces of the gas passages can 
be readily swept through from the doors at each 
end. The boilers are made for central heating 
either by hot water or low-pressure steam, a third 
type being designed to provide a domestic hot-water 
supply or similar purposes. 

Another new airless-injection engine is being 
shown by Messrs. W. H. Allen, Sons and Company, 
Limited, of the Queen’s Engineering Works, Bed- 
ford. This engine is a three-cylinder model of 
100 brake horse-power, and is representative of a 
range having from two to six cylinders and varying 
from 65 to 200 brake horse-power, the speed in 
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each case being 500 r.p.m. The engine exhibited is 
noteworthy for its compactness, the overall length 
being only 7 ft. 8 in., while the width is 4 ft. 2 in. 
and the height 6 ft. The engine is direct-coupled 
to a direct-current dynamo of the multipolar open 
type, the two units being mounted on a common 
bed-plate. The general construction complies with 
the latest requirements of the British Engineering 
Standards Specification. The dynamo is capable 
of an output of 65 kw. at 220 volts. Asecond engine 
of the same type, also shown on the stand, is repre- 
sentative of a range having outputs varying from 
130 to 750 brake horse-power, the speed in this 
case being 400 r.p.m. The engine is direct-coupled 
to an Allen direct-current dynamo having an output 
of 132 kw. In both engines, great attention has 
been paid to the question of the filtration of both 
the fuel and lubricating-oil supplies, dual-type 
filters being provided in each system. The fuel 
consumption is stated not to exceed 0-39 lb. per 
brake horse-power per hour on full load, when using 
standard grade Diesel oil having a calorific value of 
approximately 18,500 B.Th.U. per lb. The firm also 
manufacture engines of the Burmeister and Wain 
type, and representative photographs of such engines 
are exhibited. 

Messrs. Blackstone and Company, Limited, of 
Stamford, are showing five slow-running horizontal 
engines incorporating the spring-injection prin- 
ciple, the sizes ranging from a single-cylinder model 
of 14 brake horse-power to a twin-cylinder engine 
of 130 brake horse-power. Numerous descriptions 
of these engines have already appeared in our 
columns, details of the spring-injection mechanism 
being given on pages 60 and 638 of our 118th volume. 
In addition to the exhibits mentioned, Messrs. 
Blackstone are showing examples of their petrol and 
petrol-paraftin engines, petrol-electric lighting sets, 
and an unchokeable pump. All these exhibits are 
so well known as not to require d :tailed description. 

The great development which has taken place 
in oil engines since their first introduction is 
strikingly brought out by one of the exhibits of 
Messrs. Ruston and Hornsby, Limited, of Lincoln. 
This consists of a 9} brake horse-power Hornsby 
engine which has been in service since 1892. 
Incidentally, the exhibit recalls the fact that the 
firm were pioneers in oil-engine design, and also 
affords striking testimony to the reliability of 
their products. By way of contrast to this exhibit, 
Messrs. Ruston and Hornsby are exhibiting a 
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| petrol-paraffin engine of much smaller size, but of 
|approximately the same power, together with 
‘examples of their well-known _airless-injection 
jengines. The largest model of this type shown is 
'a three-cylinder vertical unit, similar in genera! 
| design to that described on page 230 of vol. cxxi 
|of ENGINEERING. As regards other exhibits, the 
| firm are showing an air compressor of the single- 
| Stage type. This is suitable for use in connection 
| with the starting system of the larger engines, and 
is driven by a petrol-paraffin engine. It has a 
| capacity of 10-6 cub. ft. of free air per minute at 
560 r.p.m., and will give a maximum air pressure 
of 300 lb. per square inch. The firm’s crude oil 
roller, described on page 825 of our last volume, is 
also exhibited. 

It would be merely tedious to mention all the 
oil engines shown at the Fair which have been 
previously described in our columns, and we may 
conclude our account of this section of the Exhibi- 
tion by a brief reference to the products of Messrs. 
Fielding and Platt, Limited, Gloucester, and of 
Messrs. The National Gas Engine Company, Limited, 
Ashton-under-Lyne. The former firm are showing 
two of their low-pressure cold-starting engines of 
50 and 60 brake horse-power, respectively, both 
being of the electric lighting pattern. The National 
Gas Engine Company, Limited, are showing a 
horizontal twin-cylinder model with a maximum 
output of 84 brake horse-power at 250 r.p.m., a 
single-cylinder horizontal engine developing 24 
brake horse-power at 275 r.p.m., a horizontal gas 
engine of small size, and petrol-paraffin engines 
driving various units. The first of these engines 
was described on page 72 of vol. cxxvi of Enat- 
NEERING, and all the others have also been described. 

We have referred, in our introduction, to the 
large exhibit of presses, and among the products 
of this type exhibited, reference may be made to 
those shown by Messrs. Hollings and Guest. 
Limited, Thimble Mill Lane, Birmingham. We 
have described several of the presses made by this 
firm in connection with earlier Fairs, but have not 
previously dealt with the machine illustrated in 
Fig. 7, on the opposite page. This is a hydraulic 
four-column press fitted with three steel hot plate 
giving two daylights, and has been specially designe! 
for the manufacture of artificial horn, fibre, bake- 
lite mouldings and insulating materials of all kind. 
The working table of the press is of cast iron. 
36 in. long by 30 in. wide, and is recessed for the 
ram and guided on four columns as shown. The 
press head is also of cast iron, and is machine! 
on the underside to receive the hot plate. The 
three hot plates are 36 in. long, 30 in. wide and 
2in. thick. One plate is attached to the press table. 
a second to the head, and the third is suspended 
between the other two, as shown in the figure. Th: 
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daylight between the plates is 6 in. in each case. 
The cylinder of the press is made from cast steel, 
and is bored for the ram and gland. The ram is 
of cast iron, machined and polished. It is spigoted 
into the table, and has a stroke of 12 in. The four 
press columns are of mild steel, machined all over. 
The steam supply is connected to the hot plates by 
flexible steam pipes, not shown in the illustration. 
As regards the method of operation, single presses 
can be operated either by a hand or power pump, 
but a battery of presses is more conveniently worked 
by means of a low-pressure water supply for bringing 
the plates up to the work, the final high pressure 
being applied by means of a hand pump. The 
dimensions given apply to the machine shown at 
the Fair, but other sizes can be supplied, according 
to the work required to be done. 

Other machines shown on the same stand are 
a small ejecting press for use in conjunction with 
the four-column press described to eject the dies 
from their ring, or for similar work, and an example 


of the firm’s well-known baling presses. A range 
of other hydraulic plant, such as accumulators and 
pumps. is also being shown, together with anexample 
of the positive-action pump, described on page 224 
of vol. exxv of ENGINEERING, and the hydraulic 
propeller starter described on page 485 of vol. cxxiii, 


We have already referred to one of the engines 
shown by Messrs. Tangyes, Limited, Cornwall 
Works, Birmingham. The firm are also show- 
ing several larger models, pumps of various types, 
presses, and a variety of small workshop appli- 
ances, such as pulley blocks and lifting jacks. 
The majority of these exhibits have already been 
described in our columns, but we have not pre- 
viously dealt with the 120-ton hydraulic press 
illustrated in Fig. 8, above. This is, in fact, 


demand for a powerful press for moulding bake- 
lite and other plastic materials. As will be clear 
from the illustration, the press is of the upward type 
with three daylights for multiple moulding. The 
plates are 17 in. square, and are made from forged 
steel, drilled from the solid. They are steam- 
heated and designed to give an even heat distribu- 
tion. The cylinder crosshead is of cast-iron, and 
is bored to receive the ram, which is also of cast- 
iron. It is fitted with a gland and recessed for 
U-packing. The four columns which tie the cross- 
head to the head are of mild steel. A cast-iron 
platen is mounted on the ram, and is faced to receive 
the lower hot plate. The press-head is of cast-iron, 
faced to receive the top hot plate, and bored for 
the columns. The two push-back cylinders, one of 
which can be seen in the figure fitted to the head, 
are for accelerating the return stroke of the platen 
and the main ram. The cylinders are of cast-iron 
with mild-steel rams, and are fitted with U-packings. 
They are operated at constant pressure. The main 
{ram is controlled by a valve fitted with a hand lever, 
and has automatic control for the high pressure. 
The valve is so arranged that, by a single move- 
ment of the lever, the operator first puts the ram 
under low pressure, and finally admits the high pres- 
sure to complete the pressing. The valveis claimed 
to be proof against mistakes, and to involve a 
minimum of delay in operation. Insulation is 
provided between the head, the platen, and the hot 
plates. The presses are made in various sizes, and 
can be supplied with gas or electric heating for the 
plates, as alternatives to steam. 

Many of the presses exhibited are standard 
products, and. have therefore been previously 
described in our columns. Messrs. John Hands 





® new product, and has been designed to meet the | example, are exhibiting an 80-ton percussion screw 


and Sons, Limited, Belmont Row, Birmingham, for 
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press similar to that described on page 220 of 
vol. exxv of ENGINEERING. In addition, the firm 
are exhibiting a number of other standard presses, 
among which may be mentioned an overhung direct- 
driven press, capable of exerting a pressure of 
25 tons at the bottom of the stroke, and a double- 
sided, single-geared press to give a blow of 100 tons 
in the same position. The former is designed for 
general work in blank cutting, piercing, and stamping 
with combination tools, for which purpose the slide 
works in long adjustable guides to ensure accuracy 
in operation. The 100-ton press is designed for 
clipping and trimming drop forgings, and can also 
be used for heavy blanking work. 

The exhibit of Messrs. Joseph Rhodes and Sons, 
Limited, Grove Iron Works, Wakefield, consists of 
their latest model inclinable presses. Full details 
of these presses were not available at the time of 
going to press, but we understand that they 
are fitted with a new safety clutch which greatly 
increases the output of the press, and that the 
flywheel is mounted on ball bearings. The latter 
feature is probably unique, and to demonstrate its 
advantages, the press exhibited at the Fair is 
driven by a band as fine as cotton from a small 
electric motor. The press is fitted with a mechanical 
brake, which also economises power, and is arranged 
with the maker’s adjustable-stroke mechanism. 
In addition to the inclinable presses, Messrs. Rhodes 
are exhibiting an automatic press, stated to have 
a capacity of 250 to 300 gross of small stampings 
a day, and a double-sided, double-geared power 
press. The latter is fitted with the firm’s drawing 
device, previously described in our columns. It is 


capable of producing a stew-pan, 10} in. in diameter 
by 8} in. deep, from 18 B.W.G. plate in one operation. 
The press is designed to give about 12 strokes per 





minute. 
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We may conclude our description of the exhibit 
of presses by a reference to those shown by Messrs. 
George Finney and Company, Berkley-street, 
Birmingham. This firm is exhibiting a four-column 
hydraulic press with a 5-in. diameter ram, capable 
of exerting a pressure of 50 tons, a second hydraulic 
press with side opening and ejecting cylinders, and 
a pelleting and tableting machine. The latter will 
deal with work up to 2 in. in diameter by 1 in. 
thick, and is belt-driven. All three machines were 
shown at the last Fair, this year’s models only 
differing in minor details. 

Messrs. The Heatly-Gresham Engineering Com- 
pany, Limited, Gresham Iron Works, Letchworth, 
Herts., are exhibiting the portable pumping set 
illustrated in Fig. 9, on this page. This set has been 
designed primarily for agricultural purposes, and has 
an output of 65 gallons per minute at a total head 
of 25 ft. It is mounted on a three-wheeled trolley, 
and while due consideration has been given to the 
avoidance of unnecessary weight, it has been 
appreciated that machines for agricultural use 
may be subject to very rough usage. The engine 
is a 2 brake horse-power Rational model. The 
cylinder and crankcase are a one-piece casting, 
on which all bearing and supporting brackets 
are also formed. The casing is completed by a 
detachable head, and by a single inspection cover, of 
large size, on the crankcase. The camshaft and 
magneto are driven by a shaft at right-angles to 
the crankshaft, the two shafts being connected by 
skew gearing. The valves, although totally en- 
closed, are readily accessible. Thermo-syphon 
water cooling is employed. The two units are 
direct-coupled, as shown in the illustration. 

Apart from reliability, one of the most desirable 
requirements of an exhauster for railway work 
is quietness in running, and this point has received 
special attention in the machine illustrated in Figs. 10 
to 13, on the opposite page. The exhauster is being 
shown in motion on the stand of Messrs. Heatly- 
Gresham, in addition to the pumping set described 
above. As will be clear from the figures, it is of 
the totally-enclosed type, and is arranged with two 
pairs of horizontally-opposed cylinders, with cranks 
at 180 deg. The motor coupling is shown to the 
left in Fig. 12, and it will be seen that it is mounted 
on a short horizontal shaft, from which the drive 
is taken to the crankshaft by a silent chain. The 
chain sprocket on the crankshaft is bolted to a flange 
formed on the latter, and a bearing is provided on 
each side of the sprocket. There is also a bearing 
between the two centre throws of the shaft, giving, 
with the right-hand end bearing, four bearings, in 
all, for the shaft. The latter is of exceptionally 
large diameter, and should thus be entirely free 
from whip. The connecting rods are of the usual 
H-section, with split big-ends, and the form of 
the pistons can be clearly seen in Figs. 10 and 11. 
It will be noticed, from Fig. 12, that an oil sump is 
provided in the crankcase base, and oil from all 
parts of the machine drains back into this sump. 
The chain dips into the oil and carries a copious 
supply to the upper oil channel shown in Figs. 10 
and 12. From this channel, oil is directed to all 
the exhauster bearings, any surplus supplied by 
the chain running down the wall at the end of the 
chamber remote from the chain, and being returned 
to the sump. 

The valves are located in casings, provided 
with external cooling ribs, above the cylinder 
heads, as shown in Figs. 10 and 11. The valves 
are of the light plate type, and are automatic in 
action. The makers claim that, by employing 
automatic valves, the werk done on the air is 
nearly a minimum for all conditions of pressure 
on the suction side, In the case of reciprocating 
machines with mechanically-operated valves, in 
which the points of inlet-valve opening and cut off 
occur at a fixed point in the cycle, the work done 
on the air is only a minimum for one particular 
intake pressure, and it is claimed that, on this 
account, a minimum of heat is developed under 
all circumstances, in the machine illustrated, with 
the result that the machine keeps exceptionally 
cool. There are four suction and four delivery 
valves in each valve box, the former being below 
the latter, as shown in Fig. 10. The suction 
branch is on the side of the crankcase, and the 
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passages to the two valve boxes can be seen in 
Figs. 10 and 11. The exhaust passages and silencers 
are shown in section in Fig. 10, and the external 
pipes from the silencers to the exhaust outlet are 
shown dotted in Fig. 11. Accessibility has been 
given careful consideration. Access to the crank 
chamber is given by a large opening, provided 
with a ribbed cover, at the top, while large side 
covers enable the pistons to be withdrawn through 
the ends of the cylinders. Yokes are provided for 
each pair of valves, as shown in Figs. 10 and 11, 
access being given to the suction valves by remov- 
ing the delivery valve assembly complete. The 
exhauster is arranged as a testing set, and is 
electrically driven, the motor being direct-coupled 
through a flexible coupling, as already mentioned. 
Considerable time is frequently wasted in handling 
goods in congested areas owing to the necessity 
for lifting the bales or cases over obstructions, and 
the tortuous nature of the passages between the 
piles of merchandise. Such difficulties can usually 
best be overcome by an overhead telpher system, 
but an installation of this type is not always practic- 
able. Inadockshed, for example, it might seriously 
interfere with the storage space available, and in 
this and similar cases, the goods can often be most 
conveniently handled by a mobile crane. An appli- 
ance of this type is being shown at the Fair by Messrs. 
Herbert Morris, Limited, Empress Works, Lough- 
borough, and the crane in question thoroughly justi- 
fies its designation of ‘‘ Versatile.” It is illustrated 
in Figs. 14 to 16, page 210, but the photographs 
reproduced give only a limited idea of its capacity. 
The chassis is mounted on three wheels, the rear 
wheel, shown to the left in Fig. 15, being provided 
with twin tyres. The two front wheels are driven 
by independent motors, and all three wheels can be 
turned through any angle up to 90 deg., about a 
vertical axis, the front wheels being coupled in such 
a way that they always turn through the same 
angle, but in opposed directions of rotation. The 
advantages of this arrangement are clearly brought 
out in Fig. 16, which shows the wheels in plan in 
various positions. Assuming the wheels set for 








forward travel, as shown in the first diagram, a turn 
to the right or left is made by swinging over the 
rear wheel, as shown in the second diagram. By 
turning the rear wheel through a right angle and 
splaying the front wheels, as illustrated in the 
fourth diagram, the crane will rotate in a circle 
about the load as centre, and, if the front wheels 
are splayed in the opposite direction, as indicated 
in the last diagram, rotation is obtained either about 
the crane axis, the rear wheels, or in a large circle. 
according to the angle at which the front wheels 
are set. Finally, all wheels can be set at 90 deg., as 
shown in the third diagram, and also in Fig. 15. 
and the crane can then be traversed to right or 
left. 'The convenience of being able to secure any 
one of these motions when working in a confined 
space needs no emphasis. 

Petrol-electric transmission is employed, the 
engine being a four-cylinder model, mounted athwart 
the chassis. The dynamo is direct-coupled to the 
engine, and, as already mentioned, the two motors 
are mounted on the front wheels. The jib is 
mounted to swing in a vertical plane, as shown in 
Fig. 14, luffing being performed by moving the chassis. 
The jib elevating and winding mechanism is of the 
usual type, and hardly calls for special comment. 
The rear wheel is steered by a horizontal handwheel 
in front of the driver, and the front wheels are 
steered, through worm reduction gearing, from the 
electric motor which is employed for driving the lift- 
ing winch. The front-wheel steering and travelling 
motions are pedal controlled, and brakes are fitted 
to each front wheel. The brakes are independent. 
so that their action is not affected by the position 
of the wheels. The crane is made in three sizes. 
having capacities of 9-20 cwt., 15-50 ewt., and 
35-100 cwt., respectively. In the smallest size. 
these capacities correspond to radii of 8 ft. 7 in. 
and 13 ft. 9 in., the corresponding figures for the 
intermediate model being 9 ft. and 19 ft. 6 in., and 
for the largest model, 9 ft. 7 in. and 18 ft. 4 in. The 
maximum hook heights for minimum radii for the 
three cranes are 13 ft., 20 ft., and 20 ft., respectively ; 
The minimum turning circles are, respectively. 
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8 ft., 10 ft., and 12 ft. 3in. The travelling speed is 
about 350 ft. per minute, depending somewhat on 
the nature of the ground. In cases where a petrol- 
engine drive is not desirable, batteries can be fitted 
to supply power to the motors. The load on the 
driving wheels is a function of the weight being 
handled, so that adequate wheel adhesion is always 
ensured. The crane is provided with a towing 
hock, so that it can be employed as a tractor if 
required, 

Among the few machine tools on exhibit, the 
Super Elliot woodworker, illustrated in Fig. 17, on 
the opposite page, is being shown by Messrs. The 
Dominion Machinery Company, Limited, Hipper- 
holme, Halifax. This machine is of exceptionally 
ingenious design, and is suitable for a wide variety 
of operations, such as tenoning, boring and cham- 
fering, in addition to the more usual operations of 
ripping, cross-cutting, surfacing, and so on. The 
possibility of performing such a wide range of work 
on a single machine offers decided advantages to 
joiners or contractors in a comparatively small way 
of business, since, in such cases, the amount of work 
involving such operations as morticing and trenching 
rarely justifies the installation of special machinery. 
The machine would also form a valuable addition 
to the equipment of a medium-sized pattern shop. 

As will be clear from the illustration, the machine 
is motor driven, the motor being mounted on a 
slide above the tables. There are two spindles, 
one in the body of the machine and the other on the 
slide head, both being driven by belts running in 
V pulleys, as shown in the figure. The slide carrying 
the motor can be turned through any angle about a 
vertical axis, and the facilities afforded by this 
arrangement can best be brought out by describing 
the method of performing various operations. 
Ripping is performed by mounting a saw on the 
lower, or main, spindle, the timber being fed up 
to the saw in the ordinary way. Timber up to 7-in. 
deep can be ripped with a 10-in. diameter saw. 
The left-hand table shown in the figure is used for 
this operation. At the right-hand end, the main 
spindle is fitted with a self-cleaning safety cutter 
block, and this is employed in the usual way for 
surfacing. The right-hand table can also be used, 
in the latest model, for thicknessing, the timber being 
passed underneath the cutter on a subsidiary table, 
not shown in the model illustrated, provided 
with rollers. The main table has a rise and fall 
motion to enable the required thickness to be 
obtained. Rebating or chamfering can also be 
carried out by utilising the fence on the right-hand 
table. The former operation is performed with the 

standard cutter block by setting the fence for the 
required width of the rebate, and obtaining the 
required depth by lowering the table top. Chamfer- 
ing can also be carried out by lowering the table 
top to the depth desired, and tilting the fence to the 
required angle. 

The left-hand table is utilised for ploughing, the 
saw on the main spindle being removed, and the 
ploughing saw or cutter being mounted on the upper 
spindle. The work is facilitated by the fact that 
both the table and spindle are provided with a 
rise and fall motion, Suitable guards are provided 
to ensure the safety of the operator. Cross cutting 
is performed on the same table, also by utilising 
the upper spindle. The slide carrying the latter 
is swung round at right angles, and the saw is then 
drawn across the work in a similar manner to a 
swing saw. The slide is of sufficient length to 
give a 26-in. stroke for this operation, Tenoning 
is carried out in a similar manner to cross cutting, a 
dado head being fixed to the spindle in place of the 
saw. After taking off the top shoulder, the timber 
is reversed and the operation repeated. Mitreing 
is also performed in a similar manner to cross- 
cutting, except that the slide is set at 45 deg. 
Automatic stops are provided for various positions. 
The exceptional scope of the machine is well illus- 
trated by the fact that it can be employed for cutting 
a compound mitre, or hip rafter. In this case, a 
simple jig is clamped to the table to hold the work 
at the required angle, and the operation is then 
carried out in a similar manner to an ordinary mitre. 
It will be evident from the description given that, 
by a little ingenuity in the design of temporary jigs, 
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but two additional operations, which do not require 
jigs, may be mentioned in conclusion. By mounting 
a trenching cutter on the upper spindle, stair 
strings can be housed to any desired depth or angle, 
and by substituting a drill or mortising head on the 
same spindle, plain holes or mortises can be cut 
either straight or on an angle. 

A 26-in. saw bench, shown by the same firm, 
is illustrated in Fig. 18, above. The machine is 
intended for heavy work, and ample rigidity is 
given by making the body a one-piece casting. The 
table has a rise and fall of 5 in., the slides being 
adjustable. The motion is transmitted from the 
operating spindle to the elevating screws by skew 
gearing, the screws being provided with ball 
thrust washers. The loose pulley runs on ball 
bearings, and the belt-shifting gear is easily trans- 
ferred from one position to another, so that the 
machine may conveniently be driven from different 
positions. As will be clear from the figure, the guard 
is elevated and lowered by means of a hand screw 
motion, so that there is no danger of accidental 
contact between the guard and the saw. The 
spindle is 1} in. in diameter, and the table is 4 ft. 4 in. 
long by 2 ft.4in wide. Thesawruns at 1,450 r.p.m., 
and the power required is from 6 to 8 brake horse- 
power. Cuts can be taken up to a depth of 10 in. 

It is almost impossible to obtain a steady and 
regular flow of material from an inclined discharge 
hopper, as a small gate opening usually results in 
a blocked opening, and when the gate is lifted to 
clear the stoppage, the material floods out. The 
Ross feeder, shown by Messrs. Ross Patents, 
Limited, Abbey House, Westminster, S.W.1, over- 


comes this difficulty in a simple and ingenious | 





dust-removal installations, in which the firm 
specialise, are represented by a small plant applied 
to two double-ended grinders, the dust being caught 
by hoods and extracted from the air current by a 
Sirocco collector. Other exhibits by the same firm 
are air washers, mine fans, and the Sirocco packer, 
the latter being designed for packing material, in 
granular or powder form, into cases or chests without 
the application of pressure. 

Messrs. Lee and Fouracre, Steventon Engineering 
Works, Berks, are exhibiting examples of concrete- 
block, brick and slab machines. The machines arc 
constructed mainly of steel, and a pair of wheels is 
fitted at the rear just clear of the ground, so that 
they are brought into use by giving the machine a 
slight tip backwards. One of the machines shown 
is designed for the manufacture of single slabs on 
the flat, and will make slabs 18 in. by 9 in. of any 
thickness up to 44 in. It can be supplied with 
tongued and grooved plates for two thicknesses. 
A larger model is available for making slabs 24 in. 
by 12in. A second machine exhibited is constructed 
to make two blocks on edge, each 18 in. by 9 in. 
by 44 in., in a single operation, and an extra division 
plate can be employed to enable three 3-in. slabs 
to be made at the same time. A third machine 
shown is designed for the manufacture of hollow 
blocks 18 in. by 9 in. by 6 in. In addition to the 
block machines mentioned, examples of brick- 
making machines are also exhibited. 

Messrs. Alldays and Onions, Limited, Great 
Western Works, Small Heath, Birmingham, are 
exhibiting a comprehensive range of foundry and 
smithy appliances. The former are represented by 
the furnace portion of a cupola, together with 


manner. The feeder consists of a curtain of heavy | geared crane ladles suitable for iron or steel, the 


endless steel chains, driven by an overhead tumbler | 


and suspended so that the curtain lies on the material 
in the discharge spout and travels with it. The 
curtain is sufficiently heavy to prevent any sudden 
discharge of the material, and has sufficient grip 
on the uneven surface to ensure a steady flow. The 


feeder will handle a wide range of material, from | 








latter being of the bottom-pouring type. A tilting 
crucible furnace is shown, of the straight-line pouring 
type, arranged for oil firing. This furnace can, how- 
ever, also be supplied for gas operation. Smithy 
appliances are represented by a blow-down hearth, 
with self-contained electric fan, and also independent 
fans for supplying the blast to a range of hearths. 


broken stone in large pieces to coal slack, and can| A 3-cwt. pneumatic forging hammer, arranged for 


be applied to screening, in addition to its primary 
use as a flow controller. 


When describing the exhibits at the Fair held in | 


belt drive, is illustrative of a range up to 10-ewt. 


| capacity. 


One of the most recent methods of decarbonising 


1928, we dealt with the dust collector exhibited by|a car engine is by the use of steel-wire brushes 
Messrs. Davidson and Company, Limited, Sirocco | rotated by a small electric motor. The brushes 


Engineering Works, Belfast. On the present occasion ! are frequently mounted in the tool holder of an 











26-In. Saw Bencu; Messrs. DomMInIoON MACHINERY 
Company, LIMITED. 


electric drill, but the work can be executed more 
effectively and easily if a small tool head at the end 
of a flexible shaft is employed. The new machine 
shown at the Fair by Messrs. F. Gilman (B.S.T.), 
Limited, 221, High-street, Smethwick, Staffordshire 
and illustrated in Figs. 19 and 20, page 212, 
would appear to fulfil this purpose admirably, 
but it is also suitable for a wide range of other 
operations, particularly those associated with 
garage work. The machine has, in fact, been 
specially designed in order to meet the require- 
ments of the motor trade. The set is operated 
off the ordinary electric supply circuit, a suitable 
plug with a long length of cable being provided. 
The motor in the machine illustrated is of $ h.p., 
and is mounted about 3 ft. 6 in. from the ground 
on a pedestal fitted with castor wheels. It is 
supported in such a way that it can be swivelled in 
either the vertical or horizontal plane. Half way 
up the pedestal, there is a circular tray for holding 
the various working heads when not in use. The 
drive from the motor is by means of flexible shafting 
of the type described on page 611 of vol. cxxii of 
ENGINEERING. The flexible shafting runs in a rub- 
ber outer casing reinforced with steel. Various 
working heads can be attached to the driving cable 
in a simple way, and it will be evident that such 
work as drilling or grinding in awkward positions 
is greatly facilitated by the use of the tool. It is 
claimed to be equally useful for sanding car bodies 
before painting or cellulosing, as well as for polish- 
ing or finishing off the paint or cellulose. Special 
sanding and rubbing-down pads are provided for 
this type of work, either flat, or of cone shape 
for places when a flat pad cannot be used. We 
have already referred to its use in conjunction with 
wire brushes for decarbonising, and by fitting a 
softer brush, such work as cleaning the inside of 
the mudguards or the underside of the footboards 
of a car can be performed very rapidly. As a 
final example of the wide application of the machine, 
its use with a rotary rasp for tyre-repair work, as 
shown in Fig. 20, may be mentioned. Those who 
have been accustomed to carry out such operations 
as rasping out a cut in a tyre by hand will appreciate 
|the economy likely to result from the use of a 
| rotating rasp. 

The standard type of machine, shown in Fig. 19, 
has a single-spindle drive, with the spindle running 
| at 2,800 r.p.m., but a gear-box can be fitted, giving 
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three different spindle speeds. By this means, the 
value of the tool is further enhanced, since rotary 
files and similar heads can be used, an application 
which should make the tool useful in such opera- 
tions as die sinking. As mentioned, the machine 
illustrated is driven by a }-h.p. motor, but a 
second machine, generally similar in type but 
fitted with a 14-h.p. motor, is also manufactured. 

Messrs. Stewarts and Lloyds, Limited, 41, Oswald- 
street, Glasgow, are showing a representative range 
of their well-known products, such as boiler and 
stay tubes, Victaulic joints, and high-pressure steam 
pipes and fittings. The majority of these exhibits 
will be already familiar to our readers, but a some- 
what novel product is the Craggs-Plummer adjust- 
able steel pit prop, of which sections are given in 
Figs. 21 and 22, on this page. The prop consists 
essentially of two parts, a bottom tube which acts 
as a container, holding dirt or coal slack ; and a top 
tube carrying a nozzle at one end. Both tubes are 
seamless and are made from high-tensile steel. A 
foot and cap are provided, both designed to give 
a maximum bearing area with lightness and rigidity, 
and the cap is formed with a rounded edge to 
eliminate any tendency to dig into the roof bar 
while being hammered into position. The foot 
has a circular recess to avoid all possibility of slip. 
The cap, foot and nozzle pieces are stout stampings 
of mild steel, and are electrically welded to the 
tubes. 

In operation, the bottom tube is filled to within 
a few inches of the top with coal slack or dirt, and 
the top tube is placed in position. The prop is 
then hammered into place, and the nozzle is forced 
into the dirt or slack, which is therefore compressed 
and forced through and past the nozzle. During 
this action, the material is converted into a fine 
powder which passes into the inner tube, and also 
between the inner and outer tubes. The character- 
istic of the prop, that is, the subsidence obtained 
with a given load, is determined largely by the 
shape and dimensions of the nozzle. The object 
of causing some of the dirt to pass into the space 
between the two tubes is to prevent the top tube 


from being pulled out without the bottom one. Asinto the boiler must be at a pressure slightly greater | box in Fig. 23, and is thereby given sufficient 
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Fies. 21 anp 22, ApsusTABLE Pit Prop; Messrs. StEwARTS AND LioyDs, LIMITED. 
shown in Fig. 22, the powdered material between | than the steam pressure. This excess of pressure 
the two tubes prevents any movement between is used to open a valve admitting steam to the inlet 
them. When the prop has been removed, all that | cones. The velocity of the feed-water is increased 
is necessary to separate the two tubes is to reverse by means of a suitable cone, and acting as a hydrau- 
the prop, allowing the sleeve to drop out of position. | lic ejector, entrains a certain amount of steam. 
The powdered material then runs out, leaving the |The condensation of this steam causes a slight 
two parts free. The props being adjustable, can be| vacuum, with the result that further supplies of 
used at a coal face several inches less in height than | steam are drawn in. The instrument is entirel) 
the given effective length of the prop. jautomatic, as the auxiliary-steam supply will 

Messrs. Gresham and Craven, Limited, Ordsall-| close itself off as soon as the pressure falls in the 
lane, Salford, Manchester, are exhibiting examples of | delivery pipe. The makers state that a final feed 
their well-known injectors for locomotive and station- | water temperature of 325 deg. F. has been attained 
ary boilers, air ejectors, water lifters, and heaters. In | by means of this system with steam at 180 Ib. per 
addition, the firm are exhibiting the feed-water heater | square inch, and if even higher temperatures arc 
illustrated in Figs. 23 to 28, on the opposite page. | required, the device can be fed with superheated 
This is an entirely new product, and is being shown | steam. 









for the first time at the Fair. The device is adapt- | 
able to the feed delivery pipe of any type of injector, 
whether exhaust or live steam, or to the delivery | 
pipe from a force pump, and its use is intended to 
ensure that the boiler is fed with water at the| 
highest possible temperature. The heater depends 
for its action on the fact that the water being fed 


Turning now to the illustrations, the standar' 
arrangement of the heater is shown in Figs. 23 to 2». 
while Figs. 26 to 28 show a special type of injecto! 


|incorporating the device, which has proved ver} 


successful. Referring first to the standard arrange- 


| ment, water from the injector or feed pump passes 


through the feed cone A, shown to the left of the lower 
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Fies. 23 to 25. Frrp-WatTER HEATER ; 
Messrs. GRESHAM AND CRAVEN, LIMITED. 


velocity to enter the intermediate cone B, from which 
it enters the third or delivery cone C. Sufficient pres- 
sure is built up in the delivery chamber D surround- 
ing this cone to lift the back-pressure valve E, which 
is shown to the right in Fig. 25, and below the centre 
line in Fig. 24. It will be noticed, from Figs. 23 
and 25, that there is a passage closed by a piston 
communicating with the upper side of the delivery 
chamber. This piston G is mounted on a common 
spindle with the valve H above it, and the two com- 
ponents are of the same diameter. The pressure in 
the delivery chamber is slightly in excess of the 
boiler pressure, hence the pressure on the underside 
of the piston will be greater than that above the 
valve, causing the latter to lift, and allowing 
steam from the boiler to enter the space between the 
valve and piston. This space J is in direct communi- 
cation with the two ends of the intermediate cone, 
and the action of the jets entrains a small amount 
of steam which is condensed and heats up the water. 
As already mentioned, the condensation of the 
Steain causes a reduction in pressure, resulting in 
further steam being entrained in the jet. The actual 
amount by which the feed-water temperature is 
increased is governed by the pressure and tem- 
perature at which the steam is admitted, and also 
by the initial temperature of the feed-water. 

The action of the second heater, shown in Figs. 26 
to 28, is very similar to that already described. In 
this case, however, the heater is combined with 
one of the firm’s injectors, which is shown on 
the left in Figs. 26 and 27. The three cones, corre- 
sponding to those in the heater already described, 
will be picked out without difficulty, but it will be 
noticed, from Figs. 27 and 28, that the back-pressure 
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valve E is mounted horizontally at the side of the 
chest, and that the delivery branch to the boiler is 
also at theside of the latter. The pistonG and bleed- 
valve H are also horizontal and are mounted on the 
opposite side of the chest, the steam branch to the 
upper side of the valve being cast in the body, as 
shown in Fig. 27. The automatic feature of the 
device is common to both types. 
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| located between the galvanometer-boom knife edge 
and the chart. The method of driving the chart 
roll and typewriter ribbon, and the details of the 
thermo-couple connections, were fully described 
in the article referred to. Since the recorder 
described was already provided with a cyclic 
depression and release mechanism, it has been a 
comparatively simple matter to convert it to an 
automatic-control instrument, and the increase 
in cost has been less than that required for the 
adoption of a simple indicator. Certain of the 
constructional details of the recorder are important, 





in view of the fact that the periodic depression 
is effected by forces of very appreciable magnitude. 
No matter how the pen arm may be hinged or 
sprung to the moving coil, by means of which it is 
deflected, a resistant force must be transmitted 





There are various systems of securing the auto- 
matic control of temperature in an electric furnace | 
by utilising an electric pyrometer to regulate the | 
current supply. The deflecting forces on the| 
recording portion of such instruments are too | 
small to make and break relay contacts directly, | 
and, in the great majority of automatic control | 
systems, the control is obtained by the cyclic | 
depression and release of the pyrometer pointer, | 
as such a system enables forces to be obtained | 
sufficient to give a reliable make and break action. | 
A recording pyrometer of the quasi-continuous | 
form, in which the record is produced by a succession 
of dots, lends itself particularly well to adaption | 
as a combined recorder and controller, and Messrs. | 
The Foster Instrument Company, of Letchworth, 
Herts, are showing their continuous chart recorder 
modified in this way. The original instrument | 
was fully described on page 176 of vol. cxix of | 
ENGINEERING, and it may be recalled that the | 
record was formed by the periodical depression of | 
the galvanometer boom by a presser bar operated | 
by clockwork. At the top of the instrument, the 
chart travelled over a roller of small diameter, and | 
a knife edge, carried by the galvanometer boom, | 
was pressed on to the chart above this roller. | 
The effect was practically that of the meeting of 
two knife edges, so that a small dot was produced. 











The dots were printed by a typewriter ribbon, 


to the coil pivots, and the advantage of the Resilia 
system of mounting employed in the instrument is 
very considerable from this point of view. 

The new combination instrument is shown in 
Figs. 29 and 30, page 214, the latter being a view 
of the instrument in its case, and the former showing 
the general appearance with the chart removed. 
To operate the automatic control, the pen arm is 
made a part of the relay circuit to carry a very small 
current at about 4 volts. Mounted on the presser 
bar, which periodically depresses the pen arm, 
are two contacts with a minute space between 
them. These contacts are known as the high 
and low contacts, and when depressed upon the 
pen arm, they energise one or other of two relay 
circuits arranged to cut the current to the furnace 
on and off through a sealed mercury switch. It 
will be observed that the control is of the hit and 
miss type, which is found generally satisfactory 
in service. The primary-relay contacts are of pure 
gold and platinum, and are therefore quite in- 
corrodible. The break is shunted by a condenser, 
and as it only carries a minute current, no sparking 
can be observed even in complete darkness. The 
small dead space between the high and low contacts 
represents the mean point of temperature control, 
and may be adjusted by means of a key applied 
to a nut and screw mechanism, the mean point 
required being indicated by a pointer overhanging 
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the upper temperature scale of the instrument. | 
One of the charts produced on the instrument is | 
reproduced in Fig. 31, and it is observable that | 
the control takes up its work very promptly as soon 
as the desired temperature has been reached, a sharp 
point indicating the immediate change in the slope | 
of the curve. The faithful reproduction of tem- | 
perature variations is also recorded by saw-tooth 
oscillations on the curve, corresponding to small 
changes in the temperature of the thermocouple. 
The instrument is being shown in action at the 
Fair in conjunction with an electric-resistance 
furnace, and it may be noted that the recorder is 
magnetically shielded to about twice the degree 
required by the B.E.S.A._ specification. This 
point is of considerable importance, since the 
instrument is likely to be located, in practice, in 
the neighbourhood of conductors carrying heavy 
currents. In addition to the exhibit described 
Messrs. The Foster Instrument Company are show- 
ing a wide range of pyrometers together with 
automatic temperature-control and __ signalling 
apparatus. The pyrometers are of the thermo- 
couple and electrical-resistance types, and the con- 
trol apparatus is suitable for gas, oil, electricity or 
solid fuel. A number of electrical instruments of 
the high-precision type are also shown. 

We have described a number of extremely 
ingenious regulators made by Messrs. The Drayton 
Regulator and Instrument Company, Limited, 
West Drayton, Middlesex, in our columns from 
time to time, and may refer more specifically to 
the low-pressure regulator, of which a description 
was given on page 345 of vol. exxviii. This instru- 
ment is being shown at the Fair with a number of 
others, among which is the new cyclic temperature 
recorder illustrated in Figs. 32 and 33, on the oppo- 
site page. The recorder is designed automatically 
to control pressures and temperatures in such pro- 
cesses as rubber drying, according to a predetermined 
cycle, and at the same time to record the variations 
graphically. The operation of the regulator can most 
readily be followed by reference to Fig. 33, which 
shows the essential parts in diagrammatic form. 
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The Bourdon tube on the right is connected to a 
bulb containing a suitable medium which expands 
or contracts with temperature variations, or to 
the pipe in which the pressure is to be controlled. 
An arm on the tube is linked to the centre of a 
lever pivoted at the lower end, and linked to the 
control lever of a pilot valve at its upper end. 
The pin forming the fulcrum of this lever is mounted 
on a second and longer lever, the latter being 
pivoted at the top and resting against a cam at the 
bottom. Assuming the parts to be in the position 
shown in the diagram, and that the longer lever is 
held stationary, any increase in pressure in the 
Bourdon tube will cause the short lever to swing 
over to the left, thus tending to close the pilot 
valve. This, in turn, will operate the main valve 
through a diaphragm controller, similar to those 
described in connection with the Drayton regulator 
described on page 460 of vol. cxxv of ENGINEERING, 
thus tending to reduce the pressure. Inversely, 
any fall in pressure in the Bourdon tube will tend 
to open the pilot valve, so that the operation of the 
Bourdon tube maintains the pressure constant at 
any particular level. These conditions will hold 
while the end of the larger lever is making contact 
with the concentric portion of the cam, but when 
the cam commences to push the longer lever to the 
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left, the fulcrum of the shorter lever will be moved 
in the same direction. This will have the effect 
| of raising the pressure at which the Bourdon tube 
| will close the pilot valve, and the pressure will again 
be maintained constant at the higher value. The 
cam is driven by clockwork giving one revolution 
in four, 12 or 24 hours, or more, according to 
requirements. 

The pressure is recorded on a circular chart 
mounted on the front of the instrument, as shown 
in Fig. 32. The pen is mounted on the end of an 
arm equal in length to the longer lever, and moving 
with the latter, so that the pen reproduces the 
contour of the cam full size on the chart. This 
| has the important advantage of enabling new cams 
of any desired form to be made by the user. The 
desired cycle of operations is drawn on a blank chart, 
which is afterwards pasted to a sheet of celluloid. 
The contour of the cam is then followed through with 
a fret-saw, and the celluloid cam so formed is 
placed in position in the instrument. Accuracy of 
control is ensured by the comparatively large lever 
movement for small pressure or temperature varla- 
tions; thus, 1 deg. F. is rarely represented by more 
than 0-02 in., so that an error in cam shape of 0-01 in. 
only amounts to an error of 3 deg. F. The lever 
| mechanism is practically frictionless, and the whole 
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Figs. 32 anD 33. Cycrtic TEMPERATURE RECORDER 
AND CONTROLLER ; Mrssrs. THE DRAYTON REGU- 
LATOR AND INSTRUMENT CoMPANY, LIMITED. 


of the mechanism is of robust but simple con- 
struction. The recorder chart and cam are adjus- 
table independently, by means of a friction device. 
The cam disc is fastened to its metal centre by a 
simple bayonet joint. In special cases, the clock- 
work can be replaced by a synchronous alternating- 
current motor. In the instrument shown in Fig. 32, 
provision is made for independent movements 
recording and controlling both pressure and tem- 
perature variations, the two pen arms being clearly 
visible in the photograph reproduced. The instru- 
ment is mounted in a 12-in. circular case having a 
hinged cover provided with a lock. 

On page 504 of ENGINEERING, vol. exxvii (1929), 
Wwe referred to a paper before the Physical Society, 
by Mr. W. A. Benton, of Messrs. W. and T. Avery, 


Limited, Soho Foundry, Birmingham, describing 
an instrument used for the rapid determination 


of the specific gravity of solid bodies. The body 
was weighed on an accurate spring balance in air 
and in water, and by means of a parallel rule and an 
inclined scale, the specific gravity could be read 
directly. A number of instruments of this type 
were shown by Messrs. Avery at the recent 
Physical and Optical Societies Exhibition, one of 
which was specially designed for use in the 
Tubber industry, while another was intended 
particularly for the determination of the densities 
of alloys rich in copper. In Fig. 34 we reproduce 
4 photograph of the firm’s rapid gravitometer for 
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Fig. 35 illustrates the principle upon which it 
operates. As will be seen, it is a modification 
of the Avery gravitometer for solids, and it has 
the advantages of practically eliminating difficulties 
due to surface tension and of covering a very wide 
range, which would otherwise require about a dozen 
high-class hydrometers. No parallel rule is necessary 
in this case, since once the instrument has been 
adjusted for the room temperature it is only neces- 
sary to weigh the density bulb D, in the liquid of 
which the specific gravity is required, and to set the 
slide carrying the pivoted indicator so that its 
pivot is in line with the pointer of the spring S. 
In the diagram, W represents the position of the 
pointer when the bulb is weighed in water, the 
slide then cutting the scale E at 1-00. If, then, 
the vessel containing the water is replaced by one 
containing, say, oil, the spring pointer will descend 
to the position O and, by moving the slide so that 
its pivot is in line with O, the specific gravity of 
the oil, viz., 0-69, can be read off on the scale. An 
accurate determination can be made in from 
20 to 25 seconds, and the standard instrument, 
covering a range from 0-650 to 2-300, is graduated 
to 0-005 in sub-divisions #4 in. wide; it can. thus 
be read to within 0-002 s.g. or 0-001 s.g. A 
modified form of the instrument, having a more 
open scale, is graduated to 0-001 in sub-divisions 
si in. wide, and with this instrument it is possible 
to read to within 0-00025 with the aid of a lens. It 
covers a range from 0-065 to 1-200 s.g. In addi- 
tion to this instrument, Messrs. Avery are showing 
a wide range of their well-known weighing and 
testing machines. The majority of the latter have 





liquids, shown at the British Industries Fair, and 





already been described in our columns. 


Fig. 35. 
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Messrs. Gent and Company, Limited, of Faraday 
Works, Leicester, are exhibiting a number of bells, 
telephones and other signalling devices, which 
have been specially designed for use in mines, 
together with examples of their well-known Pul-syn- 
etic clocks and water-level indicators and alarms. 
One of these bells is operated by a 1/10-h.p. motor 
and is intended for fixing in the open on landing 
stages or outside fire stations. Another useful device, 
which should find considerable application in 
machine shops, is the idle-machine recorder shown 
in Fig. 36, page 216. This enables the period during 
which any machine is unproductive to be recorded 
on achart. The essential parts of the device are 
a contact unit, which is mounted on the machine 
to be recorded, and the recorder itself. In cases 
where the machine must be producing if it is running, 
the former consists of a number of contact springs 
enclosed in a cast-iron box and operated by a lever, 
which is connected to the striking gear or switch of 
the machine. In cases where the machine may be 
run slowly without producing, the operation of the 
contact unit is controlled by a centrifugal governor, 
while when an electric motor is the driving unit 
the necessary indication may be obtained through 
relays, which are cut out when the motor is not 
running. The recorder itself consists essentially of 
a drum, on which a chart is carried. This drum is 
revolved by a series of impulses. Should a machine 
cease running, the operation of the contact unit 
causes a mark to be made on the contact chart by 
a pen which is normally held off. The width of 
this chart depends on the number of machines that 
are being controlled. 

Owing to the unfortunate experience of one 
or two swimmers in the last twelve months or so, 
considerable attention has been directed to the 
importance of keeping the water in public swimming 
baths in a state of chemical and bacteriological] 
purity. This offers no particular difficulty if 
active chlorine is continually administered to the 
circulating and filtered water, in sufficient quantity 
to ensure the sterile condition of the incoming 
water. Certain requirements are, however, essential 
if the chlorinator is satisfactorily to fulfil its func- 
tions. It must, for example, be capable of working 
for long periods with a minimum of attention, and 
when adjusted for a given duty, must give a constant 
output so long as the chlorine is supplied to the 
apparatus. At the same time, the amount of 
chlorine delivered must be readily adjustable to 








meet varying conditions, and it is an advantage if 
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the apparatus can be readily incorporated in 
existing filtration plants. 

The apparatus illustrated in Fig. 37, on this page, 
which is being shown by Messrs. Royles, Limited, 
Irlam, near Manchester, has been specially devised 
with these points in view. It will be noticed 
that it is of very compact design, the whole of the 
parts being grouped in a glass-fronted cabinet 
measuring approximately 2 ft. by 3 ft. The case 
is provided with hinged doors, to give access 
to the valves, in the lower portion. The whole of 
the apparatus can be observed at any time, and 
as the measurjng and absorption devices are located 
side by side, they are in a convenient position for 
observation when adjustments are being made to 
vary the degree of chlorination. The chlorine is sup- 
plied in liquid form from a cylinder below the casing, 
and, after passing through a combined filter and 
control valve, is led through a reducing valve and 
a micro-valve to the glass seal visible above the 
right-hand gauge in the illustration. The reducing 
and micro-valves can be seen in the lower right- 
hand corner. Water from any convenient source 
is connected to a corresponding filter and control 
valve visible in the lower left-hand corner, whence 
it passes directly to an absorber chamber, the latter 
taking the form of a glass bulb shown above, and 
to the right of, the left-hand gauge. The ab- 
sorber chamber is designed to provide a fine spray, 
in the form of mist, across the interior. The 
chlorine seal-contains sulphuric acid, and the 
chlorine, after passing through the adjacent water 
trap, ascends the central tube with water supplied 
from the bulb below the absorber chamber. At 
the top of the central tube, the chlorine and 
water separate, the water falling into the graduated 
syphon vessel to the left, and the chlorine passing 
over the mouth of this vessel to the absorber. 
The chlorine is rapidly absorbed in the constant 
stream of water, the solution flowing, to the main 
conveying the filtered water, through a pipe pass- 
ing through the bottom of the case, as shown in the 
figure. As the graduated syphon vessel fills with 
chlorine solution to the level of the syphon, the 
solution flows into the vessel below the absorber 
chamber, and there mingles with the chlorine 
solution which flows to the main. The rapid 
absorption of chlorine tends to cause a partial 
vacuum in this vessel, the air-leak tube on the left 
enabling sufficient air to enter to maintain gaseous 
equilibrium. The reducing valve ensures that 
the chlorine is fed to the apparatus at constant 
pressure, its volume being regulated by the micro- 
valve. The diameter and effective height of the 
central tube, taken in conjunction with the pressure 
at which the chlorine enters, determine the ratio of 
water raised to the syphon vessel, to the volume 
of chlorine utilised in effecting this lift. It follows 
that the amount of chlorine solution delivered 
to the water to be chlorinated depends on the 
number of operations of the syphon in a given time. 

In addition to the chlorinator described, Messrs. 
Royles, Limited, are showing calorifiers, steam 
kettles, and a variety of other apparatus, several 
of the appliances shown embodying the Row 
patent tube. This is a tube flattened at regular 
distances in one plane, the intermediate portions 
being flattened in the plane at right angles. The 
resulting effect is pleasing when applied to radiator 
design, and an electrically-heated water-filled radia- 
tor made up with a series of these tubes is shown 
on the stand. Another application of the tube is 
to the small distilling plant shown in Figs. 38 and 39, 
on this page. This apparatus, which is suitable 
for hospitals, laboratories, and so on, embodies an 
evaporator, separator, and condenser in one unit. 
The main body is of cast iron, and is supported on 
stands as shown. The Kow type of tube is em- 
ployed for both the evaporator and condenser, the 
body of the former being lined with a copper tube 
extending well down below the water line. Ample 
space is provided in the upper portion of the 
evaporator to prevent any possibility of priming. 
The steam from the water evaporated passes 
up into a brass dome embodying a separator, 
and finally passes down into the condenser tube, 
the distilled water leaving at the lowerend. The 
cooling water, which enters at the lower end of 
the condenser body, passes upwards over the cooling 
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CHLORINATOR ; Messrs. Royues, 
LIMITED. 


surface and discharges into a central chamber 
between the evaporator and the condenser. This 
chamber is fitted with an overflow connection at 
about the middle, tappings being provided to 
allow a choice of connections to the drain from the 
front or back. The necessary make-up feed water 
for the evaporator is drawn from the central 
chamber automatically. The apparatus is made 
in four sizes, having capacities of 3, 6, 12 or 18 gallons 
per hour, at a steam pressure of 60 lb. per square 
inch, or of 2, 4, 8 or 12 gallons per hour with a 
steam pressure of 30 lb. per square inch. 

The manufacture and sale of the Manumit 
motor roller, of which we gave a description on 
page 535 of our issue for April 26 last, has now 
been taken over by Messrs. Marshall, Sons and 
Company, Limited, of Gainsborough. The firm 
are showing two examples of this product, weighing, 
respectively, 12 cwt. and 20 cwt., on their stand, 
and we understand that both models have been 


very successful since their first introduction. Our} 


original description was illustrated by a general 
view of the complete roller, but the details are of 
sufficient interest to justify the reproduction of the 
view of the power unit assembly given in Fig. 40, 
on the opposite page. It may be recalled that the 
larger roller is driven by a 3}-h.p. engine, the 
power being transmitted through a flexible coupling 
to a worm-reduction gear. From this gear, the 
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Fies. 38 AND 39. DuisTILLING APPARATUS ; 
Messrs. Royues, LIMITED. 


drive is taken to the plain friction wheel, visible in 
the illustration behind the front bracket, by a short 


|shaft. The forks of the roller handle are pinned 


| on the two ends of a cross shaft, which also carries 
|two internal arms, as shown in the figure. A 
bracket, pivoted between these arms, carries a 
loose wheel at each end, and, to set the roller in 
| motion in one direction, the handle is pressed down 
|so that one of these wheels is interposed between 
| the friction wheel and the large rim shown, which is 
| fastened to the interior of the roller. It will be 
| noticed that, in the position shown in the figure, 
| the loose wheel at the right-hand end of the pivoted 
| bracket is in contact with an idler pinion, this 
| pinion, in turn, making contact with the friction 
| wheel, the object of introducing the idler pinion on 
/one side being, of course, to obtain a reversal of 
travel. Details of the engine, and other informa- 
| tion, were given in our earlier article. 

| In addition to the exhibit described, Messrs. Mar- 
| shall are also showing their latest oil-engine roller. 
described on page 640 of our issue for November 15 
last, together with a range of stationary engines 
and a typical example of their concrete mixers. 
A model of the latter, similar to that exhibited. 
was described on page 73 of vol. cxxiv, while 
numerous examples of their stationary engines have 
also been described in our columns. The 60-b.p. 
twin-cylinder vertical engine, described on page 204 














a, ae ee a ee ae 












FEB. 14, 1930.] 


EXHIBITS AT THE 


ENGINEERING. 





217 








BRITISH INDUSTRIES FAIR. 

















Fic. 40. Powrr Unit ror Manumit Rotter; Messrs. MarsHaty, Sons AND Company, LIMITED. 








ee 
—,,4 t 
ae +, 
: y U+t— 
Fig; 9 ee 
: Scos@ | 
i | i | 
ia we 
| i 
! “| | 
H ! aT) | 
| Ss U | 
oe 
vi} | | 
— | | | 
7 y ¥ 





U'+ t" <— 





x 


€)). 


¥ Z 


Fig.43. 


bw 





T 1 

Fy 1 

STATOR 
STATOR ‘ ° 
© Winding I. Winding IV. 
Fig.42. ' ; 
T| I 
Y 
1873.A) 65 
“ENGINEERING 





rt 


A 





AAA 
| V V 


A 


f\ 





V 


A 


s AY 


2 


| 


“ENGINEERING” 


of vol. cxxv, is being shown at Castle Bromwich, 
and may be taken as typical of the maker’s medium- 
compression models. 

The inter-connection of electrical transmission 
systems, which is now becoming as general in this 
country as elsewhere, has given rise to the problem 
of how best to control the voltage and to transfer | 
the reactive kilo-volt-amperes in both directions | 
over a given line. One of the simplest methods of | 
doing this is by employing tap-changing devices | 
on the transformers, though it may sometimes be | 
necessary to combine these with synchronous 


Fias. 41 to 43. TRANSFORMER TAP-CHANGER ; 
Messrs. HAcKBRIDGE ELECTRIC CONSTRUCTION 
Company, LIMITED. 


|condensers. For easily explicable reasons this is 
not a matter to which up to the present British 
| manufacturers have paid much attention, but it is 
| obviously one for which they must be prepared 
| to offer a solution in the near future. Considerable 
|interest, therefore, attaches to the “on-load” 
| transformer tap-changing system, which is being 
|exhibited by Messrs. The Hackbridge Electric 
| Construction Company, Limited, of Walton-on- 
| Thames. This depends for its operation on the 
juse of a variable-ratio transformer, which is 
|constructed on similar lines to an induction 
regulator, and, it is claimed, is particularly suitable 
for automatically changing the voltage in short 
steps. 

A diagram of the regulator is given in Fig. 43, 
from which it will be seen that it consists of a 
stator and rotor, a single distributed winding being 
arranged on the cores of each. This regulator is 








connected between two adjacent tappings of the 
main transformer, and can be applied in one of two 
ways. Either it can be left continuously in circuit, 
in which case it can be stopped in any position, so 
that an infinitely variable ratio over the tapping 
range is obtained. Or it may only be connected up 
when required to regulate the pressure, the change 
in voltage that occurs as the result of this operation 
being then determined by the number of trans- 
former turns across each tapping. This is obviously 
the more economical arrangement of the two. 

As regards the principle on which this regulator 
works, it will be seen by reference to Fig. 43 that 
there are four sets of coils. Those marked I and IV 
are wound on the stator, and are arranged to 
generate fluxes in the same direction, while those 
marked II and III are placed on the rotor and the 
fluxes they generate are in opposite directions. In 
addition, the stator carries two auxiliary short- 
circuited low-resistance coils marked W. The posi- 
tion of the rotor in relation to the stator winding 
determines the degree of interlinking between the 
fluxes generated by these two portions of the ma- 
chine. If, for instance, a voltage is applied across 
the terminals X and Z, when the angle between 
the magnetic axes of the stator (NN) and of the 
rotor (MM) is. zero, the fluxes of the two rotor 
windings will be added to that of the stator 
winding IV, while when the angle is 180 deg. 
the flux of stator winding I will be added to that 
of rotor winding II, and the fluxes of windings 
III and IV will neutralise each other. The object 
of the windings W is to neutralise the components 
of the stator flux, which are in phase with NN. 
The result of the combination is that a constant 
characteristic is obtained across X and Z, and 
a variable characteristic between X and Y and 
Y and Z, depending on the position of the rotor. 
In other words, the arrangement is similar to an 
auto-transformer, as indicated diagrammatically 
in Fig. 41 annexed. Fig. 42 below this shows 
the regulator connected between two adjacent 
tappings of a single-phase winding, the main 
terminals of which are Tand Y. Assuming that 
the angle between the stator and rotor fluxes 
is zero, the fluxes in windings I and II will be 
equal and opposite, and there will be no voltage 
across X and Y. The potential between T and Y 
will therefore be proportional to voltage ratio 
between T' and tapping No. 2. On the other hand, 
the fluxes in windings III and IV will be of the 
same polarity, and the reactance of YZ will be 
a maximum. These two windings will therefore 
only pass the magnetising current of the induction 
regulator, and it will thus be possible to open the 
switch connecting tapping No. 3 to tapping No. 2 
and to connect the latter to tapping No. 1 without 
breaking any other current. If the rotor is rotated 
180 deg. it follows from similar reasoning that 
it will be possible to disconnect tapping No. 2 
from terminal X under similar conditions and to 
re-connect to terminal No. 4 as a prelude to a 
further change in ratio. 

Turning to the practical application of this prin- 
ciple, a section through the regulator is given in Fig. 
46 on page 218. This is largely self-explanatory, 
but it may be mentioned that since the terminal Y 
is always connected to earth the potential difference 
is never greater than that between adjacent trans- 
former tappings. No difficulties, therefore, arise 
from the use of slot conductors operating at high 
voltages. Indeed, this part of the equipment is 
mainly insulated by mounting it on a timber frame 
inside the oil tank, as shown in Fig. 45, which illus- 
trates the assembly of a 10,000-kv.-a. unit. The 
sections of shafting belonging to the regulators for 
each phase are connected by a link of insulating 
material, a similar link being inserted between the 
end section and the external operating sprocket, as 
shown in Figs. 47 to 49 and in the illustration of a 
three-phase group, in Fig. 5 on page 219. It may 
be added that the magnetising current of such a regu- 
lator with 1 per cent. tappings is about 15 per cent. 
and that as the reactance is between 12 and 15 per 
cent., the effect on the power factor of a continuously 
regulated unit is insignificant. 

Since the switchgear for disconnecting the regu- 
lator from one tapping and re-connecting it to 





another has only to break the magnetising current 
its dimensions are small, as will be gathered from 
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CONSTRUCTED BY MESSRS. HACKBRIDGE ELECTRIC CONSTRUCTION COMPANY, LIMITED. 
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Fie. 51, 


Fig. 44, which shows the gear mounted on a trans- 
former. It consists essentially of a drum-type selec- 
tor, three units of which are illustrated in Fig. 51. 

Each phase of this selector is mounted on a 
Separate bakelite base with bakelite supporting 
brackets, while the tapping fingers are arranged 
on each side of the drum, in order to reduce the 
Space occupied to aminimum. The operating shaft 
of this switch extends through an oil-tight gland on 
the tank, and is connected by a flexible coupling to 
the gear-box shown in Fig. 52 on page 220. Below 
the switch shaft on the gear-box is a sprocket which 
drives the regulator worm shaft through a roller 
chain, the internal train of gears in the gear-box 
controlling the sequence of operations. The gear- 
box casing houses the gearing train in the upper, 
and the operating motor in the lower, compart- 
ment, while on the side is a tank containing 
the switchgear and reversing contactors for the 
latter. All the pinions are immersed in oil and 
all the shafts run on ball bearings. The gear 
‘rain comprises a synchronising drum, with a 
iumber of segments corresponding to the trans- 
former tappings. This is used when two or more 
'ransformers are connected in parallel so that the 
‘appings on each are changed simultaneously. Any 
Part of the gear can be dismantled without dis- 
turbing the other parts, and the selector and 
regulating switches are easily disconnected. 

Messrs, The Electric Furnace Company, Limited, 
of 17, Victoria-street, London, S.W.1, are exhibiting 
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a small Ajax-Northrup furnace, which has been 
designed for use in laboratories, but on this occasion 
is being, employed to demonstrate the principle 
of high frequency melting. It may be mentioned 
in this connection that furnaces with a capacity 
of 1 ton of steel per hour and working on this sys- 
tem have been made. The firm are also showing a 
new type of poking machine, which has been 
designed for stirring brass swarf in an Ajax-Wyatt 
furnace, and thus reducing both the melting time 
and the cost of labour. This machine consists of 
two parts: A shaking table for the continuous 
charging of the swarf and a mechanical poker, 
which is arranged to produce a kneading action. 
The charging is continuous and steady, so that 
the “ scaffolding,” which occurs when this operation 
is effected by hand is avoided. The machine is 
usually arranged, so that it can serve two furnaces, 
as it is only required for about 20 minutes after 
each charge. 

The same firm are showing a furnace for heating 
aluminium slabs prior to rolling. This furnace is 
rated at 100 kw., and its chamber measures 15 ft. 
long by 5 ft. 6 in. wide, by 9in. high. It is provided 
with a roller hearth structure and hand-operated 
pusher gear, while the doors are actuated mechanic- 
ally by a motor, which is controlled by push buttons. 
The resistor elements are arranged, so that the 
maximum amount of heat is dissipated at the 
charging end of the furnace and are graded through- 





out the length of the latter, so that the slabs are 





thoroughly soaked at the correct temperature 
before withdrawal. The proportion of hearth 
to roof heating is such that the heating-up time is 
a minimum. The consumption of this furnace is 
about 200 kw.-h. per ton, though the figure is 
adjustable by means of suitable switchgear to 
suit actual requirements. Temperature control to 
within + 5 deg. C. is also possible. The melting 
pot exhibited by this firm is noteworthy from the 
fact that the resistor elements are supported in self- 
aligning refractory cleats, which are themselves 
secured in a framework of heat-resisting alloy. 
The unit thus formed can be removed for replace- 
ment or inspection by loosening three nuts. 

The Gutta Percha Company, Limited, of Wharf- 
road, City-road, London, N, are exhibiting examples 
of their alloys which, as is well known, have been 
prepared with a view to obtaining the special 
magnetic and electrical qualities necessary in certain 
work. As the result of continual research, these 
materials have been greatly improved from the 
mechanical point of view, and it is now possible 
to produce thin gauge strip in increased width 
and with better deep stamping qualities, while 
the magnetic properties have been raised and 
stabilised as the result of the more accurate data 
on the effects of heat. treatment which have been 
obtained. Among these alloys mention may be 
made of the high-resistivity heat-resisting product 
known as Pyromic. This material is an alloy of 
nickel and chromium, which has the important 
property that it contains practically no impurities, 
and especially that it is free from carbon. One 
reason for this is that it is produced in a high- 
frequency electric furnace, thus overcoming the 
disadvantages inseparable from the ordinary 
methods of melting. It is made in two qualities, 
the first being a ternary alloy, the base of which is 
nickel-chromium, while the second is a binary alloy, 
which contains 80 per cent. of nickel and 20 per 
cent. of chromium. It is specially intended for 
use in electric furnaces, the heating elements in 
which can be arranged so that the articles dealt 
with are heated both from above and below. Reduced 
current consumption and greater uniformity in 
results are, it is claimed, secured in this way. The 
other metals shown by this firm include the high- 
permeability low-hysteresis alloy known as Mumetal 
which, though primarily intended for loading sub- 
marine cables, is now being used in the construction 
of current transformers. Mention may also be 
made of the alloy, known as Radiometal, which is 
largely employed for the cores of audio-frequency 
transformers. 

Messrs. Birmingham Electric Furnaces, Limited, 
of 55, George-street, Birmingham, are showing 
examples of the many types of equipment they 
have designed for the annealing and general heat 
treatment of steel and non-ferrous metals, as well 
as for carbonising, hardening and other similar 
processes. These include a Birlec furnace with a 
hearth measuring 9 ft. long by 5 ft. wide. This 
furnace has a maximum rating of 180 kw., and is 
arranged for mechanical charging, an electrically- 
operated charging machine being used for this 
purpose. Its general design is similar to that of the 
somewhat smaller model we dealt with last year, 
and readers may, therefore, be referred to that 
description for particulars. 

In addition, a new range of portable furnaces 
is being exhibited. These are made in two sizes, 
with hearths 30 in. and 3 ft. long, and 15 in. and 
23 in. wide, respectively, the ratings being 18 kw. 
and 30 kw. A view of the larger of these furnaces 
is given in Fig. 53, on page 220, and the principal 
new feature in its design is that the heating 
elements are now arranged in the same way as on 
the larger sizes, i.e., the resistor, which is of heavy- 
gauge nickel-chromium strip, is bent into zig-zag 
form, and is supported on heavy-gauge hooks of 
the same metal. All contact between the element 
and the refractory is therefore eliminated, and the 
risk of hot-spots forming, owing to masking or to 
interaction between the element and refractory, is 
thus avoided. The result it is claimed, is a con- 
siderable increase in the life of the resistor, while, 
since the supports are placed very close together, 
the chance of the heavy-gauge strip sagging is 
small, and distortion is thus prevented. The 
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furnace itself consists of a welded-steel cylinder, 
which is lined with refractory and _ insulating 
material, the latter consisting of Sil-o-Cel from 
4} in. to9in. thick. With the exception of the flat 
hearth, the interior of the furnace is also circular 
in section. In this way, a free interchange of heat 
is possible, and there is the further advantage that 
the radiation is directed on to the centre of the 
charge, so that there is no tendency for the tem- 
perature at the sides to increase more rapidly than 
at the centre. 

The door, which has a parallel motion, can be 
closed tight without any clamping being necessary. 
It is arranged so that its operation is easy, and is 
lined with refractory and insulation, which are 
covered with a nickel-chromium sheet. Similar 
protection is also provided at such places as the 
hearth and edges of the door opening, where 
abrasion might otherwise be likely to occur. The 
hearth itself is covered with a heavy plate of the 
same material, and the side elements are protected 
by cast nickel-chromium guards. The acts of 
opening and shutting the door open or close a safety 
switch, which is placed out of reach of the operator 
at the back of the turnace. The temperature of 
the furnace is controlled automatically up to 1,000 
deg. C. 

The same firm are exhibiting a pot-type electric 
furnace, and a forced air circulation air tempering 
furnace. These are new designs, and the tests on 
them are not yet completed so that particulars 
are not, for the moment, available. 

With the exception o:° the fittings which are 
employed for artificial illumination, practically the 
whole of the space on the stand of Messrs. The 
General Electric Company, Limited, Magnet House, 
Kingsway, W.C.2, is occupied by equipment for de- 
monstrating the application of electrically produced 
heat to various industrial processes. The exhibits 
include one of the firm’s standard furnaces, which is 
shown annealing stampings and other brass work, 
a muffle furnace for pre-heating high-speed steel tools, 
and a hardening furnace in which the same tools will 
receive further treatment. The first of these furnaces 
is illustrated in Fig. 55, on the opposite page, and is 
equipped with sway-bar door mechanism to allow 





control to be effected at some comparatively remote 
point from the furnace, as is often convenient when 
the charge is being introduced or withdrawn. 
These operations are effected by a shelf of the 
travelling type. The shell of this furnace is 
built up of steel plates reinforced with angles, 
so that the resulting structure is rigid, while 
the legs are also of angle steel and are bolted to the 
body. The latter is formed principally of fire 
bricks which are, however, backed by a sufficient 
thickness of heat-insulating bricks to cut down the 
heat loss and thus increase the efficiency as much 
as possible. The hearth plate is of cast nickel- 
chromium alloy, while the heating elements, which 
are arranged both along the sides of the furnace 
and under the cast nickel-chromium hearth plate, 
are made up of nickel-chromium wire. 

These elements, the total loading of which is 
60 kw., are supported in heat-resisting porcelain 
panels, so that any replacements that are necessary 
can be easily effected, and are distributed so that 
the temperature obtained throughout the furnace 
chamber, which measures 42 in. by 52 in. by 20 in. 
to the spring of the arch, is uniform. Being of 
the resistor type, the power factor is unity, so that 
the employment of one of these furnaces in a 
factory has the incidental advantages of improving 
the electrical conditions of the installation. On the 
other hand, any loss of energy due to over-heating is 
prevented by the use of connecting bars of adequate 
section. These project through the back wall 
into a terminal box, which also contains a gold 
excess-temperature fuse and pyrometer. The 
furnace is equipped with a cast-iron door, which is 
fitted with refractory and heat-insulating bricks. 
This door is designed to be close fitting, so that the 
heat loss is a minimum. In the example shown 
it is operated, as already stated, by a sway-bar 
mechanism, but usually it is lifted and lowered 
by a hand lever at the side. Opening the door 
automatically opens a switch, while control can 
also be effected by push buttons in the usual 
way. 

Another interesting exhibit on this stand is a 
model of a Grunewald electric bright-annealing 
plant for dealing with steel and copper strip or 
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Fig. 54. ExectricaLty-HEatTep LEAD-MELTING 
Pot; Merssrs. GENERAL ELEectric ComMPANy, 
LIMITED. 


wire in coils. This has been designed to meet 
the demand for products of precise composition, 
which have also been accurately heat treated to 
give certain physical characteristics, and have; a 
finish which will pass the most careful and minute 
examination. The principal feature of the bright- 
annealing processes which have hitherto been 
employed, has been the exclusion of atmospheric 
oxygen from the heated material by the use of 
pots or covers, or by introducing an inert gas to 
envelop the charge. Both these expedients arc. 
however, expensive and inconvenient, while it has 
further been established that bright annealing 
can be successfully effected so long as protection 
against oxidation is ensured during cooling. In 
the Grunewald process, therefore, the material 
to be annealed is placed in a pot, which is then 
lowered into a furnace, the opening of which is sealed 
by a water-cooled rubber ring. As the pot and its 
contents are heated, the occluded air is expelled 
through a valve, so that the contents are practically 
in vacuo, when the temperature at which oxidisation 
is possible is reached. At this stage, the valve 
closes automatically and can be screwed down to 
prevent the admission of air during cooling. During 
the latter process, the pot is used to pre-heat other 
pots previously to their being placed in the furnace. 

Another exhibit, which is being shown by this 
firm, is the electrically-heated lead-melting pot illus- 
trated in Fig. 54, above. In this apparatus, the 
heating elements are fixed to the bottom of th 
pot, the combination being mounted in a sheet- 
steel casing which is packed with heat-insulating 
material. The internal dimensions of the po! 
itself are 11 in. in diameter by 8 in. deep, and 
it will hold about 2§ cwt. of lead. The electric! 
loading is 3 kw. 
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When iron is present in considerable quantities 
in sand or other materials, its removal is most 
effectively secured by a separator of the drum type, 
such as that manufactured by Messrs. Rapid 
Magnetting Machine Company, Limited, Magnet 
Works, Lombard-street, Birmingham, and described 
on page 785 of our issue for June 21 last. There are 
many processes, however, in which the amount of 
iron to be separated out from the bulk material is 
relatively small, and in such cases, a separator of 
the chute or waterfall type is quite suitable. We 
illustrated a separator of this type, also made by the 
Rapid Magnetting Company, on page 347 of our 
last volume. A similar machine, but of larger 
size, is being shown at the Fair, and is illustrated 
in Fig. 56, annexed. The machine exhibited is of 
the four-unit type, with a chute 12 in. in width, and 
is fitted with a stand and feed hopper. The smaller 
machine previously described was of the single-unit 
type, also with a 12-in. chute, but without stand or 
hopper. 

_The trough in these separators is made with oak 
side boards, and each unit consists of a high- 
intensity magnetic bar, directly magnetised by one 
or more coils underneath it, the number of coils 
depending upon the width of the trough. The coils 
are provided with high-permeability steel cores, 
and the magnetic circuit is completed with heavy- 
‘ection steel bars below the coils. The coil windings 
‘re continuously rated for any direct-current voltage 
up to 250, and if higher voltages are to be used, 
‘etlés resistances, which can be supplied by the 
makers if required, must be used with the coils. The 
edges of the magnetic bars are specially shaped and 
Stepped, so that the material under treatment is 
thoroughly turned over in falling from one bar to 
the next, thus ensuring efficient separation. The 
“parators are provided with interconnected doors 
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at the top and bottom. These are mounted on their 
spindles in such a position that when the upper one 
is open, the lower door forms a continuation of the 
surface of the chute. They are held in this position 
so long as the current is on, but if the supply fails 
for any reason, the top door shuts, so that no further 
material can enter the chute, while the lower door 
opens and diverts the material already on the bars 
into a suitable bin. The doors can be restored to 
their working position by hand, either directly or 
by cord or chain operation. Fig. 56 shows the 
position they assume on failure of the supply. The 
separators are standardised in widths from 6 in. to 
48 in., and having from one to ten units, the higher 
number of units being necessary if there is a deep 
flow of material. 

In addition to the separators described, the 
Rapid Magnetting Machine Company are showing 
the drum-type machine already referred to, together 
with others of the same type, magnetic clutches and 
electric lifting magnets, electro-magnetic chucks, and 
hand or electric hoisting blocks. Several of these 
exhibits have been previously described in our 
columns. 

The stand of Messrs. The British Thomson- 
Houston Company, Limited, of Rugby, is mainly 
devoted to the exhibition of motors and control gear 
for industrial service. These include examples of the 
standard types of the firm’s equipment, which have 
been designed for alternating and direct-current 
circuits, as well as a repulsion type induction motor, 
which is arranged to start up easily under heavy 
load and to run at a high power factor and con- 
stant speed. An interesting part of their exhibit 
is that which illustrates the application of the 
flange type motor to machine tools and wood-working 
machinery. The way in which such motors are 
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page 222, which shows one of Messrs. Dean, Smith 
and Grace’s lathes equipped with an overhung end- 
shield direct-current unit, bolted on to the bed of 
the machine. A small vertical motor is also provided 
for traversing the saddle. 

Mention may be made of the firm’s new worm- 
geared units, in which the motor is mounted integral 
with a worm reduction gear, the driving shaft 
of the former being arranged either vertically or 
horizontally, so that a considerable improvement 
in compactness over the ordinary arrangement is 
obtained. In these units the motor is either spigoted 
or bolted to the gear casing, so that permanent 
mechanical alignment between the two is secured, 
irrespective of any lack of rigidity in the foundation, 
while the deadweight and space occupied are also 
reduced. On the other hand, the motor can easily 
be removed for inspection. The gears employed 
with these units are manufactured by Messrs. 
David Brown and Sons (Huddersfield), Limited, 
of Huddersfield, and allow efficiencies as high as 
95 per cent. to be reached with a motor running at 
1,500 r.p.m. and a gear ratio of 74 to 1. The 
worm shaft is of case-hardened nickel-steel, and is 
ground and polished on the thread profiles on special 
machines, while the worm wheel is of bronze and 
consequently takes the whole of the wear. The 
worm shaft is carried on two double-purpose thrust 
bearings, an arrangement which has been found 
more satisfactory than the ordinary type of double- 
thrust ball bearings, while the worm wheel shaft 
is carried on one parallel roller bearing and one deep 
groove ball bearing. The worm and motor shafts 
are connected by a pin-type flexible coupling, so 
that the high-speed element, in the case of the verti- 
cal unit, is carried in four bearings. In the hori- 
zontal unit, on the other hand, the worm and motor 
shafts are rigidly connected, so that the high-speed 
element is carried on three bearings only. 

Figs. 57 and 58 show front and rear views, respec- 
tively, of the firm’s vertical-plugging switchgear 
applied to a switchboard for controlling 600 amperes 
at 11,000 volts. In this gear, which is designed for 
service under the most adverse climatic and other 
conditions, the ’bus bars are completely shut off 
from the other chambers and the circuit-breakers 
are plugged into contact socket holes. Removal 
is effected by displacing the breakers vertically 
downwards so that space is economised. Only one 
simple lifting carriage is required for a complete 





fixed will be rendered clear by reference to Fig. 59, 





switchboard, while guide holes are provided in the 
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frame to accommodate the locating spears on the| 
breaker. In this way the raising of the circuit-| 
braker into correct alignment is ensured. When the | 
breaker is withdrawn a shutter is automatically | 
closed by one of the locating rods. | 

As usual, Messrs. George Ellison, Limited, of | 
Perry Bar, Birmingham, are exhibiting a number | 
of models of their well-known metal-clad, cubicle- | 
truck, drop-down and draw-out types of high- 
tension switchgear, which have been specially | 
designed for use in substations. In addition, pole- | 
mounting switches for overhead lines, totally 
enclosed flameproof circuit-breakers with oil and 
air breaks, and equipment for starting and control 
of motors are being shown. 

The details of the greater part ot this apparatus will 
be already familiar to our readers, but attention may 
be drawn to the totally-enclosed unit-type cubicle 
switchgear, illustrated in Fig. 60 on the opposite 
page. This has been specially designed to give good 
spacing, clear runs and easy access, and to facilitate 
any particular combination of devices which may 
be required in individual cases. Safety is secured 
by covering all the live parts with insulating material 
or separating them by barriers. The unit consists 
essentially of a welded-steel frame covered with steel 
plates, the interior of the cubicle thus formed being 
sub-divided by steel plates, as required. In the 
standard arrangement, the “bus bars are housed in 
the uppermost compaitment, with the isolating 
switches and the oil circuit-breakers below them | 
in that order. The current transformers are con- 
veniently arranged at the back for connection to 
the cable boxes, while the potential transformer 
and its fuses stand on the floor, clear of the lowered | 
tank. The ’bus bars, which are of copper rod or| 
tube, are clamped to porcelain insulators and, like | 
the other connections, are covered with Tufnol| 
insulating compound. The isolating switches are | 
either rod or lever operated. In the former case, | 
they are kept in position by catches, and in the| 
latter by the toggles which form part of the gear. 
These switches are interlocked with the circuit- 
breaker mechanism. 
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The circuit-breaker proper is bolted to the frame- 
work, and is totally enclosed. The connections pass 
both through the chamber containing the operating 
mechanism and through the base plate into the oil 
space. The base plate itself protrudes into the oil, 
and is surrounded by vents through which the oil is 
forced into the mechanism chamber when an excess 
pressure occurs. Any gases that are generated are 
discharged through a vent. The moving contacts 
of the breaker are insulated by Tufnol tubes, and 
are separately suspended from a crosshead in the 
upper chamber by steel rods. These rods pass 
through guides, their action being accelerated by 
springs, so that the travel is both strictly vertical 
and rapid. The movement of the crosshead itself 
is limited by stops of laminated metal. The breaker 
is of the free-handle type, and the box on which the 
lever is mounted also contains the trip mechanism, 
the latter being operated by the usual controls. The 
welded-steel tank is carried by four suspension bolts, 


and can be lowered by steel ropes which pass over a 
drum. This drum is driven by worm gear, and the 
Tropes can be cast off in the lowest position, so that 
the tank can be removed through the door on the 


front of the panel. 

Another exhibit to be found on this stand is the 
cable-end coupling illustrated in Fig. 62, which is 
intended to simplify the installation of cables in 
mines, a difficulty to which some attention has been 
drawn in recent reports. It consists of two sealed 
ends, which are bolted together, while the cable 
ends are brought out to studs which can be con- 
nected together by links. The connections thus 
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made are then protected" by a cast-iron cover. It 
is claimed that the arrangement has the advantages 
that the cable ends can be sealed before being laid 
in position for jointing, and that the latter operation 
is simple and can be carried out in a minimum time. 
Isolation is also easily effected, and the box itself can 
be placed in any position. The cables are clamped 
in cone clamps for securing the sheath or armouring. 
After the cable connections have been made, the 
lower part of the box is filled with compound, and 
covers of Tufnol are then placed under the coupling 
links. The latter are not usually buried in com- 
pound, sufficient space being left in the cover to 
render this unnecessary. 

Attention may also be drawn to the firm’s air- 
break flameproof circuit-breaker, which is illustrated 
in Fig. 61. This is a modification of a model shown 
at one of the earlier Fairs, and is specially intended 
for use at colliery gate ends. As will be seen, it is 
mounted on a skid frame, so as to facilitate its 
movement over rough ground. The housing in 
which this breaker is contained can be made either 
of cast-iron or welded steel, the latter having, of 
course, the advantage of lightness. The breaker 
itself is assembled on a frame, which is fixed to the 
housing by three screws, and is coupled to the 
operating handle by an easily-detachable link. It 
is fitted with a magnetic blow-out and the usual 
tripping devices, which can be set for a safe load 
and then locked so that they cannot be interfered 
with. All the contacts and terminals are mounted 
on steel rods, and are covered with Tufnol tubes. 
The equipment has been_certified by the Sheffield 
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University Mines Department as complying with the 
British standard definition of flame-proof enclosure. 
Messrs. W. Canning and Company, Limited, of 
133, Great Hampton-street, Birmingham, are 
showing a selection of their electro-plating equip- 
ment. This includes a warm nickel vat, to which 
a rotary air pump for agitating and filtering the 
solution is attached. The vat is also fitted with 
oval depassive anodes. From the engineering point 
of view a more interesting exhibit is the automatic 
polisher for automobile reflectors, which is illustrated 
in Fig. 64 on page 224. This is an adaptation of a 
machine designed by the firm for polishing any type 
of hollow ware and is driven by a 3-h.p. electric 
motor, to the spindle of which, as will be seen, the 
mop is directly attached. The reflector, which is to 
be polished, is carried on a specially shaped former 
and is easily clipped in position. It is then fed up 
to the mop automatically by a }-h.p. motor, a third 
motor of the same output being used for imparting 
a reciprocating motion to the work. The length 
of the polishing process can be controlled by a 
timing wheel, to which an adjustable stop is fitted. 
This stop trips out the gearing at the end of a pre- 
determined period and at the same time the head 
is swung away from the mop, leaving the chuck 
free for unloading. The speed of the chuck is 
85 r.p.m. and the maximum length of stroke 7 in. 
As is well known, the process of electro-deposition 
necessitates a generator that will supply a large 
current at very low voltages. Fig. 63 is an example 
of a machine of this kind, which is manufactured by 
Messrs. Canning and Company, and is designed to 
give 5,000 amp. at 6 to 10 volts. Its frame consists 
of a cast circular magnet yoke of high permeability 
soft grey iron, into which the pole pieces for the 
six main and inter-poles are cast. The field coils 
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are wound on formers, which fit over the pole 
pieces and are made up of cotton-covered and 
taped wire. They are secured in position on 
the pole pieces by pole shoes, which are built up 
of soft annealed iron stampings. The shaft is 
of mild steel and carries two ventilated cast-iron 
plates between which the core-plate stampings 
re clamped. These plates are slotted, so that 
sparking is as far as possible eliminated, the slots 
thus formed carrying the armature windings, which 
are secured in position by steel wire bands. The 
machine illustrated is provided with two commu- 
tators, which are naturally of unusually massive 
construction, though in design they do not differ 
greatly from those employed on ordinary machines. 
The brush-holder spindles are, however, connected 
to the terminals by collector rings. The armature 
and commutators are carried on two roller bearings, 
which are borne on two separate pedestals from one 
of which the driving pulley is overhung. 

A branch of electrical manufacturing in which 
standardisation and what are known as mass- 
production methods offer both engineering and 
economic advantages, is that concerned with turning 
out motors for the great variety of purposes for 
which these machines are now used. As an illus- 
tration of this, it may be mentioned that the direct- 
and alternating-current motors manufactured by 
Messrs. The Electrical Power Engineering Company 
(Birmingham), Limited, Ward End, Birmingham, 
examples of which are being exhibited at the present 
Fair, are arranged so that all essential dimensions 
are the same, whether they are wound for direct 
current or are of the two-phase, three-phase, slip- 
ring or squirrel-cage alternating-current types. In 
the case of the squirrel-cage motors, the rotors 
are built up of aluminium bars, with which the 
end rings are cast integral, this arrangement being 
adopted so as to obtain a high starting torque 
without sacrificing power factor or efficiency on 
load. Special attention has been paid in all classes 
of motor to the reduction of noise. 

Another example of this firm’s products is the 
motor-generator set shown in Fig. 65, on the opposite 
page. This comprises a 30-h.p. motor of conventional 
design, which is coupled to a generator giving an 
output of 2,000 amperes at 10 volts when running 
at 950 r.p.m. This is typical of the machines which 
are now being developed for use in connection with 
chromium, cadmium and other forms of electro- 
plating. The generator is of the single-commutator 
type, and is equipped with reverse ventilation, 
while other important features are that the active 
material is disposed so as to give the maximum of 
rigidity in construction, and that heavy ball and 
roller bearings, combined with ample shaft diameters, 
are used. In cases where it is necessary to reduce 
the pressure to as low a figure as 2 volts by field 
regulation, interpoles and equaliser windings are 
employed, while the armature is designed to reduce 
the possibility of circulating currents being set up 
to a minimum, and at the same time to limit the 
number of brushes used, the latter being a desirable 
feature when the current is large and the brush 
friction losses are therefore considerable. The brush- 
holders on machines of the output we are describing 
are of girder section and are bolted to ’bus rings of 
ample size, so as to ensure rigidity and satisfactory 
electrical performance. As regards connections, 
cables have been replaced in favour of copper 
strap, the necessary terminals being mounted 
on an insulating base of Sindenyo. Where the out- 
put of the machine exceeds 2,000 amperes, a double 
commutator is employed. 

Examples of the epicyclic geared motors, details 
of which have appearec’ in our accounts of former 
Fairs, are also being shown. 

Messrs. The Record Electrical Company, Limited, 
of Broadheath, Altrincham, Cheshire, are exhibiting 
a number of theirstandard moving-iron and moving- 
coil instruments for both switchboard and portable 
work. They are also showing their new light- 
weight bridge ohmmeter, comprising an ohmmeter 
and Wheatstone bridge with test ranges from 
10,000 ohms to 100 megohms, and from 0:01 ohm. 
to 999-9 ohms, respectively. Tests can be made 
consecutively by the ohmmeter and bridge methods, 
without disconnecting the test resistance, by moving 
a switch. The containing case is made of teak, 
and a handle is provided to facilitate transport. 
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The same firm are also showing a selection of their 


‘circuit-breakers, an example of which is illustrated 


in Fig. 66, on the opposite page. The mechanism 
of these breakers consists of a simple toggle, which 
is operated by a catch and roller, a loose handle 
device being provided to prevent the breaker from 
being closed or being held closed on an overload. 
The brush is self-aligning in all directions, and 
can be easily replaced. Special care has also been 
taken to keep the current density in the brush 
and contact low. The auxiliary break is between 
metal, and the final break between carbon surfaces. 





Any of the usual safety devices can be fitted, 
the trip, in the case of multi-pole breakers, being 
controlled by one master mechanism, so that all 
the poles are opened simultaneously. Special care 
has been taken to provide effective insulation 
between the live parts and the frame, links being 
employed for this purpose. 

Messrs. Pneulec, Limited, Mafeking-road, Smeth- 
wick, Birmingham, are exhibiting the high-sp. ed 
swing-frame grinder which we illustrate in Fig. 67. 
It will be noticed that the machine is motor-operated, 
and that the wheel is mounted at right angles to the 
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RecorpD ELEcTRICAL CoMPANY, LIMITED. 
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frame. The grinder has been introduced essentially 
for high-speed work, and the features mentioned 
render the machine very flexible and easy to handle, 
and also minimise the shrouding of the work by the 
machine parts while a job is being fettled. The 
machine is of clean outline and substantially built, 
and is accurately balanced on the point of suspen- 
sion, thus reducing the labour of handling to a 
minimum. The grinder is driven by a 5-h.p. 
totally-enclosed motor, and the starting gear is 
designed to withstand the rough handling to which 
foundry appliances are usually subject. The main 





shaft is carried in two sets of double-row self- 
aligning ball bearings of large size, and the roller 
chain, by which the shaft is coupled to the motor, 
runs in an oil bath. The motor housing, and all 
other castings except the chain casing, is of cast 
steel. The chain casing is of aluminium. The 
machine is claimed to be exceptionally free from 
vibration. In addition to the exhibit described, 
Messrs. Pneulec are exhibiting the Royer sand- 
mixing machine described on page 196 of vol. exxiii 
of ENGINEERING, and a jar-type roll-over moulding 
machine. 


It will be appreciated that many of the exhibits at 
the Fair, although of great importance to engineers, 
do not lend themselves to illustration, and among 
these may be mentioned numerous examples of 
constructional material. Messrs. Hadfields, Limi- 
ted, East Hecla Works, Sheffield, for example, are 
showing heat-resisting and corrosion-resisting steels 
manufactured to meet the increasing temperatures 
and pressures now coming into use in steam plant, 
together with a special steel for turbine blading. 
Examples are also shown of cold-drawn tubes and 
deep pressings, tool steels, steel castings and 
forgings. 

The exhibits of Messrs. Monel Weir, Limited, 
Cathcart, Glasgow, fall into the same class, as they 
are designed to show the range and diversity of 
application of Monel metal and pure malleable 
nickel. The properties of these metals are now 
well known, but two new alloys are represented on 
the stand. The first of these is a nickel-chromium- 
iron alloy, which is resistant to nitric acid and the 
mixed acids used in nitration processes, while the 
second, called Nimol, is a new cast-iron alloy, 
containing about 20 per cent. Monel metal, which 
possesses pronounced resistance to heat oxidation 
up to 600 deg. C., and is free from the growth 
characterising ordinary cast iron. Various applica- 
tions of the metals are shown on the stand. 

Another class of material unsuitable for illustra- 
tion is being shown by Messrs. Beecroft and Partners, 
Limited, Mappin-street, Sheffield. This firm are 
exhibiting core binders, fluxes, and other foundry 
materials, together with such appliances as combus- 
tion boats and tubes, absorption bulbs and pocket 
microscopes. Messrs. Trier Bros., Limited, 36, 
Victoria-street, S.W.1, are exhibiting a comprehen- 
sive range of greases, Stauffer and other type 
lubricators, and other products. One of the 
lubricators, of the “ tell-tale ” type, is a new model. 
It is made entirely from steel or gunmetal pressings, 
and is therefore stronger and lighter than the usual 
type made from castings. The action of these 
lubricators is too well known to need description, but 
it may be mentioned that the cap and dome are 
formed of special pressings united by a process 
which excludes all possibility of failure at the 
joint. The body is formed of a pressed cup portion, 
similarly joined to the shank, which is made from 
solid bar. The threads on the cap and body are 
a good fit, to prevent the leakage of grease below 
the skirt. 

On their own stand, Messrs. A. Reyrolle and 
Company, Limited, of Hebburn-on-Tyne, are 
exhibiting examples of their metal-clad oil- 
immersed switches for industrial and mining work, 
as well as a number of air-break switches for various 
purposes. These, however, are so well-known as 
to require no further mention. The same applies 
to the plugs and sockets, fuses and other equipment 
for power and domestic use. Details may, how- 
ever, be given of the Castle direct-current electric 
welding set, which is being exhibited by them on 
behalf of their associated firm, Messrs. J. H. Holmes 
and Company, Limited. This equipment, which is 
illustrated in Fig. 68, on page 226, consists of 
a squirrel-cage protected type motor, which is 
directly coupled to the welding generator, and of 
an auxiliary exciter, which is mounted on the same 
bed plate as the main machines. The adjustable 
choke, which is used for preventing the electrode 
from adhering to the work when contact is first 
made, and the control board with its switches and 
measuring instruments, are also fixed to this bed 
plate. The principal advantage claimed for this set is 
that it can be used, within the limits of its capacity, 
with any make or size of electrode and with any 
thickness of material. Once the necessary adjust- 
ment has been made the voltage and current 
are automatically controlled, and the are can be 
struck and maintained even on rough surfaces. 
A more intense arc can, therefore, be used without 
risk of burning than would otherwise be possible, 
and the time taken to make the weld is reduced, 
while its quality and uniformity are improved. 
These features are the direct result of the use of the 
choke mentioned above, and it may be added that, 
as the generator has been designed to withstand 
short-circuits, no current-limiting devices are neces- 
sary, 80 that the whole of the power developed can 





be usefully employed. 
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The same firm are exhibiting one of their elec- | 


trically-heated immersion-type steam raisers on 
the stand of the Birmingham Corporation Electricity 
Department. This has a capacity of 18-kw., and 
is capable of raising steam in from 10 to 15 min. 
Its general construction is similar to the equipment 
described on page 94: of our issue of January i7 
last, to which we may refer our readers for further 
information. ; 

Finally, great interest is likely to be shown in the 
specimen relays which the firm have designed for 
use with their ratio-balance feeder protective 
system. These are being shown on the stand of the 
Electrical Power Engineers’ Association, and have 
been developed for use on the 132-kv. grid 
lines where, owing to the extreme length of the 
feeders, the cost of pilot wires would have been 
excessive. This system is a modification of the 
impedance type of protection, the operation of 
which, it may be recalled, is based on the fact that, 
when a short-circuit occurs on a single feeder, the 
ratio of the voltage to the current at the sub- 
stations to which that feeder is connected, is least 
at the station nearest to the fault. The relays are, 
therefore, so designed that their times of operation 
are proportional to this ratio. Consequently, those 
nearest to the fault will come into action first, 
with the result that only those circuit-breakers 
in the substation nearest the fault will be tripped. 
When an earth fault occurs on an _ overhead 
transmission line, however, the resistance of the 
earth varies to a far greater extent than the re- 
actance; such an arrangement is, therefore, 
liable to work inconsistently. To overcome this 
difficulty, the Reyrolle ratio-balance system is 
made to depend on the reactance between the 
substation and the fault, i.e., on the length of 
the line, so that it is independent of any external 
variable resistance. In addition, the relays operate 
almost instantaneously when a fault occurs within 
a pre-determined distance of the substation, while 
a gradually increasing time delay is introduced 
when that distance is exceeded, in order that the 
necessary discrimination in the opening of the 
circuit breakers may be secured. 

A number of firms are showing exhibits, all of 
which have been previously described in our columns, 
or are too well known to require description, and 
among these may be mentioned Messrs. The Cam- 
bridge Instrument Company, Limited, 45, Gros- 
venor-place, S.W.]. The firm are showing a 
representative collection of their instruments for 
engineering and industrial purposes, including 
electrical CO, indicators, draught and pressure 
gauges, and temperature-measuring instruments. 
Messrs. Alfred Herbert, Limited, Coventry, have a 
comprehensive display of small tools, and are also 
exhibiting an Atritor pulveriser, similar to that 
described on page 103 of volume cxxvii. 
Messrs. James and Fredk. Howard, Limited, of 
Bedford, are showing petrol locomotives, road- 
making equipment and abattoir fittings. One of 
the locomotives was described on page 78 of vol. 
exxiv of ENGINEERING, and the road grader shown 
was described on page 725 of the same volume. 
The exhibit of Messrs. Barford and Perkins, Limited, 
of Peterborough, is confined to garden rollers. 
Messrs. Brookes (Oldbury), Limited, of Oldbury, 
near Birmingham, are exhibiting high-speed geared 
guillotine shears, to cut up to 6 ft. by }-in. mild- 
steel sheet, an open-fronted geared power press, 
and a pneumatic cold pianishing hammer. The 
first of the machines mentioned is provided with 
gunmetal bushed bearings, oiled by rings, for the 
countershaft, and is fitted with cam-operated 
holding-down apparatus, with rubber compensated 
buffers on the hold-down gate. In addition to the 
horizontal adjustment for the bottom blade, a 
special vertical adjustment is incorporated which 
enables this blade to be kept in a position flush with 
the table after grinding. A finger guard is fixed in 
front of the hold-down gate, positioned to allow 
the operator to obtain a clear view. The guard is 
provided with vertical perforations. 

Messrs. The Highfield Electrical Company, 
Limited, Faraday Works, Stoney Stanton-road, 
Coventry, have specialised in the development of 
dynamometers for the testing of internal-combustion 
engines for motor vehicles or aeroplanes, gear boxes, 
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and other car units, and their exhibit at the Fair 
is typical of these products. The dynamometer 
equipment may be divided roughly into two classes, 
for production and research work, respectively, and 
examples of both types are shown on the stand. 
In the production machines, the entire power 
developed by the engine is converted into electrical 
energy and is delivered to the works mains, thus 
resulting in marked economies over the more usual 
absorption dynamometers. The particular dynamo- 
meter exhibited is designed for testing engines up 
to a maximum of 75 brake horse-power at 3,500 
r.p.m., but machines of this type can be arranged 
for speeds up to 6,000 r.p.m. They are normally 
wound to operate on 220- or 440-volt mains. The 
dynamometer consists of a substantial cast-iron 
casing, housing the dynamo, control gear, and resist- 
ances. No bedplate is provided, as the machine is 
normally mounted on the customer’s engine bed. 
The current generated can be delivered to the mains 
at all speeds between 1,000 and 3,500 r.p.m. Below 
1,000 r.p.m., the power absorbed is dissipated in a 
resistance incorporated in the set. The dynamo- 
meter is designed to act as an electric motor for 
running-in the engine, and under these circumstances, 
has the same speed range as when acting as an 
absorption dynamometer. The power absorbed is 
measured on a special wattmeter having an off-set 
zero, the indications of the meter to the left of this 
point indicating the power supplied when motoring, 
while those to the right indicate the brake horse- 
power absorbed. The set is provided with sensi- 
tive fool-proof and automatic devices, which operate 
if undue friction develops in the engine, and cause 
the machine to come to rest automatically before 
any damage is done. The research dynamometer 
shown is a laboratory instrument of the electric- 
absorption type, the yoke of the dynamo being 
mounted in heavy roller bearings. The yoke is 
provided with a steel torque arm connected to a 
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Messrs. Frederick Parker, Limited, of Viaduct 
Works, Leicester, are showing various examples of 
the plant they have designed for road-making and 
building work. This includes a concrete mixer with 
a capacity of 5 cub. ft., which is capable of an 
output of from 25 to 30 cub. yard per day. This is 
driven by a 1} h.p. engine and can be fitted with a 
barrow hoist to give speedy and economical 
loading. The same firm are showing a mixer, 
which is fitted with an oversize drum, with blades 
specially arranged to ensure a fast and homogeneous 
mix. A machine of this type is now being used in 
the erection of the concrete cooling towers at the 
Croydon generating station. 

Messrs. British Reverberatory Furnaces, Limited. 
of 88, Kingsway, London, W.C.2, exhibit a midget 
furnace for melting copper, bronze and other metals. 
This furnace is heated by a Parwinac oil burner and 
has an output of 18 consecutive melts of 300 lb. of 
copper alloy per day. This output is, it is claimed. 
obtained with a fuel consumption of 44 gallons per 
hour, the working temperature reaching 1,400 deg. C. 
The lining consists of sectional numbered bricks, so 
that re-lining is a simple operation and is further 
facilitated by the fact that the back plate is remov- 
able, so that access to the interior is rendered easy. 
The metal bath can also be reached without difti- 
culty through a combined tapping spout ancl 
inspection door, which is fitted with locking cams. 
and is controlled by a balanced swing lever. 

Though in the preceding colums we have onl) 
been able to devote space to those electrical firm: 
who are showing equipment for industrial work 01 
various kinds, it may be mentioned, in conclusion. 
that a number of concerns have very complet: 
exhibits of heating and cooking apparatus 1!- 
tended for domestic use. This, in general, exem- 
plifies the great improvements that have been mact« 
in this branch of the electrical industry during tl 
past few years, and affords clear prcof that th: 
experimental stage has now been passed. 
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THE FUTURE OF THE BRITISH 
INDUSTRIES FAIR. 


WerE Napoleon alive to-day, he might possibly 
feel inclined to qualify his famous dictum by a 
proviso that our methods were those of the petite 
boutique de village rather than of the Grand Magasin. 
Our ability to advertise our goods, in particular, 
forms a favourite subject for the critics, and in 
this, as possibly to some extent in the whole indus- 
trial field, it might almost appear that we are 
suffering from an inferiority complex. This dis- 
tressing complaint is amenable only to treatment 
by the methods of psycho-analysis, of which the 
most important is perfect frankness on the part 
of the patient. The field for frankness is a large 
one and a volume would be necessary to cover it, 
but as a beginning it may be admitted that our 
prices for engineering products tend to be higher 
than those of many other nations. Apparently 
we must accept this as a condition of our being. 
Politicians would find remedies in high-sounding 
words like rationalisation, but however the cards 
be re-shuffled, as long as the country carries its 
present weight of taxation and attempts to maintain 
its standard of living, its manufacturing costs 
must be higher than are common on the Continent. 
Failing revolutionary escape, following the appear- 
ance of a Mussolini, or the final argument of 
starvation, our general situation is likely to remain 
much as it is now, and industry can but work its 
own way towards such better prosperity as it is 
able to foresee. 

The happy conjunction of coal and iron, on 
which our lead in engineering production was 
originally based, has now little significance, but 
the reputation for quality of product, built up by 





It should be tended with the care of a great auk’s 
egg, but not as a museum curiosity. It should 
be continually displayed in the market place and 
should form an important item in the publicity 
methods of our manufacturers. Mr. Baldwin, in 
a recent speech, spoke of the wealth of British 
industry in technicians and in skilled labour, and 
if natural mechanical ingenuity be added, the 
secret of our past success is well summarised. Our 
technical ability is enhanced by a wider experience 


5) than that enjoyed by other nations, and this, in 


conjunction with the skill of our workmen, enables 
us to produce goods possessing an exceptional 
degree of relability. Our mechanical ingenuity 
should enable us to keep in the forefront of develop- 
ment by designing new machines to meet the ever 
widening requirements of industry. That it does 
not necessarily do so, however, is shown by a 
sufficiently serious lag in machine-tool development, 
and by the extensive use of foreign designs in 
the construction of our products. We have 
deplored the latter tendency on so many occasions 
in the last few years that further illustration is 
hardly necessary, but were it required, it would be 
found in the employment of exotic brains in the 
design of one of our latest locomotives. 

Taken all in all, it may be said that our products 
still largely serve as models for the designers of 
other nations, but it is hardly surprising if this 
fact is not advertised by our competitors. In any 
case, the average purchaser is indifferent to the 
country of origin so long as the goods offer the 
soundest investment on the fundamental basis of 
value for money, and our trade can only be effect- 
ively stimulated by convincing our customers that 
British products are the best on the market from 
this point of view. It is very possible that in 
the past, the quality of our goods has been a suffi- 
cient advertisement in itself, but international 
competition now calls for a more aggressive attitude. 
It is, in fact, one of the tenets of modern advertising 
that the goods should be kept constantly before 
the public, and it may be suggested that, in this 
respect, our methods still leave much to be desired, 
more particularly in comparison with those of 
Germany. One method in which goods may be 
kept prominently before the eyes of other nations 
arises in connection with exhibitions of one kind 
and another. Many international fairs have been 
reviewed in our columns in the last few years, and we 
have almost invariably had occasion to deplore the 
meagre and unsatisfactory nature of the British 
exhibit. The recent Barcelona exhibition may 
be taken by way of illustration. Germany spent 
scores of thousands of pounds on that occasion to 
show her products to advantage, not only having a 
pavilion of her own, but exhibiting in nearly every 
specialised section. France, Italy, Sweden, Norway, 
Switzerland, Japan, and even Denmark and Finland, 
all staged representative exhibits, while, by way 
of contrast, the British exhibits were confined to 
half a dozen or so smail stands. 

It may be that British manufacturers regard an 
international exhibition as of small value, but if so, 
the exhibits at Barcelona, or almost equally at any 
other important Continental exhibition, suggest that 
their view is not shared by the representatives of 
other nations. The striking success of such fairs as 
those held annually at Leipzig and Milan, and to 
a lesser extent the growth of our own British 
Industries Fair, suggests quite a contrary conclusion, 
and it is a significant fact that such exhibitions are 
invariably supported by the Government of the 
country in which they are held. The Wembley 
Exhibition, and the State assistance afforded to the 
British Industries Fair since its inception, show that 
our own Government is convinced of the value of 
such national efforts. The attitude taken up by 
the authorities with regard to these two exhibitions, 
however, affords considerable food for thought. 
It will hardly be disputed that a single isolated 
display, on however lavish a scale, is of less per- 
manent value than an annual exhibition, but the 
Government threw its whole weight into the British 
Empire Exhibition, while giving comparatively 
modest support to the British Industries Fair. 

This is no doubt explained by the fact that only 
recently has the latter assumed the form of an 
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the pioneers of the industry is a very live asset. 





international exhibition in any way comparable with 
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those held regularly on the Continent, and even 
to-day, although buyers come from all parts of 
the world, the exibits are confined to Empire firms, 
and are in fact mainly British. The growth of the 
engineering section at Birmingham has been little 
short of phenomenal, and reflects the greatest 
credit on the Birmingham Chamber of Commerce, 
but it may be doubted whether full advantage is 
being taken of its possibilities. The time may 
well have arrived for a careful review of its scope, 
location, and the time of year at which it is held, 
with a view to making it worthy of our reputation 
as the leading engineering nation of the world. Had 
we any faith in Royal Commissions, it might be 
suggested that here is a fitting subject, but the work 
could probably be carried out much more effectively 
by a committee of our leading manufacturers in 
collaboration with the Board of Trade. 

Until the present, the heavy section of the Fair 
has been mainly representative of general engineer- 
ing, representation of several important branches 
being either insignificant or non-existent. In our 
annual review of the engineering trades, published 
at the beginning of each year, the industry is divided 
under the headings of electrical, motor-cycle and 
cycle, motor, textile, machine tools, locomotives, 
agricultural machinery, marine, and constructional. 
It is a somewhat striking fact that only one of these 
branches, the electrical industry, is at all adequately 
represented at the Fair. The list of exclusions 
appears so formidable that anyone who has not 
visited the exhibition might reasonably assume 
that it was of only parochial importance. This 
is far from being the case, however, and we believe 
that no great effort would be required to make it 
one of the leading international exhibitions, to the 
great advantage of our manufacturers. Whether 
the Fair should be internationalised in fact, by 
throwing open the doors to foreign exhibitors, may 
be open to question, but it is almost beyond dispute 
that advantage would accrue by extending the 
scope of the exhibits. The majority of the branches 
of industry referred to above forms the basis of a 
separate exhibition, held either annually, or every 
two or four years. These exhibitions serve a very 
useful purpose, but with the possible exception of 
the motor show, they are neither intended to be, 
nor are they, in any sense international. On this 
account, there appears to be no fundamental 
reason why the products of these various branches, 
if only by photographs, should not be exhibited at 
the British Industries Fair, in addition to being 
shown at their own appropriate exhibition. As is 
well known, such a policy would be directly opposed 
to the views held by the Society of Motor Manufac- 
turers and Traders, and by the Machine Tool 
Trades Association, but it may be conjectured that 
it would not be impossible to persuade these bodies 
to modify their attitude for the benefit of Imperial 
trade. That such a change in policy is likely to be 
beneficial is brought out by a consideration of the 
machine-tool industry, in particular. The fact 
that last year, the increase in German machine-tool 
exports equalled our total exports, is exceedingly 
disquieting, and it is significant, in this connection, 
that this branch of industry is strongly represented 
at the Leipzig Fair, machine tools in fact forming 
nearly half the exhibits. It need not be suggested 
that this fact alone accounts for the rapid growth 
of the industry in Germany, but it at least shows 
that German manufacturers are prepared to give 
strong support to an annual exhibition. This they 
would hardly do unless they were convinced of its 
value, and the position altogether forms a marked 
contrast to the policy of our own Association, who 
hold their exhibition at four yearly intervals, and 
forbid their members to exhibit elsewhere in this 
country in the intervening periods. We have never 
disguised our opinion that this policy is a mistaken 
one, and we have reason to believe that our view is 
shared by more than one prominent manufacturer. 

The questions of the site of the Fair, and the time 
of year at which it is held, have been previously 
discussed in our columns. Upon the whole, the 
pros and cons for holding the exhibition in February 
appear fairly well balanced, but a more worthy and 
convenient site could well be found for the heavy 
section than the buildings at Castle Bromwich. 
These are difficult of access for foreign and colonial 


could be brought together on a common site. 


discussion in transport circles is the relative advan- | 
tages and disadvantages of the various vehicles, 


the streets of large towns and the surrounding 


tecture, which, while possibly constituting an 
advance on the Crystal Palace tradition, hardly 
does justice to our ability as architects. It is 
probably not yet too late to secure the Palaces of 
Industry and Engineering at Wembley for this 
purpose, and if this were done, the sections now 
exhibiting respectively in London and Birmingham 








METHODS OF ROAD TRANSPORT. 


A FAVOURITE, and even perennial, subject of 


which can be used for carrying passengers through 


neighbourhood. The two principal types of con- 
veyance now employed for this purpose are, of 
course, the electric tramcar and the motor omnibus, 
both of which have their ardent supporters and 
their equally devastating critics, while as a bad 
third in point of application there is the railless 
vehicle, which some hold has all the advantages 
and some all the disadvantages of the other two. 
As the traffic on our streets and roads is at present 
increasing according to an exponential law, and as 
the methods of transport we have mentioned are 
not without their influence on the resulting con- 
gestion, it is not undesirable that the matter should 
be further examined by someone who has an expe- 
rience in all three fields. This was done by Mr. 
R. H. Wilkinson in a paper which was read on 
Monday, February 10, before the Institute of 
Transport, and the arguments contained in that 
communication may be briefly summarised. 
In the first place, Mr. Wilkinson makes the impor- 
tant point that no statement of the relative advan- 
tages and disadvantages of the three methods of 
transport can be universally true. In some large 
towns, for instance, trams carrying 70 passengers are 
considered to be the most suitable means of dealing 
with heavy traffic, but in most places such large 
vehicles are not favoured, and as other types now 
occupy approximately the same road space per 
seat, this particular advantage of the tram is 
vanishing. In congested areas, however, the tram 
possesses the advantage, which it shares with the 
railless vehicle, of a higher average speed, as well 
as being safe in operation, comfortable, and easy to 
control. On the other hand, it isnoisy and imposes 
on passengers the necessity of alighting and 
boarding in the middle of the road, while the 
initial cost of the track and equipment is high. 
A further, and not unimportant, point is that the 
public prefer the omnibus. This latter vehicle has 
the advantages that it is flexible and self-con- 
tained, though it is more particularly useful on long 
journeys. Its disadvantages are low acceleration, 
noisiness, the emission of noxious fumes, short life, 
high operating costs, complication, and fire risk. 
The trolley vehicle, for its part, has, in Mr. Wil- 
kinson’s opinion, all the advantages of both the 
tram and the motor omnibus, while in addition it is 
flexible, has an higher average speed and receipts, and 
is silent and cheap. It is not, however, so fast as 
the omnibus on the open road, it cannot overtake 
another trolley vehicle, and its use necessitates the 
installation of overhead equipment. Both the 
tramear and the trolley vehicle have the advan- 
tages that they are not dependent on foreign 
sources for their fuel; they, however, pay higher 
rates than the omnibus. Mr. Wilkinson sums 
up the position by saying that the modern trolley 
vehicle with its pneumatic tyres is the most serious 
rival of the tram for all kinds of town traffic. 
This argument is supported by a comparison of 
the costs of operating these three classes of vehicle 
in Bradford. For the year ended March 31, 1929, 
the working expenses were 14-8d., 11-4d., and 
11-1d. per car mile for the tram, the trolley vehicle 
and the motor omnibus respectively, the total 
costs being 17-8d., 13-4d., and 13-9d. It should 
be mentioned that all the trolley vehicles were of 


are places in this country where neighbouring towns 
have been ill-advised enough to install tramway 
systems with different track gauges, so that through 
running is rendered impossible. In such cases the 
authorities have a traffic instrument in their hands 
which is capable of giving an economical and 
efficient inter-urban connection, leaving the motor 
omnibus to provide an express service should this 
be required. 

Mr. Wilkinson, perhaps wisely, does not attempt 
to press his argument further than a certain point. 
Where that point is may be deduced from the 
outline we have just given. He advocates no 


{drastic conversion, but rather insists that each 


particular type of town and traffic must be con- 
sidered individually and that the best solution based 
on the data thus collected should be employed. He 
does, however, allow himself the indulgence of 
speculating how many tramway systems would be 
in operation to-day, if motor omnibuses and trolley 
vehicles reached their present state of efficiency 
thirty years ago. In such circumstances, he says, 
it is difficult to imagine anyone proposing the 
laying of rails in the streets and running cars on 
them as a means of transport. With this remark, 
at least, there is likely to be general agreement. 








THE AUSTRALIAN MARKET. 


WuEN the economical situation of this country 
is being discussed, it is unfortunately common, in 
some parts of the community, to leave out of 
account the overall figures, and to try to arrive 
at conclusions by applying theoretical doctrines. 
The practice may be commendable in so far as it 
is induced by a desire to go back to first principles. 
In whatever art complex problems are under 
consideration, nothing is more salutary than to 
check off the results that seem to be desirable by 
reference to the first principles which apply to the 
circumstances in question, provided that the check 
takes account of the quantities involved, as well as 
the other elements of the situation. In many kinds 
of calculations, it is possible to make a slip in 
regard to the position of a decimal point, and fatal 
errors of this sort are usually best avoided by 
reasoning the thing out from first principles, with 
the order of magnitude of the figures fitted in at 
each stage. In regard, for instance, to the economic 
policy of the country, it is indisputable that cheap 
food is a matter of the first consequence in the 
interests both of the community as a whole, and of 
those who have least to spend. It is equally 
certain that there are other important factors of 
the situation, and a just decision cannot be reached 
without taking account of the extent to which 
each of them operates. If, for example, 10 per 
cent. of the population that should be working in 
an industry is unemployed, it requires figures, and 
not merely bare principles, to decide whether a 
measure that might increase the price of food or of 
other commodities would or would not be to the 
advantage of that industry, or of the community, if 
it served to find employment for some of those who 
are out of work. On the one hand, the amount 
of the possible increase would have to be estimated, 
together with the probability that the proposed 
measures would lead to any increase at all, and on 
the other hand the extent to which unemployment 
was likely to be relieved. The results of such 
consideration would be entirely different, according 
to the way figures of this kind worked out; but 
usually there are certain facts and figures which 
must play a dominant part in arriving at any safe 
conclusion. ae 

At the present time, probably the weightiest of 
{these circumstances are the amount of the national 
| budget, the extent of unemployment, and theincrease 
‘in the manufacturing operations of other countries 
which were formerly our customers. The country, 
like the enormous majority of its citizens, can pay 
its way only by what it earns, and before it can have 
any earnings for domestic or industrial purpcs¢s; 
each family has to find, on the average, something 





the single-deck type, while 29 per cent. of the 
omnibuses were double-decked. Statistics showed 
that the trolley vehicle was the most economical 
form of transport for dealing with all services up 
to an 18 minutes headway, after which the motor 





visitors, and are in the glorified shed style of archi- 





omnibus took its place. As is well known, there 


like 100. a year for the service of the national 
budget, as against about a fourth of that sum 
‘required before the war. Roughly a tenth of those 
'who should be earning their part of the national 
|income are out of work, and a substantial part of 
‘the manufactures in which they should be earng 
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their living is now being done by other countries. 
These facts are not sufficient in themselves to justify 
or condemn a particular policy, but they show at least 
that the cultivation of manufacturing industries is 
a primary condition of any improvement in the 
country’s economical position. When the enormous 
volume and amount of its imports of manufactured 
goods is considered, it is evident that improvement 
in home trade, if measures can be devised for the 
purpose, may make a large contribution to filling the 
present deficit. An equally obvious source of relief 
may come, however, from export trade, either by in- 
creasing the volume of trade with existing markets, 
or by developing fresh markets in new countries, or 
in both ways. Of these measures the most direct, 
where it is possible, is to increase our share of 
exports to existing markets, and of such markets 
none is worth more careful attention than that of 
Australia. 

Speaking in very round figures, Australia is 
importing at the present time goods to the value of 
150,000,000/. per annum, or roughly double what 
it did before the war, and a report to the Depart- 
ment of Overseas Trade on Economic and Trade 
Conditions in Australia to August, 1929, by Mr. 
R. W. Dalton, C.M.G., H.M. Senior Trade Commis- 
sioner to the Commonwealth (H.M. Stationery Office. 
4s. 6d. net) gives further information in regard to 
the position and prospects of the country. Like 
all other markets, it has its fluctuations, and after 
a period of unusual activity, which in buying reached 
its peak in 1926-27, and in import figures during the 
following year, it has been passing through relatively 
unfavourable times, in which credit and buying 
have been restricted. Good reason is shown, how- 
ever, for attributing the setback, not to any radical 
change for the worse in production conditions, but 
to economic reaction supervening naturally on a 
period of inflation, the effect of which will disappear 
in due course. During last year, in fact, the revival 
of the import trade, after the two years of economic 
pressure, was already evident. Sometimes, indeed, 
it has been thought that the continued policy of 
encouraging Australian manufacturing industries 
by tariffs had reduced the Commonwealth for 
import purposes to a stationary or even a declining 
market. The figures show, however, that so far 
this has not been so. The tariff has caused some 
changes in demand, but the gross amount of imports 
has continued to grow, and in Mr. Dalton’s opinion 
added prosperity of Australian manufactures will 
inevitably increase the demand for other manufac- 
tures from abroad, and the volume of imports. 
This conclusion is important, because there seems 
to be no doubt about the steady increase in the 
proportion of the population engaged in industrial 
occupations. The census of 1921 showed it to be 
not far short of a third of the whole working popula- 
tion, as against rather more than a fourth in 1881, 
while the percentage of those engaged in the primary 
industries had fallen to just over a fourth from 
considerably more than two-fifths in 1881, and it 
has been estimated that in the period 1917-27 the 
percentage engaged in manufacturing had increased 
by nearly one-sixth. 

The imports of interest to manufacturing engineers 
appear mainly as machines and machinery, and 
as metals and metal manufactures other than 
machinery, together amounting to nearly a third 
of the totalimports. In each class the imports had 
increased considerably since 1913, imports of the 
former class amounting in 1927-28 to over three 
times the figure for 1913 and of the latter class to 
nearly double. By far the most important com- 
petitor in both classes was the United States, but 
if motor cars are excluded from the latter class, 
the percentage of imports supplied by the United 
King-lom had increased and that of the United 
States diminished. At first sight, therefore, the 
Situation of British manufacturing engineers in 
regard to the Australian import market seems 
fairly silisfactory, especially when it is observed 
that in cach class their share was more than half 
the total imports, and in the metals class, excluding 
motor cars and parts and one or two other items, as 
much as five-sixths. These percentages are much 
better than they were in 1913, and the fact is the 


British percentage has declined since 1913 almost 
without interruption. 
In examining the statistics, however, Mr. Dalton 
was struck with the fact that where other countries 
supplied an important part of the imports, it was 
through obtaining a large turnover in a very small 
number of lines. Accordingly he separated each 
class of imports roughly into those, such as oils, 
in which competition was impossible through 
natural circumstances, those in which there was 
severe competition, and those in which competition 
with this country was not severe. From this 
analysis it appeared that in the imports where 
competition was very severe, the percentage of 
British imports was greatly lower than in the 
whole class, and still more strikingly so when 
compared with the figures for manufacturers in 
which competition was not severe. The report 
suggests, accordingly, that in the lines subject to 
very severe competition, which in each of the 
two engineering classes amount to something 
over half the total imports, there is the opportunity 
for improving the value of the market to British 
manufacturers. How this opportunity can be 
taken involves an examination of the causes that 
have led to the present situation. Two of these 
are familiar through many similar reports in 
regard to other countries. It is suggested that 
too often the goods offered are what the manu- 
facturer makes and wishes to sell as his standard 
patterns, and not what through his local circum- 
stances the customer wishes to buy. It is said, 
in fact, that where foreign makers, and notably 
those of the ‘United States, will study the precise 
needs of export markets and offer to each a pattern 
that complies with them, British makers often 
do not even know nor apparently try to learn what 
these needs are. The other is that manufacturers 
make insufficient effort to influence the customer 
either by propaganda and personal touch before 
making a sale and by service afterwards. This 
may seem too sweeping an allegation against 
British manufacturers when some lines are remem- 
bered in which they have secured and maintained a 
pre-eminent position practically all over the world. 
On the other hand it must be admitted that the best 
known examples of such successes—motor cycles 
may be taken asatype—involve much fewer patterns 
and simpler service than many of those, such as 
motor cars, in which up to now British makes 
have not obtained in foreign markets the share of 
trade which their quality and often their prices 
deserve. 
If, moreover, these criticisms were confined to a 
single market, they might carry less weight, but 
they turn up so often and from so large a variety 
of markets that it seems probable there must be 
something in them. A third factor, which has not 
been commonly invoked in regard to other markets, 
and has never been described so emphatically 


other, is the failure-of British makers to recognise 
the precise function of the Australian buyer’s agent 
in London. Years ago he may have sometimes 
been in effect the buyer himself, with whom the 
maker could transact all necessary business. By 
a transition, very carefully explained in the report, 
he has now become little more than the financial 
and shipping agent, and the necessary touch with 
the buyer requires also relations with the Australian 
firm either directly or through a suitable agent. 
It is remarked incidentally that such agents are 
often hard to procure, and one reason for the 
relative slowness with which British motor cars 
have made headway in Australia compared with 
America has been the difficulty at certain times 
in getting proper agents. 

Whether the measures necessary to secure success 
are within the means of individual makers is 
obviously a question that does not admit of a 
reply on general terms. The alternative of co-opera- 
tion with other manufacturers may be considered, 
and help from the Department of Overseas Trade 
and affiliation with the Australian Association of 
British Manufacturers will be valuable in deciding 
such points, obtaining an agent, and otherwise. 
With adequate measures and appropriate specialities 





more remarkable because, although metal working 
accounts for a fifth of Australia’s total manufactures, 
im every class of imports except these two the 


there appears a sound prospect of good business 
in Australia, which may reasonably be expected 


in regard either to the Australian market or any | 


it is probably waste of money to try for it. The 
improvement of British trade with Australia is, 
indeed, not going to provide a general solution of 
the present economic difficulties. The report 
under notice leaves little doubt, however, that 
it should form a valuable contribution to whatever 
broader measures may have ultimately to be applied. 








THE ENGINEERING OUTLOOK. 
VII.—LocomotivEe InpustRY. 


THE very satisfactory increase in employment in 
the locomotive industry, which took place during 
1928, did not continue during 1929. The relapse 
was sufficient even to bring out lower average figures 
for the year than in 1927. This result is frankly 
disappointing, and is rather worse than was antici- 
pated at this time last year. At the same time, it 
would not be wise to read any great significance in 
the fact. 

It the first place, it is desirable to emphasise 
that this review is confined purely to the competi- 
tive manufacture of locomotives by locomotive 
manufacturers, as distinct from the railway com- 
panies of Great Britain. It is not necessary to 
take the railway companies into account, as the 
whole of their production is for their own consump- 
tion ; they are not competitors in the world market 
in the sense that they seek to sell their product 
overseas, though by withdrawing the basis of the 
home market from the independent British manu- 
facturers they, of course, weaken the competitive 
strength of the latter very seriously. 

It would seem to be fairly clear that, during 1929, 
the home demand of the locomotive industry, thus 
defined, contracted, either as a result of there not 
happening to be as large an amount of replacement 
required as in the previous year, or else because the 
demand was more completely filled by the railway 
companies themselves. In 1927, over 60 per cent. 
of the output of the industry was for export, and 
the probability is that this percentage has increased 
since then. The small remaining percentage is 
liable to be influenced very greatly from one year to 
another by a few big orders, and the relapse of 1929, 
having regard to the relatively good export position, 
need not therefore, indicate any permanent ten- 
dency. 

As an indication of the employment position, 
it is necessary, aS on previous occasions, to resort 
to statistics of employment obtained by investigation 
by sample in seven principal locomotive manufac- 
turing districts in the country. Ministry of Labour 
employment statistics are not available for the loco- 
motive industry separately, but there is no reason 
to question the accuracy of the movements indi- 
cated by the sample inquiry, as for the past seven 
years now they have accurately reflected the situa- 
tion. The sample figures are given in Table I. 
TABLE 1.—Hmployment in the Locomotive Industry. 











2nd 


, Numbers Index 1914 
Year. Employed. = 100. 

1914 ne # xe ea 15,771* 100-0 
1920. May aa ee we 14,510 92-0 
1923— 

lst Half-year. . rv ee 4,545* 28-8 

2n +s x ae oe 7,709 48-9 
1924— 

Ist Half-year.. 5,300* 33-6 

2nd ‘ wa 5,940 37-7 
1925— 

1st Half-year.. es a 7,242 45-9 

2nd fe a aa aa 7,453 47-3 
1926— 

1st Half-year. . Pf a 6,502 41-2 

2nd - ws Ss PY 5,044 32-0 
1927—- | 

lst Half-year.. re re 6,499 41-2 

2nd 4 an as ar 7,614 48-3 
1928— - 

1st Half-year. . al 7,504 47-6 

2nd ms ae es mal 8,049 51-0 
1929— | 

ist Half-year.. Ja oa 6,877 43-6 

P ie << 6,997* 44-4 





* Estimated on incomplete returns. 

The disappointing decline in 1929 has already 
been referred to. The second half-year shows some 
little improvement on the first, a characteristic of 
this branch of engineering, except in such abnormal 
years as 1926. It is possible that, but for the 
abnormal financial conditions of the last few months, 
the second half-year would have shown a greater 





to be permanent and increasing. Without them 


improvement, but the evidence is too flimsy to make 
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it possible to drav, any conclusions as to the prob- 
able trend for the beginning of 1930. In any case, 
it must be borne in mind that the industry is opera- 
ting on a very restricted basis—in fact, less than 
half the pre-war level—and that a very substantial 
increase in general activity and employment would 
still leave the industry in a relatively gloomy 
position. 

At the same time, it must be confessed that the 
export situation does not show a comparable 
recession to that of production as a whole. From 
Table II, in which the figures for 1929 of United 
Kingdom exports of locomotives are compared with 
similar figures for previous years, it will be observed 
that while total exports are reduced in volume and 
value as compared with 1928, they were much more 
evenly sustained throughout the year. In the 
second quarter of 1928, for instance, the sudden 
increase must be attributed to the accident ofa 
few big orders synchronising. In 1929, there appears 
to have been a sustained level of activity on a higher 
scale than in recent years. 


TaBLe I1.—United Kingdom Exports of Locomotives. 
Volume. Value per Ton. 
Monthly | 
verages, Index | Index 
Tons. 1913 £ 1913 
100. 100. 
1913 h 3,927 100-0 59-0 | 100-0 
1922 
Ist Qr 4,268 | 108-7 } 165-0 | 280-0 
2nd ,, 1,741 44-3 | 168-5 | 285-6 
3rd 1,748 44°5 | 150-8 | 255-6 
ith 2,979 75-9 =| 144-5 | 244-9 
1923 | | 
Ist Qr. 2.524 64-3 | 110-9 | 188-0 
2nd ,, 3,110 79-2 78:4 | «132-9 
3rd 2,227 56-7 81-8 138-6 
ith 3,691 94-0 70-1 118-8 
124 
Ist Qr. 2,694 68-6 72°2 122-4 
2nd ,, 2,432 61-9 72°8 123-4 
3rd 1,505 38°3 83°3 141-2 
ith 1,223 31-1 98-2 166-4 
1925— 
Ist Qr 3,682 93°8 82-8 140-3 
2nd ., 3,471 88-4 85-0 144-1 
3rd L578 40-2 97-6 165-5 
{th 1415 36-0 91-3 154-7 
1026 
Ist Qr 4,388 111-8 90-6 153-4 
2nd 2,936 74°8 90-6 153-4 
trd 1.52 49-7 91-2 154-6 
ith 2,046 2-1 84-3 142-9 
1027. 
Ist Qr 921 23-5 99-2 168-1 
2nd ,, a 2,123 54-1 Bo-4 151-6 
grad, da 2,425 - GIES 85-2 144-4 
tth 3.508 80-3 78-1 132-4 
1928 
Ist’ Qr. ae 2,622 66-8 89-8 152-2 
2nd, - 5.681 144°7 80-0 135-6 
3rd, x 2.810 71-6 83-2 141-0 
ith ,, ee 2.631 67-0 96-6 163-7 
1920 
Ist Qr. ats 3,197 1-4 76-0 128-8 
snd ., ée 3,192 81-3 85-2 144-4 
ards, “yA 3,193 81-3 85-2 144-4 
ith ,, a 3.857 98-2 79-2 134-2 


One of the most noticeable features of this table 
is the sharp drop in value per ton, the price which 
the British industry has had to pay to make its 
competition effective overseas. It is to be hoped 
that this is the result of increased efficiency and does 
not imply that business has been of an unprofitable 
nature. Having regard to the increased cost of 
labour, materials, transport and other elements in 
production costs, it is a remarkable achievement, 
and means that locomotives are being sold at a 
considerably lower price per ton (gold basis) than 
before the war. 

The total volume of locomotives exported in 
1929 amounted to 40,316 tons, as compared with 
41,231 in 1928. The value of exports fell from 
3,533,3201. in 1928, to 3,275,153. in 1929. The 
requirements of the Argentine and other South 
American countries fell off considerably. Australia 
improved slightly as a customer, but remained an 
inconsiderable buyer, while the Ceylon demand was 
less. The principal increase by far was in exports to 
India, while South Africa also showed marked 
improvement. Other countries were disappointing 
at little more than a third of the volume of 1928. 
A more satisfactory feature is the striking increase 
in the export of parts of locomotives, which increased 
from 604,132/. in 1927 and 1,132,304l. in 1928, to 
1,993,293/. in 1929. The value of exported parts 
was thus two-thirds of the value of complete 
locomotives exported, and has come to be a very 
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trade. 

Imports of locomotives, which have for many 
years past been a negligible quantity, showed a 
considerable decrease in 1929, as shown in the 
following figures, giving their value in pounds :— 

£ 


1924 5,303 
1925 9,079 
1926 12,736 
1927 14,765 
1928 14,279 
1929 9.081 


The most important criterion of the competitive 
position of the industry, being almost entirely 
concerned with export, is an international compari- 
son of the exports of locomotives from the principal 
producing countries. Table III gives these figures, 
as regards the value of exports, for the four prin- 
cipal producing countries. The values are given in 
pounds sterling converted at the average rate of 
exchange for each year. As regards volume, the 
table is necessarily defective, as no quantity figures 
are available for the United States. 


TaBLE III.—ZJnternational Exports of Locomotives. 
(Value 0001.) 





| | | | | Esti- 
_— 1913.) 1924.| 1925.) 1926.| 1927.| 1928.| 1929. | mated 
| | | | 





| | } on 
= ine =A a ia = alae 
United | | | | | 
Kingdom |2,782 [1,852 }2,649 |3,043 |2,286 |3,533 | 3,275 | — 
France 5| $25] 431] 220] 289] 216¢| 257t*| 11 
| mths. 








| 
2,698 1,042 {1,338 1,228 |1,735 |1,120 | 1,272*| 
1,324 |1,279 |1,456 |1,054 1,096 | 654 | 907* 
-|—-. —. 


Total . . |6,889 |4,498 bar (5,545 (5,406 |5,523 5,711 | — 
i } | ' | | 


Germanyt 
8 











| 


* Estimated on incomplete returns. 

+ Locomotives only. The figures for previous years 
include steam tractors and steam rollers. 

t Including reparations. 





World exports are creeping up satisfactorily 
both in volume and value, though still far short of 
the pre-war level. The British share has not quite 
maintained the improvement recorded in 1928, 
but still makes a satisfactory showing. The slight 
loss to the British industry went to swell the share 
of three other countries, but the competitive 
position is sounder than in many post-war years, 
and considerably stronger relatively than in 1913. 

As regards the figures of volume, the French 
figures are now in excess of pre-war, although the 
former included steam-rollers and steam tractors, 
whereas German exports are far below the 1913 level, 
when in volume their exports exceeded ours.. 


TABLE 1V.—Jnternational Exports of Locomotives. 
(Volume—Long Tons.) 





1913. | 1924. | 1925. | 1926. | 1927. | 1928. | 1929. 
| | \ | | 


] 
41,231 | 40,316 

2899+ | 3,590t* 
16,820 | 18,200* 


United | | 
Kingdom) 47,121 |23,563 |30,437 (33,968 |26,932 
France ..| 3,291 | 4,522 | 7,070 | 4,118 | 4,612 
Germany} 53,560 |16,900 |22,220 /16,850 |24,210 























Total . .|103,972 |44,985 |59,727 |54,936 [55:754 160,950 | 62,106 
| 








*, Estimated on incomplete returns. 

{+ Locomotives only. The figures for previous years 
include steam tractors and steam rollers. 

t Including reparations. 


In spite of the constant expansion of electrifica- 
tion, there is reason to think that the world demand 
for locomotives will continue to increase, and 
having regard to the extreme technical and produc- 
tive efficiency of the British industry, it is reason- 
able to expect that, taking a long view, our share 
of world markets will increase. On the other hand, 
even this branch of industry is likely to be affected 
to some extent by depressed world economic condi- 
tions, especially in South American markets, and 
an expansion in the early part of 1930 can hardly 
be expected. Improvement may be anticipated 
towards the end of the year, and the results for 
1930 as a whole, should be as favourable as last 
year. 








INSTITUTE OF REFRIGERATING ENGINEERS, AUSTRALIA. 
—-A new body, the Institute of Refrigerating Engineers, 
of New South Wales, has recently been constituted. 
The President, Mr. A. N. Campbell, and the Council and 
officers of the Institute, were elected at the inaugural 








meeting held on December 5 last. 


important and remunerative branch of the export | 





NOTES. 


| 
| SPECIALIST SECTIONS OF INSTITUTIONS. 
| 


| Ina recent leading article we pointed out that the 
Institution of Electrical Engineers not only repre- 
| sented the technical side of a prosperous industry, 
| but had a membership larger than that of any similar 
‘organisation in the country, and expressed the 
| opinion that these two circumstances bore a relation- 
| ship to each other which was not far remote from 
that of cause and effect. The health and well- 
| being of such an association, however, depends on 
other factors than industrial prosperity and member- 
ship, among which one.of the most important is the 
way in which its activities are organised. This point 
was brought out, at least inferentially, in a speech 
made by Colonel Sir Thomas Purves at the annual 
dinner of the Institution of Electrical Engineers, 
which was held at the Hotel Cecil, London, on 
Thursday, February 6. He called attention to the 
fact that one of the most useful ways in which the 
Institution was catering for the needs of its mem- 
| bers was by allowing specialists to form sections, 
| affiliated to and under the protection of the central 
body, but with a separate government of their own. 





| 


q In this way all the advantages, both of centralisation 


| and devolution, were obtainable, and we are glad to 
learn that the system is working well. He added 
that not the least of the benefits derived from such an 
organisation was that the task of squaring section- 
| alist interests with the maintenance of a representa- 
| tive institution at its full strength had an excellent 
| disciplinary effect on the members, and enabled that 
| citizenship, which consisted in reconciling conflicting 
| interests in an atmosphere of loyalty to the parent 
| body, to be developed in its full vigour. The present 
| policy of the Council, he continued, was to offer the 
| protection of the Institution to any specialist section 
on lines which might be described as corresponding 
to Dominion status, and though this sometimes gave 
rise to difficulties, owing to certain members of those 
sections not being qualified for admission to the 
parent body, that obstacle must somehow be over- 
come without any relaxation of the present stan- 
dard. That the Institution is a body with wide- 
spread interests, of which the individual member 
in these days of specialisation only knows of those 
relating to his own particular work, was empha- 
sised by a humorous, if apocryphal, reference to 
French literary history. That, however, is all the 
more reason why those varied activities should be 
controlled with knowledge and sympathy, and this, 
it is only right to add, is fully recognised by the 
Council. The specialist sections which have already 
been formed are doing most useful work, and the 
result may well be the encouragement of theforma- 
tion of others, and, perhaps, the adoption of a 
similar policy by bodies whose state of health seems 
to demand the application of some tonic. It is only 
necessary to add that the function at which this 
declaration of faith was delivered was well attended, 
and that the other speeches stressed, perhaps not 
| unduly, the mutual debt which science and elect rical 
| engineering owe to each other. 





THE PANAMA CANAL. 


The tonnage of the cargoes passing through 
the Panama Canal from the Pacific to the Atlantic 
is more than double that passing in the opposite 
direction. This is largely due to the fact that 
vessels bound for the east coast of North America 
and for Europe carry raw materials and foodstutts 
in bulk, while the ships travelling in a westerly 
direction carry manufactured goods. According 
to the Annual Report of the Governor of the 
Panama Canal, which has recently been published, 
the cargoes passing from the Pacific to the 
Atlantic during the year ending June 30, 1929, 
totalled 20,780,486 tons, and mineral oils, lumber. 
nitrates, wheat, iron and other ores, tinned foods 
and sugar, accounted for fully 80 per cent. of 
the total. The cargoes proceeding from Europe 
and the eastern shores of North America to 
the Pacific aggregated 9,882,520 tons, of which 
2,349,566 tons, by far the largest item, consisted 
of iron and steel manufactured goods. = ti - 
cargo ingth rough the Canal during the y«°3 
pe ae Big therefore, 30,663,006 tons. 
This was carried by 7,029 vessels, the net tonnsge 
















hers ities tach 


sa ss AS 


eS Se ee 





he 
re- 


ar 
he 


on 


mn- 


nt 
at 
ng 
nt 
nt 
he 
on 
ing 
ive 
ose 


che 


un- 
de- 
ber 
ose 
ha- 

to 
the 


ris, 
the 
dy 
the 
na- 
f a 
ms 
niy 
his 
ed, 
not 
cal 


igh 
itic 
site 
hat 
ica 
iffs 
rly 
ing 
the 


the 


ber, 








z 
A 


Tae or nes se 


Jareh caters yi 


ENGINEERING. 





231 








FEB. 14, 1930.] 








of which, according to the Panama Canal measure- 
ment, was 29,837,794; the tolls levied amounted 
to 27,127,377 dols. All the above figures con- 
stitute new high records. Maintenance and improve- 
ment works must necessarily take an important 
place in the annual programme of undertakings 
such as the Panama Canal. A number of dredgers 
have been at work continuously, both in the Canal 
itself and in the terminal harbours, and the total 
spoil brought up during the year covered by the 
report was 4,979,300 cubic yards. The construction 
of a storage reservoir at Alhajuela on the Chagres 
River, to increase the supply of water to the Canal 
during droughts and also to control exceptional 
floods, is a new work of outstanding importance. 
As was stated in these columns last year, a sum 
of 250,000 dols. was set aside for expenses incurred 
during the 1929 fiscal year, and during that period, 
which ended on June 30, 1929, surveying was car- 
ried out on and around the site of the dam, exten- 
sive geological investigations were undertaken, and 
about 30 borings were made to various depths. In 
addition, quarters for the personnel to be engaged 
on the construction of the dam have been built near 
the site. As already reported in ENGINEERING, 
the names ‘‘ Madden” dam, plant, and road have 
been given to the project at Alhajuela, by the 
United States Congress, in honour of Mr. Martin 
Madden, a former prominent member of the House 
of Representatives. The total cost of the work 
will be in the neighbourhood of 12,000,000 dols. 


PLASTER MODELS FOR STRESS DETERMINATION. 


In a paper* entitled ‘‘ The Plaster-Model Method 
of Determining Stresses Applied in Curved Beams,” 
Professors F. B. Seely and R. V. James describe an 
interesting method of determining the strength of 
curved beams, of C and other irregular shapes, by 
means of experiments on plaster models. The 
plaster used is described as Pottery Plaster, and 
a preliminary research showed that this material 
had a practically straight stress-strain diagram 
right up to the point of rupture. Its compressive 
strength is very much greater than its strength in 
tension, and it has a typical brittle-material fracture 
occurring under tensile stress without plastic flow. 
Hence, prior to failure, there is no redistribution of 
the internal stresss by plastic yield, so that the 
breaking stress may be taken as strictly proportional 
to the maximum streses in the corresponding metal 
originals, so long as the elastic limit is not exceeded. 
In most of the experiments made, the stresses could, 
it would seem, be regarded as not materially 
different from generalised plane stresses, in which 
case the distribution is known to be independent of 
the elastic constants of the material. The plan 
followed was to mould, in addition to the model, a 
specimen of simple shape, which was tested at the 
same time, and the maximum stress at failure of 
the model was deduced from a comparison of the 
loads required to rupture both. The mixture used 
for the models was 70 lb. of water and 100 Ib. of 
plaster. The plaster was carefully poured into the 
water and the mixture allowed to stand, without 
surring for 10 min. It was then stirred by hand 
for 5 minutes, in order to bring all air bubbles to 
the top. This done, it was ready for pouring into 
the moulds, which were sized with soap solution to 
prevent sticking. After pouring, the mixture was 
agitated by a wire, and by tipping and jarring the 


mould. This procedure brought to the surface 
most of the larger entrained air bubbles. The 
agitation was stopped at the first sign of stiffen- 


ing. As the plaster sets, it heats and swells, the 
mould feeling quite warm to the hand, and at this 


stage the cast is most readily removed from the 
- 1. After removal, the specimens were cured 
or two days in a moist room, and then dried over 


‘sand drier for at least four days. Properly made 
“ists have a metallic ring. The experiments 
showed, as might perhaps have been anticipated, 
that a fairly large number of tests, 5 to 10, were 
” essary to get reliable results, but the models are 
“* easily made, and so rapidly tested, that this draw- 
ack is not serious. The conclusion reached was 
that the method gave consistent and reliable results 
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for the stresses in C frames, of which a large variety 
were tested. Some of these were of T section, others 
of I section, and others again were rectangular. 


QUEENSLAND Ratiways. 


The railways of Queensland, Australia, date back 
to 1865, in which year a line, just over 21 miles in 
length, was opened between Ipswich and Grand- 
chester, in the Brisbane district in the south. 
Other lines quickly followed, and, according to the 
Report of the Commissioner of the Queensland 
Railways for the year ending June 30, 1929, there 
are now 6,417 miles of 3-ft. 6-in. gauge railway 
open to traffic in the State. The total earnings, 
during the year under review, were 7,568,647/., 
an increase of over 187,000/. compared with the 
previous year’s total. The working expenses 
amounted to 6,202,801/., which figure represents an 
increase of 96,6612. over the total for 1927-1928. 
The net earnings per train-mile, after paying working 
expenses, came to the respectable sum of 2s. 3$d. in 
1928-1929, as against 2s. 2}d. in the previous year, 
and ls. 43d. in 1926-1927. As is the case in many 
countries at the present time, the number of passen- 
ger journeys made, and the passenger revenue, 
shows a tendency to decrease, owing to road 
competition. On the other hand, the total goods 
revenue, including that derived from the carriage 
of live-stock, is increasing, and represents fully 
two-thirds of the total earnings of the under- 
taking. An important service rendered by the 
railway is the transport of starving sheep to 
agistment areas in times of drought. Considerable 
concessions in freights are allowed for this service, 
and, during the past few years, some millions 
of sheep have been moved under these special 
conditions. Petrol-driven passenger rail cars have 
been introduced during the past three years, and 
have proved exceedingly popular. It is stated 
that road motor competition has been effectively 
met by their use, and that, in the districts in 
which they have been adopted, passenger traffic 
has reverted to the railways. The services are to 
be considerably extended and further improved. 
A new depot, capable of accommodating 29 locomo- 
tives and equipped with modern appliances, has 
been built at Willowburn. Three new lines have 
been opened during the year under review. These 
comprise the Longreach- Winton Railway, 110 miles 
in length, in the Central Division ; the Duchess to 
Mount Isa Railway, 54 miles in length, in the 
north of the State; and the Mulgedie to Monto 
Railway, 8 miles in length, in the Southern Divi- 
sion. Mount Isa is an important mining centre, 
and a heavy traffic to and from the seaboard is 
anticipated. The Longreach-Winton line will 
chiefly be used in times of drought for moving 
sheep more expeditiously than has been possible 
hitherto. 

Tue Port oF RanGoon. 


The chief city in Lower Burma, Rangoon is the 
fourth largest city, as regards population, in the 
Indian Empire. It stands in the flat Irrawadi 
Delta country, and, in addition to being a busy 
port, constituting the natural outlet for Burmese 
produce, is an important rice-milling centre, this 
cereal forming the main product of the Delta region. 
According to the administration report of the 
Commissioners for the Port of Rangoon, for the year 
ending March 31, 1929, vessels to the number of 
1,736, most of which were steamers, and having a 
total net tonnage of 4,212,762, entered the port, 
while 1,728, aggregating 4,189,570 tons, left the port 
during the twelve months under review. Exports, 
in the same period, totalled 3,775,934 tons, and 
consisted mainly of rice, mineral oils and oil cake, 
timber, pig lead, and zinc ore; the total imports, 
chiefly comprising manufactured goods of all kinds, 
amounted to 1,592,988 tons. Work on a number 
of development schemes at Rangoon has been 
actively carried on throughout the year covered 
by the report. Good progress has been made in the 
case of the King’s Bank reclamation scheme. The 
work of reclaiming an area of approximately 3 acres 
behind the upper end of the training wall was 
completed on June 23, 1928. The ground is now 
used as a coal depot. The channel alongside the 
wall has improved in depth and width, but there 





has been no appreciable scour along the apron. 





Nineteen new godowns, having a total floor area of 
61,296 sq. ft., and two cargo-boat jetties, at Bota- 
toung, and four new salt godowns having a total 
capacity of 6,600 tons, at the import-salt depot, 
Upper Pazundaung, have been completed and put 
into service during the year. Progress has also been 
made with the scheme for joining up the Latter 
Street and Sule Pagoda wharves by a reinforced- 
concrete wharf, to provide an additional berth 
515 ft. long. The site has been cleared and the area 
levelled, and, by the end of 1928, a start had been 
made with the casting of the concrete cylinders and 
piles. A number of roads and quarters for the staff 
have also been completed. During the year, the 
dredger Cormorant worked for 192 days, mainly 
in the Danidaw reach, Western approach, and 
Monkey Point channel, and brought up 675,000 tons 
of sand and silt. The dredger Hastings worked on 
the berths at the wharves and jetties. She dredged 
for 136 days and removed 166,000 tons of spoil. 








THE YIELD POINT AND THE FATIGUE 
LIMIT. 

At the Institution of Automobile Engineers, on 
February 4, Professor B. P. Haigh read a paper 
on “ The Relative Safety of Mild and High-Tcnsile 
Alloy Steels Under Alternating and Pulsating 
Stresses.” 

The lecturer said it was common knowledge that 
failures of structures and machines might occur 
under alternating or pulsating stresses which were 
much below those safely carried in a brief over- 
load or over-speed test. Such failures had a charac- 
teristic brittle appearance, the face being often 
nearly flat, with shell-like markings. Some 90 per 
cent. of the fractures which occurred in service had 
been attributed to fatigue. The relation between 
the fatigue strength and the yield point varied 
widely with different kinds of steel, and, in the case 
of ordinary mild steel, was such that failures by 
fatigue were seldom encountered .by the ship- 
builder. Alloy steels were largely employed in 
motor-cars, with excellent results, but it should 
not be hastily assumed that the same factors of 
safety might be employed as proved satisfactory 
in the case of mild steel. The alloy steels made 
possible reductions of weight, but such smaller and 
lighter parts, even if of equal or greater static 
strength than their equivalents in structural steel, 
might be more liable to fracture by fatigue. 

In fatigue testing, it was customary to test half- 
a-dozen identical pieces with different ranges of 
stress. These ranges were plotted against the en- 
durance, either on a uniform, or a logarithmic scale, 
both methods being represented in Fig. 2, page 
232. The fatigue limit might be defined as ‘“ one- 
half the limiting range of stress.” Unfortunately, it 
was not possible to deduce the fatigue limit from a 
few brief tests made with a large range of stress. In 
the case of steels, however, the length of run required 
to determine the fatigue limit was not as great 
as with some other materials. Indeed, it used to 
be thought that a million cycles sufficed in the case 
of steel, but five to ten million cycles were now 
held to be desirable. The fatigue limit appeared 
to be independent of the frequency, unless this was 
much higher than the rates usually met with in 
practice or in the laboratory. There seemed no 
ground for the former view that, with a given range 
of stress, the limit was lower the higher the frequency. 
The time required for a fatigue test was less the 
higher the frequency, but this must not be so high 
as to cause heating of the piece by elastic hysteresis. 
In any case, the time required was a drawback, but 
once the true fatigue limit had been established for a 
given material, a rapid test with a large range of 
stress might suffice to ensure uniformity in supplies. 
It was important to note that the endurance fell 
off rapidly when the fatigue limit was exceeded, 
and that the range given by 1,000,000 cycles was 
but seldom materially reduced by a longer run. 
With an engine running at 2,000 r.p.m., there 
would be 1,000,000 cycles of stress in 8} hours. 
In other cases, as for example, that of winding 
ropes, though the fatigue limit was exceeded on 
every passage round the pulleys the rope wore out 
by abrasion or corrosion long before there was any 
danger from fatigue, and hence high working stresses 





were permissible. 
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In the case of the mild steels used for ships, 
service conditions were such that, in general, 
plastic strains started rivets and buckled frames 
before cracking by fatigue became probable. 

Rotating bars were often used for fatigue tests, 
and some care was required in preparing the speci- 
mens. A satisfactory form was that of the upper 
test piece represented in Fig. 3. In this form of 
fatigue test, it was very important that the surface 
should be free from scratches, since the maximum 
stress occurred at the surface, instead of being uniform 
across the section, as it was when the test was made 
by direct pull and thrust. In the author’s machine 
designed for the latter type of test, the alternating 
load was applied by means of electromagnets, and 


19.2. RELATION BETWEEN RANGE OF STRESS 
AND ENDURANCE OF TEST PIECE. 
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With the ordinary qualities of steel, the fatigue 
limit was about one-half the ultimate strength, but 
as it might be as much as 60 per cent. and as little 
as 30 per cent. of the ultimate strength, the ratio 
could not reasonably be regarded as a physical con- 
stant. Ratios of over 60 per cent. were, however, 
rare, even in the case of tough metals, and ratios 
of less than 30 per cent. were only found with metals 
long recognised as unsuitable for withstanding 
large loads or vibration. The ratio in question 
was highest in the case of normalised low carbon 
steels, and in the best wrought irons. The lower 
values were found in cast irons and in steels im- 
properly heat treated. 

With increase of the carbon content, the fatigue 


Fig. 3. WOHLER TEST-PIECE AND THREE 
HAIGH TEST-PIECES. 
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Fig.8. HOW THE FATIGUE LIMIT a VARIES WITH s 

















off when the tensile strength had reached a hich 
value, but, with less satisfactory specimens, there 
was a similar, but more marked, decrease in the 
ratio, with less increase of tensile strength. The 
figures in the last two columns of the table showed 
the margin between the fatigue limit and the yieid 
point, which, it would be seen, increased rapidly 
with the ultimate tensile strength. It was the dimi- 
nution in this margin which made caution necessary 
in the use of high-tensile materials. 

The author had shown, in 1917, that the fatigue 
strength might be greatly reduced by exposure to 
chemical reagents, in which even water must be in- 
cluded. Protecting the surface by galvanising it, 
or covering it with paint or grease, removed 


Fig.7. THE RELATION BETWEEN THE S AND a 
STRESSES AND THE METHOD OF 
PLOTTING EMPLOYED IN 
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was arranged so that a Fig.12. THE CONTRAST BETWEEN MILD STEEL (LEFT) AND 


steady stress could be very 
readily superimposed upon 
the alternating one, which 
might thus be replaced by a 
pulsating stress. Three types 
or patterns of test piece were 
represented in Fig. 3. In 30 
the case of the cylindrical me 
type, it was found necessary 
to make the screwed ends 
nearly twice as large as the 
mid section. 

It was long held that the 
tensile elastic limit of a metal, 
if accurately measured, repre- 














HIGH-TENSILE STEEL (RIGHT). 
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Fig.13. DIFFERENT EFFECTS OF SMALL 
DRILLED HOLES IN PLATES OF MILD 
STEEL AND IN PLATES OF 
HIGH-TENSILE STEEL. 











sented the fatigue limit, but 
this view had now _ been 
abandoned by nearly every 
investigator. In many metals, the fatigue limit lay 
well below the elastic limit as ordinarily deter- 
mined, whilst, in other cases, fatigue cracks only 
occurred under ranges of stress in which the yield 
point was passed. This appeared incredible to 
many when first obsesved by the speaker in 1915 
and 1917, but had since been amply verified by 
many investigators. It was common with metals 
in the dead-soft condition. By experiments made 
in 1923 and 1928, the author had shown that heat 
treatments, which affected in marked degree both 
the plasticity and yield point of steel, often left the 
fatigue properties almost unchanged. It was, in 
fact, now generally recognised that neither the tensile 
elastic limit nor the yield point were reliable guides 
to safe ranges of stress. 

In practical applications, it was often convenient 
to express the fatigue limit as a fraction of the 
ultimate tensile strength, which latter figure was 
very generally, and very wisely, used as the basis 
of design. 
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limit rose, but less rapidly than did the ultimate 
strength. Thus, as the carbon increased from zero 
to 0-89 per cent., so that the microstructure changed 
from ferrite to pearlite, the fatigue limit increased in 
the ratio of 1-6, but, in a tensile test, the harder 
steel was 2} times as strong. 

Hence, the ratio of fatigue limit to ultimate 
strength, which was 0-60 with the carbon-free metal, 
sank to 0-40 or less in the case of the pearlite. 
With the milder metal, the fatigue limit might be 
as high, or.even exceed, the yield point, but with 
the harder steels it was always less, and the margin 
between the two was increased by quenching. 
A typical case was provided by an alloy steel 
tested by Moore and Kommers, which contained 
0-24 per cent. of carbon, 0-87 per cent. of chromium 
and 3-33 per cent. of nickel. Their results were 
given in the accompanying table, the three sets of 
figures referring to different heat treatments. 

In this particular example, the ratio between the 
fatigue limit and the ultimate strength only fell 
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the danger. In some experiments made by 


Dr. D. J. Macadam, Jr., it was found that the 
same dangerous action might be produced by 
exposing the metals to jets of water, the fatigue 





























Ulti- % 7 limi ield-Fatigue. 
mate. | Yield-point. Fatigue-limit. | Vield-Fatigue 
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limit being, in one case, reduced to one-ninth of 
its normal value. Ordinary mild steels were little 
affected, but with all the carbon and alloy steels 
used, the corrosion-fatigue limits ranged only from 
12,000 Ib. to 22,000 Ib. per square inch, although 
the tensile strength of the strongest was five times 
that of the weakest. 
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Although, in general, the ratio of the fatigue limit 
to the ultimate strength fell as the latter rose, 
there were some alloy steels in which, by careful 
heat treatment, a high fatigue limit was obtained 


in combination with a great tensile strength. 


It was unfortunate that alternating stresses had 


become almost standardised for fatigue testing. 


Any cycle of stress could be considered as built 
of two components, viz., a symmetrical alternating 
stress a, such as was represented by the undulating 


line in Fig. 7, and a steady stress s imposed on this. 


Such cycles were conveniently represented by 


plotting, as in Fig. 8, the half-range of the alter- 
nating stress against the steady stress. The line 
yy in Fig. 8 represented all the combinations of a 
steady with an alternating stress, in which the 
yield point was just attained at one point of the 
cycle. On the same diagram, the parabola shown 
represented the fatigue limit plotted for similar 
combinations of stress. If plastic yield determined 
the endurance of a material, then every point in the 
triangle yOy would represent a safe combination 











stronger and its diagram showed a larger safe area 
than did that of the mild steel, the two should 
not be worked with the same factor of safety 
reckoned on the ultimate strength. 

Let it be assumed, for example, that a facter of 
safety of 4 on the ultimate strength was applicable 
in both cases. Then if the alternating stress were 
half the steady stress, the corresponding point was 
represented in both diagrams by the letter P. If 
the steady stress were taken as constant and the 
alternating stress raised, the consequent maximum 
stress would be increased and then, in the case of 
the mild-steel specimen, the yield point would be 
reached before the fatigue limit, as was indicated in 
the diagram by P”. The reverse would be the 
case with the alloy steel, the fatigue limit being 
reached before the yield point. Hence, with the 
same proportionate increase of stress as proved 
safe with the mild steel, the high-tensile steel would 
be liable to crack, whilst the mild steel would not. 
Thus, where fatigue cracking was possible, it might 
be necessary to increase the factors of safety. 











of steady and alternating 
stresses, but, in actual fact, 
the only truly safe zone 
was bounded partly by the 
fatigue line and partly by 
yy. The principal risk 
arose with points lying inside 
the shaded portion of the 
figure above the fatigue line, 
but below y y. 

Steady stresses acting in 
tension had a tendency to 
reduce the fatigue limit, 
whilst a steady compression 
tended to raise it. 








the nominal stresses gradually increased to the 
values s = 10 and a=5. Owing to the plastic 
yield, the sum (s’ + a’), at the edge of the hole, 
would never exceed the yield-point y= 21. The 
range of stress at the edge of the hole would, indeed, 
attain the value indicated by mathematical analysis, 
namely, a’ = 3a, but the steady stress would be 
obliged to fall to s’ = y — 3a at the edge of the hole, 
although elsewhere, of course, it would attain a 
value somewhat greater than the nominal value s. 
Thus when a reached the nominal value, 5, a’ would 
be 15 and s’ would fall to 21 — 15 = 6 at the edge 
of the hole. 

The revised stresses s’ = 6 and a’ = 15 were 
represented by the point R, which lay on the yield 
line, but still well below the fatigue line. In fact, 
the nominal stresses could be further increased to 
s = 12 and a= 6 before the local stresses would 
reach the values s’ = 3 and a’ = 18, represented 
by the point Q, which lay on the fatigue line as well 
as the yield line, before this ductile steel would 
eventually crack after continued repetitions of 














With different steels, the -20 
relationship between the (5X) 
safe and unsafe zones of the 
diagrams varied widely. A diagram for a typical 
30-ton mild steel was reproduced on the left of 
Fig. 12, whilst the right-hand diagram referred to 
an alloy steel having an ultimate strength of 60 tons 
per square inch. The yield point of the mild steel 
would be about 21 tons per square inch and the 
ordinary fatigue limit ay would be about + 18 tons 
per square inch, which was 60 per cent. of the 
ultimate strength. 

The fatigue line for the mild steel had been drawn 
asaparabola. In this case, the shaded danger zone, 
It would be seen, was very small, and failures by 
fatigue would be infrequent, since these would oceur 
only when the alternating stress was adjusted so that 
the point representing its combination with the 


steady stress fell within the shaded area. With 
any other combination the metal would yield, by 
Plastic stress, long before ultimate failure, thus 
giving warning of the conditions. 


In the right-hand diagram, the yield point had 
n taken as 50 tons per square inch, and the ordi- 


wed fatigue limit as ay == + 30 tons per square inch, 

_ was one-half the assumed ultimate strength. 

da igue limit under different combinations of 
Tnatine 


and steady stress had been taken as 
represented by the straight line shown. The danger 


zone ee: 
one, represented by the shaded area, was now 


a aight be entered with a very wide range of 

rio a alternating and steady stresses. More- 

that. 8 width of the danger area was so great 

i cag i certain combinations, failure might arise 
— actual trial of a new engine. 
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In experiments made at the Royal Naval College, 
it was found that the drilling of a small hole in a 
flat plate might. in some cases, reduce the strength 
of the specimen by one-half, whilst with ductile 
steels the weakening was very slight. The graphs 
representing the behaviour of the two types of 
steel were combined in Fig. 13. Here the point P, 
in the case of the alloy steel corresponded to the 
combination of a steady stress of s = 10 tons per 
square inch, combined with an alternating stress 
a = 5 tons per squareinch. For the mild-steel speci- 
mens, the corresponding point represented stresses 
of just half these values. If a small hole were drilled 
in the high-tensile plate, the combination of stress 
would be represented by the point Q, corresponding 
to s’ = 10 anda’ = 15, and this point lay on the 
fatigue line of the metal. Hence cracking would 
occur in spite of a factor of safety represented by 

u 60 
eo ey © 
s+a 10 + 5 

Actually, the plate could not withstand higher 
values than s = 10 anda = 5. 

In contrast, suppose that the mild ductile 
plate was subjected to corresponding nominal 
stresses represented by P, these values being 
reached gradually. Before the danger point was 
reached—in fact, when the nominal stresses were 
smaller in the ratio of 21:45—the metal at the 
edge of the hole would begin to yield in a plastic 
manner, because the sum of s’ and a’ would then 
already have reached the yield point of 21 tons 
per square inch. Hence, the distribution of stress 








although the high-tensile steel was the 


would change, and would continue to change while 
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the stress. If the nominal stresses were increased 
in this way, the ductile-steel plate would, in fact, 
finally fail by cracking through the hole, although, 
without the hole, the nominal stresses could have 
been still further increased to s = 14 and a = 7:0 
before the same metal would have failed by general 
plastic strain without cracking. Thus the reduction 
of strength caused by the hole was only very 
moderate in this ductile metal. 

It followed, accordingly, that, for such a combina- 
tion of stresses, the drilled mild-steel plate was 
actually 20 per cent. stronger than its rival in 
ultimate tensile strength, 1:38 times as strong in 
tensile yield, and 66 per cent. stronger for ordinary 
fatigue tests of equal push and pull. 

Typical diagrams for different metals were repro- 
duced in Figs. 9,10, 14and 15. Fig. 9 was charac- 
teristic of a mild steel containing 0-13 per cent. of 
carbon, and was selected because it showed an 
unsafe area unusually large for a mild steel. Fig. 10 
referred to a naval brass, which was the only one of 
several specimens in which the fatigue limit fell 
below the yield point. Figs. 14 N and 14S represented 
tests made by Jasper and Moore. The steel used 
contained 49 per cent. of carbon. Fig. 14 N showed 
its behaviour when normalised, and Fig. 14 8 
its behaviour when heat treated so as to give it a 
sorbitic structure. These diagrams suggested that 
the sorbitic steel was the more likely to crack in 
service. Figs. 15 A to 15 D, represented five series 
of tests by Moore and Jasper on nickel chromium 
steels. In the case of Figs. 15 A to 15 D, the steel 
contained 3:41 per cent. nickel, 0-18 per cent. 
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chromium, and 0-41 per cent.carbon. The specimens 
were given different heat treatments. That corre- 
sponding to Fig. 15c was very complex, and the 
fatigue resistance had been materially improved. 
The four diagrams taken together showed that 
the three usual test figures, even when Wohler 
results were included, were insufficient to indicate 
the endurance of a metal in service. Fig. 15E 
referred to a nickel-chromium steel tested by Lea 
and Bugden. It contained 3-6 per cent. of nickel, 
0-6 per cent. chromium, and 0-3 per cent. of carbon. 
The notable feature was that, under certain com- 
binations of steady and alternating stress, there | 
was a discontinuity in the curve representing the | 
fatigue limit, and the same peculiarity had been | 
observed in other cases. 











LETTERS TO THE EDITOR. 


THE FORTH BRIDGE. 
To THE Eprror or ENGINEERING. 

Str,—As provision for road vehicles to cross the 
Forth is again under discussion, I should like to make— 
if it has not already been made—a suggestion on the 
subject. It is that some consideration should be given 
to the practicability, or otherwise, of adapting the 
present colossal railway bridge to accommodate road 
traffic as well. 

I think the railway traffic is not so great as to 
preclude this, as the speed and directions of the road 
motors could be made to conform to that of the trains, 
if horse-drawn traffic could not, but even this could 
use it at certain set hours without too great incon- 
venience. 

This is all on the assumption of the roadway being on 
the rail platform, and only a levelling up required. 
But even assuming the necessity of a separate platform 
for road vehicles, I should think there would be no 
great difficulty in designing it to be carried by the 
same girders and cantilevers without too greatly 
increasing their load. This would cost far less than a 
new bridge even at Kincardine, or of sufficiently 
improving the ferry, and be more satisfactory than 
either. Parliamentary power may be required to enable 
the present bridge to be so used, but there would 
be no injustice involved now that the railway com- 
pany also uses the roads, and they would gain by the 
tolls contributing to the upkeep of the bridge. 

As I believe our country’s prosperity cannot be 
increased by unnecessary and uneconomic expenditure, 
even to give employment, | think the proposal deserves 
some consideration, if it has not already received it. 

Yours faithfully, 
ARTHUR OATES. 
Wyke, Bradford. 
February 1, 1930. 


THE *“* ENCYCLOPADIA BRITANNICA.”’ 
To THE Epiror oF ENGINEERING. 

Srr,—In vol. xxii of certain sets of the new edition 
of the Encyclopedia Britannica there is an article on 
‘“* Tides,” beginning at the foot of page 193 and ending 
in the first column of page 204. In the list of authors 
this article is ascribed to me, and it is true thaf it is 
founded on a manuscript prepared by me. But I am 
not responsible for the article as it is printed, and I 
should be very grateful if you would allow me to use 
the columns of E:G@INEERING to say so. 

I am informed by the publishers that other sets of 
the Encyclopedia contain a very different article, of 
which I do acknowledge authorship. 

Yours faithfully, 
J. PRoupMAN. 
Liverpool Observatory and Tidal Institute, 
The University, Liverpool. 
February 3, 1930. 











|nine coals examined, three (Coal Creek and Michel 


large as the Canadian production. The coke is largely 
used as a substitute for anthracite imported from the 
United States. The coking tests are made by two 
methods. There are, first, box-coking tests, made in 
the commercial Koppers by-products ovens of the 
Winnipeg Electric Company, in which the Becker 
improved combination process, with producer gas, or 
coal gas as fuel and split regenerators, is employed; 
the boxes are made of welded sheet metai and hold 
from 80 lb. to 100 lb. of coal. The other tests are 
laboratory high-temperature carbonisation experiments 
conducted for the purpose of estimating the commercial 
yields of the by-products. In these tests, small samples 
of the pulverised and dried coal are heated in Pyrex 
glass tubes in an electric furnace. With rigid control 
of the test conditions, these tests are said to be very 
satisfactory and reliable, and they show that, of the 


coals from British Columbia, and Mountain Park coal 
from Alberta) give a high-quality coke and a good 
yield of gas, while the other coals give a suitable domestic 
coke when blended with good coking coal. The low 
sulphur contents (mostly less than 0-5 per cent.) and 
relatively high ash-fusibility temperature of all these 
coals are factors in their favour, but the high ash 
contents of some of the coals would have to be reduced 
by preliminary treatment. 

Low-temperature tests, made on four types of coals, 
are carried out in circular retorts lined with metal to 
reduce the capacity suitably for 5-lb. charges. The 
retorts are immersed in a bath of molten lead kept at 
a maximum temperature of 600 deg. C. The tar 
yields, however, have been found to be low and not 
promising for fuel-oil production. 

The fifth annual survey of the petrol sold in Canada 
dealt with 83 samples collected in 13 cities, and showed 
that the average petrol marketed in Canada in 1927 was 
of good quality, and although not quite so good as that 
of 1926, was still superior to the product sold in the 
United States during the same period. As regards the 
assay of bituminous sands, a tentative method has 
been worked out by Messrs. Gilmore, Swinnerton and 
Connell, for the rapid determination of the bitumen 
in the field and in the laboratory ; the results must be 
regarded, however, as comparative rather than as 
absolute. Carbon disulphide is found preferable to 
benzol as a solvent; it is easy to remove. Moreover, 
as the sulphur is determined, by a modification of the 
sodium-peroxide method, without previous extraction 
of the bitumen, there is no risk of finding too much 
sulphur when CS, is used as the solvent. When the 
bitumen extract is distilled, the sulphur tends to 
concentrate in the high-boiling fractions and in the 
pitch. Three analytical methods were tried. The 
first consisted of extraction, followed by fractionation, 
while the second may be described as destructive 
distillation and fractionation. The third method, 
which is in the nature of a combination of the other 
two, consisted of extraction, fire-still distillation and 


YEAR BOOKS AND ANNUALS. 


The Mechanical World Year-Book, 1930.—An exami- 
nation of this well-known little work shows that the 
yearly revision has increased its usefulness without 
sacrificing any of the tabulated matter which it has for 
long presented in such a concise and handy form. The 
temptation to ape the text-book has been successfully 
resisted, and where new material has been added, it 
records practice rather than theory, and describes 
methods of application rather than principles. For 
these reasons the work remains what it originally 
set out to be—a handy book of reference for the drawing 
office and workshop. As such it may be cordially 
commended. Chief among the additions to the section on 
metals and alloys is a very informative account of that 
useful modern material, Monel metal, including direc- 
tions for handling it by casting, forging, annealing, and 
welding. This part of the book it may be suggested, 
would be even more useful if the number of definitions 
were increased to include such modern usages as 
“creep,” “limit of proportionality,” &c. The section 
on Rope Driving has been added to also, in an up-to- 
date manner; in fact, there is much new information 
scattered generally among many pages. The publishers 
are Messrs. Emmott and Company, Limited, 65, King- 
street, Manchester, and the price is 1s. 6d. net. ; 





The Commercial Annual Review, 1929.—Amongst the 
numerous annuals which deal more particularly with 
engineering subjects in their technical aspect, are one 
or two which deal with engineering along with other 
branches of industry. One outstanding example is 
The Commercial Annual Review, 1929, which was 
issued by T'he Manchester Guardian on January 30 of 
this year. This publication gives a world-wide survey 
of the trade conditions generally, and of the leading 
industries in particular, during the past year, and 
illustrates its comments by curves and diagrams which, 
from their very simplicity, are illuminating. One such 
diagram, indicating the trend of freights, may be 
referred to in the article on the state of merchant 
shipping: another in that on the coal trade. We 
commend the engineering surveys as excellent sum- 
maries of what has been done, and as _ providing 
material useful, to a certain extent, for making fore- 
casts of the trend of business. The publishers of the 
Review are the Manchester Guardian, Guardian Build- 
ing, Manchester, and the price is 3d. 





The Concrete Year-Book, 1930.—The Concrete Year- 
Book was first introduced in 1924, and is now an 
accepted work of reference for the branch of industry 
with which it deals. The 1930 edition is fully up 
to the standard of its predecessors, and contains 
certain new and additional matter. At the same 
time to keep the book within about its usual limits, 
certain material has been omitted. This remark 
only applies to the handbook section, the other two, 





fractionation. This offers the advantage that the 
maximum yields of extracted bitumen and of distillate 
are produced, and useful information concerning oil 
fractions, pitch, coke and gas products is obtained. 
The ratio of the distillate to coke obtained in the fire- 
still represents the amount of bitumen available as 
cracking stock. 








LAUNCHES AND TRIAL TRIPS. 


“ BRADGLEN.”’—Grain-carrying and cargo steamer ; 
quadruple-expansion engines. ‘Trial trip, February 6. 
Main dimensions, 400 ft. by 54 ft. 3 in. by 28 ft. Built 
by Messrs. William Gray and Company, Limited, West 
Hartlepool, to the order of Messrs. Sir William Reardon 
Smith and Sons, Limited, Cardiff. 

«« PortREGIs.’’—Cargo steamer; triple-expansion en- 
gines supplied by Messrs. Blair and Company, Limited, 
Stockton-on-Tees. Trial trip, February 6. Main dimen- 
sions 392 ft. 6in. by 52ft. by 27ft. 8in. Built by 


on-Tees, for Messrs. Portfield Steamship Company, 
Limited, Cardiff. 


* ULSTER QUEEN.’’—Twin-screw passenger motorship ; 
10-cylinder airless-injection trunk-type Harland-B.andW. 





FUELS AND FUEL TESTING IN 
CANADA. 


THE division of Fuels and Fuel Testing of the 
Canadian Government Department of Mines, deals in 
its Mines Branch Report No. 696 with Investigations 
of Fuel and Fuel Testing of 1927, which were conducted 
with the object of developing the economic utilisation 
of the country’s fuel resources. 

There has been a gratifying increase in the use of 
coke for domestic heating, and details of recommended 
practice are given in this connection. In the two 
Provinces of Quebec and Ontario, coke consumption, 


engines. ‘Trial trip, February 11. Main dimensions, 
| 345 ft. by 46 ft. by 19 ft. Built by Messrs. Harland and 
| Wolff, Limited, Belfast, for the Ulster Imperial Line 
| (Belfast Steamship Company, Limited). 


| “Crry oF Barcetona.’’—Single-screw locomotive- 
|carrying and cargo steamer; four-cylinder triple- 
| expansion engine. Launch, February 12. Main dimen- 
sions, 425 ft. by 58 ft. by 29 ft. 9 in. Built by Messrs. 
Barclay, Curle and Company, Limited, Scotstoun, for 
Messrs. The Ellerman Lines, Limited, Liverpool. 


| ‘Prince Davin.’’—Twin-screw passenger and cargo 
| ; ° : : 
| Alaska, in summer, and Stewart in winter; single- 
|reduction geared Parsons-type turbines. Launch, 


of thi ed, in 1926, ),000 | 5. Bh : = 
is class amounted, in 1926, to more than 800,00 | February 12. Main dimensions, 384 ft. 6 in. by 57 ft. 


tons ; 97,000 tons of this total were gas coke, which 
was practically all produced in Canada, although in 


the by-product coke, the imports were nearly twice as 


by 20 ft. 2 in. Built to the order of Messrs. Canadian 
National Steamship, Montreal, by Messrs. Cammell 
Laird and Company, Limited, Birkenhead. 





Messrs. Craig, Taylor and Company, Limited, Stockton- | 


steamer for service between Vancouver and Skagway, , 


namely the directory and catalogue sections, both 
| showing steady increase, as the field is covered more 
;completely. The handbook section is composed of 
'a series of chapters giving useful information on 
Draagees concrete and design. Among the subjects in 
the latter category are floors, columns, reservoirs, 
| piling, forms, surface treatment, &c. This year sees 
!a new chapter on bunkers and silos, while one on 
| staircases has been dropped. There is no disadvantage 
|in changes of this kind for over some years designing 
| work does not greatly alter, and an index is given in 
|the volume to chapters which appeared in earlier 
editions but are now omitted, so that they can be 
| readily turned up for reference. In fact in this way 
a new interest attaches to each edition. The work 
is edited by Dr. Oscar Faber and Mr. H. L. Childe, 
and published by Concrete Publications, Limited, 
| 20, Dartmouth-street, London, S.W., at 3s. 6d. net. 


| Electrical Trades Directory and Handbook.—The 1930 
|edition of the Electrical Trades Directory and Hand- 
| book, which is commonly known as the * Blue Book,’ 
|has just been received from the publishers, Messrs. 
| Ernest Benn, Limited, Bouverie House, Fleet-street, 
| London, E.C.4. There is little to be said about the 
| arrangements and contents of this book, which has not 
| been said before, and this difficulty, we are interested 
to observe, is shared by the writer of the preface. 
| The information in the handbook section has, however, 
| been rearranged, and the data now given is all useful 
}and up to date, while it has the great advantage of 
| not clashing, to any great extent, with that given 
| pocket-books of the more conventional type. The 
account of decisions in legal cases relating to electrical 
matters is particularly good. Details of the Te- 
| organisation which is now taking place in electricity 
| Supply, are well summarised. The directory portion 
|} seems quite accurate and complete, and is thus likely 
| satisfactorily to fulfil the purpose for whieh it }8 
designed. The price of the book is 25s. net. 
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HYDROSTATIC UPLIFT UNDER 
MASONRY DAMS.* 


By H. pe B. Parsons, M.Am.Soce.C.E. 
(Concluded from page 183.) 


Hy pROSTATIC uplifts have been recorded for pervious 
soil foundations under the Colorado and Percha dams 
(Proc. Am. Soc. C.E., March, 1928); the Pinhook dam 
(Proc. Am. Soc. C.E., April, 1928) ; and for the Sherman 
[Island dam (Trans. Am. Soe. C.E., 1925). The 
foundation materials differ in these cases in character, 
and there is a considerable variation in the heights 
of these dams. The uplifts seem to be affected more 
by changes of tail-water than of reservoir surfaces. 
The intensity of the uplift, as measured by the hydro- 
static heads in pipes, is a direct measure of the magni- 


Fig.7. COLORADO RIVER DAM 
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The Percha dam, built across the Rio Grande, New 
Mexico, U.S.A., is about 15 ft. (4-57 m.) high. It has 
aprons extending both up-stream and down-stream 
from the base of the dam, with weep-holes at 5 ft. 
(1-52 m.) centres in the down-stream apron. The 
foundation material grades from river sand with a 
small percentage of gravel at the surfac>, to heavy 
boulders with some gravel and sand at the bottom of 
the steel sheet piles. The material is graded and 
silted until it is reasonably resistant to percolation. 
A section of the dam is shown in Fig. 8, with the 
location of the five test pipes installed. 

As before, a curved line has been drawn through the 
points of maximum observed uplift, to illustrate the 
magnitude of the upward pressure. The two up- 
stream cut-offs caused decided drops in the head. 
Probably a loss in velocity of percolation flow in the 
pocket behind the cut-off at pipe No. 5 increased the 








The dam and the location of five of the test pipes are 
shown in Fig. 9. There were five lines of five pipes each 
built under the dam. 

The hydrostatic heads illustrated were observed in 
Bay 4, on May 11, 1924, about five months after the 
reservoir was filled. As before, a curved line has been 
drawn through the plotted points to show the magni- 
tude of the uplift, and a straight line to show the equiva- 
lent uplift. The equivalent uplift at the up-stream 
edge of the dam is about 50-5 per cent. of the reservoir 
head above the base at elevation 648 ft., and 43-7 per 
cent. of the reservoir head above tail-water; while its 
centre of effort is about 52-1 per cent. of the width of 
the base (from station 0 to 63) from the up-stream edge. 
The deepening of the base between stations 35 and 63, 
caused the centre of effort to be so far down-stream. 

The Sherman Island dam, across the Hudson River, 
New York, U.S.A., is about 80 ft. 9 in. (24-61 m.) high. 
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tude of the upward force when the foundation material 
Is pervious since the upward pressure acts on sub- 
stantially the full area of the base. With an imper- 
meable foundation the upward pressure acts only on 
4 portion of the area, because the water is excluded by 
the intimate and tight contact of the masonry from 
the other portion. . 

The Colorado dam, built across the Colorado River, 
Colorado, U.S.A., is about 14 ft. (4-27 m.) high above 
the base. It has an apron extending 35 ft. (10-67 m.) 
up-stream from the main cut-off. The foundation 
material is gravel, sand and cobbles. The gravel is 
rather coarse, with only a small percentage of sand. 
Phe dam is founded on an upper strata of loose gravel, 
with the up-stream cut-off carried down to tighter 
material, except for a short distance where the open 
gravel exiends to an undetermined depth. It was 
near the latter place that the maximum uplift was 
observed. A section of the dam is shown in Fig. 7, 
as also the locations of the test pipes. 

A curved line has been drawn through the points of 
maximum uplift to illustrate the magnitude of the 
Upward pressure. There was a decided drop in uplift 
head due to the main cut-off, and a small drop due to the 
up-stream apron. A straight line has been drawn to 
illustrate the equivalent uplift. The equivalent 





uplift at (he up-stream edge of the dam, at station 32, 
'S 86 per cont. of the reservoir head above the base of the 
cut-off ai the same station, and 22-9 per cent. of the 
reservoir head above tail-water; while its centre of 
— is about 49 per cent. of the width of the base 
— ‘ation 32 to 84) from the up-stream edge. 

tar = before the World Engineering Congress, 
on thie abies 29 to Nevember 7, 1929. A resolution 
95 sea was adopted by the Congress, as recorded 





NEERING of December 6, 1929, page 746. 


Fig.11. VARIATIONS OF UPLIFT AND WATER 
TEMPERATURE 
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hydraulic head over that observed at pipe No. 4. A 
straight line has been drawn to represent the equivalent 
uplift. The equivalent uplift at the up-stream edge 
of the dam, at station 30, is about 64-4 per cent. of the 
reservoir head above the base of the cut-off, and 31-4 
per cent. of the reservoir head above tail-water ; while 
its centre of effort is about 48-1 per cent. of the width 
of the base (from station 30 to 76-5) from the up-stream 
edge at station 30. 

The Pinhook dam, built in Iowa, U.S.A., across the 
Maguoketa River, a tributary of the Mississippi, is a 
hollow deck, reinforced concrete structure, about 
16 ft. 6 in. (5-03 m.) high, with a down-stream apron 
83 ft. (25-3 m.) long. The river bed consisted of sand 
and gravel to an unknown depth, with a considerable 


It is a multiple arch dam, with buttresses standing on a 
continuous concrete base. The foundation material is 
coarse to fine river sand containing some boulders. A 
concrete apron extends 50 ft. (15-24 m.) down-stream 
from the base. A section is shown in Fig. 10, with the 
location of four test pipes. There were 17 test pipes, 
arranged in three lines of three pipes and four lines of 
two pipes each. As before, a curved line has been 
drawn through the points of maximum uplift, as 
observed, to illustrate the magnitude of the upward 
pressure. The cut-off, a double row of interlocking 
steel sheet-piling, caused a pronounced drop in the 
hydrostatic head. 

A straight line has been drawn, as before, to represent 
the equivalent uplift. The equivalent uplift at the 
up-stream edge of the base is about 54-1 per cent. of the 
reservoir head above the base of the cut-off and 44-5 
per cent. above tail-water; while its centre of effort is 
about 43-3 per cent. of the width of the base (station 4 
to 104) from the up-stream edge. 

When the hydrostatic heads above the water below 
the dam were averaged at each observation and plotted 
as ordinates with time as the base, a sinuous curve, 
Fig. 11, was produced. The variations from the curve 
are due, probably, to the difficulty of accurately 
determining the level of the water surface below the 
dam. Except at times of heavy river discharge, the 
power requirements keep the water in the reservoir 
below the crest of the spillway, and the river bed below 
the dam is “dry,” leaving only pools, fed by water 
percolating through the foundation and beneath the 
dam. The water elevation below the dam was taken 
at the surface of some of these pools near the dam, and 
might have varied from the true head under the down- 
stream edge. To account for this variation in uplift, 





amount of larger gravel and occasional boulders. 


a curve was plotted, to show the water temperatvre 
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variations with time. The periodic variations of 
this temperature curve, Fig. 11, closely agree with those 
of the uplift curve. As no observations were made for 
water temperatures during the summer months of 1925, 
it is possible that the water did not reach the usual 
temperatures ; this would account for the lower 
hydrostatic heads observed for that year. If’ the 
hydrostatic heads in a pervious soil vary with the 
water temperatures, as they probably do, then the 
temperatures should be those of the water in the founda- 
tion under the dem. At the beginning of the obser- 


vations, the tempevatures were taken of the water in the | 


reservoir, while the later observations were made of the 
temperatures of the water as it seeped out near the 
down-stream edge of the apron. In the observations of 
May and June, 1928, a difference of 10 deg. to 14 deg. F. 
(4-7 deg. to 6-6 deg. C.) was noted between the water 
in the reservoir and that in the test pipes. It is 


MACHINE MrasuriInG Piu@ GavGeE. 


| 
| 


5. The intensity of hydrostatic uplift may be greater 
under a dam founded on some classes of rocks than under 
one founded on broken or fissured rock, or on pervious 
soil, since the hydrostatic head will be lessened when 
the water has a free exit from under the base. The 
accompanying diagrams illustrate this conclusion. 
Due to close contact between the masonry and the 
foundation rock, the magnitude of the uplift may not 
be so great as the intensity would indicate. 

6. The author suggests that a joint committee be 
appointed by the American Society of Civil Engineers, 
the Institution of Civil Engineers of Great Britain, the 
Société des Ingenieurs Civiles de France, and by any 
other technical body interested in this research. The 
committee could collect data, make a synopsis with 


} comments, outline a method for estimating the hydro- 


probable that the difference of the recorded temperature | 


from the actual temperature of the water under the 

dam accounts for the time variation in the occurrence 

of maxima in the uplift and temperature curves. 
Conclusions.—1. Free discussion and publicity will 


not been divulged regarding actual measurements of 
uplifts. 

2. The author is unaware of any observations under 
dams, which do not record hydrostatic heads. 

3. The recorded observations exhibit similar charac- 
teristics. While they vary with the conditions at the 
sites, they show similarities that indicate the possibility 
of closely estimating uplift, especially when knowledge 
of the subject is extended by more observations. 

4. The hydrostatic uplift head under the base of a 


dam should be treated as an independent force, like | 


gravity and water pressure. Its intensity will vary 
from zero to that due to the head in the reservoir, 
depending on conditions at the site. 


static pressure under proposed dams, and publish its 
reports for the benefit of the profession. 

Engineers should be encouraged to measure actual 
hydrostatic uplift under dams, and to submit to the 
committee their observations. The committee could 


| publish reports at intervals to include all data collected 
| to dates of issue. 
make available for general use information which has | 








THE ZEISS MEASURING MACHINE. 
THE measuring machine made by Messrs. Carl Zeiss 
of Jena, and shown in Figs. 1 to 4 above, dispenses 
with the use of micrometer screws and gauge blocks, 
which are subject to slow molecular changes, and of 
hydraulic feelers, which must exert some pressure, and 
is based upon the comparator principle. Abbe con- 
sidered this principle to be essential for precision 
length measurements, and adopted it in his workshop 
thickness meters. The work and the scale should, 
strictly speaking, be in alignment, but this would 


|involve the use of long benches for measuring parts 


of considerable dimensions, and the work is, there- 








| ments are such that the centre of the face to be measure 


MACHINE WITH ATTACHMENTS FOR INTERNAL MEASUREMENTS. 


fore, actually placed parallel to the scale in many 
instruments. This is done in the new machine des 
cribed below, but a novel optical design minimises 
the risk of error from want of parallelism. " 
The principle is illustrated in Fig. 5, on page 237. 
In the diagram L is the distance between the scale T 
and the work, and Tr the slide carrying the microscope 
M. Then any deviation from normality by the angle 
w would change L into Ltanw. With L = 100 mm., 
and w = 1 minute of arc, the error would amount to 
0:03 mm. When the reading microscope is replaced 
by a collimator and telescope F, the telescope may be 
shifted parallel to the collimator axis without altering 
the image of the scale. Even when the line of colli- 
mation is broken by inserting the mirror Sp, Fis. ©. 
the mirror and the objective K may be displaced 1 
front of T without necessitating any correspondins 
displacement of the telescope. Any such combination 
of lenses and mirrors is known to have one pout P. 
about which the system may be turned through a =m all 
angle without shifting the focal plane. In the cas 
under consideration this point P will lie in front of th 
focal plane at the focal distance f. When the arrang' 


coincides with the nodal point P, and when this 1s 
and the parts Sp and K are mounted upon a commiol! 
support, this support may be turned slightly abc 
P without affecting the measurement, since heiths 
the reading of the scale nor the distance of the meast 
ing faces will be altered, whilst the parallel displace! 
of the support will change the movement 
measuring faces and the reading of the divisions 
the same amount. Any other movement can be resol 
into a parallel displacement and a rotation 3% 
which is immaterial. 

The actual construction of the machine Is 
in Figs. 7 to 9. The tailstock a, Fig. 7, carry! 
the measuring face remains stationary during 
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OPTICAL MEASURING MACHINE. 
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OPTICAL DESIGN OF MEASURING MACHINE 














DIAGRAM OF OPTICAL SYSTEM 
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FIELD OF VIEW OF READING MICROSCOPES. 
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measurement, after having previously been adjusted 
step by step. The other measuring face is formed 
by the movable feeler point of the optimeter c¢ 
mounted in the headstock 6; the reading microscope e 
adjoins the optimeter, in the same transverse plane. 
The bed carries a steel scale, which is provided, at 
intervals of exactly 100 mm. (or 4 in. for the British 
market), with double hair lines on glass insets g; the 
tailstock is set with the aid of these hair lines. Below 
the headstock b is a glass scale g,, exactly 100 mm. 
in length, divided into tenths of a millimetre. The 
tailstock a is rigidly connected with the reflecting 
prism h, and the objective i. Corresponding parts 
are located under the headstock. These parts move 
together with a and 6b, the inset g being in the focal 
planes of the objectives 7. Thus, when the centre of 
the left-hand prism h is set under one of the insets g, 
the respective steel scale divisions appears in the 
field of view, in the plane of g2, as indicated in Fig. 8. 
The upper portion of this diagram shows the optimeter 
scale, and the lower part the glass scale g,; the number 4 
stands for 400 mm. (or for 4 in.). By moving the head- 
stock with the aid of the coarse and fine adjustment 
heads, seen on the right-hand side in Fig. 1, the setting 
can be made as shown for 450-2 mm., and this will 
be the exact distance between the two measuring 
faces, provided that the optimeter index is at zero. 
Any deviation of the work to be measured from the 
set distance is indicated by the optimeter in units of 
0-001 mm. without further manipulation. 

The optical system of the optimeter is explained by 
the diagram, Fig. 9. The feeler, over which a suitable 
cap of plane, spherical or knife-edge form is fitted, 
makes contact with the work, and is axially movable. 
The upper end of the feeler is spherical, and forms one 
of the three points supporting an optically plane 
murror, which is tilted about the other two ball points 
against spring pressure. On this mirror is projected 
the glass scale shown in Fig. 9, which is the upper 
scale of Fig. 8. The glass scale itself is not visible 
to the observer. The mirror reflects the scale, through 
the prism, Fig. 9, back to the glass plate, a little to 
the night of the scale, for observation by the eyepiece. 
. station iry mark on the glass plate serves as an index 
or the divisions which move with the mirror. When 
the mirror is normal to the optical axis, the indicator 


marks zero, When the mirror is tilted. by the feeler 
Point, th image will travel past the index mark. If the 
actual deviation caused when the work is placed in 


Position ‘mounts to, say, — 0-0015 mm., then the 
sea ‘s shorter than the nominal length by that 
mount, and its actual length is 450-1985 mm. The 














OPpTIMETER TABLE. 
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optimeter is accurate within its limited range of 
0-1 mm., to 0-0003 mm., and admits of estimating to 
0-0001 mm., the fine divisions were checked by inter- 
ference measurements. The object to be measured 
is such for example, as an end gauge placed on the 
rollers of V-shaped supports, as shown in Fig. 1. 
Gauge blocks, plug gauges, &c., are placed on compound 
slide tables, Fig. 2, which rest on balls. 

So far, we have referred only to external measure- 
ments. Internal measurements, of ring and snap 
gauges, ball races, &c., are carried out with the aid of 
the attachment illustrated in Fig. 3, and is shown in 
use in Fig. 4. The attachment consists of two 
brackets in which two measuring bows oscillate. The 
left-hand bracket is mounted on the tailstock pin, 
and is held by the clamping screw, while the right- 
hand bracket is fixed on the horizontal tube of the 
optimeter. One side of the setting bow (on the left), 
as well as the measuring bow on the right touches the 
feeler cap; the other side is brought to bear on the 
object during the measuring operation. The suspen- 
sion of the bows precludes lateral movement, and springs 
keep them in contact with the feelers. The measuring 
faces of the bows are spherical sapphires; the feeler 
caps are of steel. Two sets of measuring bows are 
supplied with every machine, heavy ones for diameters 
of 25-5 mm. (1 in.) and above, the lighter ones for 
diameters down to half-an-inch. The range is thus 
limited. 

The bed of the machine is a cored casting, and the 
ways are finished by scraping. All moving parts run 
on bail bearings. The machines are made in five 
sizes for external measuring ranges extending up to 
500, 1,000, 2,000, 3,000, and 6,000 mm.; the ranges 
of internal measurements have already been mentioned. 

The optimeter is also made in various forms as a 
complete instrument. One form of vertical optimeter 
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Fig. 10. Verticat Form or OpTiIMETER. 


is illustrated in Fig. 10, above and the annexed 
Fig. 11, shows the attachment used in measuring 
slip gauges which cannot simply be placed on the 
table. The larger sizes of these gauges can be wrung 
together in order to reduce the thickness of the inter- 
vening air films, but this wringing is not convenient 
for thin gauges, and a special auxiliary table, resting 
on the lapped table, is used in such cases. It consists 
of a cup, the rim of which is optically finished and 
flush with an agate ball lying in the centre of the cup. 
The slip gauge is placed on the rim and on the ball, 
and is moved to check the thickness at different points. 
Other attachments are used for measuring thin wires, 
lamp filaments, &c. The table then holds the wire 
in the V-grooved tips of two spring-cushioned steel 
pins, between which a roller-shaped support is placed, 
which is lapped and hardened. Slip gauges may be 
placed under the support when the wire is too thin 
for direct measurement. 








SALTS AS A _ PROTECTION FOR 
MORTAR OR CONCRETE AGAINST 
FROST. 


Mucu work has been done from time to time on the 
effect of using calcium chloride or sodium chloride in 
the mixing water of mortar and concrete as a protection 
against frost. A considerable literature on the subject 
shows many apparent discrepancies between the results, 
and as it has not been possible hitherto for the Building 
Research Station to undertake an experimental study 
of the fundamental reactions involved, the Building 
Research Board has thought it desirable to have the 
existing results collated and a critical summary 
prepared. This has been done by Dr. W. N. Thomas, 
and is now published for the Department.* 

The net effect of the result is on the whole to condemn 
the use of sodium chloride, to allow calcium chloride 
only when the particular salt and cement to be used 

* Department of Scientific and Industrial Research. 
Special Report No. 14. The Use of Calcium Chloride or 
Sodium Chloride as a Protection for Mortar or Concrete 
against Frost. H.M. Stationery Office. [9d. net. ] 
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have been tested carefully under as nearly as possible 
the conditions in which it is intended to use them, and 
to avoid the use of either salt in the preparation of 
reinforced coacrete or with aluminous cements, In all 
cases calcium chloride, and usually also commercial 
sodium chloride, are hygroscopic, and though occasion- 
ally their action in keeping concrete made with them 
damp may prevent drying out and shrinkage stresses, 
they are usually liable to produce staining or efflores- 
cence. - As against frost any action is due to their effect 
in helping the setting and hardening processes to 
occur before the material is subjected to the disruptive 
stresses imposed by freezing. This effect may be due 
to lowering the freezing point of the wet mass, increasing 
the rate of evolution of heat during setting, hastening 
the setting or hardening process, or some combination 
of these causes. Independently, however, the presence 
of the salt may affect the strength of the concrete or 
mortar. The balance of evidence shows that with 
sodium chloride a considerable reduction of strength 
often occurs long after setting, and it is principally on 
this ground that its use is not recommended. With 
calcium chloride the evidence is more conflicting, and 
it seems clear that with some cements considerable 
gain may occur in ultimate strength, though much 
seems to depend on the composition of the cement 
and the impurities in the salt, as well as on the nature 
of the mix and the conditions of curing. Subject to 
similar qualifications calcium chloride may have an 
appreciable effect in counteracting the effect of frost, 
especially in accelerating the setting times. In any 
case there seems general agreement among most 
observers that large percentages are harmful, and that 
it is never advantageous with aluminous cements. 

The evidence in regard to the action of either salt on 
reinforcing bars in ordinary conditions is conflicting, 
but each of them has been found, even in as small a 
proportion as 0-03 per cent., to cause a great increase 
in the corrosion produced by stray electric currents, and 
on that ground several American authorities prohibit 
their use, 








ENGINEERING DIFFICULTIES.* 
By Sir Ernest W. Morr, Bart., M.Inst.C.E, 


My first work on finishing my technical education 
was the building and launching of the large caissons 
for the foundations of the Forth Bridge. There 
were no serious difficulties in this work, except that 
arising out of the inclusion of the air under the air-tight 
floor, which was 7 ft. up from the cutting edge. The 
tide did not rise high enough to give a sufficient draught 
for floating one of the caissons clear of the launching 
cradle. It was thought by enclosing the air below the 
Hoor, instead of allowing it to escape, that additional 
buoyancy would be provided. As a matter of fact 
the air rushed to one side and bubbled out before 
the caisson was safely afloat. The result was that 
the cutting edge was partially removed from the 
previously prepared bearing blocks, fixed on the 
cradle, and it was with great difficulty that we managed 
to get it to float before the tide fell. One of the most 
difficult problems arose in connection with the north- 
west Queensferry caisson, which sank in the soft silt 
in the bed of the Forth and partially capsized. After 
one unsuccessful attempt an ingenious scheme was 
devised for raising it. This involved the completion, 
in timber, of the structure to a level above high 
water, and to a depth, where the timbers would take 
their lower bearing on the concrete within the shell ; 
12 in. by 12 in. pitch pine timbers, tongued and grooved, 
were built like a barrel and caulked. The upper part 
of the timber baulks were held in position by a circular 
steel box girder of the full 72 ft. diameter of the larger 
portion of the caisson. All this timber was chained 
and weighted to prevent the possibility of its floating 
and slipping up on the steel body of the caisson. It 
would have been cheaper to have employed a new 
caisson, but the obstruction arising from the existing 
caisson made that impracticable. 

The main structure of each pair of cantilevers of the 
Forth Bridge is composed of four steel tubes 12 ft. in 
diameter, rising some 330 ft. into the air. In longi- 
tudinal elevation these are vertical; in cross-section 
they are much wider at the base than they are at the 
top. Their erection and keeping them in true position 
were therefore not an easy matter. The problem 
was to find some method of getting these tubes in 
proper relation to their true centre line east and 
west, from which they had deflected 6 in. I conceived 
the idea of pushing the most westerly tubes to the 
west, by forcing both the east and the west ones 
further from one another by means of powerful 
hydraulic jacks. As a base there were the box 
girders at right angles to the bridge centre line. These 
acted as a strut, upon which the jacks, which forced the 
uirders apart, could be placed. Realising that they 
would both bend 6 in., I knew that I would make 

* Presidential Address delivered to the Junior Insti- 
tution of Engineers, December 13, 1929. Abridged. 





one 6 in. worse as to its position, while moving 
the other one into its proper place. I proceeded to 
do this and got my westerly tube the correct distance 
from the centre line, while the easterly one was made 
6 in. worse, or, say, 12 in. now out of position towards 
the east. My next step was to attach the westerly 
tube accurately to its wind bracing, and hold it by 
the diagonals designed to take the wind pressure 
down to the base of the framework. When I had 
secured the westerly tubes by this method, I then, 
by a number of union screws, pulled the easterly tube 
in the direction of the westerly one the total 12 in. it 
was now out of position. Having attached the 
diagonal bracing appropriate to it, I left both tubes 
at their correct rélative distance apart, and correct 
relatively to the bridge as a whole. To relieve the 
additional bending moment created at the base of 
the tubes, I then took out all the bolts, re-rimered the 
holes in the belt plate and riveted up the structure as 
a whole. The stress due to the bending moment was 
thus relieved. 

The central girders connecting each pair of canti- 
levers were built out as temporary extensions of them, 
and an ingenious scheme was adopted for converting the 
two halves, which formed these extensions, into one 
350-ft. girder. The girders were ultimately supported 
at one end on rocking columns to allow for expansion 
and contraction, and on the other end on fixed pins. 
It was essential that this transformation should be 
accomplished within twenty-four hours. A bright day 
was chosen, when it was hoped there would be contin- 
uous sunshine and a consequent rise in temperature of 
the structure. The two half girders were extraordinarily 
near in alignment, both horizontally and vertically, to 
the position they were intended to occupy. The bridge 
responded to the warmth of the rising sun, and the 
two unconnected halves of the girder slid towards one 
another by the expansion of the whole 1,610 ft. of 
steelwork between the southern pair of cantilevers and 
those on Inchgarvie, to which they were attached and 
for the moment formed a part. When the pre-bored 
plates in the bottom members or tension boom of the 
central girder came into juxtaposition, the intention 
was to drive in turned bolts in every hole to complete 
the tension or bottom boom. Notwithstanding the 
warmth of the sun, there was a cold north-east wind 
blowing, and the eastern side of the bridge did not 
respond so rapidly to the rise in temperature as did 
the western. The result was that while the holes on 
the western side of the bottom boom came exactly 
superimposed, those on the eastern side were something 
less than one-half hole out, and the distance required to 
bring them into proper juxtaposition was }in. The 
men on the western side rapidly got in all their bolts, 
but those on the eastern side could not get inany. We 
waited some time in the hope that the eastern face 
would warm up and expand like the western one, as 
otherwise it would have been necessary to undo the 
work already done. It then occurred to me that 
artificial heat might be used to do what the combina- 
tion of the sun and the wind had not accomplished. 
I therefore obtained all the shavings, oily waste, &c., 
possible, and soaked these materials with naphtha, 
having first placed them along the bottom trough of 
the 350-ft. girder on the eastern side and set fire to 
them. The result was that the connecting plates slid 
forward and came exactly opposite one another, so 
that the bolts on the eastern boom could be driven 
home. 

After the top, or compression, booms of the central 
girders had been completed by the cooling and 
shrinking of the structure as the sun’s heat fell, by 
cutting away the heavy strap ties, which formed part 
of what were virtually suspension chains, and by driv- 
ing in steel wedges between the planed ends of the top 
boom web plates, it only remained to complete the 
central girder by converting it from two halves and two 
portions of the cantilevers into one detached girder of 
350 ft. length. In order that the stress on the temporary 
ties should be entirely relieved, and so prevent any 
possibility of compression being put through them at 
the next sunrise, eight small furnaces, heated by oil, 
were attached to the temporary ties, and as soon as the 
wedges were driven home these were started, the tie- 
plates heated to white heat, and any stress that 
remained in them relieved. The temporary bolts were 
easily taken out, and the girders became complete 
structures resting upon the ends of the cantilevers, 
free to expand and contract. 

Early in 1889, Sir Benjamin Baker asked me if I 
would go out to New York as resident engineer on the 
tunnel to be built under the Hudson. This was the 
first tunnel to be driven by the aid of a shield and com- 
pressed air in the United States. About 2,000 ft. had 
already been constructed, and it had been practically 
all built on the pilot system. The bed of the river 
was so disturbed by repeated eruptions that no further 
progress could be made, and Sir Benjamin was en- 
trusted with the task of completing it, if possible, by 
driving an 18-ft. 6-in. cast-iron circular tunnel from the 
State of New Jersey to New York, by means of a shield 





and compressed air. I arrived to find the space from 
the last brick bulkhead to the end of the tunnel— 
some few hundred feet—full of mud, with the pilot 


tube, about 6 ft. in diameter and 80 to 90 ft. long, 


displaced and right athwart the tunnel. Such light 
sheet steel lining as had been fixed, together with its 
radial props, from the pilot tube was inextricably mixed 
up, and the door of the air-lock was so jammed with 
mud, timber, and debris of all kinds, that it could 
only be pushed open a few inches with a hydraulic jack. 
The finished portion of the tunnel was much out of 
alignment, the brickwork was so porous that it required 
two to three bulkheads to retain the air pressure on 
the face so as to keep back the semi-fluid muddy 
silt that formed the bottom of the Hudson, and there 
was a hole in the bed right through to the river. It 
was imperative that this hole should be effectively 
blocked in such a way that we could safely mine under- 
neath it, and build an enlarged section of brick tunnel 
some 25 ft. internal diameter and 20 ft. long, circular 
inform. Having located and got some idea of the size 
of the hole, we made a large globe of sailcloth, stiff 
clay, chopped hay and straw, weighted it, and lowered 
it into the bed. After a few days the inflowing 
silt had sucked down this clay balloon, until it 
jammed itself in the conical hole. Indeed, several feet 
had to be cut off in order to get in the brickwork lining 
of the prescribed thickness, and of sufficient diameter 
to enable us to erect the shield. This, after various 
difficulties, was done. We had to heat our rivets in 
what was virtually, under this high air pressure, a gas 
producer, and the method of creating the blast was 
to open an ordinary plug valve in a 2-in. pipe 2,000 ft. 
long, which formed our chimney, and allowed the 
compressed air to escape, and thus drawing air through 
the hot embers of the fire, producing some CO in the 
process. By the time we got down to the bottom of 
the shield chamber our pressure was something like 
40 Ib. to the square inch above atmosphere. We had 
built a timber bulkhead at the end of the erecting 
chamber in front of the cutting edges of the shield, to 
which it was propped. To get a reaction we placed 
the first twenty or thirty rings of cast-iron within the 
tail and projecting backwards, until we could get a 
connection to the already completed portion of the 
brick lining. The silt, however, was so soft that I was 
afraid at one time that I was building a shaft instead 
of a horizontal tunnel. The shield sank so rapidly 
before we could erect the iron rings, that although it 
was only some 19 ft. in diameter, we had to project it 
at such an angle that the slope of the cutting edge was 
above the level of the tail nearly 1 in 14, and unless 
we got the cast-iron ring within the tail completed 
within three-quarters of an hour, it was almost impos- 
sible to get the full-sized key plate into place. How- 
ever, very fair progress was made as the ground im- 
proved, while the air pressure was reduced by mani- 
pulating the doors in the steel cross bulkhead, through 
which the mud was forced, thus bringing it consider- 
ably below the true hydrostatic head, and reducing the 
risk of blowing other holes in the river bed. The 
inflowing mud was restricted by the friction imposed 
on its passage through nine such doors, each about 2 ft. 
square. In fact, had the power of the hydraulic jacks 
been somewhat greater, we could have pushed the 
whole shield forward without excavating anything at all, 
so soft was the mud through which it was moving. 
In 15 months we had constructed nearly 2,000 ft. and 
had got within 1,600 ft. of the New York shore, when 
the works had to be stopped through lack of funds and 
were not resumed until 12 years later. 

As a result of observations during the construction 
of the Forth Bridge and Hudson tunnel, | constructed 
a recompression chamber for use on the surface near 
the exit shaft. This proved a most effective cure 
for the most serious cases of caisson disease, as well 
as for the less dangerous, but more painful cases. 
[ also found out that pure air in large quantities per 
man-hour made for immunity, and was a matter of 
great importance. This medical air lock reduced the 
death rate, which, in 1890, was 25 per cent. per annum, 
to 1} percent. Since then this method of treatment 
has been universally practised where any big diving 
or compressed air work is in hand. 

In the early beginnings of the Hudson tunnel the 
cast-iron segments proved unequal to the unusual 
loads imposed upon them by the material through which 
the tunnel was being built. They suffered from a lack 
of reaction on the side of the tube, with the result 
that their horizontal axis which, as the diameter of a 
true circle, should have been 19 ft. 6 in., became 
greater, while the vertical diameter became shee 
tionately less. On one occasion I was informe: 
that the cast-iron at the soffit was cracking with very 
loud reports, but found that the casting did not con 
tinue to deform, and that there must therefore hav: 
been some relief of stress, arising from the fact that the 
crown had broken, and that the top of the tunne! 
had practically become a pinned arch, assisted to : 
certain extent by the castings on the horizont . 
diameter carrying some bending moment and preventing 
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further distortion. I further argued that, in all 
probability, the tunnel lining had widened, and there- 
fore was getting active support from the undisturbed 
mud on its horizontal diameter, whereas previously 
it had been supported by mud, which had been disturbed 
by the shield in its passage through it. I immediately 
put in three tiers of union screws and steel rods athwart 
the tunnel to produce within the tube the reaction which 
had not been provided to the full extent necessary 
by the Hudson mud, and as the plates must have 
cracked from the bending moment transmitted to 
them through the rigidly bolted joints, I had the 
joints slackened at the top, so that the pin joint effect 
was produced without the cracking of the castings. 
By doing this, I saved any further breaking. I also 
devised a graphical method of indicating what was 
happening, and computed from this the section of the 
castings which would meet the facts as they existed. 
[ took a slope of 1 in 10 and worked out the horizontal 
forces by means of a graphic interpretation of Rankine’s 
formula, as to the ratio between horizontal and vertical 
loads, converted the water into so much earth at 100 Ib. 
to the cubic foot, and started my linked polygon at the 
point of the horizontal diameter, which indicated the 
position such a force would occupy to be within the 
resistance to bending without fracture of the section, 
at that part of the circle. From this point I drew 
my linked polygon and found that it ran out above 
the neutral axis of the lining on the top and bottom, 
and from this I measured the amount of thrust and 
computed the bending moment in the castings on the 
vertical axis. I conceived this was a method by which 
it could be proved that a tube would tend to take 
an ovoid form with a long horizontal axis, and that a 
bending moment had been produced in the castings, 
which gave a stress within a very few pounds of that 
which would be sufficient to cause the fracture which 
had taken place. I showed this effort to Sir Benjamin 
Baker, and his remark was, that I had had to assume 
so many things that I might rather have guessed the 
thickness of the iron than worried about trying to 
compute what really happened. I therefore suppressed 
my diagram, but I am-interested to see since that a 
very similar one has been drawn by the constructors 
of the vehicular tunnels under the Hudson river, which 
have only been finished a year or two. 

I returned from the United States in 1891 to design 
the machinery and caissons in connection with a bid 
Messrs. S. Pearson and Son were putting in for the 
Blackwall tunnel. Past experience made me realise 
that considerable saving could be effected in the weights, 
and that removable airtight floors would serve the 
same purpose and be usable more than once, if they 
were put above the top of the tunnel openings instead 
of below, as it was clear that in any event some remov- 
able airtight floor capable of holding the air pressure 
when the shield was passing into or out of any shaft 
would be necessary, in addition to the one which was 
required when the caissons were being sunk. These 
modifications materially reduced the tonnage in each 
of the caissons, whilst still giving ample strength to 
them as parts of the permanent shafts. In designing the 
removable airtight floors, so that their weight should 
be reduced as much as possible while having ample 
strength to resist the upward air pressure, I employed 
water as a weighting material on the top of them. 
The two main girders and a subsidiary system of cross 
girders were made strong enough to carry this water 
ballast without any air pressure below the floor, and 
when the air pressure was put on the combined strength 
of the floor system and the weight of the water ballast 
pumped into it reduced the upward load that had to be 
provided for, with a resulting economy in the material 
employed. There was some delay in the delivery of 
the first caisson, and to have waited until it was com- 
pletely sunk before commencing to erect the shield, 
would have caused loss of time. This was overcome by 
building the shield adjoining the caisson in a flooded 
dock, and arranging to remove the plating opposite 
this dock to the width and depth necessary to allow 
the shie!d to float through when the caisson was sunk. 
Wooden sheeting was placed in the front between 
the cutting edge sections, of which there were twelve, 
and a complete diaphragm at the after end. A pump 
was also fitted to deal with any leaks. To allow for 
possible limits of error on the front, or heavy end, a 
whiffle-t res arrangement was introduced, to each end 
of which a 5-ton crane was attached. This allowed 
for anything up to 10 tons of error, and provided for a 
certain bias in one direction. The caisson having 

en completed and its concrete and thin steel floor 
laid, on which was prepared a cradle to receive the 
shield, the whole interior was filled with water, together 
with the adjoining dry dock. As the water was 
pumped out, the shield gradually went down with if. 
It landed in its intended position ready to start out, 
on Its way across the river, without any mishap. The 
temporary planking was removed, the jacks were 
inserted, the cast-iron rings were built from within 
the tail across the caisson to give a reaction to the 


it was within a few feet of the plug plates, bags of clay 
were inserted and propped against the front of the shield 
to take up the duty rendered by the plates, which 
were removed one layer at a time. This diaphragm 
of clay bags was carried and ultimately completed to 
the full area of the holes through which the shield was 
to slide, and having been carefully placed and punned 
into position, upheld the material outside the caisson 
successfully until the shield, passing through them, 
took up its legitimate work, viz., of providing for the 
safe removal of the unexcavated ground. 

The cross diaphragms in a tunnel 27 ft. in diameter, 
to be of economical construction, involved some 
theoretical considerations and care in their design. In 
the Blackwall tunnel these diaphragms were made of 
concrete, and we had three air locks, two 17 ft. long 
and 6 ft. in diameter for the removal of spoil, for taking 
in construction materials, and for passing the gangs 
out and in to the compressed air section of the tunnel. 
Above these two air-locks, and near the roof, was a 
third, of small dimensions provided for emergencies. 
It was suggested to me that the way to calculate the 
required thickness of the diaphragm was to treat it 
as a series of beams spanning the diameter of the tunnel, 
their abutments being on the flanges of the cast-iron 
lining. This involved an assumption of resistance 
to tension, as between concrete and the sides of the steel 
tubes of the air locks. This meant so many suppo- 
sitions that I felt the result arising from such calcu- 
lations would have little or no value. I therefore 
adopted the idea of calculating the thickness of the 
diaphragms on the basis that they had hidden within 
them domes of a thickness less than that of the wall 
in which they were hid ; the balance gave me the rise 
of the dome to the intrados. I then computed the 
load on strips of unit width at right angles to one 
another, and thus provided arches at right angles, 
each supporting half the load. The whole of the load, 
therefore, throughout the dome, was compressive. 
The determined stresses had to be passed through 
the thin shells of the air locks, which had to be made 
of sufficient area circumferentially, so that their skin 
plating was not overloaded by the transmitted stress 
from the concealed dome within the concrete wall. I 
found this was a satisfactory way of computing the 
strengths and arranging for transmission round the 
the steel-lined opening which formed the airlocks. The 
lock tubes, which were only some 3-in. thick, needed 
for this purpose to be reinforced. Normally, the shells 
were never in compression, because they were arranged, 
so that the air pressure within them always placed 
their shell plates in tension. In other words, the 
inner doors were flush with the inner face of the bulk- 
head or nearly so. 

The preliminary borings for Blackwall tunnel indi- 
cated that the stratification under the river was such 
that in about 800 ft. the top of the shield would pass 
into Thames ballast or open gravel, and that this 
gravel would gradually increase in depth until a com- 
plete bed of gravel would envelop the 27-ft. tube. 
The soundings further showed that there was only 
about 5 ft. of this material between the outside of the 
top of the shield and the bottom of the river. Mining 
operations in such material under a river had never 
been undertaken before, and considerable thought was 
necessary to find a way to deal with the dangers to be 
overcome and to arrange for the work to proceed 
with economy and expedition. To this end, I embodied 
in the shield design every precaution I could think of, 
and provided it with great propelling power. I also 
provided a complete air-locked back-diaphragm to the 
shield with air-locked chutes for removing the excavated 
material. I had thought we might be able to vary the 
pressure in the shield face itself to meet the different 
vertical heads of water. This, however, was illusory ; 
the leakage round the cutting edges in the gravel being 
so great that it was impossible to utilise this method. 
The arrangements for allowing the shutters to slide 
back, while the shield was being pushed forward worked 
very satisfactorily, as did everything else about the 
shield, including the modified forms of the erectors, 
which were fixed on the back of the diaphragm in- 
stead of running on a separate carriage or rails. 
The shutters were an important and essential feature 
of the work in connection with the mining in the 
gravel. I had anticipated that a heavy bed of de- 
posited clay about 120 ft. wide and 10 to 15 ft. 
thick over the gravel at the bottom of the river, 
was essential to hold in the compressed air. At first 
I could only get permission to put not more than 
10 ft. This was not enough, in view of the possible 
and actual runs of gravel into the shield pockets after 
periodic bursts of the air through the clay blanket and 
consequent outrush. On several occasions so much 
material flowed into the shield with the incursions 
of water, that 10 ft. of clay on the bed of the river 
was insufficient safely to fill the hole so produced. 
During the time this part of the work was under way 


by the escaping air that they were striking fire out 
of one another. I have also seen the bottom of the 
clay pulsating by the strokes of the air pumps just 
as if it were breathing. These were very anxious 
times ; after one very big blow-out, when nearly all 
our clay was eroded, I recall the Thames was frozen 
over and we could not get the waiting clay-filled 
barges to the position where it was necessary to dump 
them. There was nothing for it but to stop the whole 
work because of our inability to reinforce the clay 
blanket. This clay blanket fufilled its functions 
admirably, and I do not think it would have been 
possible for the tunnel to be built had it not been for 
this provision. In 1904-1909 I used the same scheme 
in the East river tunnels in New York, and it again 
saved the situation. 








CATALOGUES. 


Electrical Equipment for Ships.—Messrs. Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, have issued a booklet illustrating and 
briefly describing the electrical equipment for lighting 
and other auxiliary machinery which they have supplied 
for a number of naval and mercantile ships. Excellent 
illustrations of ships are given, and the winches, lighting 
arrangements, switchboards and generating machinery 
are shown separately. 


Steel Pipes.—Two catalogues of steel pipes are to hand 
from Messrs. The British Mannesman Tube Company, 
Limited, 67, Queen Victoria-street, London, E.C.4. 
One deals with weldless-steel mains in diameters up to 
16 in., and lengths up to 55 ft., the other with welded 
mild-steel pipes of diameters from 14 in. to 72 in., and 
lengths up to 25 ft. Longer pipes are made by circum- 
ferential welding. All necessary fittings and connections 
are supplied, 

Fire-Extinguishing Appliances.—The delivery of foam 
or suds to extinguish oil fires calls for special apparatus, 
as the foam attains a volume about ten times that of 
the chemical ingredients employed. Messrs. Merryweather 
and Sons, Limited, Greenwich-road, London, §8.K.10, 
have produced a number of plants suitable for stationary 
road vehicles, and fire-boat use, and these are illustrated, 
together with a flame resisting suit of clothing and helmet 
for the fireman, in a catalogue recently to hand. 


Foundry Equipment.—We have received from Messrs. 
The Constructional Engineering Company, Limited, 
Charles Henry-street, Birmingham, a circular dealing 
with the ‘‘ Poumay”’ system of cupola control, for 
obtaining a hot metal with a reduced consumption of 
coke, and also a circular showing examples of patterns 
made from their *‘ Titanite ’’? stone mixture. The latter 
are for repetition work, since the stone reproduction of 
the original pattern can be used for a very large number 
of castings. 


Electrical Machinery and Apparatus.--The complete 
edition of the electrical catalogue issued by Messrs. 
Veritys, Limited, Aston, Birmingham, is arranged in 
five sections, dealing with motors and dynamos, switch- 
gear, fans, lighting and heating apparatus, and decora- 
tive fittings for lighting. Each section is a substantial 
list of about 90 pages, with illustrations, tables of 
capacities and dimensions, and, generally, prices. There 
is an index to each section, and the general arrangement 
appears to be quite convenient. The catalogue is well 
printed, and is issued in a strong loose-leaf binding. 


Industrial Furnaces.--We have received a copy ot 
the first number of a Bulletin issued by Messrs Stein 
and Atkinson, Limited, 47, Victoria-street, London, 
S.W.1, under the title Modern Industrial Furnaces, 
announcing that the Stein organisations, in the United 
States, France, Germany, Belgium, Italy and Spain, 
have agreed to pool all technical information and new 
developments relating to industrial furnaces. The bulle- 
tin contains articles dealing with fuel oil as compared 
with coal, soaking pits fired by blast-furnace gas, small 
high-temperature furnaces for forging, &c. 


Electrical Machinery.—Messrs. Westinghouse Electric 
and Manufacturing Company, East Pittsburgh, Pa., 
U.S.A., have sent us a pamphlet describing the con- 
version of two cargo ships from steam turbine to Diesel- 
electric drive. The effect, briefly, has been to raise 
the engine power from 2,645 s.h.p. to 4,000 s.h.p, 
lowering the propeller speed from 80 r.p.m. to 60 r.p.m. 
and increasing the ship speed from 94 knots to 13 knots. 
We have also received a number, of interesting leaf 
catalogues dealing with direct-current motors, battery 
locomotives, petrol-electric rail cars, oil-electric ’buses, 
lighting equipment, switchgear and pipe fittings. 


Steam Turbines.—The great variety of economical 
application of the steam turbine is explained, with most 
commendable lucidity, in the catalogue issued by 
Messrs. Peter Brotherhood, Limited, Peterborough. In 
the new edition it is stated that the turbines made by 
this company range from 5 h.p. to 20,000 h.p., the 
standard types are eleven in number, the pressure stages 
are from one to ten in various types, and the speed ranges 
from 10,000 r.p.m. to 3,000 r.p.m. Interest centres 
chiefly in the conditions unger which some particular 
type of turbine is the most suitable, and a careful 
reading of the catalogue will assist an engineer to 
frame an enquiry for more detailed information. The 
application to electric power generation, pumping, 
compressing, exhausting, &c., are discussed, diagrams 





we frequently had to do all our excavation through 
small doors in the shutters, about 7 in. by 3 in., and I 








hydraulic jacks provided to move it forward. When 


often saw through these holes the flints so churned up 





and figures of tests are given, and the main working 
parts are illustrated. This catalogue gives a great 
deal of information, and forms a useful summary of the 
subject of the applications of steam turbines. 
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PATENT RECORD. | 
SELECTED ABSTRACTS OF RECENT PUBLISHED | 

SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. | 

The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned, the Specification is not 
illustrated. | 

Where inventions are communicated from abroad, the Names, &c., | 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ** Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification | 
give notice at the Patent Office of opposition to the grant of a | 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, HOLDERS, PRODUCERS, Kc. 


316,901. International Combustion, Limited, 
London, and S. McEwen, London. Carbonising 
Apparatus. (1 Fig.) April 3, 1928.—According to 
the invention, a wall of a carbonising or distilling 
retort is formed by an endless band or articulated chain 
grate a passing over rollers c, d, or a wall of the retort 
may be made up of fixed wall sections b and one or more 
such bands or chain grates a. A bench of retorts, each | 
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of rectangular cross section, may be constructed of fixed 
walls b containing heating flues alternating with pairs 
of endless bands or chain grates @ travelling continuously 
or intermittently. The spaces between the travelling | 
bands and the fixed walls receive the material. The 
construction may be such that the distance between 
the travelling band and the fixed wall is adjustable, and 
when it is desirable that the moving wall and the fixed 
wall should be at an angle to each other. the magnitude 
of this angle may be adjustable.—(Accepted August 21, 
1929.) 


LIFTING AND HAULING APPLIANCES. 

315,584. Thomas Smith and Sons (Rodley), 
Limited, Rodley, near Leeds, and C. Walls, Rodley, 
near Leeds. Luffing Jib Cranes. (1 Fig.) July 28, 
1928.—The invention relates to level luffing jib cranes 
of the type wherein the hoisting rope passes from the 
load around a pulley on the jib head, round a pulley on 
re 
ji! 
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the superstructure, then round a pulley which moves 
with the jib, and then to the winding barrel. According 
to the invention, the lifting rope 9 passes from the 
winding drum 10 around a stationarily mounted pulley 1 
situated at the rear of the crane structure and in a 
horizontal plane above the luffing axis 13 of the jib, 
then around a pulley 11 carried at the outer end of a 
large radial arm 3 associated with or forming a part of 
the foot of the jib 6 and disposed substantially at right 
angles to the centre line of the jib, and then around 
another pulley on the same axis as the pulley 1 prior to 


|London. Pressure Jacks. 
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effective length of the radial arm 3, the angle this latter 
makes with the centre line of the jib, and the vertical 
height of the pulleys 1 above the horizontal plane of the 
luffing axis 13 are so proportioned that a sufficient amount 
of lifting rope is payed out or taken in, when the jib is 


luffed in or out, as to ensure that the load or hook shall | 


move along a level path.—(Scealed.) 

317,150. H.C. Miller, London, and E. H. Dainton’ 
(3 Figs.) May 23, 1928.— 
The invention relates to hydraulic jacks of the kind 
in which a system of ducts and passages is arranged in 


| the base for the circulation of motive fluid between a 


reservoir and the ram cylinder. According to the 
invention, the open ends of the motive fluid circulating 
ducts or passages 8 are sealed with loose metal obturators 


15 adapted to take into the ends of the ducts and passages | 


so as to seat fluid-tight against the edges thereof when 


| secured by adjustable screw plugs, thus dispensing with 
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the usual leather washers or like packing. The loose 


| metal obturators 15 may be of conical or spherical shape | 


and are adapted to take into the ends of the circulating 


ducts and passages 8 so as to seat accurately against | 


the edges thereof, while if desired the seating edges of 
the orifices may be slightly cupped or coned to form the 
seats for the counterpart obturators. The inner ends 
of the adjustable screw plugs 18 may be shaped to form 
abutments that are adapted to bear against the counter- 
part surface of the obturator with which the plug is 


| adapted to co-operate, so that when the plug is tightened 


up in its socket, it causes the obturator to seat accurately 
against the edges of the ducts and passages, thus sealing 
the latter fluid-tight. When the circulating ducts and 
passages terminate in valve chambers in which a non- 
return valve operates, such, for example, as a spring- 
controlled ball valve 10, the metal obturator may be 
formed with a pin or boss which serves as a bearing for one 
end of the coiled spring 11, which controls the ball valve. 
—(Accepted August 21, 1929.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
317,159. Mavor and Coulson, Limited, Glasgow, 
and J. B. Mavor, Glasgow. Toothed Clutch 
Driving Mechanism. (4 Figs.) June 1], 1928.—The 
invention relates to toothed clutch driving mechanism 
for rotary members. A and B are two driving wheels | 
and C is a shaft. 
to wheel A and continuous rotation to wheel B. Wheels | 
A, B are rotatable relatively to shaft C. Wheel A at its | 
left-hand side is formed with clutch teeth 2. Similarly | 


Figd. A 
1 a 


= 





5 51 QiN N 
o \? 












































wheel B at its right-hand side is formed with clutch 
teeth 3. Between wheels A, B is a clutch sleeve D 
rotatable with, and movable endwise on, shaft C. Sleeve 
D at each end face is formed with clutch teeth 2!, 3}, 
and is also formed with a peripheral collar having at 
each end sloping disengagement teeth 4 and 5. Co-axial 
with wheels A, B there are provided two rings A}, 
B!, of which A! is associated with A, and B! with B. 
Al, B! are rotatable relatively to wheels A, B, respectively. 
Ring A! is formed with sloping disengagement teeth 4! 
corresponding with teeth 4 of sleeve D and ring B! is 
formed with sloping disengagement teeth 5! corresponding 
with teeth 5. 
left, engagement of clutch teeth 3, 3! and of disengage- 
ment teeth 5, 51 is effected, and with B rotating, shaft 
C, rotatable with sleeve D, is driven. To disengage the 
clutch, rotation of ring B! is stopped. With ring Bl 
held and B continuing to rotate sleeve D is forced end 
wise towards the right by the action of the sloping dis” 





passing up to and over the jib-head pulley 12. The 


engagement teeth 5, 5! and the clutch teeth 3! are with 





In action by moving sleeve D towards the | 


drawn from clutch teeth 3. Similarly if sleeve D is moved 
to the right wheel A will be clutched by teeth 21 engaging 
with teeth 2 for driving shaft C, and disengagement 
would be effected by stopping ring A! from rotating.— 
(Sealed.) 


| MOTOR ROAD VEHICLES. 


317,142. F. W. Scott, Lincoln, and Clayton 
| Wagons, Limited, Lincoln. Front Wheel Brake 
|Mechanism. (1 Fig.) May 15, 1928.—The invention 
| has reference to the means employed for mounting front- 
| wheel brake mechanism in operative position. A front- 
| wheel hub 1 mounted on a stub axle 2 carried on the front 
| axle 4 by a swivel pin as usual, is provided with a flange 5 
to which a brake drum 6 is bolted. The flange 5 also 





(317/42) u 
|serves to carry a demountable wheel (not shown). 
Adjacent the upper and lower ends of the swivel pin, 
the stub axle 2 is formed with flat bearings surfaces 7 
to receive brackets 8, 9, which are bolted to the stub 
axle by bolts 10, these brackets 8 and 9 being adapted 
to carry the brake shoes and brake-operating cam. 
The brake is of the expanding shoe type, and the lower 
bracket 9 carries the brake shoe pivot 11, whilst the upper 
bracket 8 carries the brake operating cam 12. A sheet- 
metal cover plate 13 is fitted to a spigot 14 on the stub 
axle.—(Sealed.) 


STEAM ENGINES, BOILERS, &c. 


317,249. H. E. Yarrow, Scotstoun, Glasgow. 
Superheaters. (i Fig.) September 14, 1928.—To regu- 
late the final temperature of the steam leaving the super- 
heater of a water-tube boiler, means are provided 
whereby furnace gases are by-passed directly from the 
combustion chamber to the superheater without first 
traversing any of the steam generating tubes of the boiler, 
thereby increasing the temperature of the superheater, 
and the amount of this increase is regulated by controlling 
the quantity of hot gases by-passed to the superheater. 
In the particular type of boiler illustrated, the steam 
and water drum A is connected by banks of water tubes 
*, G and H, respectively, with a water drum B on one 


side of the combustion space L of the furnace and the 





Intermittent rotation may be applied | two water drums C, D on the other side of the combustion 





























(317,249) 


space. In the space I between the two banks of steam 
| generating tubes G, H there is interpolated a superheater 
consisting of a longitudinally divided drum E having 
| U-shaped superheated tubes J. Normally the tempera- 
ture of the superheater would be determined by the 
temperature of the gases after they had _ traversed the 
|bank of tubes G, and as the degree of superheat is 
| dependent to quite a considerable extent upon the rate 
| at which steam is being used, it becomes necessary for 
| high rates of steam consumption to supplement the heat 
| derived from the furnace gases which have passed 
| through the banks of tubes G by by-passing furnace gases 
from the furnace space L through one or more pipe 
| connections P leading from this space to the inner side 
|of the space I occupied by the superheater tubes J. 
| By providing in the by-pass tube or tubes P a regulato: 
or damper R, which can be closed completely or open to a 
| greater or less extent, the final degree of superheat < 

| the steam, after traversing the tubes J, can be regulate . 
|to any desired extent within limits, or kept constant 
with varying steam consumption.—(Sealed.) 
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CHAINS. 


WerLDED chains have been in use for so many 
centuries that it might not unreasonably have 
been expected that something like finality would 
have been reached in all matters relating to their 
care and use. Nevertheless, nothing is more note- 
worthy in the new memorandum* on chains just 
issued by the Home Office than the tentative and 
non-commital character of many of the observa- 
tions and recommendations made by the author, 
Mr. G. 8. Taylor, O.B.E. No doubt this is partly 
due to the enormous variation, not only in the 
uses to which chains are put but also in the quality 
of the chains themselves. The range of qualities 
must rival that characteristic of the common or 
domestic egg, and, like the latter, a chain is un- 
acceptable even when good in parts. Until the 
matter was taken up by the British Engineering 
Standards Association, the qualities of iron used 
for chain making were classed as “ best,’’ “‘ double 
best *’ and “‘treble best,’ but, in actual practice, 
the “treble best” iron of some makers was not 
superior to the “best”? iron of others. Four 
qualities of iron suitable for chain making have 
been recognised by the Standards Association, viz., 
“Yorkshire ’”’ and grades A, B and C, and these are, 
we learn, being increasingly specified by purchasers. 
The strength of the iron appears to be of secondary 
importance in comparison with its welding qualities 
and ductility. The characteristics of four repre- 
sentative chain irons are quoted as follows :— 














| Ultimate | Elongations | Reduction of 

| Strength. (10 in.). Area. 
pena | 

Tons per 
square inch. Per cent. Per cent. 

Common iron are | 24} 21 28 
Best best iron ; | 234 25 45 
Retined Yorkshire ..| 22 28 52 
Special grade iron .. | 214 32 | 62 





In view of the certainty that chains will in- 
evitably be overstrained in service by accidental 
shocks, ductility is a matter of extreme importance, 
yet the report states that mild steel, even of special 
quality, is not generally regarded as suitable for 
welded chains, although it can be obtained with a 
tensile strength of 25 to 32 tons per square inch, 
with an elongation of 32 per cent. in 10 in., 
and with a 60 per cent. reduction of area at the 
point of fracture. The objection to it is based 
on the difficulty of securing uniformly sound welds, 
and this is, no doubt, the greater in that almost 
the whole of the chain made is hand welded. The 
lighter chains, used for securing scaffolding and 
like purposes, have now, however, frequently elec- 
trically-welded links, the joint being a butt one. 
A chain-welding machine was described by Emile 
Lelong in a paper read before the Iron and Steel 
Institute in 1909, and the chains produced were 
credited with 80 per cent. of the strength of the 
bar iron, or to be 20 to 25 per cent. stronger than 
the hand-welded article. Nevertheless, the process 


has not, the memorandum states, been extensively | 


used. This is a little remarkable, since the operation 
of chain making, being a repetitive one, seems 
eminently suitable for the displacement of the 
skilled craftsman by the machine. Weldless chains 
have been produced at the Gartsherrie works for 
several years, and though more expensive than their 
rivals, are claimed to be stronger, more reliable and 
more durable, but are, it is stated, made only in 
lengths up to 90 ft. 
There are, the Memorandum states, some differ- 
ences in the workshop methods in vogue on the 
Nort!: East Coast, and in the Midlands. In the latter 


area, considerable use is made of a “dolly” or foot 
Operated hammer, the use of which is unknown in 
the North, and there are also differences in ‘the 
details of the anvil used. Moreover, on the Tyne 


and Wear, small coal is used for chain makers’ 
fires, whilst coke is.the favourite fuel in Stafford- 
shire. +n both districts, it is found desirable to keep 
the individual workman to a small range of sizes, 


such as from ¥ in. to $ in., and special hands, 
workii = on time rates, are employed for making 
jouung ” links and other fittings. 


z ° Mer iorandum 
- M. Stationery Office, 1929, 





on Chains and other Lifting Appliances. 
(Price, 2s. net.] 





|may be at times a contributory cause. 
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That chains are bound to be overstrained in 
service makes it almost hopeless to fix working 
loads by a priori methods. Experience alone can 
tell what constitutes a safe load. The Admiralty 
have, as the result of their very extensive experience, 
taken the safe working load, expressed in tons, as 
equal to 6d*, where d is the diameter of the iron in 
inches. This working load is equivalent to one- 
half the proof load, which again is about one-half 
the ultimate strength of the chain. A similar rule 
has been adopted by the railway companies and 
dock authorities, but, in all these cases, the chain is 
supplied to detailed specifications, and is carefully 
inspected and exhaustively tested before acceptance. 
Smaller users cannot exercise equal supervision, and 
possibly this is, in part, responsible for the rule 
adopted by certain Bristol stevedores, who limit 
the working load to one-third the proof load. On 
the other hand, some chain makers maintain that a 
working load equal to two-thirds the proof is 
perfectly safe. Much, no doubt, must depend on the 
service required. An attempt to fix safe loads by 
first principles was made in 1907 by Messrs. G. A. 
Goodenough and L. E. More, who made, at the 
University of Illinois, a series of experiments on the 
strength of chain links. They naturally found very 
high stresses and, assuming that the safe working 
stress on iron was not more than 7 tons per square 
inch, they concluded that the safe working load on 
a chain should be taken as 2-8d? tons. This is less 
than one-half the Admiralty figure, which has been 
sanctioned by an experience extending over many 
decades. But, as Professor Unwin pointed out some 
years ago, an empirical factor is necessarily involved 
in every safe working stress, and it is thus not prac- 
ticable solely on the basis of laboratory experiments 
to state what is and what is not a safe load. 

The high working stresses to which chains are 
normally subject, however, do render necessary 
periodical annealings, and a good deal of space is 
devoted to this subject in the memorandum. The 
experimental studies made at the National Physical 
Laboratory have fully endorsed the practice in 
question, and have done much to place it on a 
rational basis. Both annealing at 1,200 deg. F. and 
“normalising ’’ at 1,830 deg. F. were found to be 
effective in removing surface. brittleness produced 
in service, but normalising requires great care in 
order to avoid injury to the metal, so that anneal- 
ing is the safer operation for the ordinary user. In 
the case of chains in constant and severe use, it is 
recommended that the operation should be repeated 
every three months, whilst, in lighter service, the 
interval may be doubled, and, where but occasional 
use is made of the chain, as much as two or three 
years may be allowed between successive annealings. 
The Docks Regulations provide that all 4 in. and 
smaller chains shall be annealed every six months, 
and other chains at least once a year. Defective 
welds are the commonest cause of chain accidents, 
failures due solely to wear being rare, though wear 
Overheated 
welds are, it is stated, not uncommon, and lead 
to brittleness. Sometimes a weld separates within 
a link, and this is difficult to detect. Galvanised 
chains are often regarded with suspicion, but a 
good chain appears to be uninjured by the process, 
neither the ultimate strength nor the elongation 
being affected. The drawback to the process is 
that defects are covered up. Hence, all chains should 
be inspected and proof tested prior to galvanising. 

As instancing matters on which differences of 
opinion still exist, Mr. Taylor notes that some firms 
object to the use of drop forgings in lifting gear, 
whilst others maintain that they are superior to 
hand forgings. With regard to hooks, the reporter 
seems unaware of the fact that the Andrews- 
Pearson formula is now discredited, being incon- 
sistent with the principle that, in the case of simply 
connected forms, plane stresses are independent 
of the elastic constants of the material. In ordinary 
cases, however, the error is not great, but when the 
inner radius of a curved beam is a small fraction of 
the outer, the error may be very large. The whole 
matter was very fully discussed by Mr. L. Schuster, 
M.A., in his Technical Report for 1926 to the British 
Engine Boiler and Electrical Insurance Company, 
Limited. In this connection, it. may be observed 





that the recently published specification of the 


British Engineering Standards Association seems 
less clear than it might be. For hooks, a minimum 
factor of safety of 5 is required, but, as a matter of 
fact, a good hook seldom fails by actual fracture, but 
straightens out and allows the sling to slip off. On 
the other hand, the requirement that, under a proof 
load of double the working load, there shall be no 
permanent set is perfectly clear and definite. There 
are still very considerable differences in the shapes 
and proportions of hooks, and Mr. Taylor remarks 
that it is doubtful whether any satisfactory general 
rule can be formulated for determining their break- 
ing strength. 








THE WELLAND SHIP CANAL 
1X*—(continued). 

TuE flight of twin locks constitutes the largest 
structure on the canal, and, exclusive of the upper 
and lower entrance piers, contains 1,170,000 c. yds. 
of concrete. The length of the centre wall, from 
end to end, is about 3,350 ft. It is illustrated in 
Figs. 243 and 244, on Plate XVIII, and at various 
stages of construction in Figs. 241, 242 and 256, 
on Plates XVII and XIX. As the structure passes 
through rock of varying quality and depth, the side 
walls vary, but the centre wall has throughout a 
width of 60 ft. Typical sections are given in 
Figs. 245, 246 and 247, on Plate XVIII. The first 
of these shows a bastard section at the head of 
Locks Nos. 4. On the left hand is a section through 
a monolith; on the right the plane represented 
is at one of the construction joints between mono- 
liths. The two outside walls show the coping 
level of Locks Nos. 4, and these and the centre 
wall show the structure of Locks Nos. 5 and its 
higher coping level. The wells in the centre wall 
are the shafts of the valve chambers of the centre 
culverts. The side walls of gravity section have 
a width of 46 ft. at the base, reduced by steps 
to 16 ft. at the top. In the next locks, Nos. 5, 
the structure is mainly in rock cut and the concrete 
work is reduced, as shown in Fig. 246, though in 
places it had to be finally carried back further than 
expected owing to deterioration of the rock due 
to exposure during the idle years of the war. The 
nominal thickness of concrete for the lower part of 
the side walls is about 23 ft., and their culverts are 
reduced in width and increased in height, from the 
normal of 14 ft. by 16 ft. 6 in., to 9 ft. wide by 
24 ft. 6in. high. Fig. 247 is typical of the highest 
locks of the flight, where the rock level is a good 
deal lower. 

The centre wall is carried up to within 40 ft. of 
coping level as a solid mass, except of course for 
the presence of the two culverts, which normally 
are 12 ft. wide and 16 ft. 6 in. high. From the 
level mentioned two gravity section walls, 18 ft. 
wide at the base, are carried to coping level, being 
stepped in to a final width at the top of 9 ft. The 
interior is filled with rock and decked with 12 in. 
of concrete. The mooring passages, conduit, gallery 
and drain will be noted in Figs. 245 to 247, and in 
the view reproduced in Fig. 256, on Plate XIX. 
Attention may also be directed, on the right of 
all these illustrations to the large power. culvert 
mentioned as commencing at the head of Lock 
No. 7 and terminating at the foot of the flight of 
locks. 

Locks Nos. 6 are provided with double head 
gates, and double gates are provided also between 
Locks Nos. 5 and 6, all being above the breast walls. 
At the north ends of Locks Nos. 5 and 4 single pairs 
of gates are provided, and provision is made at the 
north end of Locks Nos. 4 for unwatering gates. 
This is to allow of one flight of locks to continue in 
use during any necessary repairs in the parallel 
chambers. 

Owing to the presence of the centre wall in the 
twin locks structure, an intake of the type described 
on page 158 ante, does not suffice in this instance. 
Figs. 248 and 249 show the arrangement adopted at 
the head of twin Locks Nos. 6. Here an intake of a 
type very similar to that already dealt with is 
provided on the east wall, facing the pondage, as 
shown in Fig. 249. This supplies the east and west 
wall main culverts through the long cross culvert, 
of which a section is given in Fig. 250. The twin 








* The first part of Article IX appeared on page 157 ante. 
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HEAVY TYPE, MOORING POST 
ON SIDE WALLS OF LOCKS. 


LIGHT TYPE, MOORING POST 
ON ROCK. 








Fig. 265 
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culverts in the centre wall are similar to those in 
the side walls, and are controlled by valves in 
the centre wall, just beyond the outer gate recesses. 
These valves are placed in chambers very similar to 
the ordinary discharge valve chambers, i.e., two 
valves are placed in each chamber, separated by a 
wall. Each chamber is supplied by a rectangular | 
culvert 12 ft. wide by 15 ft. high, these two forming | 
right-angled junctions with three passages 9 ft. 
wide by 10 ft. high, extending across the centre 
wall from face to face and therefore capable of 
drawing water from the entrances on both sides. | 
Details of this intake are shown in Figs. 251 to 255, | 
the first being a plan showing the three inlets on 
each side ; the third is a longitudinal section through 
one culvert leading on the right to the valve chamber. 
Fig. 254 is a cross section, and Fig. 255 a part end 
elevation, while Fig. 252 is a side elevation. The 
latter shows grooves for chains for handling the | 
stop-logs, the cross-passages being provided with 
stop-log grooves, 11 in. wide, for unwatering | 
purposes. It mvy be mentioned that stop-log 
grooves are provided above all Taintor valves, for 
unwatering purposes, and where necessary, as in 
Locks No. 8, on the lower side also. In cases 
where the lower level can be readily unwatered, 
such double bulkheads are not necessary. The 
arrangement of valves, Xc., follows on the lines 
described for other locks, and needs no further | 
description. 

At the various changes of coping level, flights of 
steps lead from one level to the next, not only at 
the twin locks in flight, but in the other lift locks, | 
from the lock wall coping level to the lower approach | 
wall coping level. In the case of the approaches 
these stairways are built on solid concrete walls 
10 ft. wide, giving a width of tread of 8 ft. The} 
stairs are arranged in two flights separated by an | 
8-ft. square landing. At the flight of locks these | 
stairs in the case of the centre wall are carried 
on reinforced concrete beams, extending from the | 
upper and lower decks to the landing, which is | 
carried by four reinforced concrete columns 2 ft. | 
square. The side beams are 4 ft. 6 in. deep, | 
and 2 ft. wide, reinforced by } in. rods. The} 
stairs were cast in place but are fitted with| 





pre-cast slab treads 1? in. thick. Hand-rails of | drains, laid with open joints. These are set in a 
pipe are provided on each side. At the lower} bed of mortar and surrounded on the outside 
end, the stairs being in the middle of the centre| by broken stone. Two or three such drains run 
wall, extend over the rock fill. The ends of the|at the back of the walls and where these are of 





|side beams are therefore supported in this part 


direct on walls 4 ft. thick carried up from the main 
body of the lock wall to coping level. 

With reference to details, Figs. 258 and 259, 
above, illustrate the standard coping, the upper 
2 ft. 6 in. of the wall face being sloped back at a| 





stepped form, they are laid on the ledges close to 
the vertical face. In such cases as Lock No. 7, in 
rock, the drains are mostly recessed into the con- 
crete, as shown in Fig. 236, page 158 ante, this 
also being done where the monoliths are carried 
up to coping level at full width, e¢.g., opposite 


| batter of 1 in 5, and the plain coping finished with | the gate recesses, &c. These drains are carried to 


a 9-in. radius. Coping guards of cast iron are placed | the low level end of the structure and, striking across 
along the front edge of the walls, castings of the type | the wall, discharge from the lower entrance wall 
shown in section in Fig. 258 being set and grouted | face. The centre walls are provided with 24-in. 
into the wall, and held down by 1}-in. bolts. These | drains laid on the concrete under the rock fill. 
guards are of cast iron, 16} in. from front to back, | These combine with 12-in. drains led off from the 
the front face being struck to a 12-in, radius. The | large collector under the conduit gallery, and 
back and front bolts are staggered and placed at | discharge outside the lower gates in the wall face. 
about 2-ft. centres in each line. The mooring posts |The north tapered end of the centre wall is rock 
provided in the mooring passages are of cast iron | filled, and twelve 2-ft. by 2-ft. drains are provided 
giving a dwarf bollard 9 in. in diameter and 7} in. | on both sides from the interior to the lock entrance. 
high. They are shown in Figs. 260 to 262, in the | No drainage has been considered necessary under 
openings, which are protected by guards consisting | the floor, but at the lower end of the structures a 
of castings struck to a 6-in. radius. These are pro- | drain is led to the toe of the entrance slab, carrying 
vided with a central perforated back fin 9 in. long, | off water which may remain in the shallow gate pit 
which is embedded in the concrete, no bolts being | above the sill and breast wall. This drain is fitted 
employed. The main mooring posts on the lock | with a reflux flap valve. 

walls are of two types, both of reinforced concrete,| The standard construction unit was a monolith 
fitted with cast-iron collars. One has a minimum | 60 ft. long, but this length was necessarily modified 
diameter of 22 in. and the other of 17} in., the in the case of work at the gate recesses, intakes, 
height of waist being 8 in. in one case and 6§ in. | discharge valves, &c. We have already described 
in the other, and height overall, from deck, 1 ft. 8 in. | the procedure for concreting, and various views, 
and I ft. 6% in., respectively. Two typical arrange- | given in previous articles, convey a good idea a8 
ments for the light and heavy types are shown in| to how this work was conducted. Concrete was 
Figs. 263 to 266, of which the last pair show a light | poured, as a rule, in about 10-ft. lifts, and the work 
pattern used in good rock. The standard type of | generally proceeded from one end towards the other 
ladder adopted throughout the locks consists of a| in progressive lifts, in distinction from the process 
vertical recess 12 in. deep and 18 in. wide, fitted frequently adopted of constructing alternate mono- 
with rungs of } in. pipe set in the concrete 12 in. | liths first, and then filling in. A view showing this 





| apart, one end of these being flattened. Set back | very well is reproduced in Fig. 257 on Plate XIX. 


12 in. from the back of the ladder recess there is on| A very elaborate system of water cut-offs has been 
the deck a hand-hold of } in. pipe set flush with the | adopted across all expansion and construction joints. 
coping, which is cut out to form a pocket 10 in. long| and the monoliths are locked together by checks. 
by 5 in. wide underneath. |In the normal full-height gravity side wall, a key, 

The accumulation of water at the back of the | 8 in. deep and 2 ft. 6 in. and 4 ft. wide, is provided, 
side walls has been prevented by means of 6-in.,| extending from within 3 ft. of coping level, on ®0 
12-in. or 18-in. porous or vitrified salt-glazed | incline roughly parallel with the back outline of the 


wall 

verti 
ante, 
high 
Anot 
from 
a hej 
are ti 
a CO} 
face. 
a Vie 
keys 

Figs, 
of 1s 
12 ft, 


io A> a ae ool 











ENGINEERING. 








FEB. 21, 1930.] 


THE WELLAND 


END ELEVATION OF CENTRE WALL 





END ELEVATION OF EAST WALL 



































































































SHIP CANAL, CANADA. 


END ELEVATION OF WEST WALL 


END ELEVATION OF MONOLITH 


























. 10> at _os ESSE ae 60:0 2 ‘Aspe 
Fig.67. pyasag OR <6 EL.434: cn 
Lead Cat OFF | f | i 
Nt | J 
: S| ) 
8 | N 
S| 8 
7 
é | 4 
S|! | ‘ 
1? | . EI Metal Cut-0¢¢ 
be--+ 80:0" > <--+-80.0'- 
ae oo Se wel =: f 
= | 8 | \ 6 Dia Tile 
% 8 La 04 ab Tams 
| Bolao 
| ! { 4 He PF 
. re: 
2 H 
PS i Ri] 1g A 
1S! i gt 
iS i si| is % 
3 | 3 i LI] 8 
1a, EL352-0 Vs Sis tit a 



































| 
| 


1794 P a 5 | 
| 





| 
Fie. 269. Lock No. 1 WatL, SHowrne Krys on EnpD or MONOLITH. 


wall to a point about floor level, where it ends in a |6 in. wide by } in. thick by 12 ft. long. The copper 








lengths of floor slab, and also longitudinal cut-offs 
between the inverted skewbacks or the wall toes, 
and the floor slab. The junction of the breast wall 
and side walls was made by means of construc- 
tion joints arranged to form skewbacks on the 
sidewalls, as shown in Fig. 234, page 158 ante, cut- 
offs being inserted here also. Fig. 273 on page 244 
shows a breast wall under construction, with the 
skewback face noticeable on the near side. In the 
neighbourhood of the cross culverts, cut-offs were 
also inserted below and on either side of the culverts. 

In the much reduced thickness of walls such as 
those of Lock No. 7, the checks and cut-off are 
arranged rather differently. As in the previous 
description, an inner key is arranged vertically, but 
only of a width of 2 ft. 6 in., and set in 3 ft. from 
the face, as may be seen in Fig. 268. Instead of a 
single key at the back, three, 2 ft. 6 in. wide, and of 
different lengths, are disposed as well as possible in 
the mass, so as to clear the various culverts, passages, 
&c. The metal cut-off does not run through these 
keys at all, but is arranged outside two and inside 
one, 12 in. away from the edge of the recess, and 
1 ft. 6 in. from the culverts. In the centre wall of 
the twin locks structure the keys consist normally 
of three vertical checks, of the arrangement shown 
in Fig. 267. These are modified in particular places 
as in the side walls; in fact, in some cases they 
consist of a series of horizontal checks joined to- 
gether by a single vertical. 

In Lock No. 8, metal cut-offs were inserted in 
the construction joints, including the joints for 
the lengths where the wall consisted of concrete 
facing only. 

In the upper parts of the walls, sheet lead cut-offs 
were used, between monoliths under the deck, and 
down the back of the conduit galleries. These were 
also crimped, the sheets being 9 in. wide in the 
flat, and weighing 4 lb. per square foot. 

The joints between neighbouring monoliths were 
finished on the vertical inner face with Vee-grooves 
1 in. deep and 2 in. wide. These were rendered 
with cement after the wall had been completed. 

Details of drilling, blasting and excavation, and 
of preparing the rock surfaces, have already been 
given. The structures are constructed in plain 


vertical length to rock, as in Fig. 213, Plate XIII |sheet is crimped so that the middle 3 in. form a| concrete, but reinforcement has been freely employed 
ante. here the foundations are in good rock at a | flat fold projecting 1} in. from the cut-off. The/|in the neighbourhood of culverts, valve chambers, 
steel plates are joggled at one end to overlap the | quoins, sills, &c, not far inside the face, mainly to 


higher level, the arrangement is as in Fig. 267 above. 
Another vertical key is arranged some 6 ft. or so back | next snugly, and these plates are embedded in the| prevent the formation of contraction hair cracks. 
from the wall face, and extending from floor level for | concrete at right angles to the joint, with the fold| The floors are not reinforced, but are anchored to 


@ height of some 46 ft. The sides of all such keys] of the cut-off in line with the joint. In the first 
are tapered tol in 8. The first key is furnished with | instance, the cut-off was set at right angles, as in 
* copper sheet cut-off, set parallel with the inner | Fig. 272, one leg being embedded in the concrete 
face of the recess, and 18 in. therefrom. Fig. 269 is | and the other flush with the face up against the form 
& view of one of the walls of Lock No. 1, showing the | work. When the latter was removed for work on 
keys des ribed. Details of the cut-offs are shown in| the next monolith, the second leg was bent out so 


rock, and in rock cuts the side walls are similarly 
treated. Two types of anchor bars were employed 
for the floors. The bars were 2-in. steel rods, upset 
to 24 in. at the ends. They were 14 ft. long, and 
while some were used straight, the upper 3 ft. 6 in. 
of others were bent to a 21-in. radius over an arc of 





ne. 270) to 272 on page 244, The cut-off consists | as to line with that already embedded in the concrete, 
: 18 B.W.G. copper sheet strips, 7 in. wide and | as in Fig. 271. 
2 ft. long, riveted on each long side to steel plates! Similar cut-offs were employed between the 





90 deg. They were set in 3-in. holes drilled in the 
| rock and grouted in. The anchor rods in the lock 
| floors are well seen in Fig. 241, Plate XVII. Owing 
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to the liability of the rock at most of the sites to 
deteriorate on exposure, it was necessary in most 
cases to cover it quickly with a protective coating 
of concrete of about 9 in. The anchor rod holes 
were then drilled through this. The rods were then 
inserted and grouted, being worked up and down 
to ensure filling the hole. Afterwards, the floor was 
completed to final thickness. The tops of the rods 
do not come within less than 2? in. of the face. 
Most of the rods were of the bent type, the straight 
ones only being used under sills, &c., where the bent 
portions might interfere with reinforcing bars. The 
bent rods are spaced generally about 4 ft. 3 in. apart, 
in rows across the floor up to 4 ft. 6 in. apart. All 
bars in a row were bent over in the same direction 
but the bends were to east and west in alternate 
rows. Under the sills, the rows followed the angle 
of the mitre. To give an idea of the extent of this 
work, we may say that the anchor rods for Lock 
No. 1 were 3,650 in number, totalling a length of 
nearly 10 miles, and weighing, in the aggregate, 
approximately 550,000 Ib. 

The side walls in rock were anchored by means of 
1}-in. rods, set in grout in 3-in. holes 6 ft. deep, 
sloping down towards the back at 1 in 10. These 
rods projected 2 ft. and 3 ft. 9 in. from the rock 
face, and then finished in a 180-deg. bend at 8 in. 
radius. The vertical spacing varied, the holes 
being 4 ft. apart at the bottom, and opening out, in 
places, to 8 ft. or 10 ft. apart at the top. Horizon- 
tally, the rows of these holes were usually 5 ft. apart. 

To give an idea of the type of reinforcement 
adopted for the lock walls of full gravity section, | 
it may be mentioned that on the outside of the 
main culverts 1} in. bars 22 ft. long were set 
alternately overlapping so as to form reinforcement 
27 ft. long and of 1 ft. spacing about 9 in. from the 
culvert arch. These bars are on a slope of about 
45 deg. Above the culvert and 6 in. from the crown 
were 11 ft. horizontal bars 1} in. in diameter and 
spaced at 2 ft. No longitudinal rods or reinforcement 
on the inner side of the normal side culverts have 
been employed in walls of gravity section. The | 
lateral culverts have been provided with reinforce- | 
ment overhead in the form of 1}-in. bars, 10 ft. | 
long and of 2-ft. 4-in. spacing, and with 24-in. | 
cover of concrete. Reinforcement was also inserted | 
across the radii. Transverse bars were added | 
at the ends of the monoliths. In the centre wall | 
for Locks Nos. 4, 5 and 6 diagonal reinforcements 
extended in both directions across the 8-ft. thickness | 
between the culverts, and vertical bars extended 
down into the rock. This reinforcement is shown 
in Figs. 274 and 275 on page 245. 

The slab over the conduit gallery is reinforced 
by three longitudinal }-in. rods at 3 ft. centres, 
and transverse rods of like size at 18 in. centres, 
the latter being 18 ft. long. The roof of the large 
drain below is reinforced with transverse ? in. 
rods 6 ft. 6 in. long at 30 in. centres. No reinforce- | 
ment is provided for the mooring passage and | 
branches. In particular places the reinforcement was 
considerably modified. At certain points inclined | 
rods were placed on both sides of the culvert arch, | 
this being also the case with the twin locks centre | 
wall, and where the arch gave place to a flat top, | 
inclined rods were placed over both upper corners, at | 
a slope of 60 deg. to the horizontal. Where, asin Lock | 
No. 8 the laterals were close together longitudinal | 
bars were made in lengths of 43 ft. These bars were | 
fanned out to suit the change of shape in these 
culverts. The recesses in the coping, 17 ft. long | 
by 14 ft. wide and 3 ft. deep, for the fender quadrant | 
have three layers of 1-in. longitudinal rods under | 
the floor, as well «s diagonal and vertical anchor | 
roads at the sides. 

In Lock No. 7, where the main culvert runs | 
within 5 ft. of the rock face, horizontal 1 in. rods | 
were placed 4 in. from the culvert and the rock | 
faces. 
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‘eaction 


The main filling culvert under the lock floor|to the outside dimensions of the concrete. The} beam, &c., and the party walls between the valves 


is reinforced, in some cases on all four sides, | other bars are bent, the central portion being near | are reinforced with vertical barsin the cut-wate! 


structed in rectangular trenches cut in rock, and | arrangement is as in Fig. 276, page 245. 


rs and 


and in others reinforced on one or more sides | the inner face and the ends near the rock face. In | inclined bars in the upper parts of the walls. Fig. 
and anchored to rock. These culverts are con-| other cases, bent rods are not employed, and the | 277 is typical of the mitre sills which, however. 
5. The lock| vary with the breast wall construction below, &¢- 

the sides and floor, not less than 3 ft. thick, are | walls and floor are also reinforced in the proximity |The main reinforcement is of rods arranu d - 
reinforced with 1 in. bars set in pairs close together, | of these culverts. The wall faces of valve chambers, | inclined planes, under the upstream face on W = 
i], with, 


the pairs being about 2 ft. or 2 ft. 6 in. apart.| &c., are reinforced with bars in a longitudinal | the timbers are set, diagonally across the we 
One bar of a pair is straight except for its ends, bent | direction, with cross bars at certain parts, as 





below, 14-in. rods turned down into the breast wall 
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°r anchored in rock. The upper bars are in pairs 
{in. apart vertically, the pairs set 12 in. cr. to cr. 
horizont lly. The breast wall faces are reinforced 
with 13 in. horizontal rods, spaced at 3 ft. centres 
at the bottom, and closing into 1 ft. crs. at the top. 
The gate recesses and quoins, &c., are likewise 
treated, and junctions of conduits are also dealt 
With in a similar manner. 

_ In the intake monoliths the curtain wall extend- 
ing from che gate to coping level is reinforced inside 
and out. The division walls between the valves are 
‘trengthered, and the trash rack supports have the 
‘sual beam-type of reinforcement, in this case of 

mM. and } in. bars. 
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Grouting was not found to be necessary in the 
case of foundations of the lock structures, but the 
precaution was taken in the case of the twin locks 
structure of grouting the rock under the centre wall. 
When one chamber is full and the other empty the 
centre wall becomes in effect a dam about 85 ft. 
high by 60 ft. wide. To guard against seepage 
through rock seams under the centre wall, the 
foundation rock was grouted to a depth of 16 ft. 
to 20 ft. along the centre of this wall. When the 
concrete footing was placed wrought iron pipes 3 in. 
diameter and about 33 ft. long, screwed at the upper 
end, were embedded in the concrete in two rows 2 ft. 
apart. The pipes were at 3 ft. centres, staggered. 





When the concrete had thoroughly set holes were 
drilled through the pipes into the rock below. 
After washing and blowing out under pressure, a 
Cannif grout mixer was connected to the pipe and 
grout under 90 lb. to 100 Ib. pressure was applied to 
refusal. The mixture used was 4 gallons water, 
1 bag cement, } c. ft. sand per batch. 

The concrete specified for the bulk of the work was 
of a 1 : 2}: 5 mix in the case of crushed stone aggre- 
gate, and 1:6 in the case of gravel, provided that 
the gravel was of a proportion of 2 parts of pebbles 
to 1 of sand, the limiting size for stones being 24 in. 
diameter. In placing concrete no drop of more than 
3 ft. was permitted, and chutes were limited to 
100 ft. The minimum slope allowed for this length 
was one horizontal to two vertical. Where it was 
necessary to have a well finished surface a finishing 
coat 1 in. thick of cement mortar was applied. We 
have, in previous articles, dealt with the regulations 
for placing, concreting in winter, &c., and need 
not repeat such information. 








THE DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH. 


THE business of the Department of Scientific 
and Industrial Research is twofold. To the general 
public it may appear to be concerned chiefly with 
carrying on investigations into the industrial arts 
and the sciences on which they are based. A no less 
important part of its work, however, is to induce 
the industries and others who are interested in such 
investigations to carry them out for themselves, 
the Department figuring in the transaction merely 
as an enzyme or catalyst. In practice, no doubt, 
it has often found itself unable to confine its 
activities to the latter class of work. In many 
considerable investigations that may be thought 
desirable, the industries or parties most interested 
in making them may not be the only ones who 
would benefit by a successful result. The spending 
departments of the State, forexample, and sometimes 
the community at large, have such an interest. 
Again, the results to be expected from a successful 
investigation may be of interest to so many indus- 
tries and to extents so various and indefinite that 
it may not be easy or even possible to induce any 
one or any group of them to undertake the heavy 
charges attending a research which, if successful, 
would be to the benefit of other interests besides 
their own. Sometimes, too, the capital cost of 
investigations on a satisfactory scale might be 
greater than private resources could undertake. 
In a large part, therefore, of the research which 
the Department seeks to bring about, it has to 
provide not merely the enzyme, but a certain 
amount of nutrient substance, for the purpose at 
least of starting the reaction and allowing it to 
proceed to such a stage as will satisfy the industries 
or other interests concerned that the enterprise 
would be profitable for them to continue on their 
own account. 

Accordingly, the proceedings of the Department 
include partly the prosecution of research, and 
partly the application of measures to facilitate 
and assist its prosecution by other bodies, and 
the annual chronicle is probably the nearest 
approach to a stock taking of the progress of the 
application of science to industry to be found in 
current publications. This character is to be seen 
eminently in the Fourteenth Annual Report, 
which has just been published.* The report deals 
with the proceedings of the Department for the 
year ending July 31 last. A large part of the mass 
of material included in the report has been, or will 
be, published in much greater detail in sectional, 
annual or other reports issued by the Department, 
and it would be useless to discuss this part of 
the work on the present occasion. It may be of 
interest, however, to refer to some of the more 
important circumstances of the year’s work, which 
are not likely to come to notice otherwise on any 
early occasion. 

Perhaps the most important incident recorded 
in the Department’s report is the resignation of 
Mr. H. T. Tizard from the office of Secretary, 





* Department of Scientific and Industrial Research. 
Report for the Year 1928-29. H.M. Stationery Office. 





Cmd. 3471. [Price 3s. 6d. net.] 
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and the appointment in his place of Dr. F. E. 
Smith. Mr. Tizard left in order to take up the 


appointment of Rector in the Imperial College of | 


Science and Technology, and the Department is 
fortunate in having been able to replace him by 
an officer with the scientific distinction and adminis- 
trative experience of Dr. Smith. It may be hoped, 
however, in the interests of the Department’s work, 
that it will not have to tempt fortune again by a 
fresh appointment at what must be recognised 
as an important period in its history. 

Much of the contents of the present report give 


ground for believing that such a period has arrived. | 


The Department’s work on its own account, at its 
research stations and elsewhere, is being continued 
and extended along the lines on which it was origi- 
nally begun. Its work as an enzyme, on the 
other hand, seems to be passing into a second stage. 
Of the various measures it has instituted in order 
to discharge its functions, the most considerable 
have been the establishment of its own research 
stations, and the initial assistance it has given to 
many industries in forming industrial research 
associations. The several experimental stations 


‘research laboratories, 


consequences are hoped, has been the establishment, 
by the National Federation of Iron and Steel Manu- 
facturers, of an Industrial Research Council. With 
the financial and technical support of the Depart- 
ment, the Federation had established, in 1923, a 
Fuel Economy Committee, the work of which had 
been so successful in demonstrating the value of 
co-operative research that the Federation had 
decided on entertaining measures for investigating 
gradually other problems of wide interest to the 
industry, including blast-furnace and steel-furnace 
practice, rolling-mill practice, and allied problems. 
A notable feature of the scheme was that it did not 
propose to carry out metallurgical investigations 
of the type usual in many industrial and national 
but to address itself to 
applying the results of such investigations to 
industrial practice. The Department has agreed 
to contribute for the next five years, with a limit 
to its grant of 10,000]. a year, an amount equal 


| to the excess of the income received from industry 
| above 2,000/. a year. 


In the study of fuel problems, the decision has 


Peo arrived at that the study of the problems 


established for the investigation of problems relating | 


to fuel, food, building, forest products, and radio 
communications have formulated and 
far-reaching programmes of experimental work, in 
several of which a succession of valuable results 
has been obtained, and the present report shows that 
this side of the Department’s work continues to be 
developed in reasonable accordance with the 
encouraging successes that have been obtained 
already. A second purpose of the stations, however, 
was to add to the investigations they might initiate 
for themselves such others as might be suggested 
by the experience of the industries to which they 
referred, establishing, incidentally, a series of clearing 
houses for information regarding fresh knowledge and 
current difficulties, which might be of immediate ad- 


under notice has shown that a growing interest is 
taken by various industries in this aspect of the De- 
partment’s work. Allits research organisations have 
received increased requests for special investigations 
and for advice on industrial problems. The number 
of tests and investigations required from the National 
Physical Laboratory, for instance, has exceeded the 
record for any previous yeag, and the directly prac- 
tical purpose of many of these enquiries is illustrated 
in the fact that the British successes in the competi- 


attacked | 
of low-temperature 


tion for the Schneider Trophy and the safety of 


British competitors were assisted to a considerable 
extent by investigations made at the Laboratory 
in regard to the designs of machines. Similar 
assistance, with equally satisfactory results, was 
given in connection with Sir Henry Seagrave’s 
Golden Arrow racing motor car. 

In addition, however, to the indications of 
a closer intimacy between the Department’s 
Research Stations and the industries for whose 
service they were instituted, the experience of the 
year has shown evidence of adisposition to co-operate 
for the purposes of work on a still larger scale. 
An example to which attention was drawn recently 
in these columas, was the action of the British Steel- 
work Association in their contribution to a general 


of carbonisation of interest to the gas industry 
has now been carried so far as no longer to require 
the priority it has received hitherto. A method 
‘arbonisation, developed at 
the Fuel Research Station, is now being tried out 
commercially at the Richmond Gas Works, and the 
Board’s work on the subject is being restricted to 
developing individual retorts with the object of 
obtaining a maximum life, and the study of the most 
appropriate types of coal and blends for carbonisa- 
tion at low temperatures. The programme of work 
on carbonisation at high temperatures in horizontal 
retorts will be completed, but, with this exception, the 


| main attention of the Research Station is now being 


directed to furnace designs, especially for burning 


| pulverised fuel, the production of metallurgical 


vantage to the industries. The experience of the year | coke, the manufacture of water gas, and the hydro- 


genation of coal, together with the work required 


| for the physical and chemical survey of the national 


coal resources. 

Another example of increased public demand for 
the Department’s assistance is seen in the number 
of tests and investigations required of the Froude 
Tank. The demand for these services, which are 


| > of . 
paid for by the firms by whom they are required, 


investigation of problems bearing on the use of steel | 


structures. Another important circumstance of 
the year’s work is the progress that has been made in 
investigating the suggestion put forward by repre- 
sentatives of the British railway companies for the 
establishment, under the auspices of the Department, 
of a National Lovomotive Experimental Station. 
The suggestion was made in the belief that the work 
of such a station would result in economies in the 
fuel consumption of locomotives, enabling the 
numerous devices for improving their performance 
to be investigated thoroughly and impartially, 
and leading to a reduction in the number of types of 
locomotives manufactured. All the railway com- 
panies and private locomotive builders have 
expressed themselves as in sympathy with the 
objects of the scheme, and, in the hope that it 
may be found possible to finance it on an equitable 
basis, an expert committee is enquiringinto questions 
of plant and equipment, site, capital and main- 
tenance expenditure, and management. Another 
important development, from which important 


has increased to such an extent that it cannot 
be fully satisfied, and little time is left for the 
use of the tank in research. The Department has 
accordingly offered to bear half the cost of an 
additional tank, up to a maximum contribution of 
10,0001, 

During the year, areview was made of the work 
of the Committee appointed in 1926 for compre- 
hensive researches on industrial problems of electro- 
deposition, involving, in particular, the investigation 
of pitting and porosity in deposits of nickel, iron and 
other metals, the protection of aluminium against 
corrosion by the electro-deposition of zine and 
cadmium, and the fundamental aspects of the nature 
of adhesion and of internal stresses in electro- 
deposits. The work, which was done partly at 
the Research Department, Woolwich, and partly 
at Sheffield University, has made considerable 
progress. The results now seem to offer a sufficient 
prospect of indicating both the nature of the 
processes involved and practical solutions for the 


| difficulties met with in electro-deposition to justify 


the continuance of the committee’s work for a further 
three years, with an allocation of 2,000/. a year. 
In recording the continuance of a number of grants 
at various institutions for special research work, it 
is mentioned that the measures taken with the object 
of attracting fresh research workers have not been 
as successful as had been hoped. The applications, 
for example, for a number of Senior Research 
Awards tenable for three years by students who have 


shown exceptional capacity for original work, have | 


been somewhat small, and, for some time past, the 
Council has received very few applications for 
maintenance grants from students desiring to take 
up research on some engineering subject before 
going into industry. A conference of professors of 
engineering in regard to the latter circumstance 
arrived at the conclusion that students were deterred 
from doing research mainly through the importance 


of obtaining works experience as soon as possible 
after completing a university course, the keen com. 
petition in some branches of industry to secure 
students as soon as they had graduated, and the 
fact that, in their qualifications for membership, 
most engineering institutions do not recognise 
training in research as ‘responsible work.” The 
rewards, moreover, ‘for applying the little that is 
known” are greater and more secure than those for 
exploring the unknown. There is, however, in the 
opinion of the Council, need for a greater number of 
research workers in industry and in academic life, 
and, in particular, of those who have shown such 
capacity for original work that they are likely to 
become real pioneers in their special fields of study. 
The subject is to receive further consideration 
during the present year. 

Experience has shown that the new grants scheme 
for industrial research associations, which was 
explained in last year’s report, seems likely to 
| succeed in its object of encouraging the further 
| development of research associations. The Councils 
of many of these associations are considering the 
| possibility of securing an assured and _ increased 
income by contributions, not necessarily compulsory 
| or statutory, from firms or bodies in the industry in 

proportion to their turnover. The Electrical 
Research Association, for example, with the support 
of the Electricity Commissioners, the Central 
Electricity Board, and the Institution of Electrical 
Engineers, is inviting supply undertakings to sub- 
scribe at the rate of 10/. for each 25,0001. of annual 
revenue. 

A careful examination of the work of the 
associations has left the Council with the convic- 
tion that they are having an important influence 
| on British industry. So far, however, the results 
obtained are often not being applied and utilised 
by the industries to anything like their full 
advantage. As was pointed out, by the Balfour 
Committee on Industry and Trade, that there is a big 
gap between the completion of a successful investiga- 
tion and the application of its results in practice. 
In agreement with the conclusion of that committee. 
the Council is of opinion that research associations 
must take their part in bridging that gap, even at 
the expense of slowing down their programme of 
research. Some associations, as, for example, the 
British Non- Ferrous Metals Research Association, are 
taking steps to that end. The work of full-scale 
development and demonstration must cost consider- 
able sums. Without it, however, the full benefit of 
the work of organisations for co-operative research 
cannot be reached, and an indispensable condition of 
its being reached is that the associations should be 
financed adequately. The Council sees signs that 
the general view of British industry in regard to such 
/measures is gradually broadening. The recently 
|formed Tin Producers’ Association, for example, 
has made the encouragement of scientific research 
on tin and its alloys one of its main objectives. 
Generally speaking, however, the work done in this 
country in regard to the development of metals is 
far from proportionate to the richness of the British 
Empire in minerals. Alloys of magnesium, for 
instance, have been investigated intensively in 
|Germany for some years, and are there produced 
| and used on a large scale. In this country, on the 
| other hand, they are made under licence from foreign 
|inventors. A general research on magnesium and 
its alloys may be started at the National Physical 
Laboratory, but it is doubted whether its results 
will be of much practical value to British industry 
unless they are linked up with production through 
| investigations on an industrial scale and under 
| industrial conditions. 
| The short summary of the work of research 
| associations shows a number of results with import- 
ant practical value. The British Cast-Iron Research 
Association has developed two types of cupola, one 
producing sound metal free from oxide at. high 
temperatures, such as is required for sound enginee!- 
ing castings, at a consumption of 8 per cent. to 10 
per cent. of coke on the weight of metal melted. 
and the other for the production of builders’ castings 
in which the coke ratio has been brought as low a8 
5-6 per cent., in addition to giving a cleaner-rut 
metal. In conjunction with an investigation of 
| the various deposits of British moulding sands and 
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150-H.P. SINGLE-WHEEL RE-ENTRANT TYPE TURBINE. 


MESSRS. WESTINGHOUSE ELECTRIC AND MANUFACTURING COMPANY, PHILADELPHIA, PA., U.S.A. 
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the development of a complete series of laboratory 
tests, two comparatively simple tests have been 
devised for regular daily foundry control of moulding 
sands. Much progress has been made in the 
production of heat-resisting irons, and experience 
at the Fuel Research Station and elsewhere confirms 
the hope that the growth of cast-iron at high tem- 
peratures, if it cannot be prevented entirely, can be 
reduced to manageable dimensions. 

; lhe British Non-Ferrous Metals Research Associa- 
hon has organised a Development Department, 
whic his proving successful in stimulating the appli- 
Cations of the results of the Association’s researches. 
It is hoped that the results of the Association’s study 
of copper locomotive fireboxes and stays may be 
subjected to practical trial on locomotives running 
under \ idely different conditions, and may lead 


























Fie. 22. 


| branches of engineering. Some of the exhibits we have 


already treated separately in these columns, others we 
hope so to deal with at convenient opportunities. 

The application of the turbine for driving small 
machines such as centrifugal circulating and feed 
pumps, blowers, and other rotary apparatus was well 
demonstrated by the neat turbine on the stand of 
Messrs. the Westinghouse Electric and Manufacturing 

Company of Philadelphia, Pennsylvania. The turbine 
is illustrated in Figs. 21 to 23, and is of the single- 
wheel re-entry type of 150 h.p. Two of the chief 
constructional points are clearly shown in Figs. 21 
and 22. Of these the first is that the casing is split 
S y on the horizontal centre line leaving both the steam and 
- | exhaust connections on the lower half, so that the 
j pipe joints do not require to be broken when the cover 
is lifted for inspection. The second is that the lower 
half of the casing is made symmetrical, in order that 
the machine may be right or left-handed as desired. 
| | The casing is usually of cast-iron, but cast-steel is 
| employed when the steam conditions demand it. 
BH Vs 7 A longitudinal section is shown in Fig. 23. The rotor 
is of forged steel with a single row of impulse blades 
of nickel steel mounted in a groove and held by steel 
rivets. A shrouding ring is, of course, fitted. The 
rotor is mounted on the shaft with a press fit and held 
in place by a lock nut. The bearings, which are split 
horizontally, are mounted on separate castings and 
are as detached as possible in order to minimise heat 
conduction from the casing. They are of bronze lined 
WY, | with Babbitt metal, and are of the ring-lubricated type. 
WY Y | | Oil loss along the shaft is prevented by labyrinths. 
VY j : | The glands are partly of the labyrinth and partly of 
. | the water-sealed type. The runners for the latter are 
WY | | Penowony small centrifugal pumps with water-circu- 
| lating pipes arranged as shown in Fig. 21. The governor- 
| controlled steam-inlet valve is seen in the lower part 
| of Fig. 23 with the nozzle casting bolted to its flange. 
to the solution of the problems connected with | On the opposite side of the rotor from the nozzle is seen 
them. Generally, indeed, the Association’s work | the reversing chamber, which is necessary in order to 
has been extremely active in a large variety of | enable the rotor to absorb the whole of the kinetic 
|energy of the expanding steam by re-directing the 
| steam against the blades. Under certain conditions 
of steam and blade speed a second reversing chamber 
POWER AND MECHANICAL ENGI- | is provided, and the steam is then passed through the 
NEERING EXHIBITION, NEW YORK. blades a third time before being discharged to exhaust. 
: = The governor gear is interesting. One end of the 
(Concluded from page 122.) shaft is fitted with a centrifugal governor of fairly 
In concluding our brief account of the New York | conventional type having a powerful spring. Move- 
Power Show, it is scarcely necessary to point out| ment of the weights is communicated, through a rod 
that only a very small proportion of the exhibits} revolving in ball bearings, to a reciprocating drum. 
have been dealt with, nor do we contend that those | A forked lever coupled to the drum actuates the valve 
selected were necessarily outstanding examples as spindle, an arrangement best seen in Fig. 21. It will 
regards size and so forth. What we have tried to | be noticed, however, that the fulerum of this lever is 
do, within the limits of our space, was to describe | also provided with a spring, movement of which depends 
apparatus indicative of the methods adopted in| upon the overspeed governor. This is generally 
keeping pace with the tendencies forming in certain! constructed to function at about 10 per cent. over the 
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normal speed, and consists of an eccentrically mounted 
weight, to be seen in Fig. 23, at the lower part of 
the governor, which weight is kept in place at normal 
speeds by a spring in tension. An unsafe rise of speed 
causes the weight to fly outwards and strike a trip 
lever which normally maintains the fulcrum of the 
inlet-valve lever in place. 
the spring on the fulcrum rod draws the fulcrum down 
and as a consequence closes the inlet valve. A handle 
is provided on the lever for re-setting the gear. The 
turbine may be used either for driving directly or 
through reduction gearing. 

An electric device that attracted a larger amount of 
attention was shown by Messrs. Bishop Wire and Cable 
Company, 420E, 25th Street, New York. This was 
termed the Bishop Control Cable, and consisted of a 
water, dust, and acid proof cable about --in. in 
diameter which, when compressed at any point in its 
length acted asaswitch. It is claimed that this inven- 
tion will be of wide utility, and, certainly as a signalling 
device in places where push-buttons may be remote, it 
should be useful in an emergency. Again, in a coal 
mine it might be employed to indicate roof movement 
or a fall, since mere pressure operates it. The cable is 
constructed with two conductors, both bare and one 
concentric to the other. The centre conductor carries 
a contact wire wound spirally on it, between the 
convolutions of which are the turns of a coil of square 
rubber strip. The size of this strip is larger than the 
diameter of the contact wire, and as the annular outer 
conductor rests on it the two are kept from contact. 
Outside this conductor comes the normal insulation, 
braiding, &c. The strip is of a high grade of rubber 


so as to be very resilient, and its yield under pressure | 


permits contact between the two conductors to occur 
as long as the pressure is maintained. Tests up to 
10,000 contacts at the same point have shown the 
efficiency of the cable to be unimpaired. 
to a maximum of 48 volts has been used. 


Messrs. Robins Conveying Belt Company, of 15, Park | 


Row, New York, showed amongst other appliances, a 
new form of a demountable Timken bearing idler, the 
simplicity of which was attractive. Perhaps the latest 
of their products, however, was the rubber ** squeegee ” 
belt cleaner, which we illustrate in Fig. 24, annexed. As 
is well known, many conveyor belts used for material 
likely to adhere, are kept clean by the application of a 


rotating brush of bristles situated underneath the | 


delivery pulley, and driven at a high speed by sprocket 
wheels and chain from the pulley. The employment of 
bristles is, however, not unattended by drawbacks, thus, 
the wear of the brush is rapid and consequently adjust- 
ments have to be frequent, while the groups of bristles 
not forming a continuous surface, do not always clear the 
belt all over. The helical cleaning edges of the rubber 
roller are, it is clear from the figure, continuous and 
the whole surface of the belt is swept over, and that in 
a smooth manner and without causing the belt to whip. 
The wear is stated to be little on both the belt and the 
cleaner, and tests on a coke conveyor belt showed that 
the life of the rubber cleaner was about ten times that 
of the bristle brush, while the work was more effectively 
done. The cleaner is 7} in. in diameter, and is made 
up of sections, each 6 in. long, to suit the width of belt 
concerned. 

Some examples of small brushless single-phase 
electric motors of simple design were shown by Messrs. 
Rowell Electric Motors Company, of Rowell, Michigan, 
one type of which we illustrate in Fig. 25, on this page. 
This is a single-phase motor of the squirrel cage type 
constructed without commutators or brushes. In gene- 
ral design it does not differ greatly from a two-phase 
induction motor, but it has a starting condenser 
connected across one phase of the stator winding. 
This condenser remains in the circuit during the starting 
period only, and is automatically disconnected by a 
contactor when the motor reaches its working speed. 
The motor then operates as a regular induction motor. 
The rotor, seen in the foreground of the figure has 
windings of heavy drawn copper bars securely welded 
to the end rings. There are no wires or soldered 
contacts, and it is of the self-ventilating type. The 


Immediately this occurs, | 


Current up | 
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Kia, 24. Conveyor Bett CLEANER; Messrs. Rospins ConvEyinG BELT Company. 
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unit, and, by fitting a three-pole reversing switch and 
arranging for plug connections on the motor, the 
direction of rotation can be reversed even at full speed. 
The open type motors will carry their rated load con- 
tinuously with a temperature rise above the surrounding 
air not exceeding 40 deg. C. They will also carry 
50 per cent. overload momentarily without injury. 
Methods of treating a problem arising from modern 
systems of boiler firing were displayed, amongst other 
things, by Messrs. The Green Fuel Economizer 
Company, of Beacon, New York. The problem was 
that of intercepting cinder and dust carried in waste 
gases, and the apparatus comprised the Green 
dustrap, which was shown for the first time at this 
show, and the Green cindertrap, a somewhat older 
appliance, but the success of which had led to the 
design of the dustrap. Taking the latter first, it may 
be stated that the principal adopted is that of placing 
barriers in the way of the gases to prevent the passage 
of cinders without hindering that of the gases. The 
results obtained from 150 tests showed that the 
cinder recovery by weight was 75 to 96 per cent., 
depending on the velocity of the flue gases. The 
draught loss varied from 0-05 to 0-20 in. of water, 
depending on the density as well as the velocity of 








stator, in the centre of the figure, has two district 
windings. The primary, or running, winding is | 
connected directly to the power supply and functions | 
all the time the motor i3 running. ‘The secondary, or 
starting winding is connected to the supply during the | 
starting period only. 

The other parts shown in the figure to the left 
illustrate the cover, bearings, frame, &c., but the part 
of the right is a somewhat unusual feature. This is the | 
starting unit, and contains the starting condenser and | 
a relay which cuts it out of the circuit when working | 
speed is obtained. In normal working the relay is 
closed, but on starting as the motor gathers speed an 
induced voltage is built up in the secondary winding, 
across which the relay operating coil is connected, which 
voltage actuates the relay. There are some differences | 
in the connections for different sizes of motors which 


are manufactured from $ to 25 h.p., for speeds of | much as it consists of vertical barriers set against ajinitially appears unable to damage the refractory 





the gases. The barriers consist of vertical strips of 
steel with a staggered arrangement in plan, and a 
cross section with a somewhat pear-shaped outline. 


| The base of the “ pear” is cut away, and the strips 


being made of sheet steel the result is a number of 
vertical recesses tapering to the back. The peculiar 


| cross section is adopted in order to provide winding 


channels between the staggered strips, which channels 
divert any cinders which may have escaped the first 
row of recesses into the second and succeeding rows, 
the openings of the recesses being placed in a direction 
facing the horizontal gas stream. The bottom of the 
recesses communicate with a hopper, into which the 
cinders drop and from which they are removed from 
time to time. A vent to the flue is provided to get rid 
of these gases which accompany the cinders. 
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SINGLE-PHASE ELEcTRIC MoToR WITH STARTING CONDENSER ; Messrs. ROWELL 
EvLectric Motors CoMPAny. 


1,200, 1,800 or 3,600 r.p.m. and 110 or 220 volts. Of {horizontal gas stream, but, as it is intended for use 
course, a switch is needed in addition to the starting | with those boilers fired with pulverised fuel there are 


several important differences. In the first place the 
| barriers are much closer together and are formed of 
| corrugated plates roughened or “‘ barbed.” The plates 
are so set that the corrugations form a series of con- 
tinuous chambers, very narrow at one part to give a 
|nozzle effect, and wider at another to provide an 
|expansion chamber. The plates are, of course, set 
}edge on to the gas stream. The plates are set in 
| Sroups forming sections of about 2 ft. wide, each 
section being provided with a damper. As the plates 
of a section become coated with dust the damper is 
| automatically closed, and a rapping device on the top 
| of the unit lifts each plate in the closed section about 
| 4 in. and drops it, the dust being shaken off and falling 
|into a hopper below, from which it is removed by a 
|screw conveyor. After rapping, the damper is again 
opened. The driving mechanism for the dampers, 
| hopper doors and rapping device is an electric motor of 
| from one to five horse-power. Tests on this apparatus 
| showed that with pulverised coal dust, of which 85 per 
cent. passed through a 325-mesh seive, about 96 per 
|cent. could be recovered. After the apparatus had 
| been fitted the draught loss varied between 0:25 in. 
} and 1-2 in. of water. 

A considerable number of the stands were, from the 
| nature of the products of the firms concerned, contined 
'to display-models and other small-scale illustrations. 

With such it is not practicable to deal, but one, at all 
|events, may be referred to as dealing with modern 
boiler furnace practice. Messrs. Erie City Iron Works, 
Erie, Pennsylvania, amongst a wide series dealing with 
their well-known boilers and equipment, had some 
|interesting data relating to the lining of the furnaces 
of some large Erie boilers with a material, Carbofrax, 
‘of which examples were displayed on the stand of 
Messrs. Carborundum Company, Niagara Falls, New 
| York. The Seymour-Carbofrax furnace developed by 
the two firms is of the water-cooled refractory-lined 
type, the lining being of refractory silicon-carbide. 
This is applied in the form of moulded bricks over the 
water tubes, and has proved both durable and efficient. 


| 
| 


The dustrap is a generally similar apparatus inas-|The thin coating of slag which forms on the sur‘ace 
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Fia. 26. 7-In., 1350-Lp. PRESSURE VALVE; 


Messrs. THE EpwarpD VALVE AND MANUFAC- 
TURING COMPANY. 





(1897) 


| valve, seat and spindle are made of the firm’s 





( > 

ta - | the movement of the valve on its spindle, it being 
| a non-return valve, is kept in alignment by a piston 
| working in a Monel-metal liner, held between the cover 
| and the tops of the guide ribs. The proper function of 
| the piston chamber is, however, that of a dashpot. 
material, while the furnace sides although sufficiently | The piston is of cast steel, with Evalloy rings. 


Kia. 30. SramiEss Firoat; Messrs. THE 
EDIPLATE CORPORATION. 


hot to ensure good combustion were not hot enough} The operating gear, made by Messrs. The Limitorque 


to permit the formation of hard slag in the ashpit. | Corporation, 17, East 45th-street, New York, is shown 
The boilers, it is stated, were able to steam at over|in Figs. 27 to 29, above. It is interesting from the 
five times their normal rating, and heat releases of | fact that it is actuated directly by the degree of torque 
over 50,000 B.Th.U. per cubic foot of furnace volume | set up when the valve seats itself, and not by limit 
have been obtained, without difficulty in operation or| switches on the valve spindle. It is, therefore, also 
any apparent deterioration of the furnace walls. effective should the valve meet with an undue overload 

Examples of valves for modern high pressures were | owing to the presence of an obstruction while travers- 
shown by Messrs. The Edward Valve and Manu- | ing. The valve spindle is given longitudinal movement 
facturing Company, East Chicago, Indiana, amongst | by a rotating bush, which derives its motion, through 
them being a 10-in. cast-steel globe non-return steam | chain-driven worm gearing, from a motor. The 
Stop valve for a working pressure of 1,350 lb. per| worm is carried on a round spindle running in ball- 
Square inch, intended for the new South Amboy | bearings at one side, and on a square one, transmitting 
station of the Jersey Central Power and Light! the motor drive, on the other. It is capable of longi- 


ompany. This was fitted with a Limitorque motor} tudinal movement in either direction, and normally 
control, a device shown in the illustration of a similar, | retains a central position under the constraint of the 


a smaller, valve for the same pressure, given in| strong spring encircling the spindle, which constraint 
‘ig. =6, on this page. Referring to this figure, it|is transmitted to the worm by the bush A, and by the 
pe be noted that, apart from the somewhat unusual! pins B, of which there are three. When, however, 
Gesizn of the flange spigots, the body, which is of cast | the valve reaches its seat in closing, the worm wheel, 
steel, melted in an electric furnace, is of a fairly | referring to Fig. 27, rotates in an anti-clockwise direc- 


= \tional type. The cover, of the same material, | tion and the worm moves to the left, due to the thrust 
80 scarcely calls for comment. The valve seat, which | on the teeth. This causes the spring to be compressed, 


'S screwed into the body, has a plain mitred seating | and, by means of the contacts carried on an arm at 










|for the valve disc. This latter has no webs on the 
| underside, but is guided above the seat by three 
| ribs, on the inside of the neck of the body, one of 
| which is seen to the left hand of the figure. The} 


| special mixture, Evalloy. In addition to the guides, | 
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Frias. 27 r0 29. OPERATING GEAR OF 1350-LB. PRESSURE VALVE; Meussrs. THE LIMITORQUE CORPORATION. 
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Fies. 31 AND 32. FLARE-TyPE PULVERISED-FUEL BuRNER; Messrs. Riney STOKER CORPORATION. 


the end of the spindle, interrupts the control current. 
When the valve is opened, a similar action takes place 
at the end of its travel, except that the worm moves 
to the right, and another set of contacts, see Fig. 29, 
come into action. The worm wheel is not attached 
directly to the valve-spindle bush, but has a lug on its 
underside engaging with a similar lug on a collar 
keyed to the bush. The object of this device is to give 
an initial starting shock to the valve spindle, either on 
opening or closing, as the lug on the collar has to rotate 
almost through a full circle before it comes into contact 
on the driving side with that on the worm wheel. 
Another example of modification of existing practice 
by the introduction of high pressures was shown by 
the exhibit of Messrs. The Ediplate Corporation, 
Orange, New Jersey. This is a product of the Edison 
Laboratories, and consisted of a number of electro- 
deposited floats. As long as pressures and temperatures 
were low, the old-fashioned floats of hammered copper 
hemispheres, brazed together to form a sphere, were 
fairly satisfactory, but higher pressures and electrolytic 
corrosion, caused by the employment of different 
metals in brazing, resulted in many failures. Further, 
the increasing use of float controls in the chemical 
industry, where acids and alkalis are handled, 
necessitated the use of metals which are not always 
easily joined. The new seamless float is illustrated 
in Fig. 30, on this page, and is normally made in sizes 
of from 2 in. to 8 in. in diameter and for pressures 
up to 500 Ib. per square inch. Examples for a working 
pressure of 1,000 lb. per square inch were included in 
the exhibit. The method of construction is as follows : 
The brass nipple A, which has a wide flange, is screwed 
through the smaller hole on to a brass rod for some 
distance, and is then held in place in a pair of hemi- 
spherical water-cooled dies, which are used to compress 
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a mass of wax composition, previously heated to a 
plastic condition, into a sphere about the rod. The 


rough-pressed wax core is then trimmed, polished, | 


and coated with graphite. It is then immersed in an 
ordinary copper-sulphate plating bath, and covered 
with a layer of copper, the brass rod acting both 
as an electrode and as a support to the core. <A 


substantial layer of nickel is then deposited, both | 
it and the copper deposit being, it is claimed, | 


tough, impervious, and without laminations. This 
operation completes the shell B. The connection 
with the nipple is, of course, perfectly tight. The rod 
is then unscrewed and removed, and the wax is 
melted out at a temperature of about 200 deg. F. 
The shell is plugged and tested for leakage, and, 
if found to be sound, is placed in a special holder 
to receive a reinforcing layer of nickel plating C in 
the vicinity of the nipple. After this operation, it is 
again examined for leakage, tested against collapse 
to double the working pressure, and checked as to 
weight. The hole in the nipple is then permanently 
closed with a brass plug, and the nipple is then tapped 
to take the float rod. When chemical liquids are 
involved, a protective finish, such as chromium, 
cadmium, lead, or platinum, is added; for low 
pressures and ordinary uses, the floats are finished 
with copper and are not nickel covered. 

An interesting example of a pulverised-fuel burner 
was shown by Messrs. Riley Stoker Corporation, 
Worcester, Massachusetts, in the Riley Flare-type 
burner illustrated in Figs. 31 and 32, page 249. It 
would seem to possess a particularly wide range of 
control over the shape of the flame, owing to the 
arrangement of its deflecting vanes. The pulverised 
fuel is carried by the primary air through the inlet A 
into the chamber B, and is given a rotary motion 


by the tangential setting of the inlet. On the passage | 


of the fuel stream through the annular space between 


the tubes C and F, the rotary motion is intensified | 


and the stream rendered of uniform density by the 
inclined vanes D. It is discharged into the furnace 
through a spreading device consisting of a number 
of narrow radial blades having a helical surface, 
attached to the inner tube F, which tube can be ad- 
justed horizontally in the outer tube C. 

This tube is surrounded by what is virtually a 


third one, having its outer wall composed of a number | 


of segments G, which can be rotated so as to admit 
secondary air to the whole or any part of the periphery 
of the fuel stream. These segments or vanes, which 
are centrally pivoted like a butterfly valve, are 


contained in a rectangular chamber, to which the | 


secondary air is supplied by a fan. The quantity of 
air delivered to the burner is regulated by the butterfly 


dampers, seen at the bottom of Fig. 32, and controlled |and allowing more condensate to accumulate in the 
Phe function | float chamber alternately. This apparatus has the 


by a handwheel, worms, and sectors. 
of the vanes is to determine the whirling motion of the 
secondary air, which is effected by their angular 
adjustment, as will be gathered from Fig. 31. As this | 
adjustment is individual, the flame can be flattened 
at any part, should the construction of the furnace | 
necessitate it. 

The secondary air current is usually given a spin in | 
the reverse direction to that of the primary air and | 
fuel, but the vanes may be set to give the same direction, | 
if desired. Normally the opposing direction of the 
rotating secondary air stream as it meets the rotating 
fuel stream, on leaving the spreading disc E, causes 
considerable turbulence and gives rise to a satisfactory 
flame. It is stated that the impinging of the fuel 


stream on the vanes of the disc results in the formation | 


of alternate strata of rich and lean mixtures of fuel 
and air which ensure therough ignition. Lighting-up 
is effected by introducing paraffin into the inner tube 
F and using a torch. No secondary air is used until 
the primary stream is lighted, which takes place almost 
instantaneously and without any puff. The flame is 
lengthened by moving the spreader away from the 
pipe C, and is at its shortest when the disc is inside 


the pipe. The range of capacity of the burner is stated | 


to be generally in the region of 10 to 1, 

Valves for ordinary pressures, but having certain 
characteristic features deserving of notice, were shown 
by Messrs. Kelly Company, 372 W. Grand Avenue, 
Chicago, Illinois. The parallel-slide valves of this | 
firm are designed so that all wearing parts are readily 
renewable, and the bodies and covers therefore rarely 
need replacing. The general design is of the straight- 
through type, with two discs kept up to the seatings 
by a spring between them, and finally tightening by 
wedging action. The wedges in this valve are not an 
integral part of the body, but are formed on removable 
strips situated in grooves in the side of the body and 
held in place by the cover. Other removable parts, 
similarly secured, form false seatings on to which the 
valve faces are drawn when the valve is open. These 
seatings have a scraping edge on the lower part, to re- | 
move any scale or other accumulation as the valve faces | 
pass it. The actual valve seatings are formed by a spigot- | 
like projection on the inlet and outlet branches which 
are screwed into the body. The seatings can thus be 





withdrawn from the body for re-facing. This type 
of valve is normally made up to 12 in. in diameter, 
and for pressures up to 300 lb. per square inch. The 
small ‘ self-grinding” valve shown by the firm is also 
noteworthy. It is made up to 2 in. in diameter, of 
the globe or right-angle type with a screwed-in cover, 
but the spindle, instead of having its screwed part 
passing through the cover, has it in a bush which 
slides in the cover and is pressed downwards by a 
| strong spring. The valve, which is a simple bronze 
| disc, is attached to the spindle by a T-head, and closes 
;on a conical Monel-metal seat ring screwed into the 
| body. The action of closing permits the valve to be 
rotated against the seat, suitable pressure being applied 
by the spring. Further rotation of the spindle causes 
the bush to move upwards, against the pressure of 
|the spring, until a shoulder on it comes into contact 
| with the cover and closes the valve positively. Apart 
from making possible the grinding action of the valve, 
the spring is claimed to keep the valve tight by com- 
pensating for any movement due to contraction. 
Another fitting in which a helical spring is ingeniously 
‘employed was shown on the stand of Messrs. Barco 
Manufacturing Company, 1801, Winnemac-avenue, 
Chicago. This firm makes a speciality of flexible 
and swivel joints for a great variety of purposes, 
| but the particular example referred to above is used 
‘in connection with train heating by steam. A con- 
| siderable loss may occur both from leakage and con- 
| densation in the pipes from the engine to the coaches, 
| due to vibration and the exposed situation. The first 
| trouble is got over in the Barco equipment by the 
|employment of a ball joint. The spherical surface of 
|the joint is held tightly against a gasket by a helical 
| spring in compression, the internal diameter of which 
|is equal to the full bore of the pipe. Condensation is 
arrested by the use of asbestos and sheet metal covering 
‘on the various lengths of piping. 
, An early form of apparatus which in a modernised 
form, has gained popularity within this last few years, 
|due to the increased recognition of the importance 
| of the de-aeration of boiler-feed water, is the return 
|steam trap of which some good examples were 
/shown by Messrs. Julian d’Este Company, Cambridge 
and Spice Streets, Boston, Massachusetts. These 
| were the Curtis return traps, of several types, used in 
connection with heating, drying, process, and other 
forms of apparatus in which it is desirable to conserve 
the condensate. The Curtis return trap consists 
| essentially of a float which operates, through a lever 
jand shaft, a small pilot valve. This valve controls 
an actuating medium, town’s water or compressed 
|air, which, in turn, operates the valves of the trap, 
|admitting live steam to discharge the condensate 


advantage of being able to work with any fluid tem- 
perature and can function either as a lifting or feed 
apparatus. One form can also be fitted with a meter. 

Going over the list of exhibitors in concluding 
this article, it was evident that no English firms were 
represented, though some firms which have houses 
on both sides of the Atlantic were in evidence. On 
the other hand, several naturalised English inventions 
were to be recognised, e.g., Messrs. Alfred Herbert’s 
| Atritor, in the Atrita pulveriser of Messrs. Riley Stoker 
| Corporation, and Mr. Pitter’s variable reduction gears 
|in the apparatus on the stand of Messrs. Universal 
Gears Corporation, Chicago. 








H.M. Stoop * FotKrestone.”’-—The fifty-sixth sloop 
| built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, was launched at their Wallsend shipyard on 
February 12 last. The vessel was named H.M.S. Folke- 
stone, and her propelling machinery and water-tube 
| boilers are being constructed by Messrs. R. and W. 
| Hawthorn, Leslie and Company, Limited, Newcastle-on- 
Tyne. 


} 


THe INstTITUTION oF Navat ARCHITECTS,—The 
Council of the Institution of Naval Architects has 
awarded the Institution Gold Medal for the year 1929 to 
Mr. John Johnson, for his paper, ‘‘ The Propulsion of 
Ships by Modern Steam Machinery,” The Institution 
Premium has been gained by Lieut.-Colonel F. Dondona, 
Royal Italian Navy, for his paper ‘‘ Sea Trials of Italian 
Destroyers.”” The Medal and Premium will be presented 
at the opening of the annual general meeting, on April 9 
next. 

LecrURES ON TROPICAL HYGIENE.—As an introduction 
to the forthcoming course of eight lectures on tropical 
hygiene, for men and women outside the medical pro- 
fession, to be held daily at the London School of Hygiene 
and Tropical Medicine, Keppel-street, W.C. 1, from March 12 
to 21 next, a popular lecture, with kinematograph illus- 
trations, on “‘ Health in the Tropics,” will be delivered 
by Sir Andrew Balfour, M.D., director of the School, on 
February 27 next, at 5 p.m. The Chair will be taken by 
Brig.-Gen. Sir Samuel Wilson. A card of admission can be 


THE INTERFERENCE OF TRAMWAYS 
WITH BROADCAST RECEPTION. 


Tuat interference with sensitive electric and magnet; 
instruments, as well as with telegraph, telephone and 
other signalling circuits, is caused by the earth-retury 
currents of electric-traction systems has long been we! 
known, and suggested remedies have been investigate «| 
in this and other countries with varying results. [1 
now appears that similar interference from tramways 
has been affecting the quality of the reception obtaine:| 
by broadcast receiving sets in certain districts, and thai 
although this can be counteracted, to some extent, by 
altering the position of the aerial and using a counter- 
poise earth, the improvement is only slight. An 
investigation was therefore made into the causes |), 
Mr. C. O. Horn, of the Radio Section of the Enginee: 
in-Chief’s Office of the Post Office, the results of which 
have been brought to our notice. 

Attention was first directed to the collecting equip- 
ment, which, in this country, of course, generally con- 
sists of a wheel, which is held against the trolley wire 
by an arm on the car. This wheel jumps at each 
suspension ear, so that both the ear and the wire 
become burnt by an are. Arcs also occur at each gap in 
the overhead line, and are reproduced as a click in the 
wireless receiver. As the result of tests made at 
Blackpool, however, it was found that by substituting 
the Fischer plate, which is usually employed on the 
Continent, for the wheel, the greater proportion of the 
noise due to this cause could be eliminated. Tests were 
also made at Birmingham with the Dudgeon collector, 
which consists of a trailing shoe behind the trolley 
wheel, the object being to bridge gaps in the wire, 
and to maintain contact at the suspension ears. In 
this case also there was a noticeable improvement, 
though not to the same extent as with the Fischer 
plate. 

It was, however, evident that by far the greater 
part of the interference was due to some other cause 
than the collecting system. <A stopper circuit tuned 
to 19,000 m. and consisting of an inductance of 
100 micro-henries shunted by two 2-micro-farad 
condensers in series, was therefore connected in the 
lead from the collector to the controller on a car at 
Blackpool. In addition, the series coils of the traction 
and compressor motors were transposed, so that they 
came between the trolley wire and the armatures, 
instead of between the armatures and the rails. In the 
new position, the coils act as high-frequency chokes. 
A pair of 2-micro-farad condensers, in series, were 
placed across the series coils of the motors, their 
mid-point being earthed, while condensers with a 
capacity of 10 micro-farads were connected across 
the brushes of the traction motors. As a_ result 
of these changes it was found that the stopper 
circuit reduced the interference to about 80 per 
cent. of its original volume, while the transposition 
of the field coils reduced it to about 45 per cent. 
and 20 per cent., in the case of the traction and 
compressor motor, respectively. The increase in the 
amount of interference caused as the car approached 
the observation point was also less. 

At Birmingham, a trolley *bus was used for the 
tests, two 2-micro-farad condensers being connected in 
series across each traction motor, while the mid-point 
of these condensers was connected to the return 
conductor through a third condenser of the same 
capacity. A stopper circuit, similar to that on the 
Blackpool tram, was used, and the field coils were also 
transposed. It was found that the provision of con- 
densers across the armatures was no advantage, while 
an improvement of about 10 per cent. in volume was 
obtained from the use of the stopper circuit, and of 
about the same amount from the transposition of the 
field coils. The distance over which interference was 
experienced was, however, only slightly reduced by 
these devices. The general conclusion is that consider- 
able improvement can be effected by the relatively 
simple operation of transposing the field coils. 

Some further tests were made on the Birmingham 
trolley ’buses, the field evils being transposed, first 
on the motor nearer to the positive overhead conductor 
and then on both motors, while, in the latter case, an 
additional iron-core choke was placed in the lead to the 
negative feeder. Finally, air-core chokes, of different 
inductances, were substituted for the iron-core chokes. 
The chokes consisted of ordinary field coils con- 
nected in parallel, the inductance of a single air-core 
coil being 0-003 henry. The collector clicks were not 
diminished by these measures, though the controlle: 
clicks were reduced slightly. As regards motor noise, 
the transposition of one field coil gave an improvement 
of about 50 per cent.,while the same result was obtained 
when both field coils were transposed and an iron-core 
choke was used. The air-core choke gave a slight 
improvement, which was increased to 80 per cent. 
when its inductance was increased to 0-006 henry. 





obtained on application to the secretary of the School. 


| The times for the course of eight lectures will be from | 


5.30 to 7 p.m., on each evening. The syllabus and full | 
particulars can be obtained on application. 





It is considered that similar results would be obtaine:! 
by placing one half of the field coils on each side the 
motor armature. 
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LABOUR NOTES. 


\n editorial note in the February issue of the 
Klectrical Trades Journal, the organ of the Electrical 
Trades Union, deals with the question of the wages of 
engineering operatives. ‘‘Since last month,” the 
writer says, ‘there has been another meeting held of 
the Engineering Joint Trades Wages Movement, but 
no further progress was made towards a removal of the 
impasse which has existed for over two years. Un- 
fortunately, there are quite a number of trade unions 
in the engineering industry who are prepared to keep 
on with the present conditions, without making any 
attempt to improve them, and the trade unions who 
are prepared, and know they are in a position, to make 
improvements are faced with two alternatives: (1) 
to continue to take part with the joint movement and 
feel themselves unduly restrained, or (2) to break 
away altogether from the Joint Wages Movement and 
endeavour to do what they can for themselves. Frankly, 
the latter seems the only solution of the difficulty, but 
it is a very difficult proposition for any one trade union 
to take up. On the other hand, it can be said quite 
truthfully that no harm can be done by breaking away 
from a body that has decided to do nothing, because, at 
least, in acting on one’s own, one can at the worst only 
report failure, and at the best may report progress.” 





Under the national wages agreements, entered into 
by the National Federated Electrical Association and 
the Electrical Trades Union, increases took effect in the 
four grades of workers as from the second pay in 
February. In Grade A the hourly rate is increased 
from ls. 103d. to 1s. 11d. This rate includes a travelling 
allowance, and no further allowances are to be paid 
except as provided by Rule 9 of the London Rules, 
dated February, 1920. The new rate includes, it is 
officially stated, the increase of 5 per cent. on current 
rates that came into operation on the first pay day in 
May, 1929, and remains in force until further notice. 
In Grade B, the hourly rate is increased from 1s. 7}d. 
to ls. 73d., in Grade C from Is. 53d. to 1s. 64d. and in 
Grade D from ls. 4}d. to ls. 43d. The new rates for 
Grades B, C and D are to remain current up till and 
including the period covered by the first pay day in 
June, 1930. 





According to the latest issue of the official organ of the 
United Pattern Makers’ Association, the number of 
unemployed members of the organisation is greater to 
the extent of 18 than it was at the same date a year ago. 
The total is 689, and the gross membership 11,116. 
* We sincerely hope,” Mr. Findlay, the General Secre- 
tary says, ‘* that the efforts now being made to rationa- 
lise industry will be successful, and that very shortly, 
as it becomes more and more apparent that nothing 
short of a complete re-organisation is going to enable 
our country to compete on even terms with its com- 
petitors. It may well be that our unemployed list will 
lengthen, but I feel sure this will be only temporary, 
and while it will be, without doubt, bad enough for 
those affected, industries and countries are like the 
people comprised in the terms, subject to disease which 
requires the surgeon’s knife rather than medicine. 
Our experience since 1921 suggests that the time has 
come to cut the cancerous growth of our body politic.” 





A Liverpool member asks in the Monthly Trade 
Report of the United Pattern Makers’ Association 
whether there is such an occupation in this country as 
that of a “‘ metal pattern maker.” If there is, he says, 
have the workers in it ‘“‘an organisation to protect 
their interests, and do they have a working agreement 
with our members in the district where they may 
operate ? Do they prepare a metal pattern for the 
foundry that was in the first instance made by a wood- 
working pattern maker ? If they exist, are they classed 
in an inferior position, i.e., from a wage standpoint ? 
Finally, would a wood pattern maker think he was 
overstepping the demarcation line if called upon to 
dress a metal pattern—made by himself in the first 
instance—in a district where metal pattern makers do 


not exist ?” 





‘The Trade Union Congress General Council states 


that Sir Thomas Legge formerly Senior Medical 
Inspector of Factories, has joined the staff of the 
Credes Union Congress as adviser and consultant to 


the social Insurance Department, on all matters 
aecting the health of workers arising out of their 
eniployment. Sir Thomas Legge has been retained 





primarily in connection with the prevention of indus- 
tris] diseases and forms of poisoning and with medical 
‘reatment only in so far as it is part of prevention. 
He will not undertake actual medical treatment, but 
lie vill be available for examination of groups of work- 
people, employed in factories or workshops, with a 
view to advising as to whether they are suffering from 


any occupational disease. He will also deal, by articles 
anc Jectures, with the whole question of occupational 
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diseases from the medical point of view, and will keep 
the Trade Union movement fully informed on the 
vast problem of health in industry. He hopes to make 
industrial risks to health more a subject of study and 
research—for example, by examination of Union’s 
sickness records and in other ways—than it is at the 
present time. 

Commenting upon Sir Thomas Legge’s appointment 
in the February issue of the Industrial Review, Mr. 
Citrine says that it has aroused a good deal of interest 
generally. ‘‘ Undoubtedly,” he writes, ‘it is one of 
importance to trade unionists, who are concerned in 
obtaining the best available knowledge in dealing 
with the problems, many of them more complicated in 
detail than any our fathers knew, which beset modern 
industry. Certainly nobody could pretend that the 
question of industrial health is not one of the chief of 
these problems. Without good health the advantages 
gained by the worker in terms of hours, wages, and 
conditions must be largely discounted. Without an 
accurate knowledge of the risks involved from industrial 
and occupational diseases, he is in no position to 
bargain safely with his employer. Without the fullest 
information on the various aspects of the problem, 
the workers cannot hope to exert adequately their 
influence in determining the course of industrial legis- 
lation. For all these reasons, as well as for those due 
to his special eminence as an authority on industrial 
diseases, we welcome the assistance brought to us by 
Sir Thomas Legge.” 

In the annual report of the United States Depart- 
ment of Labour, the Secretary declares that ‘ there is 
great cause to rejoice over the new human relationship 
between employers and workers, the two principals in 
our productive forces.” Both are now interested, he 
says, ‘“‘in securing a full measure of production from 
mines, mills and factories, with a view to having more 
to divide among the producers themselves.’’ ‘* With 
mass production, skilled workers, and modern methods 
of management,” he continues, ‘* the worker of to-day 
has been enabled to purchase not only the necessities 
in abundance, but the luxuries of life. His children 
have better advantages in the way of education. The 
three ‘r’s’ are no longer considered a sufficient educa- 
tional equipment. The high schools and colleges are 
filled with the children of wage earners, and I look for 
the worker and his family to go still further forward, 
keeping pace with the advance in science, invention, 
education, and recreation.” 


The Massachusetts Department of Labour and 
Industries has recently carried out an investigation of 
the relationship existing ‘‘ between age and ease of 
securing employment.” A total of 15,453 male workers 
was covered by the inquiry and some interesting results 
were obtained. The highest percentage of placements 
occurred among applicants between 45 and 54 years 
of age. A decided falling off in the percentage of 
applicants past 55 years showed that men between 
55 and 64 years of age find it increasingly difficult to 
get employment. Workers 65 years of age and over 
were still more hampered in their efforts to find employ- 
ment. In the Springfield and Worcester employment 
offices, where applicants for employment seek positions 
in the metal trades, a larger proportion of men under 
45 years were placed than of men of 45 years and 
over. In Boston, where there is a greater diversifica- 
tion of industries, the reverse was found to he the 
case. oe 

An official communication circulated by the Ameri- 
can National Industrial Conference Board states that 
the ‘‘Smileage Gasoline” stations in California are 
operated exclusively by men over 60 years of age. 
The owner considers the employment of older men 
good business and not philanthropy. He finds them, 
he says, ‘“‘ more courteous to customers, more careful 
in their care of the stations with more pride in their 
work, and more reliable than younger men.” ‘ This 
merely illustrates,” he adds, ‘that there are un- 
doubtedly fields where the very considerations that 
make it difficult to secure industrial employment may 
turn out to be assets rather than liabilities.” 


An official summary of the proceedings of the recent 
meeting in Geneva of the Governing Body of the 
International Labour Office states that the decision to 
submit the problem of hours of work of miners to the 
next Session of the International Labour Conference, 
which meets this summer, was not reached without 
considerable discussion and some conflict of argument. 
The main point of controversy was whether, seeing 
that the problem is one which concerns, primarily and 
directly, the coal-producing countries of Europe, it 
could usefully or properly be dealt with by a general 
meeting of the International Labour Conference, in 
which the majority of delegates would be representa- 
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tives of extra-European or non-coal-producing coun- 
tries. Members of the Governing Body representing 
different interests, and notably those from countries 
overseas, contended that, as the Preparatory Conference 
had been confined to nine countries of Europe, the 
countries which did not take part in that Conference 
could not rightly be called upon to proceed with the 
task that the Conference had begun, or, alternatively, to 
be bound by any Draft Convention which might 
result from the study of its conclusions. The constitu- 
tional aspects of this question were discussed at some 
length. 
Further, it was argued by some speakers that the 
situation in the coal-mining industry was no longer as 
acute as when the Preparatory Conference was first 
suggested, that the findings of that Conference were 
fragmentary and inconclusive, and that further investi- 
gation was needed before the matter could be con- 
sidered ripe for action. Resolutions embodying these 
views were presented, but were either rejected or 
allowed to fall, the final decision of the Governing 
Body taking the form of the following resolution, 
moved by the British Government representative and 
adopted by 15 votes to 5: ‘The Governing Body 
decides to place upon the agenda of the 1930 Inter- 
national Labour Conference the question of the hours 
of work in coal mines ; and invites the Conference, in 
framing a Convention, to take into special considera- 
tion not only the resolutions adopted by the Prepara- 
tory Technical Conference, but also the fact that the 
question has been raised entirely as a European one, 
and that the information necessary to enable its con- 
sideration to be extended to overseas coal mines has 
not been sought and will not be available to the 
Conference.” ee: 

On February 10, 1930, the number of unemployed 
persons on the registers of Employment Exchanges 
in Great Britain was 1,520,000. Of these 1,087,800 
were wholly unemployed, 345,700 were temporarily 
stopped, and 86,500 were persons normally in casual 
employment; 1,115,900 were men, 42,300 boys, 
316,500 women, and 45,300 girls. Of 1,508,598 on 
the registers on February 3, 1930, 1,084,369 were 
wholly unemployed, 338,993 were temporarily stopped, 
and 85,236 were persons normally in casual employ- 
ment; 1,108,711 were men, 43,423 boys, 310,413 
women, and 46,051 girls. The number of unemployed 
persons on the registers on February 11, 1929, was 
1,342,505, of whom 1,048,524 were men, 40,520 boys, 
215,094 women, and 38,367 girls. 





In selecting workers for employment in industrial 
or transport undertakings, or State Departments, 
Labour Exchanges in Soviet Russia are required by 
the Labour Commissariat of the Soviet Union to pay 
special attention to the occupational qualifications 
and social outlook of the candidates. Preference is 
to be given to the most disciplined workers of genuinely 
proletarian origin, and among such persons to those 
who have the greatest occupational experience. 
Undesirable elements, including persons without civil 
rights, wealthy peasants, members of the present or 
former bourgeois class and persons dismissed during 
the recent purge, must not be employed in industrial 
undertakings or administrative departments of the 
State. Workers dismissed for breaches of labour 
discipline must not be re-engaged in the same under- 
taking. Seasonal workers must be chosen from 
among agricultural labourers and the poorest persons. 
Persons belonging to the class of rich peasants must 
not be placed in employment. 





The General Council of Russian Trade Unions has 
drawn up new rules providing for the exclusion from 
trade union membership of certain classes of persons. 
These are: (a) former naval, military and police 
officers; (b) former ministers of religion; (c) former 
business men, manufacturers and landed proprietors ; 
(d) persons not entitled to vote in Soviet elections ; 
(e) rich peasants; and (f) all persons who may be 
assimilated to one of the foregoing categories or are 
not entitled to belong to a trade union. The trade 
unions will also automatically exclude from membership 
all workers convicted of sabotage, systematic mis- 
conduct or repeated breaches of labour discipline, and 
all persons dismissed during the recent purge or 
struck off the register of a Labour Exchange. 








PERSONAL.—On Monday, February 24, the London 
office of Messrs. George Ellison Limited, Perry Barr, 
Birmingham, will be moved from 25, Victoria-street to 
131, Victoria-street, S.W.1.—Major R. W. Jenkins has 
been elected chairman of Messrs. Robert Jenkins and 
Company, Limited, Rotherham, in place of the late 
Mr. A. T. Jenkins.—-Messrs. Nathan and Allen, Limited, 
are transferring their offices from 25, Victoria-street, to 
131, Victoria-street, London, S.W.1, on February 25. 








ENGINEERING. 





WAGES AND HOURS IN THE COAL 
AND IRON INDUSTRIES OF THE 
UNITED STATES. 


In our issue of January 3, page 23 ante, we publishe 

a review of wages and output of coal mines in the 
principal colliery centres of the Continent of Europe. 
The summary of conditions in the bituminous coal 
industry of the United States, which follows, taken 
from the U.S. Bureau of Labour Statistics, will, in 
some measure, serve to supplement the European 
data already given. The American information is 
based on returns made by 535 mines in eleven States, 
the pay period taken, in all except 20 mines, being a 
half-monthly one during the first quarter of 1929, 
the data given by 351 of these mines being for a period 
in March of that year. The workers covered by the 
inquiry numbered 152,211, being about 26 per cent. of 
the total number engaged in the industry; 137,313 
were engaged underground and 14,898 were surface 
workers. 
+ The average duration of the shifts for loaders (con- 
tract, hand and machine), and for miners or hewers 
(gang, hand or pick, machine cutters and machine 
cutters’ helps) is given as 8-8 hours, and the average 
number of shifts worked per pay-period of 15 calendar 
days as 9-1. The average shift earnings come out 
at 5-50 dols. (11. 2s. 7d.), with 0-626 dol. (2s. 64d.) 
as the hourly earnings based on total time spent in the 
mine. The time taken in travelling from the top of 
the shaft to the working place varied from 10 minutes 
to 2 hours, the average being given as 24 minutes 
each way. Lunch time averaged about 30 minutes. 
Since 1926, the average shift had increased by over 
2 per cent. ; the number of shifts worked per period 
had declined by 4 per cent. ; the average shift earnings 
declined by 15 per cent.; and the hourly earnings by 
over 16 per cent. 

Miners and loaders in Illinois made the highest 
shift earnings, in which State they averaged 7-04 dols. 
(11. 9s.), with Tennessee as the lowest at 3-86 dols. 
(15s. 1ld.). In Kentucky, the earnings were 5-15 dols. 
(11. 1s. 3d.) per shift, and in Pennsylvania 5-27 dols. 
(IL. 1s. 8d.). 

Among the adult underground occupations, other 
than actual mining, the average duration of shifts 
varied between 9-2 hours for pumpmen and 8-2 hours 
for drivers; the number of shifts worked per period 
between 12-3 for pumpmen, and 9 for labourers. 
The average shift earnings varied between 6-03 dols. 
(1l. 4s. 10d.) for cagers and 4-53 dols. (18s. 74d.) for 
labourers, while the highest average hourly earnings 
were taken by cagers at 0-685 dol. (2s. 10d.), and 
the lowest by labourers at 0-544 dol. (2s. 3d.). Other 
occupations underground for which figures are given 
are brakesmen, bratticemen and timbermen, motor- 
men and trackmen. 

Of the four surface occupations, the blacksmiths’ 
average shift was 8-8 hours, and the engineers’ and 
labourers’ each 8-7 hours; engineers worked 12-8 
shifts per period, and labourers 10 shifts. The highest 
shift earnings were taken by the engineers at 6-21 dols. 
(1l. 5s. 64d.), and the lowest by the labourers at 
4-30 dols. (17s. 8}d.); while the average hourly 
earnings varied between 0-711 dol. ((2s. 11d.) for 
engineers and 0-493 dol. (2s.) for labourers. The 
other surface occupations detailed are those of car- 
penters and tub or tram repairers. 

A miscellaneous group of ‘ other workers ”’ in both 
underground and surface occupations is also in- 
cluded, but these have been omitted in the foregoing 
figures. 

Compared with 1926 there is said to be little change 


in the average duration of shifts, but both hourly | 


and shift earnings show marked reductions. The 
average number of shifts per half-monthly period 
also shows a decline for 1929, against the returns of 
three years ago. 

In connection with the iron and steel industries, 
towards the end of last year the United States Bureau 
of Labour Statistics published the results of an inquiry 
into the earnings and hours of labour in selected 
establishments. 
received related to the conditions prevalent during the 
first half of March, 192%. <A total of 71,009 workers 
were included, a small number of whom, employed 
mostly in tin-plate works, were boys and women. — 

Of those employed in the ten branches, the blast- 
furnacemen worked the longest week, the average 
for the four classes—keepers, blowers, stove tenders, 
and labourers—being 60-7 hours for a full-time week, 
those employed in plate mills being second in the list 
with 58 hours, the remaining branches coming in the 


following order :—Open-hearth furnaces, 57:7; rail | 


mills, 56; bar mills, 55-6; blooming mills, 55; 
Bessemer converters, 53-7; puddling mills, 50-3; 
sheet mills, 48-9; and tin-plate mills, 47-4 hours. 

For these hours, the average weekly earnings are 
given as follows, 11. being taken as equal to 4-86 dols. :— 
Open-hearth furnaces, 41-20 dols. (8/. 9s. 7d.); sheet | 





With few exceptions, the returns | 


| mills, 38-78 dols. (71. 19s. 64d.) ; plate mills, 37-06 dols. | 
| (71. 12s. 6d.) ; blooming mills, 36-63 dols. (71. 10s. 9d.) ; | 
rail mills, 35-17 dols. (71. 4s. 9d.); bar mills, 34-75 | 
| dols. (71. 3s.) ; tin-plate mills, 34-70 dols. (71. 2s, 10d.) ; | 


mills, 34:51 dols. (71. 1s. 11gd.); and blast-furnaces, | 
| 32-05 dols. (61. 11s. 103d.). 
| The highest earnings were made by the rollers in | 
| the bar mills, who, for a week of 55 hours, averaged | 
| 100-21 dols. (207. 12s. 44d.) per week. With one 
| exception, the labourers in every section worked the 
largest number of hours per week, ranging from 
63-8 hours for the blast-furnaces to 54:5 for the 
puddling mills. Their earnings were the lowest of any 
workers, ranging from 26-39 dols. (5/. 8s. 7d.) for 
| those employed in the blooming mills to 21-20 dols. | 
(41. 7s. 3d.) for the puddling mills. For the ten branches | 
specified, the working week averaged 54-6 hours, | 
and the weekly earnings 36-48 dols. (7/. 10s. 14d.), | 
the average hourly earnings being given as 0-674 dol. 
(2s. 9d.). 


THE MONOTRON HARDNESS 
INDICATOR. 

WHEN referring to the exhibits of Messrs. Coats 
Machine Tool Company, Limited, 14, Palmer-street, 
Westminster, S.W.1, at the recent exhibition of the 
Physical and Optical Societies, on page 129 ante, we 
mentioned the Monotron hardness indicator, of 
which they are the sole distributors in the British | 
Empire, and we now propose to describe this 
instrument at greater length than was possible on that 
occasion. The instrument, a photograph of which is 
reproduced on this page, is made by Messrs. The Shore 
Instrument and Manufacturing Company, of New 
York, and can be used for determining the hardness of 
all metals, from super-hardened steel to lead, as well 
as of minerals and vitreous materials and of organic 
substances such as rubber and wood. It may be 
employed in different manners to obtain much useful 
information on the properties of materials, but for the 
standard hardness test, with which we may first deal, 
the load required to cause a small spherical diamond to 
penetrate the material to a given depth is taken as a 
measure of the hardness. 

In the Monotron instrument, the diamond used is 
0-75 mm. in diameter and the depth of the standard 
impression is 0-0018in. This depth is measured on the 
dial gauge shown in the figure, and as this gauge is 
graduated in 5,000ths of an inch, the standard depth 
will be obtained with a scale reading of 9. In use, the 
specimen is placed on the table of the instrument and 
the head is brought down by means of the ball-ended 
lever until a hexagon cap makes contact with the 
specimen. A little further movement of the lever 
brings the dial gauge into action, and the lever is then 
held stationary while the hand of the depth gauge is 
set to zero by means of a thumb screw. The 
movement is continued until the lower dial gauge 
gives a reading of nine divisions, showing that a 
penetration of 0-0018 in. has been obtained, and the 
corresponding reading of the upper gauge, which is 
actually the load in kilogrammes on the diamond, 
then gives the Monotron hardness number of the 
specimen. The head is then moved upwards ready 
for the next test and, if the specimen is smooth, the 
hand of the dial gauge will return to zero. To facilitate 
rapid testing, the depth gauge is fitted with a second 
hand, which renders the zero adjustment unnecessary 
and thus enables a test to be made by a single stroke of 
| the ball-ended lever. It should also be mentioned that 
| the load-weighing mechanism is compensated to correct 
| for the slight distortion of the machine parts and of the 
| diamond itself, which must necessarily occur under 
| load and would otherwise result in errors in depth 
| measurement. 
| By means of a chart, the results obtained may be 
|easily correlated with the Brinell and Scleroscope 
tests; in fact, if desired, special scales can be 
| provided to read these values or the unit stress applied 
|to the material. To give an idea of the relationship, 
|it may be mentioned that a Scleroscope hardness of 
| 100, which is equivalent to a Brinell figure of 713, 
| corresponds to a load of 113 kg. on the Monotron scale. 
| The reading on this scale for a super-hardened steel 
| rarely exceeds 125 kg., so that, as the graduations 
|extend to 160 kg., a large margin over all ordinary 
| requirements is provided. Although the figures are 
| hardly visible in the illustration, the dial gauge for 
measuring the depth of impression is graduated from 
|0 to 100, so that hardness tests can be made by deter- 
| mining the depth of penetration for any given constant 
load. The readings obtained in this way will be 
| reciprocal to those obtained by the constant-penetration 
| method, and will be less reliable than the latter in the 
| case of the harder metals. Constant-pressure tests are 
therefore confined to the softer metals and materials, 
| being particularly useful for the study of metals 
subjected to severe cold working in such operations 
as embossing, extruding, deep drawing, bending, &c 
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While a spherical diamond of the dimensions 
previously given is employed for the standard test, 
any other shaped point, or steel balls of larger dimen- 
sions, may be used for special purposes ; a flat punch, ‘or 


d | Bessemer converters, 34-53 dols. (71. 2s. 1d.) ; puddling | example, may be employed for determining elastic-limit 


values in metals by allowing a comparatively slight 
penetration. Another interesting application of the 
Monotron is in determining the depth of hardnvss, 
This is possible owing to the fact that, ina materia! of 
uniform hardness, the load and the depth of penetrat ior 
follow a practically straight-line law, so that, by 
plotting these quantities, it can be seen whether ‘he 
surface is harder than the interior, or vice versa, and also 
at what depth any change occurs. Although the 

















spherical impression made in the standard test is only 
0-0018 in. in depth and 0-36 mm. in diameter, and is 
therefore barely noticeable, the straight-line charac- 
teristic enables the marking of finished or polished 
surfaces to be still further reduced by employing a 
smaller depth of penetration in conjunction with a 
correspondingly reduced load. On the other hand, when 
testing rough or scaled surfaces of soft or moderately 
hard steels, a depth of penetration greater than the 
standard will give more reliable results. 

The model illustrated is 17 in. in height and weighs 
61 lb., while the clearance between the base and the 
diamond is 7 in. and distance from the centre line to the 
frameis4}in. The removable tilting table shown in the 
figure can be supplied if required. 








ConstrucTION CABLEWAYS.—In the article on the 
recent work on the Hetch Hetchy water supply scheme 
for San Francisco, on page 125 ante, it was stated that 
the cableway at Red Mountain Bar was believed to be the 
longest span ever used for hoisting and conveying work. 
Our attention has been drawn, however, to the cableways 
supplied by Messrs. John M. Henderson and Company, 
Limited, King’s Works, Aberdeen, for work on the 
Nag Hamadi barrage on the Nile. These are five In 
number and their span is 3,100 ft., the load taken being 
tons. 


or 


CANADIAN STANDARD SPECIFICATIONS.—The Canadian 
Engineering Standards Association has recently is 1ed 
four specifications dealing with steel bars and billets of 
commercial quality. The first of these, G 24-1929. 
lays down a standard method of sampling for the analysis 
of steel billets, barsand shapes. The second, G 25-1929, 
refers to carbon-steel billets and bars of forging quality. 
In this, the chemical composition of the steel is specitied. 
and directions are given regarding the workmanship 
and finish, the marking, and the inspection and rejection 
of the material. The third and fourth specifications 
G 26-1929 and G 27-1929, which are included in one 
pamphlet, deal, respectively, with commercial-quality 
hot-rolled bar steels, and commercial cold-finished at 
steels and cold-finished shafting. Chemical composit!ons 
and permissible variations in the sizes of the finished 
bars are laid down. The new specifications are obtaina!e, 
price 25 cents per copy, from the Secretary, Canacian 
Engineering Standards Association, 178, Queen-st'cct, 
Ottawa. 
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5-TON SHIPYARD CANTILEVER CRANE. 


CONSTRUCTED BY MESSRS. JOSEPH BOOTH AND BROS., 


LIMITED, ENGINEERS, RODLEY. 











Fia. 1. 


5-TON CANTILEVER SHIPYARD 
CRANE. 

Ix the Wallsend Shipyard of Messrs. Swan, Hunter 
and Wigham Richardson, Limited, a high gantry 
was installed some years ago between two slipways, 
and on this run revolving cantilever cranes serving the 
berths on each side. There is no covering or protection 
to this particular gantry, which is in a very exposed 
position. During gales, the stresses to which the 
cranes are exposed are very severe. Fourteen cranes 
were originally supplied between the years 1903 and 
I91! by Messrs. Joseph Booth and Bros., Limited, 
Union Crane Works, Rodley, Leeds, to a design in 
which every effort was made to keep down weight. 
With this object in view, tubes were employed for 
the main bottom members, and wire ropes for the top 
tension members of the cantilever jibs. The two 
members were connected at intervals by vertical 
lattice struts, with cast-steel Tee ends, making connec- 
tion with the main members. 

These cranes are reported to have given excellent 
service and are all still in use except one, which was 
blown off the gantry in a gale some two years ago. To 
replace this, a new design of crane was employed, 
conforming to more usual practice and employing 
a jib built up of steel sections. This crane is illustrated 
in Figs. 1 to 3 on this page and on page 256, the latter 


fiving an elevation and plan, while the first figure 
shows the crane in course of erection. The reasons 


for the change of design were mainly as follows :— 
The jib could be rather better braced and made stiffer. 
Wit i the first design there was risk of corrosion trouble 
i the tubes and ropes at the Tee ends. Repairs to 
the tubular jib members are more complicated. Fur- 
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ther, it was decided to give the new crane a larger 
radius and increased capacity. 

The main details of the crane are well shown in 
Figs. 2 and 3, page 256, the crane following more or 
less normal practice. The capacity is 3 tons at 100-ft. 
radius and 5 tons at 55-ft. radius, the jib being counter- 
balanced to be stable on its roller path under these 
loads. The motions of hoisting, racking, slewing and 
travelling are effected by separate alternating-current 
motors, the speeds being given with the illustrations on 
page 256. The hoisting gear is fitted with an overload 
trip switch, compensated to trip at proportionately 
lighter loads as the radius increases. The travelling 
motion, besides having a controller-operated magnetic 
brake, is provided with a second magnetic brake which 
remains in, action until the main switch is closed. 
A third safeguard is provided in the form of a mechanical 
slipper brake operating directly on the track. This 
could be brought into action should a sudden squall 
cause the crane to get out of control. 

An interesting feature of the work was the erection 
of the crane while ships were under construction on 
the berths under the gantry. In order to cause as 
little obstruction as possible, it was decided to install 
the crane in two main pieces, erecting these sections on 
the ground and lifting each portion on to the gantry 
complete by means of a floating crane. This process 
is shown in course of being carried out in Fig. 1, above. 
Fortunately, the weather conditions on the date chosen 
were ideal. The carriage was lifted and installed on 
the track atabout 10a.m. This presented no difficulties 
and occupied about 20 minutes. The superstructure 
was next slung, some difficulty being in this case 
experienced in keeping the jib level. At first it was 
thought that this could be accomplished by running a 














CRANE Parts Betna LIFTED ON TO GANTRY. 


rope from the nose (which was heavy) up to the float- 
ing-crane hook. Sufficient tension, however, was not 
obtained in this way to level the jib, and resort was 
therefore had to a ballast box on the tail, originally 
avoided in order to keep weights down, as the load was 
very near the maximum for the floating crane at the 
end of its reach. The second lift commenced at 
3 p.m., the most awkward part naturally being the 
centralising of the superstructure over the centre 
pin of the carriage. This was aggravated to some extent, 
by a slight breeze which sprang up, and by the fact that 
the tide began to fall. 

The floating crane was working at a radius of 130 ft., 
but its control enabled it to slew to a 6-in. margin 
and lift and lower to a fraction of an inch. The 
centre pin was finally got home and all made fast 
just as dusk was falling, the wind then being on the 
increase. The work was facilitated by the fact that 
Messrs. Swan, Hunter’s riggers and erectors had all 
necessary tools, &c., lashed to the parts where they 
would be required, thus saving much waste of time. 
The gantry is 100 ft. high above water level. 








BritisH PropucTION OF Pia IRON AND STEEL.— 
The number of blast furnaces in operation at the end of 
January was 159, a net decrease of 3 since the beginning 
of the month. The production of pig iron in January 
amounted to 650,000 tons, compared with 643,000 tons in 
December and 563,900 tons in January, 1929. The 
January output of steel ingots and castings totalled 
771,100 tons, as against 661,200 tons in December, when 
production was affected by the holiday period, and 
764,600 tons in January, 1929. The above figures have 
been supplied to us by the National Federation of Iron 
and Steel Manufacturers, Caxton House (East), Tothill- 
street, London, S,W.1, 
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WE regret to record the death of Sir William Hoy, 
which occurred on Tuesday, February 11, at the age 


of 62. Like many of those connected with the | 


administration of railways, both in this country and 
the King’s Dominions overseas, Sir William was born 
in Scotland and started his career as a junior clerk in 


the offices of the North British Railway at Edinburgh. | 


When he was 21, however, he proceeded to South 
Africa, where he entered the service of the Cape 
Government Railways. He Jater held positions at 
Bulawayo, Kimberley, and Port Elizabeth. 
outbreak of the South African War he was appointed 
traffic manager at Bloemfontein, and assumed control 
of the railways in both the Orange Free State and in 


the Transvaal, after these had been captured from the 


Boers. At the end of the war he was appointed chief 

traffic manager at Johannesburg, while in 1910 he 

succeeded to the general managership of the system. 
One of the clauses in the Act that constituted the 


Union of South Africa laid down that the railways of | 


the country were to be developed, so that the settle- 
ment of an agricultural and industrial population in 
the inland portions of all the provinces of the Union 
might be promoted. This naturally implied consider- 
able extensions in the railway mileage of the country, 
and the amalgamation into one unit of three systems, 
which had been laid out in different ways. As some 
indication of Mr. Hoy’s success in these two difficult 
tasks it may be mentioned that between 1910 and 1923 
the mileage under his charge increased by 11,588, some 
1,331 miles of which is accounted for by the lines in 
what was formerly German South-West Africa. That 
this work has been almost entirely successful will be 


clear from a study of the reports, which are published | 


from time to time in these columns. 


While this reorganisation was still in progress the 


Great War broke out, and Mr. Hoy was appointed 
Director of Military Railways in South Africa, with the 
rank of colonel. One of his first tasks was to connect 
Prieska and Upington, in order that the campaign 
might be successfully waged, and he performed this 


with such energy that the necessary 153 miles of line | 
For his services during the war | 


were laid in 82 days. 
he received a knighthood in 1916 and was appointed 
C.B. in 1918, while he was promoted to K.C.B. in 
1922. 

The years immediately following the war were 


difficult ones for the South African railway administra- | 


tion. Trade was acutely depressed, the finances had 
been seriously affected, and there was considerable 
trouble with labour. Sir William was, however, able 
to prevent the railway staff from ceasing work, with 
the result that the revolt in the Transvaal mining 
industry, which occurred in 1922, was much less serious 
than it might otherwise have been. His administra- 
tion was far-sighted in policy and flexible in action, 
and though he was often criticised, he was always able 
to give good and forcible reasons for his deeds, and 


successfully maintained his point of view before two , 


Select committees. 

Sir William retired from the South African railway 
administration in 1927, and was then appointed 
chairman of the Rhodesian Railway Commission. 








INSTITUTION OF ENGINEERS, AUSTRALIA.—The Peter 
Nicol Russell Memorial Medal, the highest honour in the 
gift of the Institution of Engineers, Australia, was 
recently awarded to Sir John Monash, of the Victorian 
State Electricity Commission. The Medal is awarded 
annually to a member of the Institution who has made an 
outstanding contribution to the science or practice of 
engineering in ths Commonwealth. The Electrical 
Association premiurm has been awarded jointly to Mr. 
C. G. H. McDonald, of the Victorian Government Rail- 
ways, and to Mr. C. M. Longfield, of the Victorian State 
Electricity Commission. The president-elect of the 
Institution for 1930 is Mr. J. M. C. Corlette, of Newcastle. 
He will assume office in March. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanD.—The report of the Council of the Institution 
of Engineers and Shipbuilders in Scotland, for the 
session 1928-1929, shows that the members on the roll 
totalled 1,501 on Septeraber 30, last, compared with 
1,540 on September 30, 1928. During the session, the 
Institution has sustained the loss by death of 20 of its 
members, among whom were Sir Alexander B. W. 
Kennedy, Sir William Rowan-Thomson, Mr. Robert 
Traill, Mr. James Richardson, and Mr. H. J. R. Biles. 
Thirteen general meetings were held during the session 
and 14 papers were presented and discussed. Premiums 
of books, to the value of 5/. each, were awarded to Dr. 
G. Bauer, for his paper ‘‘ Recent Developments of the 
Exhaust-Steam Turbine’’; to Dr. R. M. Brown, for 
his paper, ‘‘ An Investigation into Some Effects of Cold 
Drawing on the Strength and Endurance of Mild Steel ”’ ; 
and to Professor W. Kerr, for his paper “The Balance 
of Internal-Combustion Engines.” All three papers 


were read during the 1927-1928 session. The income of 
the Institution for the year ending September 30 last 
was 4,5701. 19s., and the surplus of revenue over expendi- 
ture was lll. lds. 





On the | 





| TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
| Possessions and in foreign countries. The closing date 
| of each tender is stated below. Details may be obtained 

on application to the Department at the above address, 
| the reference number given being quoted in each case. 
Coal-Handling Plant.—The supply, delivery and 
| erection of coal-handling plant at the Port of Casablanca. 
La Direction Générale des Travaux Publics, Morocco ; 
April 30. (Ref. No. A.X. 9156.) 

Brick-Making Machinery and Semi-Diesel Engines. 
A brick and tile company in Sydney, Australia, is 
| desirous of receiving catalogues, price lists, and full 
jinformation regarding brick-making machinery and 
semi-Diesel engines. (Ref. No. A.X. 9165.) 


ENGINEERING TRAINING AND 
EDUCATION. 


Lectures on Aircraft Engines.—A course of three 
lectures on “‘ Engines for Aircraft,’’ will be delivered 
| by Wing-Commander T. R. Cave-Brown-Cave, in the 

Department of Mechanical Engineering of University 
| of London, King’s College, Strand, London, W.C. 2, 
|at 5.30 p.m., on Tuesdays commencing March 4 next. 
|The three lectures will deal, respectively, with air- 
| cooled engines, water-cooled engines, and compression- 

ignition engines and accessories. The course is free 
|to students of the College Faculty of Engineering. 
| For others, the fee for the course is 10s. 6d. Students 
| of other colleges and student or graduate members of 
professional institutions are admitted at one half the 
| fee. 














BOOKS RECEIVED. 


Bethefte zum Gesundheits Ingenieur. No. 24. Der 
Warmeibergang an Kiihlrippen. By Dr.-Ine. GEorG 
WaGENER. [Price 5-60 marks.} No. 25. Leistungs- 
prifverfahren fiir Schwerkraft- Warmwasser-Heizungen. 
By Dr.-Ine. Hans Kart Dietericu. [Price 45 marks.] 
No. 26. Warmeiibergang bet Maschinen. By Drrt.- 
Ine Franz JakuitscH. [Price 4-20 marks.] Berlin: 
R. Oldenbourg. 

| Department of Scientific and Industrial Research. Build- 

| ing Research. Bulletin No. 6. The Prevention of 

Corrosion of Lead in Buildings. By F. L. Brapy. 

[Price 4d. net.] Technical Paper No. 8. The Corrosion 

of Lead in Buildings. By F. L. Brapy. [Price ls. 

| net.] London: His Majesty’s Stationery Office. 

Transactions of the American Institute of Mining and 
Metallurgical Engineers, 1929. New York: Offices of 
the Institute. 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 1199. Skin Friction and the Drag of 
Streamline Bodies. By Pror. B. M. Jones. [Price 
9d. net.] No. 1207 Wing Flutter as Influenced by the 
Mobility of the Fuselage. By R. A. Frazer and W. J. 
Duncan. [Price ls. 3d. net.] No. 1250. Reports and 
Memoranda of the Aeronautical Research Committee 
Published between 1st August 1928 and 31st August, 
1929. [Price 6d. net.] No. 1264. The Elasticity of 
Pintsch Crystals of Tungsten. By 8. J. Wricur. 
|Price 9d. net.] No. 1266. Experiments on Flame 
Extinction in Gaseous Mixtures. By Sqpn.-Lpr. W. 
Hetmore. [Price ls. net.] London: His Majesty’s 
Stationery Office. 

Geo-chemische Migration der Klemente, Vol. IJ. Halle 
(Saale): Wilhelm Knapp. [Price 8 marks. } 

Department of Overseas Trade. Economic Conditions in 
the Republic of Panama and the Panama Canal Zone. 
Report. By ALAN Davip FRANCIS ; and in the Republic 
of Costa Rica. By FRANK N. Cox. London: His 
Majesty’s Stationery Office. [Price 2s. net.] 

Air Ministry. Air Publication No. 1355. Air Photo- 
graphy. Part Il. Theory and Practice. [Price 4s. 
net.] No. 1371. Bristol Jupiter Series VIII and 1X 
Aero Engines. [Price 3s. 6d. net.] London : His 
Majesty's Stationery Office. 

An Outline of Metallurgical Practice. By Care R. 
Haywarp. London: The Library Press, Limited. 
[Price 30s. net. ] 

Department of Overseas Trade. Economic Conditions in 
Cuba. November, 1929. Report. By L. C. Huacuss- 
Hatuett. London: His Majesty’s Stationery Office. 
[Price ls. 9d. net.] 

Canada. Dominion Water Power and Reclamation. 
Surface Water Supply of Canada. Water Resources 
Paper No. 59. Pacific Drainage. British Columbia 
and Yukon Territory, Climatic Year 1926-27. By 
C. E. Wess. Ottawa: Dominion Water Power and 
Reclamation Service. 

Tokyo Imperial University. Earthquake Research Insti- 
tute Bulletin. Vol. VII. Part 3. December, 1929. 
Tokyo: Earthquake Research Institute. 

Anales del Primer Congreso de Irrigacion y Colonizacion 
del Norte 19 de Febrero-24 Febrero. 1929. Four 
volumes. Lamboyeque, Peru: Congreso de Irrigacion 
y Colonizacién del Norte. 

Transactions of the Institution of Gas Engineers, 
1927-28. Edited by James W. CAMPBELL. London : 
Offices of the Institution and E. and F. N. Spon, 
Limited. [Price 25s. net.] 

Ohio State University. Engineering Experiment Station. 
Bulletin No. 51. Drain Tile Manufactured in Ohio. 
By J. O. Evernart. Columbus, Ohio: Ohio State 
University. [Price 50 cents. ] 








NOTES FROM THE NORTH. 
*LASGOW, Wednesday. 
Scottish Steel Trade.—While there has been nothin» 
outstanding in the way of new business of late, speci- 
fications are coming in with fair regularity, and plan 
is being kept well employed. The shipyards are usin 
up quite a respectable tonnage of plates and sections 
and makers are hopeful that circumstances will necessita/ 


a continuance in the demand from this quarter. The 


export market is not very busy at the moment, but 
with the firming tendency of continental prices th. 
outlook is improving. In the black-sheet trade rather 
a quieter feeling prevails and fresh business is scarcer 
this week. All grades of sheets—both black and gal- 
vanised—are suffering, but an opening out is fully 
expected before long. Prices are unchanged and arc 
quoted as follow :—Boiler plates, 10/7. 10s. per ton ; ship 
plates, 8/. 15s. per ton; sections, 8/. 7s. 6d. per ton: 
black sheets, } in., 91. per ton; galvanised corrugated 
sheets (No. 24 gauge), about 12/. per ton, all delivered 
Glasgow stations. 


Malleable-Iron Trade.—A quiet and _ uninteresting 
state is general in the malleable-iron trade of the West 
of Scotland, and the majority of the works are exceeding], 
quiet. Orders are scarce and keen competition exists 
for any business on offer. The re-rollers of steel bars 
are also very short of work and the outlook at present 
is not very promising. The current prices are as follow : 
—‘* Crown” bars, 101. 5s. per ton, for home delivery, 
and 9. 15s. per ton for export; re-rolled steel bars, 
7l. 128, 6d. per ton for home delivery and for export. 


Scottish Pig-Iron Trade.—There has not been any 
improvement in the Scottish pig-iron trade during the 
past week, but shipments are a trifle better. The 
number of furnaces in blast is unchanged and the output 
is fully sufficient to meet all calls. The demand from 
the steel makers remains steady, but the call for foundry 
iron is poor. Prices are maintained and are as follow : 
Hematite, 81s. per ton, delivered at the steel works : 
foundry iron, No. 1, 80s. 6d. per ton, and No..3, 78s. per 
ton, both on trucks at makers’ yards. 


Scottish Pig-Iron  Shipments.—The shipment of 
Scottish pig-iron. from Glasgow Harbour for the week 
ending last Saturday, February 15, amounted to 3,831 
tons. Of that total, 831 tons went overseas and 3,000 tons 
coastwise. During the corresponding week of last year 
the figures were 397 tons overseas and 26 tons coastwise. 
making a total shipment of 423 tons. 


Shipbuilding.—Messrs. George Brown and Company, 
Greenock, have secured an order for a salvage steamer of 
130 ft. in length, for Canadian owners. Diesel engines will 
be fitted by Messrs. Worthington-Simpson, London, W.C.2. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade—Although shipments of coal from 
South Wales as cargo foreign in January reached the 
best total for any month for six years, colliery salesmen 
and exporters complain about a lack of business. Yet 
outputs of coal are being maintained at over 1,000,000 
tons a week. The explanation is that the bulk of the 
shipments are on account of.contracts, and in respect 
to balances of contracts which should have _ been 
despatched in 1929, but were held over. In the closing 
months of last year many orders were placed in antici- 
pation of a hard winter, but severe weather not having 
matured, foreign consumers have found themselves 
with plentiful supplies, and consequently have not 
found it necessary to place new orders. The result is 
that while shipments have been active on account of 
old orders, new business is very slack and collieries 
have to depend largely on contract commitments to 
clear current production. With outputs at high levels 
they are, however, finding it increasingly difficult to 
obtain a clearance of wagons with the result that large 
coals of all classes are readily available at minima prices 
based on 20s. for best Admiralty large. On the other 
hand, supplies of small are scarce because intermittent 
working at the pits reduces the output of large, and 
prices for small are firmly maintained on the basis of 
15s. for the best classes, or 1s. 6d. above the schedule. 
Sized coals are moving off fairly well on account of 
old contracts, but with new business slack prices have 
developed irregularity, and dry nuts are now obtainable 
at 27s. 6d. compared with 32s. 6d. at the beginning of 
the year. 


Vessels Laying-up.—No fewer than 62 vessels with 
a carrying capacity of about 300,000 tons are at present 
laid-up at the South Wales ports on account of freight 
market conditions. While freights outward to the 
River Plate from Cardiff have been advanced to as 
much as 17s. 6d., or 1s. below last year’s maximum. 
the round voyage cannot show a profit with grain rates 
home at Ils. 3d. On the other hand, rates to the 
Mediterranean and near ports are at the lowest levels 
since pre-war. Gibraltar, for instance, is fixed as 
low as 5s. 9d. compared with a minimum of 7s. !1 
1929, Lisbon at 6s. 6d. against a minimum of 8s. los! 
year, and West Italy at 6s. 3d. against a minimum 0! 
6s. in 1914. 


Iron and Steel.—Exports of iron and steel goods last 
week amounted to 27,504 tons against 14,166 tons !n 
the previous week, shipments of tin-plates and tern:- 
plates rising from 9,983 tons to 10,865 tons, black-plat>s 
and sheets from 1,240 tons to 1,756 tons, galvanised 
sheets from 1,193 tons to 5,981 tons, and other iro” 








and steel goods from 1,751 tons to 8,903 tons. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The statistical state of 
the Cleveland pig iron trade is quite strong, but is gradu- 
ally becoming less satisfactory. Stocks are slowly but 
steadily increasing, and unless additions are checked by 
improvement in demand, or reduction in make, sellers’ 
hands will soon be weakened. As yet producers are able 
to adhere to their fixed figures, and merchants possess 
very little iron. Needs of makers’ own consuming 
departments are still heavy, though not so large as of 
late. Home users who have to draw their supplies from 
the open market are placing orders sparingly, and export 
business is very light. Foundry iron from other home- 
producing districts is being used to some extent here, but 
foreign makes are unable to force their way into this 
district. The only hope of Cleveland pig being sold at 
all extensively to Scotland is by substantial price conces- 
sions. Recognised market values stand: No. 1 grade, 
75s.; No. 3 g.m.b., 72s. 6d.; No. 4 foundry, 7ls. 6d. ; 
and No. 4 forge, 71s. 


Hematite.—For some time past East Coast hematite iron 
has been unsaleable except at well below cost, and the 
further downward tendency of values is very perturbing. 
In this branch much of the iron going into stock 
is stated to be sold, but makers are needing orders 
and second hands have still command of substantial 
quantities. The latter, in their anxiety to unload their 
holdings, do not hesitate to cut prices. Business is 
chiefly confined to sales of moderate parcels for home use. 
Foreign firms who usually draw the greater part of their 
supplies from this quarter are buying very little iron 
here in the face of comparatively cheap Continental 
brands. Ordinary qualities of East Coast hematite are 
not more than 78s. and No. | is put at a premium of six- 
pence. Buyers state they can shade these terms. 


Foreign Ore.—There is next to no activity in foreign 
ore, and Consumers have such large supplies on hand that 
they are refusing to accept full deliveries as they fall 
due against running contracts. Nominally best rubio 
remains at 22s. 6d. ¢.i.f. Tees. 


Blast-F'urnace Coke.—Durham blast-furnace coke is 
very plentiful and prices are weak. Good average 
qualities are stated to be obtainable at 21s. delivered here, 
but sellers ask up to 21s. 6d. 


Manufactured Iron and Steel.—Business in manu- 
factured iron and steel matures slowly and specifications 
for work already secured are distributed by no means 
so freely as could be desired, but departments producing 
shipbuilding material and bridge building requisites 
promise to keep busy for some time, while branches 
manutacturing railway construction necessaries are not 
badly off for orders. Sheet makers are needing work, 
but are not so badly placed in that respect as of late. 
Common iron bars are 10. 15s.; best bars, 11/. 5s. ; 
double best bars, 11/7. 15s.; treble best bars, 12/. 5s. ; 
iron rivets, 11/, i0s.; packing (parallel), 82.; packing 
(tapered), 10/.; steel billets (soft), 62. 15s. ; steel billets 
(medium), 7/. 12s. 6d.; steel billets (hard), 81. 2s. 6d. ; 
steel rivets, 111. 5s.; steel ship plates, 8/. 15s.: steel 
angles, 8/. 7s. 6d. ; steel joists, 8/. 10s. ; heavy steel rails, 
8/. 10s, ; fish plates, 12/7. 10s. ; and galvanised corrugated 
sheets (No. 24 gauge), 112. 15s. to 121. 








MARSEILLES-TUNIS AIR SERVICE.—-A daily air service 
is now operating between Marseilles and Tunis, via 
Ajaccio. Seaplanes built for the Air Union, by Messrs. 
Chantiers Aéro-Maritimes de la Seine, Paris, (C.A.M.S.), 
were recently delivered for this service. 


STEREOSCOPIC PHOTOGRAPHS OF CRYSTAL MODELS.— 
On page 780 of vol. exxiv of ENGINEERING (1927), we 
referred to the first series of 41 stereoscopic photographs 
of crystal models, issued by Messrs. Adam Hilger, 
Limited, 24, Rochester place, N.W.1, by arrangement 
with Sir William Bragg and Professor W. L. Bragg, to 
whom the models are due. This series included photo- 
graphs of the instruments used for determining the 
structures and of models illustrating the structures of 
rock salt, diamond, pyrites, graphite, ice, quartz, &c. 
We have now received a second series of 23 photographs 
ot models illustrating the structure of complex silicates, 
including various precious stones and minerals. A 
printed description of each model is given with a 
summary of its most interesting features, and _ the 
photographs are supplied in a neat box, with or without 
a folding stereoscope for viewing them. 


Contracts.—-The Central Electricity Board has 
placed contracts, amounting to some 150,000/., for 
132-kv. transformers for the Mid-East England Elec- 
tricity Scheme, with Messrs. Ferranti, Limited, Hollin- 
wood, Laneashire; Messrs. The Fuller Electrical and 
Manufacturing Company, Limited, 5, Chancery-lane, 
London, W.C.2; and Messrs. The General Electric 
Company, Limited, Witton, Birmingham.—Messrs. 
Worthington-Simpson, Limited, Queen’s House, Kings- 
way, London, W.C.2 are supplying 240-b.h.p. Diesel 
propelling machinery for a 130-ft. salvage vessel ordered 
from Messrs. George Brown and Company, Greenock, by 
Canadian owners.—Contracts to an approximate total 
value of 230,0007. have been placed by The Central 
Electricity Board, in connection with the Mid-East 
England Electricity Scheme, with Messrs. Johnson and 
Phillips, Limited, Charlton, S.E.7, for 33-kv. transmission 
lines, and with Messrs. English Electric Company, 
Limited, Stafford, for 132-kv. transformers. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—How to employ the enormous excess 
of steel and engineering plant due to wartime expansion 
continues to be one of the outstanding problems engaging 
the attention of South Yorkshire industrialists. Steps 
to foster revival are being pushed energetically, but the 
obstacles are numerous and progress, in the main, is slow. 
Under rationalisation schemes adopted locally, production 
is being concentrated on the most modern plants, but 
the immediate effect is an increase in unemployment. 
Another rationalisation development aftecting several of 
Sheffield’s principal steel and engineering firms will 
probably be announced in the course of the next few 
weeks. Opinion on the value of wholesale rationalisation 
is divided. Some of the most reputable manufacturers 
criticise this solution on the ground that it involves 
the bolstering of inefficient firms. Every endeavour is 
being made to attract new industries. The passing of the 
De-Rating Act has transformed Sheffield into one of the 
most favourable areas in the country for industrial enter- 
prise, while stress is being laid on the availability of cheap 
electricity and gas, motor car transport facilities, and the 
adequate supply of skilled labour. Sheffield has been 
chosen as the provincial centre from which to operate 
the scheme inaugurated at the Mansion House, London, 


for compiling a National Roll of Buyers of British Goods. | 


Sheffield claims to have been one of the originators of the 
‘“* Buy British > movement, the principle having already 
been directed with success to the sale of British saws and 
tools. Support from the Sheftield Chamber of Commerce 
and the Cutlers’ Company of Hallamshire is ensured 
to make the provincial campaign a success. Movement 
in raw and semi-finished materials is mainly on a restricted 
basis. The principal reason seems to be indisposition 
to buy ahead in view of political uncertainty. Inland 


demand for hematites has eased, while there is also a | 


quieter tone in overseas trade. The reduced demand for 
steelmaking scrap has resulted in a further shading of 
prices. Local quotations are as follow: Siemens acid 
steel billets, 9/. 10s. ; hard basic-steel billets, 9. 2s. 6d. to 
91. 12s. 6d, ; medium-hard basic-steel billets, 77. 12s. 6d. 
to 8/. 28. 6d. ; soft basic-steel billets, 61. 15s. ; crown iron 


| bars, 112.; iron hoops, 12/.; steel hoops, 91. 15s. to 


101. 5s. ; Derbyshire foundry pig iron, 73s. 6d.; Derby- 
shire forge iron, 69s. 6d.; Lincolnshire foundry pig-iron, 
77s.; Lincolnshire forge iron, 73s.; heavy basic-steel 
scrap, 62s. 6d. Inquiries are fairly numerous in the 
finished branches. A final ratification of the Greek 
contract for 6,000,0007. provisionally placed with a 
Sheffield firm for irrigation, land reclamation, and hydro- 
electric engineering construction is expected in the near 
future. Producers of automobile steel are suffering 
from the lack of confidence prevailing among British 
engineers respecting the lapse or removal of McKenna 
and Safeguarding Duties. Extensions are being held up 
and mass producers are unable to order steel forgings 
and other materials with the former freedom. 


South Yorkshire Coal Trade—Further weakness has 
developed in the coal market. Increased economy in 
house coal consumption is reflected in diminished demands 
at local depots. Owing to the accumulation of stocks, 
supplies are being offered at special rates. Export 
inquiries for industrial fuel are numerous, but the tonnage 
represented in recent contracts is disappointing. Inland 
needs continue on a moderate scale. Secondary steams 
are in abundant supply, with surpluses at pits accumulat- 
ing. Several qualities of coke are also a shade easier. 
Diminished activity is reported in blast-furnace grades, 
but there is a steady call on steelmaking sorts. Quota- 
tions: Best branch handpicked, 26s. 6d. to 28s. ; Derby- 
shire best brights, 21s. to 23s. ; best house coal, 20s. 6d. 
to 21s. 6d. ; screened house coal, 18s. 6d. to 208. ; screened 
house nuts, 16s. 6d. to 188. ; Yorkshire hards, 15s. 6d 
to 17s.; Derbyshire hards, 15s. 6d. to 17s.; rough 
slacks, 9s. to 10s.; nutty slacks, 7s. 6d. to 8s. 6d. ; 
smalls, 3s. to 5s. 








PROPOSED PEACE RIVER AND VANCOUVER RAILWAY, 
Canana.—Application is shortly to be made to the 
Alberta Legislature for powers to construct the Beaver 
Lodge-Narraway Railway. The proposed line would 


Alberta, to the British Columbia boundary by way of the 
Wapiti river and the valley of the Narraway river. 
Beaver Lodge is west of Grande Prairie in the Peace 
River district of Alberta. The new line would form a 


Railway. The complete line, if constructed, would 
provide a direct route to the Pacific seaboard, the mileage 
from Beaver Lodge to Vancouver being 627 miles. 


FounDRY EQuIpMENT.—In order to be in a position to 
deal with the production of their Atomic Diesel series of 
cold-starting, airless-injection, heavy-oil engines, new 
equipment has been installed in the Westland foundry, 
Yeovil, of Messrs. Petters Limited. A Beardsley-Piper 
sandslinger and sand hopper, supplied by Messrs. F oundry 
Plarft and Machinery, Limited, Glasgow, has been put 
into service. The new machine is arranged to run on a 
rail track laid down in the centre of the heavy castings 


bay, and the arm of the machine has a radius of operation | 


of 17 ft. 6 in., measured from the centre of the track. 
The sand hopper of the machine has a capacity of 200 cub. 


ft., equivalent to 10 tons of sand. A sand loading bin, | 


filled by means of a bucket elevator on each side of it, is 
used for replenishing the hopper of the machine. The 
bin is supported on steel stanchions and has a capacity of 
20 tons. 


k | 


| New-street, Birmingham. 
| Temperatures,” by Mr. R. W. Bailey. 
proceed in a southerly direction from Beaver Lodge, | 


| 


link in a proposed railway system connecting Beaver | 
Lodge with Quesnel on the river Fraser, British Columbia, | + > var Vv PA ‘ € FB Bailes 

E b : a ‘ ‘ , ) A y Mr. C. R. Bailey. 
the northern terminus of the Pacific Great Eastern | red Spectrum of Water Vapour,’ by Mr 


| tion from the Hydrogen-Oxygen Flame,’ by Mr. W. E. 


NOTICES OF MEETINGS. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night 
6 p.m., Storey’s Gate, S.W.1; Annual General Meeting 
Sixth Report of the Steam-Nozzles Research Committee 


Junior INsTITUTION OF ENGINEERS.—To-night, 7.30 
p-m., 39, Victoria-street, S.W.1. ‘‘The Application of 
Electric Welding to the Erection and Strengthening of 
| Steel Structures,” by Mr. E. P. S. Gardner. Friday. 
February 28, 7.30 p.m., “Notes on the Design of 
Dynamos for Automobiles,” by Mr. J. Rowcroft. 


NorTH OF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, February 22, 2.30 
p-m., Newcastle-upon-Tyne. ‘* Report of an Investiga- 
tion of the Underground Conveying and Loading of Coal 
by Mechanical Means.’’ ‘“‘The Value of the Economiser 
in Present Day Boiler Installations,” by Mr. G. E. 

| Tansley. ‘* Notes on a Winding Accident at Mainsforth 
Colliery,’ by Mr. C. Howson. 


InsTITUTE OF British FouNDRYMEN.—Lancashire 
| Branch. Junior Section: Saturday, February 22, 7 p.m., 
College of Technology, Sackville-street, Manchester 
‘““Mass Production from Cheap Plant,” by Mr. L. 
Wharton. 

NORTHAMPTON ENGINEERING COLLEGE ENGINEERING 
Society.—Monday, February 24, 4.15 p.m., St. John- 
street, E.C.1. Walmsley Memorial Lecture. ‘* Avia- 
tion,’’ by Mr. C. R. Fairey. 
| InstiruTtion oF ELectricaL ENGINEERS.—North 
| Eastern Centre : Monday, February 24, 7 p.m., Sopwith’s 
| Lounge, Northumberland-street, Newcastle-upon-Tyne. 
1“ A.C, and D.C. High Pressure Testing,”’ by P. B. 
Addison and Mr. A. G. Shearer. North Midland Centre : 
Tuesday, February 25, 7 p.m., Hotel Metropole, Leeds. 
‘The Breaking Performance of High-Power Switchgear 
jand of a New Form of Quenched-Are Switch,’ by Mr. 

L. C. Grant. London: Thursday, February 27, 6 p.m., 
| Victoria Embankment, W.C.2. Faraday Lecture. 
|‘ Broadcasting by Electric Waves,’ by Capt. P. V. 
Eckersley. 
| Royat Socrety or Arts.—Monday, February 24: 
|8 p.m., John-street, Adelphi, W.C.2. Cantor Lecture: 
\«* Recent Improvements in Methods of Brickmaking ”’ 
(Lecture IT), by Mr. A. B. Searle. Tuesday, February 25, 
| 4.30 p.m., ‘‘ Scientific and Industrial Research in the 
British Empire,’ by Mr. A. W. Hill. 
| Roya Instrrurion._-Tuesday, February 25, 5.15 
| p.m., Albemarle-street, W.1. ‘* X-Ray Determination of 
| the Structure of Cellulose,’’ by Sir W. Bragg. 
INSTITUTION OF CiIviL ENGINEERS.—Tuesday, Feb- 
|ruary 25, 6 p.m., Great George-street, S.W.1. ‘* The 
Development of Lyttelton Harbour, New Zealand,” by 
| Mr. C. J. R. Williams. ** Tyne Commission Quay, North 
| Shields,’” by Mr. R. F. Hindmarsh. ‘‘ Cochin Harbour 
| Works,” by Mr. R. C. Bristow. Manchester and District 
| Association: Wednesday, February 26, 6.45 p.m., 36, 
George-street, Manchester. ‘* The Work of the Building 
Research Station,’’ by Dr. R. E. Stradling. 

SHEFFIELD METALLURGICAL ASSOCIATION,—Tuesday, 
February 25, 7.30 p.m., 198, West-street, Sheffield. 
ie Modern Developments in Open-Hearth Furnace De- 
sign,’’ by Mr. A. V. Kemp. 


| INSTITUTION OF AUTOMOBILE ENGINEERS. Manches- 

| ter Centre : Wednesday, February 26, 7 p.m., Engineers’ 
Club, Albert-square, Manchester. ‘The Double-Six 

| Engine,” by Mr. L. H. Pomeroy. 

| Betrast AssocraTION OF ENGINEERS.——-Wednesday. 
February 26, 7.30 p.m., Municipal College of Tech- 

| nology, Belfast. ‘* Mill Driving,’ by Mr. J. Leigh. 


‘| Instrrution or LocomorivE ENGINEERS.—Thursday, 


| February 27, 6 p.m., Denison House, 296, Vauxhall 
| Bridge-road, S.W.1. ‘*Some Notes on the Production 
| of Iron and Steel Details for Carriage and Wagon Manu- 
| facture,” by Mr. H. Fowler. 

| Instirute oF Metauts.—Birmingham Local Section : 
| Thursday, February 27, 7 p.m., Chamber of Commerce, 
‘*Creep of Metals at High 


INSTITUTION OF PRODUCTION ENGINEERS,—.Vanche ster 
Section : Thursday, February 27, 7.30 p.m., Blackfriars 
House, Parsonage, Manchester. ‘* Work and Scope of 
the Institution,” by Mr. R. H. Hutchinson. 


Farapay Socrety.—Thursday, February 27, 7.30 p.m., 
University College, Gower-street, W.C.1. ‘* The * Infra- 


“The Absorption Spectrum of Chlorine Monoxide,” by 
Mr. C. F. Goodeve and Miss J. I. Wallace. ‘‘ The Radia- 


Garner and Mr. K. Tawada. 

Royat AERONAUTICAL Socrety.—Thursday, Il'eb- 
ruary 27, 7.45 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. Joint Meeting with Institution of Auto- 
mobile Engineers, ‘‘ Latest Developments of Aero 


| Engines,” by Mr. A. J. Rowledge. 


| Instrrurion oF WELDING ENGINEERS.—Thursday, 
| February 27, 7.45 p.m., Caxton Hall, Westminster, 
| §8.W.1, “The Training of Operators in the Welding and 


| Cutting Industries,’’ by Mr. J. Ryder. 
| 








Tue Royat Gotp MepAL FOR ARCHITECTURE.-— 
Dr. Perey Scott Worthington has been elected to receive 
the Royal Gold Medal for Architecture, for the year 1930, 
by the members of the Royal Institute of British Archi- 
tects. His name will be submitted to H.M. the King 
as a fit recipient of the Medal. 
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THE PROPERTIES OF STEAM. 

Reports on the progress of the American research 
on the properties of steam form a prominent feature 
of the current issue of Mechanical Engineering, which 
is the official journal of the American Society of 
Mechanical Engineers. The Bureau of Standards, 
it appears, have now completed up to a temperature 
of 270 deg. C., their work on the total heat of 


water, and have also measured, at five temperatures | 


| between 100 deg. and 270 deg. C., the latent heat of 
steam. The total heats found for water prove to be 
in extraordinary close agreement with the Callendar 


table, giving the properties of steam up to 250) 


deg. C., which was published in 1915. The 
total heats assigned to water in this table 
were based on the fact that the surface film of a 
liquid serves as a membrane, impervious to all 
liquid particles, but easily penetrated by the 
vapour. It followed, therefore, from the theory of 


‘osmotic pressure, that 1 lb. of water at all tem- | 


peratures must hold in solution its own volume of 
the vapour, the latent heat of which contributes 
to the apparent total heat of the liquid. Experi- 
ment at the lower temperatures showed that when 
\this consideration was taken into account, the 


| Specific heat of the liquid, as distinct from that of | 
its vapour content, was constant and Callendar was | 


|emboldened accordingly to extrapolate his formula 
beyond the experimental range. This procedure 


| | proves to have been amply justified by the figures , 


' now published by the Bureau of Standards. Within 


|is practically perfect at all temperatures above | 
| 100 deg. C. In this connection it appears to be of | 
| some interest to note that the facts of observation 
would be nearly accounted for if each atom in a 
| gramme of water behaved in a similar way to the | 
atoms of sodium and chlorine in a salt crystal. 
The specific heat of salt is in satisfactory agreement 
with the assumption that each of its constituent 


| atoms has six innate of freedom. When the same 
| hypothesis is applied to ice, the specific heat 
|thus computed proves to be nearly twice the 
actual. Callendar in his Hawksley lecture last 
autumn suggested that much of the structure of 
ice was maintained in the liquid, and it is certainly 
noteworthy, even should it prove a mere coincidence, 
that the observed specific heat of water is but little 
greater than if each of its constituent atoms had 
six degrees of freedom. At 100 deg. C. the total 
heat calculated on this basis is but little more than 
1 per cent. in error, and much of this defect may 
plausibly be attributed to the radiation absorbed in 
the liquid. The absorption of radiation as distinct 
from its reflection necessarily implies some storage 
of energy in the molecule, and this store is not subject 
to Maxwell’s law of equi-partition. One result should 
be a lowering of the adiabatic index. This was 
certainly Callendar’s view, and in 1908 he suggested 
that the rapid increase, with rising temperature, of 
the specific heat of CO, was due to the excitation of 
a natural periodicity of the gas molecule by radiation 
of corresponding frequency, and he pointed out that 
radiation, having a wave length of 15u, would 
account for the facts observed. Again, he was, in 
the case of steam, disposed to attribute considerable 
importance to the wave-length which dominates 
the spectrum at the critical temperature. It is 
common knowledge that when the energy of the 
spectrum is plotted against wave-length, the maxi- 
mum ordinate shifts more and more towards the 
violet as the temperature rises. At 380-5 deg. C., 
at which the border lines of the steam and water 
phases meet, this maximum ordinate corresponds 
to a wave-length of about 4-41, and the spectrum of 
steam shows a strong absorption band in this region. 
At the time of his most deeply regretted death, 
Callendar was carefully investigating this absorp- 
tion spectrum with apparatus designed with his 
characteristic skill and his exceptional insight into 
the snags which waylay every experimentalist intent 
on quantitative precision. It is to be hoped that 
means will be found for continuing this research. 
The importance of studies of this kind is enhanced 
by present views as to mechanism of absorption. 
As already noted, Callendar, in his 1908 paper, 
assumed that light of the appropriate frequency, 
by some resonance effect, set something vibrating 
inside the molecule. According to present views, 
however, when radiation of a given frequency »v is 
absorbed, it is actually captured by the atom or 
molecule concerned, the internal energy of which is 
thus increased by exactly 1:55 v « 10°“ calories. 
In this connection it may be noted that Callendar’s 
equations involve the conclusion that when super- 
heated steam is expanded or compressed adiabatic- 
ally, the ratio between the normal and the co- 
jaggregated molecules remains unchanged. Now 
|if steam, saturated at 50 deg. C., is compressed 
| adiabatically to a temperature of 450 deg. C., the 
number of collisions made by the molecules will 
be increased in the ratio of 320 to 1. Hence the 
‘opportunity of forming further complex molecules 
is multiplied by the same figure, and if the 
proportion of co-aggregated molecules remains 
unchanged, the mechanism of dissociation must 
have its activity increased in equal ratio. According 
to Perrin the effective agent in all dissociations is 
radiation, and if a wave-length of 4-1 wu were 
responsible for the dissociation of the co-aggregated 
molecules in steam its energy, on a rise of tem- 
perature from 50 deg. to 450 deg. C., would, 
it appears, be increased in exactly the same ratio 
as the number of collisions made. The matter is, 
however, not quite so simple as might perhaps, 
be inferred from the foregoing. Whilst it is certainly 
true that an association can only occur as the result 
of a collision, it is also true that cases are known 
in which dissociation, and hence association, 
| appears to be independent of the pressure. In fact 


Limited, Wellington, | the range covered by the 1915 table, the agreement | | chenne- dynamic principles show that this must be 


the case unless the dissociation increases the number 
of the molecules present. An instance in which 
| there is no such increase is prov ided by hydriodic 
| acid, the dissociation of which is therefore a function 
‘of the temperature only. The collisions*which lead 
to co-aggregation are of a very special type. Appar- 
ently at least one of the molecules concerned must 
be “activated” and this “activation” may well 





258 
be due to the absorption of radiation of the same | 
wave length as that which dissociates co-aggregated | 
molecules. 
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Moreover, so far as the kilogram-calorie is concerned, | the figure for these factors in the overhead charzes 


Sir R. T. Glazebrook has warned engineers that | rose from 3s. 5$d. per ton to lls. 8d. perton. Even 


physicists are by no means prepared to abandon | with the effects of the de-rating provisions of the 


Whilst, as already noted, there is a marked | their own definition, though he fully recognised | recent Local Government Act, a burden of 7s. jer 


agreement between Callendar’s figures for the total | the advantage of the change to engineers. 


heat of water and those published by the Bureau | 
of Standards, the two sets of values for the total | 
heat of steam differ in some cases by almost 
1 per cent., even when the comparison is made | 
with the extended steam tables published by the | 
Institution of Mechanical Engineers last spring. | 
Thus, at 200 deg. C., Callendar’s revised figure is | 
H = 669-4 calories, the corresponding figure found | 
by the Bureau of Standards being 667-0.  At| 
270 deg. the comparative figures are 671-7 and | 
666-0. It is to be hoped that the discrepancy | 
will be reduced by the further researches now in | 
progress. 

Callendar’s work at South Kensington is, we 
understand, to be continued, and we note that the 
Bureau of Standards is considering the question 
of installing apparatus for the measurement of 
total heats by the continuous-flow method. These 
discrepancies in total heats have, it may be 
noted, but a small effect on efficiency ratios, since 
the lower the figure accepted for the total heat 
the smaller is the corresponding entropy. In 
formulating an equation to represent their latent 
heat determinations, the Bureau of Standards 
have adhered to the classical view that the latent 
heat: vanishes at the same time as the meniscus. 
This procedure seems hardly justified by the present 
state of our knowledge since, whilst Callendar may 
be in error as to the exact value of the latent heat 
at the point in question, it seems inconceivable | 
that he is mistaken as to its having there a finite 
value. This conclusion is confirmed by the very 
fact that if the water became contaminated, he 
found the whole character of the phenomena 
changed and in the direction required by the 
classical theory. 








Experiments on the specific volume of steam have 
been in progress for some years past at the Massa- | 
chusetts Institute of Technology under the direction | 
of Professor L. B. Smith and Mr. F. G. Keyes. In } 
the progress report on this work, published in the | 
current issue of Mechanical Engineering, mention | 
is made of troubles arising from the extraordinary | 
solvent power of water at high temperature. At} 
the outset nickel bombs were used, but were attacked | 
by the water with a consequent evolution of hydro- | 
gen. This, however, managed to escape owing to the | 
permeability of the metal to the gas in question. | 
In view of the lack of action of air-free water on | 
polished steel at ordinary temperatures, it was 
hoped that this metal would be equally resistant at 
higher temperatures ; but so soon as the tempera- | 
ture was raised and measurements started, the | 
presence of fixed gas was detected. A remedy was | 
found by keeping down the temperature during the | 
preparatory evacuation of the bomb, so as to| 
avoid destroying the film of oxide on its interior. | 
The values found for the latent heat differ from 
those deduced from the Bureau of Standards | 
formula by about 3 units at 241-6 deg. C., which, 
again, illustrates the difficulty of experimentson steam | 
at high pressures. In their experiments on specific 
volumes American workers seem to favour large- 
scale apparatus, a choice which is well warranted 
by the ample funds at their disposal. It does not 
follow, however, that precision is necessarily gained 
by an increase of scale. Some of the best measure- 
ments of the gravitational constant, for example, | 
have been made with a Cavendish apparatus on a 
scale which perhaps was not more than one-fiftieth | 
of that used in the original experiment, a fact from 
which our own less lavishly endowed investigators 
may take comfort. 

The definition of the kilogram-caloric as the 
1/860 of a kilowatt-hour appears to be regarded by 
some as implying the disuse of Joules’ equivalent. 
It may be doubted whether this prophesy will prove 
well founded. Old habits die hard, or the oppor- | 
tunity furnished by the supersession of Regnault’s re- 
searches on steam, would have led to the disuse of the 
Fahrenheit scale by engineers. Again, the gramme 


is defined as a mass, but continental engineers regard | 
the kilogram as a weight and have thus reintroduced | 
quite gratuitously a possible source of confusion, | 


| Munro Sutherland, delivered an address review- 


ton would still remain under this heading to be 
carried by the industry. 

From the Annual Report of the Chamber of 
| Shipping we learn that the world tonnage, now 
| 68,074,312 gross tons, of which Great Britain 

Thus | owns one-third, continued to expand at the normal 
the manufacture of goods and their transportation | pre-war rate during the year, but the trade of the 
to the far-distant markets of the world should! world did not. There was thus an excess of sujply 
be subjects of vital concern to all classes of the; over demand. The position was actually worse 
community—the artists, the scientists, the landed | than might at first appear, for it was the tonnage 
proprietors and the merchants, quite as much as | under flags other than British that was expanding 
to the captains of industry and the artisans in| at an excessive rate and keeping the total at the 
the works. The well-being of all depends upon the | normal value. Another factor of importance was 
production of the factories and its distribution and|the greater speed of modern vessels, which 
sale. This is all the more true of a country, which | permitted more voyages to be undertaken each 
does not produce its own food stuffs in quantity | year, thus increasing the tonnage available. The 
sufficient to maintain its population, and must|larger size of cargo vessel appeared to have 
barter its manufactures to obtain its sustenance! been overbuilt. Small overseas craft and _ oil 
and the raw materials of its industries. Only can| tankers had almost alone done well in 1929, but 
prosperity be general throughout the land when a | there were indications that even in these types 
ready sale is possible of the goods made at home, | of vessels the economic limit of building had been 
in competition with those made elsewhere, at prices | reached. In other classes of cargo-carriers the 
that are economic. The best index to the condition | production was in excess of the needs for replace- 
of the country can be obtained from a consideration | ment of old ships. Great Britain was now building 
of the relationship of the exports and imports, | one-half of the total tonnage of new construction, 
and the information on these matters provided by but as the basic price of building an ordinary type 
the Annual Report of the Chamber of Shipping is | cargo vessel was only 30 per cent. to 40 per cent. 
always of great value, not merely as a collection of | above pre-war figures, the shipbuilders had _ but 
statistics, but also as an index to the trend towards | little, if any, profit. This increased building, how- 
future prosperity, immediate or distant, and as a|ever, had the effect of providing a solution for 
means of gauging the effects of the actions of|some of the difficult problems confronting the 
governments and other concerns, both present and | shipyards, the engine shops and the steel and coal 
past, upon trade throughout the world. |trades. Thus some industries were benefited by 

The annual meeting of this great organisation | an action accentuating the uneconomic position 
was held in London at the Hall of the Leathersellers | of the shipping industry. 

Company yesterday when the President, Sir Arthur | Various Governments had promoted large con- 

| structional programmes, and subsidised shipping 
ing the present position of the shipping industry. |and shipbuilding had resulted in a position in 
He said that owners of vessels of the mercantile | which it was not even possible for the subsidised 
marine regarded the freight rates as so poor that | ships to earn reasonable profits. Direct Govern- 
it was only possible to contemplate shipping as|ment ownership showed a decline, notably in 
being at its lowest ebb. Freights were now lower | America, where further progress was reported in 
than in pre-war days, although the working costs | the disposal of vessels to concerns under private 
of running a line of ships were about 70 per cent. | ownership, but the troublesome element of subsidy 
higher than in 1913. The drop in freights was | remained and ‘provided cheap capital for building. 
28 per cent. in the last twelve months. The | as well as generous mail subsidies. State ownership 
position at present may well be illustrated by an | of shipping had given a lesson to the world in the 
example, one of many, cited by Sir Arthur. The | advantages of leaving to private enterprise the 
freight from Australia a year ago was 37s. 6d.,| transport of goods and passengers by sea. This 
compared with 22s. 6d. to-day. Port charges and | was emphasised at the International Chamber of 
loading and discharging expenses absorbed 13s. 5d.|Commerce at its Amsterdam Conference, when a 
per ton, leaving the shipowner with a sea freight of | formal declaration was put forth dealing with the 
9s. Id. per ton for the carriage of goods 11,055 miles, | reasons why private operation in many industries. 
equivalent to Id. per ton for 100 miles transport. | including shipping, was particularly advantageous. 
Even with such figures before them the owners |The main statements related to the greater ease 
did not despair, and looked forward to a great with which private operation could adapt itself 
improvement during this year. The President | to the growing complexity of present needs ; foresee 
suggested that an early recovery of prosperity in| and stimulate further needs ; could take advantage 
the shipping industry would only be obtained by | of modern progress to decrease costs of production. 
the removal of such obstacles to trade revival as | and thus increase the purchasing power of the entire 
tariff barriers and uneconomic conditions, which | community ; could create new wealth by the 
limited production. |re-investment of a proportion of the profits and 

The country was faced with a serious adverse trade | did take risks that public enterprise placed upon the 
balance. In 1913 the imports were 769,000,000/., | taxpayers. In this latter respect, in particular, 
and the exports 635,000,000/., a balance against | private enterprise proved an important factor in 
as of 134,000,000/. Last year 1,222,000,000/, | safeguarding public finances. 
was the import figure, and 833,000,000]. that of | Coal was still the backbone of British tramp 
exports, giving an adverse balance of 389,000,000. | shipping, and represented 80 per cent. of the volume 
Increased business there was, but the net effect | of cargoes carried from the United Kingdom. Coal 
was an enormous increase in the adverse balance | exports had risen from 50,000,000 tons in 1928 
of trade. The principal causes of the inability of | to 60,000,000 tons in 1929. The increase in exports 
the country to export goods at competitive prices|from Hull was the greatest and was estimated 
was the increased cost of production. From the|at 85 per cent. From the exporters’ standpoint 
information afforded to them, the Committee of | we learn from the Annual Report that the proposal 
Industry and Trade found it difficult to resist the | to reduce the working day in the mines may more 
conclusion that the increase on the wages cost of | than counterbalance any advantage of reduced 
production—between 80 and 90 per cent. for| prices under the marketing scheme. The issues 
1925, using the figures for 1913 as a basis—was|involved in the export of coal were, however. 
largely due to the reduction in the length of the| vital to the well-being of the country and if 











THE PROBLEMS CONFRONTING 
BRITISH SHIPPING. 


INpustRY is the source of all prosperity. 
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| working week, which was not compensated for by British bunker coal was to hold its position in 


increased production per hour. In the investiga-| competition, especially with oil, and if British 


_tions of the Committee the effect of such charges | ports were to retain their hold on ample shipping 


as health insurance, unemployment insurance and | facilities for the nation’s export and import trade, 
local rates, was worked out on the basis of the|it was essential that it should be supplied at the 
production of a ton of steel. From 1913 to 19231’ lowest possible export price. 
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DIsCOURSING at the Royal Institution on Febru- 
ary 7, on diving and the improved provision made 
for the safety of divers and submarine crews, 
Mr. Leonard Hill, F.R.S., first mentioned the new 
submarine escape dress of Mr. R. H. Davis which, 
after trials at a depth of 130 ft. in Loch Long 
last summer, had been adopted by the Admiralty. 
The dress was less bulky than a soldier’s gas mask. 
When a submarine was accidentally sunk, Mr. Hill 
stated, each man put on his dress, filled the breathing 
bag partly with oxygen from the small cylinder 
fixed below the bag, as he was trained to do, and 
breathed through a _ soda-lime cartridge. The 
submarine having been flooded to equalise the 
air and water pressures, a hatch was opened through 
which the men floated up, one by one ;_ the bag 
acted as a balloon, and a cock could be opened 
when the distension became too great. There 
was no risk from the dangerous formation of 
nitrogen bubbles in the body fluids even when a man 
came up quickly from a depth of 300 ft., because 
he had breathed oxygen from the moment the 
submarine had been flooded. 

In another outfit shown, the new self-contained 
diving dress, neither hose pipe nor air pump was 
required ; the diver merely carried a life line with 
a telephone connection in his helmet, in which an 
injector kept a mixture of air and oxygen in constant 
circulation through a soda-lime canister. The safe 
percentage of oxygen, Mr. Hill explained, depended 
upon the depth and time. In shallow water, 50 per 
cent. of oxygen might safely be breathed for two 
or three hours ; and at 100 ft. depth for not more 
than half an hour. For greater depths, the per- 
centage of oxygen had to be reduced, say, to 10 per 
cent. for deep work, and this would be safe provided 
that the soda-lime removed the carbon dioxide. 

Before discussing these physiological problems, 
Mr. Hill described the submersible decompression 
chamber of Mr. Davis, successful tests of which 
had been carried out in Loch Long. An attendant, 
in ordinary dress, went down in a cylindrical decom- 
pression chamber which could accommodate two 
men. The chamber was lowered to a depth of 
about 66 ft.; it was fitted with an electric lamp, 
&c., and with doors at the top and bottom. The 
lower door was kept open while the man was 
waiting for the diver to ascend from below, the 
air pressure keeping the water out of the cylinder. 
The diver having finished his work, ascended rapidly, 
finally on a small ladder, and pushed his helmet 
through the lower open door of the chamber. The 
attendant took off the diver’s helmet and helped 
him in. The lower door was then closed, and the 
chamber raised for decompression on board ship or 
in port. The ascent from the bottom of the sea 
to the ship’s deck in this way did not take more 
than 8 minutes, and the discomfort involved in the 
old method of decompression in stages was avoided. 
The decompression period, moreover, was shortened 
by being effected in an oxygenated atmosphere. 

The danger of poisoning by carbon dioxide 
should not be under-rated. If one air pump could 
maintain efficient ventilation of the helmet at one 
atmosphere, an additional pump was required for 
each further atmosphere, so that ten pumps would 
be required for a depth of 300 ft., where the pressure 
would be about 10 atmospheres. At that depth, 
the partial pressure of the oxygen in the air would 
be two atmospheres, and oxygen pressures of more 
than 0-7 atmosphere were dangerous, setting up 
inflammation if prolonged. Bornstein, however, 
had breathed oxygen at three atmospheres in the 
Elbe tunnel works for 48 minutes, and others had 
done so for 30 minutes without harm, while in 
America oxygen pressures of 12 atmospheres had 
heen sustained for short periods. In order to 
reduce poisoning by oxygen, the air percentage 
in the Davis helmet could be halved, and it might 
have to be reduced further. For short periods, 
however, breathing of oxygen had the beneficial 
effect of washing the nitrogen out of the system. 
In certain experiments, 30 c.c. of nitrogen had been 
Washed out in this way from a man at rest in the 
first few minutes, and 50 c.c. from a man working. 
In 10 minutes, half of the nitrogen, i.e., probably 
the amount which would cause dangerous nitrogen 
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chamber at about 66-ft. depth. These conclusions 
were based largely upon experiments with animals. 
Mr. Hill mentioned the successful experiments made 
in the United States Navy with mixtures of oxygen 
and helium; helium was less soluble in the blood 
than nitrogen, and more readily diffusible. 

There were, however, other dangers threatening 
the diver. When the American submarine 8 51 
was being salved, one of the inlet valves became 
blocked with ice, and one man only saved himself 
from suffocation by knocking the ice off by striking 
the outside with a spanner; the air supply was 
afterwards dried to prevent the recurrence of the 
trouble. It was astonishing that divers could work 
at all with their hands exposed to icy water; the 
best protection was a thick knitted wool glove, 
of loose mesh, with an external rubber glove. 
A famous diver nearly lost his life because his out- 
let valve had become clogged and the air supplied 
blew out his dress; a fellow diver, however, was 
able to signal up in time. In such cases, the diver 
had to be sent down again at once to the decom- 
pression chamber. 

Mr. Hill finally referred to the so-called German 
|iron man, a man encased, at ordinary pressure, in 
a steel harness of sufficient strength to withstand 
high pressures when lowered into the water. Ball- 
bearing joints permitted a certain amount of awk- 
ward movement to the man, who breathed oxygen, 
| CO, being absorbed. He could operate certain tools 
| with the aid of a kind of scissor handles projecting 
'through the harness, but he lacked the sense of 
'touch ; while he could place and light a charge of 
gun cotton, he might fail to shackle a rope to a 
buoy. In spite of a powerful electric lamp and 
windows, visibility was very poor, even in clear 
water, at a depth of 200 ft., sunlight being not more 
intense than starlight. 








FLYING WITHOUT ENGINE POWER. 


| MeN tried to fly long before they had engines to 
|help them, and when they began to know how to 
ido it, the difficulty of obtaining a suitable engine 
remained for a long time one of the chief obstacles 
to their success. Yet, as every one knew who had 
tried it, much more than the design of an engine 
had to be learnt before flying could be a practical 
art, and much more still remains to be discovered 
or invented before the practice will correspond 
with what may be reasonably desired. If the 
knowledge has not yet been obtained, it is not for 
want of trying. Laboratory experiment, mathe- 
matical theory, mechanical genius and enterprise, 
and an unexampled volume of courage and en- 
thusiasm have been devoted to seeking it during the 
present century, and during the last ten years these 
have been supplemented by the revival of the 
earliest form of the endeavour to fly. Once again 
attempts have been made to fly without engine 
power. The present practice of aviation, like the 
unfortunate earlier endeavours to attain it, began 
without engines, and much was learnt from these 
endeavours to the advantage of the art when at 
last engines became available. In the last ten 
years, however, it has been thought that a good 
deal more might be learnt by renewing the study 
of flight without mechanical assistance, and in 
two papers, read this week before the Royal Aero- 
nautical Society, an outline is given of the progress 
that this study has made in Germany, where the 
revival originated. In one of these Professor 
Dr. Walter Georgii, who has been associated 
actively with the movement, gives an account of 
ten years’ gliding and soaring in Germany, and in 
the other Mr. Fritz Stamer describes shortly the 
flying school at the Wasserkuppe, at which much of 


the recent progress has been made, and where the 


work is being energetically continued. Up till now, 
the habit of making such flights as are possible 
without mechanical assistance has not become 
general among either students or aeroplane pilots 
in this country, and it may be of interest to indicate 
how far it appears to have gone elsewhere, and 
what results are hoped from it. 

Popularly this branch of aviation is known as 
gliding, for it began as a descent, but its present 


development includes also soaring, and sometimes 
to considerable heights. The revival was started 
at Frankfort in 1920 as a substitute for power 
flying, which young Germans could no_ longer 
learn. It was hoped that if gliders could be de- 
veloped to carry appreciable loads they would at 
once serve to assist the evolution of light aero- 
planes for purposes, as the author says, of sport, 
contribute to the progress of aeronautical science, 
and lead young men to acquire a sound team spirit 
and a practical interest in technical and scientific 
work. The glider was a cantilever low-wing 
aeroplane, designed to offer the least possible head 
resistance, and the record established at the first 
competition, held in August, 1920, was that a ma- 
chine remained in the air for 2 minutes 22 seconds 
and covered a distance of 1,830 m. Compared with 
what had been done before, this was a respectable 
performance, but it gave no hint of the astonishing 
progress that was to follow in the next few years. 
By 1922 the record for duration of flight had risen 
to over 3 hours, and soaring flights were accom- 
plished up to a distance of 9} km. In 1929 a ma- 
chine remained in the air for over 14 hours, and in 
another flight a distance of 150 km. was covered 
and a height of over 2,000 m. attained. 

At the outset the restrictions imposed on power 
aircraft left those in Germany, who wished to fly, 
with no opportunity of doing so except by de- 
veloping what Dr. Georgii calls, happily, sailing 
aircraft. The soaring flights of 1922 were followed 
by soaring competitions in England, France, Italy 
and Russia, and up to that point the restriction on 
flying in Germany seem to have operated to 
intensify the keenness with which gliding was fol- 
lowed up, and presumably to have been largely 
responsible for the striking advance that was made 
in the study of flying on the new lines. When, 
however, it became possible to fly light power 
aeroplanes again, the sporting as well as the techni- 
cal interest seemed to turn to them, and to neglect 
the study of flying without power. It was in these 
circumstances, about the middle of the period under 
notice, that the Rhén Rossitten Gesellschaft was 
founded for the purpose of promoting gliding 
activities in every way. The management was 
placed in the hands of Dr. Georgii in 1926, and a 
special research department was established for 
technical and scientific investigations. It became 
rapidly the centre of the gliding movement in 
Germany and in other countries. The Society 
sent, for instance, instructions to the United States 
on the formation of the gliding school at Cape Cod, 
gave full training to a French educational commis- 
sion, and sent technical advice to Hungary, Holland 
and Belgium. Vigorous and continuous progress 
has also been made at other centres in Germany, 
where glider schools have been established. 

In substance the experience of the last ten years 
has shown that, though the air currents to be found 
in the atmosphere may not be able to meet the 
needs of aircraft, for transport, they are sufficient 
to allow a wide range of flying without mechanical 
assistance. As now practised, gliding and soaring 
form a sport in which most of the essential qualities 
of an airman can be tested, practised and developed, 
and at the same time furnish a practically new line 
of attack on many scientific and technical problems 
involved in aviation. Already the results obtained 
from it are said to have led the way to obtaining 
results from aeroplanes with low engine power 
which formerly required high powers. In addition, 
however, to the effect of the knowledge gained in 
these flights on the design of light aeroplanes, many 
authorities, including Dr. Georgii, regard the effect of 
practice in gliding and soaring as highly beneficial 
in the training of aeroplane pilots. The operation 
of this form of flying depends on utilising the 
energy of natural currents, which may be set up 
by the presence of hills and other topographical 
variations of contour, of clouds, of temperature 
differences and other causes. Prolonged flights, 
are usually performed, and considerable altitudes 
may be attained, by recognising the presence of 
such currents and travelling by them to a higher 
altitude, shifting on to some other current when the 
first gives out, or is not in so favourable a direction 
for the intended flight, and so on. It is expected 





that readiness to detect these currents and their 
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| those years and world launchings 12 per cent. 


causes of their occurrence, and judgment of the | higher. 


likelihood of their presence or disappearance, will 
constitute a weather sense, which the practice of glid- 
ing will teach pilots intensively, giving them more 
experience in a flight of 100 km. from hill to hill and 
from cloud to cloud than in a year’s flying on power 
craft. The experience by which the range of non- 
mechanical soaring has been enlarged to the remark- 
able extent illustrated above has shown that wind 
and weather are rather tools with which skilled 
pilots will improve their travel than forces of which 
they should be afraid. There is doubtless a further 
technique required in power flying, but it is held 
by many that gliding and soaring experience will 
do much to provide what is most essential, apart 
from the occasions, such as the trans-Alpine service, 
when familiarity with currents in such regions has 
been of direct advantage to aeroplane pilots. It is 
thought, in fact, that gliding and soaring stand to 
power flying in something of the relation that exists 
between sailing and steam experience, and on this 
view may become a desirable or even a necessary 
part of a power-plane pilot’s training. 

Whether this will turn out to be so is a matter 
of aviation technique, which probably will not 
take long to decide. Meanwhile German aeronauts 
must be congratulated on the brilliant results they 
have obtained in the face of what was far from an 
encouraging prospect. 








THE ENGINEERING OUTLOOK. 
VITI.—Marineé ENGINEERING. 

THE prosperity of marine engineering is naturally 
dependent upon that of the shipbuilding industry. 
Shipbuilding activity is, in turn, normally governed 
by the position of shipping. The year 1929 has seen 
a progressive decline in the index of shipping freights 
from a level a little above the 1913 average to one 
distinctly below the average for the years 1898— 
1913. Taking the latter period as 100, the average 
for 1913 was 116-3, for the month of January, 1929, 
127-5, and for January, 1930, 94-4. This decline 
has been common to all routes and has brought 
freights to the lowest point reached since 1910. 
Taking into consideration the fact that the general 
level of prices is very much higher than in 1913, it 
will be seen that in relation to the cost of providing 
shipping services, the real return to shipowners is 
approximately half that which prevailed before the 
war. 

The large amount of idle tonnage available in 
this country is, no doubt, partly the cause and 
partly the result of this state of affairs. It is never- 
theless somewhat surprising to find in the face of 
such conditions an increase in the tonnage launched 
in this country to 1,523,000 tons the highest figure 
attained since the year 1921. Moreover, as will 
be seen from Table I., the bulk of this tonnage has 
been constructed for British owners. 


—Merchant Vessels launched in Great Britain and 
Ireland during 1929. 


TABLE I. 


Tonnage 





Countries for No. of Gross : 
which Intended Vessels. Tonnage. Pencentage 
of Total. 
Great Britain and 
Ireland : ; 375 1,262,753 82-9 
British Dominions 30 31,033 2-0 
Argentina Sy 11,330 0-7 
France 12 33,037 2-2 
Greece 2 hy 0-6 
Holland 3 0-8 
Honduras... ~ = 0:7 
Jugo Slavia .. call 3 1-2 
Norway ii | 25 6-0 
Spain 7 0-6 
Sweden se 4 1-3 
Other countries 18 1-0 
Total... $s 489 1,522,623 100-0 


Tonnage launched in the whole world in 1929 
was 2,793,000 tons, so that the British proportion 
was 54°5 per cent. This percentage has now been 
maintained for three years and compares with 61 per 
cent. on the average for the years 1909-1913. It is 
also interesting to note that British launchings in 
1929 were almost exactly equal to the average for 
the years 1909-1913, while foreign launchings were 


It would be rash to insist upon any particular 
explanation of this curious situation, but having 
regard to its fundamental importance to the imme- 
diate future of marine engineering, it may be as 
well to put forward the one which satisfies the 
present writer. By the Treaty of Versailles a great 
deal of obsolete tonnage was handed over to this 


/country in compensation for submarine losses. 


Foreign countries, and notably Germany, either from 
causes having their root in strong nationalism or 
from necessity, built or acquired new tonnage. 


| The contraction of sea-borne trade during the worst 


of the post-war depression meant that demand was 
no longer equated to the supply of tonnage. More 
modern and efficient tonnage, often with the assist- 
ance of Government subsidies, naturally prevailed 
in the ensuing rate war and British shipowners lost 
ground heavily except as regards the most up-to-date 
portion of their fleets. Much of the idle tonnage 
which has remained ‘‘ unemployed ”’ for some years 
past is “unemployable ”’ and will never be used 
again. The policy of British owners in face of this 
situation has been to ‘“‘ hold on”’ in the hope that 
general trade revival would restore freights to a 
level at which their older tonnage would again be 
able to earn, and that policy of non-construction 
has been responsible for the long succession of lean 
years for shipbuilders. It has not, however, been a 
successful policy even as regards the objects for 
which it was contrived. As long ago as in January, 
1927, in this series of articles, the following com- 
ment was made :— 

“It is beyond our power permanently to arrest 
the construction of new and efficient tonnage by 
foreign nations. It would appear at least open to 
question whether British shipowners would not be 
repaid by a bold policy of scrapping. . . . In that 
case, they would have little reason to fear com- 
petitors ... while British marine engineering 
would be rescued from the slough of prolonged 
depression.” 

From the statistics of ‘‘ vessels commenced ” and 
“vessels under construction,” given in Table II., 

TABLE II.—Shipbuilding Activity, Great Britain and 

Ireland, 


| Vessels under 


Vessels Commenced, Conateichion, 












Year. = 
(iross Index Gross 1913 100 
Tons. {1913 100 Tons. a 
— ! - 
| | 
1913 quarterly) 
average..| 466,582 100-0 2,002,699 | 100-0 
1921— 
Ist Qr. 84-2 3,798,593 189-7 
2nd 14°8 K 176°3 
3rd 11-0 163°9 
4th , 11-9 131-8 
1922— | | 
Ist Qr. 51,008 10-9 2,235,998 111-6 
2nd ‘ 38,877 | 8-3 1,919,504 95-8 
ae 82,428 17-7 1,617,045 80°7 
4th aes a rg 49°5 1,468,599 73°3 
1923— | 
Ist Qr. ..| 355,203 76-1 74:5 
2nd ,, ..| 241,283 51-7 66-8 
3rd 2 ol SEL860 24-0 63°5 
4th ,, ..| 244,506 52-4 69-7 
1924— 
ist Qr 48-8 73°6 
2nd , 80-4 75°7 
3rd, 54-2 73°3 
4th ,, 41-7 64-8 
1925— | 
Ist Qr. | 43-4 58-2 
2nd , | 40-7 ,093,£ 54°6 
3rd_s,,_=..| ~260,551 55:8 1,009,155 50-4 
4th ,, ..| 160,986 34-5 885,013 44-2 
1926— 
Ist Qr. ..| 193,121 41-4 843,070 42-1 
2nd ,, ..| 168,483 36-1 841,338 42-0 
wn” ag Mee 68,327 | 14-6 774,797 38°7 
4th ., ..| 152,404 | 32°7 760,084 38-0 
1927— 
Ist Qr. 579,839 124-3 60-8 
2nd _ ,, ..| 487,112 | 93:7 | 69-4 
Std ,, ~..| 370,073 | 79-3 76°7 
4th | 80-9 78-9 
1928 
Ist Qr. 71-9 
2nd , 60-0 
3rd 54-4 
4th 62-1 
1929— 
Ist Qr. vied “8 
2nd eS 91-8 6 
3rd +» «el 600.087 77°2 (2°3 
4th » «+| 499,020 107-0 77-9 





it would appear that a long hoped-for change has 


31 per cent. above the corresponding figure for | come over the policy of British shipowners. 





The figures for 1927 were swollen by the after- 
| math of the general and coal stoppages in the pre- 
‘ceding year, but the improvement in 1928 and 1929 

appears to be of a more deliberate nature and on a 
scale which argues an important change of policy. 
There can be no question, however, that to sustain 
this activity and carry through the new policy to 
success in 1930 will be a far more difficult matter 
than it would have been three years ago. The policy 
of “holding on” for so many years has not been 
without its effect on the resources, even of our great 
shipping companies. 

As regards the year 1929 marine engineering has 
been favourably affected by the upswing in ship- 
building noted above. A reliable measure of activity 
in this branch of engineering is afforded by statistics 
of employment. In Table ITI. the official figures of 
the Ministry of Labour are given. 


TaBLE III.—National Unemployment Insurance 
Statistics. Marine Engineering. 


Numbers | Numbers 
Unemployed.) Employed. 


Numbers 
Insured. 





July 23, 1923 65,540 14,844 50,696 
July 28, 1924 65,930 10,751 55,179 
61,220 13,450 | 47,770 

58,030 | 41,256 

57,130 | 49,616 

y 23, 192 55,030 | 47,656 
July 22, 1929* 58,450 53,239 


* Aged 16-64. 


From this table it will be seen that the numbers 
employed in 1929 were greater than in any other 
year for which statistics are available except 1924, 
while, if it were possible to include the number of 
workpeople over 64 years of age, 1929 might prove 
even equal to that year. Hardly less significant is 
the fact that increased employment has been the 
result not only of decreased unemployment, but 
also of an increase in the numbers insured. Thus 
for the first time since 1924, the exodus of work- 
people from this branch of industry has been arrested 
and has given place to a net influx. 

Another guide to employment is furnished in 
Table IV., which is compiled from an investigation 
by sample in the principal marine engineering 
districts. 

TABLE LV._-Employment in Marine Engineering. 


Index 
| July, 1914 = 100. 


Numbers 
Employed. 


1914, July .. 18,048* | 100-0 
1920, May .. : - 20,565 | 113-9 
1923— | 
Ist half year F 7,980 44-2 
2nd half year 7,258 40-2 
> 
ist half year 9,547 | 52-9 
2nd half year 11,155 | 61°8 
925— | 
Ist half year 11,023 61-1 
2nd half year 9,279 | 51-4 
1926— 
Ist half year es 8,931 | 49-5 
2nd half year at 7,997 | 44-3 
1927— | 
ist half year 10,388 57-6 
2nd half year 12,540 69°5 
1928— 
Ist half year 13,606 75:4 
2nd half year 11,819 65-5 
1929— 
Ist half year 12,533 | 69-4 
2nd half year 14,198 | 78°7 





* Partly estimated. 


Here it is seen that employment shows a marked 
improvement in 1929 over 1928 and previous years 
which is in consonance with the official figures ; but 
whereas Table III. only relates to a single week, 
Table IV. gives more detailed information, and indi- 
cates that the latter half of 1929 has witnessed con- 
siderably increased activity as would be expected 
from the statistics of tonnage commenced in Table II. 
above. 

The statistics of exports of marine engines from 
the United Kingdom are given in Table V, on p. 261. 
Although the last two years have witnessed some 
improvement in both the volume and value of these 
exports, they remain at little more than half the 
pre-war level. This decline is easily explained. Of 
the vessels launched in this country, 1,056,000 tons 
were steamers and 467,000 tons were motor vessels, 


_whereas abroad motor tonnage amounted to 802.000 
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tons, or nearly two-thirds of the total. Not only 
have foreign countries built their own requirements 
for reasons of national policy, but in building up 
their marine engineering industries they have con- 
centrated upon the internal-combustion engine. It 
is particularly in this type of engine that the British 
manufacturer is, therefore, not supreme, although 
it has been adopted and thoroughly developed in 
this country. The ascendancy of the Diesel engine 
is, however, even now, to some extent, a matter of 
fashion, while any change of price policy on the part 
of the large oil producers as a result of changes in 
the accepted engine for land motor transport might 


TaBLE V.—United Kingdom Exports of Marine Engines. 





| Volume. Value. Value per ton. 
es | Tons. | £ £ 
=e An ene See ss, | 
1013: .. re Pee 54,568 2,336,509 42°8 
1919 .., ee a 5,850 | 505,652 | 86-4 
1920 .. ee ie 61,904 | 6,908,868 111-6 
1921 .. a .-| 64,994 129-1 
1922 .. eS wal 82,842 108-3 
1023)... és reed 38,622 80-9 
1924. a ..| 92,491 | 78-2 
1925 .. ae vel 27,363 | 83-0 
1926 .. = | 22,830 | 72-1 
1927 .. ge zal 17,620 74-8 
1928 .. a a 29,970 | 74-9 
1929 .. ae a 29,220 | 2,241,000 76°7 


be sufficient to redress the balance in favour of the 
steam engine. This would, in any case, be a matter 
of gradual development, so that in the immediate 
future no- great increase of activity for the marine 
engineering industry can be looked for from the 
export field. Surveying all the considerations 
which have now been taken into account, the con- 
clusion emerges that no assured prospect of pros- 
perity comparable to that of pre-war days can be 
predicted for marine engineering. No improvement 
can be expected from the export side. Considerable 
doubt must be expressed as to whether the British 
shipowner can maintain without interruption the 
spurt which is at present being made. It can 
be said, however, that the necessity of a progressive 
policy is now recognised and on balance the year 
1930 should be rather better than 1929 for marine 
engineering. 








NOTES. 


THE British INDUSTRIES Farr. 


Tue British Industries Fair duly opened in 
London and Birmingham on Monday last, and 
will remain open until the 28th inst. The year is 
notable in the history of the Fair for more than 
one reason. It is the first year that the London 
section has been at all adequately housed, and it is 
to be hoped that such conditions as prevailed 
last year due to the inclemency of the weather, 
will now be impossible of repetition. The Birm- 
ingham Section has again shown a great advance, 
both in area and in the representative character 
of its engineering exhibits. Again it is the first 
year in which the Fair has been held while a 
Labour Government has been in office, and those 
who were present at the inaugural banquet given 
by His Majesty’s Government at the Mansion House 
on Monday evening, would have realised that for 
the first time ladies were present, and present in 
official capacities. The company, in fact, was 
addressed by the Right Hon. M. Bondfield, M.P., 
replying to the toast of the British Industries 
Fair, proposed by His Royal Highness, the Duke 
of York. His Royal Highness, in proposing this 
toast, spoke of the value which the Fair was to 
those who could not carry on propaganda work on 
a larze scale. The Fair was advertised all over 
the world and throughout the year, and those who 
participated in it benefited by these facts. It was 
an exccllent example of co-operation. He did not 
think, however, that sufficient advantage was taken 
of the Fair as a result of propaganda in the English 
languaze. People at home had the subject 
Constantly brought to their notice, but failed to 
Seize the opportunity the function presented of 
buying the best that was to be had. At the same 
time we had to realise that in order to exist we 
had to sell most of our goods abroad. All exhibitors 
Were under a great responsibility of not risking 
cur export trade by selling anything that would 








ENGINEERING. 
not give lasting satisfaction to the buyer. Miss 
Bondfield, in acknowledging the toast, said she 
thought more might be made of the fact that the 
women of this country were responsible for a great 
deal of expenditure, and might be induced to 
spend the funds they controlled in a way which 
would improve our trade and employment. We 
believe that on former occasions this function has 
been presided over usually by the President of the 
Board of Trade; on Monday last, however, the 
Board of Trade was not represented, Mr. Arthur 
Henderson presiding. In proposing the toast of 
“Our Guests,” Mr. Henderson spoke of the 
expenditure of this and other countries on the 
fighting services and preparations for war. The 
Right Hon. Minister’s speech did not seem to be 
altogether one appropriate to the occasion, his 
argument being that if we could get rid of all 
expenditure in such directions (including war debt) 
it would be possible to spend something like 
500,000,000/. more a year on social services and 
reconstruction. It seems, however, obvious that 
if all such expenditure were stopped there would be 
first of all an insistent demand for reduced taxation. 
The evening was enlivened by one or two sallies by 
Mr. G. N. Guest, and by amusing references to the 
delicate question of tariffs and preferences by the 
High Commissioner for Australia. A compre- 
hensive account of the engineering exhibits of the 
Birmingham Section of the Fair was given in the 
24-page Supplement published with the issue of 
ENGINEERING of last week. 

CoaL-GAs POISONING. 

The report to the Board of Trade just presented 
by the Departmental Committee on Deaths from 
Gas Poisoning is likely to meet with general 
approval among those qualified to judge. The 
facts they had to investigate were sufficiently 
alarming. In the ten years from 1918 to 1928 
the total number of deaths in Great Britain 
attributed to coal-gas poisoning had more than 
trebled. The large majority of the increase, 
however, had been in deaths found to have been 
due to suicide, apart from the not inconsiderable 
number where suicide was a possible but not a 
demonstrated cause. During that period the only 
toxic constituent of coal gas—carbon monoxide— 
has been introduced into gasworks practice in 
larger quantities than before, and it was questioned 
whether the increase in cases of gas poisoning 
might not have been caused by this change in 
practice. A special instance was the experience 
of the year 1926, when there was an appreciable 
increase in the number both of accidents and of 
suicides, and simultaneously a necessity for many 
gas undertakings to supplement their coal gas by 
an unaccustomed excess of carbon monoxide. 
The experience of this year, in which exceptional 
distress was caused all over the country, is perhaps 
hardly safe as a guide to the incidence of suicides 
from any cause, but the committee found that 
there was some evidence to suggest a connection 
between the increase in the amount of carbon 
monoxide in gas and the increased number of 
cases of gas poisoning. On the other hand, no 
doubt existed but that coal gas as made without 
any addition contains a proportion of carbon 
monoxide fully adequate to poison those who 
inhale it. The committee’s conclusion was that 
the benefit of cheap gas to public health was 
more important than the probability of any 
decrease in the number of gas-poisoning cases 
through restricting the addition of carbon monoxide. 
Any contrary measure would both leave for sale 
the coke at present used in making water-gas 
for mixing with the coal gas proper, and would 
bring on to the market in addition the coke and 
tar produced in the manufacture of the coal gas 
to replace the prohibited water-gas, with the 
inevitable result of decreasing coke prices and 
therefore increasing that of gas. The use of 
geysers without a proper flue is recommended to 
be made unlawful, and one or two minor safe- 
guards against leakage and its consequences are 
suggested. In other respects the committee re- 
commend only measures of vigilance and enquiry, 
in which they will certainly have the support of 
the gas authorities, whose interests in the matter 
are substantially those of the whole community. 
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It is a relief to be able to report the results of an 
official enquiry which has not led to proposals for 
various new restrictions on industrial activities. 


PROPOSED ENGINEERING MusEuUM FoR NEWCASTLE- 
ON-TYNE. 

A museum is an interesting record of past achieve- 
ment, as well as being a useful stepping-stone to 
further effort. It is above all a road to knowledge, 
which no engineering student, at any rate, can afford 
to neglect. In more than one way therefore, New- 
castle-on-Tyne has suffered from the lack of such an 
institution, and we are glad to learn that steps are now 
being taken to repair the omission. As a result of 
correspondence in the press and representations to 
the North-East Coast Institution of Engineers and 
Shipbuilders, the facts have been laid before the 
Lord Mayor of that city with the suggestion that 
a committee representative of all branches of the 
engineering industry on the north-east coast should 
be convened to review the position. We hope that 
those efforts will be crowned with success, as in 
such an area there can be no lack of suitable 
material. Newcastle and its surroundings were 
the birthplace of the locomotive, the Maure- 
tania, the incandescent electric lamp and the steam 
turbine, besides being the site of the utilisation of 
electric and hydraulic power on a large scale. These 
and other engineering achievements should therefore 
be suitably commemorated not only as a matter of 
civic pride, but for more mundane and practical 
reasons. This applies equally whether the engineer- 
ing student or the general public is considered. 
The latter especially is now interested, far more than 
it ever has been, in discovering how the wheels go 
round, and that curiosity should be encouraged, 
since with it will go a better appreciation of all 
that engineering means to civilisation, and the 
realisation that its progress must be stimulated in 
every possible way. 


Tur MANCHESTER ASSOCIATION OF ENGINEERS. 


A considerable field for speculation often arises 
from a study of the toast lists of the professional 
annual dinners chronicled from time to time in 
these columns. Thus, for example, it might be 
interesting to examine how much of their profes- 
sional success, or the want of it, as they might 
claim, those engineers assembled at Manchester 
on Friday, February 14, owed to the predecessors 
of the High Master of the Grammar School and 
the Principal of the College of Technology. The 
occasion was the annual dinner of the Manchester 
Association of Engineers, and Mr. Douglas Miller, 
and Mr. B. Mouat Jones, the present respective 
holders of the two offices referred to, and both 
on the toast list, might well have given their 
opinion as to the best method of training the 
embryo engineer. The opportunity was neglected, 
however, and the older engineers present were left 
in ignorance as to whether they were to be pitied 
or congratulated on the course taken in their 
earlier years. Education certainly has something 
to do with professional success, and its influence 
on character was doubtless in Dr. Adamson’s 
mind when, in proposing the toast of “Our 
Guests,” he referred to the disorganisation caused 
in an industry by interna] jealousies, and the 
narrowness of vision which attempted to remedy 
a declining business by such expedients as change 
of management, when closer study of foreign 
competition and meeting with foreigners was 
a truer remedy. Rationalisation, he thought, often 
seemed to be only the amalgamation of unsuccessful 
concerns, and neither Government interference with 
industry nor Economic Advisory Councils were 
likely to be helpful. Two of the speakers had the 
task of filling gaps at short notice. “The City 
and Trade of Manchester’? was proposed by 
Mr. P. M. Oliver, M.P., in the place of Mr. Frank 
Hodges, unavoidably detainedin London. The toast 
was replied to by the Right Hon. The Lord Mayor 
of Manchester, Councillor R. Noton Barclay, and 
both gentlemen sounded a pleasantly courageous 
note in view of the trade depression. The other 
absentee, due to sickness, was the President of 
the Association, Mr. James A. Robertson, whose 
place was capably filled by the ex-President, 
Mr. W. G. Gass. 
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THE AMERICAN SOCIETY OF NAVAL 
ARCHITECTS AND MARINE EN- 
GINEERS. 

It is always of great interest to those concerned with 
technological work to study, whenever the opportunity 
is afforded, the lines of development and progress 
in their particular spheres in other lands, and to learn 
of the deductions from fundamental scientific research 
work throughout the world. For these reasons, and 
because of the excellent quality of some of the papers 
submitted, it is proposed to call attention to the 
principal matters dealt with at the thirty-seventh 
general meeting of the Society of Naval Architects and 
Marine Engineers, recently held in New York. 

The papers covered a wide range of subjects, from a 
mathematical investigation of the inertia of the water 
surrounding a vibrating ship to the economies obtainable 
with modern boiler and turbine units and the compara- 
tive operating costs of Diesel and steam-driven cargo 
vessels. Two papers dealt with the findings of the 
International Conference on Safety of Life at Sea, and 
the naval side of affairs was represented by a paper on 
the “ Trial Trip Data of the U.S.S. Saratoga,” the first 
large aeroplane carrier built for the United States 
Navy. 

THe War Work OF THE GREAT LAKES SHIPYARDS. 
Mr. Henry Penton dealt, in an interesting manner, 

with the activities of the shipbuilders in the Ninth 
District, according to the classification of the American 
Fleet’ Corporation, in war time in his paper entitled 
‘* Notes on the Work of Great Lakes Shipyards in the 
World War.”’ There was a great demand for ocean 
tonnage in the early years of the war in the form of 
comparatively small vessels, and, when the United 
States Fleet Corporation issued its requisitioning order 
on August 3, 1917, there were actually under construc- 
tion in the Great Lakes shipyards no less than 106 steel 
cargo ships. All but seven of these were being built for 
ocean service and mainly to foreign orders. After some 
delay, arising from the difficulty of convincing legal 
minds that it was not possible to take ships of 550 ft. 
length and 58 ft. beam through a lock 260 ft. long and 
15 ft. wide, the seven vessels built for lake service were 
released to their owners and the other 99 were requisi- 
tioned. Later, direct| contracts were given for 346 
ships, of which 13 were subsequently cancelled, making 
a total programme of construction of 432 steel sea- 
going vessels. These represented a total deadweight 
tonnage of about 1,700,000 tons, and all were completed 
and put to service. At the time of the requisitioning 
order, there were available for canal-sized ships about 
forty berths, and, under the system of side-launching 
universally employed in the yards on the Great Lakes, 
it was found possible to build two vessels on most of 
these berths. By the end of the war, the number of 
these berths had been increased to eighty. 

The various builders co-operated in the design of a 
ship of the maximum tonnage that could pass through 
the canals to the ocean, and contracts for 84 of these 
vessels, of 4,200 tons deadweight each, were placed 
early in 1918. An effort was also made to produce 
a design for a 6,000 ton ship that could be built in two 
sections and re-united below the canals, but the scheme 
proposed was later abandoned. Modifications of the 
original design of the 4,200-ton ships were made later, 
and resulted in the reduction of the deadweight to 
4,050 tons. All the vessels requisitioned or ordered 
had triple-expansion engines of a standardised design, 
and all but 18, which were provided with water-tube 
boilers, made use of steam generated in Scotch boilers. 
Air heaters were used in all those not provided with 
water-tube boilers, but no superheaters were installed. 
They were all intended to use coal as their fuel, but 
the design, in the case of the last 155, was modified 
before construction was started to permit the use of 
oil burning. The severe winter of 1917-1918, which 
started early, caused uneasiness in the minds of the 
constructors, but 27 vessels were got out to sea, 
only 15 of which were actually due for delivery, before 
navigation became impossible. By the co-operation of 
the various builders, the ungrudging assistance ren- 
dered by the classification societies, and the goodwill 
existing between th» constructors and the District 
officials of the Fleet Corporation, the Great Lakes 
shipyards were able vo render conspicuous service to 
the cause of this country. 

BULK-CaRGO VESSELS ON THE GREAT LAKES. 

Ships built for specific duties, differing greatly from 
those of general service at sea, impose conditions upon 
the designers, the means of meeting which are always 
of interest. In a paper bearing the title ** Great Lakes 
Bulk-Freighters,”” Mr. William Bennett drew attention 
to some of the features of these vessels, which affected 
their relative strength and efticiency, with the object 
of making deductions of practical importance in their 
development and construction. The Great Lakes 
were surrounded by very productive regions, and were 


consequently used extensively for the transportation 
of iron ore, grain, timber, coal, limestone and otber 
materials ; the magnitude of this work may be judged 
from the fact that about one-fifth of all the vessels 
registered in the United States are in service on these 
waterways. There were no less than 839 ships, of 3} 
million gross register tons, in use at the end of the 
year 1928, of which about 85 per cent. of the tonnage, 
comprising 648 vessels, were of the bulk-carrier type. 
In recent years, the lake levels have been lowered, and, 
at the present time, only 18 ft. 6 in. of water can be 
expected with certainty at the lock sills and junctions 
of the different lakes. One reason put forward for the 
reduced levels was the completion of the drainage 
canal at Chicago, whereby a large amount of water 
was deflected to the sea by the Mississippi River instead 
of by way of the St. Lawrence River. 

The statistics relating to the Great Lakes steamers 
show somewhat greater percentages of losses than were 
found with ocean-going vessels. This was largely 
due to the very sudden manner in which storms arise. 
The usual procedure of assuming wave-lengtbs equal 
to those of the vessels and their height as one-twentieth 
of the length did not meet the conditions on the Great 
Lakes, where the waves were shorter and steeper, and 
it was assumed that the wave-lengths were 300 ft. and 
their height 20 ft. 

There were five principal types of vessels in service 
on these great inland waterways, namely: ordinary 
bulk-freighters, self-unloading bulk-freighters, package 
carriers, canal steamers and oil tankers, in addition to 
passenger vessels, ferries, barges, and tugs. The ten 
largest bulk-carriers range from 8,345 to 10,480 tons 
gross, the biggest one fitted for self-unloading being the 
Carl D. Bradley, a ship of 8,806 tons gross. In average 
practice, the length was 18} times the depth. The 
ordinary bulk-freighters were fitted with side tanks or 
hoppers, vertical or sloping, extending from the tank 
top to the level of the second-deck stringer. In the 
case of some of the largest vessels, the hopper sides 
were extended to the upper deck, while in the newer 
ships the hopper sides did not stop at the tank top, 
but were extended right down to the bottom shell. 

Because of the conditions of unloading, all obstruc- 
tions in the holds were eliminated, and thus hold- beams 
and pillars were not used. Stiffened heavy plating 
was used for the inner bottoms to resist the wear 
and tear of the unloading buckets. To stiffen the 
sides of the vessels transversely and to support the 
upper deck, heavy beams of arch construction were 
incorporated in the designs. The common arrangement 
made at the loading ports was to have the spouts of 
the charging equipment spaced at 12 ft. centres, and, 
therefore, the hatches were provided with their centre 
lines at the same distance apart, or multiples of it. The 
newer vessels had hatches 12 ft. wide, spaced at 24 ft. 
centres and with 12 ft. of deck between them. Usually, 
only three transverse watertight bulkheads were fitted ; 
namely, a collision bulkhead, an after peak one, and 
another at the forward end of the machinery space. 
In addition, there was generally a ‘‘ dark hold ’’ bulk- 
head provided some distance aft of the forepeak bulk- 
head, so termed because it was in the inaccessible space 
below the forecastle. The main cargo holds were 
divided by two or more screen divisional bulkheads, 
and another was commonly installed between the engine 
and boiler rooms. Side tanks were usually provided 
for confining the cargo, as the double bottom was 
generally of sufficient capacity for water-ballast pur- 
poses. When of the self-unloading type, the bulk- 
freighters had a double-bottom of shallower construc- 
tion and the cargo holds were fitted with transverse 
hoppers sloping down to form chutes, through which the 
cargo was passed to the conveyors beneath, which 
carried it forward to the hopper elevator, and this, in 
turn, raised it to the boom conveyor. In modern practice, 
the deck and bottom are longitudinally framed and 
transverse frames suppori the sides and sloping hoppers. 
From a consideration of the stresses under various 
conditions of working, Mr. Bennett contended that 
they were very reasonable, if the vessels were homo- 
geneously loaded to the available draughts. 


CoaL CARRIERS. 

The coal trade in the United States is conducted 
between port and port by the use of bulk-freighters, 
and information on the modern design of these was 
afforded by a paper presented by Mr. J. E. Burkhardt, 
of the Bethlehem Shipbuilding Corporation, on “* The 
Colliers Berwindglen and Berwindyale.” Thirty vessels 
were employed in carrying coal between Hampton 
Roads and New England, but the latest of these were 
constructed twenty years ago. When inquiries were 
made regarding proposals for new vessels or, alterna- 
tively, of converting general-cargo boats to the special 
requirements of the trade, it was recognised that the 
only hope of replacing the old tonnage lay in obtaining 
the most economical design from the standpoint of 
first cost and operation. A design was prepared for 





the Berwind-White Company in 1928, for two vessels 
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of approximately 6,5' ) tons deadweight and 10 knots 
speed. To obtain the best form, tests with towed and 
self-propelled models were made in the Washineton 
Tank, and the experiments showed that a difference in 
efficiency of 17 per cent. could be obtained with this 
type of ship if contra-propellers were employed. his 
justified their provision. The two vessels described 
were 350 ft. long between perpendiculars, had a moulded 
beam of 50 ft., and a moulded depth, to the upper deck, 
of 30 ft. 3 in. Aft of the forecastle deck there was a 
series of holds, four in number, each provided with 
two hatches. The bridge was well forward, jusi aft 
of the first hold, and the accommodation for the crew 
was provided on the after deck. 

The large hatches and high hatch combings permitted 
loading to capacity, without the need for trimming either 
the cargo or the bunkers. To withstand the effects of 
unloading buckets, the tank top was made of specially 
heavy plating, reinforced every 18 in. and transversely 
plated with a flush surface and welded joints. The 
hatch trunks were 4 ft. 6 in. above the deck, affording 
additional strength to the structure as a whole and a 
continuous platform between the bridge and the after 
quarters for working the ship in bad weather. One 
vessel, the Berwindglen, was fitted with reciprocating 
engines of Hoovens, Owen, Rentschler standard design 
and Scotch boilers made by the builders, while the 
other, the Berwindyale, had Bethlehem impulse tur- 
bines, Falk double-reduction gears, and Babcock and 
Wilcox boilers. For the reciprocating set, the steam 
pressure was 180 lb. per square inch and there was no 
superheat, but in the turbine-propelled vessel steam 
was generated at 250 lb. per square inch and super- 
heated to 600 deg. F. Pulverised coal was used in 
each case. In designing the fuel system, it was decided, 
on the experience gained by the Shipping Board with 
the 8.8. Mercer, to adopt the unit system rather than 
storage, to take the coal to the pulverisers without 
handling and with the least mechanical equipment, 
and to have means provided for proper distribution 
of the coal to the several furnaces, and also to prevent 
erosion of the fans. To meet the requirements, the 
coal bunkers were made to extend from the upper 
deck down to a distance 11 ft. above the fire-room 
floor. At the foot they were made with a sloping 
chute, through which the coal could slide to the feeder 
inlets of the two pulverisers below. The owners 
believed they could supply the vessels with screened 
slack coal, and thus reduce the amount of pulverisation. 
For this reason, the bunker was provided with a bar 
grating over the hatches to prevent any large object 
passing through with the slack. The pulverisers were 
of the Fuller-Lehigh type, the coal being fed to the 
mills by adjustable motor-driven feeders. From the 
top of the mills, individual coal pipes led to each burner. 
The coal and air mixture did not pass through the fan. 
It was anticipated that this arrangement would prac- 
tically eliminate stratification of the fuel stream and 
simplify the problem of distribution, as well as avoiding 
fan erosion, and it was contended that these expecta- 
tions were realised in service. 

On trial, the Scotch boilers showed a higher efticiency 
than the water-tube boilers. It was thought that this 
was due to the water-tube boilers not receiving sufti- 
cient air. The fan revolutions were found to be low, 
due to an error in connecting up the stack damper. 
Once this was corrected, after the trials, the fan 
speed increased from 300 to 425 r.p.m. Under the 
conditions of restricted air, gas analysis showed as 
high as 6 per cent. of carbon monoxide in the flue gases, 
and it was thought that with the improved air supply 
the coal used per indicated horse-power per hour 
would be reduced from 1-66 1b. to 1-5 1b. The corre- 
sponding figure for the vessel having reciprocatign 
engines was 2:12 Ib. 


ECONOMIES WITH MARINE BoILers. 

Mr. J. H. King gave a paper entitled * Increased 
Economy in Marine Steam Machinery with Particular 
Reference to Marine Boilers.” Economy was obtained 
in new ships by the use of higher pressures and tem- 
peratures, by improved means of burning the fuel, 
and by the means adopted to conserve the heat avail- 
able from its combustion. The use of higher pressures 
had naturally led to the adoption of water-tube boilers. 
and the prejudice against their use at sea was largely 
disappearing. It was necessary to strive to obtain 
as near an approach to the boiler efficiencies attained in 
power stations as was economically possible, but the 
limitations of weight and space in naval vessels had 
presented the use of higher pressures than 300 Ib. per 
square inch. The weight and space required for 
air heaters and economisers were almost prohibitive, 
and the lower boiler efficiency obtainable with a three- 
drum type express boiler at higher pressures, more than 
counteracted the gain in turbine economy due 10 the 
higher pressure. It was largely for this reason that the 
United States Navy was unable to use more than UU Ib. 
per square inch pressure in the new cruisers of the type 
of U.S.S. Salt Lake City. In extended tests on one of 
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the Babcock and Wilcox boilers for these vessels, the 
efficiency obtained ranged, in fc 'r tests, from 84} to 
804 per cent., figures believed by the author of the 
paper to be the highest ever attained with a three- 
drum express-type boiler, without the use -of air 
heaters, economisers or other heat-recovery apparatus. 
The limitations of weight and space that have pro- 
hibited the use of higher pressures in naval work had 
inspired a careful study of boiler design, to obtain 
light weight and attain such an efficiency as would 
make the use of air heaters unnecessary. This led to 
the introduction of a Babcock and Wilcox boiler with 
small curved tubes connecting the front vertical cylin- 
drical headers with others of the same type, but 
inclined, at the back of the boiler and the usual over- 
head cylindrical drum. In the example illustrated in 
the paper, 66 tubes were made accessible by the removal 
of one handhole plate. It was claimed that the 
arrangement of the cylindrical headers, with a decreasing 
area of gas passage through the boiler, resulted in a 
uniformly high rate of heat transfer. A superheater 
was located over a bank of water screen tubes in the 
design. A boiler of this type, made for the U.S. Navy, 
gave efficiencies ranging from 848 to 82}? per cent. in a 
series of four tests at different rates of working. The 
pressure in use was 300 lb. per square inch, the same 
as with the other boiler tested, but the express boiler 
was designed for 600 lb. per square inch pressure, for 
which actual results were not available. The progress 
in steam machinery was such as to assume much higher 
efficiencies than those at present obtainable on ships. 
Further improvement was, therefore to be expected 
as the designers became able to secure it without 
too much excess cost and weight over the present 
standards, 


GEARED TURBINES AND ELerctric DRIvEs. 


In a paper read by Mr. W. E. Thau, bearing the title 
“Modern Turbine Propulsion,” the author discussed 
the subject in regard to cases where gearing or electric 
drives were used. To overcome the defects of low- 
speed direct-connected turbines, and attain a high 
turbine efficiency through the use of high-speed units, 
it was necessary to introduce some method of speed 
reduction for the propeller shafts. During the last 
\0 years, considerable research work had been carried 
out on turbine-construction problems, and had resulted 
in a great increase in blade speeds, without any reduc- 
tion in the stresses and factors of safety. Whatever 
type of drive was used, elasticity was essential, and 
vibrations had to be eliminated to the greatest possible 
extent. Torsional vibrations were the only type that 
geared propulsion would transmit to the ship, and direct 
drives and electric drives would not transmit these, but 
the torsional vibration with geared drives had never 
proved to be serious. With geared drives, properly- 
controlled elasticity could be incorporated in the 
system by the use of a flexible drive shaft between 
the turbine and the gear. As absolutely rigid founda- 
tions were not possible in a ship, it was desirable to 
incorporate elasticity in the gears. This was best accom- 
plished by the flexibly-supported pinion frame arrange- 
ment, in which the pinion bearings were supported 
in a rigid frame, carried on an I beam, arranged in 
a plane at right angles to the axis of the pinion. In 
conjunction with the flexible pinion support, a flexible 
drive shaft and pin-type coupling were used. These 
served to compensate for a reasonable amount of 
misalignment. A flexible drive shaft only was used 
between the first and second reduction gears when 
double-reduction gearing was installed. 

In geared drives from 8,000 to 100,000 shaft horse- 
power, the author thought the most economical arrange- 
ment was to have double-reduction gears with two 
pinions, and use cross-compound turbines. For 160,000 
shaft horse-power, he suggested single-reduction gearing, 
with three propellers, and triple-expansion turbines, 
and for 200,000 shaft horse-power, double cross- 
compound turbines, or quadruple-expansion turbines, 
driving four propellers through single-reduction gearing 
with four pinions. The geared turbine possessed 
useful reserve power in case of casualty to any part 
except the main gear. 

A turbine for use with the electric drive could only 
Operate in one direction of rotation, and complete 
*xpansion was effected in one cylinder, although other 
trangements had been considered at various times. 
The synchronous motor was suitable for all ordinary 
ships ; the induction-motor drive was heavier, more 
expensive and slightly less efficient, and experience had 
shown it to be not advisable for installation, except 
in the case of most unusual vessels. In discussing 
the relative advantages, the author suggested that, in 
lirst cost, weight and space occupied, the gear installa- 
tion had the advantage over the electric drive. An 
analysis of fuel rates gave the advantage to the geared 
drive fo, the two cases dealt with in the paper, a 5,000 
hp. installation and one of 30,000 h.p., under the 
various conditions of providing auxiliary current. 





ENGINEERING. 


DIESEL versus STEAM CARGO VESSELS. 

Captain R. D. Gatewood, the Manager of the Main- 
tenance and Repair Division of the United States 
Shipping Board, contributed a paper entitled ‘‘Com- 
parison of Operating Costs of the Engine Departments of 
U.S. Shipping Board Diesel and Steam Cargo Vessels.” 
In this, he presented the experience in cost of mainten- 
ance of Diesel engine direct-driven ships, those using 
oil-fired boilers and reciprocating steam engines, and 
vessels with oil-fired boilersand turbine double-reduction 
geared drives. The conclusions arrived at were that 
Diesel propulsion had the advantage on cost per day 
or per mile over steam installations, which was almost 
entirely due to reduction in fuel consumption, fuel oil 
costing more and a higher wage bill being necessitated 
by carrying a fourth engineer on Diesel vessels for 
training. The object of the steam engineer should be 
to reduce fuel consumption, and of the Diesel engineer 
to devise the means of using the same fuel as could 
be burned with success in boiler furnaces. Diesel- 
engine first costs needed reduction. 


SAFETY OF LIFE aT SEa. 

Two papers on the findings of the International 
Conference on Safety of Life at Sea, 1929, were pre- 
sented. In the first, Rear Admiral George H. Rock, the 
Assistant Chief of the Bureau of Construction and 
Repair, Navy Department, Washington, dealt with the 
provisions relating to construction, and in the second, 
Rear Admiral J. G. Tawresey, of the U.S. Shipping 
Board, considered the new convention. 


CoRROSION-RESISTING STEELS. 

The needs of the marine engineer in the past for a 
corrosion-resisting material stronger than the bronzes 
had been met, in part, by the use of 10 per cent. and 
30 per cent. nickel steels, and, to a certain extent, by 
the use of copper-nickel alloys, Commander Harold E. 
Saunders, of the U.S. Navy, remarked in opening his 
paper on “‘ Corrosion-Resisting Steel, and its Application 
to Ships.’ After discussing the various problems involved 
in the consideration, he came to the conclusion that 
there were now available to the designer and builder 
of vessels, in commercial shapes and forms, half a dozen 
types of corrosion-resisting alloy steels. These, owing to 
their remarkable freedom from progressive corrosion, 
their increased strength, their heat-resisting and non- 
magnetic properties and ability to be forged and 
formed into innumerable shapes, offered a means of 
improving the construction and serviceability of the 
components of ships and their machinery. Increased 
durability could be obtained by their use, but only 
at high first cost. 


EXPERIMENTAL AND THEORETICAL WorK. 


Lieut.-Commander J. T. Alexander, U.S. Navy> 
gave a paper on “Trial Trip Data of the U.S.S. 
Saratoga, an aeroplane carrier with a maximum length 
of 888 ft. and a beam of 106 ft., providing a flight deck 
of more than two acres surface. Turbine-electric 
equipment was installed, the horsepower obtained 
being 212,700, and the speed nearly 35 knots. The 
hangar space below the flight deck was claimed to be 
the longest single compartment ever built into any 
vessel. Steam was supplied, from 16 oil-fired Babcock 
and Wilcox boilers, to four General-Electric three- 
phase alternating current turbo-generators-driving 
two induction motors on each of the four propeller 
shafts. As the vessel was designed for 180,000 h.p. 
and 33-7 knots, the designers and builders were highly 
gratified with the results. 

Mr. R. R. Adams compared the results obtained in 
some tank experiments with ship trials in a paper 
with the title “‘ Model and Full-Size Test of a Single- 
Screw Merchant Vessel.’’ The ship considered had a 
length between perpendiculars of 395 ft. 6 in., a 
moulded beam of 55 ft., and a moulded depth of 
34 ft. llin. The displacement at the designed draught 
of 27 ft. was 13,140 tons. It was found that the actual 
ship needed a shaft horse-power for a given speed 
which was in excess of that deduced from the model 
tests by from 22 per cent. to 25 per cent., a most 
unusual result, and further work had been started to 
determine whether discrepancy was due to propeller 
performance or some other cause. 

A mathematical paper on ‘* The Frictional Resistance 
of Ship Models” was presented by Lieutenant W. P. 
Roop, U.S. Navy, and the other contributions were 
entitled ‘“‘ Model Results of a Four-Bladed Propeller 
Series,’ by Rear-Admiral D. W. Taylor, and *‘ The 
Inertia of the Water Surrounding a Vibrating Ship,” 
by Mr. Frank M. Lewis. 








Rariway TRAFFIC REcEIrts.—The traffic receipts for 
passengers, parcels, merchandise, coal, &c., of the four 
group railway companies of Great Britain amounted 
to 12,465,000/. during the first four weeks of 1930, com- 
pared with 12,424,000/. during the same period of 1929. 
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LETTERS TO THE EDITOR. 
THE “ENCYCLOPADIA BRITANNICA.”’ 


To tHe Eprror oF ENGINEERING. 

Str,—The version of the article ‘* Tides,” in the 
14th edition of the Encyclopedia Britannica, to which 
Professor Proudman refers in his letter published in 
your issue of February 14, has appeared only in 
5 per cent. of the sets we expect to distribute. That it 
appeared at all was due solely to an accident at the 
printers, which we much regret. 

The publishers have spared neither trouble nor 
expense to satisfy their distinguished contributor over 
this article; many thousands of sheets containing the 
first version have been destroyed and new pages 
containing the revised article printed to replace them. 

Moreover, in fairness to our subscribers, we think it 
should be added that Professor Proudman has conceded 
to two of our representatives that there is no error or 
mis-statement of fact in the first version of the article, 
and has founded his objection to it on the ground that 
space was not given for a fuller elaboration of his 
views. 

Yours faithfully, 
THe Encycrorpmpia Britannica Company, Limtrep. 
W. H. Franks, Manager. 
Imperial House, 80-86, Regent -street, London, W.1., 
February 17, 1930. 








OPERATING EXPERIENCES WITH THE 
FIRST ‘“*‘WOOD’”’ STEAM GENERATOR. 


To THE Epiror oF ENGINEERING. 

Str,—We thank you for the extract you have sent 
us from ENGINEERING, dated January 31, 1930, page 
144, which deals with Mr. Spyer’s contribution to the 
discussion on the paper read by Mr. E. Watson Smythe 
on “The ‘Wood’ Steam Generator” before the 
Institution of Mechanical Engineers on January 24, 
1930. 

We think it desirable to point out to you that there 
is one serious mis-statement of Mr. Spyer’s remarks in 
the second paragraph of your notes, where the following 
statement is made: ‘The gas temperature, after 
leaving the economiser, was about 400 deg. F., and 
might have been expected to be lower.” 

Mr. Spyer’s remark was actually as follows :— 

** At a later date, after the addition of an economiser, 
the final gas temperature was about 400 deg. F., 
whereas it might have been expected to be lower.” 

You will appreciate that this gives an entirely 
different meaning to the remark as stated by yourselves, 
and is of importance because Mr. Smythe’s paper 
clearly states the gas temperature leaving the econo- 
miser, which is certainly very much above 400 deg. F. 

We think it is desirable, in order to prevent any 
misunderstanding, that attention should be drawn to 
this point. 

Yours faithfully, 
Bascock AND WILcox, LIMITED, 
C. H. Davy. 

Babcock House, Farringdon Street, London, E.C.4., 

February 13, 1930. 








LAUNCHES AND TRIAL TRIPS. 


** LOSSIEBANK.”’—-T'win-serew cargo motorship ; five~ 
cylinder Sulzer-type Diesel engines. Launch, February 
12. Main dimensions, 440 ft. by 57 ft. by 38 ft. 7 in. 
Built by Messrs. Workman Clark (1928) Limited. Belfast, 
for Messrs. Andrew Weir and Company, Bank Line, 
Limited, London. 

** Mapia.”’—Single-screw motorship; _ five-cylinder 
Diesel engine. ‘Trial trip, February 12. Main dimen- 
sions, 165 ft. by 28 ft. 8 in. by 10 ft. Built for Messrs. 
The Royal Packet Company, Amsterdam, by Messrs. 
The ‘“‘De Maas” Shipbuilding Company, Slikkerveer, 
Holland. 

** DJEBEL-D1ira.’’-—Single-serew passenger and cargo 
steamer for the Mediterranean service ; double-reduction 
geared Parsons-type turbines. Launch, February 13. 
Main dimensions, length, 336 ft., beam, 44 ft. 9 in., and 
deadweight carrying capacity, 3,500 tons. Built by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Newcastle-on-Tyne, tor La Compagnie de Navigation 
Mixte, Marseilles,. France. 





** Bisca.”’—Single-screw  oil-tank motorship; Arm- 
strong-Sulzer two-stroke, single-acting, | six-cylinder 
Diesel engine. Launch, February 14. Main dimensions, 
408 ft. by 54 ft. 9 in. by 32 ft. Built by Messrs. Sir 
W. G. Armstrong, Whitworth and Company (Ship- 
builders), Limited, Walker-on-Tyne, for Mr. Per Gjerding, 
Bergen, Norway. 


“Henri Estier.’’—Passenger and cargo steamer ; 
triple-expansion engines. Launch, February 14. Main 
dimensions, 263 ft. by 38 ft. 6 in. by 20 ft. 9 in. Built 


by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, to the order of La Société Maritime Nationale, 
Paris. 
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NOTES ON NEW BOOKS. 

In electrical engineering, perhaps more than in any 
other branch of human activity, the Squeers method 
of education is desirable. In other words, however 
eloquent the professor, it is necessary that the subject- 
matter of his lectures should be followed by exercise 
classes, in which the student works through numerical 
examples for himself. As a basis for this mental 
training, Problems in Electrical Engineering, by Pro- 
fessor 8S. P. Smith [London : Constable and Company, 
Limited ; price 6s. net] will be found useful. It 
consists of a collection of problems begun by the author 
as long ago as 1912, and is divided into sections covering 
such matters as units, Ohm’s law, circuits, direct and 
alternating-current machines, transformers, trans- 
mission lines, networks, heating, traction, and illumi- 
nation—indeed, everything that can be included in 
the term “heavy” electrical engineering. In each 
section, the elementary problems precede those of a 
more advanced character, and standardisation has 
been effected by the use of the officially adopted 
symbols and terms throughout. The answer to each 
problem is given directly after its statement. Whether 
this fits in with the psychology of the present day 
student we must leave Professor Smith to decide. 
The book is well and clearly printed, and illustrated 
where necessary. 


Although the use of reinforced concrete is of com- 
paratively recent origin, the ever-widening scope and 
extent of its application would be sufficient proof, 
if such were needed, of the intrinsic advantages of 
this material. j 
any form of constructional work can afford to ignore 


modern developments in this method of construction. | 


The popularity of reinforced concrete is as great, 
or even greater, in Germany than elsewhere, and it 
is not surprising, under these circumstances, that 
there should have been a prolific output of literature 
on the subject, some of which has been translated 
into a number of other languages from the original 
German. 
to plod through ponderous volumes of mathematical 
formule, and shorter works which deal succinctly 
with the subject and its applications are naturally 
most in demand. An excellent work which comes 
within this category is entitled Der Hisenbetonbau 
(Part II), by C. Kerston (Berlin: Wilhelm Ernst 
& Sohn ; price 6 marks), of which the twelfth (revised) 
edition has recently been published. Whereas Part I 
was devoted to general principles, concrete aggregates, 
mixing, preparation of shuttering, and so forth, and 
Part III will deal with examples of calculations used in 
reinforced-concrete construction, the little volume 
under consideration (Part II) deals with the practical 
applications of reinforced concrete to such parts as 
roofs, floors, &c., and then passes on to large structures, 
such as factories, silos, &c. Its 200 pages are crowded 
with diagrams and illustrations, and although, as the 
author admits, he has been compelled to condense 
his material and to omit a good deal of matter of 
lesser interest to the beginner, he has, nevertheless, 
succeeded in including a remarkable amount of 
information in the strictly limited space at his 
disposal. The work has considerable merits from 
the standpoint of conciseness. 


Although invaluable as a work of reference, the 
comprehensive nature of Lloyd’s Register of Shipping 
renders it too bulky and expensive for ordinary office 
use. For those who are specially interested in some 
particular type of vessel, a smaller work may, in fact, 
fulfil all requirements, and the needs of those con- 
cerned with motor vessels are fully met in Motorships 
of the World and Motorshipping Register, published by 
Messrs. Sampson Low, Marston and Company, Limited, 
100, Southwark-street, London, S.E.1, at 12s. 6d. net. 
Contrary to the practice adopted in certain other 
reference books devoted to motor vessels, no arbitrary 
limit is placed on the size of vessels listed, and although 
it is obviously impracticable to include all small craft 
driven by internal-combustion engines, particulars of 
vessels with a gross tonnage as low as 128 are recorded. 
It is stated in the ;reface by the Editor, Mr. A. C. 
Hardy, that the register is current up to July, 1929, 
with the addition of one or two important vessels 
completed after that date. The list of ships in 
alphabetical order occupies the major part of the 
book, but there is, in addition, a classification by 
owners, and separate lists of motor tankers and motor- 
electric ships. There is also a map of the world’s 
motor-shipping routes, and a short introduction in 
which such points as fuel economy, and long and short 
haul routes, are discussed. The information given in 
the alphabetical list of vessels is somewhat more 
complete than that provided by Lloyd’s register, 
as it includes the speed of the ship in knots, the tons of 
oil consumed per 24 hours, details of the main engines, 
such as the method of cooling the pistons and cylinders, 
and brief particulars of the auxiliary engines. 


No engineer who has to deal with | 
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Many important civil-engineering works are not only | tions which are inevitable in considering the subject of 


of a spectacular nature, appealing consequently to non- 
| technical interests, but are, at the same time, in essence, 
|of a simple character, so that in their broad lines 


| they may be understood by people of no engineering 
|training. In this particular they have an advantage 
The 


| over purely mechanical or electrical constructions. 


| general reader can more easily understand the nature | 


| of the achievement represented by, say, the driving of 
| the St. Gothard tunnel than by the design and con- 
struction of the equipment of a modern power station. 
in confining his descriptions mainly to civil engineering 
works in his book Wonders of Engineering (London : 
Methuen and Company, Limited ; price 6s. net). Tho 
book gives descriptions of famous bridges, docks, 
canals, tunnels, &c. It is illustrated by well-selected 
photographs, and, where necessary to illustrate prin- 
ciples, by line diagrams. The work is well done, and the 
volume is likely to be of much interest to the many 
boys for whom it is, presumably, mainly intended. 
Recent years have seen the publication of many books 
of this type, but this latest example should take a high 
place among its competitors. Such works are of 
considerable educational value. The schoolboy, in his 
time and turn, will carry on the work of the country, 
and, if he is of those who are to follow the profession of 
engineering, it is well that some part of his general 
reading should direct his interests and mould his en- 
thusiasm towards an appreciation of the great things 
which have been done in the field that lies in front of 
him. To the boy who is born an engineer, the stimulus 
of Mr. Hawks’ illustrations and descriptions may be 
unnecessary, although he will probably read the book at 
a sitting, but it is to be feared that to many their 
profession will always be their ‘‘ work ” instead of being 
the interest of their life. If from this book some of 
these can kindle an enthusiasm for the career before 
them, they will have taken a step likely to serve 
them well in later life. 


Engineers have usually too little time | 


A recent addition to Messrs. Methuen’s admirable 
series of monographs on coal-mining is entitled 7'he 
Ventilation of Mines (Generation of the Air Current), by 
Professor Henry Briggs. It is published at 7s. 6d. net. 
This handy little volume deals chiefly with the design 
and use of mine fans. Although much has already 
been written and published on this subject, it is, as 
Professor Briggs so aptly remarks, “ . . . for the most 


part foggy and exasperating literature, many important | 
aspects of design are yet undecided. Empiricism | 


and a certain horse-sense developed by experience are 


still essential ingredients in fan design, so called.” | 


The author, who is Professor of Mining in the University 
of Edinburgh and the Heriot Watt College, possesses 
the happy gift of being able to express himself with 
unusual clarity and conciseness, and what is equally 
important in a work of this nature, an unerring judg- 
ment in the selection of his material. The importance 
of ventilation in mines in this country will be better 
realised by a brief consideration of some of the leading 
figures mentioned in the opening pages of this work. 
The amount of air continuously circulating in British 
coal mines amounts to about 80,000,000 cubic feet 
per minute, and costs somewhere about 2,000,000/. 
per annum, or, say, 2d. per ton of coal raised. In 
some collieries, the amount of air reckoned in tons 
which is put through the mine is 10 or 12 times the 
tonnage of coal raised, and the annual cost for venti- 
lation may be as much as 10,000]. It is obvious 
therefore that efficiency in ventilation is a matter 
not only of technical but of economic importance, 
and as Professor Briggs points out, if an,improvement 
of only 5 per cent. in efficiency could be‘eftected in all 
British collieries, it would mean an annual saving of 
100,000/. He also observes that there are very few 
mines where such an increase in efficiency could not 
be obtained. Another avenue for improvement is 
that of increasing the efficiency of transmission of the 
ventilating current through the workings. The only 
sound basis on which the efficiency of the ventilation 
of a mine can be judged is the cost per unit volume of 
air which actually reaches the working face. There 


is little satisfaction in having an efficient fan on the | 


surface if the air it provides is lost by leakage in trans- 
mission. It is stated, in this connection, on good autho- 
rity and as the result of tests made in South Wales, 


that, on an average, only about 20 per cent. of the | 


air supplied by the fan reaches the coal face. Instances 
of “surface” leakage (i.e., leakage at the mouth 
of the upcast owing to faulty airlock arrangements), 
amounting to 30 or 40 per cent. of the volume provided 
by the fan, have been recorded. Assuming a fan of 50 
per cent. overall efficiency, delivering 200,000 cub. ft. 


per minute against a 3-in. water gauge and with power | 


costing 0-5d. per electrical unit, this leakage is equiva- 
lent to over 1,000/. per annum, wasted on power alone. 
| Apart from descriptions of the leading types of fans used 
in modern collieries, the author gives details of calcula- 


| For this reason, Mr. Ellison Hawks was probably wise | 


| fan design and efficiency, although the mathematics 
| employed do not go beyond the matriculation standard. 
| The sections at the end of the book provide instruc. 
| tions for fan testing, and should prove valuable to 
| those engineers and others who require information 
| on the subject. 


| <A brochure entitled Note sur les Connaissances Actuel- 
\les des Propriétés de la Vapeur d’Hau, has just been 
published by Messrs. Dunod, Paris. The author, M. D. 
Sochaczewer, must, we fear, be regarded either as care- 
less or signally unfortunate. Though very dogmatic in his 
discussion of Callendar’s work, he seems to be extremely 
ignorant of its range and extent, stating that Callendar’s 
experiments have covered only a very narrow range, 
whereas he is the only experimentalist who, up to the 
present, has measured both specific volumes and 
total heats up to the critical point, and also, we believe, 
the only one who, at high pressures and temperatures, 
has worked with pure materials. Evidently M. 
Sochaczewer does not read either the Royal Society 
publications ; neither has he noted the reprint in our 
columns of Callendar’s paper. The extremely careful 
and consistent series of experiments therein described 
have established most definitely the striking fact that 
| the latent heat does not disappear when the meniscus 
vanishes, and that any equation of state analogous 
to the formula of van der Waals cannot represent 
the actual properties of steam in the neighbourhood 
of the critical point. A pamphlet which ignores this, 
the most fundamental contribution to our knowledge 
of the properties of vapours that has been made during 
the past sixty years, can hardly claim to represent 
the ‘* actual knowledge of the properties of steam.” 





On the occasion of the eightieth anniversary of the 
Oesterreichische Ingenieur-und Architekten Verein, 
in December, 1928, Mr. F. Brock, a Viennese engineer, 
delivered a lecture on energy problems of the 
future. Soon afterwards he gave the introductory 
lecture on technical energy, its utilisation and economy, 
in the Technical High School of Vienna. His volume 
of 37 pages, on Energie und Energiewirtschaft (Vienna : 
| Oesterreichischer Ingenieur-und Architekten Verein, 
price 3.50 marks) is an extension of these two lectures. 
The table of contents of the book divides the matter 
into five sections—a general section, and sections on 
energy transformations, energy economy, actual energy 
demands and concluding considerations, but the exposi- 
tion flows pleasantly along without troubling about 
these subdivisions. The introduction duly records 
that the principle of the conservation of energy (or 
of force, as it was then called) was first enunciated by 
Julius Robert Mayer, a medical man of Heilbronn, 
in 1842, who then found the value 365 kg. m. for the 
mechanical equivalent of heat; Joule’s value of 

1843 was 460 kg. m., while his later determination 
approached very closely to the now accepted value, 
424-4 kg. m. Helmholtz and Thomson came a few 
years later with their enunciation of the conservation 
of force or energy, but Mayer’s name is almost for- 
gotten by the present generation. Mr. Brock’s con- 


cluding remarks on the future energy outlook are 


based upon estimates due chiefly to the geographer 
A. Penck, and the engineer, A. Matschoss. Assuming 
that the actual population of the earth, 1-8 x 10° 
persons, will increase at the rate of the last 50 years, 
the population would rise, in 250 years, to 8 x 10° per- 
sons, who would require, in that period, 735 x 10" kw.- 
hours of mechanical and electrical energy. Water 
power would help materially, but even if we did not 
learn to utilise solar heat and other sources, our fuel 
would continue to supply us with the necessary energy 
for 950 years from the present time. This sounds 


| more comforting than some other estimates that have 


been made. 








Tue Loap-DespaATCHING SYSTEM OF THE LONDON 
Power Company: ADDENDUM.—We regret that in. the 
account of this system, which appeared on page 804 ot out 


| issue of December 20, 1929, we omitted to state that the ° 


master frequency meter installed had been supplied by 
Messrs. ‘Everett, Edgeumbe and Company, Limited, 
Colindale Works, Hendon, London, N.W.9. 





EXAMINATIONS FOR SHIP SURVEYORS.—A competitive 
examination for two or more appointments as ship 
surveyor under the Board of Trade will be held in London 
on May 7 next. The age limits for candidates are er 
25 to 40 years. Every candidate must have been traine¢ 
in the theory and practice of ship design, comsbrncton, 
and repair for not less than five years, and have hac 
| not less than three years’ practical experience thereatter. 
He must have attained a position of responsibility in 4 
shipbuilding or ship-repairing establishment, and must 
also possess a University degree in naval architecture, oF 
furnish other evidence of satisfactory educational attain- 
ments. Applications must be made, not later than 
March 21 next, on special forms obtainable from 4 
Establishment Department (Mercantile Marine Branch), 
Board of Trade, Great George-street, London, S.W.1. 
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CREEP OF STEEL UNDER SIMPLE | made upon a test piece under a constant tensile load | The Metropolitan-Vickers Electrical Company have 


AND COMPOUND STRESSES.* 
By R. W. Battry. 


at a given temperature, and produces information | recent] i i i 

1 , » y put into operation, apparatus intended t 
connecting elongation and the time taken to obtain measure psa rates bf 10-8 pre per tg It ime 
that elongation from which the rate of creep, expressed be taken that published experimental data refer to 


IMPROVEMENT in thermal efficiency and overall | for example in strain per hour or elongation per unit a ition i i i 
5 ] condition in which ¢ 
economy of steam power plant obtainable from increased | length of test piece per hour, may be determined. | distortion of Fier bo poet pe st 


initial steam temperature has been shown by Guy to | 
be more substantial with existing commercial materials | 
than can be realised solely by raising the pressure. | 
The physical properties and endurance of metals at | 
elevated temperatures is therefore a subject of the 
yery first importance to power plant engineers. Since | 
attention was drawn by Chevenard and Dickenson | 
to what has become known as creep, or the continued | 
permanent deformation of a metal under sustained | 
stress, little has been added to our knowledge of the | 
phenomenon beyond an accumulation of data upon | 
the creep rates of various steels and alloys under | 
tension at different stresses and temperatures. This | 
information has been valuable, but its proper inter- | 
pretation depends upon knowledge of the phenomenon | 
of creep just as test data relating to metals at atmo- | 


Fig.1. 
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spheric temperature is utilised in design upon the 
basis of Hooke’s law and the theory of elasticity. 
The position at elevated temperatures has been 
obscured by an assumption that at each temperature 
there is a stress termed the limiting creep stress below 
which continued creep does not occur, and it has been 
taken that below this stress elastic conditions prevail. 
This, in the ultimate may be correct, but if so these 
saan at the higher initial steam temperatures must 
very low, certainly much lower than values that 
lave been deduced and also below what would be 
Practicable working stresses. 

; Limiting creep stresses if they do exist are not likely 
therefo to have practical importance in the develop- 
— of steam plant for high temperature service ; 
ut progress will depend upon knowledge of the 


ih of metals under stress and the extent 
The cna change in characteristics and dimensions. 
con this paper is to direct attention to 
im ne of these matters in the hope that their practical 
wil ve a will be appreciated and needed investigation 


an 1s desirable at the outset to understand clearly 

&t present creep test data represent, and their 
0 practical needs. The usual creep test is 
a Paper read before the Japanese Sectional Meeting 
of the World Power Conference, Tokyo, October 29- 
November 7, 1929. Abridged. ’ 





Generally in pieces tested to failure, the course of a | below values given for its cessation and consequently 
se ee as oe of three stages, the applicability of the elastic theory must be questioned. 
nee the first stage in which the strain takes place Thus, for instance, if existing test results are plotted 
rapidly at first, and at a progressively decreasing rate according to Fig. 2, and extrapolated according to a 


| until the second state is reached over which the rate | strai i 
> , straight line suggested by the test results shown 
| of creep does not change very much and it may be the strain for a aah rate of 10-6 would be 11 tons per 


regarded for practical purposes as steady, and the square inch and 6 tons per square inch for a strain 
third stage whete the rate progressively increases rate of 10-7, if extrapolation to such an extent were 
hes — ee Ps Poocrsgeh cases, especially at admissible. This can only be proved by tests at 
igher temperatures, the first stage is apparently of é é y ine 
very short duration or seep. pS wien a. Ee eee ae 
es rate is referred to, the second stage is under-- The degree in which the characteristics of a meta 
8 i ea ts are permanent is a matter of considerable importance 
gs. | and 2 show for a given temperature a number ‘in determining how far working temperatures may 
of these creep rates and their corresponding initial be raised. Very little experimental evidence has been 
stresses plotted in two different ways. In Fig. 1 presented upon this point, and most long duration 
tests have been made without any attention being 
given to the initial and final conditions of the metal, 
or whether any other changes than of dimensions 
were in progress. An examination of parts that 
have been in service under known operating conditions 
can throw useful light upon this matter. A good 
example of the changes that may take place in carbon 
steels under present initial steam temperatures is 
furnished by a superheater tube, where owing to the 
different wall temperatures existing along its length 
the progressive changes in structure may be examined. 
A diagram of the superheater which consisted of 
two stages is shown by Fig. 4. The tube, which 
oman ; had been in use for 16,000 hours, was taken from the 
| _ my | second stage wherein it was located, as shown by the 
: figure which is marked to indicate the positions at 
=e> : al Tee which sections were taken for micrographic examina- 
; tion. Working conditions and particulars of the 
| tube were as follows :— 


POSITION OF SUPERHEATER 
£TC.IN BOILER. 


Fig. 4. 











. 195 lb. per square inch (gauge). 
340 deg. C. 

1-5 in. diameter outside. 
1-125 in. diameter inside. 
Mean circumferential 

i stress in tube . 585 lb. per square inch. 





Steam pressure 
Steam temperature ... 
Dimensions of tube ... 











Chemical composition of tube :— 
Cc Si Mn 8 ls 

Cc 0-16 0-007 0-67 0-029 0-028 

| As the headers are screened from radiation and are 
out of the path of the furnace gases the temperature 
of the tube ends and the portions of the tube above 
the baffle adjacent to G will have approximated to 
the steam temperature at the inlet and outlet ends 
of the tube, but in between these sections the wall 
temperature will have been in excess of the steam tem- 
perature. This was shown very clearly by the micro- 
structures of samples taken at the points lettered A to 
F in Fig. 4, the highest temperature being attained 
at the position F. Two other tubes situated adjacent 
to the one dealt with showed similar structural changes. 
There was reason to suspect general overheating 
due to restricted steam flow although it is probable, on 
account of the central position, that the steam 
delivered by these tubes was higher in temperature 
than that delivered by the superheater as a whole. 

Extrapolation in Fig. 1 to zero creep suggests a Differences of this kind, however, will occur in all 
limiting creep stress of 12 tons per square inch., but | designs of superheater, and it is an important matter 
the more critical method of Fig. 2 indicates that | that the design should ensure a minimum difference. 
there is no justification for such an interpretation | The changes found were what are known to metal- 
of the plotted data. All published limiting creep | lurgists as spheroidisation of the cementite. The 
stress values known to the author have been deter- | lamellar cementite in pearlite resulting from annealing 
mined by an extrapolation of the kind represented | breaks up into globules just as, for instance, a jet of 
by Fig. 1, but they are found to be fictitious by a| water issuing from an orifice eventually forms into 


method similar to that shown in Fig. 2. Nevertheless | drops, due to a similar cause, i.e., surface tension. 
the values obtained by the method of Fig. 1 do represent |In the case of the metal, however, the media being 
| solid, change in form probably occurs by a process 


something, namely, the stress corresponding to a 
creep rate that the apparatus or method employed | analogous to diffusion, and the time for a given change 


is just incapable of detecting. If this rate is small|to take place would be expected, a priori, to depend 
enough to be of no consequence the stresses determined | upon temperature much in the same way as in the 
are for practical purposes equivalent to limiting creep | diffusion of solids. In addition to cementite lamella 
stresses. Unfortunately this is not the case. The | spheroidising, the globules coalesce forming larger 
most refined data published so far corresponds with a | globules and instead of an annealed structure of a 
creep rate of the order of 10-° strain per hour, 1.e., mild or medium carbon steel consisting of an aggre- 
an elongation of one millionth of the length of the | gation of pearlite and ferrite grains, the ferrite grains 
test piece per hour. A rate one-hundredth of this | may grow and enclose one or more groups of cementite 
magnitude, that is one-hundred millionth of the | globules marking original pearlite grains. Dunn has 
length, or 10-8 strain per hour, occurring in a bolt | shown that oxidation of metals which occurs by a 
holding a joint against steam pressure would lengthen | diffusion process follows an exponential law, and 
the bolt in a period of two years by an amount equal | Dean and Hudson have shown similarly that grain 
to its elastic strain, and thereby result in leakage in a | growth of antimonial lead obeys a similar law. In 
shorter period. A creep rate of 10-® strain per hour | view of the nature of the changes with which we are 
occurring in a steam turbine casing 4 ft. in diameter concerned, it is rational to expect that a similar law 
would increase the diameter by nearly 1 in. in a period | will hold between time and temperature required to 
of two years. A strain rate of 10-* per hour must | produce a specific change. Specimens taken near the 
be regarded therefore as of practical importance. | inlet end of the tube have been heated at a number of 
Owing to the difficulty in controlling temperature, | temperatures to change their structure from the normal 
and in making strain measurements, measured creep | to that in which the cementite is spheroidised. In a 
rates of 10-8 strain per hour have not yet been attained, | further set of tests the tube was annealed and the 
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creep rates are plotted as abscisse, and in Fig. 2 the 
logarithm of the creep rate is employed. 
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times required to spheroidise the cementite were 
determined. The data obtained are given in Table I 
and are shown plotted in Fig. 5, the method of plotting 
being such as to give a linear relation if the exponential 
law applies. Point P corresponds with 16,000 hours 
and 340 deg. C. or 613 deg. C. (absolute). 


TABLE I. 


| 
= | Time (hours) required at different 

| temperatures to change structure, 

| 


Temperature, deg. C, | 700 675 650 | 





625 600 
Time to make inlet 
end similar to out- | | 
let end 0-417 1 5 10 35 
Time to spheroidise 
annealed structure 3 7°5 20-5 75 200 


The plotted points representing the change from 
inlet to outlet end conditions show a slight concavity 
upwards. Those for the annealed tube are interpreted 
similarly, although a straight line in this case is equally 
representative. Remembering that the temperature 
of the steam delivered by the tube examined was 
probably higher than that delivered by the superheater 
as a whole, and that the stress existing in the tube in 
service would assist spheroidisation of the cementite, 
as, for example, a cold-worked or strained steel 
spheroidises more rapidly than an annealed steel, 
there is reasonable consistency between the results 
of the laboratory tests and the change found to have 
occurred in service. It is assumed that the condition 
of the metal at the inlet end of the tube, where probably 


the steam temperature did not exceed 300 deg. C. is 









;at working temperatures. 


but unetched section showing a typical layer of oxide. 


| The figure refers to a 5 per cent. nickel steel, which had 


been stressed at 6 tons per square inch at a temperature 
of 540 deg. C. for 200 hours, at the end of which the 
creep rate was 1-9 by 10-5 strain per hour. At tem- 
peratures of the order of 540 deg. C., except that the 
rate of oxidation is, of course, much greater than at 
normal steam temperatures, the author has not 
found evidence of a form of attack other than a more 
or less even wasting at the surfaces. 

The question naturally arises whether spheroidisation 
of the cementite affects the resistance of steel to creep 
It would be expected to 
result in a reduction by an amount depending upon 
the carbon content of the steel. Globules of cementite 


will reinforce the ferrite grains against slip, and the | 


extent of this reinforcement will depend upon the 
amount of cementite present, ¢.e., upon the carbon 
content of the steel. The author has made several 
comparative long duration or creep tests at 450 deg. 
and 500 deg. C., upon 0-9 per cent. C. steel (i.e., pearlite 
composition) with the cementite in both the lamellar 
and fully spheroidised conditions. 
for the same creep rate, spheroidisation results in this 
case in a reduction of the stress of approximately 
25 per cent. The effect would vanish in the case of a 
steel of negligible carbon content, e.g., Armco iron, | 
and it would have intermediate influence in the case 
of the usual medium carbon steels. Research is 


needed to establish definitely the influence of spheroidi- | 
sation of cementite upon the resistance of steels of | 
different carbon content. | 

As the effect of spheroidisation of cementite is to | 
reduce creep resistance it is desirable to retard the | 
change. 


It is well known that an annealed steel | 
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not substantially different from what it was originally. 
Making an extrapolation from the plotted points 
gives a temperature for the outlet end of the tube in 
the range 400-475 deg. C., i.e., 50 deg. C. to 100 deg. C. 
in excess of the average steam temperature. This 
difference may reasonably be expected. 

This example of a superheater tube has been con- 
sidered at some length because of its general importance 
in connection with the whole question of initial tem- 
perature in steam power plant and of the corresponding 
physical properties of metals. The case chosen 


cannot be regarded as one of high initial temperature , 


as, in the latest developments of steam power plant, 
temperatures 100 deg. C. higher are provided for, and 
temperatures 50 deg. C. higher have been employed 
for a number of years. Nevertheless, under the easier 
thermal conditions of the case dealt with, all the 
structural changes that metallurgists would anticipate 
to occur at much higher temperatures have been 
encountered, ard the laboratory tests referred to 
indicate that they are to be expected under present 
conditions. Any influence such structural changes 
have upon physical properties has occurred therefore 
under present operating conditions, and an increase 
in operating temperature would only hasten the 
changes, but it is not likely to alter their character. 
This is encouraging for development to higher initial 
temperatures, provided working stresses are reduced 
to allow for the lower resistance offered by the metal 
to creep, and the circumstances are not such as to 
result in serious oxidation of the metal. 

In connection wit oxidation, the author may 
mention that comparative tensile creep tests which 
he has made upon several in air and steam 
atmospheres at 540 deg. C. (1000 deg. F.), and atmo- 
spheric pressure have shown no important differences 
either in rate of oxidation or of creep under the same 
stress in the two atmospheres. The character of the 
oxide produced by air and steam is somewhat different 
when viewed under the microscope, but there was no 
indication at the temperature concerned of any attack 
likely to have a serious influence upon the physical 
properties of the metal. Oxidation at medium and 


steels 


low stresses, such as would be employed under working 
conditions was found to proceed by an even attack of 
the metal. 


Fig. 6 is a microphotograph of a polished 


TypicAL LAYER OF OXIDE ON 5 PER CENT. NICKEL STEEL. 


x 600. 


is more resistant to spheroidisation of the cementite 
than the same steel in a strained condition. The 
results of the tests given above show that the time 
required to spheroidise the cementite in an annealed 
tube, was about six times the period needed to change 
the structure from that existing at the inlet end to 
that found at the outlet end of the tube. A still 
longer period would be required to change an annealed 
tube to the condition occurring at the outlet end of 
the tube. Viewed in another way the results indicate 
that an annealed tube requires a temperature at 
least 50 deg. C. higher than the normal tube for spheroid- 
isation to occur in the same time. It is suggested 
therefore that for high temperature service superheater 
tubes and steam pipes should be fully annealed after 
final drawing or rolling. 

Considering the bearing of the foregoing upon the 
phenomenon of creep, the superheater tube at its 
outlet section was under a circumferential stress of 


stresses which usually occur in practice, if the most 
effective use is to be made of a given material. 

The case of a thin cylindrical tube or shell under 
internal pressure will illustrate, by way of example, 
the present need for knowledge. The wall is subjected 
to a circumferential stress, an axial stress of half the 
circumferential stress and a radial stress varying 
from the fluid pressure at the inside to zero at the 
outside of the tube. There is no established means 
of relating the creep resistance and behaviour of the 
tube to that of a tensile test piece, and, where informa. 
tion is needed, tubes must be tested, as was done by 
White and Clark. A question of some importance 





| 
| 
These show that, | 
| 


| rating. 





0-26 tons per square inch, and was subjected for | 
16,000 hours to a temperature probably not more than | 
450 deg. C. A reference to published data upon creep 
of this class of steel shows that the working stress | 
is only a fraction of the so-called limiting creep stress. | 
For example, Tapsell and Clenshaw give the limiting | 
creep stress of 0-17 per cent. C. steel. at 450 deg. C. 
as 9-5 tons per square inch. Nevertheless, in the tube 
examined, changes in microstructure show that there 
had been movement of the cementite, 7.e., a re-arrange- 
ment of the metal, and as this had occurred in the 
presence of stress it seems likely that changes in | 
dimension or creep had occurred during the whole 
period of operation. The amount of movement, 
however, would be far below that capable of detection | 











by the means of measurement at present developed in | In a comparison of the three types, the author state 
| that a thermal efficiency of 20-8 per cent. was reac hed 


creep testing. Thus, in accordance with the indications 
given by the method of plotting represented by Fig. 3, | 
and with deductions that may be made from the} 
softening of strain hardened metals, further support | 
is given to the view that creep continues at stresses | 
considerably below those at which the smallest rates 
have been measured. Steels at initial steam tempera- | 


tures and working stresses must, therefore, be regarded | Schmidt engine taking 7-5 per cent. 


not as permanent and elastic material, but as subject 


to creep, and it is necessary to know the behaviour, not | valuable on locomotives, owing to the great rane 


in connection with pipes under internal pressure, 
since it affects the thermal stresses in a steam-pipe line, 
is whether and to what extent axial creep occurs, 


| and how it is related to circumferential creep. 


(To be continued.) | 4 27 


JAPANESE SECTIONAL MEETING OF 
THE WORLD POWER CONFERENCE. 
(Concluded from page 186.) 

BELow we give a final selection of summaries of 
papers presented to the recent sectional meeting of the 
World Power Conference at Tokyo. Certain further 
papers we hope to treat at somewhat greater length as 
opportunity offers. 








STEAM LocoMoTIVE DEVELOPMENT. 


In a paper on The Zoelly Turbo-Locomotive, Dr. H. 
Zoelly described an engine constructed for the German 
State Railways by Messrs. Krupp. In this engine, 
the turbine is mounted in front of the boiler with its 
axis transverse to the track, and the wheels are driven 
by reduction gearing. A reverse turbine is provided. 
A water-cooled surface condenser is fitted on the tender. 
The turbine is designed to develop 2,000 h.p. at normal 

In tests made on the Berlin-Magdeburg line, 
the turbine locomotive showed, on the average, an 
economy of 40 per cent. as compared with an equivalent 
superheated locomotive of the usual type. In a new 
pattern, the pressure is to be raised to 22 atmospheres, 
and the turbine will develop 3,000 h.p., whilst improve- 
ments in the cooling arrangements will ensure a better 
vacuum ; economies of from 48 per cent. to 64 per 
cent. are expected, as compared with ordinary practice. 

In a paper on The Heat Economy of the Steam 
Locomotive, Mr. J. Buchli noted that 100 years 
elapsed before locomotive working pressures were 
raised from the 43 lb. per square inch of the Rocket to 
313 1b. per square inch. For pressures higher than 
the latter figure, he held that an entirely different type 
of boiler was required. If locomotives were worked 
non-condensing with atmospheric exhaust, an increase 
of pressure from 210 lb. to 710 lb. per square inch 
increased the thermal efficiency from 18 per cent. to 
24 per cent., whilst the gain on a further rise of pressure 
up to 2,140 lb. per square inch only raised the latter 
figure to 28 per cent. Hence a medium high-pressure 
of 885 1b. per square inch had been adopted for both the 
Schmidt-Henschel and the Winterthur high-pressure 
locomotives, which were the only two that had been 
tried out up-to-date. The Loeffler locomotive would, 
however, have a pressure of 1,710 per square inch, whilst 
a pressure of 3,180 1b. per square inch would be reached 
in the case of the Benson locomotive. Since all these 
locomotives exhausted into the atmosphere, a pure feed 
could not be guaranteed, and there was thus certain to 
be a deposit of scale. In the case of the Loeffler and 
Schmidt locomotives, therefore, both a high and a low- 
pressure boiler were provided and the raw feed entered 
the latter only, the high-pressure system being 
supplied from condensate. In the case of the Winter- 
thur engine, on the other hand, the plan adopted had 
been to provide a water pre-heater, in which the feed 
temperature was raised to nearly that of the boiler, 
and in which any scale formed was deposited. This 
pre-heater was designed so that it could be readily 
cleaned. This system had proved very satisfactory, 
no deposit being found on the firebox walls after a 
service of 18,500 miles. The Winterthur locomotive 
had a six-cylinder enclosed engine, the drive being trans- 
mitted to the axles by gearing, whilst, in the Loeffler 
and Schmidt engines, the usual arrangement of direct 


coupling the crossheads to the drivers was ig 8" 
( 





in the case of the Schmidt engine, the corresponding 
figure for the Winterthur and the Loeffler locomotives 
being 25 per cent. and 28-4 per cent., respectively. but 


with the Loeffler engine, 10-5 per cent. of the total 


| steam was required for the auxiliaries, whilst 7 per cent. 


sufficed in the case of the Winterthur design, the 
The author 
considered that pulverised fuel would prove spec! se 
s) 


only under simple stresses, but also under compound | the working conditions. 
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‘ most Sream PRACTICE. gee a . be high _—— ag - “— — of the er -_ _ re. —- of = 
1. ; . 3 uce reduction gearing, the losses | water pressures of landslides and of the developmen 
ng und Ausrichten der | P& Necessary to introa\ 8» I 
ll under In a paper on the Entwicklu 8 T - |in which must not be ignored. The section of the tur-| of uplift. The pressure developed by a stone wall, 
xam Hockdruckdampf-anlagen in Deutschland, Dr. X.|_. 2 : : ae . es, 
xample, : bine through which widely fluctuating quantities of | 100 m. high, on the base would be 24 kg. per square 
bi Mayer stated that the number of German power stations : : : : 
ubjected aes tra high-pressure steam had increased rapid steam were passed should, where practicable, be a} centimetre, but dams were built higher than 100 m. 
half the = 1085 L x2 st cases. the pressure was between | single stage, or have only a few stages at the most. Two- | Concrete would stand a pressure of 40 kg. per square 
varying page nd 569 Ib 2 psa ae The highest steam | shaft double-casing machines with gearing arranged | centimetre. Ice pressure was considered by the Italian 
) at the une te t vm ri vl 887 deg. F oT here had | between them were a very favourable type. Forsuper- | regulations, but might be neglected; serious damage 
| means tngerneaes o> See Tee ee | pressures and high temperatures, an alloy steel con-| to concrete by frost would probably occur only with 
> of been a good deal of experimenting with air pre-heaters, | ¥ .™ wie ¢ : P : ae 
of the : : : ahs -.’ | taining from 35 to 60 per cent. of nickel is now being | faulty material. In America it had recently been sug- 
for with regenerative feed heating, and with intermediate | “. - : ! g 
niorma- hatin iit ec hele very auch in line with tried. gested to make oblique cuts in the walls, approxi- 
lone by yea ree er rT y" cat adiehene of about |. 4 paper on The Economical Aspects of the Steam | mately corresponding to the curves of least resistance. 
portance = merce sane pie i ge gpa ee sa Turbine Development in the Netherlands was read| This suggestion was made on the strength of the 
ressure, a r an ae ee ‘ 2 by Dr. C. F. Stork. The author stated that there was | observation of cracks in Lake Hodges Dam, near 
ipe line, OR eenen ; a ae ) great diversity of practice in the equipment of Dutch San Diego, but Dr. Kelen deprecated this practice. 
occurs, Ina supplement contributed by Mr. F. Flatt tol T. | power stations, even in regard to the smallest details. | If the interruption of the operations called for the 
Zoelly S$ paper, referred to above, a description isgiven | Pressures and temperature varied widely, and there provision of joints, they should follow thé lines of 
of two Zoelly turbines in which working pressures of, | seemed to be no immediate prospect of greater uni-| greatest resistance. The two kinds of curves would 
respectively, 1,400 lb. and 2,500 Ib. per square inch formity, since the central power stations differed | not be the same for the empty and the full reservoir ; 
have been employed. These have been supplied with | uch in size, whilst at privately-owned power stations, | but it was best to make the calculations for the water- 
= steam by a Benson boiler. The 1,400 Ib. pressure much steam was bled off for heating and evaporating | filled basin. Straight dams were safer, on the whole, 
+ OF turbine was arranged to exhaust at a pressure of purposes. At one power station, the steam pressure was | than dams curved in plan. The American arch-gravity 
NCE. 200 Ib. per square inch into the existing steam main of | 719 |b, per square inch, whilst at another the pressure /dam was not stronger owing to its arch shape, and 
the Siemens-Schuckert power station. It was designed was only 142 1b. per square inch. Again, the largest unit | American engineers were, perhaps, too bold, though 
: to run at 10,000 r.p.m., and developed 1,200 h.p. at a station generating 200 million kw.-hours was rated their European colleagues might be too cautious. 
ries of for a consumption of 24,000 Ib. of steam per hour. at 16,000 kw., whilst another station with half the | Assuming the vertical cross section of the dam to he 
of the A special feature of the turbine is that the casing is output had a unit rated at 30,000 kw. The author's | roughly a triangle of base b and height h = 1, the 
further in one piece, and is bored taper. The rotor, complete | ¢ pm manufacturing under licence from the Erste | perpendicular from the apex should divide the base 
wth as with the guide-blade diaphragms, is inserted into the | Briinner Company, supplied to Utrecht the first steam | into two segments, such that 6, (on the water side) 
casing at its open or L.P. end. There ay page stages, turbine for a central power station designed for an | be0-3h, and b, = 0-7 hand the whole base b = 0-73h ; 
the wheels ranging in mean diameter from 6} in. to il in. | initial pressure of 500 1b. per square inch. This unit ja wider base did not offer any advantage. In order to 
The height of the guide blades varies from = 12in. at | was required for a new station, but, in 1925, a turbine | decrease the deadweight, the dam might be built with 
Dr. H. the H.P. end to 0-27 In. at the other. They were | designed to take steam at a pressure of 543 Ib. per | hollow spaces. Dr. Kelen himself suggested making 
erman machined out of the solid. A labyrinth packing for square inch and to exhaust into existing steam mains! the horizontal section like the vertical section of a via- 
ngine, the diaphragm has been developed in which the straight | 9+ 297 Ib. per square inch was supplied to the Amster- | duct resting on pillars and arches. In arched dams, the 
‘ith its run through, which is quite commonly given to the dam central power station, and a somewhat larger | water pressure and temperature stresses were indepen- 
driven steam in ordinary impulse turbine practice, is elimi- unit of the same type was added in 1929. In general, | dent of the span of the arch and only dependent upon 
vided. nated, and the steam is baffled by changing its direction | the average load in Dutch power stations was from one- | the wall thickness. 
ender. of flow on the principles first developed by Sir Charles quarter to one-third of the peak load. The author As a material for dam construction, concrete was, in 
iormal Parsons. Under test, the leakage was found to amount | claimed that, in order to deal with such conditions, it general, preferable to masonry. In order to ensure 
g line, to 925 Ib. per hour with a pressure of 1,400 Ib. per | was best to employ a larger number of small units rather | water tightness, the bottom layer should be made of 
ye, an square inch, on the one side, and of 1,220 Ib. per square | than a few of great capacity, although the latter plan} a rich concrete overlying a thin Jayer of mortar of 
valent inch on the other. In order to minimise leakage, a | simplified the running of the station. Back pressure | fine material. There should also be a cut-off wall on 
a new small shaft diameter has been employed, and, in| and bleeder turbines were extensively used in factories, | the water side, and the foundations should be well 
heres, consequence, the running speed is 35 times the critical. |and improved methods of regulating bleeder turbines | drained. Shrinkage of the concrete was minimised 
prove- Some trouble was experienced by deposits, on the | when running in parallel with other units had been | by keeping it damp for some weeks. Measuring 
better turbine blading, of salts carried in with the steam, but | introduced, and in the case of a plant recently supplied | instruments should be built into the dams, and the 
4 per in the earlier tests, an efficiency of 64 per cent. Was | to a large paper factory at which steam was extracted | observation data obtained should be published. The 
wctice, recorded, although the diaphragm leakage was 4 el | at two pressures, an almost absolute constancy of the | formation of a permanent committee of the World 
steam cent. of the total steam. At the conclusion of these | speed was guaranteed. Power Conference for Water Reservoirs and Dam Con- 
years tests, the Benson boiler was shut down owing to the Hypro-E.Eectric Power. struction would make the information gained by such 
were high cost of the oil fuel employed. A new Benson ’ . : : 2 observations more generally accessible. 
<et to boiler, to be fired with pulverised fuel, has now been| Owing to its copious rainfall, Japan has a great deal 
than installed, and supplies steam at 2,500 lb. per square inch of water-power, eg its ee FESOUrces have HypRAULIC TURBINES. 
: type to the second Zoelly turbine, already referred to, which | not yet been greatly eveloped. Watercourses with Ly a joint paper, entitled The Development of the 

k is a 13-stage two-casing machine having a Curtis wheel | available heads ranging from 30 m. to 100 m. are} ,, i, ey z : , I : 
orked Sa lo-stage two-casing mac ig & Vurth | ; Francis Turbine, with Special Reference to the Recent 
ele for the first stage, in which the pressure is dropped from | Scattered all over the country, and water has been ‘ : 

TEASE st stage, ch the press ‘ pp ; sy Cee ; Researches made by Messrs. Escher Wyss and Company. 
wie 2.500 lb. pers inch to 1,065 lb. per square inch impounded for local irrigation purposes since remote 4 ae ae pany> 
inch “ - per square inch to 1,060 1b. per squé : 5 . ; Messrs. J. Moser and E. Seitz stated that, though the 
rie sae titled Methoden der Wirtschaftlichen | times. But the rainfall varies much with the season, |, 0.0" ** Be ae “he ogg 
it. to : & paper entitled Methoden der Wirtsché | and the paper by Mr. S. Sugiyama, of the Yahagi firm in question began to make hydraulic turbines in 
ssure Erzeugung und Verwertung des Dampfes, Professor W. | ‘ ee ee eee > 181) 1844, these were for some time of the Jonval, Girard 
ae Biceee dinedad ‘ : GPRS ‘ey | Hydro-Electric Power Company, Limited, on Reser- : : ; ; ty : 402g 
latter auer discussed the development ot electric power | “2 i ee : , or other impulse type. Their first Francis wheel was 
antec lants in Germ: Hydro-electric plants were said | V°lTS for Hydro-Electric Power Generation, was a . Oil ge irate ech ap bigege Ms 
ssure plants in Germany. ydro-electric plants were saic : eae ; mye gabaitaee constructed in 1876, but during the following twenty 
‘ to | : : latively little use was | Plea for the creation of large regulating reservoirs. shoe 
h the o be of minor importance, and relatively little use was |} : : . years only another 18 were called for. The building 
ssure made of internal-combusti ; The cost of Lhe generation of hydro-electric power first exceeded : é z : 
ssure ade of internal-combustion engines. ne cost Oe es pepe 997 | of hydro-electric power stations then caused a demand 
ie i i es taal luced | that of steam power in 1919. At the end of 1927, y : ; ae He 

een steam-generated electricity had been steadily reducec a : : for Francis wheels, owing to their higher specific speeds 

ld hy theca Bas : 5 as ‘1 and | 3:467,191 kw. of electric power were available, and : i : — 
ould, by the use of cheaper fuels, more efficient boilers, anc - : and this led, in 1901, to the construction of one 
hil Ronee i eee i ot ea sed as | Plant for 1,917,159 kw. was under construction. Of ae : 
rhust ower capital charges. Lignite was now being used as | this total of 5,384,290 kw., more than two-thirds, viz., | ¢Veloping 3,000 h.p. In 1902, the Maynard turbines 
ched the fuel in the areas adjacent to the mines, and was 3 871 421 “ath si pi h ig A pe age geste were built, each of which generated 10,250 h.p., the 
these burnt on special grates. For transport to greater) vonmenentinie cals 4 i saute ok ta teed pol 6 head being 41 m., but, in another installation of about 
feed distances, the lignite was dried and pressed and, in some i Hessiuaman pr ea Toa the 8.676.000 h ene the same date, the head was 122 m. In 1928, a Francis 
in to cases, pulverised, but while the latter form of firing psi ™ — gt a left yh "37 te ana ree wheel was supplied which generated 50,000 h.p., 
and Was suitable for large stations, the chain-grate stoker | ®70, Parhly ‘al 7 of | ae ‘| whilst in another case the head was 290 m. The 
ae haa : _ available hydraulic energy for future development. = ; 7 : , 
ow- lad been improved so much that the type could now |, he 5; ony : largest Francis wheel in actual dimensions was con- 
earl Conawels qeamenantale edilc tac otual.. ieiesinn cael The figure given of nearly nine million horse-power tructed in 1925 ye } 
ie "ip I aes feces peat , 4. | represented the possible maximum, of which, however, structed in 1925, and developed 10,000 h.p. under a 
yelng 9 improved by increasing pressures and tempera- i ; : eae % head of 10 m. As matters stood to-day, for heads up 
ter- cae 7 : probably only 57 per cent. might be available during : é , 
nter ures, but for good results it was necessary to adopt, hes pa Na: Netw to 25 m. it was probable that in the future only pro- 
had oh shin en © i Sbeeoe 6 the dry season. There was urgent need for river regula- : : 
ae at the same time, progressive feed heating, air me MO ie ne saereedacmeteeeie. uae important  pro- peller and Kaplan turbines would be used. In the 
eet ing ¢ Q ses ‘ jiate 3s > rating. |. ie ‘ ‘s yr * ie Vi > 2G] ere ase > 
i nd, in many cases, intermediate superheati g. jects in hand were the construction of reservoirs along earlier developme nts designs were based on purely 
69 Many high-pressure boilers were merely modifications the Yahagi and the Kiso rivers in Central Japan theoretical and speculative considerations, but the 
od of the ordinary pattern, but entirely new types had The Yahagi river had a catchment area of 950 sq. km., | 8°°Wins demand for higher efficiencies and greater 
idily been introduced by Schmit, Léffler and Benson. _ The and 60,900 h.p. were considered to be available, but specific speeds raised problems which could only be 
pais increase of first costs otherwise incident on the rise of only half that ‘figure all the year round. The Kiso settled by experiment. The firm, therefore, decided 
er a pressure had been compensated for by a higher rating of | ©. =, pes eee : BaP OEIC Bs o¢| to build at Ravensburg a testing station devoted to 
tive Pal : : é river was considerably larger; its catchment area of ; 

the heating surface, which had been rendered possible by 4 ah : : J ‘ 921.97 a <4 research. The water supply available was 24 cub. m. 
‘ans- greater = gs ’ | 9,560 sq. km. might even supply 281,374 kw., of which pa ag : 

“" greater use of surfaces heated by radiation and by pre- | 156,070 kw. were already available. ‘The 14 completed | Pet second, and the head 2} m. The information thus 
ft er heating theair. With the growing popularity of higher cceanteihiie al hana proper (not including Pn gy gained soon made it possible to raise the specific speed 
ar pressures, there had been a greater utilisation of waste Formoss) aad ps al capacity of 286,000,000 cub. m from a former maximum of N, = 250 to N, = 300. 
wae heat. Owing to the low water capacity of high-pressure so alia ain ieee cic. tt niiidhenal catalan al This, at the time, seemed the limit possible without 
hed boilers, both Ruths accumulators and the constant- | a oa cine of 395 000.000 cub. m was projected E sacrifice of efficiency. It was, in fact, not till 1913— 
a pressure type of heataccumulator were being introduced. | ~~ yeowy i aa Pt ree eae 14 that a specific speed of 500 was reached with a 
sia Back pressure and bleeder turbines formed the subject | RESERVOIRS AND Dams. good efficiency. This was attained by the discovery 
bat of » paper by Professor E. A. Kraft, entitled Wesenund|} In a paper on the Safety and Watertightness of that ample clearance should be allowed between the 

tal Anwendung der gegen Druck-und Anzapfturbinen. | Dams, Dr. Ing. N. Kelen distinguished between struc- guide blades: and the runner, whereas designers had 
ee In this paper, the author dealt with actual results | tural masonry or concrete walls and loose material, | until then aimed at making this a minimum. In 
pre rather than with theoretical deductions based on the | earth and gravel dams, mainly on the criterion of the | 1920, the Ravensburg testing station proving in- 

; ee Mollier diagram. Back-pressure turbines had to work | greater void volumes of the latter. Examining the | adequate, Messrs. Escher Wyss decided to install another 
[ne say P : +1: . . 2. ¢ . : ° 
‘ils with steam of more than average density, so that | strength and equilibrium problems of dams in general, | at their Zurich works, the water needed being supplied 

at to reduce leakage and ventilation losses, diameters | he emphasised the need of a rock basis or strong by pumping. The effective head could be adjusted 

had to be kept down whilst rotative speeds should be | concrete foundations, secure against erosion on the between 2 m. and 4 m., whilst the maximum quantity 
of water available was 1-5 cub. m. per second. With 


high. The gland leakage was high in the case of super- | 


downstream side, the prevention of any tilting and 
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the aid of this plant, wheels were developed which, 
working under heads up to 35 m., had a specific speed of 
400, whilst, in the case of slow-speed turbines with 
specific speeds ranging from 60 to 300, efficiencies of 
over 90 per cent. were obtained. The researches at 
this station have covered not only the design of the 
runners, but also that of the guides, and of the draught- 
tubes. In the latter class of experiments, which have 
proved particularly useful in the reconstruction. of 
existing plants, the path followed by the fluid has 
been traced out by adding dyes to the water. Much 
attention has also been given to discovering the causes 
of erosion, which is generally attributable to cavitation. 
To this end, the flow through model runners has been 
studied by stroboscopic lighting. Bad cavitation is 
generally accompanied by a loss of efficiency, but 
considerable cavitation, with an accompanying risk 
of erosion, is not inconsistent with good efficiency, 
and this makes it necessary to resort to experiment if 
rapid wear of the turbine is to be avoided. 


In a paper on Der Einfluss der Propeller-und Kaplan | 


‘Turbinen auf den Ausbau von Wasserkraftanlagen, 
Dr. W. Hahn states that, in his patents, taken out in 
1913-14, Kaplan, in addition to his claim for movable 
blades, disclosed the advantages of having a free space 
between the guide blades and the runner, and of 
wider spacing of the blades, the depth of which was 
made less than the pitch. Propeller turbines of all 
types have, as compared with the Francis turbine, the 
advantage of a higher specific speed, but the fixed-blade 
type is inefficient at partial gate. With the Kaplan 
type, the efficiency remains high over a very wide 
range of gate opening, and in some cases a maximum of 
95 per cent. has been attained. Where the flow is 
constant, the fixed-blade type gives excellent results, 
but with variable conditions a good average efficiency 
can only be secured by installing a large number of 
units. Hence, in all cases where the turbine has 
to work under partial gate, the advantage lies with 
the Kaplan type. With both patterns the problems 
of transport and erection are simpler than with large 
Francis wheels, since the blades can be removed before 
despatch from the makers’ works. Kaplan turbines 
have already been built with a diameter of 7m. There 
has been some prejudice against the Kaplan turbine 
owing to the novelty of the mechanism employed for 
moving the blades, but experience has demonstrated 
that fears of trouble on this head were quite unjustified. 


The problem of preventing corrosion of the blades | 


has now been completely solved. With regard to the 
limiting heads corresponding to different specific speeds 
of the Kaplan turbine, data are given showing that, 
with a specific speed of 500, the head may, without 
danger of cavitation, be 18-5 m., but, if a figure of 
950 is required, the head should not exceed 4-70 m. 
These limits could, however, be greatly extended, 
were it practicable to fix the runner below the tail race 
level. The problems involved relate, in the main, to 
the design of the draught tube. 

Three papers were submitted dealing with the deve- 
lopment of hydraulic power in Japan, viz., Water 
Turbine Development in Japan and its Economic 
Significance, by Mr. Masataka Tazawa ; The Utilisation 
of Low Head Power Plants, by Mr. Masaharu Hayashi ; 
and Propeller Turbines in Japan, by Mr. Bunkichi 
Tanaka. In the first of these papers the author notes 
that water wheels have been used in Japan for cen- 
turies. The wheels were made entirely of wood—even 
the axles—and were the work of special craftsmen, 
whose methods of proportioning their wheels were 
regarded as trade secrets too valuable to be committed 
to writing and imparted verbally only to trusted 
disciples. The mosv powerful of these wheels developed 
about 10 h.p., but the majority of them could not be 
rated at more than 2 h.p. or 3 h.p. The first true 
turbines were imported from Europe in 1882, and, 
in 1896, the Fuji Cotton Spinning Company erected 
a large mill near Tokio, which was driven by water 
power transmitted from the turbine shaft to the 
building by cotton-rope belting. The introduction 
of electric power transmission made it possible to locate 
factories at a distance from the power station. The 
first of these plants was of American origin. The 
head was 100 ft., and the owners were informed 
that nothing but a Pelton wheel was suitable since, 
if reaction wheels were used, it would be necessary, 
it was claimed, to divide the head between four wheels. 
To-day, the author states, a reaction turbine is at 
work under a head of 1,000 ft. All these early 
installations were of American design. It was not 
until 1902 that the first European turbines were 
installed, and the Americans were, it is stated, almost 
driven from the field, mainly owing to their excessive 
standardisation, since European builders were ready to 
provide turbines designed for the actual conditions. 
Until 1914, all important installations were of foreign 
origin. The war, however, cut off supplies and afforded 
an opportunity to Japanese builders, which they were 
quick to seize, and were soon in a position to supply 
units rated at many thousands of horse-power. The 
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| war conditions also led to a revival of American imports. 
The hydro-electric plants now at work in Japan, 
the author stated, had an aggregate capacity of 4} 
million h.p., and there were single units developing 
40,000 h.p. After the war, the Japanese makers again 
| experienced lean times, whilst America, in spite of high 
| prices, obtained a considerable share of the trade, 
| due mainly to the influence of American bankers, who 
provided badly-needed loans to the development 
|companies. To-day, however, imported turbines were 
|not used for units of less than 10,000 h.p., and of the 
larger sizes the Japanese builders secured a large 
|share. They had benefitted by being given the oppor- 
| tunity of studying in full detail, and in making good 
'the defects of very many of the imported turbines. 
|The author mentioned that the cost of the turbine, 
| even with very low heads, was not more than 20 per 
jcent. of the total costs of the equipment of hydro- 
electric plants, and fell to about 6 per cent. of the total 
when the head was more than 300 ft. 
In the second paper cited, the author observed 
| that, in the earlier water-power installations, the 
| works were situated on the upper river where the 
| heads available were fairly high, but the sites were 
| often only accessible with difficulty. He advocated 
| to-day the construction of water-power stations on 
| the lower river, where though the head was small the 
| quantity of water was large, and where impounding 
|works could in many cases be constructed without 
|serious difficulty. It was the introduction of the 
| propeller-type turbine which had rendered such 
| developments practicable, and the author believed 
/that the appearance of tidal-power plants was only 
a question of time. ' 
The advantages of the. propeller type of turbine 
formed the theme of Mr. Tanaka’s paper. The type 
was said to be particularly suited to Japanese conditions, 
| since there were many sites where low, but not extremely 
low, heads were available. Japanese rivers were 
| numerous, but not large, and the flow was very variable. 
| Hence, the Kaplan type of propeller turbine was to be 
| preferred. Compared with the Francis type of turbine, 
it had the advantage of a higher specific speed, and 
would, when run at constant speed with heads below 
the normal, give a higher output. A further advantage 
| was that since the blades were movable, it was as 
easy to transport a 6-m. wheel of the Kaplan type 
|as a 3-m. wheel of the Francis type. 
In a paper entitled Der Hydraulische Verlust in 
| Formstucken, Professor Dieter Thoma _ described 
| experiments made at the Munich Technical School on 
the head lost in bends, elbows, forks and tees. The 
| paper does not lend itself to abstraction, but note may 
| be made of a ‘*‘ return-flow brake,’ which consists of a 
simple fitting, the head lost in which is increased 35 
' times by reversing the flow. The device consists of a 
divergent cone, which terminates in a whirl chamber, 
from which the outlet takes off tangentially. With the 
normal direction of flow, the water passes thtough the 
divergent cone without whirl, and escapes with little 
|less head through the exhaust branch. On reversing 
the flow, a vortex is established, owing to the tangential 
| direction of the incoming water, and the pressure head 
at the centre of this vortex is small. There is little 
| pressure available for producing flow through what has 
| now become the discharge branch. 
ELECTRICAL ENGINEERING. 

In a paper entitled the ‘ Application Eventuelle 
des Machines Frigorific et des Gazs Haute Pression 
pour Augmenter la Securite de l’Exploitation des 
Centrales et des Postes de Transformateurs,’ M. L. 
Neu advocated the installation in power stations of 

refrigerating plant to cool the air which is circulated 
through generators. Taking the case of a station 
designed for a maximum demand of 125,000 kw., 
he stated that by installing refrigerating machinery 
this output could safely be obtained from alternators 
having a normal maximum rated capacity of 100,000 

kw. The total temperature rise would be the same. 
| Taking the cost per kilowatt of an alternator as 80 
| francs or, if building and other incidental charges be 
included, as 100 francs, there would be, it was claimed, 
a saving on the electrical machinery of 2,500,000 francs. 
The refrigerating plant required would cost 350,000 
francs; hence the total capital cost would be reduced 
by 2,150,000 francs. 
the refrigerating plant would not, it was claimed, exceed 

300 tons per annum. With this system it would, 

the author stated, become possible to make full use 
of the great overload capacity of the steam turbine. 

Another change advocated in the paper was the replace- 
; ment of the oil used in circuit-breakers or for cooling 
| transformers by air compressed to six or seven 
| atmospheres, and supplied at a low temperature. 
|The dielectric strength of air compressed to this 
}extent was stated to be equal to that of ordinary 
| transformer oil, and its thermal conductivity was also 
| of the same order. The author stated that a supply 

of compressed air in a station would have the incidental 
advantage of simplifying the distant control of all 


The fuel required for running | 
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switchgear. In certain cases it might, he added, je 
advantageous to replace the air by CO,. 

In a paper on “L’utilisation Rationelle de ja 
Puissance du Vent,’ M. L. Neu noted that whiict 
there have been great hydro-electric developments 
during the past few years, little had been done to 
utilise wind power. This he attributed to the yari- 
ability of the wind, the theoretical horse-power of which 
was proportional to the cube of the velocity. As 
matters stood, wind power was utilised mainly for 
pumping purposes, and the horse-power developed was 
at best proportional to the wind speed. The author 
suggested, as an alternative, that the wind motors 
should be used to drive continuous-current dynamos 
the excitation of which would be varied automatically 
with the speed in such a way that the voltage at the 
terminals was proportional to the cube of the speed. 
The author noted, incidentally, a proposal to erect 
at Leipzig wind motors on a tower 600 m. high, and 
designed to develop 6,000 kw. at maximum output. 
He added that whilst most wind motors were designed 
to start up when the wind speed was 4 m. per second, 
there were many localities in which wind speeds of 
more than double this prevailed during the greater 
part of the year. At the top of the Eiffel tower the 
average wind speed was 9 m. per second during October 
and November, 10 m. per second in December, January 
and February, and 9 m. per second in March and April. 

In a paper entitled ‘ Voltage and Frequency,” Mr. 
R. E. Argersinger stated that the subject of standard 
system voltages had received much consideration in 
the United States during the past five years, and it 
was proposed that, on all future systems, the voltage 
should be one of the following list :—115, 230, 460, 
2,300, 4,000, 13,200, 33,000, 66,000, 132,000, or 220,000 
volts. To secure the maximum benefit from standard 
system voltages, it was essential that this standard 
should be maintained at each and every station, so 
that power might be interchanged without voltage 
disturbances to consumers. The number of taps on 
transformers could then be reduced and also the risk of 
overheating transformers by over-excitation. As 
matters stood, the normal voltage drop on heavy trans- 
mission lines seldom exceeded 10 per cent., and this 
could be dealt with by transformers having a 20 per 
cent. range. With standard system voltages, it would 
thus be possible to standardise transformers with a 
resultant reduction of prices and in times of delivery. 

With standard system voltages rigidly adhered to, 
the position with regard to circuit breakers could be 
materially improved. At present, these were “‘ custom ”’ 
built, and prices were higher than if they were manu- 
factured in quantity. At one time the General Electric 
Company listed over 100 ratings for oil circuit breakers 
for voltages between 15 kv. and 150 kv. Standardisa- 
tion of voltages should be followed by closer regulation 
of the voltage. At present, the voltage of a system 
was rather easily disturbed. Standards of service were, 
however, constantly rising, whilst circuit loads were 
steadily increasing. To carry these, the voltage must 
be steadily maintained, and trouble in a circuit must 
be instantly cut out and the voltage automatically 
controlled, so that other circuits would remain undis- 
turbed. Main transmission circuits should be designed 
with lower impedance and should be more heavily 
insulated, and better protected against atmospheric 
disturbances. The short-circuit breakers should open 
at the first zero point of a short-circuit wave, and be 
equipped with voltage regulators which would quickly 
restore the normal voltage. Present circuit breakers, 
with their relays, required 20 cycles to 30 cycles to open 
a 60-cycle circuit. To reduce this to one-half a cycle 
was a major undertaking, but one which must be faced. 
With regard to frequency, a 60-cycle periodicity was 
widely established in the United States. Exact fre- 
quencies of 60 cycles were, however, almost unknown. 
and existing frequency indicators were not very 
accurate, and governors did not regulate closely. 
Hence, transmission lines connected plants with vary- 
ing frequencies, with the result that load was con- 
stantly changing over from one to the other. It was 
thus highly desirable, not only to develop means of 
keeping the frequency constant at each plant, but to 
ensure that it was the same at all the power stations 
concerned. Devices were now available which would 
automatically hold the frequency constant within 
1/20th of a cycle. 








THE CoMMERCIAL Diptomatic SERVICE IN Cotna.—The 
Department of Overseas Trade informs us that Sir H. H. 
Fox, has retired on pension from his post as Commercial 
Counsellor at Peking, China. Following upon this, it has 
been decided that the headquarters of the Commer ial 
Diplomatic Service in China shall in future be at Shang!«i. 
Mr. H. J. Brett will continue to serve at Shanghai end 
has been promoted to be Commercial Secretary, first 
grade. Mr. Brett will be the senior commercial diplomatic 
officer in China, and will have the local rank of Comme! ial 
Counsellor. The second post in China will be filled by 
Mr. A. H. George, who has been appointed Comme! ia! 
Secretary, second grade, at Peking. 
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AN ALL-ELECTRIC TOTALISATOR. 


TuovuGH betting is one of those activities which is 
completely outside the purview of ENGINEERING, it 
will not altogether be news to our readers that steps 
have recently been taken to substitute a machine, 
known as the totalisator, for the human agency by 
which this operation has hitherto been effected. In 
the latter form of betting the stake risked on a par- 
ticular horse is returned, in the event of that horse 
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the total amount available for distribution is divided | figures themselves are formed by lighting selected 
into three after the percentage has been deducted, | combinations of 24 lamps, the result being that the- 
and the amount paid per 2s. unit is then calculated by | necessary changes in the numbers displayed on the 
dividing those thirds by the number of bets recorded | right- and left-hand panels of the indicator board are 
on the particular horses. These amounts are also | effected automatically and instantaneously by the 
displayed, as illustrated. | depression of the keys on the ticket-issuing machines. 
Turning to the technical features of the system, as| The state of the betting at any particular moment is 
we have already said the arrangement used is | thus indicated. 
similar in principle to that which is now becoming| LEach lamp in the light banks is light insulated from 
familiar in automatic telephony, and the ticket- | itsneighbour, besides being arranged against a blackened 








winning, multiplied by an amount which is technically | issuing machines, which set the various devices in | background and surmounted by a blackened grille. 


known as the odds. What those odds are is deter-| operation, may therefore be regarded as representing 
mined to some extent by the total amount of money| the calling dial and the lamps, by which the figures 
that has been risked on the horse selected, the greater | on the indication board are displayed, the bell on the 
that amount the lower being the odds. The actual mul-| wanted subscriber’s instrument. The ticket-issuing 
tiplier is not, however, as high as that which would be | machines, one or more of which is employed for each 
obtained by rigidly applying the mathematical laws of | denomination of bet, were designed by the Bell Punch 
probability, since the bookmaker naturally introduces a| and Printing Company, Limited, of Uxbridge, and in 
bias in his own favour. When the totalisator is used, | external appearance are similar to a cash-register, 
on the other hand, the whole of the money staked, less| the keys being numbered to correspond with those 
a small fixed percentage, is divided among those who | allotted to the horses running. When a key is pressed 
have risked sums on the winning horse, and the odds | a semi-cylindrical stereo-plate is brought into contact 
applying to a particular horse are therefore not deter- | with a ticket blank, on which the number of the horse, 
mined arbitrarily, but by the amount of money laid. | the amount of the bet and other relevant information 
As that amount constantly changes as the betting} are recorded. At the same time an appropriate impulse 
proceeds, it is necessary that it should be progressively 
displayed, in order that the state of the odds at any 
moment may be known. If this display is effected by 
manually operated indicators, there must, obviously, 
be an interval between the moment a bet is laid and 
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The signals are thus visible at a distance of 150 yards, 
even on a sunny day, and from any angle up to 30 deg. 
At Thirsk, two indicators, one on each side of the 
building shown in Fig. 2, are operated simultaneously, 
but there is, of course, no reason why a larger number 
should not be worked in the same way. 

It is obviously necessary that such a system shall 
work with great accuracy and be both fool- and knave- 
proof. As regards the public, these conditions are met 
by printing special information on the ticket, which 
prevents it being presented for a race to which it does 
not apply. Moreover, the stereo-plates, which are 
used for printing the tickets, can only be changed when 
the machine is locked against the issue of tickets. As 

regards operation, it is effected from a 
central control room, illustrated in Fig. 3, 
from which the whole of the equipment, 
including the ticket-issuing machines, can 
be supervised. The desk visible on the 











the moment when its effect on the odds is indicated: Fig. 7. 
and this interval is likely to be a maximum just before 
the race, when the number of bets being made is large 
and the odds are therefore changing rapidly. The 


result is that the odds displayed may differ considerably 
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CONTROL BOARD 


right of this illustration is equipped with 
a number of keys and signal lamps corre- 
sponding to the number of horses running, 
there being a separate set of keys for dealing 
with the “ win” and * place ’’ operations: 
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CUMMMID 9 wires 
from the correct value. Attempts have been made to | 
overcome this difficulty in many ways, one of the more J 
successful of which is the all-electric system, jointly | eee | 
designed by the British Thomson-Houston Company, | 
Limited, of Rugby, and the Automatic Telephone | is sent first to the ‘“‘ place change-over ”’ relay group, 
Manufacturing Company, of Liverpool. This largely | and then to one of the two “ decoding ”’ relay groups 
depends for its operation on apparatus which is similar | as shown in Fig. 1. If these relays are operating pro- 
to that employed in automatic telephony, in combina-| perly, a return impulse is transmitted to the ticket 
tion with electrically illuminated signs of a type that) machine. This releases a lock and allows the ticket 
have for long been familiar. | to be issued. Both ‘“‘ win” and “ place’ bets can be 
A demonstration of this system was recently given | made on the same machine, the necessary selection 
on the Thirsk race-course. Before describing its | being effected by pressing a special key, which alters 
various technical features it must first be mentioned | the setting of the “‘ place change-over group”’ relays 
that the bet-unit employed is 2s., so that a bet of ll.| and causes the impulses to be transmitted to the 
represents 10 units, the other values used being 10s.,| appropriate set of ‘‘ decoding group”’ relays. It will 
10/. and 1001., representing 5, 100, and 1,000 units | be noticed that the relays mentioned so far, of which 
respectively. The number of bet units laid on each| there is one set for each ticket-issuing machine, are 
horse are recorded on the light banks at the bottom of | grouped according to the denomination of bet dealt 
the two outside panels of the indicator board illustrated | with by that machine. It is therefore next necessary to 
in Fig. 20n page 270. These panels are marked ‘‘ Win’’ | separate the bets made on a particular horse from those 
and ‘‘ Place”. The extreme left-hand numerals, | made on other horses on the same machine, and group 
in this case 1 to 6, on these banks represent the numbers | them with those made on that horse on the other mach- 
allotted to the horses, while the figures to the right of | ines before they are passed on to the next group of 
these show the number of bets in 2s. units recorded| equipment. This is done by composite collecting 
oneach. The figures appearing in the uppermost bank | switches, which are of the heavy duty rotary type. 
show the total number of 2s. bets laid on that race, | While betting is in progress, these switches rotate at 
in the case illustrated 12,793 for a win and 13,865|a speed of about 50 r.p.m., so that the brushes 
for a place respectively. Directly the race is started, | traverse some 2,400 contacts per minute. This 
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respectively. The system is set in operation by throw- 
ing over the total ‘“ win”’ and “ place”’ keys, if both 
those types of betting are permitted, as well as the 
keys corresponding to the numbers of the horses taking 
part in the race. If there is no “ place” betting the 
appropriate keys are left normal, and it is thus impos- 
sible for “ place” bets to be accepted. Betting can 
immediately be stopped by returning the keys to the 
off position, as this operation cuts out the adding 
machines. The signal lamp associated with each key 
glows as long as that key is in the operating position, 
so that’ the controller can see at a glance whether the 
equipment is working. In addition, the figures shown 
on the main board are reproduced on the miniature 
display indicator visible in the centre of Fig. 3. Finally, 
the whole equipment can be thrown out of action by a 
master-key at the starting post. When this key is 
operated all the signal lamps on the control board are 
also extinguished. 

The panels on the left of Fig. 3, which are marked 
“win”? “dividend,” and “place” respectively, are 
equipped with a series of telephone-pattern jacks, into 
which plugs can be inserted in the usual way. This 
enables the numbers of the horses running to be set up on 
the appropriate panels of the main indicator board, 
as well as the figures, which show the amount of 
dividends payable on a particular race, when these have 
been calculated. The horse numbers can be set up in 


betting is stopped in the way described below and the| enables the impulses set up during the busiest} any order, the position of the plug boxes visible at the 
sum available for distribution is calculated. In the| period to be dealt with simultaneously. From the| bottom of the panels, which are in series with the 
example shown it would be 2 x 12,793 shillings, less a | composite collecting switches the impulses next pass | ‘‘ horse adding’’ machines indicated in Fig. 1, being 
6 per cent. deduction. On the conclusion of the race | to an adding machine, where all the bets made on a| altered accordingly. Should a fault occur on any part of 
the number of the winning horse and the numbers of the | particular horse are totalled. These also consist of| the apparatus a light appears on the board visible in 


first three horses are displayed in the banks on the | heavy-duty rotary line switches, in association with 
central panel marked ‘“‘ Win” and “‘ Place’’ respec- | relays, and, as will be seen from Fig. 1, oneis provided 
tively, the race to which these numbers refer being | for each horse ‘‘ win” and each horse “‘ place.” The 


the top right hand corner of Fig. 3, while at the same 
time the faulty circuit is switched out. 
A point about the equipment, on which considerable 


shown in the bank marked “‘ Dividend race.” In the | maximum capacity of each of these machines is 2,400 | stress is laid by the designers, is that the individual 
example given No. 3 horse has won, so that the total| bets per minute of each price denomination, or an/ groups of relays and switches forming the apparatus 
amount available for distribution would be divided by | aggregate of 12,000 bets per minute. If this figure is | indicated in Fig. 1 are all mounted on horizontal steel 


the tumber of unit-bets made on that horse, the result | exceeded the issue of tickets is automatically controlled, 
bein, displayed in the appropriate bank under the | until the arrears have been overtaken. These machines 
heading ‘ Pays per 2s. unit.”” Each person who has| are fitted with contactors by which the appropriate 
bet on this horse is thus entitled to receive that amount lighting circuits are closed so that the necessary changes 
for every 2s. he hasrisked. In the case of place betting | are made in the figures on the indicator board. The 








shelves of channel section and are so arranged that they 
can be plugged into the appropriate circuits. This en- 
ables any group to be detached or replaced without in- 
terfering with the permanent wiring, the arrangement 
being similar to that recently developed by the British 
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Post Office and the Automatic Telephone Company. 
Its technical advantages are that it provides the maxi- 
mum protection against damage and dust. The same 
principle is also applied to the ticket-issuing machines 
and to the boxes, which contain the signal lamps, so 
that a maximum of flexibility is obtained. 


From the economic point of view, this flexibility has | 


the further great advantage that it is unnecessary to 
equip each racecourse permanently with the whole of 
the totalisator apparatus required. In fact, the only 
permanent features are the wiring, the framework, and, of 
course, the buildings, since the ticket-issuing machines, 
relays, lamp banks, and other devices can be taken from 
place to place and installed as required. A further 
feature is the relative simplicity of the wiring ; only 
ten wires, apart from the battery leads, being required 
between an 80-horse ticket-issuing machine and the 
relay apparatus. 

At present the power for working these totalisators 
is supplied from portable petrol-driven generating 
sets, which can of course also be transported from place 
to place, but there seems little reason why a public 
supply should not be used, when it is available. 








Tue INstrruTe GF METALS.—The twenty-second annual 
general meeting of the Institute of Metals will be held in 
the hall of the Institution of Mechanical Engineers, 
Storey’s Gate, London, 8.W.1, on March 12 and 13 next. 
At 10 a.m. on the first day, the new president, Dr. R. 
Seligman, will deliver his presidential address, and this 
will be followed by the reading and discussion of papers. 
The contributions to be presented are given below in the 
order in which they will be submitted. ‘The Early 
Use of Metals 
of Eutecties,”” by Dr. D. Stockdale ; 
Influence of Gases on the Soundness of Copper Ingots,”’ by 
Mr. N. P. Allen; ‘* Gases in Copper and their Removal,” 
by Mr. W. E. Prytherch ; 
Castings,” by Mr. E. J. Daniels; ‘ Macrostructure of 
Cast Alloys. Effect of Turbulence Due to Gases,” by 
Mr. R. Genders; ‘‘ Investigation of the Effects of 
Impurities in Copper. Part VI.-—-The Effect of Phos- 
phorus in Copper,’”’ by Professor D. Hanson, Mr. 8. L. 
Archbutt, and Miss G. W. Ford; ‘The Aluminium 
Brasses,”” by Mr. R. Genders; ‘* The Diffusion of Zine 
in Copper Crystals,” by Dr. C. F. Elam; “ Protective 
Value of Some Electro-Deposited Coatings,’’ by Messrs. 
L. Davies and L. Wright; ‘‘ A Note on Zine-Base Die- 
Casting Alloys,’’ by Messrs. R. Lancaster and J. G. Berry ; 
‘Atmospheric Action in Relation to Fatigue in Lead,” 
by Professor B. P. Haigh and Mr. B. Jones; and “A 
Note on Metallic Magnesium,” by Mr. W. R. D. Jones. 
The annual dinner will be held at the Hotel Victoria, 
Northumberland Avenue, London, 8.W.1, on March 12, 
at 6.45 for 7 p.m. It has been decided to hold 
the annual autumn meeting in Southampton from 
September 9 to 12. 
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” by Dr. T. A. Rickard; ‘* The Composition | 
‘“* Experiments on the | 


‘* Unsoundness in Bronze | 
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| CATALOGUES. 


Electrical Fittings.—Messrs. The General Electric 


Company, Limited, Magnet House, Kingsway, London, | 


| W.C.2, have sent us particulars of a new magnetically- 
interlocked switch plug of the flush type, and also of 
| their Perlique glassware fittings. 

Pig-Iron.—Messrs. Warner and Company, Limited, 
Cargo Fleet, Middlesbrough, have sent us a circular 
describing various qualities of pig-iron they supply 


w 


specially suitable for engine cylinders, piston rings, | 


chilled casting, malleable casting, &c. 

Isolating Links.—A circular describing a factory type 
of isolating link by which electrical machinery or 
apparatus may be quickly and safely cut off from the 
|current supply is to hand from Messrs. Donovan and 
Company, 47, Cornwall-street, Birmingham. 

Electric Motors.—We have received from Messrs. 
Wagner Electric Corporation, Plymouth-avenue, St. 
| Louis, U.S.A., a catalogue describing vertical motors 
up to 30 h.p. Both catalogues contain ample par- 
ticulars and illustrations of working parts. 


Water Level Instruments.—Messrs. Gent and Company, 
| Limited, Leicester, have sent us a further catalogue 
containing particulars of many instruments for indicating 


and recording the levels in wells and in water, sewage, | 


and other reservoirs, with alarm signals operated either 
electrically or mechanically. 

Paint.—Messrs. J. Dampney and Company, Limited, 
Newceastle-upon-Tyne, have issued a circular describing 
the qualities of their Miraculum paint as a filler or 
first coat for steel. It is a mixture of red lead and 
pigments, and is claimed to be easier to work, and to 
have a greater covering capacity than pure red lead. 

Valves,-—A catalogue of Klinger valves, Lassen steam 
traps, Imperial meters for water and oil and lever-operated 


S.E.1. The connections range up to 6 in., and the 
materials are cast-iron, bronze and forged steel. 


Steel-Cored Copper 
Messrs. British Insulated Cables, Limited, Prescot, 
Lanes., two circular letters explaining the application of 
Copperweld wire for overhead lines and for stay, 
catenary and span wires. Copperweld wire has a steel 
core with a copper sheath, the metals being closely 
united. 

Pyrometers.—Messrs. The Cambridge Instrument Com- 
pany, Limited, 45, Grosvenor-place, London, S.W.1, 
have sent us a description and illustration of new surface 
pyrometers which they have produced especially for 
indicating the temperature of moulds for bakelite and 
similar pressings, where the temperature must be kept 
within definite limits. 

Coal.—A pamphlet giving a detailed description of 
plant for cleaning coal by gravity separation is to hand 
| from Messrs. The Clean Coal Company, Limited, Medway 

| House, Horseferry-road, London, $8.W.1. The plant, 


valves is to hand from Messrs. Beck and Company, | 
| Limited, 130, Great Suffolk-street, Southwark, London, | 


Wire.—We have received from | 
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which has been erected by the company, and, we under- 
| stand, is operating successfully at a Welsh colliery, is 
| known as the Lessing plant. 

Centrifugal Pumps.—A catalogue of centrifugal pumps, 
directly driven by electric motors, is to hand from Messrs. 
| Rateau Company, Paris, whose office for this country 
lis at 28, Russell-square, London, W.C.1. The sizes 
| range from 0-1 brake horse-power to over 60 brake horse- 

power, lifting against heads of over 200 ft. Examples 
|are also shown of pumps for petrol engine and _ belt 
drives. 

Tubes for Artesian Wells.—Messrs. Stewarts and 
Lloyds, Limited, 41, Oswald-street, Glasgow, have 
issued a catalogue dealing specially with tubes for 
artesian well bores, and the various joints and fittings 
required for them. The catalogue is fully descriptive, 
giving particulars of dimensions, weights, &c., as well 
|as much practical and technical information and ample 

illustrations. 


Water-Tube Boilers.—Messrs. H. and T. Danks (Nether- 
ton), Limited, Netherton, Dudley, have issued a descrip- 
tive catalogue of their patent water-tube boiler. The 
description deals with the tubular arrangement, framing, 
setting, water and steam capacity, maintenance, cleaning, 
&c., illustrations being given of boilers of various capa- 
cities built up from the sectional unit on which the 
| design is based. 


Belting, Hose and Packing.—Messrs. James Milne 
Cooper and Company, Limited, Bradford, Yorks, have 
sent us a catalogue of jointing materials, gaskets, hose 
and balata and leather beltings. The firm’s object 18 
to meet all the usual requirements from stock, and, 
consequently, very full lists of types and sizes are given. 
The hose is made in materials suitable for water, steam, 
oil and certain solvents. Prices are stated in nearly all 


cases. 


Turbo-Generators, dc.—Messrs. C. A. Parsons and 
Company, Limited, Newcastle-on-Tyne, have issued a 
new general catalogue of their standard products, mainly 
steam turbines, generators, blowers, compressors, toothed 
gears, surface condensing plant, electrical transformers, 
and searchlight reflectors. Many striking illustrations 
are given of plant supplied by the company, and in all 
cases the interest is enhanced by descriptive notes. 
tabular statement gives particulars of typical turbines 
built since 1884, with figures of load, speed and steam 
pressure and consumption. 


Steam Valves.—Messrs. Hopkinsons, Limited, Hudders- 
field, have sent us a catalogue of Hopkinson-Ferranti 
steam stop valves for pipes of 4-in. to 24-in. diameter. 
These valves, it will be remembered, employ the Venturl 
principle, the valve opening being smaller than the 
pipe, and the inlet and outlet passages tapering out to 
the pipe diameter. When the valve, which is of = 
parallel slide type, is fully open, the gap between = 
seats is filled by a ring, which protects the faces and 
gives a clear passage for the steam. All these vaives 
have seats and faces of special metal. 
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THE AIRSHIP R101. 
(Concluded from page 189.) 


Propelling and Auxiliary Machinery.—The out- 
standing feature in the machinery of the airship 
R 101 is the circumstance that it is driven by heavy- 
oil engines, the fuel for which can be procured 
readily at a low price and with a viscosity not too 
high for it to flow rapidly enough down to 0 deg. F. 


The engines used are of the Beardmore Tornado | 
8-cylinder type, which has already been described | 


in these columns. For aeronautical purposes, the 
most notable feature of the design is that Messrs. 
Beardmore have succeeded. in reducing the weight 
per horse-power to about 8 lb. Wing-Commander 
Cave-Brown-Cave, who has taken an important 
part in the development of the power plant, has 
expressed the opinion that this figure can be reduced 
by half. As they stand, these engines consume less 
than 0:4 lb. of heavy oil per brake horse-power- 
hour, but it is highly probable that they have been 
working well below the optimum they may be 
expected to attain. It happens that the engine 
develops vibration when run at over 900 r.p.m., 
and accordingly the present results have been 
obtained with a continuous brake horse-power of 
585, as against 700, for which the engines were 
designed. The inatter is still under investigation, 
and it is reasonable to hope that improvements in 
the design of the engine will enable a higher effi- 
ciency to be obtained. As regards the advance 
which, in the meantime, has been made in applying 
heavy oil to an airship, it may perhaps be worth 
while to point out that, on the figures given and 
assumed above, the total weight of the engines with 
the heavy oil fue] for a 50-hour flight, for which the 
engines were designed, would be less than the 
weight of the fuel alone consumed by petrol engines. 

The cars in which the power units are carried 
are so arranged that, when a thorough overhaul 
is required, a complete car, including its auxi- 
liary piping, airscrew, &c., can be removed and 
replaced by a spare one while the ship is at the 
mast, so as to allow the change to be made in the 
shortest possible time, and to permit a fresh type 
of car to be developed for any improved type of 
engine without delaying or altering the ship. The 
arrangements within the car, however, allow the 
whole of the machinery to be accessible to the 
engineer for carrying out any repairs which have 
to be made during flight. The maximum diameter 
of the car is less than half the diameter of the air- 
screw, thus minimising its addition to the drag of 
the ship. The engineer can, nevertheless, pass along 
the full length of both sides of the engine, and reach 
any pipe or joint under it, while remaining entirely 
protected from the passing air and from much of 
the airscrew noise. Through two hatches on the 
port side, which he can open, he has free access to 
the whole of the top and also to the starboard 
side of the engine, while remaining well protected 
from the passing air stream. When necessary, it is 
possible to remove a cylinder head, piston, and con- 
necting-rod while the ship is in flight. 

Each main engine is started by an auxiliary 
engine developing over 40-h.p. at 2,000 r.p.m., 
but requiring less than 10-h.p. to run the main 
engine up to the 100 to 120 r.p.m. at which 
it starts. The auxiliary engine drives a Bendix 
pinion through a reduction gear of 20 to 1 until, 
on being thrown out automatically, the pinion closes 
an electric contact and switches off the starting 
engine. During starting a decompressor lifts an 
inlet valve of each cylinder, so preventing the fuel 
charge from being fired. The main engine is 
driven by the auxiliary engine at about 120 r.p.m. 
until fuel is being delivered steadily to every 
sprayer, when the speed is increased slightly, and 
the decompressors shut. The momentum of the 
airscrew is then quite sufficient to carry the main 
cylinders over full compression, and thus cause the 
injected charges to fire. 

In aidition to starting the main engines, three of 


the au ‘iliary engines drive electric generators, 
and the remaining two drive air compressors. 
These »re mounted under the auxiliary engines 
on sli‘c rails, so that they can be moved aft, 
either for examination, or for interchanging a 


generator and a compressor. When the vessel is 
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travelling faster than 60 miles per hour, these 
auxiliaries are driven by variable-pitch wind-mills, 
each developing from 12 to 15-h.p. They are 
mounted coaxially with the auxiliary engine, and 
maintain constant speed under 100 per cent. varia- 
tion of load, and between air speeds of 60 and 80 miles 
per hour. The variation of pitch is obtained by the 
action of centrifugal force on heavy cups, which 
are carried on arms attached to the blades, and act 
against large adjustable springs. A dashpot at the 
front end of the axis damps the movement, and, by 
links attached to it, constrains the blades to move 
in unison. At present, these auxiliary engines use 
petrol, the supply of which in each car is carried 
in a tank which can be slipped immediately in 
case of fire. Ultimately, it is understood, to be 
the intention to replace the petrol engines by 
heavy-oil engines. 

Heating, Fuel, and Water Systems.—The main 
engines of the airship are cooled on an evaporative 
system, and the steam from the head of the 
separator passes to the condensing radiator. The 
result of experiments which have already been made 
gives reason to hope that ultimately the condensers 
will be formed of fabric ducts within the outer 
cover of the airship, so that their presence will cause 
no increase of drag. Pending experience obtained 
in actual flight, however, triangular honeycomb 
radiators have been installed. Each of these has a 
relief valve set to 2 lb. per square inch, so as to dis- 
charge steam if the cooling is inadequate while the 
airship is landing. The use of evaporative cooling 
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has the advantage of enabling the radiator to be 
placed at any convenient distance from the car, 
without entailing the prohibitive weight that would 
be involved if the radiator and connecting-pipes 
were filled with water. The steam from the engine 
cars that are near the passenger space is delivered 
toa radiator, which, when required, can be drawn up 
into the discharge of the ventilating fan of the pas- 
senger quarters, and thus serve to heat them. When 
heating is not required, the radiator is lowered so 
as to project below the outer cover of the airship, 
and be cooled by the passing air. The condensate 
from the passenger radiator is returned by an 
electrically-driven pump mounted on the bottom 
of the radiator, and maintaining a slight vacuum 
to assist the flow of steam from the engine through 
the long length of piping. The condensate from the 
other radiators is drained by gravity to a water tank, 
and thence returned to the engines. 

The fuel supply is carried in unit tanks, each of 
224 gallons capacity, or, in certain positions, in two 
112-gallon tanks worked as single units, and pro- 
vides, in all, a store of nearly 29 tons of heavy oil. 
In addition to these, further tanks are carried on 
the passenger deck, which can either serve as com- 
pensating weight when the full complement of 
passengers is not being carried or when passengers 
are being disembarked, or, in the alternative, can 
contain a further fuel supply when no passengers 
are being carried, so bringing the total fuel capacity 
to about 37 tons, or, say, about 10,000 gallons. Of 
the ship’s water ballast, 8 tons are carried in emer- 
gency bags, from which it can be released quickly, 
and 7 tons in tanks similar to those used for the 
fuel. If, as is thought likely, the contents of the 
water tanks are not required for ballast, they can be 
used for further fuel supply, bringing the total fuel 
capacity up to 44 tons. The fuel-storage system has 
not only to supply each engine car, but must provide 
for the movement of large quantities of fuel fore and 
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aft in the ship to alter her trim, and, on emergency, 
to discharge fuel as ballast. The water ballast has 
to be under similar control. This result is obtained 
by connecting all the storage tanks so as to deliver 
through special pressure tanks, from which the fuel 
or water, as the case may be, can be blown by com- 
pressed air to any part of the ship. This compressed 
air is supplied from the compressors in two of the 
engine cars, and is stored in a tank in the hull under 
a pressure of 60 lb. per square inch, The system 
is filled from the bow of the ship through a 2-in, 
main, which is also used for moving the fuel fore 
and aft for trimming. 

The practice previously employed of dropping 
complete tanks containing fuel, when it is necessary 
to discharge ballast in emergency, has been discon- 
tinued, both in order to avoid public danger, and to 
be able to sling the tanks more conveniently than 
would be possible if they had to drop clear through 
the bracing wires and structures of the rings in which 
they are mounted. It has, therefore, been arranged 
that certain selected tanks shall be fitted with special 
jettison valves, from which fuel can be released 
very rapidly. These valves consist substantially of 
an orifice formed in the bottom of the tank and 
closed by a dise of 28-gauge aluminium, below which 
a ring carrying seven knives is so fitted that, when 
it is rotated, it rises into contact with the disc and 
cuts it out, discharging the fuel in a steady 12-in. 
stream through a patch previously removed from 
the outer cover. 

Mooring System.—The mooring tower which 
has been erected at Cardington is a steel frame 
structure, 200 ft. high and 70 ft. across at the base, 
with a passenger platform at a height of 170 ft., 
connected to the ground by stairs and a lift, and 
surmounted by a conical turret containing the 
tower head and machinery. Three winches at the 
foot of the tower, which can also be operated from 
the tower head, serve to haul on a main wire 
after it has been connected to a main wire from 
the ship, and on two side guy wires from the ship. 
On mooring, the guy wires are anchored to the 
ground at a distance of 750 ft. from the tower, 
and prevent surging and yawing during the mooring 
operation. A receiving arm projects from the top 
of the tower, carrying a cup into which a cone 
from the nose of the ship engages and is auto- 
matically locked, after the ship has been hauled 
down by the winches. The cup remains free to 
revolve horizontally, and the cone is carried on a 
universal joint, so that the ship is free to move 
round the cup in all directions. The tower has 
pumps, pipes and an underground fuel tank for 
water, gas, and fuel services, which are carried to 
the top of the tower. Similar towers have also 
been erected at Montreal, Ismailia and Karachi. 
Seven mooring towers or masts, incorporating in 
their design the same mooring principles, which 
are the invention of Major G. H. Scott, C.B.E., 
A.F.C., Officer in Charge of Flying and Training at 
Cardington, have been erected by the United 
States Government. 

Fig. 23, on this page, shows generally the manner 
in which passengers gain access to the ship from the 
mast. A travelling plaiiorm with rollers on the 
mast runs round on a rail, and takes the hinged 
closed-in drop gangway of the ship, which is carried 
at frame 1. The mooring arrangements on the ship 
are shown in Figs. 24 to 30, on page 272, in which 
Fig. 24 is an elevation, Fig. 25 a plan, and Fig. 26a 
transverse section at frame O looking forward, while 
Figs. 27 to 30 show, on an enlarged scale, the general 
arrangement of the mooring cone and of the appara- 
tus associated with it. The details of construction in 
the neighbourhood of the ship’s nose deserve atten- 
tion. The mooring spindle at the bow of the ship 
is heavily loaded, the reaction of the mast causing, on 
the forward part of the hull, a heavy shear, which 
comes on the spindle. Accordingly, the spindle 
has to be supported all round by a number of 
tubular members, 15 in all, and, at the same 
time, it must not foul the gauge line of the 
mast head. For the latter reason, it has been 
found necessary to have some overhang on 
the spindle, and as in the framework behind the 
supporting cone of tubes it is difficult to arrange 
satisfactory shear bracing, these members are made 
'to attach themselves to the spindle close to the 
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point of suspension, taking the lines of tangents to 
the theoretical shape of the bow, and resisting the 
shear by end load alone. In the general arrange- 
ment of the bow-mooring scheme, a platform is 
slung in the space between frames O and OA, 


bearing three winches for the ship’s mooring rope | 
and side guys, as well as carrying connections | 


for gas, fuel, water, compressed air, and electricity, 
to be used when the ship is riding at the mooring 
tower. 

A small observation platform, or crow’s nest, 
with an observation window is reached from this 
platform, and also a small hatch for letting out 
a drogue or sea anchor. In Fig. 27 the operation 
of the clutch by which the ship’s cone is 
engaged from the mast will be evident from 
inspection. An arrangement is provided by which 
the spindle is so mounted that the bearings cannot 
be jammed through distortion under bending load. 
This consists essentially in the journal bearing at 
the right-hand end of the axial tube, which leads 
to the nose or spindle of the bow, Fig. 27. This 
bearing has thrust bearings on each side, and 


outside the centre bearing and the thrust bearings | 
spherical seatings are provided, so that if the, 


spindle distorts, the three bearings can move over 
what is in effect a spherical surface. The reaction 
of the mast head is measured with appropriate 
instruments by the extent to which it bends the 
spindle, separate instruments for measuring hori- 
zontal and vertical strain, respectively, being con- 
nected electrically to galvanometers in the control 
cabin. A dial indicator also enables readings of the 
vertical load to be obtained on the spot, their in- 
terpretation being aided by a rougher instrument 
mounted alongside. 

Gas Control Arrangements.—Many parts of the 
ship are, of course, made in fabric. 
sarily enters largely, for instance, into the finish 
of the walls of the passenger accommodation. 
principal living rooms in these are constructed in 
light Duralumin girder work, across which fabric 


is stretched. Further support and good decorative | 


effect are provided by half-columns, mouldings, 
and shelves of balsa wood, which, with settees, &c., 


also serve to keep passengers from contact with the | 
fabric. While a satisfactory appearance of solidity | 
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is thus obtained, the construction is particularly 
light, working out at about 0-4 lb. per square foot 
of wall, including vertical girder work, fabric, dope, 
paint and balsa mouldings, but excluding settees. 
The chief use of fabric, however, is for the outer 
cover of the entire hull, and the gas-bags. Having 
regard to the vast area to be covered, the cover is 
doped mechanically before erection, and is attached 
to the ship by a special lacing edge. Lacing points 
are provided opposite each of the bracing struts of 
the longitudinal girders, and, by means of a tool 
with a screw device and a spring indicator, the cover 
is made taut to a definite tension at each point. 


GAS 


VALVES. 


Fig.32 
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| The gas bags are arranged vertically between the 
| transverse frames. There are 16 of them, includ- 
ing one in the space behind the fins. The two 
| foremost bags are connected, and so are the two 
aftermost, so as to reduce the number of valves. A 
special system of wiring, with intermediate bulk- 
heads, is provided for constraining the gas-bags, by 
which the lift of the gas is transmitted directly to the 
main joints of the hull framework with the minimum 
distortion of the framework, and the gas is prevented 
from surging longitudinally when the axis of the 
ship is inclined. Ample space has been left between 
the gas-bags and the frames to prevent them from 
touching when the gas-bags are distended. The trials 
have shown, indeed, that this space could safely be 
reduced, and the gas space correspondingly increased. 
A sufficient passage is provided in this space along 
each side of the ship to permit any attention that 
| may be required to the gas valves or other parts. 





To avoid excessive differences of pressure between 
the inside and the outside of the cover and of the 
| gas-bags when the vessel is rising or falling rapidly, 
{means have had to be provided for admitting or 
| discharging large quantities of air rapidly, and for 
| promptly discharging and arresting the discharge 
|of large quantities of gas. Sufficient air inlets for 
| the cover when the ship is moving forward without 
rising or falling rapidly, and for the general ventila- 
| tion of the ship’s hull, are provided by rows of holes 
| round the circumference of the cover near each end 
|of the ship. In these positions, the movement of 
| the ship in its flight acts constantly to force air 
into the cover, and the holes are provided with 
|internal fabric hoods, which act as non-return 
valves, and also collect and drain any moisture 
| that may be carried in. These holes do not admit 
| sufficient air when the ship is descending rapidly, 


and a further set, also with non-return flaps, is 
| provided in the bottom of the cover at frame 5. 


| For the outlet of air when the ship is rising, a series 
| 


| 


of slots is provided round the circumference of the 
ship at frame 7, where it is found that the mean 


The intermediate longitudinal girders, which take | external air pressure is almost independent of the 


part of the load of the cover are, moreover, provided 


angle of pitch of the ship. These slots are arranged 


with adjustable telescopic kingposts, by which they | with the back half of the cover stiffened at its 


can be forced outwards to take up slack, should it 
become necessary in the course of time. 





forward edge and overlapped by the forward half, 
the after edge of which is so fitted with springs that, 
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when the internal pressure exceeds the external by 
a predetermined amount, it forms an opening, 
somewhat similar to the gills of a fish, for the escape 
of air between the forward and after parts of the 


cover. These slots are, of course, completely closed | 


when the ship is descending, and also when it is 
travelling forward without either rising or falling. 
The springs serve, in the latter case, in combination 
with the inlet air, to counteract the suction from 
outside the cover, which might otherwise reduce the 


internal pressure and lead to excessive strain on the | 


fabric. To ensure the immediate discharge of any 


gas that might collect within the cover, a series of | 


hoods is fitted along the top of the ship. 

The gas is controlled by two automatic valves, 
Figs. 31 to 34, on page 273, fitted at mid-height on 
either side of each bag, and attached to the gas-bag 
and to the gas-bag wiring. Gas is admitted to the 
valve through a syphon pipe, not shown on the 
drawings, in the form of a U-tube bent in a quadrant 


round the circumference of the bag. One end of the | 


tube is connected to the valve and the other to the 
gas-bag just below the valve, the tube extending to 
about the level of the bottom of the bag. Ordina- 
rily, therefore, the gas will remain in the bag until 
the bag becomes full, when it will flow up through 
the syphon pipe into the operating chamber and 
open the valve. Means, however, are also pro- 
vided by which, when desirable, the syphon-pipe 


can be charged some little way above the level of | 


the bottom of the bag, so as to relieve the bag from 


excessive pressure if there is reason to expect rapid | 
changes in height. A small spring-loaded relay valve | 


is also provided near the top of the syphon, which 
can be operated from the control car, and allows gas 
to enter the automatic valve and open it, irrespective 
of the degree of inflation of the gas-bag. 


In this | 


way, the automatic valve is made also to serve the | 


purpose of a manceuvring valve, by which gas can 
be discharged at any time. 
with 40-in. and 30-in. seats, respectively, according 
to the size of the bag. 
the 40-in. valve is as shown in Fig. 34, and Figs. 31 
to 33 show, respectively, a half-sectional view and 
quarter elevations from opposite ends. The attach- 
ment of the valve to the gas-bag and its wiring is 
made through the four-spoked wheel, 


the bag is bound round the rim. 
to the valve through the inlet seen on the left of 
Fig. 31, and passes along the tubular spindle which 
projects from the hub of the wheel. The movable 


The valves are made | 


The general appearance of | 


which is | 
supported by the wiring, and a fabric petticoat on | 
The gas is admitted | 


part of the valve is a large spun casing, which | 


travels on the spindle, and is connected by a fabric 
bellows to a fixed stationary diaphragm within the 
casing, also carried by the spindle. The seating of 
the valve is a flexible fabric annulus carried by the 
casing. The gas is admitted directly to the inside 
of the bellows, and, owing to the effective area of 
the bellows being greater than that of the seating, 
it acts to close the flexible face. 
opened by the rise of pressure of gas in the chamber 
formed outside the bellows between the casing and 
the fixed diaphragm within it. This operating 


tubular spindle leading from the inlet, and the 
fabric cone seen on the left of Fig. 31. It has a 
direct leak to the atmosphere, so that the valve is 
free to close under the pressure of a light closing 
spring when gas is not flowing into the chamber. 
The pipes have been so designed that a pressure 
difference of 2 mm. of water at the bottom of the 
bag will suffice to open the valve to its full extent, 
when the 40-in. valve will discharge 36,000 cub. ft. 
per minute. 


THE IRON AND STEEL INstiruTe.—The annual meeting 
of the Iron and Steel Institute will be held on May 1 and 2 
next, in the hall of the Institution of Civil Engineers, 
Great George-street, London, S8.W.1. Professor H. 
Louis will preside. The annual dinner will take place 
at the Connaught Rooms, Great Queen-street, London, 
W.C.2, on the evening of May 1. As already announced 
at the last meeting of the Institute, the autumn meeting 
is to be held this year, at Prague, Czechoslovakia, from 
September 15 to 20. The sessions for the reading and 
discussion of papers will take place in the new building 
of the Society of Czechoslovakian Engineers in Prague, 
and visits will be paid to the steel works of the Skoda 
Company at Pilsen, and to the iron and steel works at 
Witkowitz. Members, who expect to be present at the 
=" meeting should notify the secretary without 
delay. 


The valve is | 
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The Manufacture of Chilled-Iron Rolls. By ARCHIBALD 
Autison, London: Sir Isaac Pitman and Sons, 
Ltd. [Price 8s. 6d. net.] 

THIS very comprehensive summary of a _ long 
practical experience in the making of chilled rolls 
will be of great value to all engaged in this 
special branch of iron-foundry work. The process 
is studied scientifically from the analysis of the 
various grades of iron used and the effect on the 
quality of the roll, depth of chill, &c., to the influence 
of the constituent elements in the length of service 
obtained. At the same time, a clear and instructive 
description of modern methods of melting, moulding 
and casting in the roll foundry is given. 

As quoted at the head of the introductory 
chapter, the successful production of chilled rolls 
calls for more specialised knowledge and_ skill 
than any other class of ferrous foundry work, and 
Mr. Allison is to be congratulated in that, whilst 
stating that scientific control of the roll foundry 
is essential, he admits that the skill and experience 
of the practical foundryman is equally necessary. 
This close co-operation of science and practical 





| knowledge is undoubtedly required in all commercial 


metallurgical processes, but in no case is it so 
entirely necessary for success as it is in the roll 
foundry. 

It is, in fact, to be deplored that the increasing 
reliance on the chemist is tending to cause the 
practical skill, so remarkable in the older generation 
of foundrymen, to die out, and it is questionable | 
whether chilled rolls made to-day are equal to 
those produced in the best foundries thirty or forty 
years ago. It is not, of course, fair to blame the | 
chemist for any falling off of the quality, but the 
proper appreciation of the experienced practical 
man shown by the author indicates that he has 
more than a theoretical knowledge of his subject. 
The fact that analyses and tests are given for | 
over 400 casts makes the book one of real practical | 
value, especially as for each cast of rolls not | 
only is the analysis and casting temperature 
recorded but also the life of the roll in service. It 
is, perhaps, to be regretted that the experiments 
are mainly concerned with rolls for hot rolling and 
that there is little reference to the special case of 
rolls such as are required for cold rolling of steel 
and non-ferrous metal strip and sheets. Chilled rolls 
for cold rolling call for even a higher degree of 
perfection than is required for hot rolls, as in 
addition to the necessity for a sufficient depth of 
chill and mechanical strength, the barrel surface 


|must be absolutely free from soft spots, pin holes 


and other defects, and should be capable of taking 
a high degree of polish. However, the principles 
governing the production of satisfactory rolls apply 


| equally well to both cases, if it is borne in mind 
| that the special qualities desirable in a roll depend 


chilled rolls are being made from cupola-melted 


very greatly on the.purpose for which it is intended. 
An interesting study is given of the comparative 
results obtained from the two types of melting 


|furnace employed in the roll foundry, i.e., the 


chamber is connected to the gas supply through the | : 
BF pP'y | cupola and the air furnace. 


The cupola being the 


more economical, an increasing proportion of 


iron, but it would appear that the best rolls for 
general purposes are still those cast from the air 
furnace. Mr. Allison very definitely shows the 
advantages of the reverberatory furnace, not only | 


/on account of the practical convenience in melting 


| producing a roll with a lower 
| giving greater mechanical strength for hot rolls, | 
/ments, and to decide on the best proportions of 


large pieces, such as unbroken scrap rolls, but in | 
sarbon content | 


and also for heavy breaking down work in the cold 
mill, that is for any duty where the roll is subjected | 
to heavy shock loads. On the other hand, for 
some purposes, such as cold-finishing work, the 
cupola cast roll, with its greater hardness of chill, 
is probably to be preferred, or is at least equally | 
satisfactory. 

The quality of hardness is not given the attention 
which, perhaps, it deserves, the usual scleroscope 
test, although possibly, as stated by the author, 
only a broad guide to serviceability, is certainly | 
of value to the user, especially for the finer cold- 
finishing work. With the hot rolls chiefly con- 
sidered, the degree of hardness is not of first import- 


ance, but it is interesting to note that the hardness 
figures tabulated on page 82 range from 55 dev. 
to 71 deg., an average of about 60 deg.; wheres 
| chilled rolls are regularly produced which register 
|from 70 deg. to 75 deg., and even a higher degree 
of hardness is obtainable. Such hard rolls 
certainly cupola-cast rolls and are consequeni|y 
| mechanically weaker than the softer, low-carbon 
| air-furnace rolls, but, as indicated above, for some 
| purposes a hard clean surface is more important 
| than strength. 

The oil-fired furnace used for casting the rolls 
| which have been the subject of the experiments 
‘described is an interesting modern development 
|of the air furnace, which was always coal fired ; 
| presumably oil fuel has been found to be more 
|economical, although no figures are given of fuel 
consumption or comparative costs. With a com- 
'bination of the oil furnace and the cupola, as is 
recommended, it would appear that it is possible 
| to produce rolls to any specification of chill, hard- 
ness, strength, &c., with the maximum economy 
| and practical convenience. 

The importance of correct casting temperature 
is not overlooked, and the limits are stated to be 
| between 1,200 deg. C. and 1,250 deg. C. In the 
‘experiments described, the temperatures were 
measured by an optical pyrometer. Many successful 
roll founders rely on judging the temperatures by 
the appearance of the metal. This naturally calls 
for long experience, and the use of a pyrometer 
is undoubtedly desirable. It is stated that a 
casting temperature of 1,260, or over, is likely to 
cause pin holes, and other defects. Many practical 


are 





|experts are inclined to the opinion that pin holes 


are more likely to develop with too low a tem- 
| perature. 

The methods adopted for moulding, treatment of 
chills, &¢c., described are quite orthodox, and 
represent the best practice in this part of the 
manufacturing process. 

Micro-photography is given a chapter which 
includes illustrations of representative sections, 
‘but the author deprecates the value of microscopic 
study as failing to give information in proportion 
to the trouble involved in preparing sections. This 


| opinion is, no doubt, justified. 


Attention is called to the economic advantages 
that would accrue in manufacture if roll dimensions 
could be standardised ; the variety of dimensions for 
rolls is a difficulty experienced not only by makers 
of chilled rolls but also by hardened-steel roll 
manufacturers. The proportions of barrel length 
to diameter, length and diameter of necks, dimen- 
sions and shape of tenon ends or wabblers permit 
so many combinations that rarely can a roll, even 
of the same barrel dimensions, made for one customer 
be of use to another, and the making of rolls for 
stock is practically impossible. Many rolls in use 
are badly proportioned and it would help greatly 
towards standardisation if such rolls could be 
gradually replaced by those more correctly de- 
signed. 

It is impossible to avoid a very large number of 
variations in roll design, owing to the different 
uses for which the rolls are required, but un- 
doubtedly some attempt should be made for roll 
users to consider the elimination of unnecessary 
patterns. This applies particularly to the form 
and dimensions of tenons. With rolls of moderate 
size, there are at least five or six different forms 
in use, without considering small differences in 
dimensions for each form. It should be possible 
to decide on one or two shapes of wabbler cross 
section which would best satisfy mechanical require- 


these sections for each size of roll. 
The practical difficulties in the way of complete 


| standardisation are almost insuperable, as changes 


in roll design may involve replacing bearings. 
coupling spindles, couplings, &c., but a gradual 
elimination of obsolete and unnecessary designs 
would simplify the problems and lead to a measure 


(of standardisation to the advantage of both roll 
| maker and user. 


This text book on an important branch of foundry 
work is believed to be the first to be published 
in the English language, which is a remarkable 
fact if it is remembered that chilled-roll making 
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dines is of British origin and this country still holds a | as a useful stepping stone to more advanced and | gather the extent to which the author’s proposals 
. = high reputation for its productions in this line. | detailed considerations of the various branches of| have advanced, and some of the differences 
a a Whilst primarily of value to roll founders and | weak-current electrical engineering, and the infor-| that have arisen between him and other investi- 
ig their scientific and practical staff, the work is| mation is clearly and concisely set out. gators. 
igi recommended to all users of chilled rolls, as it! The first subject dealt with is line telegraphy, the| In principle, Mr. Oberth’s method is to use as a 
sein would be of the greatest assistance in buying and| theory and details of the design and descriptions! propellant the reaction of gases generated within 
ently in comparing results obtained in service from rolls | of the various apparatus used being given from | his apparatus and escaping from it under pressure. 
eon made to different specifications and by different | the simple sounder to the most complicated of high | Such an apparatus, he says, could readily penetrate 
ae methods. | Speed equipment. The treatment is interspersed |to the limits of the earth’s atmosphere, where it 
—e —— with a mathematical and practical consideration | could make connection with observing stations 
olla Lehriuch der Metallkunde des Bisens und der Nichteisen- of the propertias of both short and long lines. The | rotating in apace, and lead up to the age megtert 
metalle, By Franz SAvERWALD. Berlin: Julius | descriptions are, clear, though we notice some|of enormous space-going ships, in which the solar 
aents Springer. [Price 29 marks. ] omissions, perhaps because these points will, it| radiation could be concentrated and turned into 
ment ProressoR Sauerwald states, in the preface, that | is hoped, also escape the attention of the examiners. | mechanical energy by the interposition of boilers 
red ; he has found the need of a textbook on the properties | In the section on telephony, a similar course is| and electrical means. In the light of these proposals, 
ONS of metals suitable for the use of the students of | followed, two very useful chapters being devoted | and many others derived from them, the author 
fuel metallurgy at the Technical College at Breslau. | to the line and the employment of the valve for} arrives at four conclusions. In his view, the present 
aed It had been necessary to recommend a number of | various purposes. Signalling and switching devices | position of scientific knowledge and_ technical 
AS 16 hooks dealing with the different sections, which, as | also receive attention. In the final part, dealing | achievement enables machines to be built which can 
sible he remarks, gave a mass of material altogether | with wireless telegraphy and telephony, a theoretical | rise above the limits of the earth’s atmosphere. 
ard- beyond the general requirements of the students, | discussion of electromagnetic waves and high- | With further improvements, these machines will be 
any thus tending to defeat the object in view, whilst at | frequency circuits precedes chapters on trans-j able to attain such velocities that, when left to 
the same time, owing to the attention being succes- | mission and reception, in which mathematical | themselves in the ether of space, they will not fall 
ture sively concentrated on special branches, the essential | analysis and practical application are happily | back on the earth’s surface, and will be able to pass 
> be unity of the subject and mutual interdependence | blended. The derivation of the principal mathe-| beyond the influence of its gravitational attraction. 
the of these sections were obscured. Although Professor | matical formule used is given in an appendix. Such machines, he suggests, could be built to carry 
were Sauerwald emphasises that to deal with the subject | The treatment is naturally brief, but even so| men, “ probably without injury to their health,” and 
ssful in a single volume necessitated a somewhat brief | more space should have been devoted to the impor- | under present economical conditions, their construc- 
3 by treatment, leaving the further details for any parti- | tant subject of automatic telephony, both as regards | tion would be remunerative. The purpose of the 
pals cular section to be obtained from specialist books | its ultimate development and the interesting} present book is to demonstrate the truth of these 
eter or articles, the reader will find a considerable amount | transition stage which has been rendered essential propositions. In some measure, the author may be 
t a of information given in a clear and satisfactory | in London owing to the necessity for operating both handicapped by a desire to withhold publication of 
y manner. This renders the book of service not only the manual and automatic systems in conjunction. | some of what he regards as his happiest solutions of 
ical to students but also to those engaged in industry, | No mention at all is made of the Tandem Exchange. | the technical difficulties, but he leaves himself ample 
oles quite apart from the value to both groups of readers | The practical part of the section on wireless tele-| material for developing both his theory and the 
ome of the comprehensive bibliographies given at the graphy and telephony strikes us as being extra- many applications he sees for it. These applica- 
end of each chapter. The author points out that ordinary brief. Broadcasting and long-distance} tions include rockets for taking and recording 
t of the selection and rendering available of such lists! telephony, both on the long wave and short wave | meteorological observations to the highest limit of 
and of references, and the absorption of the work covered | Systems, are almost entirely ignored. Yet it may | the atmosphere, and others for taking photographs 
the by them into the general scheme of knowledge, | occur to the examiners to ask questions on these | from the air for aerial surveys and other purposes. 
are the duty of the colleges, the staffs of which are | Subjects. The author calls attention tothe unusual} A special application is to the delivery of express 
‘ich ina favourable position to undertake it. The author | arrangement of the book in his preface. Each} mails, which could go, for instance, from Berlin to 
ms. has also taken advantage of the publication to | chapter is divided into sections, the number of| New York in less than half an hour, and, with the 
pic include original work of himself and his colleagues, | Which appears at the top of the page, and these | help of a parachute, land within a radius of about 
ion ind to show its relation to that of others. sections are numbered consecutively throughout.|/10 km. at an overall cost, including insurance 
‘his The book does not deal at all with ores, the produc- | There is little to be said against this, except that | against loss, of anything from a tenth of a penny 
tion of metals, or with their chemical properties, | the sections are often rather long. On the other| to four-tenths of one penny per gramme, according 
ges but broadly with the general problem of the physical hand, the numbering of the formula is begun afresh to the design of the apparatus. It is suggested 
ons properties of metals, the relation of these to external|in each section, individual expressions being | also that, by the use of a rocket, aircraft can be 
for conditions, such as temperature, and the effect of referred to both by the number of the section in| assisted to cover large spaces at a great height in a 
ers metals on each other in alloys. The knowledge | Which they appear and by their own number in| very short time, and with further improvements, 
roll of the results of known variations permits the adop- | that section. This seems unnecessarily confusing. | space-going ships could be constructed, possibly for 
sth tion of these variations to produce desired effects |The index is inadequate, but there is a short} visiting other parts of the solar system. 
Pn- in industry. The general question of metal crystal- | bibliography to each chapter. This list of a few of the principal features of the 
nit lisation, as distinct from that of alloys, is discussed, ore kl book will give intending readers an idea of what 
rey . eS? ° ° P GeLeES ‘w ‘ - * = 
bo <4 yc oe ee Siee of pe | Wege zur Raumschiffahrt. By HERMANN OBERTH. ee eee jaan in 
for the ‘ th lof btaini ion, but gig inted | ee a ag " : ee pease ise an association Sea atelaan x the subject, and the 
ise out re gh sate tir ae 1 1g gh en bl | Tats book is the third edition of a work first pub- |; tituti . of a ournal_-Die Rakete—-which describes 
“e _ 1at_ meta m ane too frequently in an unstable | lished in 1923, under the title Die Rakete zu den re ea et fi Z i ms ‘ Te a domeheil 
 saitonfor this to be ignored, neomalatng the in-| Plndemrsamen, which described the  aathor's| ff tho fst nd only technical joural devote 
le- i sia urge beniagen sg padres Day be | investigations during a period of 20 years into the At ‘cal Society of F ag Sasepncestnte ee re 
a ut by the use of X-ray analysis, the | theory of motor rockets. At an early stage, he | “Stronomical Society of France has § thin tool 
sf oes Ps whieh is described, with typical inter- | realised that rockets of the ordinary type, propelled gy with a prize sg - = — a . rc oe 
erence diagrams, and the interpretation of these by explosive powders, were of very limited utility | 1° eatures in its text may be attracti 
nt ts considered, as well as various lattice systems. |f>, his purpose, but that their power could be |Te@ders. There are other workers on this difficult 
n- The determinatio f tk hysical ties of |; : a P gp subject, and Mr. Oberth takes many occasions to 
oll metals by tk diffe te tatie kamen aoa with peony agin cri waged ne-gptinge sd basi deal faithful y with the errors into which they 
ry the effects of I ' or Id “i i. va dealt vith pe head ; — ap wlbpresasdolypense a ' omnia inl have fallen and to give lively replies 
m Similar tev bi a he res allo wp ve = L snenel, oe Bee rene: te ween ee rs ees the attribute to him Another agreeable 
te ifter which it ogee lied so i - ly he ff Pi bene eo oe a — a prea tet that the author uses sentences of an 
ad steels . of ad a ition ip a a ‘ ci ging cpp a rig ene: average lenath and com lication far more merciful 
in ferrous metals oe ee ee a — ag ecige - ~~ — to English "readers aa is usual among German 
Ja ae opportunity of revising the manner in which the it 8 th 8 it t Seal ere d aon eas cima 
ia meoy semper neier. wie pens. Seereet alld ain often uu-camaua in this 
#! ~~ ~ a ony. ny Se Commi = ee “— yd em : —. respect, dia they used to be before the war. 
of and il all, Limised. Thies Se ae alia iitiei pr peeing eaghectt to which rocket fight We have done our best to treat Mr. Oberth 
i lHis hook is intended to occupy a position mid- | can be applied, and the distances it may ultimately oo \ayiosciveat aaa in the subject, the 
. way lectween those written for the telegraphist and|cover in planetary space. A second volume, | 9°0% ™4Y De commended. 
a linesmen and the advanced treatises on particular | which is to appear as opportunity may offer, will ; 
1] ‘spec's of the subjects included in the title. More|enter more fully into the history of rockets, the P —— ~~" eo" ee ne eee 
8 _ Ss * written for the student of a univer- | applications which have been proposed for them, caked.” Cammmmiah | Metal ‘Works, Woo Iwieh-road, 
ne ¥ or cal college who is preparing for such| the experiments and investigations made by the} London, S.E.7, the first issue of their house journal, 
i" *Xamiiations as that for the Bachelor of Science | author and others, a review of the most important | entitled The Harco —— ct has —_ oe 
iene dla args By way of warning, it | romances dealing with travel in space and other phate: egotberh or we tmonte, and staff generally. 
. A at to appreciate its value the| problems of the future, a list of patents, and other | J; will also form alink between the firm’s works in London 
4 reader will require to have a good grounding in| matters. In the meantime, enough has _ been | and its offices in the provinces, the overseas dominions, 
le iathematics, as the author makes constant use of | borrowed from the intended contents of the second | South America, and the Far East. The present issue 
, hyperbolic and exponential functions, in addition | volume to make the present work complete in |°o"*#ins a biographical article on Mr. G. A. Harvey, 
e to the calculus. It may, however, be recommended itself, and from it readers will be in a ition t aoe ee ee Re ee ee 
\ y> ; ; lf, ‘ position to! news. 
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The stresses in the buttresses were analysed with 
particular care. In addition to the stresses upon hori- 
zontal planes, the so-called “‘ trapezoidal ” stresses 
6,, the horizontal shear stresses r, and the hori- 
zontal normal stresses 6, were computed, and from 
these three stresses the principal inclined stresses o1 
and ou, were determined both as to magnitude and 
direction. As a first step in these computations, 
the trapezoidal stresses 6, were computed for the 
main horizontal sections. For this purpose, one 
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im the two intermediate sections, 10 ft. apart, the | to any movement of the portion to the right of a 
|average horizontal normal stress o, for the main | joint relative to the adjacent portion to the left. 


| of the buttress. 


horizontal sections, the principal inclined stresses, 
and the angles which their directions make with the 





section can be computed in successive steps, by | The second principal stress is the only force to be 
a process similar to that outlined for the shear| transmitted across the joint. 
stresses, beginning again at the downstream face | normal to the joint. 


Its direction is 
In the Coolidge Dam, the 
| Second principal stress is a very small compression 


| After the o,, 7 and 6, stresses had thus been | stress at all points of the buttresses, as seen from 
determined at a number of points in the investigated 


Fw 17 and 18. This small compression will 
readily be transmitted with or without a joint. 
| On the other hand, should shrinkage and tempera- 


buttress and the halves of the two adjacent domes | horizontal, were computed analytically, and also | ture deformations tend to open the joint, this would 


were considered acting monolithically together. 
The assumption is, no doubt, justified in this case, 
because, in the Coolidge Dam, the buttresses and 
domes are securely connected by steel reinforce- 
ment. The determination of the o, stresses in any 
horizontal plane was made in the ordinary way by 
combining all the forces above the plane, resulting 
from water pressure and weight of the concrete, 
into one resultant. The area of the section, its 
centre of gravity and moment of inertia were 
computed as usual. The stresses o,, at the up- 
stream and downstream face of the dam, and in 


Fig. 20. 





t - ¥y Se \ 
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graphically by means of Mohr’s circle of stress. 
Figs. 14 and 19 show the result of the stress 
analysis of these buttresses. Fig. 14 gives the 
values of the trapezoidal o, stresses; Fig. 16 the 
shear stresses +; Fig. 15 the horizontal normal 
stresses 6, ; and Fig. 17 the principal stresses ox and 
ou. In Fig. 19 are shown the trajectories (direc- 
tions) of the first and second principal stresses, and 
in Fig. 18 the major and minor axes of the ellipses 
of stress at the points where the stress conditions 
were investigated. Subsequently, the stresses in 
these abutments were further analysed in the 
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the horizontal section under consideration, were | writer’s office, by the Norwegian engineer, Dr. 


then computed by the well-known formula 
PP. Me 

Cz = y + 5 | | 
whereby P is the vertical component of the resultant 
of all the forces above the section, M its moment | 
relative to the centre of gravity of the section, c | 
the distance of the centre of gravity from upstream | 
and downstream face of the dam, respectively, and | 
Aand I the area and moment of inertia, respectively, | 
of the section. The stresses o, were computed 
similarly in sections 10 ft. above and 10 ft. below 
the main section. 

At the downstream and upstream faces of the | 
main section, the shear stress r, the horizontal 
normal stress o,, and the principal stresses or and 
Su, can be readily computed once the trapezoidal 
stresses g, are known.* At points intermediate 
between the upstream and downstream face of the 
dam, the shear stresses on the principal section are 
calculated at suitable intervals starting at the 
downstream face, by computing the vertical shearing 
force which holds in equilibrium the elementary 
prism confined between the main horizontal section, 
the section 10 ft. above (or below) the downstream 
face of the buttress, and the vertical plane through 
the assumed point. This process is repeated for a 
“onvenicnt number of points, the last being near the 
springing line of the domes. 

After the shear stresses rt have been computed | 








rt . A convenient approximate method of determining | 
'e principal stresses in buttressed dams, with particular | 
adaptation to the design of multiple-arch dams, is given | 
D Dr. Noetzli’s chapter on Multiple-Arch Dams in The | 
es and Construction of Dams, by Edward Wegmann, 
8th Edition, 1927.—Ep. E. | 
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Fredrik Vogt, employing an entirely different 
method. The results were in close accord with 
those previously obtained. 

The maximum buttress stresses, with the reservoir 
full to the crest, were computed to be about 425 Ib. 
per square inch compression. Theoretically, there 
is no tension at any point due to load conditions, 
the minimum principal stresses just approaching 
zero compression at a few points. There are other 
considerations with regard to tension in the but- 
tresses, however, which should be, and were, taken 
into account. 

The buttresses of the Coolidge Dam are approxi- 
mately 280 ft. long at the base. It is well known 
that either or both shrinkage of concrete and a 
drop of temperature will introduce large tension 
stresses which will almost invariably lead to cracks 


| be accomplished without materially altering the 
stress distribution in the buttresses, and without 
| affecting in the least the stability and safety of the 
/dam. On the contrary, the joints will tend to relieve 
| the internal shrinkage and temperature stresses, and 
thus eliminate a potential source of danger. 

| The joints extend from the foundation of the 
| buttresses up to points near the springing line of the 
dome arches. They are asphalted to insure posi- 
tive action. Above and across their upper ends, 
ample steel reinforcement was placed parallel to 
the upstream face of the buttresses. In keeping 
with the foregoing conclusions, the buttresses were 
originally planned to be built of plain concrete, 
except for reinforcement near and parallel to the 
up-stream face. During construction, however, it was 
decided, as an additional insurance against cracking, 
to place reinforcing steel in horizontal layers, 28 ft. 
apart. This reinforcement does not cross the joints. 
In order to demonstrate, in an elementary manner, 
the function of the inclined joints, Fig. 20 has been 
prepared. It shows that the two joints divided a 
buttress substantially into three parts, resembling 
sloping columns. The first column is contained 
| between the downstream face and the first joint ; 
the second column between the two joints; the 
‘third column comprises the rest of the buttress, 
‘and of the adjoining two half dome arches. For 
the purpose of analysis, it was assumed that 
the joints extend up through the entire buttress 
and through the domes, thus separating the columns 
completely from each other. For each column, the 
respective portion of the water pressure was com- 
bined with the weight of the column itself, and a 
force and string polygon for all these forces was 
drawn in the ordinary way. It was found that 
each individual column was amply strong to carry 
its proper share of the loads. Furthermore, when 
proper account was taken of the downward reaction 
of each column upon the one below it, the resultant 
force polygons produced stresses in the respective 
columns of a size and direction which agreed 
reasonably well with the stresses at the same joints 
in the buttress with no joints. This is indicated of 
the drawing of Fig. 20. This is an elementary 
proof, within reasonable limits, of the validity of 
the theory of principal stresses as used in the 
design of the arch-buttress monolith of the Coolidge 
Dam, and also of the assumption upon which this 
theory was based, including the “law of the trape- 
zoid.” It also indicates that inclined joints, when 
properly located, will function without material 
interference with the stress distribution in the 
buttresses and the transmission of the loads to the 
foundation. As a matter of fact, the joints are 
provided only in those places in the dam where they 
are needed to relieve internal stresses due to shrink- 
age and temperature. The connection of the 
individual columns through the entire area of the 
domes and a large amount of continuous reinforcing 
steel in the buttresses parallel to the upstream face, 
provide a factor of safety against overturning of 





in long walls. It was therefore considered probable 
that, unless special provision was made to prevent 
it, such cracks would develop in these buttresses, 
as has been the case in many multiple-arch dams. 
It would, of course, have been possible to control 
the size and seriousness of these cracks by the 
use of horizontal steel reinforcement, but it was 
evident that an enormous quantity of steel would 
have been required to ensure effective action. 
In order to avoid the use of such an amount of re- 
inforcing, and at the same time to lessen the tendency 
to irregular cracks in the buttresses, at the writer’s 
suggestion, two inclined joints in each buttress, as 
shown in Fig. 6, page 195, ante, were provided. 
These joints extend parallel with the direction of 


any of the inclined columns which is far in excess 
of what may ever reasonably be expected to be 
needed.* 

Suitable sand and gravel for the concrete were 
found in the stream bed approximately one mile 
below the dam site. This material was crushed, 
washed, screened, and segregated, to conform to the 
mix as determined. All the ingredients used in the 
concrete of the Coolidge Dam were rigidly held to a 
high standard of excellence. The qualities required 








* Similar inclined joints were constructed in the 
buttresses of the Big Dalton Multiple-Arch Dam, 165 ft. 
high, built in 1928-1929, by the Los Angeles County Flood 
Control District, California. Furthermore, the plans of 
the San Gabriel gravity dam, which will be about 500 ft. 
high, and is under construction by the same district, 





the maximum principal stresses. In these planes, 
the shearis zerc. Consequently, there is no tendency 


rovide for three inclined contraction joints, also parallel 
to the direction of the maximum principal stresses. 
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of the concrete were water-tightness, durability, 
strength, and economy. A complete testing labora- 
tory was kept at the dam site. Samples of concrete 
for test specimens were taken from the concrete 
actually in place in the structure. Three 6 in. by 
12 in. cylinders were taken from each shift’s work 
and tested at the age of 7 days, 28 days, and three 
or six months. 

Two classes of concrete were used, one containing 
approximately 1 barrel of cement per cubic yard 
of concrete in the domes, and the other with 
0-9 barrel per cubic yard in the buttresses. The 
mixture was approximately 1:2-7:3-1 plus 2°8 
parts of cobbles of 2} in. to 7 in. size for the domes. 
For the concrete in the buttresses, the mixture was 
1:3-1:3-6 plus 3-2 parts of cobbles. The water- 
cement ratio varied from 0-9 to 1:1, the slump 
from 4} in. to 5 in. The average 28-day strength 
of the concrete was about 2,900 lb. per square inch 
for the dome concrete, and 2,200 lb. per square inch 
for the concrete in the buttresses.* Some slight 
changes in the proportions of the aggregates were 
made whenever the grading of the materials from 
the gravel pits changed for one reason or another. 
In the thinner sections of the domes, and some 
other parts of the work, diatomaceous silica was 
added to make the concrete more workable. 


(To be continued.) 








ENGINEERING FEATURES OF THE 
ROYAL YORK HOTEL, TORONTO. 


THE construction and equipment of a modern hotel, 
especially on the scale attained by these buildings 
on the American continent, presents many interesting 
and difficult problems to the engineer in connection 


with such matters as heating, ventilation, lighting, | 


refrigeration and fire protection. The comfort and 
well-being of the guests is so largely dependent upon 
the efficiency of these services that their first cost 
is of secondary importance, reliability, with which 
low-maintenance costs must be associated, being the 
primary consideration. In these circumstances, it 
will be gratifying to engineers in this country to learn 
that British plant has been largely employed for the 
lighting, heating and ventilating equipment of the 
Royal York Hotel, Toronto, which has recently been 
completed by the Canadian Pacitic Railway Company. 
A photograph of this hotel—which, we understand, 


is the largest in the British Empire—is reproduced | 


in Fig. 1 annexed. The building measures 340 ft. 
long by 194 ft. wide, and the top of the tower is 
404 ft. 6 in. above the footpath. It contains 1,015 
guest rooms, in addition to banqueting, dining and 
convention halls, ballroom, roof garden, foyers, mezza- 


nines, kitchens and laundries, in which a total of | 


12,000 persons can be housed. 
at the convention-hall floor level, is given in 
on Plate XX, and Fig. 2, on page 27$ 
showing the arrangement of the bedroom floors from 


A plan of the building, 
Fig. 3 


the fifth to the twelfth, inclusive. The architects were | 


Messrs. Ross and MacDonald, Incorporated, of Mon- 


treal, in association with Messrs. Sproatt and Rolph, | 


of Toronto, and Mr. Walter J. Armstrong was the 
engineer. 

To avoid the dirt and dust usually associated with 
a boiler house, it was decided to purchase the steam 
and power required for the hotel. Eventually, the 
steam will be generated at a central station now 
under construction by the Toronto Terminals Railway 
Company, but, at present, it is being supplied from the 
Old Scott-strect station of the Toronto hydro-electric 
system. 
170 lb. to 180 Ib. per square inch, in an 8-in. main 
enclosed in a concrete tunnel, a 10-in. main being 
also installed in the same tunnel to supply the increased 
demand for steam for heating purposes during the 
winter months. The maximum demand for which 
the system is designed is 72,000 Ib. per hour, but 
the actual consumption during the summer, for 
cooking, laundry, refrigeration and ventilation purposes, 
is 20,000 lb. per hour. The winter load amounts to 
40,000 lb. per hour, any reduction in the requirements 
of the above-mentioned services being substantially 
offset by the addition of 65,000 sq. ft. of direct radiation 
surface and 10,000 sq. ft. of indirect radiation. The 
quantity of steam used is measured by flow meters 
installed in the pipe tunnel. The steam pressure is 
reduced to 120 lb. per square inch for laundry work, 
to 40 Ib. per square inch for the kitchens, and to 
2 Ib. per square inch for heating purposes. Heating 
is carried out on the Webster moderator system, 





* “Concrete and Material Control at Coolidge Dam,” 
by Bruce Johnston, Contractors’ and Engineers’ Monthly, 
October, l¥zs, 


), is a part plan | 


It is brought to the hotel, at a pressure of | 


ENGINEERING. 


the equipment being divided into three parts, each 
separately controlled. The first part extends from 


the sub-basement to the convention-hall floor, the 
second from the first floor to the fourteenth bedroom 
floor, and the third from the fifteenth floor to the top 
of the building. The steam is taken from the sub- 
basement to the roof in an 18-in. main, branches 
from which supply the different sections. The con- 
densate is handled by centrifugal pumps of the double- 
suction type. 

Electrical energy is purchased from the Toronto 
hydro-electric system, in the form of three-phase 
current at 2,300 volts and 25 cycles. Since the 
frequency is unsuitable for lighting, two 400-kw. 
motor-generator sets are installed in the sub-basement, 
a plan of which is given in Fig. 4, on Plate XX, for 
the production of direct current on the three-wire 
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between the outers. The transformers are of the oil- 
insulated type, constructed by Messrs. The Canadian 
General Electric Company, and the secondaries are 
connected to the distribution system through three- 
pole double throw switches, so that direct-current from 
the steam-driven sets can be used in the event of a 
failure of the alternating-current supply. 

The switchboard controlling the whole of the low- 
tension direct-current and alternating-current services 
is 58 ft. in length, and is located as shown in the plan, 
Fig. 4. It is divided into 21 panels, of which five 
control the direct-current generators, six the lighting 
feeders, four the power feeders, and three the cooking 
feeders, while one panel is used for the meters and 
two are left blank for future use. The motors of the 
two motor-generator sets, which are operated by 
three-phase current at 2,300 volts, are controlled 


























Fia. 1. 


system with 240 volts between the outers. These 
sets, which are driven by self-starting synchronous 
| motors, were constructed by Messrs. The Lancashire 
Dynamo and Motor Company, Limited, of Manchester. 
In addition, three 400-kw. steam-driven direct-current 
generating sets are installed for use in_ parallel 
with the motor-generator sets. The generators of 
these sets were also manufactured by Messrs. The 
Lancashire Dynamo and Motor Company, Limited. 
They are driven by Bellis and Moreom compound 
engines running at 375 r.p.m., and supplied with 
steam at 180 lb. per square inch from the mains above 
referred to. Figs. 5 and 6, Plate XX, are reproduced 
from photographs of the interior of the engine room, 
showing these sets in position, and their arrangement 
is also shown in the plan, Fig. 4. The exhaust from 
the engines, at a back pressure of 3 1b. per square inch, 
can be utilised for supplying the heating system in 
the winter months, and the electrical load is conse- 
quently divided between the steam-driven sets and 
motor-generator sets in accordance with the demand 
|for heating steam. Alternating current is used for 
| cooking purposes, the 2 


-~> 


‘from a separate two-panel board. The incoming 
/mains are taken through two groups of disconnecting 
| switches in a high-tension room, shown in the bottom 
\left-hand corner of Fig. 4, through two oil circuit- 
| breakers, which are mechanically interlocked so that 
| only one can be closed at a time. From these breakers, 
| the two lines are combined and connected to a circuit- 
|breaker controlling the bank of transformers for 
| cooking, &e., and to the circuit-breakers controlling 
‘the motors of the two motor-generator sets. Relays 
lare provided so that the first-mentioned circult- 
| breakers open on a heavy short-circuit, the feeder- 
| breakers remaining closed until the former have opened, 
'and the motor-generator breakers open by means of 
|time-delay no-voltage control. The relay equipment 
| provides for opening the feeder breakers on normal 
‘overloads. For the lighting system, three-wire feeder 
‘run from the main switchboard to distributing panels. 
| from which branch circuits run to various parts of the 
| building. The panels and switchboards contro!iing 
the lights in the convention hall, banqueting hall 
|and ballrooms, as well as the stage lighting in the 


300-volt supply being passed | convention hall, are provided with dimmers. Power 


| through three 125-kv.-a. transformers and distributed | distribution is at 230 volts on the two-wire sysicm, 


|on the single-phase three-wire system with 230 volts! current being taken from “bus ba 
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five generators. Feeders run from switches and circuit-| the brine through the refrigerating chambers in the 
breakers on the main board to distributing boards, | kitchens, while two similar pumps, with a capacity of 


from which branch feeders are taken to the controllers | 
for the various motors. The passenger elevators and 
service lifts are, of course, electrically operated, but | 
a detailed description of these would need more space | 
than we are able to devote to the subject. | 

The ventilation system of the hotel is designed to 
supply 30 cub. ft. of air per minute for each person 
in the convention hall, and to give 16 changes of air 
per hour in the dining rooms, 30 to 50 changes in the 
kitchens and laundries, and 15 changes in the toilet 
and service rooms. To effect this, 11 plenum fans and 
18 exhaust fans, driven by motors ranging from 2 to 
20 h.p. and having a total horse power of 205, have 
been installed. Fig. 3, on Plate XX, shows the arrange- 
ment of the fans and ducts on the convention-hall 
floor level. All the motors used were manufactured 
by Messrs. The Lancashire Dynamo and Motor Com- 
pany, Limited, and the plenum fans are of the Keith 
centrifugal multi-vane type, manufactured by Messrs. 
Sheldons, Limited. The air for the plenum fans 
supplying the main and private dining rooms, café, 
grill, lobby lounge and other rooms, is drawn through a 
cold-air intake, air washer, tempering heater, and 
re-heater, while that for the laundry, basement service 
rooms, and main kitchen is passed through a tempering 
heater and air filter. The four air washers used, which 
are of Messrs. Sheldon’s manufacture, have an aggregate 
capacity of 109,000 cub. ft. of air per minute, while that 
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150 gallons per minute, are used for circulating the low- 
temperature brine through ice-cream boxes and an 
ice-cream making machine. 

Two air compressors, of the two-crank two-stage 
Browett-Lindley type, are installed in the engine room, 
as shown on the left in Fig. 4. Each compressor has 
a capacity of 228 cub. ft. of free air per minute, one 
being driven by a 45-h.p. motor manufactured by 
Messrs. The Lancashire Dynamo and Motor Company, 
Limited, and the other by a Skinner “ Unaflow” 
type steam engine. The latter runs at 175 r.p.m. 
when supplied with steam at 150 lb. per square inch 
and exhausting to a back pressure of 3 Ib. per 
square inch. 

Water is supplied to the hotel by two separate 
metered services. Up to the convention-hall floor 
level, it is delivered at a pressure of 45 lb. per square 
inch through reducing valves. From that level to the 
seventh floor, the supply pressure of 90 Ib. per square 
inch meets requirements, but, to supply the higher 
floors, water is delivered by two double-suction centri- 
fugal pumps into storage tanks on the roof, whence it 
descends by gravity. For softening the water, a 
zeolite plant, constructed by Messrs. W. J. Westaway, 
is installed, its location being indicated on the right 
of the plan, Fig. 4. It consists of two cylinders, 5-ft. 
in diameter by 6 ft. in height, and is capable of reducing 
17,000 U.S. gallons per hour to zero hardness ; each unit 







































































bedroom, and the operation of this switch lights a 
lamp in the corridor over the bedroom door, and another 
in an annunciator in the housekeeper’s office. This 
system is operated by alternating current at 24 volts. 
In addition, there are numerous bell-signal systems 
for various purposes, as well as an elaborate wireless 
and public-address system. An interesting feature 
of the installation, which may be referred to in conclu- 
sion, is the provision in the office of the chief engineer, 
Mr. A. W. Mason, of an instrument board giving all 
necessary information with regard to the operation of 
the refrigerating plants, hot and cold water supplies, 
fire-protection equipment, &c., as well as showing 
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of the filters, of which six are installed, is 177,250 cub. ft. 
per minute. The air filters were made by Messrs. 
Midwest Canada, Limited. The temperature of the 
air is automatically controlled by that of the rooms 
to which it is supplied. About 316,000 cub. ft. of air 
per minute is drawn by the plenum fans from the air- 
intake shaft, which extends from the basement to the 
convention-hall floor level, while some 432,000 cub. ft. 
of air per minute is discharged by the exhaust fans. 
The exhaust air from the wing sections of the building 
is discharged through hoods on the roof over the 
thirteenth floor, while that from the main building is 
discharged into a plenum chamber in the tower, whence 
it escapes into the atmosphere through copper louvres. 
It will be noted that the volume of air discharged 
considerably exceeds that drawn in by the plenum 
fans, the object of this being to ensure a flow of air 
into the kitchens, and thus prevent the escape of 
cooking odours. 

The main refrigeration plant, which was constructed 
by Messrs. The Linde Canadian Refrigeration Company, 
is located in the engine room, as shown in the plan, Fig. 
4, and comprises three steam-driven ammonia com- | 
pressors, each having a refrigeration capacity equivalent 
to the melting of 36 tons of ice a day, when operating 
continuously with a suction pressure of 15-67 lb. per 
Square inch and a discharge pressure of 135 Ib. per 
square inch. A second refrigeration plant, located 
on the roof garden, is also of the Linde type, the 
compressor, in this case, having a capacity equal to 
the melting of 4 tons of ice a day, when working under 
the same conditions as the main plant. The compressor 
is belt driven by an electric motor. The auxiliary 
refrigeration plant is provided with an automatic 
starter and temperature regulator, arranged to stop 
and start the compressor when the brine reaches a 
pre-determined temperature, and also arranged to cut 
off the supply of cooling water to the compressor and 
condenser when the machine is shut down. Two 
electrically-driven centrifugal pumps, with a capacity 
of 400 gallons per minute, are provided for circulating 








is capable of treating 68,000 gallons between regenera” 
tions. The above mentioned capacities are based on 
the treatment of City of Toronto water with an initial 
hardness of 8 grains per U.S. gallon. 

All hot water is supplied by a battery of six storage 
heaters, also located in the engine room. For fire- 
protection purposes, a T-connection is made to the 
water-service mains in the engine room and taken to a 
turbine-driven Rees-Roturbo pump, constructed by 
Messrs. Goldie and McCullock, and capable of delivering 
1,000 gallons per minute against a pressure head of 
200 Ib. per square inch, when running at 2,400 r.p.m. 
The outlet from this pump is connected to a system of 
five mains on the ceiling of the engine room and sub- 
basement. Branches are taken to stand pipes equipped 
with fire-hose connections on the various floors, to 
Siamese connections on three sides of the building, 
and, through an alarm valve, to automatic-sprinkler 
systems in various store rooms, workshops, &c. Each 
hose connection is equipped with a 23-in. hose valve, 
a hose rack, and a 75-ft. length of unlined linen hose 
fitted with a 3-in. nozzle and coupling. The fire-alarm 
system isof the pre-signal,electrically supervised, closed- 
circuit, code-ringing type, and is so arranged that, 
when the signal station is operated under normal 
conditions, an alarm will be given on the pre-signal 
apparatus only. In the case of a serious fire, however, 
a second general alarm may be sounded throughout 
the building by any authorised person. The control 
panel is equipped so that, if a break should occur in 
any line or the current should fail, bells will be rung 
to call attention to the fault. 

An elaborate watchman-control system is installed in 
the hotel, the system being divided into two sections, one 
including all stations on the sixth floor and above, and 
the other all stations below the sixth floor. The magneto 
stations in each section are connected to separate 
recorders located in the office on the main floor, and 
the recorders are connected with the clock system so 
that they are kept in synchronism. A switch connected 
with the maids’ signalling system is provided in each 
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steam, water and air pressures. In all, 27 instruments 
are mounted on this board, which measures 13 ft. 6 in. 
long by 4 ft. 74 in. high, all the instruments being back 
connected. Messrs. Anglin Norcross, Limited, were 
the general contractors for the engineering equipment 
of the hotel. Finally, we wish to express our indebted- 
ness to the Canadian Pacific Railway Company for 
the particulars on which the above article has been 
based, and which were supplied to us by the courtesy 
of Mr. C. Bradshaw, of Toronto. 








Tue Institution oF LOcoMOTIVE ENGINEERS, Brr- 
MINGHAM CENTR#.—A provincial centre of the Institu- 
tion of Locomotive Engineers has recently been estab- 
lished in Birmingham. Meetings are held regularly at 
the Birmingham Chamber of Commerce, New-street, 
Birmingham, and these are well attended by representa- 
tives of the locomotive-building, railway coach and 
wagon-building, and allied industries. The honorary 
secretary of the centre is Mr. G. Woolstencroft, The 
Grey House, Little Aston Park, near Sutton Coldfield. 
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2,000-H.P. KRUPP TURBINE 
LOCOMOTIVE. 


ABOUT eighteen months ago* we gave some details 
£ £ & 


of a turbine locomotive which had been designed by | 


Messrs. Friedrich Krupp A.-G., of Essen, for trial on 
the German State Railways. This locomotive was one 
of several, the possibilities of which were being in- 
vestigated as part of a policy of fuel conservation, and 
in an attempt to obtain incidental advantages, such as 
lower first costs and easier and more economical 
maintenance. It has now been subjected to exhaustive 
tests, and, when certain alterations have been made, 
will be placed in regular service on the express trains 
running between Hanover and Cologne. 

The general appearance of this locomotive will be 
gathered from Fig. 1, on page 286, the following being 
its principal dimensions : Gauge, 1,435 mm. (4 ft. 84 in.) ; 
diameter of driving wheels, 1,650 mm. (5 ft. 5 in.); 
diameter of leading bogie wheels, 1,000 mm. (3 ft. 3 in.) ; 
trailing-wheel diameter, 1,250 mm. (4 ft. 1 in.); total 
wheel-base, 9,900 mm. (31 ft. 2 in.); overall length, 
including tender, 23,446 mm. (76 ft. 9 in.) ; weight in 
running order, 111 tons ; weight on drivers, 60 tons ; and 
maximum draw bar pull, 12 tons. The tender wheel-base 
is 7,000 mm. (23 ft.) and its wheel diameter 1,000 mm. 
(3 ft. 3 in.). The water capacity is 19-5 cub. m. 
(4,300 gallons) and the coal capacity 6-5 tons ; the 
tare weight of the tender is 43-4 tons, and its weight 
in running order 69:4 tons. ‘The engine is of the 
4-6-2 type, and is capable of developing 2,000 h.p., 
which renders it comparable with the locomotives 
usually employed on express train work in Germany. 
Its maximum speed is 110 km. (68-35 miles) per hour. 

The boiler is designed to supply steam at a pressure 
of 15 atmospheres (225 lb. per square inch) and 
has a total heating surface of 155 sq. m. (1,669 sq. ft.), 


of which 142-5 sq. m. (1,534 sq. ft.) are in the | 
tubes. In addition, the superheater surface is 66 sq.m. 


(710-4 sq. ft.), while that of the economiser is 32 sq. m. 
(344-5 sq. ft.) and of the evaporator 8-5 sq. m. 
(86-1 sq. ft.). The length of the boiler between the 
tube-plates is 5,000 mm. (16 ft. 5 in.), and its internal 
diameter is 1,600 mm. (5 ft. 3in.). It contains 30 fire 
tubes, with internal and external diameters of 125 mm. 
and 133 mm. (4-9 in. and 5-2 in.), respectively, and 
128 flue tubes with internal and external diameters of 
45 mm. and 50 mm. (1-77 in. and 1-97 in.). The 
superaneater tubes have internal and external diameters 
of 30 mm. and 38 mm. (1-18 in. and 1-5in.). Generally 
speaking, the boiler is of the standard locomotive 
type, the main variation being that the blast-pipe is 
replaced by an induced-draught fan. This fan is 
mounted in the hemispherical leading end of the smoke- 
box, and is driven by a small steam turbine. 

The main turbines and the transmission gearing 
are also placed at the leading end of the frame 
below the smoke-box, as can be seen in Fig. 1, 


while one of the units with the cover removed 
is shown in Figs. 2 and 3. A separate turbine 


is provided for each direction of travel, the two 
machines being enclosed in separate housings with 
the gearing between them. They are of the Zoelly 
type, and were manufactured by Messrs. Escher, Wyss 
and Company, of Zurich. They are normally capable 
of developing 2,000 h.p. at 6,800 r.p.m., but, by opening 
additional nozzles, this output can be increased to 
2,800 h.p. at 8,000 rp.m. Under ordinary condi- 
tions, the reverse turbine runs in vacuo. The turbine 
spindles are connected through double-reduction gear- 
ing to a jack shaft, the transmission ratio being 24-3 
to 1, and thence through connecting and side rods to 
the driving wheels. The gearing, which illus- 
trated in Fig. 2, is of Messrs. Krupp’s manufacture, 
and is of the single-helical type with hardened 
teeth. It is enclosed in a dust- and oil-tight gear-box 
and is secured to the frame by fitted bolts. 
Lubrication of the various bearings, as well as of 
the gearing, is effected under pressure from a gear- 
type pump, which is driven from the first transmission 
shaft. 

The condenser, which is of the surface type, has a 
cooling surface of 220 sq. m. (2,368 sq. ft.), and is 
placed directly behind ‘he turbines and between the 
boiler and the frame. it is made in two parts, which 
work in series and are connected by flexible pipes. 
Separate connections from each turbine are provided. 


is 


E 
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The condensate is collected in a hot-well 
The latter supplies the boiler 


condenser. 
close to the feed pump. 


through an economiser in the smoke box, which is | 


| heated by the flue gases. Any steam used for heating 
| the train is taken from the evaporator, which is 
situated in the rear steam dome and is supplied with 
water from the cooling system. 

The whole of the main and auxiliary machinery 
on the locomotive is controlled from the cab. The 
usual instruments are supplemented by gauges showing 
the steam pressure at each turbine inlet and in the 


perature at various points in the system. It has been 
found that the engine can be driven by the ordinary 
personnel without much extra instruction. 

The tender is mounted on two four-wheel bogies of 
standard type, and in addition to the coal and water, 
| carries the cooling installation. This consists of a 
|number of separate elements, which are placed one 
above the other and are connected in series. These 
elements are provided with circular fins, arranged 
at irregular intervals, over which the heated condens- 
| ing water is allowed to trickle in a finely divided condi- 

tion. Air is supplied to the cooler by a fan, which 
|is driven by a steam turbine, the air flowing in the 
| opposite direction to the water. Owing to the 











is supplied with live steam and exhausts into the main | 


condenser, as well as by thermometers giving the tem- | 


| engine is 138 r.p.m., giving a piston speed of 1,177 ft. 


|irregular arrangement of the fins, a turbulent motion | 


|is imparted to the air and intimate contact between 
| it and the water is secured. The cooled water is col- 
lected in the base of the cooler, whence it is pumped 
| back to the condenser. The connections for this 
purpose, as well as the live and exhaust steam pipes 









































The heat flow arrangements employed are shown 
diagrammatically in Fig. 4, above. 

The pump unit is carried behind the condenser and | 
comprises a circulating pump for the condensing water | 
and forsupplying the airinjector. The condensing water 
is drawn from a tank on the tender, to which it is 
returned through a cooler as explained below. The 
unit also comprises a reciprocating feed pump of the 
differential type and an air compressor for the brakes. 
These three pumps are all driven through triple- 
reduction gearing from an auxiliary turbine, which 


* See ENGINEERING, vol. cxxvi, page 481 (1928). 


| to the conditions of the economiser, where the tem- 


| without vibration, and its drawbar pull at starting 


| ponding to an effective friction coefficient of about 0-2. 
| 
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between the locomotive and tender, are of the flexible 
type. 


| which results in the scavenging of the cylinder clear- 


Full information regarding the tests made on this | 


locomotive are given by Professor H. Nordmann, of 
the German State Railways, in a recent issue of the 
Zeitschrift des Vereines deutscher Ingenieure. These 
were carried out between Potsdam and Burg, where 
the line is almost flat and free from curves. The 
load generally consisted of a dynamometer car and 
an express locomotive equipped with a back-pressure 
brake. In exceptional cases one or more corridor 
coaches were added. 
adopted on the German State Railways, as it enables 
the speed to be rapidly adjusted and easily maintained 
constant. Tests were made at speeds of 60, 80 and 
100 km. (37:3, 49-7 and 62-1 miles) per hour, the 
output at the second of these speeds being from 1,200 
to 1,300 h.p., with a coal consumption of 0-75 kg. 
(1-65 1b.) per horse-power-hour. This shows a saving 
of sume 40 per cent. over the consumption of a 
locomotive of the 2-8-2 type, and 25 per cent. over 
that of the latest standard-type express engine. At 
very low loads, the steam consumption of the 
auxiliaries was 33 per cent. of the total, but this 
percentage decreased to 18 at full load. The total 


a minimum at 80 km. per hour, when it was 4,300 
keal. (17,200 B.Th.U.). The temperature of the 
feed water at the evaporator inlet varied with the 
load from 40 deg. to 55 deg. C. (104 to 131 deg. F.), 
but at the economiser outlet it remained practically 
constant at 95 deg. C. (203 deg. F.); the same applies 


perature was raised to 124 deg. C. (255 deg. F.). The 
boiler efficiency was 81-5 per cent. 


During all the tests, the locomotive ran quietly and 


reached a maximum of 12,450 kg. (27,337 Ib.), corres- 
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Medal for Architecture to Dr. Perey Scott Worthington. 
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REPORT ON TRIALS OF A MARINE 
DIESEL ENGINE WITH’ BUCHI 
SUPERCHARGER.* 


By Proressor C. J. HawkEs. 


At the request of Messrs. The North Eastern Marine 
Engineering Company, Limited, I supervised a series 
of trials of the port engine of the T.S.M.V. Maron at 
their works at Wallsend-on-Tyne on January 3, 1930, 
The principal object of these trials was to ascertain 
the heat flow to liners, heads and pistons, as determined 
by the measurement of the heat carried away by the 
cooling media, when the engine was running at various 
powers at constant speed. The nominal speed of the 


per minute, but for the trials it was decided that the 
revolutions should be J15 r.p.m., so that data obtained 
at a lower piston speed would be available for com- 
parison with other engines. 

The engine, which is of the four-stroke single-acting 
type fitted with the Biichi system of exhaust turbo- 
charging, has six cylinders of 620 mm. (24-4 in.) bore 
and 1,300 mm. (51-2 in.) stroke.t The nominal power 
of the engine is 2,750 brake horse-power at 138 r.p.m., 
and the engine has been specially designed to work on 
the Biichi system at this power. The flywheel, which 
is secured to the after end of the crankshaft, is 3-9 ft. 
in diameter and weighs 2-58 tons. Blast air is supplied 
by a three-stage compressor, of the steeple type, driven 
by an additional crank at the forward end of the crank- 
shaft. The compressor is fitted with a piston rod and 
crosshead, and the H.P. cylinder is entirely separate 
from the L.P. cylinder, the H.P. piston being attached 
to the L.P. by a rod passing through a gland in the L.P. 
cylinder cover. One fuel pump is fitted for each cylin- 
der. The fuel-pump block is situated at the front of the 
engine between Nos. 3 and 4 cylinders. The fuel pumps 
are actuated from the crankshaft through gearing. 

The blower unit, which was manufactured by Messrs. 
Brown Boveri, of Baden, consists of a single-wheel 
exhaust-gas turbine directly coupled to a two-stage 





| blower.t The main engine has two exhaust manifolds ; 


: | supplied by an electrically-driven pump. Lubricating 
heat consumption per draw-bar horse-power hour was | PP y : iii 


| 427 (1928). 


Nos. 1, 2 and 3 cylinders are connected to one manifold 
and Nos. 4, 5 and 6 cylinders to the second manifold. 
These manifolds are led to two separate inlet branches 
on the exhaust-gas turbine casing. There is a common 
outlet branch from the turbine leading to the atmos- 
phere. The blower discharges the air under pressure 
into a common main, from which branches are taken 
to the inlet valve in each cylinder head. Following the 
usual Biichi practice, the timings of the inlet and exhust 
valves are such that there is an appreciable overlap, 


ance spaces of exhaust gases. During the shop trials, 
the turbo-blower was supported on a temporary 
structure, arranged so that the distance of the blower 
below the air and exhaust mains was about the same as 
it will be above these mains when it is fitted in the ship, 
and, as far as practicable, the ship’s air and exhaust 
pipes were used. This arrangement was made with the 
object of imitating, as closely as possible, the air and 
exhaust-main conditions which will obtain in the ship. 

Forced lubrication is employed for the main engine 
and for the turbo-blower. During the shop trials, an 
electrically-driven forced-lubrication pump took its 
suction from a storage tank and discharged into the 
oil system through a strainer. After passing through 
the bearings, the lubricating oil drained from the 
crankcase to the storage tank. A lubricating-oil 
cooler was not in use during the shop trials, but a cooler 
will be fitted in the ship. Sightfeed lubricators were 
employed for cylinder lubrication. 

The general design of the liners and heads follows 
the makers’ usual practice. In this instance, however, 
the liner and head of each cylinder are separate castings, 
the liner being secured to the head by stainless-steel 
studs and nuts, and the whole, viz., the head, joint 
and liner, surrounded by the cooling water, which is 





oil was used for cooling the pistons. 

During the trials, the brake horse-power developed 
by the engine was absorbed by a Heenan and Froude 
dynamometer of the compound-lever type, supplied with 
water from an overhead tank in which the level was 
maintained constant. At the conclusion of the trials, 
the dynamometer was disconnected from the engine 
and balanced, and the necessary dimensions were taken 
for checking the constant—which is 300. All weights 
were checked and found correct. Indicator diagrams 
were taken from the power cylinders and from the 
compressor every 30 minutes. The indicator springs 

* Abridged. 
+ A somewhat similar engine, for the M.S. Raby Ca 


stle, 


was illustrated and described in ENGINEERING, Vol. CX!%; 
page 507 (1925). ‘ 
toa 


{The construction of the blower is similar to 


illustrated in ENGINEERING, vol. exxvi, pages 426 and 
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were calibrated before the trials, but there was no 
opportunity for checking the indicator drives. 

The quantity of fuel passing to the engine was 
measured by direct weighing. Two tanks were em- 
ployed, each fitted with a shut-off cock and flexibly 
connected to a three-way cock in the common suction 
pipe leading to the fuel pumps. Each tank, of about 
i7 cub. ft. capacity, was placed on the platform of an 
Avery self-recording weighing machine. At the com- 
mencement of a trial, one of the tanks was put into 


TaBLE I.—Powers and Fuel Consumptions. 


| 1 


frial Number ; : 1 | 2 | 3 | 4 
Duration Minutes | 60 | 60 | 60 | 60 
Brake load Ib. | 3,800 4,800 | 6,000 6,800 
B.M.E.P. Ib.persq.in. | 69-9 | 88-2 } 110-3 | 125 
Average I.p.m. oe| Dkes2 |) GEBsS 115-7 115-6 
B.H.P. ne --| 1,485 1,845 } 2,314 2,620 
LHP. ae --| 2,145 | 2,466 2,935 | 3,230 
Mechanical efficiency | 

yer cent.| 69-2 74-8 | 78-8 | 81-1 
otal fuel perhour Ib.| 612 =| 740-5 =| 926-5 1,066 
Fuel per 1.H.P. per | | 

hour ay e 0-29 0-3 | 0-32 0-338 
Fuel per B.H.P. per | 

hour a4 "9 0-412 | 4-401 Q-4 | 0-407 
Thermal efficiency on | 

B.H.P. basis, tak- | 

ing H.C. value of | | | | 

fuel percent.| 32:0 | 32-8 | 32-9 32°3 


TABLE IT.—Average Cylinder Pressures. 


Trial Number 1 z 3 4 
B.M.E.P. Ib. per sq.in. | 69-9 88-2 110-3 | 125 
M.I.F. 9 | 101 | 118 | 140 154 
Compression pressure | 
Ib. per sq. in.} 496 | 521 | 562 595 
Maximum pressure — | | 
Ib. persq.in.| 588 | 623 | 665 | 694 


1 | 


TABLE III.—Coc 
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taken during each trial, were forwarded to Messrs. 
J. and H. §S. Pattinson, 10 Dean Street, Newcastle- 
on-Tyne, for analysis and for the determination of the 
calorific value, viscosity, &c. The results were as 
follows :— 

Carbon nee “as See 86- 





4a 

Hydrogen ees ve as 12-57 
Oxygen mas ove es 0-14 
Nitrogen <r oes aR 0-0% 
Sulphur fe aa ECE 0-49 
yt eee Sas ees --- None 
Water ... Trace 
100-00 


Specific gravity at 15-5 deg. C. 0-8725 
Flash point, close test --. 90 deg. C.= 194 deg .F. 
Soft asphalt 0-03 per cent. 


Time of flow of 50 ec. 
from Redwood’s vis- 
cometer in seconds. 


Viscosity. 


At 70 deg. F aah 47 
100 deg. F. ea 38 
Gross, Net. 
Calories 10,740 10,060 
B.Th.U. ‘ ies ee 19,330 18,110 
Lb. of water, evaporated 
from 100 deg. C. by 1 Ib. 
of the oil ... re aa 20-0 18-73 


The revolutions of the main engine were recorded 
by a Harding counter. Readings were taken every 
15 minutes, at the instant the fuel consumption was 
recorded. The jacket-cooling water, on its passage 
to the engine, passed through a water meter, and was 
then led in series, first to the air-compressor cylinder 
jackets and coolers, then to the piston-oil cooler, and 
finally to the main-engine cylinder jackets. The dis- 
charges from the jackets and exhaust-valve housings 
were led to a common collecting pipe and passed to 
waste. 





LING CIRCUITS. 


Trial Number 1 2 3 | 4 
Liners, Heads and Exhaust-valve Housings. | 
Cooling water ee aw aa . Ib. per hr. 75,200 86,000 86,100 98,000 
Inlet temperature oF ee Sa deg. F. 52 51:8 52-8 | 52-1 
Outlet temperature oe oe as deg. F. | 78 80-2 85-7 | 86-5 
&.Th.U. per hour .. os a a6 total 1-955 x 106 2-44 x 106 2-83 x 106 | 3°37 x 106 
R.Th.U. per B.H.P. ms ie a per hr. 13-16 102 13-2 x 102 12-2 x 102 | 12-86 x 102 
B.Th.U. per sq. ft. a6 ts 9-89 x 105 | 12°38 x 105 14-3 x 103 =| 17-05 x 105 
Pistons. | | 
Cooling oil - Bs Ib. per hr. 17,580 | 20,650 24,050 | 23,280 
Inlet temperature ie a ~ deg. F. | 62 64 63 67 
Outlet temperature 3 et 116 | 120 126 132 
B.Th.U. per hour .. re .. total 380 x 105 | 463 x 105 607 x 103 623 x 105 
B.Th.U. on per B.H.P. per hr. | 2-56 x 102 | 2-51 x 102 2-62 x 102 2-38 x 102 
B.Th.U. per sq ft. per hr. | 19-5 xX 105 | 23-8 x 103 31-2 x 105 32-0 x 103 


TABLE V.—Eahaust Gases and Exhaust Turbine. 


Trial Number | 1 | 2 | 3 i 
| | | | 
Thermometer Readings. | | | 
Turbine inlet deg. F. | 635 | 705 803 | 867 
rurbine outlet | 590 | 662 | 738 803 
Cylinder exhaust bran- | | | 
ches deg. F. | 608 621 | 694 | 757 
Pressures. | 
Turbine inlet lb. per sq.in.| 16-16 16-7 | 17°49 | 18-21 


Turbine outlet ’ 

.P.M. of turbine and | 
blower .. ae Z 2,530 3,000 3,565 4,000 

Percentage composition of | 
dry exhaust gases, by 


Atmos) pheric 








| 
| 
volume .. COg} — 5°15 | 5:95 
co | 0-6 0:6 
| — | 12-6 | 11-7 
Noe}; — | 81-65 81-75 
Mean specific heat of | | 
gases... B.Th.U.| 0-252 | 0-252 0-254 0-256 
Mean value of adiabatic | 


exponent 1-377 | 1-375 1-371 1-367 


\diabatic temperature 
irop ... deg. F. 33 44-4 63 79 
Adiabatic heat drop in | 
turbine per Ib. of gas | 1 
B.Th.U. | 8:3 11-2 16-0 20-23 
Exhaust gases per Ib. of | 
fuel ‘ Ib. | 46-7 | 43-0 38°3 35-95 
fsothermal work in 
blower per | | 
Adiabatie drop in cent. 45-6 48-1 48-7 47°5 
turbine | 
batie work in 
blower per 
\diabacie drop in cent. | 46-4 49-4 50-0 49°3 
turbine 


communication with the fuel pumps, and the other 
tank was shut off and filled with oil from the storage 
tank. The change over from one tank to the other 
was made as necessary during the trial. No| 
lieaters were fitted in the fuel system. The fuel passing | 
to the engine was recorded every 15 minutes. The | 
tal leakage of fuel oil from the pump glands during | 





| Taste VI.—Heat Balance—in Units of 100 B.Th.Us. per 





Minute. 
————— 
Trial Number .. aI 1 2 | 3 | 4 
| : : } | | 
Heat in fuel, higher calo- 1,970 2,385 | 2,985 | 3,435 
rific value i -+| (100) (100) | (100) (100) 
Thermal equivalent of | 630 | 733 981 1,111 
B.H.P. 32-0) | (32-8) | (32-9) | (34-3 
Heat to liners, heads and | 326 407 472 5 


562 
(16-4) 


| 
} 104 


exhaust-valve housings | (16-6) 

| Heat to pistons .. es 63 

| | (3-2) 

Heat to compressor, ex- | 951 
haust gases, 4c. (by | (48-2) 
difference.) | 


‘ 
(17-1) | (15-8) | 
|} 101 | 
(3-2) | (3-4) | 
1,118 431 
(46-9) | (47-9) | (48-3) 
| | 





| 
| = 
| Note.—Numbers in brackets are percentages, to the nearest 
first place of decimals. 
| The thermometer used for registering the temperature 
|of the cooling water after it had passed through the 
|air compressor and piston-oil cooler, and before it 
entered the engine jackets, was placed in the common 
| supply pipe as near as possible to the engine. The out- 


|let temperature was registered by a thermometer | 


placed in the common collecting pipe. Readings of 
| the meter and of the thermometers were taken every 
15 minutes. 
| The piston-cooling oil was supplied by a separate 
| electrically-driven pump, arranged so that it could take 
[its suction, through a strainer, either from two cali- 
| brated measuring tanks or from the oil-storage tank. 
The oil discharged from the pump, after passing through 
|a filter and cooler, was led by telescopic pipes to the 
| hollow piston rods, which were fitted with internal 
| pipes. The oil passed up the rods, on the outside of 
| the internal pipes, to the pistons, returning through the 
internal pipes to collectors attached to the engine 
columns. The oil from the collector of each cylinder 
was led to an inspection trough, which communicated 
with the common drain pipe leading back to the oil 
tanks. 
For ascertaining the quantity of oil passing through 


Hard asphalt se cen “OEE ge ss 
Setting point quite liquid 
at was ae 24 deg. C. 11 deg. F. | 
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| with the measuring tanks, which had previously been 

filled with oil, and the quantity of oil drawn from the 
tanks over a period of about 20 minutes was recorded. 
Two records were taken during each trial. The inlet 
temperature of the cooling oil was taken in the common 
supply pipe as close as possible to the engine, and the 
outlet temperatures by thermometers placed in the in- 
spection troughs. In the accompanying tables of results, 
the piston-oil outlet temperatures given are the means 
of the outlet temperatures from the six pistons. These 
temperatures were taken every 10 minutes. 


TABLE IV.—Turbo-Blower and Blast-Air Compressor. 


| l | 





| ‘Trial Number .. <<] 1 | > a 3 | t 
Blower. | 
| Air inlet temperature | 
deg. F.| 59 58 | 56 57 
| Air discharge tempera- } | 
ture. deg. F.| 85 | 93 107 121 


| 
Barometer Ib. per sq.in.| 14-45 | 14-48 | 14-48 | 14-48 
Discharge pressure Ib. | 
| 
| 
] 
| 


per sq. in. absolute | 16-21 | 17-07 | 18-37 | 19-4 
Capacity of blower Ib. | | 
yer sec. | 7:32 | 8-16 9-10 9-85 
Blower air per Ib. of fuel | | | 
Ib.| 43-0 | 39-6 | 35-325) 33-225 
Isothermal work per Ib. 
of air .. B.Th.U.| 4:11 | 5-85 8-45 | 10-4 
Adiabatic work per Ib. | | 
i Ofair .. B.Th.U.| 4-18 | 6-0 | 8-68 | 10-8 
| Blast- Air Compressor. | 
Air inlet temperature | | 
deg. F.| 54:5 | 58-5 54-3. | 53-7 
| Air persecond .. Ib. 0:457 0-5 | 0-51 | O-d1 
Air per Ib. of fuel Ib. 2-7 | 2-4 } 1-975 | 1-725 
Blast pressure Ib. per | | 
sq. in. 900 | 950 | 1,000 1,000 
Total blower and_ blast | | 
air passing through en- 
gine per Ib. of fuel Ib. | 45-7 | 2:0 | 37°3 34-95 
| 


The blower suction pipe terminated in an enlarged 
vertical pipe, about 4 ft. in diameter and 10 ft. in length, 
in the top end of which was fitted a shaped nozzle of 
wood, having a mean diameter of 19-75in. The nozzle 
coefficient was taken as 0-965. The pressure drop 
through the nozzle was measured by an inclined-tube 
manometer, filled with paraffin, which was calibrated 
before the trials. The temperature of the air entering 
the nozzle was recorded by a thermometer placed near 
the top of the enlarged vertical pipe. The pressure in 
the blower-discharge pipe was measured by means of 
a U-tube filled with mercury. 


TaBLe VII.—Comparisons of Trial Results. 


— 


} | | Syca- Cape 
| Engine ea aa ae | Maron. | more. York. 
| 

| 
iineaiiaceaait raleigh —— - - 

| Trial Number a e -+| 3 5 10 
Bore .. = “i 4 in.| 24-4 24-41 22-05 
Stroke “ ae es » | 51-2 38-39 39-37 


Compression ratio .. a «al 
| Mean indicated pressure, Ib. per | 


| sq. in. | 140 94 108 
| Brake mean pressure o | 110-3 73°5 71-7 
| R. ; oo re “aa «o| 116-7 118-8 125-1 
| B.H.P. we .| 2,314 1,188 1,018 
| 7:3 427 


Fuel per hour ita .. Ib. | 926-5 | 537 °é 

| Heat to liners, heads and exhaust- 

| valve-housings. | 
B.Th.U. per sq. ft. 
B.Th.U. per B.H.P. sa 
B.Th.U. per lb. of fuel pa 

Heat to pistons. 


per hr. | 14,300 | 15,600 | 14,100 
1,220 | 1,994 1,920 
3,060 | 4,410 4,550 





| B.Th.U. per sq. ft. per hr. | 31,200 | 19,500 33,000 
| B.Th.U. per B.H.P. ee 262 318 519 
| B.Th.U. per Ib. of fuel per hr. 655 703 1,236 


valve housings and pistons 
B.Th.U. per sq. ft. of area of liners 


| 
| 

| 

| heads and pistons per hr. | 15,800 16,000 16,800 
| 





| 
| 
| 
| 
Heat to liners, heads, exhaust- | 
| 
| 


A large tank, in which was fitted a throttle plate 
| containing an orifice 4-503 in. diameter, was employed 
|for measuring the air passing to the blast compressor. 

The coefficient assumed for the orifice was 0-59. The 
| pressure drop across the orifice was measured by means 
of a manometer filled with paraffin. A thermometer 
; was placed near the orifice for measuring the tem- 
| perature of the in-going air. Records were taken every 
| 10 minutes. 
| The pressure of the exhaust gases entering the turbine 
| was recorded by a U-tube filled with mercury With 
| the object of recording directly the means of the pres- 
| sures in the two exhaust pipes leading to the turbine, 
| a connection was taken from each pipe to a Y-piece, 
| and the common leg of the Y was connected to one limb 
of the U-tube. The temperatures of the gases entering 
the turbine were recorded by two iron-constantan 
thermocouples and one nitrogen-filled thermometer 
in each inlet pipe. The couples, the leads from which 
were connected to a multipoint indicator, were cali- 
brated before the trials. The glass thermometers were 
calibrated after the trials, and any necessary corrections 
have been made in the tabulated results. The means 
of the readings of the four thermocouples and the two 





the four trials was 6 1b. Samples of fuel oil, which were | the pistons, the pump was put into communication | glass thermometers have been taken as the exhaust 
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Fuel (Lb. pa HP per 
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temperatures for the purpose of estimating the adiabatic 
heat drops in the turbine. The pressure in the exhaust- 
outlet pipe from the turbine was recorded by a U-tube 
filled with water. The pressure was found to be approxi- 
mately atmospheric for all trials. The temperature 
of the gases leaving the turbine were also registered 
by two thermocouples and one nitrogen-filled glass 
thermometer. The revolutions were recorded by a 
tachometer driven from the turbine shaft. The 
records were taken every 10 minutes. 

Samples of exhaust gas were taken continuously 
from the exhaust pipe leading from the turbine. Two 
samples were taken simultaneously, the total volume 
withdrawn during each trial being about 10 litres. 
Each sample was analysed in the works’ laboratory 
immediately after each trial, and the mean results 
are given in Table V, on page 281, for trials 2, 3 and 4. 
The analysis is not given for Trial I, as the sampling 
during this trial was considered to be unsatisfactory. 

Four one-hour trials were carried out at brake mean 
pressures of 69-9 lb., 88-2 Ib., 110-3 Ib. and 1251b. per 
square inch. The engine was run at the trial load for 
a sufficiently long period before each trial was com- 
menced to ensure that stable conditions had been 
reached. The principal records and deductions are 
given in Tables I to VI on page 281, and in the curves 
reproduced in Figs. 1, 2 and 3, on this page. Of these, 
Fig. 1 gives the indicated horse-power, fuel per horse- 
power and mechanical efficiency on a brake horse- 
power base; Fig. 2 the fuel per hour, mean indicated 
pressures, compression pressures and gas temperatures 
at the turbine inlet on a B.M.E.P. base; and 
Fig. 3 the heat to liners, heads and exhaust-valve 
housings, heat to pistons, blower-air discharge pressure 
and exhaust-turbine inlet pressure on a B.M.E.P. 
base. Sets of indicator diagrams taken during trials 
3 and 4 are reproduced in Figs. 4 to 7, on this page. 

In Table III, the * B.Th.U. per square foot of surface 
per hour ’’ to the liners and heads have been obtained by 
dividing the total heat to the cooling water by the total 
surface of the liners and heads, assuming that the 
hefiids are plane surfaces, and that the exposed liner 
surfaces are cylindrical, of length equal to the stroke 
plus the clearance volume divided by the piston 
area. 

As already mentioned, the head and liner of each 
cylinder are surrounded by a continuous water jacket, 
and it is not possible, therefore, to separate the heat 
to the heads from the heat to the liners. Moreover, 
the total heat to the cooling water includes the heat 
transmitted through the exhaust-valve housings— 
which could not be separately measured—conse- 
quently the average heat transmissions per square foot 
of liner and head surface, given in the table, are slightly 
higher than the actual figures. 

In calculating the average ** B.Th.U. per square foot 
per hour,”’ to the pistons, it has been assumed that the 
pistons are plane surfaces. The average specific 
heats of the lubricating oil used for piston cooling, over 
the ranges of temperature given in Table IIT, vary from 
0-4 for Trial I, to 0-412 for Trial 4. ; 

Mercury-in-steel thermometers were placed in the 
exhaust branch from each cylinder, and the mean read- 
ings are given in Table V for record purposes, as these 
thermometers will be in use when the engine is in the 

ship. The readings of these thermometers are not the 
true mean temperatures of the gases in the exhaust 
pipes, and must be regarded of value for comparative 
purposes only. At the turbine inlets, the gases would 
approach a uniform mixture, although the mixture 
would probably not be complete. It was for this 





reason that two thermocouples and one glass thermo- 
meter were placed in each exhaust pipe, adjacent to 
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OF MARINE DIESEL ENGINE WITH BUCHI SUPERCHARGER. 
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as already mentioned, as the mean exhaust tem-, colourless. Owing to darkness it was not possible to 


peratures for calculating the adiabatic-heat drops in 
the turbine. 

Any error in the mean gas-inlet temperature would 
affect the adiabatic-heat drop in the turbine; but if 
the maximum reading obtained in Trial 4 be taken 
as the gas temperature, instead of the mean of the 
readings of all the thermometers which is given in 
Table V, the isothermal work and the adiabatic work 
of the blower expressed as percentages of the adiabatic- 
heat drop in the turbine would only be reduced from 
47-5 and 49-3 to 46-6 and 48-4, respectively. It 
should be mentioned that the variations in the readings 
of the thermocouples and the thermometers were less 
in Trials 1 to 3 than in Trial 4. 

A heat-balance, based on the higher calorific value 
of the fuel, is given in Table VI. Owing to the large 
quantity of water which was passed through the jackets 
and coolers of the blast-air compressor, and the con- 
sequent small rise in temperature and the possible 
large errors in estimating the heat rejected to the water, 
the * heat to compressor” has not been included as a 
separate item. 

As will be seen from Table I and Fig. 1, the fuel 
consumption per brake horse-power did not vary to 
any appreciable extent throughout the trials. In this 
connection, it should be mentioned that the engine 
had been running at 138 r.p.m., during the official 
acceptance trials on January 22, 1930. The trials 
referred to in this report, which took place on the follow- 
ing day, were run at 115 r.p.m., with the fuel-cam 
settings arranged for a speed of 138 r.p.m., as there was 


mms 





the turbine-inlet branches, and the means of the read- 
ings of the couples and thermometers were taken, 


no opportunity to adjust the fuel cams to suit the lower 
speed. The exhaust gases during Trials 1, 2 and 3, were 








see the end of the exhaust pipe during Trial 4, but 
from test-cock observations the gases appeared to be 
clear. 

The difference between the air pressure in the blower 
discharge pipe and the mean pressures in the exhaust 
pipes increased from 0-05 lb. per square inch in Trial 
1 to 1-2 Ib. per square inch in Trial 4. One would 
expect, therefore, that the negative work, or pump- 
ing loss, would be slightly greater in Trial 1 than in 
Trial 4. Light-spring diagrams, which were taken 
during the trials, showed that the negative work did 
decrease with an increase in the brake mean pressure, 
but the change was not very marked. The negative 
work during each trial, however, was less than that 
usual with non-supercharged four-stroke engines. 


The rated power of the engine of the M.S. Maron is 
based on a B.M.E.P. of 110 lb. per square inch, corre- 
sponding to Trial 3. For the purpose of comparing 
the heat transmitted through the liners, heads and 
pistons of this engine with other four-stroke engines, 
not supercharged, for which authoritative data are 
available, Table VII has been prepared from the pub- 
lished results of the trials of the six-cylinder engines 
of the Sycamore and Cape York, which were tested by the 
Marine Oil Engine Trials Committee of the Institution 
of Mechanical Engineers and the Institution of Naval 
Architects. It will be seen that the heat to the liners, 
heads and exhaust-valve housings, and the heat to the 
pistons, per square foot of surface per hour, are about 
the same in the engine of the Maron as in the engine 
of the Cape York. In the engine of the Sycamore, 
the heat to the liners, heads and exhaust-valve housings 
(per square foot of surface per hour) is slightly greater, 
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‘ud the heat to the pistons (per square foot of surface 
per hour) is appreciably less than in the engine of the 
Maron. The heat to the jacket-cooling water, however, 
includes a certain amount of heat which has been 
‘ransmitted from the pistons to the liners, and this 
nay be greater in one design than in another. In the 
rcumstances, therefore, I am of opinion that a better 
om parison is obtained by dividing the total heat to 
the liners, heads and pistons by the total area of the 
surfaces exposed to the working fluid. These figures 


are shown on the last line in Table VII. It will be 


noted, also, that the heat to liners and heads and to 





pistons per brake horse-power per hour and per Ib. 
of fuel per hour, are lower in the turbo-charged engine 
than in the engines of the Sycamore and Cape York. 
These results indicate that the heat transmitted to 
the cooling surfaces—and, other things being equal, 
the heat stresses in the material—are no greater in 





the turbo-charged engine than in the engines which are 
not turbo-charged, when the former is developing 
a brake mean effective pressure about 50 per cent. | 
greater than the latter. The engine of the Maron ran 
smoothly and steadily throughout the trials, without 
incident of any kind. 


FLOATING DOCK FOR WALSH 
ISLAND DOCKYARD. 


Tuat the industrial troubles in Australia have not 
interrupted engineering development is evident from 
the completion and successful launch, on December 20, 
1929, of the third section of the large floating dock for 
the Government Dockyard and Engineering Works 
on Walsh Island, Newcastle, a town in the centre of 
the New South Wales coalfields. The dock is in three 
parts, of which the middle section was launched on 
October 5, 1928, and one of the end sections on 
March 15, 1929, as described in the issue of 
ENGINEERING for May 10, 1929, vol. cxxvii, page 
591. Of the accompanying illustrations of this dock, 
Fig. 1 shows the main unit, consisting of the first 
and second sections coupled together and connected 
with the shore by its anchoring booms. This unit 
is capable of lifting 11,000 tons. The vessel shown 
in the figure is the first one docked and is the 
steamship Ellaroo, a collier belonging to Messrs. 
The Melbourne Steamship Company, Limited, and 
having a deadweight of 6,875 tons, with a length of 
364 ft. 6 in. and a draught of 23 ft. The actual 
pumping time for this operation was 1} hours, and the 
operation was carried out without any hitch whatever. 
The main unit shown has an overall length of 420 ft., 
a clear width of entrance of 82 ft., and a depth of 
water over the keel blocks of 26 ft. 

The third section, which is shown entering the water 
in Fig. 2, is 210 ft long, and is intended to serve the 
dual purpose of docking vessels up to 4,000 tons as an 
independent unit, and of attachment to the main unit 
to form one large dock capable of lifting 15,000 tons. 
The large dock will be 630 ft. long, and will thus accom- 
modate the Australian cruisers Australia and Canberra, 
which are also of this length. When the third section 
is used alone, however, its submergence is less than 
that of the main unit, and it has only 15 ft. depth of 
water over the keel blocks. Its clear width of entrance 
is, of course, the same as that of the main unit. Both 
units are self-contained and are electrically operated, 
the power being obtained from generators driven by 
Diesel engines. A workshop is provided on the dock, 
equipped with machines of the latest patterns, and 
special arrangements have been made to minimise 
the necessity for any workmen to leave the pontoon 
deck floor during the repairing and painting of a 
vessel. The overhaul of the dock itself is carried out 
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by dividing it into three sections and docking one of 


them by means of the other two. 

The launching ceremony of the third section, which 
was performed by the Minister of Works, Mr. A. E. 
Buttenshaw, M.P., was supplemented by the inaugura- 
tion of the main section by lifting the S.S. Ellaroo, and 
a new aerodrome on Walsh Island was also opened 
on the same occasion. In view of the present condition 
of the engineering industry both in Australia and in 
this country, some facts mentioned in the speeches at 
the various ceremonies are not without interest. It 
was stated, for example, that the Dockyard and Engi- 
neering Works had undertaken the construction of 
steel railway carriages, of which 351 had been turned out. 


The time of manufacture had been reduced from one car 


per week to six cars per week, and the cost per car had 
been reduced by 1,200/. The work in the manufacture 
of electrically-welded water mains was also extending. 
Notwithstanding such progress, Mr. A. C. Waters, 
the general manager of the whole works, pointed out 
that the cost of manufacture of engineering products 
in Australia was nearly twice as much as it was overseas, 
the wages being more than twice as much and the 
working hours in Australia shorter. He felt, however, 
that by co-operative effort and efficient plant and 
systems, the industry could be built up behind a 
reasonable tariff wall, while the present standard 
of living was protected. 








TENDERS. 

WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Steel Taper Pins and Cotters.-The supply of machined 
steel solid taper pins (not split), and flat cotters, 
“R” and “8S” section. The South African Railways 
and Harbours Board, Johannesburg; April 3. (Ref. 
No. B.X. 6181.) 

Concrete Drain Pipes.—-The supply of machinery for 
the production, in Tasmania, of agricultural drain 
pipes made from concrete. (Ref. No. A.X. 9175.) 

Iron, Steel and Other Metals.—The supply of iron 
and steel, and other metals required during 1930-31. 
The Egyptian Ports and Lighthouses Administration ; 
April 15. (Ref. No. A.X. 9173.) 

Bridge.—On page 46 of our issue of January 10 last, 
we referred to a call for tenders on the part of the 
Main Roads and Bridges Department, Egyptian Ministry 
of Communications, Cairo, for the construction of a 
new bridge over the river Nile at Kasr-el-Nil, Cairo. 
We now learn that the new bridge is to be erected on 
the site of the present bridge and that the closing date 
has been postponed from March 1 to March 5. (Ref. 
No. A. 9179.) 

Wrought-lron Pipes and Fittings. -The supply of 
galvanised wrought-iron pipes and fittings. The 
Municipality of Singapore; April 4 (Ref. No. A.X. 
9177.) 

Iron Castings.-The supply of cast-iron specials for 
the Gas Department. The Municipality of Singapore ; 
April 10. (Ref. No. A.X. 9178.) 

Cycle and Motor-Cycle Parts.—The supply of motor- 
cycle and pedal-cycle parts and accessories for the 
South African Police. The Union Tender Board, South 
Africa; April 3. (Ref. No. A.X. 9182.) 

Air-Compressing Plant.—The supply of semi-Diesel 
air-compressing plant and auxiliary machinery for the 
Damanhour and Kafr-el-Zayat drainage. The Egyptian 
Ministry of Public Works, Main Drainage Department, 
Cairo; May 1. (Ref. No A.X. 9176.) 

Electric Cranes.—Tne supply of one 3-metric-ton 
travelling electric portal crane and one 4-metric-ton 
stationary electric revolving crane. The Port Works 
Department, Ministry of Marine, Santiago, Chile ; 
May 15. (Ref. No. A.X. 9186.) 

Pipes and Fittings —The supply of 52,500 m. of 
galvanised tubing ranging in diameter from 6 mm. 
(0-24 in.) to 50 mm. (1-97 in.), together with a quantity 
of fittings, including bends, elbows, nuts, tees, &c., 
andbronze cocks. The Chilean Hydraulic Department, 
Santiago; March 19. (Ref. No. A.X. 9192.) 

Steel Piling for Mole.—-The supply of steel piling, steel 
ties with bolts and nuts, co ‘er plates, stiffening plates, 
round steel for reinforced concrete, cast-steel mooring 
bitts and rings, &c., for the construction of a mole at 
the Port of San Antonio. The Port Works Department, 
Ministry of Marine, Santiago, Chile; March 31. (Ref. 
No. A.X. 9191.) 

Railway Crossings.—The supply of a number of 
right- and left-hand crossings, also crossings without 
junctions, crossings with single junctions, and crossings 
with double junctions. Companhia dos Caminhos de 
Ferro Portugueses, Lisbon; March 6. (Ref. No. 
A, 9204.) 
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| Steam and Gas Engineering. By THomas E. BuTrer- 
FIELD. London: 
{Price 18s. net.] 
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| Sulphuric Acid and its Manufacture. By H. A. AUDEN. 


London: Longmans, Green and Company, Limited. 
{Price 16s. net.] 

Sewage and Sewage Disposal. 
London: Macdonald and Evans. 
net. | 

Department of Scientific and Industrial Research. 
Illumination Research. Technical Paper No. 
The Effect of Glare on the Brightness Difference 
Threshold. By W.S. Stites. London: His Majesty’s 
Stationery Office. [Price 2s. 6d. net. ] 

The Design of Merchant Ships and Cost Estimating. 
By ALEXANDER Kart. Second edition, enlarged. 
London: Crosby Lockwood and Son. {Price 36s. 
net. } 

Bericht iiber die II Internationale Tagung fiir Briickenbau 
und Hochbau. Vienna: Julius Springer. [Price 
36 marks. ] 

American Society for Testing Materials. Vol. 29. 
Proceedings of the 32nd Annual Meeting, Atlantic 
City, New Jersey, June 24-28, 1929. Part I.—Com- 
mittee Reports, Tentative Standards. Part I1.—-Technical 
Papers. Philadelphia, Pa.: Offices of the Society. 
[Price 6 dols. each part. ] 

Der Wasserbau. Kin Handbuch fiir Studium und 
Praxis. Vol. Il. By Ine.-Dr. TECHN. ARMIN 
Scuoxuitscu. Vienna: Julius Springer. [Price 
78 marks. } 

The Stereographic Survey of the Shaksgam. Technical 
Paper No. 272. [Price Rs. 1-4-0 or 2s. 3d.] No. 274. 
A Practical Note on Tunnelling in Shale and Lime- 
stone. By R. O. C. THomson. [Price Re. 1 or ls. 9d.] 
Calcutta: Government of India, Central Publication 
Office. 

Some Writers on Lime and Cement. From Cato to the 
Present Time. By CHARLES SPACKMAN. Cambridge : 
W. Heffer and Sons, Limited. [Price 15s. net. ] 

Rugby Engineering Society. Proceedings. Vol. XXIII. 
Part 2. Session 1928-29. Rugby: Offices of the 
Society. [Price 10s. 6d.] 

Markets of Empire. By W. H. Wriutson. 
Effingham Wilson. [Price 7s. 6d. net.] 
Shops, Shed, and Road. A Handbook on the Construction 
and Fitting of Details and Accessories for Small Steam 
Locomotives. By ‘“‘L. B. 8. C.”” London: Perceval 

Marshall and Company, Limited. [Price 5s. net.] 

Heat Loss Analysis. The Key to Economic Boiler 
Operation. By E. A. Evatinc. London: McGraw- 
Hill Publishing Company, Limited. [Price 12s. 6d. 
net. | 

Mines Department. Safety in Mines Research Board. 
Paper No. 57. Mine Rescue Apparatus : The S.M.R.B. 
Gas Mask. By 8. H. Katz and C. 8S. W. Grice. 
London: His Majesty’s Stationery Office. [Price 
9d. net. | 

The Association of Engineering and Shipbuilding Draughts- 

men. Hydraulics. By E, N. Digweep. London: 

The Draughtsman Publishing Company, Limited. 

[Price 2s. net.] 

Department of Overseas Trade. Survey of Economic 

Conditions in Morocco, 1928-1929. French Zone. 

By Sir A. Ryan and T. C. Rapp. Spanish Zone. 

By A. E. Watkinson. Tangier Zone. By C. G. Hope 

Gitt, London: His Majesty’s Stationery Office. 

[Price 2s. 6d. net.] 

Home Office. Welfare Pamphlet No. 7. Lighting in Fac- 

tories and Workshops. London: His Majesty’s 

Stationery Office. [Price 4s. net.] 

Unsolved Problems National and International. By 

Joun SS. Hecutr. London: Jarrolds Publishers 

(London), Limited. [Price 16s. net.] 
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[Price 2s. 6d. 
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Conrracts.——Messrs. The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
have received three further orders for their 3-axle type 
electric trolley "buses, namely, seven vehicles for Ponty- 
pridd, two for Southend Corporation, and six for Christ- 
church, New Zealand..—Messrs. Boving and Company, 
Limited, 56, Kingsway, London, W.C.2, have secured an 
order from the Mount Lyell Mining and Railway Company, 
Limited, Tasmania, for a spiral encased turbine to have an 
output of 2,800 b.h.p. on a head of 375 ft., at 750 r.p.m. 
The turbine is for the Yolande river scheme; it is 
completely automatic and is equipped with protective 
devices.— Messrs. The Birmingham Railway Carriage 
and Wagon Company, Limited, has placed an order with 
Messrs. The Westinghouse Brake and Saxby Signal 
Company, Limited, 82, York-road, London, N.1, for 
400 Prestall vacuum-brake sets for wagons which they 
are building for the Buenos Aires and Pacific Railway.— 
Messrs. Bruce Peebles and Company, Limited, Edinburgh, 
have secured an order for a mercury-are rectifier equip- 
ment from Edinburgh Corporation. The order com- 
prises a 1,500-kw. Peebles-Brown-Boveri mercury-are 
rectifier, designed for 3-phase, 50 cycles, 6,500-6,800 
volts on the alternating-current side and 550-600 volts 
on the direct-current side. The rectifier will operate 
on a traction load.-A contract for six 30,000-kv.-a., 
three-phase transformers, for the Mid-East England 
Electricity Scheme, has been placed with Messrs. The 








| 
THE Moror Cycte SHow.—The British Cycle and 
Motor-Cycle Manufacturers’ and Traders’ Union, Limited, 
have announced that this year’s International Cycle | « 


and Motor-Cyele Show will be held at Olympia, London, | at the works of Messrs. Samuel Fox and Company, 
W.14, from November 10 to 15, 





Limited, Stocksbridge, near Sheffield. 


General Electric Company, Limited, Witton, Birmingham 
by the Central Electricity Board.—Messrs. The United 
Steel Companies, Limited, have placed an order, with 
Messrs. Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, for a 5-cwt. coreless 
‘lectric induction furnace for steel melting, to be installed 


Maemillan and Company, Limited. | 
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|'NOTES FROM CLEVELAND AND THE 


| NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday 
The Cleveland Iron Trade.—Conditions as regard- 
| Cleveland pig iron are little altered. Stocks are steadily 
| increasing, but are not yet of embarrassing dimensions. 
| Sales are very slow, and producers’ consuming departments 
| are absorbing less iron than of late, but are still taking 
|up the bulk of the output. Home users who have tu 
| buy in the open market are placing orders for little more 
|iron than they require to meet obligations for early 
delivery, and export business is almost at a standstill, 
rreengp sang abroad refusing to pay ruling rates. <A 
| little iron from other home producing centres continues 
| to be used here, and merchants, as they have little Cleve- 
| land pig to offer, and are restricted by terms imposed by 
| contracts with ironmasters as to the disposal of their 
holdings, contemplate renewal of dealing in foreign 
products, but as yet no serious movement in that direction 
has been made. Makers of Cleveland brands adhere to 
their fixed quotations. No. 1 is 75s.; No. 3, g.m.b., 
72s. 6d.: No. 4 foundry, 71s. 6d. ; and No. 4 forge, 71s. 

Hematite.—The further downward tendency in values 
of East Coast hematite is disquieting, as for some time 
past terms obtainable have been well below cost. Pro- 
ducers are needing orders, and second hands are anxious 
to unload their still substantial possessions. Beyond 
a few small home sales, business is little heard of. Firms 
abroad who usually buy extensively in this market 
are making extensive use of comparatively cheap Conti- 
nental hematite, and are drawing only trifling supplies 
from this district. Makers have no arrangement for fixing 
prices of East Coast brands, and consequently quotations 
vary, but both manufacturers and merchants offer ordi- 
nary qualities at 78s., and 77s. 6d. is understood to have 
been accepted, while users are reported to have said that 
they could place orders at even less. 

Foreign Ore.—Consumers of foreign ore are well 
bought and have considerable stocks. Not only are 
they holding off the market, but they refuse to take up 
full deliveries against running contracts. 

Blast-Furnace Coke-—Durham blast-furnace coke is 
very plentiful. Good average qualities are on sale at 
21s. delivered here. 

Manufactured Tron and Steel.—Transactions in manu- 
factured iron are few, and business in steel is on a 
disappointing scale. A good deal of steel plant is idle 
owing to shortage of specifications, but producers have 
quite good order books and hope to be better employed 
again shortly. Quotations are steady. Common iron 
bars are 107. 15s. ; best bars, 111. 5s.; double best bars, 
11/. 15s. ; treble best bars, 121. 5s. ; iron rivets, 11/. 10s. ; 
packing (parallel), 8J.; packing (tapered), 10/.; steel 
billets (soft), 6/. 15s. ; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 81. 2s. 6d.; steel rivets, 8. 5s. ; 
steel ship plates, 8/. 15s. ; steel angles, 8/. 7s. 6d. ; steel 
joists, 87. 10s.; heavy sections of steel rails, 87. 10s., for 
parcels of 500 tons and over, and 9. for smaller lots ; 
fishplates, 12/7. 10s. for parcels of 500 tons and over, 
and 13/. for smaller lots, and galvanised corrugated 
sheets, 117. 10s. to 111. 15s. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Tron and Steel._-Progress in the heavy trades is slow 
in face of numerous obstacles, but employment is being 
found in the aggregate for a growing number of 
operatives, and output as a whole tends to grow rather 
than diminish. Suggestions that the local staple 
industries are in a critical condition are resented by 
the most prominent trade organisers, who emphasise 
the damage done to export business by unnecessarily 
stressing the worst features. At the same time lack 
of confidence is general, and buying is of a scrappy 
character. These tendencies are reflected in the market 
for raw and semi-finished materials, where prices in 
several of the leading descriptions are on the down grade. 
Steel scrap has eased another 2s. 6d. per ton, the cheapest 
grades of billets have declined 5s. per ton, and business 
in both foundry and forge iron is restricted, while 
foreign underselling in common bar iron is as acute as 
during the past few months. Revised quotations are 
as follow :—Siemens acid-steel billets, 97. 10s.; hard 
basic-steel billets, 97. 2s. 6d. to 91. 12s. 6d.; medium 
hard basic-steel billets, 7/. 12s. 6d. to 81. 2s. 6d.; soft 
basic-steel billets, 6/7. 10s.; Lincolnshire foundry pig 
iron, 75s. 6d.; Derbyshire foundry pig iron, 73s. 6d. ; 
Derbyshire forge iron, 69s. 6d. ; crown iron bars, II. ; 
iron hoops, 12/.; steel hoops, 9/. 10s. to 101.; heavy 
basic-steel scrap, 61s. Wire makers are finding difficulty 
in securing a reasonable return on capital outlay and 
are considering the establishment of factories in Canada 
to meet Dominion needs rather than put into operation 
local extension schemes which were drawn up before the 
last General Election. Incidentally, they are feeliny 
keenly the diminished demand from the motor and cycle 
trades resulting from Government indecision on sate 
guarding and import duties. Numerous orders for @ 
variety of steel products have been received from 
Government departments. These cover the provision 
of carriage underframes, tyres, and pipes for the Colonies. 
bullet-proof steel for the War Office, and_ electrical! 
requisites and semi-manufactured steel for the Admiralty. 
The Admiralty have also ordered micrometers fror 
local makers whose recent efforts to free the engineerin: 
trades from reliance on foreign products of this description 
meet with growing success. Foreign railway work 1s 
scarce. One of the most useful contracts just booked 1s 
from the Argentine for 5,000 tons of axles. In the too! 








section, twist drills and milling cutters are active lines 
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and there is a steady run on the most efficient types of 
hacksaw blades. File manufacture has been depressed 
for several months, but the output of engineers’ small 
tools is on a large seale. 

South Yorkshire Coal Trade.-The easier tendency 
reported last week in the coal market ‘has spread to 
sections Which have been immune from recent weakness. 
Efforts are now being made to stimulate sales of washed 
smalls on inland and export account. Best steams 
represent a fairly steady market, though the volume of 
forward business is disappointing. Both furnace and 
foundry coke are cheaper. Business in house coal moves 
slowly. The spell of cold weather has strengthened 
the demand for best qualities, but there are substantial 
stocks of secondary grades. Quotations :—Best branch 
hand picked, 26s. 6d. to 28s.; Derbyshire best brights, 
21s, to 23s. ; Derbyshire best house, 20s. 6d. to 21s. 6d. ; 
sereened house coal, 18s. 6d. to 20s.; screened house 
nuts, 16s. 6d. to 18s. ; Yorkshire hards, 15s. 6d. to 17s. 
Derbyshire hards, 15s. 6d. to 17s.; rough slacks, 
9s, to 10s.; nutty slacks, 7s. 6d. to 8s. 6d.; smalls, 
3s, to 5s, 








NOTES FROM THE NORTH. 


GLasaow, Wednesday. 

Scottish Steel Trade.—The demand for steel material 
continues to be fairly good, and producers are well 
supplied with specifications. Plant in commission is 
being kept fully employed, but there are no indications of 
any need for putting more plant into operation. The 
overseas inquiry is only moderate. In the black-sheet 
trade there is still a fair amount of business going through, 
but the trade, as a whole, is somewhat quieter. Makers 
of light sheets are the best off at the moment, as both the 
heavier gauges and galvanised sorts are extremely dull. 
With regard to the latter, the bottom seems almost to 
have fallen out of the market, as prices have tumbled 
down to such an extent that it is unremunerative to sell 
at present. This is especially the case in export business, 
where the current price is about 11/. 5s. per ton, f.o.b. 
The other market quotations are as follow :—Boiler 
plates, 107. 10s. per ton; ship plates, 8/. 15s. per ton ; 
sections, 81. 7s. 6d. per ton; black sheets, } in., 91. per 
ton; and galvanised corrugated sheets (No. 24 gauge), 
12/. 5s, per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade,—Although there were signs of a 
little betterment in the state of the malleable-iron trade 
of the West of Scotland towards the end of last week, 
little has come out of it, and the majority of the works 
are still very quiet. It will require a big volume of 
business before much impression is made on the industry 
on account of the dullness which prevails. The re-rollers 
of steel bars are still poorly employed, and severe competi- 
tion exists for all orders. The firming up of Continental 
prices may improve the state of things here. Market 
quotations are as follow :—‘‘ Crown ”’ bars, 101. 5s. per 
ton for home delivery, and 91. 15s, per ton for export ; 
re-rolled steel bars, 7/. 12s. 6d. per ton for home delivery 
and for export. 

Scottish Pig-Iron Trade—No improvement of any 

kind falls to be reported in connection with the Scottish 
pig-iron trade, and makers are very quiet. The large 
tonnage of basic pig-iron which has been coming into 
this market recently, from India, has affected the state 
of the trade here, and with Continental basic iron also 
being offered at a fairly low rate, the outlook at the 
moment for the local works is not too bright. Prices 
are being maintained and are quoted as follow :— 
Hematite, 8ls. per ton, delivered at the steel works ; 
foundry iron, No. 1, 80s. 6d. per ton, and No. 3, 78s. 
per ton, both on trucks at makers’ yards. 
Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, February 22, amounted to 1,097 
tons. Of that total, 1,050 tons went overseas, and 47 tons 
9 During the corresponding week of last year, 
the figures were 1,042 tons overseas and 317 tons coast- 
wise, making a total shipment of 1,359 tons. 


coastwise, 








OLD CENTRALIANS ANNUAL DINNER.—The twenty- 
seventh annual dinner of the Old Centralians, the old 
students’ association of the City and Guilds (Engineering) 
College, will be held at the Hotel Cecil, Strand, London, 
W.C.2, on March 7 next, at 7.15 for 7.30 p.m. Applica- 
tions for tickets should be made as soon as possible to 
the honorary secretary of the Association, Mr. W. F. 
Simonson, 61, St. Mildred’s-road, Lee, S.E.12. 





INsTITUTE OF Merats.—Owing to the large number of 
acceptances for the annual dinner of the Institute of 
Metals, to be held on March 12 next at 6.45 for 7.0 p.m., 
it has been found necessary to change the venue from 
the Hotel Vietoria, to the adjoining Hotel Metropole, 
North imberland-avenue, W.C.2. The new accommo- 
dation being ample, it is possible to issue some additional 
tickets, early application for which should be made to the 


SW tary of the Institute, 36, Victoria-street, London, 
ba) 4, 
lke Markie or ImporTED Brooms AND BRUSHES.— 


The Standing Committee appointed by the Board of 
Trade will hold an inquiry at 11.30 a.m. on March 10, 
and at 10.30 a.m. on March 11 next, as to whether 
cpr { brooms and brushes of all descriptions, other 
‘han tooth brushes, shaving brushes, and artists’ oil 
_ water-colour paint brushes should be required 
® bear an indication of origin. The inquiry will be 


“pero the Board of Trade Offices, Great George-street, 
sondon, 


to the « 


S.W.1. Communications should be addressed 
cretary,' Mr. E. W. Reardon, at that address. 





ENGINEERING. 


NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Coal Trade.—The only encouraging feature in 
the Welsh steam-coal trade is the placing of an order 
by the Canadian Railways for 40,000 tons of steam coal, 
to be shipped on the opening of navigation on the River 
St. Lawrence. As this is entirely new business and 
represents a fresh outlet for Welsh steam coal, it is 
hoped that it will be the preliminary to the building 
up of a traffic similar to that which has been established 
in Welsh anthracite coal with the Dominion. Eight 
years ago practically no Welsh anthracite went to 
Canada, but now something like 750,000 tons is shipped 
to the Dominion during the season. It is recognised that 
there is a potential market for steam coal in the Dominion, 
and as satisfactory tests have already been made with 
the Welsh commodity it is hoped that the present order will 
result in further business. Several substantial contracts 
are under negotiation, they do not, however, represent 
new business, but the renewal of old orders. The Brazilian 
Central Railways, for instance, are negotiating for 
200,000 tons of Welsh coal, while the Portuguese State 
Railways are also in the market for 100,000 tons of 
small, and the Belgian State Railways for 80,000 tons 
of small. In addition Latvian and Swedish railways 
want prices for considerable quantities, and a Spanish 
sugar works want tenders for 16,000 tons of washed 
coal. Meanwhile conditions are anything but satis- 
factory. New business is slow to mature and insufficient 
to absorb colliery surplus stocks after contract commit- 
ments have been met. The consequence is that salesmen 
find it impossible to clear wagons and keep pits working 
regularly. Free supplies of large are plentiful at schedule 
prices based on 20s. for best Admiralty large, but smalls 
are scarce at 15s. for the best bunker classes, or ls. 6d. 
above the schedule. Sized classes too move off less 
readily, and dry nuts can now be bought at 25s. to 26s. 
compared with 32s. 6d. at the beginning of the year. 
Shipments of coal and coke in the past week totalled 
588,000 tons, or 25,000 tons less than in the preceding 
week despite the fact that clearances at Newport, where 
tonnage was in plentiful supply, reached the best aggre- 
gate for the year with a total of 121,200 tons. At Cardiff, 
however, the volume of trade at 122,000 tons compared 
with 157,100 tons four weeks ago, and the Barry export of 
183,900 tons, with 201,200 tons in the first week of the 
year. 

Iron and Steel.—-Exports of iron and steel goods in 
the past week amounted to 20,757 tons compared with 
27,504 tons in the preceding week. Clearances of tin- 
plates and terne-plates were raised from 10,865 tons 
to 11,131 tons, and of black-plates and black-sheets from 
1,756 tons to 2,587 tons, but those of galvanised sheets were 
reduced from 5,981 tons to 2,006 tons, and of other iron 
and steel goods from 8,903 tons to 5,033 tons. 








Raitway Docks TrmMBeR.—Some 60,000 cub. ft. of 
pitch pine and 100 miles of deal planks and boards 
were used at North-East Coast ports during 1929 by 
the Docks Engineer’s Department of the London and 
North Eastern Railway Company. 


AUSTRALIAN METALLURGISTS AND EMPIRE CONGRESS, 
Mr. W. EF. Wainwright, general manager of Messrs. 
Broken Hill South, Limited, New South Wales, has 


been elected president of the Australasian Institute of 
Mining and Metallurgy for 1930. He has also been 
made a vice-president of the Empire Mining and 
Metallurgical Congress which is to commence operations 
on March 24 next. Mr. Wainwright will head the 
Australian delegation to the Congress, and the party, 
consisting of some 12 members, will leave Australia 
to-morrow, March 1. 

THE Zeiss MEASURING MAcHINE.—We regret that 
in our description of the Zeiss measuring machine, 
published in our issue of February 14, no reference 
was made to Messrs. Dowding’s Machine Tool Company, 
Limited, of 38, Albert-embankment, S.E.11, to whom 
we are indebted for our information. Messrs. Dowding 
are the agents for Great Britain of Messrs. Schuchardt 
und Schiitte, of Berlin, who are placing these machines 
of Carl Zeiss, Jena, on the market. The omission 
for which we apologise, is due to the fact that the 
article in question was the second part of a longer 
article, in which due acknowledgment had been made 
of our indebtedness to Messrs. Dowding. 





PreRsonaL.—Messrs. The Bethlehem Steel Export 
Corporation, 25, Broadway, New York, U.S.A., have 
appointed Messrs. Davis and Lloyd, 26, Victoria- 
street, London, 8.W.1, their London agents in connection 
with the supply of Lackawanna steel sheet piling, 
H-columns, structural shapes, sheets, and other iron 
and steel products.—Mr. Paul H. Mangin, late general 
manager of Messrs. Millars Machinery Company, Limited, 
has joined the Board of Messrs. Lewenz and Wilkinson, 
Limited, 25, Victoria-street, London, S.W.1.—Mr. Louis 
Beale is shortly resigning the position of general manager 
to the Travel Association of Great Britain and. Ireland 
in order to return to the staff of the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1.— 
At a recent meeting of the Board of Messrs. The West- 
inghouse Brake and Saxby Signal Company, Limited, 
82, York-road, London, N.1, Mr. H. G. Brown was 
appointed deputy-chairman, Captain B. H. Peter, 
managing director, Mr. W. H. Powell, general manager, 
and Mr. J. Griffith Hall, secretary in place of the late 
Mr. R. Payne.—Messrs. The Sunderland Forge and 
Engineering Company, Limited, Pallion, Sunderland, 
have opened a new London office at 60, Fenchurch- 





street, E.C.3. 
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NOTICES OF MEETINGS. 


JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘* Notes on the Design 
of Dynamos for Automobiles,” by Mr. J. Rowcroft. 
Friday, March 7, 7.30 p.m., ‘Chile and Engineering 
in Chile,” by Mr. G. J. Hartley, read by Mr. P. C. 
Dewhurst. 

INsTITUTE or British FoOUNDRYMEN.—Lancashire 
Branch: Saturday, March 1, 4 p.m., College of Tech- 
nology, Sackville-street, Manchester. ‘The Foundry is 
a Machine,”’ by Mr. G. E. France. 


Royau Instrrution.—Monday, March 8, 5 p.m., 
Albemarle-street, W.1. General Meeting. ‘Tuesday, 
March 4, 5.15 p.m. ‘“ X-Ray Determination of the 


Structure of Cellulose,” by Sir W. Bragg. Saturday, 
March 8, 3 p.m., ‘‘ Atomic Nuclei and their Structure,” 
by Sir E. Rutherford. 

Socrety oF EneINeeRS.—Monday, March 3, 6 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
“Machine Tools,” by Mr. J. Pickin, followed by Kine- 
matograph Film. ‘“ A British Key Industry.” 

INSTITUTION OF AUTOMOBILE ENGINEERS. Western 
Centre : Monday, March 3, 7 p.m., Merchant Venturers’ 
Technical College, Bristol. ‘“‘Combustion in Diesel 
Engines,” by Mr. H. R. Ricardo, also London : Tuesday, 
March 4, 7.45 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. 

INSTITUTION OF MECHANICAL ENGINEERS.—Graduates’ 
Section : Monday, March 3, 7 p.m., Storey’s-gate, S.W.1. 
Annual Meeting. Informal Discussion on ‘‘ Workshop 
Practice at Home and Abroad.” Western Branch : Thurs- 
day, March 6, 7 p.m., Merchant Venturers’ Technical 
College, Bristol. ‘“ Journal Bearing Practice,” by 
Mr. F. Hodgkinson, presented by Mr. H. L. Guy. las- 
gow and West of Scotland Branch : Thursday, March 6, 
7.30 p.m., Royal Technical College, Glasgow. ‘ High- 
Speed Oil Engines with Special Reference to Railway 
Traction,” by Mr. A. E. L. Chorlton. London: Friday, 
March 7, 6 p.m., Storey’s-gate, S.W.1. Extra General 
Meeting. ‘The Strength and Design of Fusion Welds 
for Unfired Pressure Vessels,” by Mr. L. W. Schuster. 

INSTITUTION oF ELEctRIcAL ENGrNeers.—-Monday, 
March 3, 7 p.m., Victoria-embankment, W.C.2. Informal 
Meeting. Discussion on ‘ Push-Button Control,” by 
Mr. J. J. Fisher. South Midland Centre : Monday, 
March 3, 7 p.m., The University, Birmingham. ‘‘ The 
Heating of Buildings Electrically by Means of ‘Thermal 
Storage,” by Lieut.-Col. S. E. Monkhouse and Mr. L. C, 
Grant; “The Heat Pump—-An Economical Method of 
Producing Low-Grade Heat from Electricity,” by 
Mr. T. G. N. Haldane. ‘London : Wednesday, March 5, 
6 p.m., Victoria-embankment, W.C.2, Wireless Section 


Meeting. ‘Some Developments of the Piezo-Electric 
Crystal as a Frequency Standard,” by Mr. H. J. Lucas. 
“The Valve-Maintained Quartz Oscillator,’ by Mr. 


J. C. P. Vigoureux. 

Ratuway Ctus.—Monday, March 3, 7.30 p.m., 57, 
Fetter Lane, E.C.4. ‘Some Problems on Passenger 
Train Operation,’ by Mr. C. R. Chicker. 

BRADFORD ENGINEERING Soctety.—Monday, March 3, 
Horton-road, 


7.30 p.m., Technical College, Great é 

Bradford. ‘‘ The Electric Driving of Textile Factories, 

with Special Reference to Spinning,” by Mr. A. Brier. 
INSTITUTION OF THE RuBBER INDUSTRY.—Monday, 


March 3, 7.30 p.m., Engineers’ Club, Coventry-street, 
W.1. ‘An Instrument for Testing Hardness and Other 
Properties of Rubber” and “A Method of Making 
Electrical Contact with Ebonite and Soft Rubber for 
Insulation Tests,” by Dr. H. A. Daynes. 

Roya Soctety or Arts.—Monday, March 3, 8 p.m., 
John-street, Adelphi, W.C.2, Cantor Lecture. ‘“‘ Recent 
Improvements in Methods of Brickmaking” (Lecture 
III), by Mr. A. B. Searle. Tuesday, March 4, 4.30 p.m., 
‘* British Trade with India,” by Mr. T. M. Ainscough. 
Wednesday, March 5, 8 p.m., ‘“‘ Brewing as a Branch of 
Science,’ by Mr. A. R. Ling. 

INSTITUTION oF SANITARY ENGINEERS.—Wednesday, 
March 5, 6.30 p.m., Denison House, 296, Vauxhall 
Bridge-road, S.W.1. ‘‘Civie Sanitary Engineering,” 
by Alderman G. M. Reed. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Wednesday, March 5, 7 p.m., Swedenborg Hall, 
20, Hart-street, Bloomsbury, W.C.1. Discussion on 
‘‘The Space Required for Central Station Equipment.” 

INSTITUTION OF CiviL ENGINEERS.— Yorkshire Associa- 
tion: Wednesday, March 5, 7.15 p.m., Grand Hotel, 
Sheffield. ‘‘ Deterioration of Structures Exposed to 
Sea Action,” by Professor 8. M. Dixon. 

INSTITUTION OF CHEMICAL ENGINEERS.—Wednesday, 
March 5, 8 p.m., Geological Society, Burlington House, 
Piccadilly, W.1. ‘The Formation and Growth of 
Crystals,” by Professor W. E. Gibbs. 

Roya AERONAUTICAL SocreTy.—Thursday, March 6, 
6.30 p.m., Royal Society of Arts, John-street, Adelphi, 


W.C.2. “Resistance of Air-Cooled Engines and the 
Townend Ring,” by Major F. M. Green and Mr. H. C. H. 
Townend. 


INstITUTE oF MetAts.—London Local Section: Thurs- 
day, March 6, 7.30 p.m., Society of Motor Manufac- 
turers and Traders, 83, Pall Mall, S.W.1. ‘‘ The 
Manufacture of Glass and Some of Its More Interesting 
Properties,” by Mr. C. A. Coad Pryor. 

Society or CHEMICAL INDUSTRY.—Chemical Engineer- 
ing Group: Friday, March 7, 7.30 p.m., Institution of 
Engineers and Shipbuilders in Scotland, 39, Elmbank 
Crescent, Glasgow. Joint Meeting with Glasgow Section. 
‘The Insulation of Heated and Cooled Surfaces,’’ by 
Mr. J. S. F. Gard and Mr. R. F. Robinson. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of-our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 





TELEGRAPHIC } “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NomMBER—TEMPLE BAR 3663 


(2 lines). 
SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 








advance :— 
For the United Kingdom £3 5 0 
For Canada— 
Thin paper copies ...............c.c.000 £218 6 
Thick paper copies....................0+ £3 3 0 
For all other places abroad— 
Thin paper copies ..................0.000 £3 3 0 
Thick paper copies £3 7 6 





Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
commanicate the fact to the Publisher, together with 
the agent’s name and address. 





When foreign subscriptions are sent by Post Office 
Coders, sdvinn cheats be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 





the wrapper and on the inside pages may be obtained | 


on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four cclumns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 


guaranteed. 
TIME FOR RECEIPT OF ADVERTISEMENTS. 
Advertisements intended for insertion in the 





current week’s issue must be delivered not later | 


than First Post on Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of publication. 


All accounts are payable to ‘“‘ ENGINEERING,” Ltd. 
Cheques should be crossed “The Nationa! Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. T. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

Canaba, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-93, Queen-street, East. 

DENMARK, Copenhagen: Kaat-Jensen and Company, Vester 
Farimagsgade 22. 

EDINBURGH : John Menzies and Company, Limited, Rose-street. 

FRANcz, Paris: Ricour, Chevillet et Cie., 22, Rue de la Banque. 

GERMANY: Hermann Fromm, Liitzowstrasse, 84, Berlin, W.35. 

GLascow : William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 

HOLLAND, Rotterdam: H. A. Kramer and Son, Limited. 

INDIA, Calcutta : Thacker, Spink and Company. 

Bombay: Thacker and Company, Limited. 

ITALY: U. Hoepli, Milan. Anonima Libraria Italiana, Torino 
and any post office. 

JAPAN, Tokio: Maruzen Company, Limited, and all branches. 

LIVERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER : John Heywood, Limited, 143, Deansgate. 

NEW ZEALAND: Gordon and Gotch, Limited, Wellington, 

__ Auckland and Christchurch. 

womear, oe: Cammermeyer’s Boghandel, Carl Johans Gade, 

aD a 

SourH Arrica: Central News Agency, Limited. Head Office— 
Johannesburg; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban and various branches and book- 
stalls throughout South Africa. Wm. Dawson and Sons 








(South Africa), Limited, 29, Long-street, Capetown. 
Tamia : Gordon and Gotch, Limited, Launceston, Hobart. 
a ~ States, New York: For subscriptions, The International 
News Company, 131, Varick-street. 
J. 8, Allan, 80, Church-street. 
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THE USE OF POWDERED FUEL 
AT SEA. 


THE present situation of practice in respect to 
the choice of fuels for propelling ships is unsatis- 
factory and disquieting. In the last ten years 
the considerable extent to which coal, the 
indigenous fuel of the country, was being displaced 
by imported oil has been reinforced by the 
development of motor ships, and at the moment 
it seems uncertain whether this tendency, though 
it has somewhat abated during the last year or 
two, has come to an end. Even as it stands, it is 
sufficiently serious. In a paper on “ Powdered Coal 
for Ship Propulsion,” read last week to the 
North-East Coast Institution of Engineers and 
Shipbuilders, Rear-Admiral W. Scott Hill quoted 
figures of the gross tonnage classed at Lloyd’s 
in each of the last ten years, which may be taken 
as a rough measure of the position. They show 
that while of the tonnage classed in 1918-19 
about a third was driven by oil, either under 
boilers or in internal-combustion engines, as against 
two-thirds driven by coal, the percentages had 
almost exactly reversed themselves by 1929-30. 
The percentage of oil-driven ships had become 
double that of coal-driven, having indeed even 


been slightly higher a couple of years earlier, | 


and the difference was due mainly to the increased 
number of motor ships. 

At present it is a moot point whether the change 
|is to the advantage of shipowners. As against the 
|considerable experience of motor ships that has 
| been reported as satisfactory, there are rumours, 
certainly but perhaps naturally less explicit, of 
occasions on which the complex and costly 
|machinery of motor ships has given trouble, while 
further, a powerful body of professional opinion 
asserts that results better than those of motor 
ships can be obtained from steam turbines driven 
under appropriate conditions. While it may thus 








| be questionable whether the increased use of 
oil is to the advantage of shipping, there is no 
doubt that it is a loss to the coal industry, which 
{is felt both in home ports and in the export 
|bunkering trade. More broadly still, it is a 
misfortune to the interests of the country, which 
it would take a very great gain in cheapness or 
other advantage of transport to offset. The large 
'majority of the oil bill has to be paid abroad, 
at a time when the balance of imports and exports 
is in other ways a heavy economic burden. Looking 
‘ahead, the prospect is still graver. There are 
already signs that the smaller high-speed Diesel 
engine will be developed and reduced in weight, 
leading to a fall in the demand for petrol, and in 
|such circumstances the organisations that control 
|the oil market would certainly put up the price of 
| heavy oil, to the grave disadvantage of the Diesel 
|ships afloat and under construction. To such 
|extent, moreover, as our merchant ships are 
|oil driven, they might be immobilised or at least 
| handicapped seriously in the event of war, when 
the country’s reserves of oil fuel would necessarily 
| be held at the disposal of the Admiralty. 
| The case, therefore, stands thus. Fundamental 
|interests not only of shipowners and the coal 
|industry, but also of the whole country, would 
| be served if overall results not inferior to those of 
|oil could be obtained by coal-driven ships. At 
| present the possibility of obtaining such results 
|is in effect denied by some engineers and ship- 
builders, and asserted by others of no less authority, 
but up to now independent trials have not been 
| made to resolve this difference between weighty 
opinions. Itis unfortunately not difficult to suggest 
at least one reason why the industries concerned 
have made no such trials. Each of them has been, 
and still is, passing through very difficult times. 
| which do not give the economic stability in which 
investigations involving considerable expense are 
undertaken. It is not so easy to see why the 
| Government has not organised the investigation. 
| The industries concerned directly and indirectly 
| are not only in the nature of public utility services, 
but are being carried on with as much chance of 
| loss as of profit. It is hardly reasonable to expect 
|them in such circumstances to embark on trials 
which must be thoroughgoing and costly if they 
are to serve the desired purpose of obtaining con- 
clusive results ; and when all is said and done neither 
|of them has as great an interest in obtaining such 
jresults as that which the whole country would 
| have, if a means could be found of re-establishing 
| coal as the best fuel for driving ships. The Govern- 
/ment moreover has unequalled facilities for con- 
| ducting or organising such trials. The technical 
| and scientific staff of the Admiralty could conduct 
|them without outside assistance, if that were 
' thought desirable, and could allocate vessels from 





|the Navy for the purpose. Bearing in mind, 
however, the considerable differences between 
inaval and merchant ships, and even between 


naval and merchant crews, it would probably be 
more satisfactory for trials to be made on vessels 
of mercantile types and with mercantile crews, 
and in its Department of Scientific and Industrial 
Research, with its Fuel Research Station, the 
Government has a body ready made for obtaining 
a common opinion from the industries concerned 
and for organising the trials that might be regarded 
as desirable and sufficient. There is probably 
no subject for experimental trials of more present 
importance to national prosperity and for the 
provision of employment in industries where it is 
sorely needed. 

| Itis for some such enquiry into the use of powdered 
|coal that Admiral Scott Hill appeals. Pulverised 
| fuel is not, indeed, the only factor in what is ex- 
| pected to be the best combination for marine pro- 
pulsion. High-pressure steam and steam turbines, 
for instance, are desirable complementary means to 
efficient driving, and a possible alternative, which 
may have to be tried out, is the application of 
mechanical stoking to marine boilers. Beyond 
question, however, the application of pulverised fuel 
to marine uses offers the largest number of points 
which can be determined only by practical experi- 
ence and are in most need of independent investi- 
gation. Its success requires the solution of a 











288 


number of problems: the grinding of the coal; its 
distribution ; the burner in which combustion is 
most effective ; and the furnace in which the com- 
bustion can take place most conveniently. There 
are also matters precedent to these questions: the 
type or types of coal that can be used; the behaviour 
of the fuel if stored in a pulverised form; the rela- 
tive convenience of pulverising it before or after 
delivery to the ship or to the individual boilers ; the 
ability of the mill to grind to a constant fineness, 
and the like. 

Up to now each installation of pulverised fuel 
on a ship has been made according to the arrange- 
ments of one or other contracting firm, and it 
may well be that, for instance, the best mill 
may not have gone with the best burner and the 
best furnace. 
impediments to obtaining the best results would be 
avoided. Some of the problems, as, for instance, 
the design of burners and of furnaces, are already 
being studied at the Fuel Research Station, as 
part of a necessary fundamental investigation into 
the mechanism of the combustion of fine coal, 
and if time were of no object, it would doubtless 
be cheaper and more logical to postpone the ship 
trials until the result of this research is known. 


In existing circumstances, however, the quickest 


result is more important than the adoption of 
the most logical or even the cheapest procedure, 
and undoubtedly valuable time would be saved 
by conducting the trials and the research in 
parallel, 

There is a variety of questions essential to 
the efficiency of any pulverised fuel system at 
which must be the same whatever fur- 
naces* and burners are used. The convenience, 
for instance, with which mechanical means can be 
applied to bunkering, the conditions under which 
pulverised fuel can be stored without risk of 
explosion, the extent to which the thermal contents 
of a given volume—say, a bunkerful—of pulverised 
fuel are reduced by the presence of the inert gas 
that is necessary to prevent caking, are examples of 
such questions. Observations of a more general 
type are those that must be made on the behaviour 
of various fuels and blends, the extent to which 
constancy of composition is necessary, and the 
convenience with which such constancy can be 
maintained in a fuel or blend of a given brand. 
An analogous enquiry, which may be of considerable 
importance, is whether low-temperature coke can be 
substituted for coal, what loss the substitution will 
involve in the heat contents of a given volume, 
its behaviour when stored in pulverised form, and so 
forth. 

These are all questions which will take a long 
time to answer, and could well be investigated while 
the land researches are proceeding. It seems clear 
that they would be studied best on a modern type of 
vessel, perhaps one under construction and diverted 
for the time being from its intended purpose by 
arrangement with the owner. There would be a good 
deal to be said in favour of combining the trials 
on the use of pulverised fuel with the application 
of high-pressure steam and turbines. Their presence 
would not affect the value of the information in 
regard to the tuel, and to that extent would 
accordingly not be essential to the primary object 
of the trials. 


sea, 


It would, however, not add appreciably to the | 
overall cost of the trials, and should yield information | 


of great technical value. It is difficult to doubt that 
shipowners and shipbuilders would welcome the 
opportunity of co-operating with the Research 
Department in devising and carrying out such a 
scheme of trials as would answer conclusively the 
questions at issue, if the Government would bear 
the expense which in existing conditions the indus- 
tries cannot be expected to undertake. It may be 
believed even that the sorely tried coal owners, if 
such trials were organised, would give them valuable 
assistance, realising on reflection that their own 
interests would be promoted materially by a success- 
ful result. The Government has an opportunity of 
conferring a permanent benefit on the country and 
two of its most important industries. The more 


quickly and whole-heartedly it acts, the more valu- 
able will be the result and the more immediate the 
benefit to the mining industry. 





In any independent trials such | 
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TRADE IN CHINA. 

THE markets in China may or may not be possible 
and desirable openings for British trade, and in 
particular for British engineers, but certainly they 
deserve investigation. In recent years, moreover, 
no time has been more opportune than the present 
for making the enquiry. It is being made beyond 
doubt by the other nations which compete in the 
world’s markets, and if events continue on the path 
along which they have been progressing during the 
last year, much is likely to be done in the immediate 
future to redistribute Chinese import business 
among the many competitors who are or may be 
seeking it. These conclusions seem to follow in- 
evitably from the perusal of the report by Mr. 
H. H. Fox, C.M.G., Commercial Counsellor to the 
| British Legation at Peking, assisted by Mr. H. J. 
| Brett, C.M.G., Commercial Secretary at Shanghai, 
|on Economic Conditions in China to December, 
| 1929, which has just been issued by the Department 
| of Overseas Trade (H.M. Stationery Office. 2s. 6d. 
|net). For some years past Mr. Fox’s annual 
report on this subject has been a valued source of 
authentic information in regard to the remarkable 
and at certain times obscure economic history of 
China during recent years, and the hint with which 
the present report concludes that it may be the last 
for which Mr. Fox is likely to be responsible will 
be received with general regret. He has lived in 
China for the best part of a lifetime, and from his 
own experience and judgment could doubtless have 
produced reports of essential value to his readers. 
His practice, however, as in the present instance, 
has been to collate with this material a vast amount 
of information from all parts of China with which 
his enquiries have enabled him to supplement it, 
and the resulting documents constitute a chapter 
in economic history which will long be of interest, 
but never more so than at the present time. 

The picture they disclose would be grotesquely 
extravagant, if it were not so minutely authenti- 
cated. It is well known that during its short 
history the Chinese Republic has suffered from grave 
political disorders, which, in Mr. Fox’s report 
are translated into terms of economic disturbance. 
The fever seems to have reached its climax about 
five or six years ago. At that time foreign trade 
generally, and particularly British and Japanese 
trade, was exposed to an organised strike-boycott 
extending over large areas of the country, and 
involving shipping, industry and commerce alike. 
There seems no doubt but that this movement 
included a particularly intensive boycott of every- 
thing British, as one of the amenities promoted by 
Russian communists. Traditionally, indeed, the 
commercial relations between British and Chinese 
have been friendly, and the fundamental good 
sense which characterises Chinamen makes them 
realise in normal times the advantage to both sides 
of this mutual relation. Under colour, however, 
of asserting the national spirit, Bolshevik emissaries 
from Moscow organised with little attempt at 
concealment a series of nation-wide strikes, insti- 
tuted in pursuance of their purpose to destroy 
all law and order in the country, and their efforts 
were assisted, as Mr. Fox pointed out last year, 
by irresponsible students’ organisations, who did 
not perceive that they were acting as catspaws in 
measures which deprived millions of poverty- 
stricken Chinese of their employment, and crippled 
the country’s external trade. These misfortunes 
were facilitated, and probably in some measure 
made possible, by a chronic state of civil war, 
which ultimately some five years ago left the country 
to all intents and purposes without any central 
administration. The age-long custom of the Chinese 
has been to be governed and to govern, and for the 
| time being large areas of China became virtually 
|independent states under military governors con- 

stantly at war with each other, and compelled to 
propitiate subordinate commanders at the public 
}expense. Local taxation, which had long been a 
| mischievous addition to that of the central govern- 
| ment, took countless forms and ran into unheard-of 
jamounts. The railways were used habitually for 
| carrying troops and materials without payment, 
|and rolling stock not wanted for that purpose was 
| put up to auction. The treaty privileges under 
| which foreign trade was conducted were ignored in 
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order to fill the pockets of irresponsible military 
autocracies, and in addition the resources of each 
part of the country were burdened with the upkeep 
of enormous armies. The capital, as well as the 
income, on which production and trade had to be 
conducted was burdened with these extraordinary, 
charges, and all along the railways such produce as 
was available lay stored up, where it had not beet 
looted, for the want of the necessary transport. 
It is difficult, indeed, to conceive circumstances in 
which foreign trade could be harder to maintain, 
and perhaps the most remarkable fact in the situa- 
tion is that the trade was not only maintained, 
but, on the whole, and almost without interruption, 
continued to increase. The total amount in 
1928 was, in fact, more than a fourth larger than it 
was in 1922. 

The apparent explanation of this paradoxical 
result has an important bearing on the question of the 
value to be attached to the future prospects of the 
Chinese markets. The disturbances from which the 
country suffered, enormous though their economic 
effect has been, were at all times local, and did not 
at any time involve the entire country. Thus the 
trade of the various ports through which foreign 
business was done fluctuated enormously according 
to the regions that were prevented for the time 
being from contributing to it, but the resultant 
effect was to change the distribution of the turnover 
among the different ports, leaving the aggregate 
amount not only not reduced but with an upward 
tendency. This circumstance seems _ intelligible 
only on the supposition that the foreign trade of 
China has stood at a level which must be regarded 
as an irreducible minimum, so far as the country 
finds it in any way possible to conduct it. There is 
nothing unlikely in this view. The country has an 
area nearly a third larger than that of India, and 
more densely populated, with an ancient and 
vigorous agriculture, and a large number of indus- 
tries based on its own natural resources. Yet its 
railway mileage is less than a fifth of that of India, 
and until quite recently it had practically no roads 
suitable for modern forms of transport. Its total 
imports in 1928 were the highest yet recorded, 
but they were of the order of only 180,000,000/., or 
about a fifth more than those of Australia which has 
only aseventieth part of its population. The people 
of the country, moreover, are the heirs of a very 
ancient civilisation, law-abiding, industrious, and 
sensible ; as able, in fact, as any others to enjoy 
the manufactured products of modern civilisation. 
Nothing, therefore, could be less surprising than to 
find that the relatively small share of modern 
manufactures they import is much less than sufficient 
to satisfy them, and that the still smaller share of 
export trade which they enjoy may seem to them an 
entirely inadequate utilisation of their enormous 
resources. 

The present report shows what measures for the 
furtherance of industry and trade have followed 
on or are accompanying the gradual settlement of 
affairs under the present government. After years of 
intermittent services, and often of complete inter- 
ruption of traffic for months on end, government 
railways are working once more with some approach 
to regularity. There is still a standing army of over 
14 million men, very largely supported out of railway 
funds, which cannot be disbanded without an expen- 
diture of money beyond the government’s present 
resources. It is hoped to obtain the funds required 
for disbandment by a fresh loan, and thereupon a 
very large amount of necessary reconditioning and 
provision of rolling stock is likely to be undertaken. 
In all parts of China official and municipal authorities 
are now constructing new roads, some of them 
properly metalled and drained, and all of them 
serving as a network of communication, which 
enables Chinese merchants and farmers to make 
journeys unheard of a few years ago, and takes the 
place of the inadequate railway transport. Omuni- 
buses built locally on chassis imported from abroad 
are appearing all over the country, especially in 
North China, and, as the report describes, bump 
noisily along the new and often rough roads, with 
passengers packed like sardines inside, and luggage 
piled dangerously high on top. Commissions are 
investigating the considerable improvements that 
are needed in harbours and rivers. <A keen interest 
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has sprung up in all forms of air transport, both for 
military and commercial purposes, and in the 


development of wireless telegraphy not only for | 


overseas communication but to supplement the 
inadequate domestic telegraph service. The 
country’s own industries, the most important of 
which are textiles but which already include 
electric material and fittings, lamps, and window 
glass, have not only been supplying a considerable 
home demand, but have established a steadily 
increasing export trade. 

In the machinery and engineering trades, in 
particular, the gradual improvement in the general 
political situation has produced conditions distinctly 
better than have existed for some years past, and 
renewed attention is being given to the long delayed 
development of the country’s industries. How 
far ultimately China may become self-supporting 
in the engineering trades remains to be seen, but in 
Mr. Fox’s opinion it will be many years before she 
will be independent of imported machinery. With 
over 400,000,000 inhabitants she only imported in 
1928 some 4,000,0007. worth of machinery and 
industrial plant, and it seems certain that for many 
years to come she will have vast engineering require- 
ments, which will have to be supplied from abroad. 
It is satisfactory to learn, that during the past few 
years the British have been re-establishing the good 
relations which they had formerly with the Chinese 
people. It is realised, especially among the official 
and merchant classes, that this country is doing its 
best to give China a square deal in the various 


matters now awaiting settlement, and it seems likely | marked contraction of the home market, which has | pygiy 11 


that our relations will be placed on a footing of last- 
ing friendship. Subject to this, British merchant 
firms should, in Mr. Fox’s opinion, be in a strong 
position to take advantage of the better times that 
seem to be ahead, so far at least as concerns the 
standing and abilities of their existing selling organi- 
sations, which are well established in all the principal 
portsof China. What other conditions are necessary 
to enable manufacturers to obtain their share of the 
markets, which, on the whole, it cannot be said they 
are getting, will be gathered from the report 
itself. For the most part it suggests conditions 
that have been reported from many other markets. 
More intimate acquaintance with the needs of the 
country, closer touch with local customers, advertise- 
ment, service before and after obtaining orders, the 
provision in fact of means for giving customers in 
this distant country the same facilities as are given 
them by competitors who are geographically much 
nearer, may all doubtless be necessary to establishing 
trade on a proper basis. All of them, on the 
other hand, doubtless involve a large expenditure of 
money and energy. As with every other market, it 
isa question of whether such expenditure is justified 
and practicable. 


critical epoch, which will do much to determine who 


will supply its enormous engineering requirements | 


for many years to come. 


THE ENGINEERING OUTLOOK. 


[X.—AGRICULTURAL MACHINERY. 








lHE year 1929 has once more brought disappoint- | 


ment to British manufacturers of agricultural 
machinery, and such alteration as there has been 
‘ince 1928 has been in the wrong direction. The 
hopes of a real improvement in export business 
held out last year were based on the possibility 
of a large scale resumption of trade with Russia. 
that prospect has not materialised to any appreci- 


able extent, while the home market has undergone | 


further contraction. Nevertheless, exports have 
mproved slightly both in volume and value as | 
compared with 1928, 
As an index of general activity, employment | 
—— are the best: guide available. Official | 
— ry of Labour figures are not available | 
oor ely for this branch of engineering, and it is 
2 re necessary to rely as on previous occasions 
is rt he of employment in the main agricultural | 
y manufacturing districts. This sample | 
regarded as thoroughly representative | 
J|ndustry and capable of giving a suitable 
ation of the movement of employment. 








may be 
of the 
indic. 


For the Chinese market, however, | 
it seems to be peculiarly clear that the present time, | 
when the curtain appears to be going up on the 

beginning of its modern industrial development, is a 


1927 and 1926. | 
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| 

As will be seen from Table I, employment in 
1929 was rather lower than in any year since 1924, 
and there is no question that at the present time the 
| industry as a whole is employing 25 per cent. less 
| workpeople than before the war. This sample is 
|therefore representative of the trend of activity 
rather than of the actual level. 


TABLE I.—EHmployment in the Agricultural Machinery 








Industry. 
| — | Numbers | Index 
— Employed. | July = 100. 
| 1914. July 10,973* 100-0 
1920. May 14,184 129-3 
192% 
Ist Half-year -s os ea 6,031* | 55-0 
2nd 9 ia oe =e 8,529 77-6 
1924— 
Ist Half-year oe “s a 8,148 74°3 
2nd * = we oe 8,890 81-0 
1925— 
1st Half-year | 9,632 87-8 
2nd ¥s Zz aaa ~» 10,087 | 91-5 
1926— | 
Ist Haf-year | .. 9,933 | 90°5 
a | =F ae a 9.256 | 84-4 
1927- 
Ist Half-vear | .. Ee 4 9,236 84-2 
2nd pe ee ne or 9,156 83-4 
1928 | 
Ist Half-year oe ave SF 9,481 86-4 
2nd ” és ae ks 9,475 86-3 
1929 | 
Ist Half-year 9,280 84-6 
| 2nd 9,111 | 83-0 


| _ - — 
* Partly estimated. 


| This recession can only be explained by a further 


| outweighed some small improvement in exports, 
|to which detailed reference will be made later. 
|The relative importance of the home market is 

shown by the fact that in the Census of Production 
| year 1924, exports represented 42 per cent. of British 
| production. Unfortunately, a falling-off in home 
| demand is only too easily explained by the constant 
reduction of the area under cultivation in this 
| country, and the steady fall each year in the number 
‘of agricultural workers. Corroborating evidence 
|of the declining home demand is a further fall in 
|imports of this class of machinery, as in the event 
| of a revival there can be little doubt that foreign 
| competition would be able to make itself effective at 
| 
| 





least to a small extent. 
In Table II, the statistics of British exports of 

agricultural machinery both volume and value are 

expressed as monthly averages for each quarter 

for a period of years. 

United Kingdom Exports of Agricultural 

Machinery and Tractors. 


TABLE IL.- 





Volume. Value per Ton. 















Monthly | 
| Averages. Index tndex 
Tons. | 1913 £ } 1913 
| | 100. 100. 
1913 6,125 | 100-0 40-7 | 100-6 
| 1922- | 
1st Qr. 698 1-4 96-5 | 1 
2nd ,, 958 15-7 82-6 9 
3rd 880 14-4 | 89-9 9 
4th 885 14-4 | 83-6 | 3 
1923- | 
Ist Qr. zs 983 | 16:0 | 79-1 | 194-3 
| 2nd fe] 1,715 | 28-0 | 76°5 188-0 
3rd_,, se 1,282 20-9 | 79-4 | 195-1 
| 4th | 1,175 19-2 | 85-3 | 209-6 
1924— 
| Ist Qr. 1,209 | 19-7 | 79-3 194-8 
) Snd ., 2,331 38-1 | 71-5 175-7 
| 3rd 1,550 25-3 | 84-4 | 207-4 
|_ 4th ,, 1455 | 23-8 | 80-0 | 196-6 
1925— | 
Ist Qr 1,651 27-0 | 76-1 | 187-0 
2nd ,. 2,354 38-6 | 75°38 185-0 
3rd 1,982 32-4 | 80-1 | 196-8 
4th 1,727 28-2 | 80-9 198-8 
1926— | | 
Ist Qr 1,722 | 28-1 81-2 | 199-5 | 
Qnd ,, 1,729 | 282 | 78-9 | 193-9 | 
3rd 1,906 | 31-1 74-9 | 184-0 
4th 1,411 23-0 83-7 | 205°7 
1927— | 
Ist Qr. 1,274 | 20-8 | 76-6 | 188 
2nd ., ..| 2,116 | 84:5 | 78-1 | 192-0 
3rd, ..| 1,684 27-5 76-3 | 187-2 
4th 1,375 | 22-4 | 78:8 193-6 
1928- | | 
Ist Qr. 1,355 | 22-1 84-1 | 206-6 
2nd _,, ia 2,278 | 37:2 2 | ee 
3rd, os 2,009 | 32-8 80-8 | 198-5 
4th 1,604 26-2 76-9 188-9 
1929- | 
Ist Qr 22-5 77:5 190-4 
2nd ,, 36-8 81-6 200-5 
3rd _ ,, --| 2,388 38-0 76-9 188-9 | 
4th ,, oof Ee UEC SCC EC 184-5 | 
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The total value of British exports of agricultural 
machinery for the year 1929 was 1,872,762/., an 
improvement of 150,000/. as compared with 1928 
and 370,0007. on 1927. In volume, total exports 
for the year were 24,044 tons in 1929, as compared 
with 21,739 tons in 1928 and 19,347 tons in 1927. 
This small improvement is fairly wide-spread over 
the various markets with British South Africa 
and European countries contributing the largest 
increases. The Indian market is the only one 
showing a positive reduction, and it is difficult 
to know whether it should be regarded as cause for 
pessimism, on account of our wasted opportunities, 
or optimism, on account of the potentialities in store, 
that the country with the largest agricultural 
population in the world should only have taken from 
us last year, 809 tons of agricultural machinery 
| valued at 72,7511. 
As already noted, imports in 1929 showed a 
further slight reduction over the previous year, 
| though their general level has been in the neighbour- 

hood of 80 per cent. of the pre-war level for some 
| years. This in itself would be satisfactory were it 
{not for the general decay of home agriculture, of 
| which it is symptomatic. Again, as regards the 
| balance of trade in this type of machinery, the 
| position is relatively worse than before the war 
|when an average of 800 tons per month im- 
| ported was balanced! by exports of 6,000 tons. 
The corresponding figures to-day are 750 tons and 
| 2,000 tons. The course of imports in recent years is 
| shown in Table IIT. 





United Kingdom net Imports of Agricul- 
tural Machinery and Tractors. 
Volume. Value per Ton. 


Monthly | 


Averiges. Index | Index 
Tons. 1913 £ 1913 
100. | 100. 




















1913 795 100-0 32-0 100-0 
1922 
Ist Qr 178 92-3 288-4 
| 2nd ,, 00 89°3 279-1 
3rd 189 81-8 255-6 
4th ® 
1923— 
Ist Qr. 288 36-2 | 217-8 
2nd ,, 94 74-7 | 261-0 
3rd 327 ti-4 207-2 
4th 247 1-1 238-1 
1924 
Ist Qr 96-0 69-6 217-5 
2nd ., 60-5 | 76-5 239-1 
3rd 63-3 78-1 244-1 
4th 97-1 67°38 211-9 
1925 
Ist Qr 800 100-6 68-9 215-3 
2nd 862 108-4 70-5 220-3 
| Sra 15 64-8 64-8 202-5 
4th 375 17-2 78-0 243-7 
1926 
Ist Qr. | 1,095 137-7 61-5 192-2 
2nd ,, 585 73°6 60-1 187-8 
.? Ses, 412 51-8 70-1 219-1 
} 4th 551 69-3 75°7 236-6 
| 1927. 
Ist. Qr. aa 850 106-9 | 62-2 194-4 
2nd ,, ae 953 120-0 62-4 195-0 
| 8rd ,, a 379 47°7 69-9 | 218-4 
| 4th ., re 667 83-9 66-3 | 207-2 
| 1928— 
| Ist Qr. ae 1005 | 126-4 68-2 213-1 
2nd ,, ae 644 | 81-0 | 61-8 195+1 
| ad, a 882 | 48-1 | 77-6 | 242-5 
|} 4th ,, eal 597 75-1 | 60-4 | 189-9 
1929— | 
Ist ‘Qr | 717 | 90-2 61-5 | 
|} 2nd ,, sun 686 86-3) | 68-8 CO 
| 3rd _s,, eal 407 §1-2 | 71-6 
| 4th ,, Bs 700 88-1 77°3 


* Excess of re-exports over total imports. 


While the foregoing figures indicate that the 
| British agricultural machinery industry has been 
| passing through an unfortunate period, the true 
seriousness of its plight as a factor in world competi- 


ition is best seen from a study of international 











exports. In Table IV the value of the exports of the 
Taste I1V.—International Exports of Agricultural 
Machinery. (Value £000.) 
1913. | 1924. | 1925. | 1926. | 1927. | 1928. | 1929. 
. | 
United | 
Kingdom) 2,989 | 1,530} 1,804) 1,612) 1,499) 1,726) 1,873 
France ..| 586} 619 586 548 638| 830] 1,433* 
Germany| 1,752 | 1,044| 1,766} 1,882] 1,682] 1,688] 2,330* 
U.S.A. ..| 8,426 |13,580 |16,070 |17,660 |18,550 |23,945 |28,900* 
Total . .|13,753 |16,773 |20,226 |21,702 |22,369 (28,139 |34,536 
| 


* Estimated on incomplete returns. 
+ Including Reparations. 
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four principal agricultural machinery exporting 
countries is given in pounds sterling converted at 
the average rate of exchange for each year. 

It will be seen from the above figures that while 
the value of British exports of agricultural machinery 
has fluctuated within close limits, the total average 
value per annum is over 1,000,000/. less than in 1913. 
Taking into account the difference in the value of 
money to-day and in 1913, this decline in financial 
return is greater than appears at first sight. As 
against this, the United States has increased her 
pre-war figures three and a half times, France two 
and a half times, and Germany by a third. The 
United States alone is supplying more than double 
the total pre-war world demand and has main- 
tained a rapid increase in every year since 1924. 
We have sunk from being second to America in 
1913, when that country had less than 50 per cent. 
of the world markets, to third in 1929, when she 
had over 80 per cent. 

Although no statistics of the volume of exports 
are available for the United States, those for the 
remaining countries are instructive. It will be 
seen from Table V that whilst before the war British 
exports exceeded those of France and Germany 
combined, both of those countries individually 
now surpass us, and German exports are double 
those from this country. Moreover, if the volume 
statistics in Table V are compared with those of 
value in Table IV, the very much lower value per 
ton of these foreign exports is obvious. Whether 
this very great disparity in prices can be accounted 
for entirely by the superior quality of the British 
products is open to question. 


TABLE V.—Jnternational Exports of Agricultural 
Machinery. (Volume—Long Tons.) 


| | 


1926. | 1927. | 1928. | 1929. 





1913. | 1924. | 1925. 
| | 
United | | 
Kingdom 3,498 |19,635 |23,142 |20,303 |19,347 |21,739 | 24,044 
France... 2,120 |13,450 14,390 |19,020 | 16,650 |21,450 | 30,800* 


7 
1 
Germanyt) 40,090 |20,790 |38,670 |42,500 |36,240 34,390 | 45,600* 


Total 125,708 (53,875 |76,202 81,823 |72,237 |77,579 | 103,444 


* Estimated on incomplete returns. 
+ Including Reparations. 


In regarding this gloomy picture it must be 
admitted in extenuation of the British industry 
that it is at a great disadvantage as compared with 
those of either America, France or Germany in respect 
of its home market. All of these three countries 
are great agricultural countries. The United 
Kingdom is already second-rate as an agricultural 
country, and the position is getting worse every 
year. Again, implements suitable for agriculture 
in this country are not always suitable in virgin 
countries such as our own Dominions, whereas the 
United States enjoy similar conditions. For all 
of these reasons, a steady decline in the home market 
must be expected, and this is notoriously an unfavour- 
able condition for the reduction of production costs. 
On the other hand, that it is possible for an industry 
to dominate the export situation without a home 
market is demonstrated by the locomotive industry. 

As regards export, the immediate position is 
rather more gloomy than last year owing to the unfor- 
tunate relations which still persist between Russia 
and this country. The resumption of diplomatic 
relations and the embarcation of Russia upon the 
“five years’ plan”? should have by now brought 
that stimulus which we looked for last year. Unfor- 
tunately, the value of the former is still obscured 
by political factors while most of the fruits of the 
latter are being reaped by our competitors. The 
forecast for 193( must, therefore, be a gloomy one ; 
a maintenance cf the 1929 level is the best that 
can be hoped, with some improvement in exports. 
Having regard to the general economic situation, it 
is unlikely that even this modest programme will 
be achieved. 








AERIAL SURVEYING IN CANADA.—-During 1929 exten- 
sive aerial-surveying operations were carried out by 
Royal Canadian Air Force machines for the Dominion 
Department of the Interior, Ottawa. Eight detachments, 
each of two aeroplanes, were employed, and the total 
flying time aggregated upwards of 3,400 hours. Some 


70,000 square miles of country were photographed. 
Vertical photography was used for 24,000 square miles, 
and the oblique 
square miles. 


method for the remaining 46,000 





THE INSTITUTION OF CiviL ENGINEERS. 

THE annual dinner of the Institution of Civil 
Engineers was held in the Great Hall of the Institu- 
tion on Wednesday last, among the speakers being 
the President, Mr. W. W. Grierson, the Minister of 
Transport, Mr. H. 8. Morrison, and the Hon. Sir 
George W. Fuller, Agent-General for New South 
Wales. Among the subjects touched upon were 
several which are at present attracting widespread 
interest, although, as was only natural on such an 
occasion, the theme of the indebtedness of civilisa- 
tion to the engineer was stressed by more than one 
speaker. After the Royal toasts, Sir John A. F. 
Aspinall, in proposing the toast of ““ His Majesty’s 
Ministers,” paid a warm tribute to the work of 
individual members of the present Government, and 
suggested that due weight was not always given to 
the difficulties with which they had to contend. 
Among the various offices, that of Minister of 
Transport brought the holder most closely into 
touch with engineering problems, and it was note- 


worthy that a former Minister holding this office, | 


Sir Erie Geddes, had initiated the great work of 
railway grouping. It might also be said that the 


same Ministry gave us Sir Henry Maybury, whose | 


name would undoubtedly be handed down to 
posterity with that of Telford as a great road-maker. 
The present Minister was undoubtedly fortunate 
in having Sir Henry as an adviser. The Minister 
occupied a position of enormous responsibility, as 
he was responsible not only for the control of the 
railways, but also of the roads, and was also, to a 
lesser extent, responsible for electrical development. 
Replying to the toast, Mr. H. S. Morrison briefly 
traced the development of road transport in England 
since the time of the Romans, and passed on to 
consider the present relationship between road and 
rail interests. He pointed out that one of the 
consequences of railway development had been the 
concentration of great industrial populations in the 
sordid surroundings of big cities, and that an equally 
undesirable tendency must be guarded against in 
connection with the development of road transport, 
viz., the ribbon growth of towns without regard to 
the amenities of the country-side. Referring to the 
unemployment problem, the Minister said that he 
was very anxious that every advantage should now 
be taken of opportunities for expediting the recon- 
struction of weak bridges and the elimination of 
level crossings, and he stated that he would give 
encouragement to the engagement of consulting 
engineers to supplement the technical staffs of 
local authorities. In concluding his speech, the 
Minister pleaded for a sympathetic consideration of 
the respective points of view of the engineer and 
architect, with particular reference to reinforced- 
concrete work. The toast of * The Institution ” 
was proposed by the Hon. Sir George W. Fuller, 
who, after dwelling at some length on the history 
of the Institution, spoke of the great work of civil 
engineers in Australia in the past, and the oppor- 
tunities arising from the development of that 
country in the future. In his reply, the President 
said that nearly 2,500 of the members of the 
Institution were working abroad, and that every 
branch of engineering was represented on the mem- 
bership roll, while, by honorary membership and in 
other ways, practically every form of science was 
also represented. The toast of ‘‘ The Guests ” was 
proposed in a felicitous speech by Sir Brodie H. 
Henderson, Past President, and replied to by His 
Excellency, Don José E. Uriburu, the Argentine 
Ambassador, and the Right Hon. Lord Wargrave, 
Prime Warden of the Goldsmiths’ Company. 


Tue Raitways oF SoutH AUSTRALIA. 

The prosperity of the transport systems of an 
agricultural and pastoral country is very largely 
dependent upon climatic conditions. When crops 
are abundant, the railway system of the country is 
taxed to its full capacity. When, on the other 
hand, crops are poor, losses are experienced all 
round, not only by the farmers, but also by the 
railway administration. In South Australia, the 
rainfall during the year ending June 30, 1929, 
was considerably below the average, and conse- 
quently the wheat traffic on the railways of the 
State was the lowest for a number of years past. 
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Moreover, the total tonnage of all classes of goods 
'carried showed a decline of 20 per cent. from the 
total for the previous year, and was the lowest 
for any year since 1921. Again, the number of 
passenger journeys reflected a heavy decrease 
compared with the previous year’s figure, this 
having been brought about by the poor season 
and the consequent lessening of business activities, 
and also by increasing road motor competition, 
The annual report of the South Australian Railways 
Commissioner for the year ending June 30, 1999. 
shows that the earnings of the railways totalled 
3,618,7351., against 3,999,583/. for the previous 
year. The earnings per train-mile, in the twelve 
months under review, were 150-64d., and _ the 
working expenses, 152-04d.; the corresponding 
figures for the previous year were 147-6d. and 
137-57d., respectively. In spite of the discourag. 
ing outlook, the construction of new works has 
been actively pursued, and several have been 
completed during the year covered by the report. 
Among these was the 20-mile Renmark to Barmera 
5-ft. 3-in.-gauge line on the borders of Victoria, 
which was opened to traffic on August 1, 1928, 
In addition, main-line widenings, track rearrange: 
ments, station and cattle yard alterations, and 
the rebuilding of bridges and the laying out of 
numerous sidings were carried out in various 
sections of the railway system. Automatic signalling 
has been installed between Adelaide and Goodwood 
junction, a distance of four miles, over the new 
high-speed main-line tracks, and a new inter. 
locking plant at Goodwood has been brought into 
service. The system of telephone train control 
was considerably extended during the year. Nine 
level crossings in the suburban area and in the 
country have been provided with automatic warn- 
ing appliances, making a total of 58 crossings so 
equipped. The mechanical-engineering branch of 
the railways also has not been idle. The rolling: 
stock constructed at the workshops at Islington 
included 8 Mikado-type locomotives, 13 rail motor 
and trailer cars, 115 bogie 40-ton gondola cars. 
and 200 bogie steel cattle vans. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


THE annual general meeting of the Institution of 
Mechanical Engineers was held on Friday, February 
21, at Storey’s-gate, Westminster. The chair was 
occupied during the early part of the proceedings by 
the retiring president, Dr. Daniel Adamson, and 
later by the new president, Mr. Loughnan St. L. 
Pendred. 


PRESENTATION OF PRIZES. 


After the ordinary formal business had_ beet 
despatched, the prizes awarded during the past 
year were presented by the President. These 
prizes were awarded as_ follows:—A Thomas 
Hawksley Premium to Mr. R. W. Bailey ; Thomas 
Lowe Gray Prizes to the late Professor H. L. 
Callendar (handed to his son), and to Dr. Hubert 
Mawson : Herbert Akroyd Stuart Prizes to Professor 
). A. Alleut and to Mr. A. L. Bird; a T. Bernard 
Hall Prize to Mr. F. C. Johansen; and George 
Stephenson Research Prizes to Mr. T. M. Herbert 
and Mr. C. F. Dendy Marshall. The thanks of the 
Institution were extended to Mr. William Reavel 
and Mr. H. L. Guy, whose papers, as presented by 
Members of Council, were not eligible for award. 
Students’ Examination Prizes were awarded to Mr. 
W. P. F. Jolly and Mr. R. T. Insley, and an Associate 
Members’ Examination Prize to Mr. Iqbal Singh. 


ANNUAL REPORT. 

The President then proposed the adoption of the 
annual report, and in doing so commented on one of 
two of its features. It was interesting to note that 
out of the 18 papers presented, 15 were contributed 
by members of the Institution, a condition of affairs 
not obtaining some years ago. His year of office 
had not modified his opinion that the informal 
meetings were a valuable part of the Institutions 
work. With regard to the summer meeting. be 
thought the conferring of honorary degrees on tw 
| of the representatives of the Institution reflected its 

importance. The number of books borrow ed from 
ithe library spoke well for the increasing interest 
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of members and the good work of the Librarian. 
The Institution hoped shortly to be in possession of 
a replica of the tablet recently unveiled on the 
birthplace of George Stephenson. This was being 
presented by Mr. R. W. Allen. The value of the 
National Certificates, of which over 1,200 had been 
issued during the year, was being increasingly 
appreciated by holders and employers alike. His 
visits to the local branches had convinced him that 
the title was something of a misnomer ; they seemed 
rather to be the “‘ roots ” which kept the main trunk 
crowing. The full and excellent programme of the 
River Plate branch was very creditable to the 
pioneers of the Institution in that part of the 
world. 

It would be an encouragement to the Council if 
more notice were taken of the premiums mentioned 
in the annual report, as on more than one occasion, 
it had had to carry forward the money available, 
no paper having been forthcoming on the subject of 
the prize. 

The adoption of the report was then seconded by 
Mr. L. St. L. Pendred, and Mr. W. A. Tookey 
expressed, on behalf of the members, their thanks to 
the Members of the Council for their work. The 
motion, on being put to the meeting, was carried 
unanimously. The following is a summary of the 
Xeport :— 

The eighty-third annual report showed a net increase 
on the roll of membership of 279 names, the total now 
having reached 10,745. The additions during the year 
numbered 880, and comprised 121 members, 296 asso- 
ciate members, 3 companions, 27 associates, 201 graduates, 
and 232 students. Of the deductions from the roll, a 
total of 601, transfers accounted for 252, the remainder 
being due to deaths and resignations. All the grades, 
except that of honorary members, in which there was no 
change, showed an increase. The total number of 
students was appreciably greater than last year, but 
the largest net increase was shown in the associate 
membership. Among the losses by death the following 
names appeared: Professor G. F. Charnock, Mr. R. W. 
Reid, C.B.E., and Mr. James Richardson. Professor 
Charnock was chairman of the Yorkshire branch during 
the years 1924 and 1925. He was elected to the Council 
in 1926 and remained a Member of Council until his 
death. Mr. Reid was appointed a Member of Council in 
March, 1928, and at the following annual general meeting 
was elected by the members to the council. Mr. Richard- 
son was Chairman of the Glasgow and West of Scotland 
branch during the years 1927 and 1928. The total 


revenue was 37,891/., compared with 31,942/. of the | 


previous year, but in spite of this substantial increase, 
the balance of revenue over expenditure was only 6031., 
asagainst 3,181/. for 1928. This difference was accounted 
for by an increase in most of the items of expenditure, 
but chiefly by the carrying over of the sum of 5,000/. 
to the general reserve fund. 
for a Royal Charter of incorporation for the Institution, 
as authorised at the special general meeting of May 10, 


1929, was lodged with the Privy Council Office, and | 
notice of it was given in the London Gazette of November 5, 
Gifts of a presidential chair, a portrait of Mr. | 


1929, 


Charles F. Beyer, an original vice-president of the 


Institution, and seale-models of the motor-cars “‘ Golden | 


Arrow” and the 1,000-h.p. Sunbeam car in which 


Major Sir Henry Segrave had established speed records 


had been made to the Institution. A memorial tablet 
on the cottage at Wylam, Northumberland, in which 
George Stephenscn was born, was unveiled on June 8, 
1929, the occasion marking the centenary of the success 
of the Rocket at the Rainhill locomotive trials. The 


cost of the tablet was borne jointly by the Institution | 


and the North-East Coast Institution of Engineers and 
Shipbuilders, 
{esearch 
Committee 
Laboratory 


work for the Alloys of Iron Research 
had continued at the National Physical 
‘ under Dr. Walter Rosenhain, and con- 
siderable progress had been made with the study of the 
alloys of iron and silicon, of which work it was hoped 
an account would shortly be available for publication. 
The Cutting Tools Research Committee, under Sir John 
Dewrance, had presented a report by Mr. E. G. Herbert 
on the hot-hardness characteristics of modern tool steels 
and alloys. Professor Dempster Smith had completed 
his investigation into the cutting of brass with high- 
speed and carbon-steel tools. Research work for the 
Steam “Nozzles Research Committee, under the chairman- 
ship of Mr. W. H. Patchell, had been completed, and 
4 sixth and final report had been prepared for presenta- 
tion at the annual general meeting. The Wire Ropes 
Research Committee, under the chairmanship of Dr. 

aniel \damson, had embodied the results of the work, 
carried out at Woolwich Polytechnic under the direction 
of Dr. W, A. Scoble, in a fourth report which had been 
oe for discussion in writing. The experiments 
pi ‘ng continued. The calibration tests of high- 
tions conducted 
completed, 
research 


in university laboratories had been 
and the work was being extended. The 
“el into the distortion of steel on hardening was 
hep ontinued, A report on the distribution of stresses 
a and worm gears had been prepared, and investi- 
~ ‘ons had been commenced into the creep of metals 

ordinary and at high temperatures. A grant of 


ps had been made to the British Engineering Standards 
880Ciation, 


The petition to the Crown | 


APPOINTMENT OF AUDITOR. 


Professor G. G. Stoney proposed, and Mr. G. F. 
O’Riordan seconded, ‘that Mr. Raymond Crane, 
F.C.A., be appointed to audit the accounts of the 
Institution for the coming year, which motion was 
carried unanimously. 

ELECTION OF OFFICERS, &C. 

The result of the ballot for the election of officers 
was declared as follows :—President, Mr. Loughnan 
St. L. Pendred. Vice-Presidents : Professor W. E. 
Dalby and Mr. Charles Day. Members of Council: 
Mr. Cecil Bentham, Mr. 8S. B. Freeman, Professor 
F. C. Lea, Mr. R. E. L. Maunsell, Mr. J. F. Petree 
(Associate Member), Mr. W. A. Stanier, and Sir 
John E. Thornycroft. The following Past-Presidents 
were also appointed to serve on the Council: 
Dr. D. Adamson, Mr. R. W. Allen, Mr. W. Patchell, 
and Mr. W. Reavell, and the chairmen of the local 
branches were co-opted in the same capacity. 

The President then announced that the Council 
had conferred an Honorary Life Membership on 
Dr. H. S. Hele-Shaw as a recognition of his scientific 
attainments. Dr. Hele-Shaw had been a member 
since 1879, a Member of Council since 1909, and 
President in 1922. Amongst other notable work 
for the Institution done by Dr. Hele-Shaw, that in 
connection with the National Certificate examina- 
tions had been very valuable. Dr. Hele-Shaw, in 
expressing his thanks to the Council, said he con- 
sidered the distinction was the greatest that had 
|ever been conferred upon him. He drew attention 
to a diagram exhibiting the great increase of 
membership which had occurred during his associa- 
tion with the Institution. When he had joined it, 
the total was just under 1,100. It was now just 
under 11,000, an increase of ten times in fifty years. 
Mr. S. A. Smith then rose to express, as a former 
graduate, the gratitude of the Graduate Section for 
all that Dr. Hele-Shaw had done for them in the 
past. 

The President also announced that an Honorary 
Life Membership had been conferred on Baron 
|Chuzaburo Shiba, of Tokyo, who had been a 
|member since 1917. Baron Shiba had taken a 
prominent part in the recent Engineering Congress 
| at Tokyo, which had been attended by Mr. R. W. 
| Allen as the Institution’s delegate. Mr. Allen had 
| suggested that this distinction should be conferred 








7 | upon Baron Shiba in view of this gentleman’s pro- 


minent association with the mechanical engineering 
industry of Japan, and the Council had cordially 
| acquiesced. 

Dr. Adamson then vacated the chair in favour of 
the newly-elected President, Mr. L. St. L. Pendred, 
and, in doing so, said it was unnecessary to introduce 
Mr. Pendred formally, as he was so well known to all 
the members present as the editor of one of the lead- 
ing engineering journals which had a world-wide 
reputation. Mr. Pendred had been a Vice-President 
for five years, a Member of Council for ten years, 
and had joined the Institution in 1896. Before 
resigning the chair, however, Dr. Adamson said he 
would like to express his thanks to the staff for the 
real help he had received from its members. 

Mr. Loughnan St. L. Pendred, having taken the 
chair, expressed his indebtedness to the meeting for 
the welcome he had received. He fully appreciated 
the seriousness of the office to which he had been 
called, which was, moreover, an honour for which 
he had long had an ambition. He would do his 
best to carry out all the duties connected with it in 
an efficient manner. He had reached the chair 

as an ordinary engineer, a circumstance which 
| might be encouraging to other members like himself. 
| Dr. Hele-Shaw said it was a pleasure to propose 
|a vote of thanks to the retiring president, as he 
had done excellent work in the chair and had 
endeared himself to all. The occasion, he felt, was 
somewhat special, as two important events had 


taken place during Dr. Adamson’s term of office. 
petrol engines under normal operating condi-|One was the application for a Royal Charter. 


The granting of this had been somewhat delayed 
by the legal procedure, but it now only awaited 
the sanction of the Privy Council, and the present 
meeting might prove to be the last one held under 
the old constitution. The other was the granting 
of an honorary degree to the President and Sir 


in a very modest manner. Much had been heard 
of the importance which was attached to engineers 
in Japan, and he hoped that the recognition of the 
head of the Institution by a University would not 
prove an isolated example in this country. 

Mr. W. H. Patchell, in seconding the motion, 
said he was unable to express adequately the 
admiration of the Institution for the way in which 
Dr. Adamson had performed his duties as Chairman, 
and he felt also that the able way in which he had 
been seconded by Mrs. Adamson, until just at 
the close of the presidential year, should not go 
unrecorded. Mr. Pendred then put the motion to 
the meeting, coupling it with the name of Mrs. 
Adamson, and it was carried with marked acclama- 
tion. 

Dr. Adamson, in expressing his thanks to the 
meeting, said that he much appreciated Mr. Patchell’s 
reference to Mrs. Adamson, from whom he had 
received much support in the work of the Institution. 
The encouraging reception he had always had during 
the past year as the representative of the Institution, 
and the large circle of acquaintances he had made, 
more than justified any expenditure of time that 
the work had imposed on him. 


Stxta Report oF THE STEAM-NozzLES RESEARCH 
CoMMITTEE. 


Dr. P. T. Petrie, reporter to the Steam-Nozzles 
Research Committee, then presented a summary of 
the sixth and finalreport. This report we commence 
to reprint in abstract on page 296 of the present 
issue. 

The President, in announcing that the report was 
open for discussion, commented upon the fact that 
the Institution had organised several important 
researches, those on Lubrication, by Beauchamp 
Tower, having become historical. The Alloys 
Research was still continuing. The Marine Oil 
Engines Research had been concluded not very long 
ago, but had been revived again, as a newship had 
been made available for investigation by the 
Institution. Probably the Steam-nozzles Research 
was one that had had most immediately useful 
effects. He believed, as Dr. Petrie had said at the 
close of the paper, that some of the results had been 
directly applied. In spite of this research having 
been officially concluded, the Institution would be 
ready, if there was something of practical value 
to be obtained, to reopen the work. He asked 
the members to pass a formal vote of thanks to 
Dr. Petrie. 

The discussion was opened by Mr. I. V. Robinson, 
of the British Electrical and Allied Industries 
Research Association, who gave a short account of 
the relations between this body and the Institution 
in the early years of the committee under the 
chairmanship of the late Captain H. Riall Sankey. 
So convinced was the Association of the utility of 
this particular research that had the Institution 
withdrawn, they would have carried it on unaided ; 
as it was, the work was done on a half-share basis. 
It was an undoubted fact that the design of turbines 
had been substantially modified as a result of the 
committee’s work, particularly in the direction of 
the reduction of velocities, which, contrary to 
the original belief, did not result in loss of efficiency, 
as was clearly shown by the diagrams in the paper. 
Those who examined the reports of the Electricity 
Commissioners would find that during the last five 
or six years the coal consumption per unit generated 
had come down enormously. The results of the 
research had contributed to this, and turbine 
builders, he could safely say, were very pleased with 
the work that had been done. This had now seemed 
to have reached a stage when further investigation 
should be made by individual firms in the filling in 
of little gaps and the exploring of fresh paths 
suggested by the work of the committee. If, at 
any time, it was felt that anything collective could 
be done, the builders would, no doubt, approach 
the Institution again. He could not cloge without 
a reference to the whole-hearted support given to 
the research by the late Captain Sankey and by 
Mr. H. M. Martin. 

Mr. H. L. Guy said that however short the time 
available for discussion, it would not rob those 
immersed in turbine design from expressing their 
high appreciation of the work which had been done 





Henry Fowler, to which Dr. Adamson had referred 
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There could be no question that the research under | the exits of the nozzles were indicated at the bottom | it was necessary to turn round a corner. Obviously, 
discussion would bring to the Institution honour | of the model, and, plotted from a base line above |the masses of steam going through the centre 
and distinction similar to that which it had gained | the exits, was the efficiency of the nozzle in three | portion with efficiencies of nearly 100 per cent. had 


from the work on lubrication, arising out of Beau-| dimensions. It would be appreciated that this was | also passed round the corner, and it was difficult 


champ Tower's experiments. 
analogy between the two. 


There was a certain | distributed in a series of mountains and valleys for | to conceive that the centre portions had obtained 
Before the days of | the nozzles, of which there was a group of three. An|a contribution in energy from the steam passing, 


Tower's experiments, knowledge of the mechanism | illuminating fact was that the losses which occurred | with much less efficiency, from the neighbourhood 
of lubrication was extremely rudimentary ; it was|in the nozzles were associated in a very marked | of the nozzle division plates ; in other words—just 
those experiments which commenced the ordering | manner with the conditions at the boundary of the |as in the aerodynamics of aeroplane wings—the 


of the technique of lubrication. 


It was difficult | nozzles, a condition perhaps more clearly indicated | opinion had been arrived at that most of the loss 
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to go back nine years 
and appreciate the gaps 


Fie. 2. 


PLAN VIEW OF NOZZLE SHOWING LINES OF EQUAL ENERGY LOSS. 





before the work of aay all - 


the Nozzles Committee 
began; but it was quite 
certain that that work ( 
had been of very great \ 
influence in ordering 

the knowledge of the 
flow of compressible Wf 


/ 
fluids at high velocities. | 


in knowledge existing yy Se = 
. ) b 
i] 


/ 

The members of the /f 
team with which he 

was associated had, in \ 
carrying out their own 
research work felt their ; 
obligation to the work 
of the Committee, and 
had endeavoured to 
mark their sense of 
that obligation by con- 
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cussions some of their = 
own results, © which 
might throw light on 
the Committee's work. 
He would like to put 
before the meeting 
some recent work which might throw additional 
light on the phenomena of the subject, and which 
had been referred to the previous night at Man- 
chester. In the werk of the Committee, and in 
the results put before the meeting, there had really 
been presented to the members the average effi- 
ciency of the nozzle. In order to elucidate the 
sources of loss in the nozzle when the high efficiency 
already attained was reached, it was necessary to 
find out how the efficiency of the various parts of the 
nozzle was distributed across the nozzle. To throw 
light on that matter, an experiment had _ been 
developed which made possible the measurement 
of the efficiency of the nozzle right across the 
stream, 

At this point Mr. Guy exhibited three slides 
which are reproduced in Figs. 1 to 3, above. In 


Figs. | and 2 the results were plotted in three- | 
dimension models. In Fig. 1 it would be seen tha | with the entry conditions, and with the fact that| support Mr. Robinson’s reference to Mr. 





j in the nozzle was associated with the boundary 
|layer. There was one other point. If the efficiency 
“saweERNG” | of the particular nozzle under discussion was 
‘obtained by integrating the mass flow and the 
in Fig. 2, which, being the inverse of Fig. 1, showed | efficiency of the various component streams of the 
losses instead of efficiencies. nozzle, a value was obtained for this nozzle which 
The losses as plotted in the figures in the solid | corresponded with the efficiency determined in the 
showed how very sharply the losses rose at the} nozzle tester—practically a duplicate of the one 
boundary of the nozzle, but the way in which | used by the Committee—which corresponded W ithin 
those losses were distributed was perhaps more | one-fifth of 1 per cent. in velocity coefficient. 
readily appreciated from the contour map across| That produced a very important additional ver'- 
them, illustrated in Fig. 3. The figures attached | fication of the accuracy of the tester used in the 
to these different contours were energy losses in| experiments made by the Committee. 
percentages. The losses close to the boundaries| Dr. G. G. Stoney thought the sixth report sum: 
reached figures like 70 per cent., whereas there was | marised the investigations in a very satisfactory 
a core of considerable magnitude in the centre of | manner, and in connection with them, it should be 
the nozzle in which the efficiency was almost 100 per | pointed out what a great loss has been sustained to 
cent., the loss of energy being of the order of 1 per | steam engineering by the death of Professor Callendar, 
cent., corresponding to a velocity coefficient of 99-5. | Without his work on the properties of steam and 
Mr. Guy went on to say that the new thought! the conclusions he had arrived at from it, it would 
which arose was this. It had been held that the | have been impossible to carry out the investigations 


losses in a nozzle had been associated very much| as they had been carried out. He also — bg 
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Martin, who had designed the original tester. This 
was running practically without alteration from the 
first design, and had been copied by many manu- 
facturers, both in this country and abroad. ‘There 
was no doubt but that the investigations had 
vreatly increased turbine efficiency. On the pre- 
vious day, Mr. Baumann had stated, in the discussion 
at the Manchester meeting, that the efficiency of 
turbines had been increased by 10 per cent. during 
the last ten years. A large part of this, though not 
all, was due to the research now before the meeting, 
and the saving in coal must have been enormous, 
compared with the cost of the research. This was 
a good example of great gain to the community 
from research work. 

The old view had been that low velocities were of 
little practical use. Had this been so, the Parsons’s 
turbine would not have functioned so satisfactorily. 
He believed that this discrepancy between theory 
and practice was one of the factors determining the 
initiation of the research. The research had proved 
that low velocities were quite as efficient as high 
ones, and in some cases more so, and it had empha- 
sised the fact that nozzles to be efficient, must 
have good entrance and exit conditions, while 
they must also have good finish and good shape. 
Also, the larger the angle through which the steam 
was turned, the greater the loss. A straight nozzle 
was the most efficient; next came that with a 
20-deg. angle, and then that with 12 deg. In 
practice, the final test was the combination of the 
nozzle with the blade, and there was a certain angle 
which was the best. All this seemed to be very 
obvious now, but it had required careful testing 
for many years to establish it. In conclusion, he 
wished to refer to the reporter, Dr. Petrie, and his 
collaborators. Since he (the speaker) left the work at 
Manchester some three and a half years ago, these 
yentlemen had carried it on most ably. 

Mr. A. J. H. Fitt also stressed the advantages 
derived by turbine designers from the research, 
which had clarified the old ideas regarding turbine 
nozzles. He regretted, however, that the com- 
mittee had not been able to carry on their researches 
with regard to the effect of the efflux angle and to 
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with the surface that it was at rest, and the ** boun- 
dary layer ” was therefore under a pressure gradient 
from A to C and B to C, and also from A to D and 
Bto D. Hence, there was a flow in the direction of 
the arrows, with the result that the steam or air 
piled up into a “hump” at the points C and D, 
which set up ‘ departure ”’ or turbulence and was a 
source of inefficiency. This “hump” was forced 
on one side by the current flowing past it and was 
drawn out into a series of whirling eddies. Various 
means had been discussed by the speaker for 
removing this source of inefficiency, particularly with 
regard to the wings of aircraft. For instance, the 
“hump” might be prevented from forming either 
by sucking it away, by destroying the pressure 
gradient, or by creating a reverse pressure gradient. 
For instance, if the pressure gradient was destroyed 
from B to C, by rotating the cylinder in the direction 
shown in Fig. 5, the steam or air followed a perfect 
stream line path around the upper surface without 
‘departure,’ and the cylinder might be made to 
lift itself. It was possible, for example, to cause a 
golf ball to support itself in the air by giving it a 
spin in the direction shown. 

Another way of obtaining stream line flow around 
the body was by having an opening at the points 
C and D (Fig. 4) and sucking in the steam or air at 
these points. In the jet shown diagrammatically 
in Fig. 6, there was a pressure gradient along the 
sides of the jet from the inner side A to the outer 
side B, i.e., from the steam chamber to the exit. 
There was also a pressure gradient along the outer 
face of the jet from C to D. These two pressure 
gradients caused a small “hump” to be formed 
at the point B at the mouth of the jet. A similar 
“hump ” was formed at the point D, which increased 
the vena contracta pressing on the outer layers of 
the steam or air jet and causing turbulence and in- 
efficiency at the edges of the jet. If it were possible 
to remove this ‘‘ hump” by sucking in at B or D 
or by destroying the pressure gradient from C to B, 
as suggested by the speaker at the discussion of the 
fifth report of the Steam-Nozzle Research Committee, 
it was thought that the efficiency of the edges of the 
jet might be increased. Consideration of these 
facts appeared to indicate that the ‘“ boundary 


the “ flapping” phenomena. His point was, did 
flapping occur, or was the jet deviated when used , 
in an actual turbine. Theoretically perfect tur- } @MSineers. — : : 
bines on the lines of the researches might be built, Dr. Petrie, on being asked by the P. resident to 
and might give extraordinary efficiencies, but |¢Ply to the discussion, stated that, as time would 
erosion would undoubtedly step in and shorten the | "0t permit of a full answer to the technical points 
life. Turbines must be built for conditions of |t@ised, he would hand his reply in writing to the 
service and endurance. He would further have |Chairman of the Steam-Nozzles Research Com- 
liked to have seen some investigations, in connec- | mittee, Mr. Patchell. 
tion with thick partition plates, of the effect of} Mr. W. H. Patchell then said that the committee 
chamfering the edge. In actual machines, the} had not only kept before them the amount of 
carry over had to be considered, and invariably | money that was being expended on the research, but 
with plate nozzles, the inlet edges were chamfered. | also the way in which it was spent. When they 
With regard to the roughness tests, he would say | had practically completed the work committed to 
that many who used cast nozzles to a certain extent them, they had followed up two or three other points 
were in the habit of pressing for finer finish. The | arising, and the final Report was virtually a clearing 
President's remarks relative to the possible con- | up of all that had been done. The Committee felt, 
tinuance of the researches, if need arose, were | however, that much still remained to be done in 
encouraging. He would suggest that something|the testing-of nozzles, and hoped others would 
be done now to see whether more of the results| carry it on. At one stage they had approached a 
obtained could be applied to commercial machines. | manufacturer, who used another method of testing, 
Trials should be made of nozzles in conjunction | with the request that he should test the Committee’s 
with blades and these, considering the large financial | nozzles by his apparatus. He had not, unfortu- 
resources of the Institution, did not seem out of | nately, shown the same inclination to work for the 
reach, common good as the Committee had done, and the 
Dr. A. P. Thurston, recalling the fact that he had | Matter was not carried further. On the other hand, 
already drawn attention to the importance of the | the Committee had r ceived the fullest co-operation 
“boundary layer theory,” in previous discussions, and assistance from the British Electrical and 
said that the remarks of a previous speaker had led | Allied Industries Research Association, and from 
him to think it would be a good suggestion to bring | Start to finish, this organisation had never embar- 
forward again some of the aspects of this theory in | assed the Committe or required it to keep back 
its application to steam nozzles and turbine blades. | 2nything they had in hand. 
He thoucht perhaps it might be possible, by suitable He could not relinquish the chairmanship without 
application of the knowledge of the properties of the | paying a tribute to his predecessor, the late Captain 
* boundary layer theory,” to increase the efficiency | Sankey, to whom the Committee owed a great 
of the edges of the jet. His reasons were as follows: | debt. It was due to Captain Sankey’s family to 
With a cylinder in a jet or current of air or steam, | know how much his work had been appreciated. In 
4s shown in Fig. 4, the steam was more or less at | the death of Professor Callendar too, the Committee, 
rest at A and at B, with the result that pressure was | and indeed the whole world of steam engineering, 
senerated. At C or D the steam or the air was|had suffered a greater loss than was at present 
“ccelerated and because the pressure energy was con- | realised. The unobtrusive, but very valuable work 
verted into kinetic energy, there was a rarefaction | done by Mr. H. M. Martin could not be overlooked. 
“ra suction at C and D. The steam or the air in| As Dr. Stoney had pointed out, Mr. Martin origi- 


layer theory ” was of great importance to mechanical 
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by the Committee, and the working drawings had 
been copied by the Committee’s permission, by 
makers who were getting even more out of it than 
the Committe had done. He looked to such makers 
to carry on the Committee’s work. In conclusion, 
he would refer to the two reporters, Dr. Stoney at 
first, later, Dr. Petrie. With Mr. Oakden, these 
gentlemen had done much consistent work, and 
had it not been for their help, the Committee could 
not have got through at all. 

The President then offered the thanks of the 
Institution to the Steam Nozzles Research Committee 
and to its chairman, Mr. Patchell, for the admirable 
work which had been done in the preparation of the 
investigations and reports. 

The meeting closed with the announcement that 
on Friday, March 7, there would be an extra general 
meeting at 6 p.m., when a paper by Mr. L. W. 
Schuster, entitled, ““ The Strength and Design of 
Fusion Welds for Unfired Pressure Vessels ” would 
be read and discussed. 








THE LATE MR. A. A. CAMPBELL 
SWINTON. 

Mr. A. A. CampBett Swinton, F.R.S., M.Inst.C.E., 
M.I.Mech.E., M.1I.E.E., who, we regret to have to 
announce, died in London on February 19, in his 
sixty-seventh year, was not quite of the age of the 
pioneers of electric engineering, but was old enough to 
have made use of his own knowledge and skill when 
electric lighting, electric power transmission, radiology 
and radio-communication were being developed. 

Alan Archibald Campbell Swinton was born on 
October 18, 1863, in Edinburgh, being the third son 
of Archibald Campbell Swinton, of Kimmerghame, 
Berwickshire, professor of civil law in Edinburgh 
University, and brigadier-general of the Royal Com- 
pany of Archers. The Swintons are a very old Scottish 
family. His mother was a daughter of Sir George 
Sitwell, Bart., and his father’s sister became the mother 
of Archbishop Davidson. He was educated in Edin- 
burgh, and abroad, mainlyin France. After five years’ 
training and work in the various departments of 
Messrs. Armstrong’s establishment at Elswick, he 
started in practice as a consulting engineer in West- 
minster, in 1887, where he fitted up a laboratory well 
equipped for electrical research. He frequently carried 
out demonstrations illustrating recent developments 
in the physical and electric fields in which he was 
interested. 

The first Réntgen radiograms which he showed 
in this country converted many sceptics to a belief in 
the possibilities of the new rays, and the improvements 
which he was able to make in X-ray tubes and their 
use secured him election to the presidency of the 
Rontgen Society of London in 1911. He was Presi- 
dent of the Wireless Society in 1913. He contri- 
buted various papers to scientific societies and wrote 
two books on electric lighting. As consulting engi- 
neer to numerous companies he was early brought 
into contact and association with Messrs. Cromp- 
ton and Company, and later with the Parsons Marine 
Steam Turbine Company, but these activities were 
more of an administrative and commercial than of 
a technical character. Thanks to his intervention, the 
apparatus used by Professor D. E. Hughes in his 
early researches on electiic waves were placed in the 
collections of the Science Museum, where models of 
Swinton’s own inventions, comprising a _ telephone 
and radio-telegraphic apparatus, are also to be seen. 
Swinton was twice Chairman of the Council of the Royal 
Society of Arts, in 1917-19, and again in 1920-22. He 
presented, in 1926, the Royal Society, of which he was 
a Fellow, and a Member of Council from 1927-1929, 
with a nucleus of 1,000/. for a General Purposes Fund. 
Though not a frequent attendant at the British 
Association meetings, he bore the expense of procuring 
a Royal Charter for the Association in 1928. 








Screntiric MetrHops 1x SourH AFRICAN MINES.— 
Speaking recently in Brisbane, after attending the 
Triennial International Geological Congress at Pretoria, 
South Africa, Professor H. C. Richards, Professor of 
Geology at Queensland University, paid a tribute to the 
scientific methods adopted in the mines of the Transvaal 
and Rhodesia. He stated that the discovery of platinum- 
bearing rock in the Rustenburg district, to the north of 
Pretoria, had been due to the initiative of Dr. Merensky, 
the eminent geologist, and the subsequent development of 
the mineral field had been carried out in a thoroughly 
scientific manner. Again, in Rhodesia, low-grade copper 
ore containing only about 4 per cent. of the metal, was 
being treated. The scale of the operations might be 
judged from the fact that a crushing and smelting plant 
was about to be erected in Northern Rhodesia, costing 
some 3,000,000/., and capable of deaJing with 5,000 tons 





“ontact with the cylinder clung so tenaciously nated the cage in the form in which it was used 





of ore a day. 
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LABOUR NOTES. 

THE deputation appointed by the engineering trade 
unions further to discuss the wages question with 
the employers, saw Sir Allan Smith on Wednesday. 
At the close of the meeting, it was stated that Sir 
Allan Smith dealt at some length with the unions’ 
representations. He pointed out the present state of 
the industry and the difficulties experienced by the 
engineering employers in this country in competing 
with foreign firms, and suggested that before pro- 
ceeding farther, and in order to arrive at the facts, 
the Employers’ Federation and the unions should 
appoint a joint deputation to investigate, among other 
things, working conditions and costs of manufacture in 
foreign countries. The union representatives retired 


to consider the proposal, and informed the employers | 


that they were not empowered to give a definite 
answer at that juncture to Sir Allan Smith’s sugges- 
tion, but they undertook to report it to a further full 
conference of the union’s executives to be held at an 
early date. 


At the end of January, 9,698 members of the Boiler | 


Makers and Iron and Steel Shipbuilders’ Society were 
“signing the books,” as compared with 10,026 a 
month earlier. “Compared with a year ago,’ Mr. 
Hill, the General Secretary says, ‘‘ we have 4,000 fewer 
men idle on our books. 
work on hand and under construction at present is 
about half a million tons more than at this time last 
year. We may, therefore, expect a continuous 
improvement in employment for some months to come. 
Our sick list is a bit higher, but this is usual in January, 
owing to the exposed nature of our work. Branch 
expenditure is lower. Good weather will reduce our 
expenditure for sickness, and good trade will reduce 
unemployment. We shall have good weather and 
good trade in the coming months.” The number of 


mem bers in receipt of sick benefit is 4,690, as compared | 


with 4,656, and the expenses amounted to 11,151/., 
as compared with 9,411/. in December. There were 
five weekly payments in January. 


The Ministry of Labour Gazette states that in the | 
week after Christmas there was the usual increase in | 
This was followed by some 
improvement in the first three weeks of January, 
but in the last week of the month there was a further 
decline, and at the end of the month the numbers 
unemployed were only slightly below the figures for 
Between December 16 and the 
end of January, a decline in employment occurred in 
This was especially marked in the 
Other industries 
chiefly affected included building, public works con- 


the numbers unemployed. 


the end of December. 


most industries. 
cotton and other textile trades. 


In shipbuilding alone, the | 





rates to the new level being payable at a later date. 
In the textile bleaching, dyeing, &c., industry the 
increases were only small in amount (2d. or 3d. per 
| week), and were due to the operation of cost-of-living 
| sliding scales. Other bodies of workpeople whose wages 
were increased in January included coal miners in 
Warwickshire, iron miners and blast-furnace workers 
in Cleveland and Cumberland, and felt-hat makers in 
| Lancashire and Cheshire. The principal reduction 
|affected workpeople employed in thread manufacture 
/at Paisley. 





The number of trade disputes involving stoppages of 
| work, reported to the Ministry of Labour as beginning 
‘in January, was 33. In addition, eight disputes which 
| began before January were still in progress at the 
| beginning of the month. The number of workpeople 
|involved in all disputes in January (including work- 
people thrown out of work at the establishments 
where the disputes occurred, but not themselves parties 
to the disputes) was about 9,400, and the aggregate 
duration of all disputes during the month was about 
/45,000 working days. These figures compare with 


| 


days lost in the previous month, and with 9,700 work- 
people involved and 97,000 days lost in January of 
last year. 





The Times correspondent at Washington states that 
reports on unemployment in the United States, issued 
by the Department of Labour, shed some light on the 
controversy over unemployment figures which was 
|aroused by President Hoover’s optimistic statement 
|made three or four weeks ago, and increased by the 
occurrence of unemployed rioting at Cleveland, Ohio, 
| and disturbances elsewhere. According to the Depart- 
ment of Labour, during the month between Decem- 

ber 15 and January 15, there was a decrease of 2-6 per 
cent. in industrial employment and a decrease of 5-4 
per cent. in pay-rolls. Towards the middle of January 
an increase in employment was noted, but the level of 
| manufacturing employment last January was 5-3 per 
| cent. lower than in January, 1929. 





‘“* Unfortunately,” the correspondent goes on to say, 
“the group of industries showing an upward trend in 
|employment after the middle of January does not 
include a number of industries which are included in 
the full monthly statement showing the decline from 
the middle of January. A comparison between the 
whole of January and the whole of December shows 
decreased employment in the majority of the industries 
mentioned, including the striking decrease of 21-6 
per cent. in employment in the retail trade.’’ ‘No 
employment figures in the United States,” it is added, 
by way of conclusion, ‘‘can pretend to be anything 





tracting, artificial stone, cement, brick and tile making, | but merely approximate.” 


totals of 5,900 workpeople involved and 41,000 working | 


pottery, glass, iron and steel manufacture, general | 
and electrical engineering and other metal trades, the | 
leather, clothing (except hats and caps), food, drink and At the quarterly meeting, held in York last week, 
tobacco, woodworking and paper trades, road transport, lof the Executive Committee of the Federation of 
dock and harbour service, and the distributive trades. | Engineering and Shipuilding Trades, it was decided to 





trimmers ; and for stewards, 158 marks to 185 marks, 

| according to length of service. These rates represent 
| increases varying from 11 per cent. to 14 per cent. in 
| the case of officers, and 4 per cent. to 6 per cent. in the 
case of other ratings. 


During the first seven and a-half years of its existence, 
the Transport and General Workers Union paid 
1,298,593/. 8s. 83d. in benefits to its members. The 
larger items in the total were :—Dispute 790,507I. 7s. Od., 
sickness 167,249]. ls. 6d., funeral 151,887]. 13s. 1/., 
and accident 127,126/. 3s. 3d. ‘‘ When considering 
the above total,” the Executive says, ‘‘ readers should 
bear in mind that it by no means represents the full 
financial benefit the members have received during 
| the seven and a-half years of the Union’s existence ; 
|if quarterage returned for grants, affiliation fees, and 
the amounts obtained on behalf of members by way 
of compensation were added, the total would not be 
far short of 3,000,000/.—a magnificent return for a 
small weekly contribution.” 











| In the course of an interesting article contributed 
| to a Swedish periodical, Mr. A. Loveday, Head of the 
| Economic Intelligence Service of the League of Nations, 
| deals with some causes of the prevailing economic 
instability. Of the organisation of industry he says 
that it has been rapidly changing. New inventions 
and developments in the technique of production 
have been a source of constant instability on the side 
of production as well as of demand. In a very large 
number of cases, much more can be produced now with 
a smaller labour force than formerly. Thus in Germany, 
between 1921 and 1925, the output of potash was 
increased by one-third and the number of workers 
reduced by one-third. The number of persons em- 
ployed in cement undertakings has fallen from 25,000 
to 18,335, whilst the output has risen from 6-8 to 
7:6 million tons. The number of firms producing 
pig-iron has dropped from 70 to 48, the number of 
employees from 27,000 to 21,500, while the tonnage 
rose from 10,916,000 to 13,089,000. The tendencies 
which these figures indicate are not, Mr. Loveday says, 
peculiar to Germany. Owing to new inventions, 
moreover, plant becomes obsolete after a short time, 
as was illustrated by the replies to an official inquiry 
conducted in the United States concerning the period 
in which it was financially necessary for new plant 
to cover its cost through earnings: 43-6 per cent. 
of the 200 firms circularised estimated the period 
at two years or less, and 64-1 per cent. at three years or 
less. 





Industries, Mr. Loveday points out, have endeavoured 
to protect themselves against excessive competition, 
and the consequent instability within their industry 
by the formation of mergers, trusts, cartels and other 
various forms of industrial organisation. This has 
been, he says, one of the most characteristic features 
of recent industrial development. It was possible 
to carry this out only so long as the demand for any 
product which people required could be easily foreseen. 
Under present conditions of demand, however, the 


There was a further improvement, however, in the coal- | recommend the affiliated organisations to give the | secondary demand can be directed in so many different 


mining industry. 


Among the workpeople, numbering approximately 


12,100,000, insured against unemployment in Great 





Britain and Northern Ireland, the percentage unem- | 
ployed in all industries taken together was 12-6 at | 
January 27, 1930, as compared with 11-1 at Decem- | 
ber 16, 1929, and 12-2 at January 21, 1929. The per- | 
centage wholly unemployed at January 27, 1930, was 
9-8, as compared with 8-9 at December 16, 1929 ; while 
the percentage temporarily stopped was 2-8, as 
compared with 2-2. For males alone the percentage 
at January 27, 1930, was 13-4, and for females, 10-4. 
At December 16, 1929, the corresponding percentages 
were 12-3 and 8-1. 

In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during January resulted in an increase of about 
14,6001. in the weekly tull-time wages of 324,000 work- 
people, and in a decrease of 1,400/. in those of 14,750 
workpeople. The principal bodies of workpeople whose 
wages were increased during the month included 
certain grades of railway traffic workers, time-workers 
in the shipbuilding and ship-repairing industry, and 
workers employed in the textile bleaching, dyeing, 
printing and finishing industry in Yorkshire, Lanca- 
shire and Cheshire, and Scotland. In the case of rail- 
way traffic workers an increase of ls. per week, under 
a cost-of-living sliding scale, affected mainly the lower- 
rated men. The increases in shipyards applied to plain 
time-workers 21 years of age and over, and were the 
result of the adoption of national uniform time rates. 
The amount of the increases in January was limited 
to 2s. a week, further amounts necessary to raise the 


| agreement. 





Shipbuilding Employers’ Federation six months’ notice 
of their intention to terminate the agreement providing 
for the settlement of differences without stoppages of 
| work. The decision was assumed to be justified by 
the action of the employers in declaring a national 
lock-out of ship joiners in November last. That was, 
in the opinion of the meeting, an infringement by the 
employers of both the spirit and the letter of the 





In the course of an address on industrial balance 


|channels that industry is faced with a new form of 
of instability arising out of the competition between 
different products for the available spendable income. 
A new economy is evolving under which competition 
between individual producers of similar articles is 
gradually diminishing, and competition between the 
production of quite distinct commodities is becoming 
more acute. Advertisement by competing industries 
is gradually replacing advertisement by individual 
firms. The leaders of business have endeavoured 
to secure themselves to some extent against the dangers 


and equilibrium which he delivered at a recent meeting of the greater fluidity and uncertainty of demand, 


in New York, of the Taylor Society for Scientific 
Management, Dr. Leo Wolman, Director of Research 
of the Amalgamated Clothing Workers, stressed the 


ssi bility , sooner or later, mass-producti a A . 
possibility that, s F P action centralised control of whole industries. 





industries would slacken, and the existing industrial 
economy would have to look elsewhere for a new 
stimulus. = 

The weekly organ of the International Labour Office 
states that the collective agreement concluded between 
the German shipowners’ and seafarers’ organisations on 
November 1, 1927, was recently denounced by the 
latter, who put forward a claim for an increase in 
wages. After the failure of negotiations for the 
conclusion of a new agreement, the dispute was sub- 
mitted to arbitration. The award, which has been 
accepted by both parties, fixes the new wage rates 
for the principal classes of seamen at 500 marks to 
690 marks a month, according to class of trade, for 
masters ; 243 marks to 380 marks, according to class 
of trade, for first mates ; 306 marks to 570 marks for 
chief engineers; 158 marks for quartermasters and 
boatswains ; 132 marks for able seamen ; 63 marks for 
light hands; 143 marks for firemen; 122 marks for 





and the rapid changes in the technique of production 
brought about by the advance of science, not simply 
by the rationalisation of individual plants but by the 
° To optional 
demand they oppose monopoly of supplies. 





It is officially announced that the General Council of 
the Trades Union Congress propose to approach the 
Labour Party with a view to arriving at an agreement 
for uniform practice with regard to the taking up by 
Labour Members of Parliament of cases with which the 
trade unions are concerned. It is felt, in view of the 
amicable relations existing between the General Council 
and the Labour Party, that such a method will obviate 
all possibility of difficulty arising in this connection. 
A definite understanding, it is stated, would enable 
members of Parliament and local trade-union officials 
to know where they stood with regard to cases involving 
such matters, for instance, as wages and conditions, 
unemployment insurance, national health insurance, 
and pensions in respect of members of trade-union 
approved societies and workmen’s compensation. 
Affiliated unions have been circularised on their views. 
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UNIVERSAL WOODWORKER. 


MESSRS. THE MIDLAND SAW 


AND TOOL COMPANY, 


LIMITED, BIRMINGHAM. 








THE MIDSAW UNIVERSAL WOOD- 
WORKER. 

THE amount of machine work handled in many 
woodworking shops hardly justifies the installation 
of special tools for such operations as boring and mitre- 
ing, and, in these cases, a small universal woodworker 
frequently constitutes a valuable addition to the equip- 
ment. A standby machine of this type is also useful 
to relieve the pressure on one of the standard tools, 
such as a saw, when an unusual amount of work of 
a particular class has to be handled. The universal 
woodworker illustrated on this page has been specially 
designed to meet the requirements outlined above, and 
is suitable for a wide range of operations. It is being 
shown at the British Industries Fair, which closes to- 
day. by Messrs. The Midland Saw and Tool Company, 
Limited, Sumner-lane, Birmingham. 7 

\s shown in the figure, there are two tables, one 
being designed for such purposes as sawing, planing, 
moulding and tenoning, and the other for thicknessing, 
slot mortising, boring, and so on. The saw table is 
79 in. long by 25 in. wide, the maximum diameter of 
the saw is 18 in., and the maximum depth of cut is 
vin, Work may be thicknessed on the other table up 
to Yin. by 9in. The machine is belt driven, the drive 
from the countershaft being taken to a horizontal 
shatt at the base of the machine. This shaft is carried 
in a bracket bolted to the back face of the frame, as 
viewed in the figure, and is therefore not visible in 
the latter. It is fitted with a stepped pulley for the 
drive from the countershaft, and a second pulley from 
which a belt is taken over the spindle pulley. The 
countershaft, together with foot-operated striking 
gear, is normally included with the equipment. 
rhe stepped pulleys on the back shaft and counter- 
shatt enable alternative spindle speeds of 1,800 r.p.m. 
ind 4,000 r.p.m. to be obtained, the former being 
usually employed for sawing and hollow-chisel mortis- 
ing, and the latter for all other operations. As shown 
in the illustration the machine is set up for sawing. 

!'he saw bench is provided with a central aluminium 


ga) plate, held in place by lugs registering with the 
end. of two slides in the face of the table. To utilise 
the machine for planing, rebating, tenoning, and so on, 
the saw is replaced by a suitable cutter, the gap plate 
removed, and the slides brought closer together. 


The slide at the feeding-out end is mounted on two 
et ries, coupled together by a rod, and giving a 


purailol rise and fall motion up to }-in. This motion 
's einployed for making up the depth of cut when the 
Miaciine is utilised for planing operations. In practice, 
the work is run a few inches over the cutter, and the 
‘ice \s then brought into contact with the machined 
Suri«© of the wood by turning the eccentrics, and is 


‘fterwards locked in position with a hand nut. The 
“ww table, as a whole, is provided with the usual rise and 
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fall motion, operated by an elevating screw and nut 
mechanism. The handwheel for this purpose is visible 
at the front corner of the frame in the figure. 

The second, or thicknessing, table, is also provided 
with rise and fall motion, operated by the inclined 
handwheel visible at the back of the machine. A 
cross traverse is fitted for such operations as boring, 
both these motions being controlled by nut and screw 
mechanism. The third, or longitudinal traverse, is 
effected either by utilising the horizontal hand grips 
at each end of the slide, or by the vertical hand lever 
visible in the illustration. This hand lever is coupled 
by a link gear to the table. The longitudinal and verti- 
cal traverses are provided with adjustable stops. The 
other details of the machine hardly call for particular 
comment, but it may be mentioned that malleable iron 
is used for all brackets subject to shock, and that the 
spindle and first-motion shaft run on ball races. The 
cutter block employed is also of interest, as it is made 
from aluminium alloy with a Duralumin plate. The 
adjusting blocks for setting the blades are spigoted }-in. 
into the latter, so that it is impossible for the blade to 
fly out even though the locking screws have not been 
fully tightened up. 








PHYSIOLOGICAL PROBLEMS IN MINE 
AND GENERAL VENTILATION. 


In dealing with ventilation problems the engineer has 
to co-operate with the physiologist, but there is not 
much accord between the experts of the two professions. 
When the engineer actually succeeds in replacing the 
dusty, hot and humid atmosphere of a mine by clean, 
cool and dry air, the physiologist may have to sustain 
the miner in his complaints that he cannot work in the 
chilly draught. It does not matter to the miner that 
recent French statistics, by distinguishing between 
deaths from tuberculosis and from bronchitis, appear 
to prove that his calling is becoming less dangerous. 
The air conditions are unquestionably bad in some 
mines and works, and they might be improved, though 
a real cure may be beyond the engineer’s capability. 
The problems, however, are receiving earnest attention 
everywhere, and an age which can enforce prohibition 
of alcohol might, on at least equally sound reasoning, 
prevent work from being carried on under inevitably 
dangerous conditions, or restrict it effectively. In his 
summary of recent investigations on Physiological 
Factors of Mine Ventilation (Information Circular No. 
6196 of the United States Bureau of Mines), Mr. R. R. 
Sayers, chief surgeon to the Bureau, does not really 
limit himself to mines, though his chief problems, viz., 
silicosis, temperature and humidity, and gases, are 
main factors in mine ventilation. 

In Western Australia, the pulmonary conditions of 
4,067 miners have been examined, partly with the aid 
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of a portable X-ray outfit. Twenty per cent. of these 
men presented definite evidence of pulmonary silicosis, 
and 3-8 per cent. showed evidence of tuberculosis. The 
figures were higher for the underground workers than 
for the surface workers, and 51-5 per cent. of those 
engaged in developing and stoping were found to 
be affected with either or both these diseases. The 
dangers increased distinctly with time. Twenty-five 
years and more of underground work had left 68 per 
cent. of the workers badly attacked. Blasting in these 
mines was done during the shifts, not at the end of the 
shifts, and the air was very dusty. The Australian 
Miner’s Phthisis Act of 1922 inhibits employment of 
workers found to be suffering with tuberculosis, and 
demands the warning of those suffering from silicosis. 
Similar figures were reported from Canada. In Okla- 
homa, silicosis diminished in 1925, apparently because 
affected miners had been given other work or had left. 
In England, P. Hefferman observed a high death-rate 
among millstone workers, but less injury from the 
silica for brick manufacture, though the clothes and 
hair of the workers produced clouds of fine silica dust ; 
ganister workers again suffered badly. With reports 
on South Africa we have dealt on recent occasions. 
Sixty-nine Fins, returning from South African mines to 
Finland, were submitted to thorough examination, also 
by Réntgen rays ; the tests suggested that tuberculosis 
was more dangerous than silicosis, but that the inter- 
pretation of the radiograms was a controversial matter. 
This is supported by the observations made by 
Ernestine von Miiller at Schwetzingen, Germany, on 
26 sand-blast workers, even in shops where thorough 
preventive measures seemed to have been adopted. 
Stone-dusting in coal mines was not considered to be 
injurious in Poland, but the lungs of a miner in Scot- 
land, who had used a machine drill on hard headings 
for four years and had then worked as an ordinary 
collier for five years, were found to have been lacerated 
by silicosis and then clogged with coal dust; some 
authorities regard all stone dust as harmful. 

The association of temperature and humidity with 
sickness and accidents in English collieries was the 
subject of A Study of Absenteeism in a Group of Ten 
Collieries, by H. M. Vernon, T. Bedford and C. G. 
Warner, in 1928. They found that sickness greatly 
increased when the temperature exceeded 75 deg. F. 
at the coal face, especially with a rise of the wet-bulb 
thermometer, and that sickness and accidents increased 
when the air-current velocity was raised from 60 ft., 
or less, to 72 ft. per minute; men then frequently 
went sick to obtain relief from fatigue. That local 
circulation of the air may be more pleasant than 
an inlet of fresh air on board ship was pointed out by 
S. F. Dudley in a paper on the kata-thermometer at 
sea in the tropics. Sickness and mortality are high 
among men engaged in tinplate rolling and in iron 
smelting. Indian miners, working practically without 
clothing, can bear 85 deg. F., but dislike temperature 
changes and draughts. The investigations of the Ameri- 
can Society of Heating and Ventilating Engineers have 
drawn attention to the importance of the sensible heat, 
which depends upon the difference between the skin 
temperature and the temperature of the surroundings, 
and varies inversely with the dry-bulb temperature. 

As regards gases, the risks connected with the carbon 
monoxide in the exhaust from motor-car engines have 
been studied in 14 large cities of the United States. 
An average of 0-8 part of CO in 10,000 parts of air was 
found in busy streets at the peak hours of traffic ; 
the average in Chicago was 0-31 part. The figure 








went up to | and even to 2 parts of CO in some cases, 
but only the traffic officer is likely to be endangered 
by this. In Paris, less than 1 part of CO in 100,000 
was observed at the level of the third storey, and 3 or 
4 parts 1-6 m. above the street level. Conditions are 
worse in tunnels, and observations have been ‘made in 
New York on the effects of exposing men for hours to 
atmospheres containing up to 4 parts in 10,000 of CO. 
The men only complained of headaches; the statement 
that there were no deleterious after-effects is perhaps 
premature. The ventilation of the Holland tunnel was 
subjected to a severe test on its opening day, and 
was found to be satisfactory. During the latter half of 
1928, the tunnel air did not contain more than 2-5 
parts of CO per 10,000 for a period of five minutes in 
any of the 14 sections of the tunnel, but according 
to quite recent newspaper reports the atmosphere 
became very bad during a traffic block. 








THE Iron anv Steet Instrrute.—The council of the 
Tron and Steel Institute has this year decided to award 
Bessemer Gold medals to Dr. W. Rosenhain, F.R.S., 
and to Mr. Eugéne Schneider, of Le Creusot, France, 
The president of the Institute, Professor H. Louis, 
will present the medals on the occasion of the annual 
meeting on May 1. On the council of the Institute 
certain charges have recently taken place. The Hon. 
Roland Kitson, D.S.O., and Professor C. H. Desch, 
F.R.S., have been elected vice-presidents, while Mr. 
Fred Clements, of Park Gate, and Mr. J. 8. Hollings, of 
Brymbo, have been elected members of the council. 
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total available energy, as compared with the same nozzle near the outlet being the cause of violent 
nozzle with rounded edges. The latter appears about | turbulence. Perhaps the greater increase in volume 


NOZZLES RESEARCH COMMITTEE. | 2} per cent. lower in velocity coefficient (i.e., almost | experienced by the steam at the higher velocities tends 


Previous reports of the Steam-Nozzles Rese 
Committee have been reprinted in abstract in ENery- | 
EERING as follows :—The first report, vol. cxv, page 377 ; | 
the second report, vol. cxv, page 380; the third report, | 
vol. exvii, page 681 ; the fourth report, vol. cxix, pages | 
617 and 651; and the fifth report, vol. cxxv, pages | 
116 and 147. The discussions on these reports were | 
given in the same issues of ENGINEERING as the | 
reprinted reports. In presenting the sixth report, 
we have followed our previous procedure and have 
omitted the tables of figures on which the graphs and 
deductions have been based. The sixth report is 
preceded by a somewhat long review of the previous 
work of the Committee, and this we also omit. «# 

Recent Tests.—The earlier section of the report gives 
a brief review of those tests already described in the 
first five Reports. The following series of tests form the 
continuation of the work since the presentation of the 
Fifth Report :—(a) Test of a straight rectangular con- 
vergent nozzle of 3-in. by 4-in. opening. (6) Tests to 
determine the effect of entrance conditions in straight 
nozzles. (c) Tests of impulse nozzles with increased 
radius of curvature. (d) Tests to determine the effect 
of entrance conditions in curved nozzles. (e) Tests to 
determine the effect of cutting away the exit face of the | 
nozzle-box. (f) Test of an impulse nozzle under | 
increased steam temperature. (g) Test of a 2-in. Parsons | 
nozzle. 

(a) Straight Convergent Nozzle of 3-in. by }-in. Opening. 
—This nozzle forms an addition io the series of straight 
convergent nozzles. It was made to ascertain whether | 
the negative result given by the other nozzles of the | 


| 


series, in regard to the effect of the shape of cross- | 
section upon efficiency, would extend also to nozzles of | 
still greater length-to-breadth ratio. The sides of the | 
channel were shaped by hand to the same profile as | 
had been employed in the nozzles previously tested, but | 
at the ends, in order to enable the nozzle to be fitted | 
upon the existing nozzle-pipe, it was found necessary to | 
modify the shape, as is shown in Fig. 12. In curve 47, | 
Fig. 12, the points shown as small crosses represent | 
the velocity coefficients obtained in the individual tests | 
of the nozzle, and are enclosed by a “ band,”’ the half- 

width of which gives an indication of the possible | 
maximum error of the mean line. At speeds greater 
than 800 ft. per second, the average velocity coefficient | 
is 98-9 per cent., and is in good agreement with the | 
value of 99 per cent. (-: } per cent.) which was found 

for the previous nozzles. For this range of speed, the 

conclusion that the efficiency is not appreciably affected 

by the shape of the opening is verified for this case | 
also. At speeds below 800 ft. per second, there appears 

to be a certain loss of efficiency in the 3-in. by 4-in. | 
and 2-in. by $-in. nozzles. | 

(b) Investigation of Entrance Conditions in Straight 

Nozzles.—The very high efticiency values obtained with 

convergent straight nozzles pointed to the importance | 
of entrance rounding and of short throat length in | 
reducing losses to a minimum, and suggested an investi- | 
gation of the gain of efticiency resulting from rounding | 
the nozzle entrance, as compared with a nozzle having | 
a sharp-edged entrance. Two shapes of opening, the | 
1-in. square and the 2 in. by }-in. slot, were selected, | 
and two new nozzles constructed, each of the same | 
overall length (1? in.) as in the previous case, but | 
consisting merely of a parallel-sided channel with sharp | 
right-angled edges at the mouth. After a series of | 


tests, each nozzle was removed from the apparatus, and | 
\ 





((917€) 


arch | 5 per cent. less efficient) than the corresponding fully- | to suppress or reduce the amount of the contraction ; 
convergent nozzle, in which the rounding of the| if so, this would afford an explanation of the rising 
entrance is carried so far as to obliterate completely the | efficiency at the higher steam speeds. The effect of 
parallel portion of the steam passage. The square sharp-edged entrances to straight nozzles on the velocity 
nozzle has slightly the higher efficiency, both with the | losses in the nozzles, as revealed by these tests, has been 
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two opposite edges at the entrance (the longer edges in | sharp entrance and with all four edges rounded, but { so striking that a closer investigation of entry etlects 


the rectangular nozzle) were filed by hand to a radius of | 


| 


f-in. After a second series of tests, the remaining edges 
were similarly rounded, and tests were made a third 
time. 

The velocity-coetticient curves are collected for 
comparison in the lower part of Fig. 14, to which the 
curves for the corresponding convergent nozzles have 
also been added. The wastage of energy resulting from 
the steam being made to pass a right-angled corner at 
the mouth of the nozzle may amount to one-fifth of the 





* Presented ata meeting of the Institution of Mechanical 
Engineers on Friday, February 21, 1930. Abridged. 








sequent enlargement of the jet to fill the bore of the! cent., a value which compares unfavourably wit 


with only two edges rounded the reverse is the case,|has also been made for curved impulse nozzles of 
since the rounding of the two long edges in the 2 in.| practical shapes. In the case of these curved nozzles, 
by 4-in. nozzle affects a greater proportion of the total | owing to the convergence of the nozzle channel i 
perimeter. 

One effect of the sharp-edged entrance is to reduce | straight nozzles. 
the stability of operation of the nozzle, with an 
increased liability to error in testing. The exact | ture——That the energy losses in curved nozzles at". sis 
positions of the mean curves are therefore some-|a great extent, associated with the curvature, is shown 
what uncertain. The great energy loss in a sharp- | by the general difference in efficiency levels which exists 
|edged nozzle is almost certainly associated with the| between straight and curved types of nozzle. 


tself, 


the effect is much less marked than in the cas of 


(c) Impulse Nozzles with Increased Radius of (111 


No 


formation of a vena contracta in the portion of the| curved nozzle yet tested in this research has shown . 
channel immediately following the entrance ; the sub- | average velocity coefficient of more than about ” Pe 
¥ tha 
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of 99 per cent. of the most efficient straight-axis 
nozzles. Much of this loss is probably inherent in the 
flow of steam through curved passages, but it is reason- 
able to suppose that its amount ?s governed, not only 
by the total angle through which the steam is turned, 
but also by the manner in which the turning is accom- 
plished, and, in particular, by the radius of curvature 
of the mean path of the stream. 

Some information regarding the effect of the angle of 
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curves do not show to the same degree the tendency to 
rise at the lower steam velocities which is so noticeable 
a feature of the older 20-deg. nozzle, but, in other 
respects, their characteristics are generally similar to 
those of the earlier nozzles. The large effect of the 
change of throat length in the 12-deg. nozzle is even 
more marked than before. The effect of the increased 
radius is, perhaps, most easily estimated by the help 
of the average values of the velocity coefficient over 
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deviation has already been obtained by the testing of | 
impulse nozzles with nominal discharge angles of | 
“0 deg. and 12 deg. In these nozzles, the radius of | 
curvature of the guide plates was kept almost constant, 
the actual values of the internal radius being, in the | 
pias thin plates, % in., and in the thick-plate | 
nozzle in. | 





nozzles 
With a view to discovering the effect of | 
‘ny olteration in this dimension, two other impulse | 
nozzles have been tested. These are shown in section | 
in Fig. 15. The guide plates are 3, in. thick, and | 
hav ‘ curved chamfer at the exit edge. The opening | 
of ea channel measures 2 in. long by } in. wide, 
and’ “ie nominal discharge angles are, respectively, 
-0 des. and 12 deg. The nozzles are thus comparable | 





th ha =e | 
With the thick-plate chamfered nozzles tested pre- | 
sg Y. except that the internal radius of curvature 
) the ] » . ° 
tt tie plates has now been increased to 1} in., and 
le mean Jength of the steam path is thus also some- 
What increased. 
Pe, he velocity coefficients obtained in the tests of the | 
= 1 ‘. nozzle, with throat lengths of 3/1 and 0/1| 
ratio, 
t ssa goa 
_ incan curves of both the 20 deg. and 12-deg. 
lozzles are collected for comparison in Fig. 18. The 
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the normal practical speed range of 1,000 ft. to 1,700 ft. 
per second, which are as follows :— 


Average Velocity Coefficients over the Range 1,000 Ft. to 
1,700 Ft. per Second, per Cent. 


| Large-Radius | 


Small- Radius 





Nozzle. Nozzle. 
20-deg. Nozzle.— | | 
3/1 throat .. ee = 94-3 94-1 
0/1 throat .. it 3 94-6 | 93-6 
12-deg. Nozzle.— 
3/1 throat... x = 93°35 | 92-8 
0/1 throat .. ia be 95-5 94-1 


Except in the case of the 20 deg. 3/1 throat nozzle, 


| where the improvement is so small that its amount, 
|and even its sign, is doubtful, a definite increase in 
velocity coefficient appears to have resulted from the | 


increase of radius. The difference is greatest in the 


cent. The improvement varies with the throat length 
and the discharge angle, being increased by a reduction 








in either of these quantities. In estimating the value 
of the increase, it should be remembered that slight 
accidental differences in shape and surface finish may 
affect the results of the individual nozzles, and it is 
therefore, perhaps, preferable to consider the average 
for the four cases, which gives an improvement, over 
the stated range of speed, of 0-8 per cent. At the 
lower speeds, where the rising tendency of the curves 
is less in evidence in the new than in the older nozzles, 
there is a difference of velocity coefficient in favour of 
the smaller radivs of curvature, with the one exception 
of the 12 deg. 0/1 throat nozzle. 

(d) Effect of Rounding of Entrance in Curved Nozzles. 
—lIn the tests of the large-radius impulse nozzles, the 
aperture in the steam-pipe through which the steam 
passed to the nozzles was made considerably larger in 
width than the entrance to the nozzle passages. The 
entrance was thus bounded on two sides by sharp 
right-angled edges, which might be expected to diminish 
the apparent efficiency of the nozzles by the formation 
of local eddies in the steam. Tests upon sharp-edged 
straight nozzles had shown that the loss of efficiency 
from this cause might be as much as 20 per cent. In 
the curved nozzles, it was anticipated that the loss 
would be much smaller, on account of the reduced 
velocity of the steam resulting from the larger area at 
entrance, and because, in the curved nozzles, the sharp 
edge was present only on the two shorter sides of each 
opening. To determine the magnitude of the effect, 
the nozzle pipes of both the 20 deg. and 12-deg. large- 
radius nozzles were altered by the addition of brass 
strips at the sides of the opening, so as to round off 
the entrance to the nozzles to a radius of } in., and 
the nozzles were then re-tested under conditions as 
nearly as possible identical with those of the previous 
tests. Transverse sections showing these strips in 
position are given in Fig. 16. 

As will be seen from the mean curves of Fig. 18, 
there appears to be a small, but consistent, increase, of 
an average value of about 3 per cent., in the velocity 
coefficient of the 20-deg. nozzle. In this nozzle, for 
an exit velocity of 1,000 ft. per second, the kinetic 
energy of the steam just after entrance is about 8} per 
cent. of the final kinetic energy of the jet, and a gain 
of $ per cent. in the velocity coefficient (or 0-9 per cent. 
in the efficiency) would indicate a saving of about 11 per 
cent. of the kinetic energy of the steam at entrance. 
Thus, though the amount of the improvement is small 
when expressed in terms of velocity coefficient, it 
represents a saving of a part of the kinetic energy of 

| the steam at entrance, of the same order of magnitude 

as the improvements obtained in the tests of straight 
nozzles. In the 12-deg. nozzle, the ratio of the entrance 
area to the throat area is much larger, the kinetic 
energy at entrance representing only 3 per cent. of the 
final kinetic energy at a steam speed of 1,000 ft. per 
second. It is therefore not remarkable that the tests 
on the 12-deg. nozzle failed to detect any improvement. 
In the actual curves, the mean line for the rounded 
entrance lies very slightly below that for the unaltered 
nozzle, the average difference being less than 0-2 per 
cent. 

(e) Bevelling of Nozzle-Box.—An early feature of 
these experiments had been the discovery of the 
“ flapping” of the jet. This is a diversion and reduc- 
tion of efficiency of the jet which occurs when the 
steam, after leaving the nozzle channels, passes near 
any flattened surface. It had first been noticed with 
an unduly long nozzle-box, which projected beyond 
the nozzle openings towards the plate, and afterwards 
as an effect of the flat surfaces formed by the edges of 
thick unchamfered division plates. Pursuing this line 
of investigation, the Metropolitan-Vickers Electrical 
Company found, in their experiments with a similar 
apparatus, that a similar effect was attributable to the 
lateral flat surfaces flanking the sides of the nozzle 
openings. The Committee carried out further experi- 
ments on the large-radius impulse nozzles with rounded 
entrance. In the normal arrangement, the face of the 
nozzle box on the downstream side formed a flat 
surface extending about } in. on each side of the 
nozzle openings. The sides of the boxes were now cut 
away at an angle of 45 deg., leaving only a sharp edge 
to form the boundary of the steam passage. The 
sketches in Fig. 16 show the altered form of the nozzle- 
boxes. 

With this alteration, the velocity-coefficients given 
in Curve 57, Fig. 16, were obtained. In the 20-deg. 
nozzle, there is a consistent gain in velocity coefficient, 
ranging from 2 per cent. at 400 ft. per second, to 0-4 
per cent. at the -highest speeds. The corresponding 
improvement in the 12-deg. nozzle is smaller, averaging 
about } per cent. over the whole range. The result is 
of interest as showing the extent to which the opera- 

| tion of a nozzle may be affected by circumstances quite 
| apart from the design of the nozzle itself. It is prob- 
able that the steam jet, in traversing the distance 


re plotted in Curves 54 and 55, Fig. 16, and| 12 deg. 0/1 throat nozzle, where it amounts to 1-4 per | which separates the impulse plate from the nozzle, sets 
» 21g g. U/ ’ per | E 


| up violent eddying motions in the surrounding steam, 
‘and that the nature and intensity of these eddies 








depends, to a certain extent, upon the shape of all 
parts of the apparatus in the vicinity of the jet.* 
Thus the apparent efficiency of any nozzle may be 
affected by the shape and dimensions of the apparatus 
in which it is tested, and, in particular, by the form of 
the nozzle-box in which the division plates arc 
held. 

(f) The Temperature Effect.—-Mention has already 
been made in the reports of the effect upon nozzle 
efficiency of changes in the temperature of the steam. 
Before the installation of a gas-fired superheater in 
1926, the degree of superheat was not under control, 
but the variations caused by the supply of steam 
from two different boiler-houses in summer and winter 
made it possible to test each of two nozzles under 
steam conditions differing by some 40 deg. C. as a 
maximum. The results showed a difference of velocity 
coefficient, in favour of the lower superheat, to the 
extent of over 1 per cent. at the lower velocities, but 
diminishing to much smaller values at speeds of 900 ft. 
per second and above. When the superheater had 
been fitted, it became possible to carry out tests over 
a much wider temperature range, the upper limit being 
extended to about 330 deg. C. (603 deg. C. abs.) even 
at the highest steam speeds. Tests have now been 
performed on the 20-deg. impulse nozzle (with rounded 
entrance and bevelled exit face) with initial steam 
temperatures from 125 deg. C. to 140 deg. C. higher 
than normal. The actual temperatures used in these 
tests, and in the previous series at normal temperature, 
are given above the curves, Nos. 57 and 58, in 
Fig. 16. 

One effect of the temperature change is to increase 
the steam speed at the “critical”? pressure ratio of 
0-546 from 1,580 ft. to 1,830 ft. per second. For this 
reason, the curves would, perhaps, be more strictly 
comparable if replotted upon a basis of pressure ratio. 
This process, however, leaves the relative positions of 
the curves in a vertical direction practically unchanged, 
and the comparison can therefore be made almost 
equally well upon the customary basis of steam speed. 
The change of velocity coefficient produced by the 
temperature difference of over 100 deg. C. is small, 
except at the highest speeds, where it attains a maxi- 
mum of } per cent. It will be noticed also that, at 
speeds above 1,000 ft. per second, the higher superheat 
now gives the higher efficiency. This effect is in the 
opposite direction from that previously observed. It 
appears that though an increase in the steam tempera- 
ture may slightly lower the efficiency, a sufficiently 
great increase may neutralise the effect, or even raise 
the efficiency. It may be that a curve of efficiency 
plotted against steam temperatures as abscissee would 
slope upwards on each side of a minimum point. 
Although much further experiment would be necessary 
to obtain a complete understanding of the temperature 
effect, the amount of information already gathered is 
sufficient to show that any change of nozzle efficiency 
resulting from an alteration of steam temperature is 
likely to be of little account in a multiple-stage turbine, 
as compared with the beneficial effect of additional 
superheat upon the efficiency of the turbine as a whole 
by the reduction of the wetness of the steam in the 
low-pressure stages. 

(g) Test of a Set of 2-in. Parsons Reaction N ozzles.— 
The tests on geometrically similar straight nozzles of 
cylindrical form suggested that their efticiency was not 
a function of their linear dimensions, so experiments on 
curved forms of nozzles were made. Mr. K. Baumann, 
of the Metropolitan-Vickers Electrical Company had 
investigated the case of a curved impulse type of nozzle 
in which the linear dimensions only of the nozzle were 
altered in the ratio of 100, 83, and 67, but the only 
tests so far carried out by the Committee which showed 
variation in the size of curved nozzles were those taken 
in 1922 on the l-in. and 3-in. Parsons nozzles. As the 
Research proceeded, the importance of the effects both 
of entry and of exit conditions on the efficiency of the 
nozzle tested in this type of apparatus became more 
established, and it is now doubtful whether these 
results could be considered as reliable on a similarity 
basis. . 

With a view to eliminating, or mitigating, such 
effects, three new nozzle-pipes were constructed to 
carry assemblies of 2 in., 1 in., and 3-in. Parsons 
nozzles. Whilst there would appear to be no reason to 
doubt the reliability of the separate curves obtained, 
the lack of consistency found in the grouped results led 
to a further review of the conditions under which they 
were carried out, and this seemed to indicate that truly 
comparable tests could not be carried out, at any rate in 
this type of tester, upon similar nozzles differing greatly 
in size. It would appear that, for complete similarity, 
not only the nozzles but the whole tester should be 
varied in size, so as to be similar in all cases. 


(To be continued.) 





*® See H. M. Martin, Discussion on Fifth Report, 
ENGINEERING, vol. exxv, page 109. 


petite eins 








[FEB. 28, 1930. 





ENLARGING A BOREHOLE BY 
EXPLOSIVES. 


Aw interesting and unusual boring operation has 
recently been carried out at St. Joseph’s-road Pumping 
Station, Guildford, in connection with an existing 24-in. 
borehole, which was drilled to a depth of 400 ft. On 
testing this borehole, the supply was found to be very 
disappointing, and barely 30,000 gallons per hour could 
be pumped, while to obtain this yield of water, the level 
dropped to 120 ft. below surface. The supply came 
from the chalk formation, which was reached at a 
depth of 200 ft. below surface. 

After discussing various ways and means to increase 
the yield, and it was eventually decided to endeavour 
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to augment the supply by shot firing, or blasting. 
The consulting engineer, Mr. Percy Griffith, M.Inst.C.E., 
contended that far better results would probably be 
obtained if the explosives could be placed, not as is 
usually done, in the borehole itself, but at a spot a 
few feet away. 
chalk would be loosened and driven towards the bore- 
hole, whereas if fired in the borehole, it would merely 
tend to compress the surrounding strata. The most 
obvious method of securing this result would have been 
by drilling a series of boreholes round the existing one, 
and firing off a charge in each. This, however, would 
have been a costly matter, involving many hundred 
feet of drilling, and the desired object was obtained 
far more cheaply and quickly by means of side-tracked 
or deflected boreholes branching off from the main 
borehole, as indicated in the accompanying figure. 

A specially-designed deflecting tool was lowered into 
the borehole, and a 6-in. deflected hole was drilled for a 
distance of 60 ft., starting at a depth of 265 ft. below 
surface. It was calculated that, after drilling 60 ft., the 
deflection had reached a deviation of about 4 ft. out 
of the vertical from the centre line of the borehole. 
A charge of dynamite was then lowered to the bottom of 
the deflected hole and fired electrically. The deflecting 
tool was then raised 20 ft. and turned through an angle 
of 90 deg., and a second deflected hole was put down 
in a similar manner to the first, starting at 250 ft. 
below surface, and a further charge exploded in this hole. 
The deflector was then removed, and a considerable 
amount of debris shelled out of the main borehole. 

The effect of the shots immediately became apparent, 
in that the original overflow from the borehole more 
than doubled, and this was deemed to be such a good 
augury that further deflections were deemed unneces- 
sary, as it was considered that the desired effect had 








The effect would naturally be that the | 





been obtained by the two deflections and shots, which 
were placed in the two most favourable positions, viz., 
in southerly and westerly directions to the vertical axis 
of the borehole. To all intents and purposes, a cavity 
had been formed equivalent to a dug well at tie 
desired spot, where the water was most likely to be 
found, but at a fraction of the cost of a dug well. 
When the well was subsequently tested, an extra- 
ordinary increase in the yield was observed, and it was 
found possible to pump some 76,000 gallons per hour, 
the water level only falling to 65 ft. below surface. The 
tools were designed, and the whole of the operations 
were carried out by Messrs. LeGrand, Sutcliff and Gell, 
Limited, of Southall, London, W. 








THE NEWCOMEN SOCIETY. 


At a meeting of the Newcomen Society, held at 
the Institute of Marine Engineers, on February 19, 
Engineer-Captain E. C. Smith read a paper on “ Pioneer 
Ships of the Atlantic Ferry.” Transatlantic steam 
navigation was established in the years 1838-1840 
by four separate companies. The Atlantic, however, 
had been crossed by steam vessels long before then. 
In 1819, the Savannah, an American sailing ship, fitted 
with a 90-h.p. engine, crossed from America to England, 
but she took 27 days, out of which she used her engine 
very little. In 1827, the Dutch-owned 8.S. Curagao 
went from Rotterdam to Surinam in Dutch Guiana, 
but her tonnage was small, and it was quite out of 
the question for her to steam the whole distance. Six 
years later, H.M.S. Rhadamanthus crossed from Ply- 
mouth to Barbadoes, via Madeira, and, later in the 
same year, the Canadian steamship Royal William, 
crossed from Nova Scotia to Cowes, but her voyage 
also was a long one. Neither of these passages was 
connected with any considered plan for establishing 
regular steamship communication. The real pioiieer 
of the Atlantic Ferry was an American lawyer and 
business man, Junius Smith, who lived in London. 
In 1832, Smith went to New York and back by sailing 
packets, which took 54 days, and 32 days, respectively, 
for the outward and homeward voyages. The following 
year Smith put forward a project for placing steam 
vessels on the route, and, in 1836, he formed the British 
and North American Steam Navigation Company, with 
offices in London, and placed a contract with Curling 
and Young, of Limehouse, for the British Queen. 

About this time, the Great Western Steam Ship 
Company was building the Great Western at Bristol, 
and the Transatlantic Steam Ship Company, of Liver- 
pool, had been formed for purchasing the Liverpool, 
a fine vessel then in hand for Sir J. Tobin. The Great 
Western was the first vessel completed, but, in 1838, 
the London Company chartered the Sirius and the 
Liverpool Company chartered the Royal William— 
not to be confused with the Royal William which 
crossed from Canada in 1833—and in 1838 the Sirius, 
the Great Western, the Royal William and the Liver- 
pool all made passages to and from New York. The 
Sirius and the Royal William were, however, found too 
small for the work and were quickly withdrawn, and, 
during 1839, the service was maintained by the Great 
Western, the Liverpool and the British Queen. 

To these were added in 1840, the ill-fated President 
of the London Company and the Britannia, Acadia 
and Caledonia of the Cunard Company, the last three 
running from Liverpool to Halifax and Boston, instead 
of to New York. Of the three pioneer companies, that 
in Liverpool soon sold their vessel to the Peninsular and 
Oriental Steam Navigation Company. Jn March, 1841, 
the London Company lost the President, and then 
sold the British Queen to Belgian owners, but the 
Great Western continued to run most successfully until 
1846, making, in all, some 74 double passages. The 
British Queen and President, built in London, were 
engined, respectively, by Napier, of Glasgow, and 
Fawcett Preston and Company, of Liverpool. The 
engines of the Liverpool were made by Forrester, of 
Liverpool, and those of the Great Western, by Maudslay. 
Sons and Field. From some manuscripts which at one 
time belonged to Joshua Field, Engineer-Captain Smith 
was able to give dimensions of the ships and their 
engines and particulars of their voyages. All the ships 
had low-pressure flue boilers, working at about 5 Ib. 
per square inch, and side-lever engines driving paddle 
wheels, but the Sirius and British Queen were both 
fitted with Hall’s surface condensers and evaporators. 
From a table included in the paper it was seen that 
the average time for the outward voyage by sail was 
34 days and for the homeward voyage 22 days, whereas 
the averages for the three steam ships were 17 (ays 
and 15 days, respectively. 








Ucanpa Trx.—H.M. Eastern African Dependencies 
Trade and Information Office, Royal Mail Building. 
34, Cockspur-street, London, S.W.1, informs us that 
43} tons of tin were shipped from Bukakata, Uganda. 
during December, making a total of 344} tons f the 
year. 
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HIGH PRESSURE AND TEMPERATURE 
IN POWER GENERATION.* 


By Geo. A. ORROK. 


Tuts history of power generation, in so far as concerns 
the thermal generation of power, is the story of the 
conflict between rising pressures and temperatures, 
and the quality of the materials and machines used 
in the construction of boilers and prime movers. 
Watt, Trevethick and Hornblower knew the advantages 
of working above the atmosphere, but the iron plates 
and hand tools in use at that period forbade successful 
working even at very limited pressures. Perkins, 
who tried a pressure of 4,000 1b. more than a century 
ago. failed from the same cause, as likewise did Evans, 
Albans, and others. In the century that elapsed 
between Watt and Corliss, pressures had only risen 
to 100 lb. gauge, while the work of the earlier experi- 
menters in superheat, following Bourne in 1844, had 
been neglected at that time. By 1885, pressures 
had risen to 125 lb. and another decade brought up 
good practice to 200 lb., which held for many years. 

During this period, iron had been discarded for 
steel, and the open-hearth process had been perfected, 
iron boiler tubes had given place to seamless drawn- 
steel tubes for boiler work, and hydraulic riveters had 
superseded hand riveting. Machine tools working to 
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B.Th.U., while in at least six other stations yearly 
records of about 14,000 B.Th.U. have been obtained. 
More than 25 stations have equalled or bettered the 
18,000 B.Th.U. which was the record in 1922. Attention 
was called in that paper to the advantages to be 
gained by the use of the regenerative cycle, which has 
been adopted in practically all of the later central 
stations. The prospective savings from such arrange- 
ments, estimated in the 1922 paper as ranging from 
1,500 B.Th.U. to 3,600 B.Th.U., have been realised, 
and even exceeded in some cases, as the economy pre- 
dicted for 1,200 lb. and 1,000 deg. F. has been reached 
with 600 lb. and 750 deg. F., showing that the assump- 
tions for losses were quite large. 

Installation costs for high-pressure work have been 
shown to be only slightly in excess of standard con- 
struction costs, in general about 6 to 10 per cent. 
| higher, although a number of authorities have found 
no excess cost. Practically every installation has 
reported commercial savings, but how much of these 
savings has been due to high pressures and tempe- 
ratures, how much to the use of the regenerative 
cycle, and how much should be charged to improved 
operating methods is decidedly uncertain. In base- 
load. stations, the portion of the saving chargeable 
to improved operating methods is comparatively small, 
and in all cases the savings from the use of the regenera- 
tive cycle has been of a larger magnitude. The savings 


TABLE I.—IMPROVEMENT IN THERMAL EFFICIENCY OF STEAM PoWER PLANT. 
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| 
ee PA. Pressure, Temp. Roar heared Act. B.Th.U.| Thermal eee 
Year. | Name. Ib. abs. Deg. F. | = tency, | per kw.-hr. | Efficiency, Remarks. 
| arnot. | eg 
per cent. 
| | 
| | | | 
1770 ..| Newcomen A 15 212 | 2-7 | 416,000 | 0-82 
1810 sate -+| Watt Sal 30 300 | 9-17 | 61,000 | 5-60 
1900 we ..| Wildwood at 215 400 | 20-8 | 19,200 17-75 
1922 ..| Modern 2 265 650 | 35-00 | 18,000 19-00 
1926 ..| Kearny | 355 700 | 53-5 16,800 20°3 Load factor 
| | 0-445 
1926 ..| Columbia... a 565 | 725 H 54°5 | 12,500 27°3 Load factor 
| | 0-600 
1927 ars .| Edgar =e wal 1,215 | 700 53-5 } 14,330 23-9 | Partially high 
| | | pressure 
1929 ..| Holland . 1200 | 750 | 55-4 nee) 6| 6 lot) | gee ee to 
1928 ..| Loeffler es mH 1,700 | 932 | 61-2 tT ee ee ae ee 
1928 ..| Benson a 2,500 | 1,000 | 63-0 | 10,950 |) BAZ} | ive a. 
; | | | | 
TABLE II.—Data or Power Stations. 
Fr r 
| Columbia. | Philo. | Cahokia. | Hell Gate. | Waterside. | Padiham. 
Installed capacity 7 ie f ‘oie 90,000 | 80,000 | 145,000 | 285,000 | 216,000 30,600 
Monthly output million kw.-hr. 48-6 36:07 | 38°57 | 82-9 | 51-4 6-008 
Load factor P per cent. 76-0 71-5 55°7 | 66-0 | 62-0 65-7 
Steam pressure .. Ib. gauge 600 530 304 | 265 200 250 
Steam temperature . deg. F. 730 706 | 700 | | 500 620 
Vacuum .. “> i inch Hg. 29-3 | 29-0 | 29-2 | 28-5 29-5 
Theoretical cycle efficiency .. per cent. 44-0 42-3 39-6 | | 31-5 35-2 
Actual thermal efficiency is per cent. 27-3 | 24-0 20-2 | | 17-2 20-66 
B.Th.U. per kw.-hr., theoretica om wef 7,760 | 8,070 8,620 | | 10,830 9.700 
B.Th.U. per kw.hr. actual fi | 12,495 | 14,250 16,895 | 19,870 16,515 
Station loss B.Th.U. per kw.-hr. ae ai 4,735 | 6,180 8,275 | 9,040 6,815 
Ratio actual efficiency .. a per cent. | 66-6 56-7 51-0 55°3 54-6 58-8 
theoretical | | | 
Year of desi as as es oot 1924 1922 1923 1919 | 1898 | 1925 
Station capacity factor per cent.| 72-7 60-7 35-8 39-4 32-0 26-4 





a thousandth of an inch had been invented, displacing 
the hand lathe and boring bar. Hydraulically-forged 
steel crankshafts had taken the place of the piled 
and hammered, built up, iron shafts of earlier times. 

With the new century came the steam turbine 
and the renaissance of superheat, and about 1915, 
pressures of 400 Ib. were tried out with superheats 
up to 700 deg. F. As fast as materials were perfected, 
pressures rose to 600 lb. about 1921, and 1,200 Ib. in 
1923. To-day we have a number of boilers running 
at or around the critical point, 3,200 lb. Langebrugge 
led in the temperature rise, in 1922, to 850 deg., and 
now Loeffler has used 930 deg. F. for over a year. Tur- 
bines have been constructed that commercially use 
these high pressures and temperatures. Meanwhile 
the metallurgists are working at alloy steels with 
characteristics most suitable to the new pressures 
and temperatures. 

With the rise in pressures and temperatures, the 
thermal economy of the plant has greatly improved. 


In a paper on the ‘Commercial Economy of High 
Pressuc and High Superheat in the Central Station ” 
(A.S.i/.2., Trans., 1922, vol. 44, page 1119), I gave a 
table cf the theoretical and actual economies from 
1770 to 1922. This table, Table I, above, has been ex- 
Pos ‘o show what has been done in the six years 
rat, h 


e elapsed since the presentation of that paper. 

In 1122, the best of the modern central stations 
had been sending out a kilowatt hour on a yearly 
averag’ consumption of about 18,000 B.Th.U. in the 
fuel. ‘Chis has been reduced, in one station, to 12,500 





_* Paper read before the World Power Conference 
Sectional Meeting, Tokyo, Oct. 29—Nov. 7, 1929. 


due to the use of higher pressures and temperatures, | 
apparently, have been smaller than the. theoretical | 
amount. With the lower load factor or peak service | 
stations the reverse has been true, and the largest | 
savings have been those due to improved operating | 
methods, while the regenerative and high pressure and | 
temperature savings have shown secondary values. 
Nevertheless, the fact remains that the best yearly | 
record has been reduced to as low as 12,500 B.Th.U. per 
kw.-h. sent out, which any one or all of the three 
or four high-pressure stations to be put in service | 
will probably better by at least 1,000 B.Th.U. per 
kilowatt-hour. 

If we take the actual cycle on which any station | 
operates, and calculate the theoretical heat efficiency 
in B.Th.U. per kilowatt-hour in base-load service, we | 
obtain another measure of goodness of operation if | 
we know the actual B.Th.U. used by the stations per 
kilowatt-hour over a sufficiently long period, say, one 
year. The difference between these two figures, in 
practice, varies from over 6,000 B.Th.U. to perhaps as 
low as 3,500 B.Th.U. per kw-h. When the difference 
is 6,000 K.Th.U., either the load factor is quite low 
or the operating conditions are poor. Well operated | 
stations show a difference of 4,000 to 4,500 B.Th.U., | 
while the very best examples are usually a little 
below 4,000 B.Th.U. Table II shows how these 
figures run for certain central stations the data for 
which have been published. 

When we know the operating conditions, which 
the load factor and capacity factor show very well, 
we may account for a portion of the discrepancies. 
For instance, when these two factors approach each 
other, as in Columbia, base-load operation is indicated, 








| Tokyo, 





while wide separation, as in Hell Gate and Padiham. 
| show heavy-peak operation. Banking adds to the 
station losses, sometimes as much as 2,500 B.Th.U.., 
while the use of poor coal, as in Cahokia, may easily 
account for 2,000 to 3,000 B.Th.U. It would appear 
that, with well operated base-load stations, the neces- 
sary losses or unutilised heat should not exceed 30 per 
cent. of the heat in the coal, but this is only possible 
when the regenerative cycle is used and a considerable 
percentage of heat is re-circulated. As pressures and 
temperatures are raised, the economical percentage 
of re-circulated heat increases, and the percentage 
of heat rejected in the condenser at the low level 
becomes smaller. 

If we were dealing with one kind of fuel at a fixed cost 
and heating value, the thermal efficiency would coincide 
with the commercial efficiency. Unfortunately, coal 
prices and heating values vary within wide limits, so 
much, indeed, that thermal efficiency becomes no 
criterion of commercial efficiency in the comparison of 
central stations. It is by no means uncommon to find 
stations of widely different thermal economy sending 
out kilowatt hours at the same commercial cost. Fuel 
costs may vary roughly between 5 and 55 per cent. 
of the total charges, fixed and operating, and this 
variation is large enough to account for the wide 
differences in opinion concerning the advantages 
to be secured through high pressures and tempe- 
ratures. 

Given any particular problem, that solution is the 
best which produces kilowatt hours at the lowest 
cost over a term of years. In arriving at this solution, 
cost, heat value and continuity of supply of the fuel 
must be considered. The type of labour and its cost 
is also important, as well as the interest rate, the 
method of handling depreciation and maintenance, 
and the incidence of taxes. 

In the 1922 paper, the suggested limits were 1,500 lb. 
and 750 deg. F. To-day the limits are the critical 
point (3,200 lb.) and at least 900 deg. F., which is 
certain to be soon exceeded. The 12,700 B.Th.U. 
per kilowatt-hour suggested as the maximum thermal 
economy has already been reached at 600 Ib., and 
it is my opinion that a 10,000 B.Th.U. station is 
possible without recourse to binary-vapour devices. 
Commercial economies are a function of coal cost, 
labour cost, and the interest rate, and will always 
vary between wide limits. I do not expect to see 
marked improvements on the figures given in my 
paper on the ‘‘ Economics of Water versus Steam 
Power,” presented at the World Engineering Congress, 
1929. There are, however, some thermal 
and also commercial savings in improving the operation, 
and increasing load and capacity factors that might 
amount to between 2,000 and 5,000 B.Th.U. per kilo- 
watt-hour, and are possible in some conditions. It 
will pay well to locate and overcome these preventible 
losses. 

While the improvement of thermal and commercial 
economy of central stations has been so strongly 
marked in the last decade, the improvement in system 
economies, through the tying in of many communities 


|in one system, taking advantage of the existing 


diversity, has been carried to great lengths in the 
United States. About a dozen power systems, the 
transmission lines of which cover more than one-half 


| of the United States, generate over 80 per cent. of the 


power and serve about 70 per cent. of the population, 
while many of these systems are physically connected 
and could be run in parallel if diversity existed. 
Such arrangements as this make for conservation of 
fuel resources, as well as for cheaper and surer power 
supply. 

In other countries improved system economy has 
been given due consideration and technical and 
financial tie-ups of systems by means of mergers, 
trunk tie lines, and the load-despatching system are 
common and have done much to reduce the cost of 
electrical energy. In Belgium, the possible benefits of 
a unified system of operation of all the power resources 
of the country have been brought out in a comprehensive 
report by Courtoy, and the economies shown exceed 
by far the possibilities of improved thermal cycles. 
Nevertheless, conservation and the ultimate benefits 
coming from the use of power necessitate thermal 
improvement to the point where cost just balances the 
saving. That this point has not yet been reached 
is evident, and the future still holds promise for the 


| engineer. 








SEAMLESS TUBING FOR WIRELESS VALVES.-—The 
National-Harris Wire Company, 195, Verona-avenue, 
Newark, New Jersey, U.S.A., inform us that they are 
now producing seamless nickel tubing for use as cathodes 
in indirectly-heated wireless valves. The tubing is made 
in several sizes, the smallest measuring ts in. in diamete1 
and having a wall 0-0015 in. thick, As may be supposed, 
this very thin wall added many difficulties to the tube- 
drawing technique, and new methods and machinery 
had to be devised to manufacture the product. 
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THE DICOL HEAVY-OIL BURNER. 
| 
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THE DICOL HEAVY-OIL BURNER. 


PROBABLY engineers are more familiar with those 
types of oil burners in which the primary-combustion 
air unites with the oil at the moment of ignition, and 
will recognise in the burner shown in Figs. 1 to 4, on 
this page, a novel method of mixing the fuel and air 
streams before spraying them into the furnace. This 
device, known as the Dicol heavy-oil burner, is the 
invention of an Italian engineer, Mr. Giuseppe Gidino, 
and is being developed in this country by Messrs. Cole 
Dickin and Hills, 18, Essex-street, Strand, W.C.2. 
It is designed to be operated by compressed air, and is 
so simple in construction that Fig. | requires very little 
explanation. There are no moving parts, differences 
in the amount of flame being obtained by regulation 
of the fuel and air supplies. The shape of the flame 
to suit the particular firebox in which it is used is 
determined by the original proportions of the egg- 
shaped mixing chamber in relation to the discharge 
orifices. This relation also determines the capacity 
of the burner to suit different sizes of boiler, indus- 
trial furnace, or other application. The oil pressure 
is usually apout 1-5 |). per sq. in., and its temperature 
80 to 90 deg. C. The air pressure may be about 8 in. 
or 9in. of water. It is claimed that 99 per cent. of 
the thermal capacity of the fuel can be obtained even 
when operating under a gravity feed of oil as low as 
3 ft. head and with a fan for the air supply. The 
maximum can easily be obtained by the use of higher 
air pressures, when an air compressor is used instead 
of a fan. 

The example shown in Fig. 1 is for a small duty, as is 
indicated by the size of the discharge orifice. As will 
be seen, the fuel nozzle is detachable, and is readily 
accessible by uncoupling the air-pipe union. The screw 
near the nozzle carries a small curved baftle plate, not 
shown. It is claimed that very complete carburation 
is o®tained by the changes in velocity due to the shape 
of the mixing chamber. In this connection, some tests 
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carried out by the Institute of Agricultural Engineer- 
ing, Oxford, under the auspices of the Ministry of Agri- 
culture and Fisheries, to ascertain the completeness of 
combustion, may be referred to. These tests were made 
with the burner discharging into a brick furnace 9 ft. 
long with a cross section of 2 sq. ft. and connected toa 
chimney 7 ft. 3 in. above the furnace. Secondary air 
was admitted through a small shutter above the burner. 
The oil used had a specific gravity of 0-910 and a 
viscosity of 149 (Redwood) at a temperature of 60 deg. 
F. The flue-gas analysis showed a CO, percentage of 
16-0 in a number of the tests, with a corresponding 
flame temperature of 2,552 deg. F. The air pressure 
under these conditions was 27 Ib. per square inch and 
the oil pressure 16 1b. per square inch. Another series 
of tests using a fan supplying air at 8-5 in. water 
gauge, showed a CO, content of 15-0 per cent., with a 
flame temperature of 2,606 deg. F. The oil pressure in 
this series is not stated. In the first series, the quantity 
of oil burnt was 3-1 gallons per hour and in the second 
4-0 gallons per hour. The smoke was recorded as being 
‘slight ” in both series. The Ministry’s report states 
that * Under the conditions of the test the combustion 
effected with the burner, when used with the air com- 
pressor, was as nearly perfect as possible. With the 
fan the results from the burner approximate to those 
obtained with the compressor.” 

An application of the burner to a locomotive firebox 
is illustrated in Fig. 2. Tests made on a boiler of this 
type, installed as a stationary boiler, we understand, 
gave a thermal efficiency of 78-5 per cent. and an evapo- 
ration of 14-7 lb. of water per lb. of fuel, from and at 
212 deg. F. The total heating surface of the boiler was 
1,235 sq. ft., the working pressure 93 lb. per square inch, 
and it was unlagged. Natural draught was used and the 
actuating air was at a temperature of 95 deg. F., the oil 
being at 194 deg. F. The diameter of the fuel orifice 
was 15mm. and the oil consumed was 1,364 1b. per hour. 
Tests on a Lancashire boiler with a flue heating surface 
of 957 sq. ft., and a working pressure f 117 lb. per 
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square inch showed a thermal efficiency of 68-9 per 
cent., working at half load. A full-load test was not 
attempted, as only a small burner was available at the 
time. There is little doubt, however, that the efficiency 
would have been higher under full-load conditions with 
an appropriate burner. The oil pressure, in this case. 
was 7:35 1b. per square inch, and the air pressure 11-0 Ib. 
per square inch. The specific gravity of the oil was 
0-9592, and its calorific value 17,825 B.Th.U. per lb. 
The evaporation, from and at 212 deg. F., was 12-7 |b. 
of water per Ib. of oil. 

Another application of the burner is illustrated in 
Figs. 3 and 4. These illustrations show the burner as 
used on a machine for singeing cloth, in which opera- 
tion it has displaced ordinary illuminating gas in some 
cases and petrol in others. In the particular factories 
in which the burner illustrated is installed, we are 
informed that the overall costs per yard of cloth singed. 
including fuel, labour and operating current consump- 
tion, were reduced by two-thirds by the use of oil instead 
of gas. 

Owing to the completeness of the carburation ob- 
tained, the device can be fitted to an internal-com- 
bustion engine to provide an explosive mixture. 
Cars thus fitted are, we understand, now in opera- 
tion, the addition having been made without any 
change in the construction of the engine. The usual 
petrol supply is used for starting, and the heavy fuel is 
then switched over to the engines. The same shape of 
mixing chamber is retained, but the oil-supply pipe 
and baffles are modified, while the discharge orifice 18 
considerably increased. There is an automatic adjust- 
ing device between the oil and air supply pipes. 








MINERALS OF British CoLuMBIA—A small pocket 
book, entitled ‘‘ British Columbia Minerals and Metals : 
their Chief Uses,” has recently been issued by the 
British Columbia Chamber of Mines, 402, Pender-street 
West, Vancouver. 
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THE DIVERSION OF THE RIVER | THE CATADYN WATER-STERILISA- 


ASHOP.* 


By R. W. S. Tuompson, B.Sc., Assoc.M.Inst.C.E. | 


Tue works for diverting the river Ashop into the 
Derwent reservoir form, so far as the headworks are 
concerned, the second instalment of the Derwent 
Valley Water Board’s Works. The first instalment | 
which has been describedt by Mr. Edward Sandeman, | 
M.Inst.C.E., was completed in 1916, and comprised | 
the Derwent and Howden reservoirs and aqueducts | 
conveying water to Sheffield, Nottingham, Derby, 
and Leicester. The river-diversion did not form part | 
of the original scheme of the Board’s works, and it was 
not until 1918 that, on account of unfavourable geolo- 
gical conditions, it was decided to abandon the proposal | 
to construct reservoirs in the Ashop valley and the | 
present scheme was devised. 

The Board’s catchment-area of 48 sq. miles, lies in 
the Peak District of Derbyshire, about midway between 
Manchester and Sheffield, and has an average yearly | 
rainfall of 47 in. The purpose of the Ashop diversion | 
is to divert into the Derwent reservoir the whole flow | 
of the river Ashop, except the largest floods, and ag 
make it available for supply to the towns by gravitation. | 
The river Alport, a tributary of the river Ashop, is | 
diverted into the pool of the Ashop weir by a small | 
intake and water-course a short distance above the | 
junction of the two rivers. The river Alport, when in | 
flood, brings down large quantities of stones and debris. | 
To deal with this the intake has been improved, and 
the present form has been found to be a very satisfac- 
tory solution of a not unusual problem. 

The Ashop weir diverts both the river Ashop and the 
river Alport into the main diversion water-course. 
Constructed of reinforced concrete on a mass-concrete 
foundation, it has its overflow crest 12 ft. above the 
old river-bed. In conjunction with the water-course 
which it feeds, it automatically discharges the balance 
of any river flow which exceeds the capacity of the 
water-course, and does this without any mechanical 
gear. This is achieved by making the under side of the 
roof of the first length of covered water-course on the | 
intended top water-level and with transverse corruga- 
tions, and by the use of a ‘“‘ side weir” and screen on | 
the channel between the weir and the beginning of the 
covered water-course. These features prevent a head 
of 1-30 ft. over the crest of the weir from discharging 
any more water down the water-course than would | 
pass when the water is just level with the crest. A 
length of 600 ft. of crest discharges the maximum flood. 
About 2 ft. of crest-length is provided for every foot 
of frontage, and at the same time the structure is 
economical. 

The water-course is designed to carry 217 cubic feet 
per second, or 117 million gallons per diem. It is 
lined with 5: 1 concrete and is 2? miles long, including 
a tunnel 977 yards long, and a syphon of steel pipes. | 
The water course is largely uncovered and of trapezoidal | 
section with a waterway 4 ft. deep. The covered 
sections have a waterway 7 ft. by 7 ft. in cross section 
with a flat reinforced roof and invert. 

The Ashop tunnel has a waterway of 49 sq. ft., 
but the section is varied somewhat for various reasons. 
Throughout the length the sides are vertical and there 
is an arched roof. The tunnel, which passes through 
much faulted ground and part of a very large, but now 
stationary landslide, required heavy tim bering through- 
out. 

The Ashop syphon is 273 yards long. The steel 
pipes are 6 ft. in diameter and lined with cement | 
mortar applied by hand. The longitudinal joints 
are riveted, and the circumferential joints are run with 
lead. A concrete bridge of two spans of 35 ft. each 
carries the pipes across the river Ashop. 

The water brought by the water-course is measured 
by a Venturi flume. This consists of a stream-lined | 
hump formed on the invert of the open water-course, 
and acts as a stream-lined weir to which Venturi 
meter principles can be applied. The meter has been 
the subject of research by the author, and, it is believed, 
gives the flow to within 1 per cent. of the true value 
over a range between 30 and 217 cub. ft. per second. 
lhe works were first put in use in October, 1928. Their 
total cost is 142,0001., not including capitalised interest. 








BINDERS FOR BRITISH STANDARD SPECIFICATIONS.— | 


A binder intended to hold normally any number up to ten 
Specifications has recently been issued by the British 
Engineering Standards Association, Publications Depart- 
ment, 28, Victoria-street, London, S.W.1. The specifi- 
cations are secured by metal rods, hinged at one end and 
clipped at the other, thus enabling any one specification 


remainder, The outer covers are of stiff boards, and the 
price of each binder is 5s. 





| 
| 
| 
to be detached and replaced without disturbing the | 
| 





.” Abstract of a paper read before the Institution of | 
¢< ivil Engineers on Tuesday, February 11, 1930. | 
* Proc. Inst. C.E., vol. cevi (1920), page 152. 


| that it had to be replaced at short intervals. 


TION SYSTEM. 


Ir is a well-known fact that if water containing 
bacteria is kept in contact for long periods with certain 
metals, such as copper, silver, &c., the bacteria are 
destroyed and the water is thus rendered sterile. 
Attempts have been made to turn this action to 
practical use, but the time required to effect the 
sterilisation has generally proved to be too great, 


difficulties, it is claimed, have been overcome by 
Dr. Georg A. Krause, of Munich, who employs a 
special form of spongey metallic silver in various 
types of sterilisers for domestic and industrial use. | 
In contact with water, the spongey silver, which is | 
known as Catadyn, is said to produce ionisation, | 
by which any bacteria present are destroyed. A| 
minute quantity of the silver is dissolved in the opera- | 
tion, but this is so small, not exceeding, we under- 
stand, 1-5 x 10-7 gramme per litre, that the apparatus 
has a very long life and the taste and smell of the 
water are unaffected. The silver is generally coated on 
earthenware carriers in the form of rings, pellets or 
beads, which can be placed in pitchers, water bottles, 
vacuum flasks and similar vessels for domestic use. 

A definite period of close contact with the silver 
is necessary for sterilisation, although the action 
continues after contact has ceased; also, we under- 
stand, the treated water remains actively germicidal | 
for some months, so that it has the effect of destroying 
any bacteria which may be added subsequently. The 
contact period recommended, in the case of vessels of 
the types previously mentioned, is two hours, but for 
larger installations, suitable for hotels or ships, the | 
silver can be fixed on to quartz-sand grains, the water | 
being passed through a filter bed of this material | 
and subsequently stored for 12 hours before use. The | 
process, it is claimed, can be used for various large- | 
scale applications, such as sterilising the water of | 
swimming baths and of air-washing plants of heating | 
and ventilating systems. | 

We had an opportunity of seeing a number of | 
Catadyn water-sterilising vessels for domestic and | 
travellers’ use at a demonstration given at the | 
Adelphi Hotel, on the 18th inst., under the auspices | 
of the Institute of Patentees. It is, of course, impossible 
to judge the efficacy of such apparatus by a mere | 
inspection. In a bacteriologist’s test of a yt 
pitcher, of 14 litres capacity, a destruction, in two 
hours, of 99 per cent. of the B. coli, originally | 
present to the extent of 4,900 per c.c., was ob- | 
tained; in three hours, there was a further reduction, | 
approaching, but not quite reaching, complete 
elimination. The report including this test was 
signed by Dr. E. V. Suckling, of Messrs. Thresh, 
Beale and Suckling. In a further test, by the same 
authority, water containing 30,000 B. coli per 100 c.c. | 
was passed through a bed of Catadyn sand 5 ecm. in | 
thickness at rates corresponding to those normally | 
employed in slow sand filters and mechanical filters, | 
respectively. The treated water, after standing for | 
24 hours, was examined bacteriologically, and found | 
to contain no bacterium in 100 c.c. Moreover, by 
mixing the treated water in equal proportions with 
contaminated water containing at least 100 B. coli | 
and 100 B. aerogenes per 100 c¢.c., and allowing the 
mixture to stand for a further 24 hours, the bacteria 
were destroyed so that none was present in 100 c.c. 
The process is being handled in this country by Messrs. 
British Catadyn Company, Limited, Sentinel House, 
Southampton Row, W.C.1. 

















CATALOGUES. 


Office Furniture.—Messrs. Libraco, Limited, 62, Cannon- 
street, London, E.C., have issued lists of card cabinets, 
index cards and steel shelving and cupboards with 
dimensions and prices. 

Lifts.—Messrs. Marryat and Place, 40 Hatton-garden, 
London, E.C.1, describe, in a recent number of their house 
journal, special lifts which they have supplied for large 
auction rooms, hotels and theatres. 

Switchgear.—Messrs. Brookhirst Switchgear, Limited, 
Chester, have issued further leaflets illustrating examples 
of their control gear specially designed and made for 
ships’ auxiliaries, textile machines and machine tools. 





Hydro-Electric Plant.—Messrs. Ateliers de Constructions 
Mecaniques, Vevey, Switzerland, have sent us a copy of a 
pamphlet describing a hydro-electric plant using Pelton 
wheels, which they have recently completed in Switzer- 
land. 

Screens.—We have received two catalogues from Messrs. 
Bamag-Meguin (G.B.) Limited, Broadway-buildings, 
London, S.W.1, dealing with self-balanced shaking and 
screening machines, and with perforated plates in sheets 
and segments. 

Ship Stabilograph.—An instrument for indicating 
and recording the stability of ships is illustrated and 
briefly described on a card received from the makers, 











Messrs. Dobbie, McInnes and Clyde, Limited, 57, Both- 
well-street, Glasgow. 

Accumulators.—Messrs. Tungstone Accumulator Com- 
pany, Limited, 3, St. Bride’s-house, Salisbury-square, 
London, E.C.4., have issued a catalogue, giving a full 
description of their batteries, with dimensions and other 
practical information. 

Road-Marking Machine.—A machine for making floor 





| Limited, Brigg, Lines. 
or the metal was found to deteriorate rapidly, so | 
These | 


or street marks, such as guide lines for traffic, is shown on 
a card received from Messrs. National Safety Services, 
It is a hand trolley with a 
marking wheel at one side. 

Tachometer.—A leaf catalogue of their ‘ Piccolo” 
hand tachometer is to hand from Messrs. The Lunken 
Company, Limited, 35, Great Dover-street, London, 
S.E.1. The instrument is supplied for one or four 
speeds ranging from 60 r.p.m. to 24,000 r.p.m. 


Steam Wagons.—The cheapest means of transport for 
stone and other quarry products is discussed by several 
writers in the journal published by Messrs. The Sentinel 
Waggon Works, Limited, Shrewsbury, and figures are 
given to show that the steam wagon is to be preferred. 


Electric Lighting—Messrs. The General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, have sent us illustrations and notes on the 
lighting equipment furnished by them for the Blackpool 
illuminations and another equipment for a large textile 
mill. 

Self-Winding Cable Reel and Lamp.—Messrs. Power 
House Components, Limited, Albion Chambers, King- 
street, Nottingham, have sent in a leaf catalogue dealing 
with a bracket fitted with a self-winding cable reel and 
electric lamp, allowing the lamp to be used over a radius 
of 50 ft. 

Roller Bearings.—We have received from Messrs. The 
Skefko Ball Bearing Company, Limited, Luton, a folder 
illustrating many applications of their spherical roller 
bearings. A copy of their quarterly journal describes the 
application of the firm’s bearings to aero engines, saw 
mills and pulverisers. 

Fluid Meters.—Messrs. Fluidmeters, Limited, Win- 
chester-house, Victoria-square, Birmingham, have sent 
us a leaf catalogue with sectional illustrations of the 
construction of their automatic meter for petrol, oil, &c. 
The rise and fall of a float actuates inlet and outlet valves 
and also recording apparatus. 


Pulverised-Coal Firing.—Messrs. Edward Bennis and 
Company, Limited, Little Hulton, Bolton, Lancs, have 
issued a new catalogue giving a detailed and illustrated 
description of their simplex unit system of preparing and 
firing coal dust. Several successful installations in the 
United States are briefly described. 

Handling Plant.—We have received from Messrs. 
Demag Company, Duisburg, Germany, a copy of their 
current quarterly publication containing descriptions 
of machines for railway-truck tipping, bucket loading, 
coke-oven charging, electric hoists for foundries, and a 
25-ton railway locomotive crane with oil-engine drive. 


Substation.—The four main transformers and general 
mechanical equipment of the Bienne substation of the 
Swiss Federal Railways are described by the makers, 
Messrs. Brown Boveri and Company, Limited, Baden, 
Switzerland, in the English edition of their technical 
journal issued from Trafalgar-house, Waterloo-place, 
London, 8.W.1. 

Special Steels.—Messrs. Hadfields, Limited, Sheffield, 
have issued two further catalogues dealing with special 
steels for resisting heat and corrosion. These catalogues 
contain amplified information on the special purposes 
for which the steels have been found suitable, and every 


| effort is made to explain the methods of working such, 
|as machining, welding, &c. 


Synchronous Motors.—From Messrs. Westinghouse 
y fg 


| Electric and Manufacturing Company, East Pittsburgh, 


Pa., U.S.A., we have received a catalogue describing 
their type H.R. low-speed synchronous motors, which 


|are made for all usual voltages and frequencies. <A 


catalogue of starters for synchronous motors of 30 h.p. 
to 200 h.p. has also come to hand. 


Motor-Car Accessories.—Messrs. B.E.N. Patents, 


| Limited, 92, Tottenham Court-road, London, W.1, have 


issued leaf catalogues of two new accessories, viz., 
a radiator filler valve and a tyre-repair unit. The 
latter is motor driven by a flexible shaft for operating 
circular rasps and other tools, and is supplied with 
either pedestal or bench mounting. 

Remote Controls.—Messrs. Escher Wyss and Company, 
Zurich, Switzerland, publish, in their technical periodical, 
an account of the control gear they have constructed for 
operating a hydro-electric plant from a distance of about 
a mile. The controls and automatic governing mechan- 
ism are described in detail. The Pelton wheel used in 
this plant has a maximum output of 898 h.p. 

Accumulators.—Messrs. The Young Accumulator Com- 
pany (1929) Limited, Arterial-road, New Maldon, 
Surrey, have issued a catalogue containing much interest- 
ing explanatory matter about accumulators for lighting, 
starting, wireless, &c., on shore and afloat. The company 
claim that their paste preparation eliminates sulphation 
of the plates and quote test results in support of this. 

Expansion Tubes.—We have received from Messrs. 
Ernest Fairbairn, Limited, 92, Cannon-street, London, 
E.C.4, catalogues of the expansion tubes made by 
Messrs. Franz Seiffert and Company, Berlin. The tubes 


are supplied in straight lengths, bends of usual angles 
and in expansion bends, suitable for working pressures 
of about 280 Ib. and 450 Ib. per square inch, and 
temperatures up to 400 deg. C. The tubes are seamless 
and the largest standard diameter is 500 mm. 























‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 

SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned, the Specification is not 


illustrated. 

Where inventions are communicated from abroad, the Names, «&c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 18. ¥ 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, HOLDERS, PRODUCERS, &c. 


317,257. E. West, Miles Platting, Manchester, 
and West’s Gas Improvement Company, Limited, 
Miles Platting, Manchester. Vertical Retorts. 
(3 Figs.) October 11, 1928.—The invention relates to 
coke extractors for vertical retorts, and particularly to 
coke extractors of the type comprising a coke chamber | 
beneath the retort with a table lowered in the chamber to | 
allow of the filling thereof with coke from the retort, and | 
with a door adapted to extend across the top of the coke | 
chamber to support the charge in the retort whilst | 
discharge from the coke chamber is being effected. 
The table a within the coke chamber 6 is carried by two | 
screws c, d, one at each side of the coke chamber, which | 
screws thread through nut-like parts e upon the table 
ends. The screws are rotated by pawl and ratchet gear 
to cayse the gradual descent of the table whilst coke is 
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longitudinally-divided internal race sleeve a and | operated by the exhaust steam from the low-pressure 


a 
ine 


divided locking rings or nuts d which screw on the | cylinder 4 of the reciprocating engine 1, the tur 
tapered ends of the race sleeve and secure it firmly upon | being directly coupled, or coupled through gearing, 
the shaft 6 to be supported in the bearing. According | to an electric generator 7, the current from which 
to the invention, each divided locking ring or nut d, | supplies a motor 8 directly coupled to, or geared to, the 
which is formed with a removable segment e, is grooved | shafting 9, preferably at or near the tail end of the 
| shafting. According to the invention, the turbine 5 is 
provided with a section 17 adapted to be operated by 
| steam at the normal boiler pressure, which section may 
be employed for operating the auxiliary plant when the 
| main engine 1 is stopped or the supply of exhaust steam 
is insufficient, such section being also available for 
| operating the propeller shaft 9 so as to keep the vessel 
under control in event of accident to the reciprocating 
engine 1. The arrangement of the motors and the details 
| of construction would be varied in accordance with the 
type and size of the ship to which the invention is applied, 
—(Sealed). 
MISCELLANEOUS. 


317,926. T. R. Cave-Browne-Cave, Cardington, 
and H. Wood, Cardington. Preventing Propaga- 
tion of Flame Combustion. (3 Figs.) June 1, 1928, 
—The invention relates to devices for preventing the 
propagation of flames in conduits for combustible gases. 
According to the invention, a flame arrester is composed 
of a pack or series of annular dises or washers | of con- 
ducting material, arranged with thin passage-ways 











filling into the coke chamber from the retort above and | On its end face, the groove f extending partly or wholly | 
the rapid ascent of the table after the coke has been | around the face of the ring to receive a locking insert g 


discharged from the chamber. Attached to each end of | which fits in the groove and locks the parts firmly | 


the table, and passing over pulleys f above the upperend 
of each operating screw, is a steel belt g, which is weighted 
at h at its free end, so that as the table is lowered the | 
belts are pulled downwards within the coke chamber to 
protect the screws from the hot coke, whilst they are 
withdrawn by the weights as the table is raised. _The door | 
i, which is adapted to extend across the top of the coke | 


Fig.f 


| 
| 
| 
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(17257) 


chamber to support the charge in the retort when the 
coke chamber is being emptied, is of curved form, having 
its axis of curvature coincident with the axis j, about 
which it is moved to its service and out-of-service 
positions. It is passed through a slot or gap & in one 
side of the coke chamber, and, due to its shape and circular 
movement, does not merely project across the coke 
chamber, but extends in an upward direction in such 
chamber as shown in dotted lines in Fig. 3, when in its 
service position with its outer face against the wall of 
the chamber remote from the door axis. When in its 
out-of-service position, the door is contained within a side 
chamber or compartment m. It is moved to its service | 
position by the chain n. The extractor table a@ is dis- 
posed at an angle, and, when in its raised position, is 
tangential to the door ¢ so that there is but little space 
between the two. Diopping of the retort charge when 
the door ¢ is withdrawn to allow the charge to be carried 
by the table a is therefore minimised. The discharge 
door 0 upon the coke chamber is preferably a_ loose 
plate carried by chains p and counter balanced by weights 
q for ease of manipulation. Jacking screws r are attached 
to the plate and are threaded through a beam s, which 
engages lugs ¢ cast on the coke chamber when the door is 
in position for locking. When the locking screws are 
siackened back the door can be readily removed. 
(Sealed. ) 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 


317,588. W. H. Jones, Stoke-on-Trent, and 
T. Rowbotham and Company, Limited, Stockport. 
Roller Bearings. (4 Figs.) June 28, 1928.—The in- 
vention relates to roller bearings of the kind comprising 





| combined with bridges 19 parallel thereto and extending 


together, thus forming the whole into a strong assembly | 
of equal dimensions without any protruding portions. | 


(Sealed.) 





MINING, METALLURGY, &c. 


318,748. H. S. Knowles, Sheffield, and W. 
Burkinshaw, Birley Carr, near Sheffield. Furnaces. 
(5 Figs.) September 12, 1928.—The invention relates 
to furnaces of the reverberatory type. According to 
the invention, in a furnace of the reverberatory type, the 
combustion chamber is divided into a number of com- 
partments 13, 14, 15 by ported walls or partitions 18, 








Fig. 
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LLL between adjacent discs and clamped between flanges 3, 

19 14 18 15 SJ 4 on adjacent lengths of an internal-combustion engine 

~~ 19 induction pipe 8, the pack being surrounded by an outer 

YZ, y ML 3 gas-supply chamber 13 communicating with the outer 
wo VY Ly peripheries of all the inter-disc passage-ways. The pack 
s surrounds an inner chamber 12 communicating with the 








24 inner peripheries of all the inter-disc passage-ways and 
with each pipe length. (Sealed.) 


320,239. Liquid Measurements, Limited, Park 
Royal, and F. Hammond, Park Royal. Separating 
Impuritiesfrom Liquid. (2 Figs.) October 15, 1928.— 
The invention relates to means for separating impurities 
from liquid stored in tanks. According to the invention, 
means for separating impurities from liquid stored in 


; | 20 
tanks comprise a pump 1, the suction pipe 22 of which is in- 


(318748) | serted into the tank 35, a vessel 6 connected to the pump 




















above the port outlets 20, and air is supplied to the space 

between each wall or partition 18 and its bridge 19 

below the ports. A flue or passage 22 is formed parallel | 
with and below the space between the chamber wall 18 

and its bridge 19, and jet openings 23 are provided between 

the flue and that space. The flue 22 is extended upwards | 
in one of the furnace walls at the end of the bridge, as 

indicated at 24, and nozzles 24 are provided for injecting 

superheated isteam or air into the flue extension. 

(Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


317,115. W. Hinchcliffe, Higher Bebington, and 
J. Scott, Bootle. Propelling Machinery. (1 fiz.) 
May 9, 1928.—This invention relates to marine engines 


























be 239) 


discharge 3, and a return pipe 11 from the discharge | 0! 
the vessel 6 connected to the tank 35 through a pipe 30 
that is coaxial with the suction pipe 22 of the pump. The 
outlet 18 is surrounded by a filter 19. It is a feature o! 
the invention that the apparatus has no connection with 








and ships’ propelling machinery of the kind comprising 
a reciprocating multiple-expansion engine 1, the crank- | the atmosphere, the suction and return pipes being sealed 
shaft of which is coupled directly to the propeller | jnto the storage tank for the purpose of forming a ¢-0se¢ 
shaft 9, and a turbine 5, and condenser plant 6 system. (Sealed.) 
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THE INFLUENCE OF BRITISH MOTOR 
TAXATION ON PETROL - ENGINE 
DESIGN. 

By H. 8. Rowe nt. 

THE following paper was written in response to a 
request from a committee of a society of motor 
manufacturers, and it is therefore desirable to 
indicate briefly the terms of the request. An 
impartial review was required of the present and 
future influence on design of the existing tax and 
horse-power formula, and it was suggested that the 
present form of car taxation might be compared 
with taxation by volume. Political and commercial 
considerations were not required, so much as the 
technical aspects of the matter. Thus, the paper 
deals with only a limited portion of the car-taxing 
problem. It is believed, however, that some 
conclusions of considerable novelty and interest have 
been reached. 

The first part of the discussion deals with stroke : 
bore ratio, and, by three independent lines of reason- 
ing. it is shown that the existing tax has not affected 
the ratio of stroke to bore. This result justifies 
the subsequent use of similar engines as a means of 
argument. Taxation formule in France, Germany 
and Italy are then considered, and these three 
Continental taxes are compared, in one graphic 
diagram, with the British tax. From this compari- 
son, it appears that the British tax is not only, in 
veneral, the highest of all, but that it bears unfairly 
on small engines in general and on small multi- 
cylinder engines in particular. In order to compare 
these four different national taxes directly, it was 
necessary to bring them to one common basis, viz., 
volume. To preserve the argument, the soundness 
of the volumetric basis of horse-power rating was 
therefore established. Incidentally, the Treasury 
horse-power formula is analysed and shown to be 


badly founded on obsolete data and dubious 
reasoning. 


In the writing of the paper, the main object in 
view has been to present a clear argument in a 
simple form. Mathematical calculations have been 
restricted to the limits of very elementary algebra, 
and, in each case, the results of the calculations are 
rendered into words, so that anyone so wishing may 
pass over the algebra without seriously breaking the 
thread of the argument. 

The British car tax is at the rate of 1/. per annum 
per defined horse-power, and the horse-power, H, 
of an engine of n cylinders, each of 6 inches bore, is 
rated or defined by the Treasury (or R.A.C.) formula : 


n 6 


H 5-z Or 0-4n b°. 


«V0 


It follows that this rating defines a horse-power as 
1-9635 sq. in. of piston area, and the tax is therefore 
a tax on piston area at the rate of 10-186 shillings 
per square inch. This is equivalent to a ground 
rent of 6601. per square yard per annum. In the 
rating formula, the stroke of the engine is ignored, 
and it has been generally assumed that this form of 
rating and taxation would strongly encourage engines 
of high stroke: bore ratio. It will be shown that 
this assumption is not correct. 

In cities where ground rents are high, buildings 
are taller, asa rule, than in rural districts where land 
ischeap. But country dwellings are more frequently 
of two storeys than of one, and it is obvious that | 
ground rent is only one of many factors that affect 
the design of buildings. The roof, for example, costs 
almost the same no matter how many floors it 
Not only has it been argued that the 
R.A.C. rating would lead to the development of long- 
stroke engines, but it has been demonstrated mathe- 
matically, and otherwise, that short-stroke engines 
are better than long-stroke engines, and that the 
R.A.C. rating was therefore an obstacle or handicap 
to good design. | 

One of the most reasonable discussions of the 
long-stroke versus short-stroke engine is that given 
by Mr. P. M. Heldt in Automotive Industries for 
February 26, 1927. Two engines of equal volume 
are considered, the one with equal stroke and bore, 
the other with stroke: bore ratio= 2. Using 
des ifie sizes, e.g., 3-5 3-5 in one engine, and | 

ae 5 in the other, and taking average | 


covers. 





| 
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(a) Both engines will develop the same power at 
the same speed. 

(6) The long-stroke engine will weigh 
more than the short. 


slightly 


and somewhere between 1 and 2 the collective 
efficiency would be a maximum. Where precisely 
the maximum occurs would depend on the various 
figures of merit chosen, but, fortunately, as in most 


(c) At the same speed, the inertia forces are questions of maximum effect, the variation near 


slightly greater in the long-stroke engine. 

(d) At the same speed, unit loads on piston-pin 
and crank-pin bearings, due to inertia, are materially 
smaller in the short-stroke engine. 

(e) With crankshafts of about the same diameter, 
corresponding critical speeds are higher in the short- 
stroke engine. 

(f) It is possible to use much larger valves in the 
short-stroke engine. 

(g) The short-stroke engine can be run safely at 
higher speeds of revolution and develop more power. 

(h) From the standpoint of fuel economy, the 
long stroke may have a slight advantage, but hardly 
sufficient to be detected by means of commercial 
instruments. 

With Mr. Heldt’s conclusions no one can easily 
disagree, except on the one ground that they may be 
misleading. He begins with a title on the effect of 
stroke : bore ratio. He then analyses the main 
differences between a square engine and one with a 
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Then he states conclusions 
for a long as against a short engine. This, of course, 
is bad logic. All that follows from Mr. Heldt’s 
analysis is that the square engine is, on balance, 
better than the 2:1 engine. Using Mr. Heldt’s 
methods, the 2:1 cylinder block weighs 297 as 
against 271 for the square engine. But an engine of 
equal capacity with a stroke : bore ratio of 1-5 
would, on the same basis, have a block weighing | 
only 260. 
bore ratio is better than either the long or short. 

Before it can be stated whether a long or short 
stroke engine is the better, the question must first 
be answered—better for what % Moreover, there 
should be a clear definition of the terms long and 
short stroke. No one would advocate a stroke: 
bore ratio of 5:1 or of 1:5. Both would give 
absurdly inconvenient shapes and each would have 
its own peculiar disabilities. The 5:1 engine 
would have enormous cranks, tall cylinders, very 
small pistons and a large crankcase. The 1:5 
engine would have very large pistons and therefore 
large gas-pressure loads, so that the crankshaft 
with its bearings wide apart would need to be very 
heavy. These two absurd extremes are instructive, 
as showing that, for all-round advantages, the stroke : 
bore ratio must have some intermediate value. 

If figures of merit could be assessed for the 
various attributes of an engine, ¢.g., power, cost, 
speed, weight, &c., a collective efficiency or merit 


stroke : bore ratio of 2. 


the optimum point is very sluggish, and so a good 
deal of latitude is open to the designer. 

As a relief from this purely deductive speculation, 
we may turn to indisputable facts. Analysing the 
measurements of British, French, German, Italian 
and American car engines, in respect of stroke : bore 
ratio, we find the remarkable result given in 
Table I. 


TABLE I. Stroke : Bore Ratios of Car Engines. 

Description. E salon Lowest. Average. | Highest. 
| = 

British cars, Olympia 1928 74 1-30 1-53 1:77 

French = 1928 47 1-20 1-53 1-84 

German Berlin, 1928 53 1-18 1-517 1-79 

Italian  ,, oe 1928 26 1-18 1-537 2-00 
U.S. » Olympia 1928 46 1-08 1-426 1-675 


The striking fact in this table is that British, 
French, German and Italian car engines, taxed by 
four entirely different methods, have, for all practical 
purposes, the same average stroke: bore ratio. 
That these average values are reliable has been 
verified by constructing frequency or distribution 
curves. The great majority of the cars all lie 
close round about the mean value. It may also 
be remarked that the highest and lowest values in 
Table I have little significance, because they usually 
apply to one or two abnormal cars. Thus, the 
lowest British figure is 1-30 for the Rolls-Royce 
Phantom, but the Rolls 20 has a ratio of 1-50. 
The highest in the Italian is the Ceirano, an obvious, 
but almost solitary, tax-evader. 

Those who argue against the long-stroke engine, 
which they assert has been created by the British 
horse-power tax, frequently adduce as evidence 
the engines of commercial vehicles, of aeroplanes, 
and of motor-cycles. These have never been 
affected by an engine tax. Taking such sets of data 
as were available, we have the results given in 


Table II. 


TABLE Il.— — for Engines of Commercial Vehicles, 
) 


} 
Aeroplanes and Motor ¢ 'ycles. 


| 
| 
| 
| 


| ‘ . 
Description. Ps kll Lowest. Average.) Highest. 
| 
| 
| 
| British trucks, Olympia 
| 1927 = a a $9 1-10 1-383 1-85 
| German trucks, Berlin | 
} 1928 “f 7 + 61 1-15 1-435 1-875 
Aeroplane engines (six 
| nations)* : : 74 0-90 1-283 1-80 
| German motor-eyele  en- 
vines, 1928 . “a 26 0-83 1-130 1-47 


* From Marks Airplane Engines. 

It is clear that Table II is radically different 
from Table I, and there are special and good reasons 
why this should be so. Motor-cycle engines have 
not only limited head room, but they are often on 
the two-stroke cycle, requiring a short cylinder for 
good scavenging. Moreover, they are predomi- 


For many purposes, the medium stroke ; | nantly single-cylinder engines, in which smoothness 


and balance are assisted by the short stroke. And 
further, they have a high power: weight ratio, 
usually nearly 2 c.c. per pound, so that slow-speed 
pulling is an easy problem. In aeroplane engines, 


again, special conditions influence design. The 
main requirement is power per unit weight. This is 


achieved by using the cylinders as frequently as 
possible, and since this means high rotative speeds, 
the stroke: bore ratio is made shorter. It is, 
perhaps, of interest to give the ratios of some of the 
leaders, viz., Napier Lion, 0-93; Maybach, 1-06 
and 1:09; Hispano-Suiza, 1-07 and 1-08; and 
Rolls Royce, Condor Eagle and Falcon, 1-36, 1-44 
and 1-44, respectively. It is very striking that the 
Maybach aero-engine should have a stroke : bore 
ratio of 1-06, whereas the 7-litre car engine by 
the same maker has a stroke: bore ratio of 1-79; 
this in a country where the tax is simply by volume, 
and in a car wherein tax must signify little. 

In Table II, truck engines are shown to be shorter 


Weights of parts from actual practice, Mr. Heldt| curve might be constructed somewhat as in Fig. 1.| than the car engines of Table I, at least on the 
Zero stroke: bore ratio would give zero value, | average. 


arrived at the following conclusions :— 





This is most easily explained, with 
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satisfaction, by turning to the American so-called 
Stock engine, of which 155 were listed in Auto- 
motive Industries Statistical Number for February 
18, 1928. These stock, or proprietary, engines are 
made by such specialists as Buda, Continental, 
Lycoming, Stearns, Waukesha, and Wisconsin. 


Analysing these 155 engines (but ignoring the Powell- | 


4 . . & . . 
“ver e > wW 9. em 
Lever engine with p Tatio 2 4) gives 


The lowest ratio 1-05 
+» average ,, 1-306 
highest ,, = 1-730 


The great value of these stock engines, as an object 


of study, lies in the fact that not only are they | 


very numerous, so affording statistical data, but 
they are made by experts in competition for a keen 
market, and without any appreciable taxation 
influence. Detailed analysis of these 155 engines 
reveals a ‘‘ law” which is apparent in all the other 


groups, namely, that stroke: bore ratio decreases | 


as the engine becomes larger. This variation is 
shown graphically in Fig. 2, which is plotted from 


Table ILI. 


8 7 . , = . 
TABLE IIT.-— ; Ratio for American Stock Engines. 
, 
. . ; ' Ss 
Diameter of bore from 2} to 3} in. } 1-40 
2 
" BR, 32 1-38 
4 «te 1-27 
a , & 5 SE 1-22 
9» 6 ., 6F 1-18 
over 7 in. * 1-16 


From Fig. 2, the very systematic variation of 


ratio with engine size is brought out. So far 


8s 
b 
as limiting averages are deducible, it would appear 
that the average ratio would range from about 
1-5 to 1-15. From this it would appear that the 
*‘ shorter’ engines of commercial, vehicle engines 
are “‘short”’ not because of taxation immunity, 
but because the engines are bigger. ‘The same reason 
explains why American car engines are propor- 
tionately shorter than the British and Continental 
car engines ; 
While this may be a fact, it is not a satisfactory 
reason. Why should big engines be more square 
than small engines? There are many influences. 
Large engines, particularly truck engines, used, 
at any rate until recently, in the great majority of 
cases, cast-iron pistons. 
durability on the one hand, and because of expan- 
sion troubles—slap, leakage, &c.—on the other. 
Iron pistons being heavy, the stroke is reduced to 
lessen vibration. 

In small passenger vehicles there are many points 
in favour of the longer engine. There is more room 
for the valve springs, tappets, &c; and, within 
limits, the extra cost of adding length is dispro- 
portionately small. 
so in an engine, the cylinder-head, piston, valve 
heads, and seats remain unchanged; the extra 
length of cylinder block, connecting rod, valve 
stems, &c., costs very little. The most expensive 
increment is in the crankshaft, and this is a further 
reason why big engines are better with shorter 
strokes. Big crankshafts are very expensive, more 
especially for long-stroke engines. Moreover, in 
small passenger vehicles, the requirements are not 
wholly for high-speed full-power operation ; much 
of the work is done at low speeds and part load. Here 
the long engine has an obvious advantage, tax or 
no tax. Valve areas are notin demand, and inertia 
forces are small at slow speeds. With agmall piston 
acting on a long crank, there is a small force acting 
at a good leverage, which is the obvious and sensible 
way in which to apply a slow-speed turning moment. 

These are only a few of the considerations that 
enter into the matter; the analogy of the building 
and ground rent is very helpful in illustrating the 
complexity of the problem. But, in regard 





calculations are sufficient to ridicule real 
importance that may be attached to it. 

Consider how much taxation can be saved by an 
increase of stroke : bore ratio. A designer wishes to 
use an engine of a given volume, say, 2 litres, 


any 


to fix the ideas, Assume that were he quite 
free of taxation influence, he would use the ratio 
é > . 

3 1-426, the average for American cars at 
? 


Olympia in 1928. How much would he need to 


because they are bigger in bore. | 


This is because of required | 


As in a building with its roof, | 


to | 
taxation influence on stroke : bore ratio, very simple | 


| increase the stroke: bore ratio in order to save 
|15 per cent. in taxation. If the two possible 
|; engines are of bores b, and b, and strokes s, and 8», 
respectively, then since the volumes are equal 


8, b,? = 8 b,*. 
| The taxes t, and ¢, will be as the squares of the bores 
i, bf 8 
| ty b es 
| The stroke : bore ratios 7, and r, will be in the ratio 
| Ty 8b, 6° 
un) So b, b= 


| From which it follows that 


cy 


1/ 


"1 


(ar 


t, ro 


To 


so that if: 


i 
In short, to save 15 per cent. of tax, say, two or three 
the stroke: bore ratio must 
}increased by 27-5 per cent. or from 1-426, the 
American average figure, to 1-82, an 
|abnormal ratio. If a saving of 20 
per cent. of tax is attempted, the 
| ratio must be increased by 39-76 per 
‘cent. from 1-426 to 1-994. As an 
|extreme example, it can be shown, 
| that the tax saved in changing from 
a square engine, to an engine of 
equal volume but of 2:1 ratio, is 
only 37 per cent. ‘To save one-third 
of the tax the stroke : bore ratio must 
be almost doubled. 

With all these facts in mind it is 
difficult to accept the view that the 
British tax has produced long en- 
gines. The main cause of the longer 
engines in Britain, France, Germany 
and Italy is because these countries 
have been forced to use small en- 
gines, and the chief agency at work 
in this is poverty. The form of the 
tax, which is different in all the four 
great European countries, is of far 
less importance than its intensity, 
and this again is of less effect than 
the whole general burden of motoring 
costs, combined with depressed indus- 
trial and commercial activity. But 
while exonerating the British tax in 
regard to stroke : bore ratio, it must 
not be understood that any justifica- 
tion is offered for the tax. A less 
logical scheme could hardly be pro- 
duced by apparently logical processes. 

Before proceeding to expose the 
fallacies of the British Rating For- 
/mula, it may be useful to collect, in 


~ 


pounds a_ year, 
97 


| 


17 





Tax, £ per Litre 
a 


a 


|concise form, the rating methods of 
Germany, France and Italy. 

The German tax is the simplest 
and makes no mention of horse- 
power. A flat rate of 138-0 marks (6/. 15s. 3d.) per 
litre of swept volume is imposed for 1929. 

The French tax is probably the most just.in that 
it takes account of the first canon of taxation— 
ability to pay. The French tax is, in effect, based 
on the litre, which is defined for cars as 5-73 h.p., 
and then a graded scale is laid down, ranging from 
72 frs. per horse-power for small cars to 144 frs. 
per horse-power for very large cars. 

The Italian tax is very complicated and not easy 
to justify, except on “ability to pay” principles. 
The horse-power is defined as H = 0-08782 N v®-64!, 
where v =the volume of each cylinder in cubic 
| centimetres, and N is the number of cylinders. 
|The tax per horse-power is then on a_ heavily 
graded scale, which can be expressed as 


3  -=#5\2 
2 (H ‘ 3)" 


ax in lire per litre is 


3 
1 


(1830.C.) 





Tax in lire = 86 


| from which it follows that the t 
lire 90167 
litres Nv 
The British tax can be compared with these three 
Continental systems by writing it in terms of volume, 
thus 


. 439 p—-345 


—()-3082 
y—03082, 


11-56N 


£79-1 


Tax £ 
Litres s 
where s is the stroke in centimetres. Or 


be | 





assumed equal to 1-5, then the tax per litre is 
ons N 
5-571. (=) 
V is the volume in litres of the entire engine swept 
volume. 

These four tax systems are shown graphically in 
Fig. 3. It will be seen that the British and Italian 
systems are a tax on number of cylinders and, in 
effect, a tax on a direction of progress which has 
proceeded steadily all over the world in almost every 
branch of engineering development. A still more 
striking fact is that the British tax favours big 
engines of one or two cylinders, again a handicap 
against efficiency and natural development. 
| The chief crossing points in Fig. 3 may be noted for 
| purposes of reference as follows :— 
| 1. The British tax exceeds the French tax for 
engines of 
2 evlinders, Jess than 3-9 litres total volume. 

4 5-6 
TO «3 


1 
3 Sv 
, where N is the number of cylinders and 
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Fig. 3. BRITISH, FRENCH, GERMAN & ITALIAN CAR TAXATION 
“RATE OF EXCHANGE: £1/= 92-5 LIRE=124 FRANCS 


' =20-4 MARKS. 
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Engine Capacity, Litres 


2. The British tax exceeds the German tax for 
engines of 


A 


eylinders, less than 1-1 litres total volume. 
ue 


” ” 2-3 > 2 
6 ee ” 3-4 Cis . 
8 $5 *9 4-5 ,, % 
12 .” ” 6:8, ” 


3. The British tax exceeds the Italian tax for 
engines of 


2 cylinders, less than 6-0 litres total volume. 


* ” 4:9, ” 
6 as 9 4-1 99 ” 
8 or Es 3°55 ” 


From these figures, and from the curves, it is 
clear that the British tax is the heaviest of all 
on engines of the most usual type and size. Instead 
of the British tax inflicting a handicap, as is com- 
monly supposed, on large engines, it bears on them 
lichtly. But on the small engine of the light car it 
is a heavy burden. The Austin 7, for example, 
pays 10/1. ‘8s. per litre, whereas the Chandler and 
Graham Paige sixes pay 61. 4s. 6d. per litre, and the 
Rolls Royce and Bentley sixes pay 5/. 13s. per 
litre. The Maybach 7-litre car would pay only 
4l. 14s. per litre in Britain, as against 6/. 15s. 3d. 
in Germany. 

In comparing the four taxation systems in Fig. 3, 





it should be noted that no account is taken of the 
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’ 
cranes and two hoppers on each side quay. Railway | 
wagons are discharged by hand direct into the ports 
from a track each side of them. 

There are two underground conveyors on each | 
unloading quay, with the belts travelling towards 
the centre line of the front warehouse ; that is, the 
warehouse nearest the loading quay. These dis- 
charge on to a short inclined conveyor at right angles 
to them, which, in turn, discharges into a vertical 
elevator. This part of the system can be clearly 
made out in Figs. 2, 3, and 5, on Plate XXI. The 
elevator discharges at the top of the warehouse 
into three chutes fitted with selective control gates, 
and visible in Fig. 8. One of these leads directly 
on to a belt conveyor which runs along the lantern 
of the front warehouse, while the other leads to a 
transverse conveyor in a gallerv which, in turn, dis- 
charges on to a longitudinal conveyor in the lantern of 
the back warehouse. The purpose of the third chute 
may be neglected for the moment. The arrangement 
of conveyors and chutes will be clear from Figs. 3 
and 8. The longitudinal conveyors, as shown in 
Fig. 3, extend for only half the length of the ware- 
house, but the entire length is, of course, covered 
since there is an elevator at each end. There isa 
travelling discharger on each conveyor, which dis- 
charger runs on rails carried on girders. The space at 
the sides of the girders is open, with the exception of 
a gangway, to the warehouse below. The discharger, 
which has two chutes, travels automatically along 
the helt and distributes the potash on to the floor 
of the warehouse below in any required position. 
This operation is shown taking place in Fig. 11, 
on the opposite page, and is usually continued until 
the warehouse is filled to the roof, as shown in 
Fig. 12, the distribution being assisted, when neces- 





sary, 
visible in the latter figure. 

In both of the last-mentioned figures, the travel- 
ling scraper, used in the removal of the potash from 
the warehouse, is prominent. 

hese scrapers in each warehouse, their function being 

to drag down the potash from the several heaps 
into the central longitudinal opening in the floor, 
below which runs a belt conveyor. This is shown 
in several of the figures, but its relation to the 
scrapers, as well as the construction of the latter 
itself, is best seen in Fig. 13, page 308. The scrapers 
are of the monorail type, with power-driven wheels 
at the bottom of the column and both vertical and 
horizontal guide wheels at the top. The jib. which 
earries the scraping blades on an endless chain, can 
be raised from a horizontal to a nearly vertical 
position, and may be rotated through a full circle 
in plan. 

As will be realised from Fig. 13, the weight of the 
jib is balanced, to some extent, by the driving motor 
and gear boxes on the platform to the left, but, as 
the centre of gravity is naturally altered by its 
vertical movement, the alteration is compensated 
for by the balance weight seen below the motor. 
This weight is connected to the hoisting ropes and 
runs upon rails having a parabolic curvature. It is 
stated that this arrangement results in very little 
pressure on the top guide rails, and makes the 
structure very stable. The scrapers, like the other 
apparatus in the plant, are electrically driven, and 
the controls are grouped together at a convenient 
height above the floor level, so that one attendant 
only is needed. Operation by hand is also provided 
for. The scraping blades are of steel, and alternate 
ones have plain and serrated edges, respectively. 
The manner in which the potash is dragged down 
to the central opening will be clear from Fig. 12. 
The opening is closed by portable wooden covers 
when the warehouse is being filled, which covers 
are removed as the work of scraping down the potash 
progresses. 

Before proceeding to trace the course of the 
potash after it leaves the warehouse, it would be 
as well to return to the consideration of the third 
chute at the top of the discharging elevator at 
each end of the warehouses, and here Fig. | should 
be again referred to. In the centre of the figure 





will be noticed a seven-storey building, from each 
side of which, and at about the level of the top of 
the warehouses, extends a long covered gallery 
parallel to the unloading quay. This 
houses the elevators connected with the warehouse 


building 





by the portable extensions to the chutes | 


There are three of | 
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UNLOADING CRANES AND TRAVELLING HOPPERS. 


discharge conveyors, a sack-filling plant and some , as seen at the right hand of Fig. 1, page 305. One of 


other apparatus, while the galleries contain belt 
convevors. Ports in the gallery walls permit the 
belts to be put into communication with short 
transverse conveyors carried in the three travelling 
bridges which are seen spanning the wharf. 
Telescopic chutes from the bridge conveyors lead 
into the ship’s holds. This part of the plant will 
be dealt with in more detail later. The central 
building and the longitudinal galleries may be readily 
identified in Fig. 2, Plate XXI. From this it will 
be seen that the galleries have two floors, and that 
the one on the left hand contains two belt conveyors 
while that on the right contains only one. Future 


additions will comprise an upper conveyor in the | 


right-hand gallery also, but, at the moment, we 
are concerned with the lower ones only. These 
are in connection, by means of suitable transfer 
chutes, with belt conveyors housed in the small 
transverse galleries joining the ends of the longi- 
tudinal gallery with the top of the front warehouse, 


i there being two to each warehouse, with a dir 


these galleries and its conveyor, with the three chutes 
from the end elevator. previously referred to, are 
shown in Fig. 8, Plate XXI. The purpose, then, of 
the third chute, which was not given above, is to 
transfer the potash from the elevator to the trans- 
verse belt conveyor which discharges on to the 
longitudinal conveyor and thence to the steamers 
alongside the quay. This arrangement enables 
two vessels to be loaded at once direct from the 
barges ; that is, one from the barges at each unload- 
ing quay. This method, however. is but rarel) used 
by itself. It is capable of loading vessels at the 
rate of 400 tons per hour. ; 
The more general method, namely that of loading 
vessels from the warehouses, may now be consic red. 
As already stated, the longitudinal discharzing 
convey« rs extend down the centre of the warehouses, 
tion 
of travel towards each other so that they can 
discharge on to the centre transverse conyeyors 
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which run to the sack-filling building. There are 
three of these conveyors arranged in parallel, the 
material being distributed on to them by a triple 
chute, shown in Fig. 3. They discharge to 
three vertical elevators, indicated in plan in Fig. 4. 
The centre conveyor and elevator is 
chiefly for the sack-filling plant, the 


as 


two side 


ones being employed to deliver the material on | 
to the conveyors in the longitudinal galleries. a | 
| 232 in. to 274 
at speeds varying from 3-3 ft. to 4-9 ft. per minute. | 


function which is performed by inclined transverse 
belt conveyors terminating in the top storey of 
the building at the points distinguishable in Fig. 2. 
At these discharge ends, are two systems of chutes 
leading down to the belts, one, in the form of the 
letter X, and the other vertical. The first system 
discharges on to the lower belts, and the second on 
to the left-hand upper belt; ultimately it will do 
so on to a right-hand upper one also. It will be 
noticed that the lower belts are provided with 
doubls discharge chutes, the direction of 
travel of the belts is reversible, while the upper 
belt has a single discharge chute, the belt travelling 
from the centre outwards only. When vessels are 
being loaded in bulk direct from the unloading 
the lower belts travel towards the centre, 
the chutes and the travelling bridges being arranged 
to suit the position of vessels at both the left-hand 
tiht-hand sides of the quay, the top belt not 


$c 


quay S3 


and 


being used. When, however, vessels are being 
loaded from the warehouses, a much greater flexi- 
hility is available. Thus, by using both elevators, 
both top and bottom belts are available on the 
eit-hand side, the lower belt then travelling from 
the tre outwards, or the top belt and the right- 
hand ver belt can be used to cover the whole 
- t loading quay by means of the left-hand 
CleY 

Fy this arrangement it follows that, as at 


sent! arranged, ships on the right-hand of the 


juay can be filled from the left-hand half 
of tl iehouses, and later the converse will be 
poss Suitable controlling gates are, of course, 
Proviced in the system of chutes from the elevators. 


FIttinc WAREHOUSE FROM OVERHEAD CONVEYORS. 


In pormal working, 


intended | 


Fie. 12. 


00 tons of potash can be 
shipped per hour by using one top and one bottom 
belt, but this can be increased to 500 


of which it can be temporarily diverted from its 


tons per | 
| hour by the installation of a short conveyor between | 
| the chute system and the central elevator, by means | covers a very wide field. 
| for buildings of all kinds to come into the category 





EMPTYING WAREHOUSE BY TRAVELLING SCRAPERS. 


THE ENGINEERING OUTLOOK. 
X.—CONSTRUCTIONAL ENGINEERING. 
‘constructional engineering ” 


Tir expression 
The modern tendency is 


normal purpose of feeding the sack-filling plant | of constructional engineering, inasmuch as they are 


to that of assisting the bulk-loading of vessels. 


in., according to position, and travel 


increasingly of the larger and heavier type built 
The conveyor belts are of different widths, from | round a steel frame, which has the advantage of 
| Strength and greater speed in erection. 


Both as regards buildings and the erection of 


The three longitudinal conveyors in the loading | bridges and other steel structures, the constructional- 


gallery are each 410 ft. long, and altogether there 
are 35 belt conveyors with something like 


total length of surface, not counting the return | 
About 3,000 sets of supporting | rationalisation of industry is likely to call for a good 


surface, of course. 
rollers are employed. 


The present capacity of the plant is 7,200 tons | 


of potash handled a day of eight hours. This 


figure is made up of 4,800 tons shipped in bulk | 
by both the direct transfer and the stock transfer | 
systems working together, 800 tons shipped in | 
sacks, and 1,600 tons unloaded from barges and | 
railway wagons into the warehouses. The addition | 
f a second top main discharging conveyor and | 
bridge will increase the bulk | 
The | 
sack loading and barge unloading figures remaining | 
the same. the total handling capacity will then | 
The shipment figures | 
indicate the present and future potential possibilities | 


a fourth: travelling 


shipping capacity to 6,400 tons a day. 


amount to 8,800 tons daily. 


of loading vessels in a very short space of time, 


while the unloading figures show that the ware- 


housing capacity is well over the output of the | 


mines. 
(To be continued.) 








GEOLOGICAL SURVEY OF East AFRICAN COLONIES. 
The Director of Geological Surveys of Uganda is now 
visiting Kenya for the purpose of making a preliminary 
survey in Southern Kavirondo. 
with the Kenya Government, 
joint geological survey of 
Tanganyika Territory. 


of a 
and 


the 
Kenya, 


inauguration 
Uganda, 


He will also discuss, 


| engineering industry has had a busy year ; neither is 
7,300 ft.| there any indication that this activity is likely to 


flag in the near future. Any tendency towards the 
deal of new construction, as well as the elimination 
of obsolete buildings, while, in London alone, the 
replacement of older buildings by more capacious 
ones is fostered by the high value of land to an 
extent that creates an important demand for this 
branch of engineering. A further important source 
of activity is the reconstruction of bridges in this 
country, side by side with the widening and improve- 
ment of roads. Road improvement is one of the 
most obviously necessary activities of the present 
time, and, being one which provides a large amount 
of employment for a given expenditure, it is not 
likely to be overlooked from political consider- 
ations. 

As constructianal engineering is not a “ manu- 
facturing’ industry in the usually accepted sense, 
it is not possible to examine this branch of engine- 
ering in the same manner as other branches. It is 
not possible to study imports and exports over a 
period of years and compare the fluctuations. It is 
possible, however, to form a very fair opinion of the 
state of the industry by the study of employment 


| statistics made available by the Ministry of Labour. 


Statistics of this nature were not separately dis- 
tinguished until the year 1923, but it is considered 
that this is a sufficiently long period to give a satis- 


| factory impression of the trend of the industry. 








Table I shows a very considerable expansion in 
the number of workpeople insured and employed in 
constructional engineering during the past seven 
years. The number insured has increased regularly 
every year, with the exception of the year 1928, 
in which, for the first time, the statistics relate only 
to persons between the ages of 16 and 64. From 
such evidence as is available, the comparable figures 

TABLE 1.—National Unemployment Insurance Statistics. 
Constructional Engineering. 





| Number 
Employed. 


Number 
Unemployed. 


Number 
Insured. 





July rg 1923 2,816 
28, 1924 2,861 
27" 1925 3.044 
26, 1926 4,212f 
25, 1927 1,857¢ 
23, 1928* 2,146t } 
22, 1929* 2,287t 





* Aged 16 to 64. t Excluding temporary stoppages. 
and 1928 would have shown a con- 


Although this branch of industry 


between 1927 
siderable increase. 





is not one in which older persons tend to find employ- | 


ment, it may therefore be said with confidence that, 
since 1923, the record of the number of persons 
employed in the industry is one of uninterrupted 
progress, and that the true figures for 1929 are higher 
than they would appear from the official statistics. 
As regards unemployment, the year 1927 showed 
very low figures, as a result of special activity in 
overtaking arrears of the 1926 stoppages. 

Apart from this, unemployment compares favour- 
ably with other years in the table, and is at a satis- 
factory low level. The result of these movements 
in the numbers insured and unemployed is that the 
number employed in 1929 is a record figure since 
these statistics were first available. For the future 
it may be anticipated that the upward movement 
will continue. The need for reconstruction in this 
country should in itself be a guarantee of continued 
activity in this branch of industry. Unfortunately, 
it cannot be expected with any confidence that such 
work will be put in hand as rapidly as would be 
justified by our economic circumstances. It may 
be, however, that a considerable fillip will be 


received from Government works for the relief of | 


unemployment. Apart from home demand, there is 
a valuable export business which it is impossible 
to measure statistically, especially in Empire 
countries, which is likely, to be stimulated in the 
coming year. On the whole, it may, therefore, be 
concluded that the year 1930 will be one of continued 
expansion for constructional engineering. 
CONCLUSION. 

The main and most easily defined branches of 
the engineering industry have now been examined 
individually, but it would be incorrect to suggest 
that the industry, as a whole, has been reviewed 
without taking into account the very consider- 
able group of industries embraced by the term 
‘general engineering.” This term covers such a 
wide variety of commodities that it would be idle 
to attempt a detailed analysis on the lines followed 
in the case of the well-defined branches of the 
industry. 
be found in employment statistics. 

In the first place, figures are available of employ- 


ment in the principal engineering centres from a | 


sample investigation, as shown in Table II. 


TABLE IT. 


Une vempl nyment in General Enginec ring. 





Numbers | | Index, July, 
Employed 1914 100. 
1914, July | 52,541 100-0 
1918 - 
1920, May 102-2 
1923, Feb. 41-8 
Oct. 54-5 
1924, April 53-6 
Oct. 60-7 
1925, Mar. | 67-0 
Oct. oe $s niall 66°38 
1926, Mar. .. a% “ * 65-7 
Oct... ‘é ~ Be 62-1 
1927, Mar. 65-8 
Oct. 66-9 
1928 Mar. .. ' - ¥% 63-1 
Oct. .. =% o al 63-7 
1929 Mar. | 32,848 62-5 
Oct. 33,005 62-8 





But an excellent index of activity is to 


| 


| July 23, 1923 690,180 139,348 
o 3 352,35 93,657 
649,150 


From this table it would appear ‘that the position and the fact that they 
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of stagnation which set in after the post-war slump | would be unwise to read too much into them. 
From the extent of the sample it | may, however, be said with some confidence that 


continues. 
would not, however, be justifiable to conclude that 
the position was worse in the country as a whole in 
1929 than in 1928, nor, perhaps, that there was any 
appreciable improvement at the end of 1929 as 
compared with the beginning of that year. In 
addition to these figures, the official statistics in the 
Unemployment Insurance Tables of the Ministry of 
Labour are also available. 


TaBLeE III.—National Unemplcyment Insurance Statistics. 
Engineer’s Tron and Steel Founding and Consiructional 
Engineering. 


| Number 
Employed. 


Number 
Unemployed. 


Number 
Insured. 





80, 956 
639,450 é 
627,850 
609,420 
614,990 





* Aved 16 to 64 





Table III would appear to indicate a movement of | 
greater significance. Last year it was suggested 
that the decline in the numbers insured, which has 
been in progress since 1923, had reached a low level, 
beyond which it was unlikely that any further 
contraction need be expected. The figures for 
1929 show a definite upward movement and, | 
together with a decline in unemployment, produce 
a satisfactory improvement in employment. Having 
regard to the vast field covered by these figures, 
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only relate to one week, it ' possible. 
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Page 305 ) 


Fig. 13. 





“ENGINEERING” 
It 


the decline in general engineering was definitely 
arrested in 1929, and that, in the absence of unfore- 
seen catastrophes, these industries may be expected 
to continue building up in the year 1930. 

Since the first article of this series was written. 
very little has happened to induce a more hope- 
ful outlook for the engineering industry in 1930 
than it then seemed reasonable to entertain. The 
most important favourable event has been the 
reduction of the Bank-rate to 4} per cent., but this 
may not be sufficient to dispel the general gloom 
which has prevailed since the Wall Street collapse. 
A further reduction, while not impossible, may prove 
difficult in the near future, owing to the tendencies 
of foreign exchanges which have developed during 
the last few days. The persistent and world-wide 
decline in commodity prices continues, and, by its 
depressing influence on the countries mainly inter- 
ested in the production of raw materials, in 1 pairs 
many of the most valuable markets of the engine- 
ering industry. 

It is difficult, at the present moment, to appreciate 
the significance of the United Empire Party and its 
probable effect on the political situation. It may 
be hazarded, however, that its effect will rather 
be on the results of the next General Election, when 
it comes, than in expediting or retarding its date. 
As far as the year 1930 is concerned, nothing can be 
|adduced to alter the uninspiring forecast o! the 
prospects for the engineering industry which was 
offered two months ago, namely. that it may at 
| best hold its ground while a distinct recess!o” is 
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The position may therefore be summed up as | tion of German eile Works for a display 
follows :— of textile machinery, apparatus for the preparation 
The activity of the industry as a whole con-|of food, internal-combustion engines, pumps, 
tinues to be considerably below that which prevailed | instruments, and fittings of various kinds. Hall | 
hefore the war. | No. 7 also houses the stands of the non-association | 
There is an almost imperceptible movement | machine tool manufacturers. Hall No. 11 contains | 
towards recovery in most branches, but it is very |a display of woodworking tools, welding apparatus 
slow and embarrassed by the keenest foreign|and foundry plant, while such heavy electrical | 
competition. |equipment as is shown, together with lighting 
3. The progress of rationalisation, by which | | fittings and heating and cooking apparatus, is to be 
recovery might be expedited, has been extremely | |found in Hall No. 10. Electro-medical apparatus is 
slow and fitful in this country, which has been | exhibited in Hall No. 5, and wireless co as 
outstripped in this respect by its competitors. well as commercial vehicles, in Hall No. 
4. Such help as has been given to the heavy | No. 12 is occupied by exhibitors of mca motor | 
industries by de-rating is likely to be more than | cycles, bicycles, products of the rubber and asbestos 
counter-balanced by the increased burdens upon | industries and sanitary appliances, as well as by 
industry, which must be imposed in the coming |a special display of raw and finished ferrous and 
Budget to cover increased expenditure on social | non-ferrous metals, while the gas industry is 
services. represented in Hall No. 4. Hall No. 13 is devoted 

5. Within the industry the prospects of industrial | to boot and shoe making machinery. Hall No. 
stability and peace are less certain than thev have | is used for advertising pleasure resorts, Hall No. 2 for 
been in recent years. Any recurrence of industrial | the exhibition of plans of towns, indicating where 

| 
| 





disputes would be fatal to an industry of which the | industrial sites are available, and Hall No. 3 for 
progress is poised so precariously. inventions and novelties. These three buildings 
are grouped round an open-ended quadrangle, 
where — plant and agricultural machinery 
LEIPZIG FAIR. | are shown. Hall No. 19, which was opened last 
| year to house an exhibition of building material, 

In his Tour through the Island of Great Britain, | ; ibis 

| hi is already been found inadequate for the purpose, 
Defoe remarks that Sturbridge Fair, an event 

land a new hall, known as No. 20, has therefore 
which was held annually near C ‘ambridge, was not | : : : . 

; ot toes an | been built on to it. This will eventually have 
surpassed by‘ any of its Continental rivals, and | x. See ¥ Soaks "ae 
sue the Salis gives first place to Leipzig. }an area of 13,000 sq. m., of which 5,000 sq. m. 
al — * haar already been constructed. With Halls No. 
| 
| 
| 








bc hen. Defoe published his book in 1724, Leipzig 121. ; : ; Py 
Voie Ihad sleet nd: aniatatienee ohana: titeeeeen (0 1, it forms a quadrangle on which plant con- 
: ‘ : Soke SNES J.’ | nected with the building industry is being shown. 
and, in 1930, there is every indication that it is 
likely to continue for as lone es age ee In addition, another new hall, named Stahlbau, has 
again, even "8"! been erected for showing the application of steel in 
Sturbridge Fair has become nothing more than a | ; Pr 7 ‘ 
| building construction. Finally, Hall No. 18 is used 
name. Without enquiring too deeply into the | ; t af nes . a3 
reason for this, it may be mentioned that the latter | ae Se Seis eee sntageny: See yremeets 
of their country. These, however, are not of an 
was largely concerned with agricultural produce, | esi 
so that it declined with the decline i in that industry, | jengineering character. A large amount of rosd- 
and as a result of the de-centralisation of markets | making and other plant is shown in the open air. 
which improved methods of transport nas The Fair opened on March 2 and continues 
about. The former, on the other hand, from dealing until March 12. It must be obvious, therefore, 
mainly with textile goods, glass and hardware, | |that both the time and space at our disposal are 
has become an important engineering exhibition, |inade quate to deal in detail with all the exhibits. 
and has more and more assumed an international | We shall, therefore, describe a few typical products 
character. These changes have been accompanied | only, and devote ourselves mainly to machine tools. 
by an almost phenomenal growth, especially in | These form a display, the undoubted success of 
recent years. The Samples Fair is now housed in| ¥ hich should give British manufacturers serious 
39 buildings in the centre of the town, while the | f00d for thought and action, especially as we are 
Technical Fair occupies 17 halls in special grounds informed that ne xt year it is intended to make 
on the outskirts, as against four in 1913. Last | this part of the Fair international by inviting 
year the Fair was attended by 165,000 visitors, exhibitors from all countries. It will be inter- 
of whom 28,660 were foreigners, including 2,680 | ting to see how we conenys. SEEN SUE ocme 
British, and there were over 10,000 exhibitors, | P@tison. In quality and design there is little to 
about one-third of whom were housed in the Tech- | 2® feared, but in price and selling ability much. 
nical Fair. The present year seems likely to mark} The machine tool display is organised by the seven 
an increase in all three figures. The international | German associations, and, on the present occasion, it 
character of the Fair is indicated by the fact that, includes the products of no less than 290 different 
on the present occasion, Austria, Chili, China, | firms. It covers automatics of various types, bend- 
(zechoslovakia, Denmark, France, Japan, Italy, | ing machines, sheet-metal working machines, drills 
Xussia and Switzerland have all organised exhibits | of the most varied patterns, lathes, milling machines, 
under Government control, and that some forty hammers, glass-working machines, planers, wood- 
British firms or associations are showing with the working machines, riveters, presses and punches, 
assistance of the Association of British Exhibitors. | straightening machines, pipe-working machines, 
(he majority of the latter displays are, however, | hot and cold saws, shears and grinders, in addi- 
of a non-engineering character. Even so, the| tion to a number of tools and accessories which 
exhibition fully retains its Teutonic characteristics. | have been designed for special purposes. These 
Che growth of the Technical Fair, to which we | tools show a general tendency towards an increase 
have drawn attention, has naturally necessitated | both in size and speed of operation, while, as 
he provision of increased accommodation. Fortu-| regards the drive, more and more machines are 
nately, a considerable area of land was available | equipped with separate electric motors for each 
on the site that has been utilised since 1920,| motion, the control of which is effected by push 
ind it has therefore been possible to erect addi-| buttons placed conveniently to the hand of the 
onal buildings without undue crowding or de- | operator, sometimes at more than one position on 
‘racting from the appearance of the exhibition| the machine. The employment of built-in and 
uunds. Care has also been taken to preserve an| flange motors is also increasing, though the alter- 
‘hitectural homogeneity, and the result offers| native of belt-drive from line shafting is gener- 
‘n example which might be followed elsewhere. | ally provided in the case of the smaller equip- 
*y far the most important of these buildings is| ment. A number of the machines exhibited are 
Hall No. 9, which houses the exhibits of the | equipped with some form of hydraulic transmission, 
‘serman Association of Machine Tool Manufacturers. | and the employment of chucks operated by com- 
last year, these exhibits overflowed into Hall No. 7, | pressed air may also be noted. Increased accessibility 
‘hich, in 1928, had been used for a display of | to all parts is another point that may be mentioned, 
" reel motor vehicles. This year, even more | and lubrication, combined with automatic distribu- 
he space in that hall is occupied by the former | tion, is becoming centralised. There seems to be 
s of engineering products, the remainder, as | hardly any sphere of production for which some 
veil as Halls No. 8 and 21, being let to the Associa- | standard or special machine has not been provided, 
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and it is hardly to be wondered at that this is the 
most crowded part of the Fair. 

Turning to individual exhibits, we may first deal 
with an example of ~ drilling machines that are 


| being shown. Fig. 1, on page 310, shows one of the 


several models whic : are being exhibited by Messrs. 


| Franz Braun A.-G., of Zerbst, and has been specially 
| designed for use in railway workshops, shipyards and 


other places, where the work has to be drilled with a 
series of holes of the same size. Particular attention 
has been paid to simplicity in design and reliability 


}in operation, with the result that the machine 
Hall | can safely be handled by unskilled workmen. The 


column is cast in one piece with the base, the 
housing and arm being also a one-piece casting. 
The arm is capable of rotation through the full 
360 deg. To facilitate this movement, the thrust 
and support bearings are of the ball type and 
are supplemented by two adjustable rollers in 
the base, the latter also running on ball bearings. 
The housing can be clamped in any position by a 
lock, which is operated by a hand lever. The 
length of the arm is 1,800 mm., and it is designed, 
so that its deflection is a minimum. The spindle 
is driven by a vertical motor mounted on the saddle, 
as shown in the illustration. The position of the 
saddle on the arm is adjusted by a hand wheel, which 
is fixed to the same spindle as the lever by which 
the upward and downward movements of the drill 
spindle are controlled. The movement of the saddle 
is facilitated by the employment of specially designed 
guides, and by mounting it on rollers which run on 
ball bearings. The drill spindle is balanced and is 
supported in a bearing of unusual length, the axial 
thrust being taken up on totally-enclosed ball bear- 
ings. The vertical feed is power operated, through 
worm gearing and a rack, -while a rapid motion is 
provided for quickly raising and lowering the 
spindle. The clutch is of the claw type and over- 
loading is ensured against by a safety device. 

This main motor, in the model exhibited, is of 
the direct-current type, and enables eleven speeds 
between 360 and 900 r.p.m. to be obtained by the 
use of only two gear wheels. The feed varies from 
0-225 mm. to 0-5 mm. per revolution. When the 
machine is used for tapping, three further gear 
wheels are necessary, and these can be brought into 
engagement while the spindle is running. The gear 
wheels themselves are of hardened chrome-nickel 
steel. The distance between the outside of housing 
and spindle, when the saddle is run out to its farthest 
extent, is 2,300 mm. (7 ft. 64 in.), the drill radius 
then being 2,500 mm. (8 ft. 23 in.). On the other 
hand, the minimum radius for drilling is 475 mm. 
(1 ft. 644 in.), while the maximum height from the 
ground to the lower edge of the drill spindle is 
1,200 mm. (3 ft. 11} in.). The drill spindle can be 
adjusted vertically through a range of 300 mm. 
(1143 in.). 

When first introduced, the direct motor drive 
for machine tools was confined to the largest models, 
but a fuller appreciation of its advantages soon led 
to its adoption for tools of moderate size. Recently, 
there has been a tendency to employ this form of 
drive for quite small machines, and although, of 
course, a direct motor-driven tool must be more 
expensive than a belt-driven model, the extra cost 
is probably more than offset, in many cases, by the 
greater convenience in operation and the increased 
output. This tendency is well illustrated by the Key- 
stone shaping machine, shown in Fig. 2, page 311. 
This machine is being exhibited at the Fair by 
Messrs. J. Emrich, G.m.b.H. of Miihlacker, and has 
a stroke which can be varied from zero to 7-3 in. 
It is suitable for a wide variety of work, as three 
alternative methods are available for holding the 
latter. The machine is stated to be capable of 
highly accurate work, and should therefore be of 
considerable value for precision work in the tool 
room. It can either be supplied for bench mount- 
ing, or complete on a cast-iron pedestal, the latter 
being fitted with a convenient tool box. The 
machine is built to accurate limits, and spare parts 
are obtainable when required. 

As will be clear from the figure, the motor is of 
the flange type, and is bolted on the side of the main 
frame. The motion is transmitted to the ram 
through gearing, the wheels being of chromium steel 
with machine-cut helical teeth. The ram slides 
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| 
| 
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between hardened steel adjustable ways, and the 
usual slot and clamp are provided for adjusting 
the position of the tool with respect to the work. | 
The tool holder can be set at any required angle. The | 
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inward stroke of the ram is the working stroke, the 
cut being thus in the direction of greatest rigidity 
with respect to the table. Other advantages result- | 
ing from the inward-cutting stroke are that the 
operator can more readily set the tool to any 
markings on the work, and that there is no danger 
of the cuttings being thrown into the operator's 
face. The depth of cut is regulated in the usual 
way, by a handwheel and screw at the top of the 
tool holder. The work can either be held in a 
swivel vice, on a dividing head, or on a slotted 
table. These three units are permanently mounted 
on the machine. As shown in the figure, the vice is 
in the working position. By releasing a catch, 
either the dividing head or table can be swung to the 
top and locked into position. The block carrying 
the three units is supported on a bushed pin of large 
diameter, and is secured by a disc plate and nut at 
the front. The block slide is provided with vertical | 
and traversing motions, which can be operated 
either automatically or by hand. The speed of the 
motor can be varied to give any number of strokes 
between 60 and 100 per minute. The machine is 
fitted with cup-type lubricators throughout, and 
all the more important bearings are of the conical- | 
roller type. 
The same firm are showing two other small 
shaping machines and a steel band saw. One of the 
shaping machines is belt driven from counter-shaft- 
ing, while the other is driven by a belt from a motor | 
housed in the back of the stand. The band saw is of | 
the precision type, and can be arranged for either | 
belt or direct motor drive. 














The multiple-spindle dovetailing machine illus- 


trated in Fig. 3, on the opposite page, is being shown E 
> Peovere s ; Fie. 1. Raprat Dritt; Messrs. Franz Braun A.-G. 


by Messrs. Béttcher and Gessner, of Altona-Bahren- | 
feld, whose products are handled in this country by | 
Messrs. Interwood, Limited, 326, Old-street, London, | perform this operation, the table is given a swing- 
E.C.1. The machine is of the direct motor-driven | ing movement in addition to a cross traverse, the 
type, and not only the main driving shaft, but all of |two movements being performed automatically. 
the spindles, run in ball bearings. Owing to the short | To prevent damage to the mechanism in case the 
distance between the spindles, considerable in- | table movement should become deranged, owing to 
genuity has had to be exercised in the design of | the presence of chips or foreign bodies, a safety 
the frame to obtain room for the bearings, but it is | device is provided in the driving gear. The 
claimed that the ball races not only reduce the | moulding depth is adjusted, by means of a hand 
power required, but avoid the necessity for frequent | lever, to suit the thickness of the wood, and 
renewal of the spindle bearings. The spindles run|the exact position of the rounding off of the 
at 6,000 r.p.m., and are inter-connected in groups | dovetail is fixed by suitable stops, which are 
by means of spiral gearing. Each group is driven | set by means of a handwheel provided with a 
by spiral bevel pinions from a horizontal shaft, the | millimetre scale. The timber is held in position by 
pinions being of hardened chrome-nickel steel. It is | four clamps in the twenty-five spindle machine 
stated that the wear on the gear wheels is quite neg- | illustrated, so that, if the sides for shallow boxes 
ligible, practically no signs of wear being observable | are being cut, four pieces can be dovetailed at the 
on the wheels of a typical machine after two years of | same time. The pieces are held by eccentric clamps 
constant use. The horizontal shaft referred to is} which are connected to the four levers visible at 
direct coupled to the driving motor, which is mount- | the top of the machine. The dovetailer can be 
ed at the left-hand end of the machine, as shown supplied with a two-part table for holding bent wood. 
in the figure. The entire drive, including the bevel | In this case, the top table plate is removable, and 
gears, spindle gears, and ball races is contained in | suitable templates are fitted on the lower part of the 
a common dust-proof and oil-tight casing. An|table. The machine can be equipped with direct 
oil pump, built into the spindle frame, provides | motor drive for either direct-current or alternating- 
the necessary lubrication. The spindle frame can | current supplies, or with pulleys for belt drive. An 
be moved laterally to and fro while working, by | alternative machine is available with hand, instead 
means of cams operated by levers. This movement | of automatic, table motion. 
can be accurately adjusted to enable the dovetails! As an example of the very numerous types of 
to be cut to the exact depth required, so that any | lathes for all purposes which are being shown at 
reduction in the size, following a regrinding of the | Leipzig this year, we may refer to the turret lathe 
cutters, can be readily compensated. The main | jllustrated in Fig. 4, on page 312. This is being 
movement of the table is entirely automatic, so that | exhibited by Messrs. Magdeburger Werkzeug- 
the machine can be operated by an unskilled worker, | maschinenfabrik A.-G., of Magdeburg, and is 
after the initial set up, and work of very uniform interesting from the fact that the spindle is driven 
quality produced. through a hydraulic transmission gear, giving a 
The drive for the autcmatic movement is taken | continuously-variable speed range up to a ratio of 
through a gear-box from the main motor shaft,) 1:60. The maximum speed is 1,500 r.p.m. The 
two speeds being obtainable. The actual recipro- | regulation of the spindle speed, and also the opera- 
cating movement is effected by a cam, the drive | tions of stopping and starting, are effected from the 
being started by a foot lever, visible in the figure, | operator’s position at the centre of the machine. 
and being automatically disengaged after a com-| Another novel feature is that, when facing is being 
plete revolution of the cam. The female portion | carried out, the cutting speed is automatically 
of the dovetail is formed with a rounded end, so | varied by connecting the cross slide to the hydraulic 





that, in this case, it is only necessary to feed the | gear. 

cutters into the work to the required depth. For} As regards general construction, the bed of the 
the male portion, however, which is cut with the} machine is of very rigid design, and is provided 
wood in a vertical position, the edges of the prongs | with box feet of large section, additional strength 


must be rounded off on one side of the work. To/} being obtained by the use of longitudinal and trans- | 





| verse stiffening ribs. The vee guides are of steel, 
|with a Brinell hardness of about 200, and are 
‘carefully ground and completely protected from 
|damage by chips, &c. Separate guides are fitted 
|for carrying the saddle and the tailstock. The 
shafts run in roller bearings, the latter being lubri- 
cated in groups from convenient central positions. 
|The spindle is carried in a solid sleeve bearing. 
| For precision work, adjustable friction bearings are 
| used, or, alternatively, roller bearings can be fitted if 
the operations normally performed require the use 
|of high speeds. All the gear wheels used through- 
/out the machine are of chrome-nickel steel, and 
| all the multi-spline shafts are hardened and ground. 
|These shafts are kept as short as possible, so 
\that vibration is practically eliminated, while 
leasy running is ensured by the free use of ball 
| bearings. The capstan head is designed to hold 
|six tools, the parting tool being carried on a 
| double slide rest. Large open scales are provided 
for checking all the adjustments, while all the 
movements can be controlled either automatically 
or by hand. Stops are provided to cut out the auto- 
| matic operation at any desired point within 0-01 mm. 
|For drilling purposes, the machine can either be 
equipped witha turret, which can be adjusted to any 
| desired angle, or with an ordinary turret, to which a 
multi-tool holder is fitted. In both cases, the turret 
can be adjusted and locked in position either auto- 
matically or by hand. 

The same pattern of lathe is also equipped 
with the ordinary type of gear drive, giving 
eighteen speeds in both directions. This gearing 
embodies an automatically controlled plate clutch 
and brake, so that any necessary changes ma) 
be made without stopping the machine, complete 
interlocking being provided so that mistakes 
cannot be made. This enables the spindle speed 
to be adjusted between 600 and 1,500 r.p.m.. 
though the latter figure can be increased to 3,000 
r.p.m. if desired. Two points to which attentio! 
may be called are that only those wheels which ar 
actually doing useful work are in engagement 
any time, and that friction clutches are entire!) 
eliminated. The eighteen different speeds va! 
in geometrical ratio, in accordance with the Germa 
standard regulations, and this number can |: 
increased to 36 by the use of a pole-changing moto: 
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when motor drive is employed. The various speeds 
are increased 1-3 times when the spindle is being 
run in the reverse direction. The feed gear-box is 
either equipped with splined shafts to give the 
necessary longitudinal and cross feeds, or with a 
simple feed rod drive by which 12 different feeds are 
obtainable. 1 

lt may be mentioned that the lathe is designed so 
that it can be driven either by an ordinary motor 
mounted on the floor and transmitting power 
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through a belt and jockey pulleys, through a vee 
belt, or through toothed gearing. Alternatively, it 
is possible to use a chain drive or to employ flange 
motors. 

Another drill to which attention may be drawn 
is illustrated in Fig. 5, on page 318, this being 
manufactured by Messrs. Hermann Kolb, of Cologne- 
Ehrenfeld, and being typical of that firm’s radial 
drills, into the design of which a number of detail 
improvements have recently been introduced. Itis 





3it 


intended for drilling holes up to 70 mm. (2? in.) in 
diameter in steel, and allows twenty-four drilling 
speeds to be obtained between 35 and 1,535 r.p.m., 
with twelve rates of feed, from 0-12 to 2-5 mm. 
(0-0047 to 0-093 in.) per revolution. The drill 
spindle is driven by a vertical motor, which, as will 
be seen from the illustration, is mounted directly on 
the saddle, while the height of the arm can be altered 
by a second motor of the same type. Both motors 
are controlled by push-buttons, which are easily 
accessible from the operator’s position. The gearing 
consists of accurately milled and ground wheels of 
hardened chrome-nickel steel, while the shafting, in- 
cluding the drill spindle, is provided with splines, 
and is ground and carried in roller bearings. The 
twenty-four drilling speeds are obtained by a com- 
bination of fifteen gear wheels, which are brought 
into and out of mesh by the three levers visible on 
the apron. This operation can be effected while the 
machine is running. The saddle is equipped with 
rapid power traverse, and also with hand traverse. 
It is carried on V-guides, to avoid distortion of the 
drill spindle. The manual operation of the saddle 
is facilitated by the employment of ball bearings. 
Reversal is effected through a plate clutch, and can 
be carried out at the highest speed without impos- 
ing any undue stress on the machine. Arrange- 
ments are fitted for stopping the feed at either end 
of the travel, or at any intermediate position, either 
automatically or by pressing an appropriate button. 

An interesting range of machines for making up 
boxes or crates is being shown by Messrs. Bohm 
and Kruse, of Hemelingen, of whom the representa- 
tives in this country are Messrs. R. S. Thacker and 
Company, Limited, 107, Newington-causeway, S.E.1. 
Of these machines, the model shown in Fig. 6, 
page 318, is for nailing up the sides of boxes, and 
is capable of driving 16 nails at one stroke. The 
machine can also be used for nailing down the lid 
and bottom of the box, but is not suitable for 
attaching battens, as no provision is made for 
clinching the nails in the latter case. The table 
is raised or lowered to suit the depth of the box 
being nailed, by means of the handwheel shown on 
the right. The nails are stored in the two bins at 
the top, the bins being constantly shaken. The 
nails are thus fed out from the bins on to a series of 
inclined slotted guides, the nail hanging through 
the slot with the head resting on the top of the 
guide. The lower end of each guide is covered by 
a revolving disc, which is provided with four holes, 
so that when one of the latter registers with the slot 
in the guide, a nail drops through, and is fed through 
a flexible tube into position below the hammer. 
The 16 flexible tubes, on the particular machine 
illustrated, can be clearly seen in the figure. The 
operation of the machine is entirely controlled by 
the pedal visible above the base. Assuming the 
machine to be charged, the first depression of the 
pedal allows the nails to drop into position on the 
work. A second depression causes the hammers to 
fall, driving the nails home. The hammer housings 
can be moved into any required position. They are 
held by means of a shank passing through a slot in 
one of two guide bars, a nut on the shank locking 
the holder to the bar. The two bars can be offset 
to enable the nails to be staggered. The nails are 
held perpendicular by spring jaws at the moment 
that they are driven into the wood, the jaws being 
opened by the descending hammer. 

The machine is made in various sizes with effec- 
tive working widths between 14 in. and 60 in., 
and having from four to thirty-two nail feeds. The 
size of nail used can be varied to suit the work 
being done. The machine illustrated is intended 
for belt drive, and is provided with a friction clutch, 
but models are available with direct-motor drive, 
if preferred. The machines can also be supplied 
with a clinching device, by means of which the 
points of the nails are caught at the instant of 
touching the table, and are bent over to embrace 
the fibres of the wood, the points being finally 
buried well below the surface. As a final point, it 
may be mentioned that as many as 500 boxes per 
hour have been lidded on one of these machines. 

The same firm are exhibiting the box-printing 
machine, illustrated in Fig. 7, page 318. This 
machine is intended for printing wording or illus- 
trations directly on to a box, as an alternative to 
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theyuse of adhesive labels. The gencral design of 
the printing mechanism hardly calls for description, 
as it is generally similar to that employed on 
rotary printing machines of the usual type. The 
machine illustrated is intended for two- or three- 
colour printing. The boards to be printed are 
stacked between two adjustable wings at the 
right-hand end of the table, as shown in the figure, 
and are fed into the machine by means of dogs 
attached to an endless chain. The movement of the 
chain is independent of the rotation of the print- 
ing cylinders, but the two motions are arranged 
so that the boards are always printed on exactly 
the same spot. Exact registration is, of course, 
essential for multi-colour printing. To prevent the 
dogs from getting damaged, the machine is provided 
with an automatic release, which throws out the 
clutch as soon as an obstacle, such as a knot: which 
has fallen out of a board, is encountered. A special 
feature of the machine is that the cylinders are 
linked, so that boards that are made up of parts of 
different thicknesses, or that are of irregular thick- 
ness, are clearly and distinctly printed. 

The diameter of the printing cylinders is 355 mm. 
(14 in.), so that, taking the thickness of the printing 
block into consideration, boards up to a maximum 
length of 1,085 mm. (48 in.) can be printed. The 
standard working width is 500 mm. (194 in.), but 
machines taking work up to a width of 750 mm. 
(293 in.) can be supplied, if required. The standard 
machines are capable of accommodating boards 
from 6 mm. to 25 mm. (} in. to 1 in.) in thickness, 
and have an output of 2,000 to 2,400 impressions 
per hour, depending on the length of the board. 
The machine illustrated is direct motor driven, and 
is provided with a device for piling the printed 
boards. The boards, after printing, pass on to an 
endless transporter bend, which is driven from the 
machine, and on leaving the band are automatically 
piled on the end table. 


(To be continued.) 








Moror-Cark EXHIBITIONS IN THE UNITED STATES. 
Reports on the 29th annual Automobile Show, held 
recently at Philadelphia, and on the 30th annual National 
Automobile Show, which took place in New York in 
January, have been prepared by the Department of 
Overseas Trade. United Kingdom firms desirous of 


receiving copies of either report should communicate 
with the Department at 35, Old Queen-street, London, 
S.W.1, quoting Reference No. A.X. 9131, in the case 
of the Philadelphia Show, and A.X. 9138 in the case of 
the New York Show. 
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HIGH-VOLTAGE RESEARCH 
LABORATORY. 


UntiLa few years ago, this country was in a relatively 
| backward position in the development of electrical 
| apparatus for the very high voltages which have been 
| adopted for long-distance power transmission in many 
| parts of the world. This backwardness is easy to 
}explain. Extra high-tension technique naturally de- 
| veloped, in the first instance, in countries in which 
lit could be utilised in commercial applications, and 
|it was not until after the war that British manufac- 
| turers were able to see any considerable prospective 
markets for electrical apparatus operating at voltages 
of the order of 100,000 or over. The development 
jof transformers, switchgear, and transmission-line 
| material for such voltages involves experimental and 
| research work of a kind which cannot be carried out 
jin the ordinary electrical research laboratory, and our 
| manufacturers could not be expected to face the very 
| considerable outlay involved in the erection and equip- 
ment of special laboratories until satisfactory oppor- 
| tunities for applying the results of their work were in 
sight. This condition has now certainly been attained, 
| and apart from the valuable home demand, following 
}on the inauguration of the grid scheme, important 
|markets are open in the Dominions, India, South 
| America, parts of the Continent of Europe, and Japan ; 
| while, in due course, it will undoubtedly be possible to 
}add China to the list. As the figures for international 
exports of electrical material show, our manufacturers 
| have been able to obtain a leading position in these 
markets, taken as a whole, and there is no reason to 
; Suppose that they will not be able to retain it in the 
|future. This position has, however, not been obtained 
without enterprise, wise direction, and what can only 
be described as brilliant technical work. In the 
particular tield of extra high-tension material, with 
which we are here more particularly concerned, an 
important example, illustrating all three of these 
qualities, is furnished by the high-voltage research 
| laboratory of Messrs. Metropolitan-Vickers Electrical 
| Company, Limited, of Manchester, which was formally 
| opened by Sir Ernest Rutherford on Friday of last week. 
| The first part of the laboratory, which consists of a 
building covering an area of 47 ft. by 67 ft., dates from 
1923, at which time it was equipped with power fre- 
quency apparatus operating up to 500,000 volts. 





_| This building is now known as the surge laboratory. 


The later important addition, known as the main labo- 
ratory, was completed last year. It consists of a 
building, 67ft., by 86 ft. adjoining the surge laboratory, 
with which it shares a common party wall. These two 
chief laboratories are furnished, between them, with 
power-frequency equipment capable of giving a voltage 
of 1,000,000. The laboratory, as a whole, also contains 
other departments, notably a materials laboratory, 
in which general electrical and physical tests can be 
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carried out on insulating materials. Views of the main 
are given in Figs. 1, 2 and 4 on the opposite page and 
on page 314. As we have already said, the main and 
surge laboratories are situated side by side. A very 
large doorway is formed in the wall dividing them, 
and, for operative and administrative purposes, they 
may be looked upon as a single large hall. 

The 1,000,000-volt transformer set forms the main 
piece of equipment of the two laboratories. This set is 
made up of two 500,000-volt, 500 kv.-a., 50-cycle trans- 
formers, located one in the main laboratory and the 
other in the surge laboratory. It was decided to build 
the 1,000,000-volt set in two units, since it is only for 
a comparatively small proportion of the tests carried 
out that this full voltage is required, and, with the 
arrangement adopted, the units are available for 
|independent work, for which purpose the fact that 
| they are in separate rooms is a convenience. The two 

500,000-volt transformers are connected in cascade to 
give 1,000,000 volts, a Dessauer connection being em- 
ployed. The arrangement is shown diagrammatically 
|i Fig. 3, on the opposite page. The first transformer, 
|shown on the left in the figure, is supplied with power 
|from a special motor-generator set, which is capable of 
a speed variation sufficient to give any frequency 
| between 25 cycles and 60 cycles. One terminal of the 
| primary winding of the transformer, and also one 
terminal of the secondary, are earthed, as shown in the 
diagram. The effect of the arrangement, obviously, is 
| that the other terminal of the secondary winding is at 
'a voltage of 500,000 above earth. Connected at the 
|high-tension end of the secondary winding there is a 
tertiary winding having a ratio of one to one with the 
| primary, but insulated from it for'500,000 volts. This 
| winding is represented by a single turn in the diagram. 
The free ends of the secondary and tertiary windings 
are brought out of the transformer case through a 
common bushing insulator. 

The second 500,000-volt transformer is a duplicate 
of the first, except that its tank is carried on pedestal 
insulators designed to withstand a voltage of 500,000 
between their ends. The transformer tank, with its 
insulators, is well shown in Fig. 1. As indicated in 
Fig. 3, the tank of the second transformer is connected 
to the high-tension end of the secondary winding of the 
first transformer, and is therefore at 500,000 volts above 
earth potential. The primary of the second trans- 
former is connected across the tertiary winding of the 
first, one end of the winding thus being at 500,000 volts 
above earth, as will be clear from the diagram. The 
transformers being similar, the second transformer gen- 
erates 500,000 volts across its secondary, but as one end 
of its secondary is connected to the tank, which is at 
500,000 volts a bove eart h, the result is that a voltage of 
1,000,000 above earth is produced at the other terminal 
of the secondary. The windings are, of course, arranged 
sothat the secondary voltages of the two transformers re 
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Fie. 1. Martyn Laporatory. 


additive. As already mentioned, each transformer is 
of 500 kv.-a. capacity, which is a considerably higher 
figure than is usual in high-tension testing transformers, 
and as the short-circuit impedance is only 4 per cent., 
very heavy currents may be obtained at the moment 
of spark-over. 

The transformers are of the core type, with both 
limbs wound. The primary winding is a single layer 
adjacent to the core. The secondary is built up of 
about 20 single-layer cylindrical coils, arranged 
concentrically on the core and wound with small 
wire the size of which was determined by considera- 
tions of mechanical strength only, these over-ruling 
questions of current capacity. The coils decrease in 
length from the core outwards, that is, the greater the 
diameter of a coil, the shorter its length. The arrange- 
ment will be clear from Fig. 5, on the opposite page, 
which shows one of the transformers removed from its 
tank. One end of the secondary coil adjacent to the | 
primary winding is connected to the tank, the other | 
being connected to the end of the corresponding coil | 
on the other limb. The free end of this coil, in turn, 
is connected back to the second coil on the first limb, | 
and so on. By this arrangement, the diameter of 
the coil increases, and its length decreases as the 
high-voltage end of the winding is approached. The 
arrangement is similar to that of a condenser bushing, 
and has the same advantages. The transformers are 
oil-immersed, and the tanks are reinforced to allow of 
vacuum drying on site. The 500,000-volt condenser- | 
type bushing insulators, by which the high-voltage | 
connections are taken through the tanks, are believed, | 
by Messrs. Metropolitan-Vickers, to be the highest- 
voltage bushing yet constructed in this country. 

As already mentioned, the 500,000-volt  trans- | 
formers are supplied with current from motor-generator | 
sets. hese machines are housed in a separate room 
in the annexe to the main building, so that work in 
the |xboratories can be carried on free from any | 
noise of running machinery. Two motor-generator | 
sets are provided, so that the two 500,000-volt trans- | 
formers may, when necessary, be operated entirely | 
independently of each other. When working in the | 











cascade connection, only one motor-generator set is | 
employed. The machines are entirely controlled from | 
a desk in the laboratory. The generators are of the 
hon-salient pole type, and are designed to maintain 
4 sinusoidal voltage wave under any conditions of 
loading. The alternator field windings are directly | 


connected to their exciter armatures, and voltage 


gin n is obtained by potentiometer regulation in | 
4 © exciter fields. These potentiometers are motor | 
“hi and are arranged to give a uniform rate of 
Voltag | 


variation over the entire range with the motor | 
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Fig.3. DESSAUER CIRCUIT. 



















MMMM lta 
“ENGINEERING” 


running at constant speed. They make the rate of 
voltage rise independent of the personal equation of 
the operator. The motors of the motor-generator sets 
are of the direct-current type, and, as already men- 
tioned, have speed control permitting a variation in 
alternator periodicity between 25 and 60 cycles. All 
these controls are operated from the desk in the labora- 
tory, which is also fitted with switches and dimmers 
operating the lighting in the laboratory, and with the 
controls for motor-operated window blinds, by means 
of which the laboratory may be darkened when 
required. 

A striking feature of the main laboratory is the con- 
denser mounted at the top of the second unit of the 
1,000,000-volt testing set, and well shown in Fig. 1. 
This, which is believed to be the largest air condenser 
ever constructed, consists of two circular plates 20 ft. 
in diameter, and lying in horizontal planes. The 
lower plate is supported directly on the condenser 
bushing of the transformer, and the upper one is 
slung from the roof. The plates are built up from 
plaster with expanded-metal reinforcement. The pur- 
pose of the condenser is to act as a voltmeter. In 
many high-tension laboratories it is the practice to 
employ a sphere spark-gap as a standard for high- 


| voltage discharges, but such a gap can actually only 
| be looked upon as a secondary standard requiring 


calibration, and in this laboratory it was decided to 
employ an absolute method of voltage measurement 
This is furnished by the large air condenser, since the 
average value of the current through a condenser 
to which an alternating current is applied is directly 
proportional to the capacity and to the frequency and 
maximum value of the voltage. As the frequency and 
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the capacity of the condenser are known, measurement 
of the average current gives the voltage. The actual 
condenser, of which the capacity can be calculated 
with considerable accuracy, is represented by the 
area inside the circle to be seen on the upper plate 
of the condenser in Fig. 1. The outer part is a guard 
ring. 

This 1,000,000-volt power frequency plant has a 
very impressive appearance, and necessarily occupies 
much space in the laboratory, as large clearances 
are necessary in the neighbourhood of the discharge. 
As shown by the curve given in Fig. 6, the sparking 
distance between a point and a plane at 1,000,000 volts 
is about 12 ft. A photograph of a 1,000,000-volt spark 
of this order of length, which was taken in the course 
of the demonstrations which followed the opening of 
the laboratory last Friday, is given in Fig. 9, page 315. 
This discharge took place between a suspended sphere 
and an earth plate on the floor. The sphere was 
suspended below the choke coil, which can be seen in 
the upper left-hand corner of Fig. 1, and looks rather 
like a Chinese lantern. The purpose of the choke coil is 
to prevent any return oscillation from damaging the 
end turns of the transformer. Before leaving Fig. 1, 
mention may be made of the oil-filled testing tank to be 
seen at the lower right-hand side of the figure. This 
is 25 ft. in diameter and 10 ft. deep, and is used for 
testing porcelain insulators and other constructional 
parts under oil. A similar tank 15 ft. in diameter and 
8 ft. deep is installed in the surge laboratory. 

As line insulators and other high-voltage electrical 
material have to operate out of doors in all weathers 
and climates, arrangements are made in the laboratory 
for testing such material under various adverse 
conditions. One piece of apparatus for this purpose 
consists of a system of oscillating sprays by means 
of which insulators and other material may be 
subjected to artificial rain when under high-voltage 
test. Adjustable nozzles allow the volume of water 
and size of drops to be adjusted. As the electrical 
resistivity of rain varies considerably with the climatic 
conditions of the area in which it falls, a mixing tank 
has been installed in the laboratory so that the electrical 
resistivity of the artificial rain may be adjusted for 
testing purposes. The considerable effect which this 
factor exercises is illustrated in Figs. 10 and 11, page 315, 
which show flash-overs of a suspension-insulator chain 
under water sprays of different resistivity. In the test 
illustrated in Fig. 10 the water resistivity was 66,000 
ohms per cub. cm., but when this was reduced to 2,000 
ohms per cub. cm., in the test illustrated in Fig. 11, 
it will be seen that the protective horns became 
inoperative and that the are followed the surface 
of the insulator. In addition to this artificial-rain 
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Fig. 6. SPACING-ARCING VOLTAGE CURVE 
FOR POINT AND GROUNDED PLANE. 
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apparatus, the laboratory contains a fume chamber | 
in which surface deposits can be built up on insulators, 
reproducing the condition which sometimes arises in 
practice in industrial districts or near the sea coast. 
As the majority of deposits of this kind are hygroscopic, 
the spark-over voltage of dirty insulators of this 
kind is greatly affected by the humidity of the atmo- 
sphere. Some interesting curves illustrating this are 
given in Fig. 7, on this page. The rising curve, in 
each case, refers to clean insulators, and the falling 
one to dirty. We are unable to say why with clean 
insulators the spark-over voltage should at first rise 
with increase of humidity, afterwards falling. The 
same effect can be traced in the curves for dirty 
insulators which fall slowly at first, in one case 
actually rising slightiv. 

The most impressive piece of plant in the surge 
laboratory is the impulse generator, which is shown in 
Fig. 2, on page 313. This has been constructed in order 
to be able to subject ine insulators and other pieces of 
apparatus to transient unidirectional impulse voltages 
of the order of 1,000,000. A voltage to earth of 
1,500,000 has actually been produced by this apparatus. 
Although opinion is not yet crystallised about the 
nature of lightning strokes, an increasing weight of 
authority regards them as being of a non-oscillatory 
character, certainly in the initial stages. As line 
material, particularly in certain countries and areas, 
is frequently subjected to heavy surges due to lightning, 
it is necessary to be able to test it as far as possible 
under similar conditions. Although modern apparatus 
can be constructed to be safe against internal surges 
in the system following switching operations, the 
same cannot be said of surges due to lightning, and 
investigation on line insulators under such conditions 
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Fig.7. SPARK-OVER VOLTAGE AS A FUNCTION 
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as are produced by lightning is of great importance. 
Essentially what is desirable is so to design the 
insulators that in the worst cases resulting in an 
are-over the minimum, or no, damage shall result. 
It is for this purpose that insulators on high-voltage 
lines are protected by arcing horns. Tests of this 
kind, imitating sufficiently nearly the effect of 
lightning, can be carried out with the 1,000,000-volt 
power-frequency plant, but as it was not considered 
desirable to bring this plant into use every time an 
impulse test was required, the simpler impulse 
generator was constructed. This machine will build 
up a voltage of 1,000,000 in a few moments, and 
discharges can follow one another at very brief 
intervals. 

A diagrammatic arrangement of the impulse genera- 
tor is given in Fig. 8,above. The apparatus T at the 
left-hand end of the diagram represents an ordinary 
power-frequency transformer, the current from which 
is rectified by the mechanical rectifier G and smoothed 
by the condenser Cg. This gives a continuous current 
supply which charges the four main condensers C, to 
C,, while the four stabilising condensers Cs are charged 
in parallel over the isolating resistances W. The 
spark-gaps F, to F, are set so that their spark-over 
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Fig. 5. 500,000-Vott TRANSFORMER. 
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voltages increase slightly from F, to F,. When the volt 
age across F, rises to a sufficient value, the gap breaks 
down and is followed instantly by the whole series of 
gaps, so that the main condensers are suddenly con- 
nected in series. This causes a voltage to appear 
at the point O nearly equal to the sum of the four 
condenser voltages. The rate of rise of this voltage 
is determined by the inductance of the connections 
and the rate of decline of voltage across the gaps. The 
function of the stabilising condensers is to make this 
rate of decline rapid and to maintain the conditions 
in the spark gaps substantially independent of the 
impedance in the output circuit. Each stage in this 
multiplying circuit has a voltage of 250,000, so that a 
voltage approaching very nearly to 1,000,000 appears 
at the point O. 

The arrangement of the actual apparatus is well shown 
in Fig. 2, page 313. The four units making up the gene- 
rator are mounted, one above another, on a vertical post 
frame. The main condensers are of cylindrical form, 
and lie horizontally at the top of each section; they 
can hardly be distinguished in the illustration. The 
spark gaps and isolating resistances connecting the 
sections are mounted diagonally outside the frame. 
Current-carrying parts are of polished copper and are 
of large dimensions, while a number of stress distributors 
are fitted to suppress discharges. The voltage at the 
various sections rises from the ground upwards, the 
voltages to earth for the sections being, respectively, 
250,000, 500,000, 750,000, and 1,000,000. 

In addition to this impulse generator, the surge 
laboratory also contains a Tesla transformer which can 
be seen at the right-hand side of Fig. 2. Its rating 18 
750,000 volts, 100,000 cycles, with coupling coe/iicients 
of 35 per cent. or 8 per cent. The construction of a 
Tesla transformer will be generally known. _ It consists 
essentially of a condenser with a spark gap discharging 
through the primary of-an air-core transforme: and 


thus producing in the secondary of the latter an 
oscillatory high-tension discharge. These three —_ 
w 0} 


pieces of apparatus which have been described aii 
tests being carried out with very high voltage daimpe 
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oscillations, of either power frequencies or surge | 
frequencies, and with impulse voltages. Three | 
interesting photographs are reproduced in Figs. 12 | 
to 14, which show spark-overs between the horns of | 
insulator chains under the three conditions. The | 
insul:tor chains shown are of the type employed on the | 
grid distribution. Fig. 12 shows the spark-over with 
dam | oscillations produced by the Tesla transformer, 
Fig. 13 with a 50-cycle voltage, and Fig. 14 shows the 
spar-over with impulsive voltage obtained from the 
Impulse generator. The final Fig. 15 shows a spark- | 
over with impulsive voltage with the insulator arcing | 
horns removed, and well illustrates the value of these | 
appliances, | 
_ It is not possible, at the present time, to describe | 
in any detail the other pieces of apparatus making up | 
the equipment of the laboratory, but mention may be | 
made of the cathode-ray oscillograph by means of which | 
wave ‘orms of discharges may be obtained. 

T} scillograph was manufactured in the company’s 
works. The materials laboratory, the lower flow of 
which is illustrated in Fig. 4, on the opposite page, | 
conti an autoclave in which tests of insulating | 
materials can be made under various atmospheric | 
pressures, as well as a number of conditioning chambers | 
in which samples can be stored, prior to test, under fixed | 
and definite atmospheric conditions. There are also | 
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four testing chambers in which tests up to 100,000 volts 
can be carried out under various degrees of temperature 
and humidity, and tanks for making tests in either 
hot or cold oil. The whole of this material is con- 
tained on the upper floor. The lower floor, shown in 
Fig. 4, contains a 30-kv.-a., 100,000-volt transformer 
equipment with its motor-generator. The large cylin- 
drical appliance shown in the illustration is an air 
condenser, which is employed as a standard of com- 
parison in a Schering bridge used in the measurement 
of dielectric losses. 








AUSTRALIAN Import DutTIES ON MACHINERY.—A 
strong comment on the heavy duties paid on machinery 
imported into Australia was made by the Premier of 
Western Australia, Mr. Philip Collier, on the occasion of 
the laying of the foundation stone of the Collie Power 
Company’s new plant at Collie, 150 miles south of Perth. 
In the course of his speech he stated that he agreed that 
Australian industries should be protected, but when 
machinery which was unprocurable in Australia had to 
be imported for important ventures, it was unfair on the 
part of the Commonwealth Government to insist upon 
the payment of the heavy duties at present in force. 


| The Government of Western Australia itself had been 


called upon to pay enormous duties on goods used for 
development work. Recently, a company had been 
initiated in London to develop some mines in Western 
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Australia. Before any work could be commenced, 
however, the company had had to pay | etween 50,0001. 
and 60,0001. in duties. He felt that there should be 
some remission of the import duties on machinery and 
similar goods not procurable in Australia. 


NOMOGRAPH FOR SuRVEYORS.—Messrs. Cooke, 
Troughton and Simms, Limited, Broadway-court, 
Westminster, S.W.1, have sent us a copy of an alignment 
chart, designed by Mr. E. W. J. Edwards of the Nigerian 
Survey Department, for the rapid approximate checking 
of co-ordinates, latitude and departure, &c., usually 
worked out with the aid of logarithms. By the use of 
the chart, it is claimed, errors in the computation of 
latitudes and departures from data of traverses can be 
rapidly detected by a method involving no greater 
difficulty than the reading of a scale, so that the laborious 
re-computation of all the figures is rendered unnecessary. 
The chart also enables a preliminary plot of any traverse 
to be made without computaticn, and, in the case of 
traverses for topographical purposes, the accuracy of the 
| plots would be quite sufficient on the usual scales 
|employed. Compass traverses, it is pointed out, would 
| be plotted more accurately by the use of co-ordinates 
| obtained from the Nomograph readings than ty the 

usual methods employing a protractor, scale and arallel 

| ruler. The Nomograph measures 28 in. by 20} in., and 
|is supplied printed on ivory board or on linen-backed 
) paper, 
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THE LATE SIR ALEXANDER GRACIE. 


THE sudden death of Sir Alexander Gracie, M.V.O., 
K.B.E., which occurred in London, on March 2, last, 
removes a well-known figure from Scottish shipbuilding 
circles. The son of the late Mr. John Gracie, of Land- 
rick, Dunblane, Alexander was born on November 
14, 1860, and received his education at Anderson’s 
College, Glasgow. After leaving College he became a 
marine engineering apprentice in the Finnieston 
Engine Works, Glasgow, of Messrs. J. and J. Thomson, 
and, in 1884, upon completing his apprenticeship, he 
entered the drawing office of Messrs. James and 
George Thomson, Clydebank. Three years later he 
was appointed leading draughtsman in the establish- 
ment of Messrs. Denny and Company, Dumbarton, 
and after serving in that capacity for two years he 
returned to Messrs. J. and G. Thomson, which firm had 
since become the Clydebank Engineering and Ship- 
building Company, Limited, to take full control of all 
marine machinery design. During his period of 
service with this firm, which continued until the end of 
1895, he was also under-manager of the engine works. 
In January, 1896, he was offered, and accepted, the 
position of engineering manager of Messrs. Fairfield 
Shipbuilding and Engineering Company, Limited. 
While in this capacity he designed and supervised the 
construction of the propelling machinery for several 
large passenger steamers and for a number of warships, 
among which were H.M.SS. Diadem, Argonaut, and 
Hermes, and some 30-knot torpedo-boat destroyers. 

When Dr. Elgar retired, Mr. Gracie, as he then was, 
was promoted to the rank of managing director of the 
Fairtield Company, and upon the former’s death in 
1909, he became chairman of the firm. During his 
eleven year’s tenure of this office he displayed great 
organising and administrative abilities, and did 
much to develop manufacturing plant and methods. 
The Fairfield Company have always been a progressive 
firm, and it is of interest to recall that they were the 
first shipbuilding establishment on the river Clyde 
to fit geared turbines on board merchant steamers, 
namely the SS. Normannia and Hantonia. In spite of 
the exacting nature of his duties, Sir Alexander served 
at various times upon several Government committees, 
among which were the Admiralty Designs Committee, 
the Royal Dockyards Reorganisation Committee, 
and the Royal Commission on Navy Fuel in Peace and 
War. He received the decoration of membership of 
the Royal Victorian Order in 1908 on the conclusion 
of the record return voyage across the Atlantic, after 
the Canadian Jubilee Celebrations, of the battle cruiser 
Indomitable, the first ship of that class built at Fair- 
field. In recognition of his services during the European 
war he was made a Knight of the Order of the British 
Empire in 1918. Sir Alexander became a member of the 
Institution of Engineers and Shipbuilders in Scotland 
and of the Institution of Naval Architects in 1896, and, 
in 1910, was made vice-president of the latter Institu- 
tion. On March 7, 1899, he was elected a member of 
the Institution of Civil Engineers, and, on October 23, 
1913, delivered the James Forrest Lecture, choosing 
as his subject “Twenty Years’ Progress in Marine 
Construction.” * 

Sir Alexander was also an original member of the 
Institute of Metals. He was a director of Messrs. 
Cammell Laird and Company, Limited ; Messrs Leeds 
Forge Company, Limited; Messrs. Newlay Wheel 
Company, Limited; and Messrs. English Electric 
Company, Limited. He was a member of the Scottish 
Committee of the London, Midland and Scottish 
Railway Company. 











British ELEcTRICAL DEVELOPMENT ASSOCIATION. 
The annual luncheon of the British Electrical Develop- 
ment Association will take place at the Savoy Hotel, 
Strand, London, W.C.2, on March 21 next. Particulars 
of the function may be obtained on application to the 
director of the Association, 15, Savoy-street, Strand, 
London, W.C.2. 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Electrical Centrifugal Pumps.—The supply and delivery 
of three electric horizontal centrifugal pumping sets, 
piping and valves for the pumps, control switchboard 
and a Venturi meter, and registering apparatus. The 
Department of Sanitary Works, Buenos Aires, Argentina ; 
May 22. (Ref. No. A.X. 9212.) 

Electric Pumping Plant.—The supply and erection of 
electrically-driven high-lift and low-lift pumping plants, 
including beams required for the machinery, ladders and 
landings, and a suitable travelling crane, for the South- 
West Tablelands Water Supply. The Department of 
Public Works, Sydney, New South Wales; April 28. 
(Ref. No. A.X. 9219.) 

Chemicals and Laboratory Apparatus.—The supply of 
chemicals, laboratory apparatus, &c., for public-health 
service. The Purchases Commission, Government Trea- 
sury, Lourengo Marques; May 15. (Ref. No. B.X. 
6195.) 

Calcium Carbide. 
The Chilean State Railways, Santiago; April 8. 
No. B.X. 6198.) 

Signalling and Lighting Plant.—The supply and erection 
of a signalling and lighting installation for a swing bridge 
at Antwerp Docks. The Antwerp Municipality, Belgium; 
March 20. (Ref. No. B.X. 6205.) 


Steel Water Tank and Tower.—The supply and erection 
of a steel water tank on a steel framework tower for the 
water works at Tala (Menoufieh Province). The Egyp- 
tian Ministry of the Interior, Cairo; April 30. (Ref. 
No. A.X. 9221.) 

Metal-Button Making Machinery.—A firm in Buenos 
Aires, Argentina, is desirous of getting into touch with 
British Manufacturers of machines for making metal 
buttons, identity discs, shields and rosettes for military 


uniforms. (Ref. No. A.X. 9236.) 


The supply of carbide of calcium. 
(Ref. 


Ore-Crushing Installation.—-The construction at Pre- 
toria, South Africa, of an ore-crushing installation, com- 
prising the ore-crushing plant proper and its accessories, 
together with buildings, wagon hoists, and electrical 
equipment. Further information may be obtained 
from The South African Iron and Steel Industrial Cor- 
poration, Limited, Pretoria, or Johannesburg, or from the 
committee of consulting engineers of the Corporation, 
c/o The International Construction Company, Limited, 
56, Kingsway, London, W.C.2. Closing date, June 14. 








NOTES FROM THE SOUTH-WEST. 

Carpirr, Wednesday. 
The Coal Trade,-The outlook in the Welsh steam-coal 
trade is anything but bright. New business matures 
very slowly and collieries are compelled to rely chiefly 
on contract commitments for a clearance of outputs. 
The result is that the surplus large coal is readily avail- 
able at the minima, while smalls, the production of 
which is curtailed by temporary stoppages at the pits, 
command about ls. to ls. 3d. per ton above the schedule. 
These classes, owing to the lessened demand for bunkering 
on account of so many vessels being laid-up, are now 
more easily obtainable, while inquiries for sized products 
are negligible, with values irregular on the basis of 22s. 6d. 
to 25s. for dry nuts, 13s. 6d. to 14s. for bituminous 
washed duff, 13s. to 13s. 6d. for washed dry duff and 
12s. to 18s. for dry duff. The Brazilian Central Railway 
order for 190,000 tons of coal, two-thirds large and one- 
third small, delivered at Rio de Janeiro over the next 
four months, has been secured for Welsh coal, in spite of 
keen competition from Poland, while the Portuguese 
State Railways have also ordered 100,000 tons of small 
delivered over three months. These orders, though 
gratifying and welcome, do not represent new business 
but renewals of contracts. Shipments of coal foreign in 
the past week fell by 67,000 tons to 464,540 tons, the 
smallest total for any week of the year, that for the first 
week of the year being 619,850 tons. In the past week 
173,500 tons were shipped to France, 55,400 tons to Italy, 

51,500 tons to Brazil, and 33,600 tons to the Argentine. 
A Quarter’s Results——In the three months ended 





Contracts.—Following upon a recent order for five 
Bristol Bulldog all-steel single-seater fighter aeroplanes, 
the Latvian Government has placed a further order with 
Messrs. Bristol Aeroplene Company, Limited, Filton, 
Bristol, for seven additional Bulldog machines. Five 
of these will be fitted with direct-drive Jupiter engines 
and two with supercharged Jupiter engines. The | 
Estonian Government has also placed an order for 12 
Bulldog machines. 


PROBLEMS OF THE SOUTH AFRICAN 
Rattways.—In connection with Dr. C. V. von Abo’s 
paper, entitled ‘“‘Some Engineering Problems of the 
South African Railways and Harbours,’’ which was 
read before Section G of the British Association in Cape 
Town, on July 25, 1929, and was reproduced on page 783 
of our last volume, we are asked to state that the late 
Mr. R. W. Bradstreet was the construction engineer 
for the Cato Ridge-Clairwood deviation work therein 
described. 


ENGINPERING 


* See ENGINEERING, vol. xevi, page 553 (1913). 


January, the Welsh coal trade realised a credit balance of 
484,454/., or 9-49d. per ton, which was the most satis- 
factory audit since April, 1924. The last quarter's 
profit compares with a loss of 114,5002., or 2-43d. per ton, 
in the previous three months. ‘The last three month’s 
result was sufficient to pay a wage of 18-39 per cent. 
above the 1915 standard, but the minimum wage is 
28 per cent. above the standard. i 


decrease in the cost of production. The realised price. 


| compared with the previous quarter, was raised by 44d. 
| per ton, and the cost of production reduced by 7$d., of 


which 2}d. was in respect to wages and 5}d. in regard to 
other costs. 

Tron and Steel.-Exports of iron and steel goods last | 
week totalled 14,230 tons, compared with 20,757 tons 


in the preceding week. Shipments of tin-plates and terne- | 


| plates were lowered from 11,131 tons to 7,704 tons, black- | 


plates and sheets from 2,587 tons to 816 tons, and other | 
iron and steel goods from 5,033 tons to 3,187 tons, but | 
galvanised sheets were increased from 2,006 tons to 


| 2,524 tons. 


The improvement was 
partly due to an increase in proceeds and partly to a 


[MARCH 7, 1930. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—There is no new feature in 
the Cleveland pig-iron trade. Makers’ stocks are gradu- 
ally increasing, and will soon reach embarrassing pro. 
portions unless demand expands or production is reduced, 
Sales are not readily arranged, and are almost confined 
to small parcelsfor home use. Producers’ own consuming 
works continue to absorb most of the Cleveland iron out- 
put, in its molten state, but foundry and steel plants 
are not quite so fully employed as of late, owing to less 
free distribution of specifications. Export demand for 
Cleveland pig is quite trifling, and obstacles to business 
with firms in Scotland are difficult to overcome. Second 
hands possess hardly any iron, and producers adhere 
to their fixed figures. No. 1 grade is 75s.; No. 3 g.m.b., 

72s. 6d.; No. 4 foundry, 71s. 6d.; and No. 4 forge, 71s. 


Hematite.—Conditions in the East Coast hematite 
department are causing a good deal of concern. Buyers 
are not tempted to operate to any extent by the un- 
profitable figures at which makers offer iron. Merchants 
still hold rather large quantities, and in their anxiety 
to unload, fearing a further fall in values, are under- 
selling producers. A few home sales are reported, but 
export transactions are well nigh impossible in face of 
the comparative cheapness of Continental hematite. 
Quotations for East Coast brands are matter of individual 
negotiation, and are not above the equivalent of ordinary 
qualities at 77s. 6d. 

Foreign Ore.—There is no activity in foreign ore. 
With consumers refusing to accept deliveries, as they 
have large stocks and long contracts made, sellers realise 
the futility of attempting to put through business. 
Nominally best rubio is 22s. ci.f. Tees. 

Blast-Furnace Coke.—Supply of Durham blast-furnace 
coke is plentiful and prices are weak. Sellers ask 21s. for 
good average qualities delivered to local users, but 
purchases have been made at 20s. 6d. 

Manufactured Iron and Steel.—The various branches 
of manufactured iron and steel present no new features 
of moment. Orders are scarce, but producers are loth 
to lower quotations. Common iron bars are 10/. 15s.; 
best bars, 117. 5s.; double best bars, 11/. 15s.; treble 
best bars, 12/. 5s.; iron rivets, 112. 10s. ; packing (paral- 
lel), 82.; packing (tapered), 10/.; steel billets (soft), 
61. 15s. ; steel billets (medium), 7/. 12s. 6d.; steel billets 
(hard), 8/. 2s. 6d. ; steel rivets, 11/. 5s. ; steel ship plates, 
8l. 15s. ; steel angles, 8J. 7s. 6d.; steel joists, 8/. 10s. ; 
heavy sections of steel rails, 82. 10s., for parcels of 
500 tons and over, and 9/. for smaller lots; fish plates, 
127. 10s., for parcels of 500 tons and over, and 13/. for 
smaller lots; and galvanised corrugated sheets, 12/. 





Shipments of Iron and Steel.—February shipments of 
iron and steel from the Tees totalled 65,591 tons as 
compared with 71,471 tons in January. Last month’s 
| clearances were composed of 16,168 tons of pig iron— 
| 7,348 tons coastwise and 8,820 tons overseas—1,404 tons 
of manufactured iron—257 tons coastwise and 1,147 tons 
abroad—and 48,019 tons of steel—13,277 tons coastwise 
and 34,742 tons to foreign ports. Scotland was once more 
the largest receiver of pig iron with 7,348 tons; while 
| Wales took 2,450 tons; Denmark, 1,687 tons; Italy, 
| 1,555 tons; and Belgium, 1,464 tons. America, with 
an import of 838 tons, was the largest buyer of manufac- 
tured iron. Among the principal customers for steel 
were: Union of South Africa, 7,927 tons; Argentine, 
6,170 tons ; India, 5,817 tons; and Australia, 5,236 tons. 


Imports of Iron and Steel.—Imports of iron and steel to 
the Tees last month totalled 9,096 tons, composed of 
5,948 tons of crude sheet bars, billets, blooms and slabs, 
and 3,148 tons of plates, bars, angles, rails, sheets, and 
joists, there having been no unloadings of pig iron. For the 
previous month the tonnage unshipped reached 19,706 
tons, comprising 574 tons of pig iron, 14,829 tons of 
crude sheet bars, billets, blooms and slabs, and 4,303 
tons of plates, bars, angles, rails, sheets, and joists; and 
for the pre-war month of February, 1914, imports 
amounted in the aggregate to only 5,150 tons, of which 
but 4 tons were pig iron, 3,109 tons were crude sheet bars, 
billets, blooms and slabs, and 2,037 tons were plates, 
bars, angles, rails, sheets and joists. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scottish Steel Trade.—Conditions in the Scottish steel 
trade have not altered very much over the week, although 
one or two of the works have, perhaps, a little more to do. 
At present, the output is fairly steady, and quite a hopeful 
feeling prevails generally, which state is, no d ibt, 
| somewhat due to the firming up of prices on the Con- 
| tinent. Inquiries from overseas are not very numerous. 
| In the black-sheet trade, there has been little change, 
| and while some makers are well supplied with specifica- 
|tions, there are others who are only working from 
hand to mouth. Inquiries in the market at present 
lrepresent quite a respectable tonnage, and if placed 
locally, should materially alter the outlook. In the case 
of galvanised sheets, a more rational turn has super- 
vened, and the export quotation is now called 12/. 5s. 
per ton, f.o.b., Glasgow. The following are the current 
market quotations :—Boiler plates, 10/. 10s. per ton; 
ship plates, 8/. 15s. per ton ; sections, 8i. 7s. 6d, per ton ; 
black sheets, } in., 9/. per ton ; and galvanised corrugat« d 
sheets (No. 24 gauge), 12/. 5s. per ton, all deliv red 
at Glasgow stations. 

Malleable-Iron Trade—In the West of Scotland 
malleable-iron trade, a very dull state is all too gener al, 
and workers in several of the establishments are now 0? 
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short time. The re-rollers of steel bars are still very 
quiet, and have not yet felt any benefit, from the firming 
up of Continental prices. To-day’s market quotations 
are as follow :—‘‘ Crown” bars, 10/. 5s. per ton for 
home delivery, and 9/. 15s. per ton for export ; re-rolled 
steel bars, 7/7. 12s. 6d. per ton for home delivery and for 
export. 

Scottish Pig-Iron Trade.—The demand for Scottish 
pig-iron continues on very moderate lines, and makers 
cannot see very far ahead. Inquiries do not point to 
any immediate change for the better. Prices are being 
maintained, and are as follow :—Hematite, 81s. per ton, 
delivered at the steel works; foundry iron, No. 1, 
80s. 6d. per ton, and No. 3, 78s. per ton, both on trucks 
at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, March 1, amounted to 628 tons. 
Of the totals, 162 tons went overseas, and 466 tons 
coastwise. During the corresponding week of last 
year, the figures were 52 tons overseas, and 454 tons 
coastwise, making a total shipment of 506 tons. 

Shipbuilding.—Quite a satisfactory output took place 
from the Scottish shipyards during the month of Feb- 


’ 


ruary. The figures for the various districts are as 
follow :— 

Vessels. Tons. 
The Clyde sa sae aes 12 47,184 
The Forth : a ; 1 775 
The Tay ... ers wee ae 1 8,000 
The Dee and Moray Firth _... 3 684 
Total 17 56,643 


The Clyde total for the year to date, is now 27 vessels of 
79,094 tons, which is above the average for the first 
two months of previous years, and while it is higher than 
that of last year, it is under the record total for January 
and February, 1928, when 28 vessels making 116,759 tons 
were put into the water. New contracts are still scarce, 
but nevertheless, there were about 17 reported during 
the month of February, and of that number, nine were 
of good tonnage. Perhaps the most important happening 
of recent times in the shipbuilding industry is the new 
scheme which has been formulated with the object of 
rationalising and modernising the industry. With this 
idea in view, there has been registered a new company, 
under the title of the National Shipbuilder’s Security, 
Limited. It is argued that there is now little or no 
prospect of the increased capacity of many of the ship- 
yards—made during the late war to meet the needs of 
the times—being utilised any more, and that were a 
number of the yards closed down for good, the others 
could be more fully and more economically employed. 
The idea behind the new scheme is to concentrate on the 
more modern yards, and to close down those which 
are considered unnecessary and rather obsolete, and 
which cannot be operated on a sound economic basis. 
In some cases, rather delicate situations may have to 
be faced, but it is hoped to overcome these, and by 
lowering productive costs gain in increased efficiency. 

Shipbuilding Contracts.—The Blythswood Shipbuilding 
Company, Limited, Scotstoun, have received an order 
from London owners to build a motor-propelled oil tanker 
of 11,500 tons deadweight. The North Eastern Marine 
Engineering Company, Limited, Wallsend-on-Tyne, are 
to supply engines of the Werkspoor type.—The Greenock 
Dockyard Company, Limited, have booked an order for 
a motor vessel of 440 ft. in length for the British Oil 
Tanker Company, Limited. She will be of about 10,000 
tons. Messrs. J. G. Kincaid and Company, Limited, of 
Greenock, will supply Diesel engines for this vessel. It 
is of interest to note that the same builders recently 
booked a similar order for the same owners.—Messrs. 
William Denny and Brothers, Limited, Dumbarton, have 
contracted to build a cargo steamer for the London 
Midland and Scottish Railway Company. This new 
vessel will be 310 ft. in length, and will have a speed of 
15} knots. She is intended for the Holyhead and 
Dublin (North Wall) service of the Company. 








Tut Association OF Ex-SteMENS Men.—The annual 
dinner of the Association of Ex-Siemens Men will be 
held on March 20 next, at Gatti’s Restaurant, King 
William-street, Strand, London, W.C.2. Tickets for 
the dinner and particulars of the Association may be 
obtained from Mr. J. Snow Huddleston, Dagenham 
Dock, Essex. 

INTERLOCKING-TILE Exrectric CABLE Covers.—In 
their directions regarding systems of electricity supply, 
the Electricity Commissioners state that mains laid 
direct in the ground should be covered with wooden 
planks, reinforeed-concrete slabs, concrete made in situ, 
or hard-burned tiles interlocked or suitably arranged so 
as to prevent displacement. Tile cable covers, com- 
plying with the requirements of the Electricity Commis- 
Sloners, and fitted with a patent interlocking device, are 
manufactured by Messrs. H. J. Baldwin and Company, 
Vommercial Union Buildings, Cheapside, Nottingham. 
Che nakers claim that these tiles are cheaper than 
either creosoted boards or concrete slabs, that labour, 
Storave, and cartage costs are reduced by their adoption, 
and that lateral displacement is rendered impossible by 
the locking device. In addition, each tile is stamped 
« Electricity ” or “ Danger, Electricity,” in large letters. 
The tiles are made in eight standard sizes, ranging from 
12 in. by 9 in. by 2 in., and weighing 15 lb., to 9 in. by 
44 in. by 1} in., and weighing 4} lb. We understand 
that the tile covers are approved by the Electricity 
Com: lissioners for the protection of buried cable up to 
132.000 volts, and that they are used by numerous 
Corporations, electricity supply companies and cable 
makers in all parts of the British Isles. 
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NOTICES OF MEETINGS. 


INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. ‘* The Strength and Design 
of Fusion Welds for Unfired Pressure Vessels,’ by 
Mr. L. W. Schuster. Yorkshire Branch: Thursday, 
March 13, 7.30 p.m., Hotel Metropole, Leeds. ‘‘ Heat 
and Corrosion-Resisting Steels,” by Mr. 8. A. Main. 
London ; Friday, March 14, 7 p.m., Storey’s-gate, S.W.1. 
Informal meeting. Exhibition of Industrial Kinemato- 
graph Films. 

JUNIOR INSTITUTION OF ENGINEERS.-—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1.  ‘ Chile and Engineer- 
ing in Chile,”’ by Mr. G. J. Hartley, read by Mr. P. C. 
Dewhurst. Friday, March 14, 7.30 p.m. ‘* An Outline 
of Siemen’s No. 50 Telephone Switching Equipment,” 
by Mr. W. A. Sallis. 

RoyaL AERONAUTICAL SocreTy.——Monday, March 10, 
5.30 p.m., Institution of Electrical Engineers, Victoria- 
embankment, W.C.2. Joint meeting with Institute of 
Transport. ‘“‘ Air Transport,’’ by Mr. Wronsky. 
Friday, March 14, 6.30 p.m., Joint Meeting with Royal 
Meteorological Society. ‘‘ The Aims and Objects of the 
Aeroarctic,”’ by Professor F. Nansen. 





INSTITUTION OF LELEcTRICAL ENGINEERS.—North 
Eastern Centre : Monday, March 10, 7 p.m., Armstrong 
College, Newcastle-upon-Tyne. ‘** Developments in 
Machine Telegraph Systems and Methods of Operation,” 
by Mr. H. H. Harrison. Scottish Centre: Tuesday, 
March 11, 8 p.m., Freemasons’ Hall, George-street, 
Edinburgh. Faraday Lecture. ‘‘ Broadcasting by Elec- 
tric Waves,” by Captain P. P. Eckersley. London : 
Thursday, March 13, 6 p.m., Victoria-embankment, 
W.C.2. ‘“‘The Imperial Chemical Industries Limited’s 
Steam and Electric Power Plant at Billingham,” by 
Mr. H. A. Humphrey, Mr. D. M. Buist, and Mr. J. W. 
Bansall. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—-Birming- 
ham Centre: Monday, March 10, 7 p.m. Queen’s Hotel, 
Birmingham. ‘‘ The Mercedes-Benz Diesel Engine, by 
Mr. W. H. Goddard. Plymouth Centre : Thursday, March 
13, 8p.m. Technical College, Devonport. ‘‘ The Inspec- 
tion of Metals and their Alloys,” by Captain L. W. 
Johnson. 

INSTITUTE OF Metats.—~Scottish Local Section : Mon- 
day, March 10, 7.30 p.m., Institution of Engineers and 
Shipbuilders in Scotland, 39, Elmbank-crescent, Glasgow. 
Annual General Meeting. London: Annual General 
Meeting, Wednesday, March 12, and Thursday, March 13, 
Institution of Mechanical Engineers, Storey’s-gate, S.W.1. 
Wednesday, March 12, 10 a.m. Presidential Address by 
Dr. R. Seligman. ‘The Early Use of Metals,”’ by 
Dr. T. A. Rickard. ‘‘The Composition of Eutecties,” 
by Dr. D. Stockdale. At 2 p.m., “‘ Experiments on the 
Influence of Gases on the Soundness of Copper Ingots,” 
by Mr. N. P. Allen. ‘‘Gases in Copper and _ their 
Removal,” by Mr. W. E. Prytherch. ‘‘ Unsoundness in 
Bronze Castings,’’ by Mr. E. J. Daniels. ‘‘ Macrostructure 
of Cast Alloys. Effect of Turbulence Due to Gases,” by 
Mr. R. Genders. At 7 p.m., Annual Dinner. Hotel 
Metropole, Northumberland-avenue, S.W.1. Thursday, 
March 13, 10 a.m., ‘“ Investigation of the Effects of 
Impurities in Copper. Part VI.—The Effect of Phos- 
phorus in Copper,” by Professor D. Hanson, Mr. 8. L. 
Archbutt, and Miss G. W. Ford. ‘The Aluminium 
Brasses,”” by Mr. R. Genders. ‘‘ The Diffusion of Zine 
in Copper Crystals,’ by Dr. C. F. Elam. At 2 p.m., 
‘“* Protective Value of Some Electro-Deposited Coatings,” 
by Mr. L. Davies and Mr. L. Wright. ‘‘ A Note on Zinc- 
Base Die-Casting Alloys,’ by Mr. R. Lancaster and 
Mr. J. G. Berry. ‘‘ Atmospheric Action in Relation to 
Fatigue in Lead,” by Professor B. P. Haigh and Mr. 
B. Jones ‘A Note on Metallic Magnesium,” by Mr. 
W. R. D. Jones. Sheffield Local Section: Friday, 
March 14, 7.30 p.m., The University, St. George’s-square, 
Sheffield. ‘‘ Electric Heat-Treatment Furnaces,” by 
Mr. A. G. Lobley. 

2R0vYAL InstrtuTION.—Tuesday, March 11, 5.15 p.m., 
Albemarle-street, W.1. ‘‘ Science in the Middle Ages,” 
by Dr. C. Singer. Friday, March 14, 9 p.m. “ New 
Light on Vision,” by Professor G. E. Smith. Saturday, 
March 15, 3 p.m. ‘ Atomie Nuclei and their Structure,” 
by Sir E. Rutherford. 

INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, March 11, 5.30 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2. _‘‘ The Diesel Engine as Applied 
to Road Transport,” by Major W. H. Goddard. 

INSTITUTION OF CrIvIL ENGINEERS.—Tuesday, March 
11, 6 p.m., Great George-street, S.W.1. ‘* Reconstruc- 
tion of Liskeard Viaduct and Scheme for Reconstruction 
of the Approach Spans of the Royal Albert Bridge, Salt- 
ash,” by Mr. D. Smith. ‘* Reconstruction of 
Approach Spans, Royal Albert Bridge, Saltash,’ by 
Mr. F. Gibbons. ‘‘ Reconstruction of Kent and Leven 
Viaducts, Furness Section of the London, Midland and 
Scottish Railway,’’ by Mr. J.,.Alexander. Wednesday, 
March 12, 6 p.m. Informal Meeting. “* Land-Reclama- 
tion Work,” by Mr. F. M. G. Du-Plat-Taylor. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, March 
11, 6.30 p.m., 85-88, The Minories, E.( “ The 
Advantages to the Shipowner of Closer Co-operation 
between the Naval Architect and the Marine Engineer,” 
by Mr. A. T. Wall. Junior Section : Thursday, March 
13, 6.30 p.m. ‘‘ Marine Boilers—Their Troubles and 
Maintenance,” by Eng.-Lt.-Comm. H. S. Humphreys. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLanp.—Tuesday, March 11, 7.30 p.m., 39, Elmbank- 
crescent. Glasgow. ‘‘A New System of Continuous 
Longitudinal Framing for Ships,” by Mr. H. C. 1 
Bryant. 
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SHEFFIELD METALLURGICAL ASSOCIATION,—Tuesday, 
March 11, 7.30 p.m., 198, West-street, Sheffield. 
‘** Patents,”’ by Mr. J. F. Kayser. 


INstiTUTE OF FuEL.—-Wednesday, March 12, 6 p.m., 
Chemical Society, Burlington House, Piccadilly, W.1. 
*“Smoke Prevention and Its Problems,’’ by Professor 
W. E. Gibbs. 

INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednesday, 
March 12, 7.30 p.m., St. Bride Institute, Bride-lane, 
Fleet-street, E.C.4. “Industrial Transformer Substa- 
tions,”? by Mr. L. Drucquer and Mr, R. H. Abell. 


BRITISH ASSOCIATION OF REFRIGERATION.——Thursday, 
March 13, 5.30 p.m., Institution of Mechanical Engineers, 
Storey’s Gate, S.W.1. ‘“‘ Heat Production and Evapora- 
tion as Factors in Cold Storage,” by Dr. A. J. Smith. 


Optical Soctety.—Thursday, March 138, 7.30 p.m., 
Imperial College of Science and Technology, South 
Kensington, S8.W.7. ‘Imagery around a Skew Ray,” 
by Mr. T. Smith. ‘‘'The Purpose and Design of the New 
Equipment at the Royal Observatory, Edinburgh,” by 
Professor R. A. Sampson. ‘“‘A Description of the 
Stellar Spectrograph for the 36-in Reflector at the Royal 
Observatory, Edinburgh,” by Messrs. Adam Hilger, 
Limited. ‘‘ A Description of the 36-in. Reflector at the 
Royal Observatory, Edinburgh,’’ by Messrs. Sir Howard 
Grubb, Parsons and Company. 


Royat Sanrrary Institute.—Friday, March 14, 
4 p.m., Council Chamber, Middlesbrough. ‘‘ Ventilation 
of Cinemas, etc.,” by Mr. W. S. Walton. ‘‘ Flooding from 
Streams at Middlesbrough,” by Mr. 8. E. Burgess. 

INSTITUTION OF ENGINEERING INSPECTION.—Friday, 
March 14, 5.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘‘ Deep Well Pumps,’”’ by Mr. J. J. 
O’ Neal. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
March 14, 7.15 p.m., Engineers’ Club, Albert-square, 
Manchester. ‘‘ Machine Tools from the Manufacturing 
Users’ Point of View,’’ by Mr. H. C. Armitage. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednosday. 

Tron and Steel.—Conditions show little improvement as 
compared with a week ago. Throughout the steel and 
engineering branches orders are mainly for small quan- 
tities, and though the aggregate output is large and finds 
employment for a substantial number of all classes of 
operatives, it is considerably below capacity. Works 
organisers are energetically striving to remedy the posi- 
tion, and are considering the adoption of further economy 
schemes with a view to lightening costs and providing a 
more satisfactory return on capital outlay. The general 
quietude obtaining in the market for raw and semi- 
finished materials fairly reflects the position in the finished 
branches. For several months business in steel-making 
scrap has been very quiet. Not only has inland 
business contracted, but exports show a marked shrinkage, 
and there are concurrent signs of increased imports of 
foreign scrap. Prices fluctuate, with a downward ten- 
dency. The hematite position is somewhat steadier, 
but supplies are restricted to current needs. Foundry 
iron shares in the stagnation, while the demand for 
ferro-alloys is unsatisfactory, and prices are being shaded. 
In comparison, the position of the iron and steel trade 
in Lincolnshire is much more robust. Modern plants 
in that county maintain considerable activity both in 
semi-manufactured steel and steel plates. Quotations 
are as follow :—Siemens acid-steel billets, 91. 10s. ; 
hard basie-steel billets, 97. 2s. 6d. to 91. 12s. 6d. ; medium 
basie-steel billets, 7/7. 12s. 6d. to 81. 2s. 6d.; soft basic 
steel billets, 67. 10s.; Lincolnshire foundry pig-iron, 
75s. ; Derbyshire foundry pig-iron, 73s. 6d. ; Derbyshire 
forge iron, 69s. 6d. ; crown iron bars, 11/.; iron hoops, 
12/.; steel hoops, 9/. 10s. to 10l.; soft wire rods, 81. ; 
basic-steel scrap, 60s. Sheffield is vitally interested in 
the new scheme to rationalise the shipbuilding industry. 
Excess capacity has done much, it is stated, to injure 
prospects, and the intention to close redundant shipyards 
and concentrate manufacture on the most favourable 
plants will, it is hoped, cause a substantial saving in 
overhead charges, and put firms in Sheffield and else- 
where in a better position in competing for fresh business 
against foreign rivals. The extent to which Sheffield, 
as one of the principal suppliers of shipbuilding steel, will 
be affected remains to be seen. More orders are circu- 
lating from electrical engineers, but business in automo- 
bile steel has declined. Tool-makers are feeling severely 
the loss of the Russian market. A well-known local firm, 
which did a big business with Russia in agricultural steel 
and implements, is in difficulties, and has appointed a 
receiver for the debenture holders. 


South Yorkshire Coal Trade..-Weak features predomi- 
nate. Industrial demands, on the whole, are unsatisfac- 
tory, though prices remain fairly steady. Export busi- 
ness is eagerly sought, while inland consumption shows 
a shrinkage. The movement of prices is downward. 
A moderate demand prevails for furnace and foundry 
coke. Special steel-making sorts are the subject of 
active inquiry. Increased use is being made of coke- 
oven gas for industrial purposes. The recent slight 
improvement in house-coal business has been main- 
tained, though outputs at collieries are well above imme- 
diate needs. Quotations :—Best branch hand-picked, 
26s. to 28s.; Derbyshire best brights, 21s. to 23s. ; 
Derbyshire best house, 20s. 6d. to 21s. 6d.; screened 
house coal, 18s. 6d. to 20s, ; sereened house nuts, 16s. 6d. 
to 18s.; Yorkshire hards, 15s. 6d. to 17s.; Derbyshire 
hards, 15s. 6d. to 17s. ; rough slacks, 9s. to 10s. ; nutty 
slacks, 7s. 6d. to 8s. 6d. ; smalls, 3s. to 5s. 
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EXHIBITS AT THE LEIPZIG FAIR. 
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SUMMER COURSES IN FRENCH AT LA SORBONNE, Paris. may be obtained from M. Henri Goy, Directeur du supplied at 110 kv. over a 75-km. cgay eet a 
Special summer courses in the French language are to] Bureau des Renseignements Scientifiques, Université | has also been started, and has a capacity of a, sa / 
be held at La Sorbonne, Paris, from June 29 to August 20,] de Paris, La Sorbonne, Rue des Ecoles, Paris (5e). A third station for the supply of Madrid, which is being _— 
and from July 28 to August 24. The courses are divided erected at Burguillos and has a capacity of 66,000 aia 4 

Y I article in La] will be opened during 1930. The electrically-operate J Sour 
Energia Electrica states that the outstanding electrical | railway between Ripoll and Puigcerda, a distance of ; 

event of 1929 in Spain was the commencement of the | 50 km., has also been completed. This covers the —* 

Paris. The second portion consists of 36 more advanced | work of developing the falls on the Douro, by the Sociedad portion of the Transpyrenean line and includes a ng + } 
afternoon lectures on prominent present-day questions, Hispano-Portuguesa de Transportes Eléctricos Saltos del | mum gradient of 4.1 per cent. with numerous —— * . ( 
involving literature, politics and economics. The third Duero. These falls are within 260 km. of Madrid and | is being worked on the same system as the Fren¢ hh ve a 
portion consists of a journey, in small groups, into Western | 330 km. of Bilbao, and have an ultimate possibie capacity Railway. In addition, numerous other sections ha Umm 


A . A A eth . 
of 826,000 h.p. in summer and 1,068,000 h.p. in winter. | been converted to electric traction, the total lenct! N 


into three main portions, the first of which comprises Etectricity Suprry mw Sparn.—-An 
either six or four weeks’ preparation work in the Univer- 
sity, coupled with afternoon visits to places of interest in 


France, occupying eight days. The shorter course, : nter. | | I 1 J 
however, does not include the journey, Full particulars’ The station at Puente Nuero, fram which Madrid is! involved being 378 km. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRES 
and that og connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 





TELEGRAPHIO ) “ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 


(2 lines). 
SUBSCRIPTIONS, HOME AND FOREIGN. | 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 


For the United Kingdom...................:0+ £3 5 0 
For Canada— 
Thin paper copies ...............s00+ £218 6 
Thick paper copies....................0+ £3 3 0 
For all other places abroad— 
Thin paper copies «0.0... £3 3 0 
Thick paper copies................::0000 £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 








When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, | 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 128. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four cclumns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be | 
guaranteed. | 


TIME FOR RECEIPT OF ADVERTISEMENTS. | 


Advertisements intended for insertion in the | 
current week’s issue must be delivered not later 
than First Post on Thursday. In consequence 
of the necessity of going to press early with a 
portion of the edition, alterations for standing 
advertisements should be received 10 days 
previous to the day of publication. 


All accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed “The National Provincial 
Bank, Limited, Charing Cross Branch.’ Post Office 
Orders should be made payable at Bedford Street, 
Rtoand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. T. Willmett and Company, ‘Townsville, North | 
Queensland. W. C. Rigby, Adelaide, South Australia. | 
Melville and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-93, pose street, East. 

DENMARK, Copenhagen: Kaat-Jensen and Company, Vester 
Farimagsgade 22. 

EDINrvRGH: John Menzies and Company, Limited, Rose-street. 

FRANCE, Paris: Ricour, Chevillet et Cie., 22, Rue de la Banque. 

GERMAN Y: Hermann Fromm, Liitzowstrasse, 84, Berlin, W.35. 

GLASGOW: William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 

HOt AND, Rotterdam : H. A. Kramer and Son, Limited. 

INDIA, Calcutta : Thacker, Spink and Company. 

Sombay: Thacker and Company, Limited. 

ITany : U. Hoepli, Milan. Anonima Libraria Italiana, Torino | 
and any post office. 

Japay, Tokio: Maruzen Company, Limited, and all branches. 

Liver: L: Mrs. Taylor, Landing Stages. 

—" TER: John Heywood, Limited, 143, Deansgate. 

NEW ZEALAND: Gordon and Gotch, Limited, Wellington, 

‘ Auckl nd and Christchurch. 

NORWAY} Y, Me Cammermeyer’s Boghandel, Carl Johans Gade, 
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Sourn A \rrica: Central News Agency, Limited. Head Office— 
Joh nnesburg ; and Pretoria, Cape Town, Port Elizabeth, | 
m emfontein, Durban and ‘various branches and book: | 


(Se - throughout South Africa. Wm. Dawson and Sons 
r uth Africa), Limited, 29, Long-street, Capetown. 
scoop : Gordon and Gotch, Limited, Launceston, Hobart. 
— oTATES, New York: For subscriptions, The International 
Ta Compan y, 181, Varick-street. For advertisements, 
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THE WORK OF THE NOZZLES 
RESEARCH COMMITTEE. 


WHEN, in 1914, the Institution of Mechanical 


| Engineers appointed a committee to study the 


efficiency of nozzles, hardly a single trustworthy | 
experiment had as yet been ‘made on this important  t 
component of the steam turbine. In this matter 
text book writers were, for the most part, but 
blind leaders of the blind. The essentials of the 


experimental problem were misunderstood, and | 


hence the careful measurements even of highly 
skilled observers yielded little but misleading 
results. In most cases the steam used was either 
wet or but slightly superheated, and this led to 


the anomaly that the observed discharge was quite | 
frequently in excess of what was possible on the | 


Attention was called to 


theory then in vogue. 
Rosenhain’s 


this point in a discussion of Dr. 
experiments, 


cases the observed discharge was as much as 3 per 


cent. in excess of the theoretical. Similar excesses | 


were reported by other observers, who, however, 
quite frequently “corrected ” 
so as to suppress these anomalies. By general 
consent, these were attributed to the use of wet 
steam. Few, however, seem to have taken the 
trouble to test this facile explanation by calculating 
the degree of wetness required to reconcile theory 
and observation. As soon as this was done the 
hypothesis in question proved wholly inadequate 
to account for the facts. Even when no allowance 
was made for frictional losses, the steam supply 
must have contained at least 11 per cent. of moisture 
if agreement were to be established between com- 
putation and experiment. Such a figure was 
quite inadmissible, and in many cases a still higher 
degree of wetness would have been needed to 


| bring the actual discharge into accord with theory. 


Matters were brought to a head by a _ paper 
contributed to the Proceedings of the Institution 
of Mechanical Engineers by Professor (now Sir) 


which appeared in our issue of} 
| February 2, 1906, where it was shown that in some 


their observations | 


J. B. Henderson. In this, attention was drawn, 
anew, to these extraordinary discrepancies between 
calculation and observation. This paper excited 
much interest, and led, indeed, to the formulation of 
some almost fantastic theories about the cause of the 
anomalies, which are now universally attributed 
to the fact that the steam was super-saturated 
as it passed through the throat of the nozzle. 
This hypothesis formed the subject of a most 
instructive paper contributed, in 1915, to the 
Proceedings of the Institution of Mechanical 
Engineers by the late Professor H. L. Callendar. 
Some minor outstanding anomalies were disclosed in 
a paper read, in 1922, at the Paris meeting of the 
Institution by Professor Mellanby and Professor 
Kerr, and have only been cleared up within the past 
eighteen months. 

Professor Henderson’s paper made it very 
evident that further research was required, and 
the need for this was emphasised by the fact that 
it was impossible to reconcile the results of the 
best Continental experiments with the actual 
efficiencies obtained with the Parsons’ steam tur- 
| bine. Thus the Reichsanstalt experiments of 
| Josse and Christlein indicated that nozzle efti- 
| ciencies were a maximum at an efflux speed of 
|some 2,000 ft. per second, and then fell away 
|rapidly as the speed of flow was reduced, the 
 pirva: coefficient being but 0-82 when the speed 
was reduced to 800 ft. per second. Their curves 
indicated that at still lower speeds the energy 
efficiency would hardly exceed 50 per cent. Such 
| figures were quite irreconcilable with the observed 
efficiency of the Parsons’ steam turbine, although 
these, at the date in question, were very much 
| underspeeded. Impressed with this fact, Dr. Gerald 
Stoney was urgent for further experiment, and when 
|the Nozzles Committee were at last able to com- 
| mence, took over the control of all the earlier 
| series of experiments and was largely responsible 
| for the success attained, whilst his high standing in 
the profession added weight to the published reports. 
| The apparatus used by the committee was of a 
| distinctly original type, and recent developments in 
hydro-dynamic theory indicate that it had advan- 
tages which were but imperfectly realised at the 
outset. It is now known, for example, that the 
surface of every jet issuing into a surrounding mass 
of fluid is covered with a sheet of intense vorticity. 
The development of these vortices, and consequently 
the apparent velocity coefficient, will depend on the 
character of the space into which the disc harge 

takes place. It is much easier to prevent any serious 
development of these vortices with an apparatus of 
the type used by the committee than it is in the 
|ease of a reaction tester, which appears to be 
inherently less reliable. 

One point which has given rise to some discussion 
is the apparent rise, at low speeds, in the efficiency 
of the nozzle, which has been recorded in a number 
of the committee’s tests. Whilst it is impossible 
in our present state of ignorance to locate the point 
of maximum efficiency, it is at least certain that 
;such a maximum must exist. This conclusion is 
' based on the second law of thermodynamics, which, 
it may be noted, is the only natural law of which 
the validity has been unchallenged during the recent 
revolution in physics. It is common knowledge 
| that at very low speeds of efflux the flow through 
/a nozzle must be viscous. As the speed rises 
turbulence sets in, and somewhat suddenly. Now, 
no change of regime occurs spontaneously in nature 
‘unless the change involves an increase of entropy. 
Hence, when viscous flow changes to turbulent 
flow the dissipation of energy is increased, and the 
efficiency of the nozzle diminishes. The efficiency 
is therefore necessarily a maximum just before the 
inset of turbulence. Once the turbulent regime is 
completely established, further increases in speed 
may possibly be accompanied by an increase in the 
efficiency. 

The exceedingly instructive models exhibited by 
Mr. Guy during the discussion in London of the 
sixth report of the Nozzles Committee correspond to 
a case of turbulent flow, since with viscous flow the 
curve representing the distribution of velocity is 
parabolic in character. A point of very special 
interest is that the turbulence was confined to a 
thin boundary layer, so that the flow round the 
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guide blade approximated to that round an aero- 
plane wing. It seems possible, therefore, that the 
Lanchester-Prandtl theory of aeroplane lift and 
drift may ultimately prove serviceable to the turbine 
designer. According to this theory, turbulence is 
confined to the wake and to a narrow layer which 
hugs the surface of the wing, though apt to break 
away from it on the convex face in the neighbour- 
hood of the trailing edge. Mr. Guy’s model suggests 
that a phenomenon of this kind is responsible for 
the fact that curved nozzles are distinctly less 
efficient than straight ones. With the latter there 
can be no tendency for the boundary layer to break 
away from the guiding surfaces. 

There is, however, one consideration that may 
well limit the application of the circulation theory 
to turbines and centrifugal pumps. When a fluid 
flows through a passage instead of round an obstacle 
there is a tendency for the flow to become all wake. 
Thus, when the speed of flow is above the critical, 
the turbulence fills the whole cross-section of a 
pipe, and it is to be feared that in a multi-stage 
turbine the turbulence may no longer be confined 
to a narrow boundary layer, as it is in Mr. Guy’s 
model. 

Although, as already noted, there were few 
reliable experiments on nozzle efficiencies prior to 
the work of the committee, engineers, notwith- 
standing their ignorance, succeeded in constructing 
reasonably efficient steam turbines. In the case of 
the reaction type the question of nozzle efficiency 
hardly arose, since these were proportioned by the 
use of Parsons’ coefficient. Impulse turbine builders, 
on the other hand, had at their service two co- 
efficients, of which the one was the velocity coeffi- 
cient of the nozzles and the other that of the guide | 
blades. If one of these was estimated wrongly, 
the error could, within limits, be compensated for 
by a suitable adjustment of the other. Impulse 
turbines with an aggregate rating of hundreds of 
thousands of kilowatts were proportioned on the 
assumption that the velocity coefficient for the 
nozzles was 0:96 and that for the moving blades 
0-85. There is not the slightest doubt that both 
these values were wrong. 


The committee’s experiments show very con- 
clusively that the nozzles in question could not have 
a velocity coefficient of more than 0-93, and the 
actual value may quite probably have been even | 
lower. Nevertheless, the two coefficients quoted 
proved reasonably satisfactory until the post-war 
demand for high efficiencies. On the basis of these 
coefficients certain continental builders then gave 
guarantees which they failed to meet by as much as | 
10 per cent., or even 14 per cent., and ultimately 
found themselves compelled to make revolutionary | 
improvements on their standard patterns. One of 
the failures in question had a somewhat humorous 
sequel. The head of the firm concerned was a | 
much better salesman than engineer, and when 
called upon to remove a machine which had utterly 
failed to meet his guarantees, refused, but offered 
instead to supply, free of charge, a turbine of modern 
design, which be then ingeniously represented as a 
repeat order. 

One of the more important discoveries made by the 
Nozzles Committee was the serious loss of efficiency 
occasioned by flat surfaces at partition plates and 
elsewhere. Probably most turbine designers realised 
more or less vaguely, that such flat surfaces were 
undesirable, but they were far from suspecting the 
magnitude of the losses involved and allowed them- 
selves to be over-ruled by the shopmen ever insistent 
on a reduction of manufacturing costs. On the 
other hand, the dra-ving office must shoulder the 
discredit of using nozzles with parallel throats. 
Some draughtsmen seem to have an inherent longing 
for something definite, even if definitely wrong. 
Thus, American bridge engineers have been known to 
cut up into sections the floor of long bridges, well 
knowing that the structure was thereby weakened. 
but, nevertheless, held this drawback to be more 
than offset by the greater detiniteness with which 
the stresses could be calculated. Similarly some 
turbine designers seem to think it important that 
they should know definitely the angle of efflux | 
even at some sacrifice of efficiency. As a matter of | 
fact, however, experiment has proved that they | 
failed even in this object, since, in most cases, the | 


| industrial conditions. 
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| 
actual angle of efflux is distinctly smaller than that | he has to face the cost and risks of a new stuart. 


deduced from geometric considerations. This 
important point was, we believe, first established 


at the works of the Brush Electrical Engineering | 


Company by Messrs. W. Chilton and J. M. Newton. 
It has been very fully confirmed by the subsequent 
work of the Nozzles Committee, but much yet 
remains to be done. As matters stand, no one 
knows what is the best spacing of guide blades. 
The extraordinary success of the propeller type of 
water turbine suggests that, in general, blades are 
spaced much more closely than is really necessary, 
and the point is well worthy of experimental investi- 


| gation. 


In conclusion, we would wish to add a word of 
appreciation of the extremely valuable contributions 
to the discussions on the reports of the Nozzles 
Committee, which have emanated from Messrs. 
Metropolitan-Vickers. This Company conducts 
industrial research on a scale and with a competency 
which have nothing to fear from a comparison with 
the best establishments in other countries. 








INDUSTRIAL PSYCHOLOGY. 
InpustRy is the means by which a community 
earns its living, and when a living is hard to earn 


|communities must take advantage of any agency 


by which their work can be made easier or more 
fruttful. The past fifty years have brought an 


| increasing sense of the importance of scientific dis- 


covery and scientific methods among such agencies, 
and the science of mind is one of the latest to offer 
its help. Until recently, the co-operation of industry 
with the sciences has been impeded by the failure 
of those who practise each to recognize that their 
results are often obtained under different conditions, 
and that results obtained in scientific laboratories 
may not be applicable directly to works practice. 
When, therefore, a new application of experimental 
science to industry is attempted, one of the first 
questions to be considered is how far the results of 
the science are applicable and are being applied in 
Such enquiry is the more 
natural and necessary with psychology, because of 
its wide and indefinite scope. The relations between 
mind and body still remain singularly obscure, 
and call constantly for psychological questions to 
be investigated physiologically. The application of 
psychology may extend to any operation that is 
directed by the mind, although such applications 
can usefully only be made so far as psychological 
science possesses demonstrated truths, applicable to 
the circumstances in question. Even with this 
reservation the possible scope of applied psychology 


| remains extremely wide, and it may be a matter of 


the first importance to industry to know what help 
the science can give and is likely to give to indus- 
trial work. 

A document of interest in this connection is the 
annual report of the National Institute of Industrial 
Psychology for the year 1929, which has just been 
published. Established only nine years ago, the 
Institute is a comparatively new foundation. Its 
work has been done in very difficult times, and 
probably it has not yet completed its full evolu- 
tion. Nevertheless, the present report shows that, 
in spite of the unfavourable circumstances in which 
it has had to work, it has attained a considerable 
position. Its operations may be divided broadly 
into three classes. In one of them research is 
conducted into problems of industrial interest, 
partly by intensive experimental methods, but 
mainly by more or less extensive application of 
tests and the correlation of the results with those of 
practical experience. In another, the Institute acts 
as a teaching body, and gives instruction, so far as 
its means allow, in the various branches of indus- 
trial psychology to such extent as this applied 
science has been developed. In the third branch 
of its work, it undertakes the investigation of specific 
problems in individual factories. 

In connection with the first line of research 
it may be admitted that no way in which human 
energy is wasted is more mischievous than em- 
ployment on the wrong kind of work. While it 
continues, it is a tax on industry, in addition to 
being often a source of strain on the man, and not 
seldom of disappointment and misery. If, on 
the other hand, the man changes his occupation, 


‘and the industry he has left loses the not un- 


substantial expense of his training. Two ways 
appear to have been suggested for predicting 
the suitability of a youth for a given occupation, 
In one of these the qualities, physical, mental and 
moral, involved in the occupation are analysed, and 
tests are sought by which the extent to which an 
individual possesses each of these qualities may be 
measured. For the time being, however, the 
second method possesses more immediate impor- 
tance, and probably will be necessary long after 
definite progress has been made in the analyses on 
which the first method is based. In this, tests are 
also applied to individuals, but while the analysis 
of the factors of occupations is omitted, the 
number of the persons tested is made as large 
as possible, and the results suggested by the 
tests are checked off against the subsequent 
careers of the persons tested. Both methods, it 
will be seen, involve the application of empirical 


|laboratory tests, made conjecturally on the best 


information available. The Institute is conducting 


|investigations on the second method in London, 


Fife, and Birmingham, as well as in some of the 
Borstal institutions. The final results of these 


investigations will necessarily take a prolonged 


period to obtain, and cannot be expected to show 
that the particular tests used were in fact the best 
that could have been applied. The results which 
have been obtained up to now seem, however, to 
show beyond question that youths whose vocation is 
selected according to the indications of the tests 
have a better chance of dropping on to the most 
suitable occupation than those who have had no 
such guidance. Similar methods have been applied 
on behalf of employers in the selection of employees, 
and appear to have given similar results. 

In the third branch of its work, the Institute has, 
in effect, undertaken to practice what in the United 
States is called “ efficiency engineering,” and manu- 
facturers both in the engineering and in other trades 
may be interested in the account which the report 
gives in outline of the investigations it has made, 
the measures it has recommended, and the results 
of their adoption. They extend to almost all manners 
of trades, and in particular have been applied to 
a number of branches of the engineering trade. 

In a gas works, for example, last year, which 
was the sixth over which the investigations have 
been extended, was devoted mainly to consider- 
ing problems of the coke-loading department, where 
congestions and delays had been found particularly 
liable to occur, and the Institute has been able 
to suggest appropriate remedies. In a_ haulage 
appliance factory, the results of an investigation 
begun at the beginning of 1929 and _ still in 
progress, has already increased overall production 
by 20 per cent. Movement studies have increased 
the output of men engaged in preparing raw material 
by 33 per cent., and in the manufacturing depart- 
ment improvements in methods of transport. 
machinery, and production generally have obtained 
from the largest machine an output more than 
double as great than the average for the correspond- 
ing period in the previous year. Ina chemical works 
the second investigation made for the firm has re- 
sulted, among other things, in the revision of the 
organisation of the clerical staff, and a scheme devised 
by the Institute for basing salaries on the value and 
responsibility of the work and on length of service. 

The fourth period of investigations conducted by 
the Institute for a railway company has been devoted 
this year to the locomotive works. It has resulted 
in improved illumination in the stripping shed, ade- 
quate drainage of other sheds which had _ been 
flooded in wet weather, replanned lay-out of the 
iron foundry, a simplification of work on automatic 
lathes and reduction of the waste of oil, and improved 

|storage methods and transport system. In the 
amalgamation of two firms of scrap-metal mer- 
chants, the re-organisation both of their working 
methods and of the duties of the staff, the closing of 
depots, co-ordination of buying and advertising. 
| the elimination of sales competition and the over- 
| lapping of sales areas, are among the matters to 
| which the Institute has attended, and the <lirect 
financial savings so effected are estimated at 5, 6001. 
a year. A radio instrument works, a gold mine, 
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a cutlery factory, telephone and cable factories, 
lead works, iron and steel works, a steamship 
company, a mining engineering works, aluminium 
works, the General Post Office, a firm of builders 
and contractors, and office machinery works are 
examples of other enterprises with which the Institute 
has been concerned, in each case apparently with 
a substantial improvement in the working. By 
services of this kind to its clients the Institute has 
also earned about two-thirds of its present resources, 
a matter of the greater general interest because by 
its constitution its earnings have to be spent on the 
public purposes for which it was established. 

It is evident that by no stress of imagination 
can the great part of this work be regarded 
as psychological. The Institute appears to have 
raided boldly the entire field of management, and 
though many of what it terms ‘‘ its > methods seem 
hardly distinguishable from those that have been 
used elsewhere, the fact remains that the Institute’s | 
application of them has produced substantial savings 
and improvements in efficiency above the best that 
the experienced concerns for which they were acting 
had been able to make for themselves. By the 
side of this practical result the question of whether 
the Institute’s methods originated with itself is 
merely academic. The fact, indeed, that they have 
been tried out in practice does more to commend 
them than any claim that all or a large part of 
them were home made. 

Doubtless, the whole benefit of such investigations 
cannot be attained without the co-operation of the 
firms for whom they are made. It is unlikely, | 
for instance, that the mechanical and_ similar | 
improvements which played a large part in many 
of the revisions produced as the result of the 
Institute’s investigations were devised by psycholo- 
gists. If they were, it is probable that in most 
instances better devices might have been suggested 
by engineers. The best result requires evidently | 
the co-operation of both parties, and there is no 
reason to doubt that the Institute would be as 
willing to accept such co-operation as engineers | 
should be to give it. The extent to which the | 
Institute’s recommendations are likely to represent | 
the best that could be done must depend, in fact, | 
on the extent to which they work with the co-opera- 
tion of men skilled in the arts that may be in question. 
For the present, the results recorded in this report 
seem to show that the Institute is in a position, 
exceptional in this country, to make constructive 
criticism of manufacturing processes, and that the 
methods which have been evolved, presumably 
with the co-operation of its clients’ technical staff, 
have been remarkably successful in improving the 
working of many kinds of establishments. 


| 
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NOTES. 


EXPERIMENTAL Roap Work. 

THE effect of wheeled traffic on the life of the 
roads it uses is a problem which still only leads to | 
indeterminate solutions. This is partly because 
the number of factors involved is large, and their 
influence in any one case varying; and _ partly 
because on a public highway it is not possible to 
control the traffic in the way that is obviously 
desirable, if accurate results are to be obtained. As, 





however, the question is one which must be settled | various kinds. 


without delay, the Ministry of Transport have taken 
a commendable course in deciding to build an experi- 
mental length of road, on which various surfaces | ¢ 
can be observed under known traffic conditions, and 
Which can be closed to the public when it is desirable | 1 
to make special tests. This road has been 


turn-out of the Colnbrook By-Pass. Its total | « 
length is 600 yards, of which only about 450 yards |! 
will be employed for the experiments, in order  « 
to eliminate special effects, which occur on the 
Curves at the entrance and exit. Its levels are the | v 


Same as that of the by-pass and it has been built | secured by the United States was 
on an embankment about 5 ft. high, special care compared with Great Britain’s almost insignificant 


being taken to provide a uniform foundation. The v 
latter consists of two layers of ballast, the first of 


while the whole was allowed to consolidate for 1 


about eight months. Special removable kerbs and sulphate emanate mainly from Great Britain and 
from Germany ; 


fencing have been designed so that the traffic can 


| machinery and mineral oils. 


| over exports of 224,359,000 yen. According to the 


ithe Imperial Japanese Government, the value of 
| Great Britain’s share of the 1928 import trade 


was only 58,904,459 yen. 
mainly of silk and silk goods and of foodstuffs of 
United Kingdom dominates the trade in cotton 
some little progress in the latter. 


con- for 30 per cent., the United States for 36 per cent. 
structed between Hounslow and Slough and forms a | Germany for 15 per cent., and Switzerland for 5 per 


States. 


branch of the trade are, however, a bright feature 
which was well rolled before the second was laid, and have increased from 4,000 yen in 1922 to 
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be deflected from the by-pass on to the experi- 
mental road, or the latter closed. The first set of 
experiments is being carried out to determine the 
effect of certain factors in the design and construc- 
tion of concrete road slabs. These include investi- 
gations into the economic value of reinforcement, 
the effect of laying the concrete on dry, saturated 
or waterproof beds, the best water: cement 
ratio to employ, the most suitable length of slab 
and type of joint to use,and the result of apply- 
ing a surface dressing of silicate of soda. The 
carriage way of the experimental road is 20 ft. wide 
between the granite kerbs, but the concrete slab 
extends 18 in. beyond the kerb lines so that the 
total width of the slabs is 23 ft. An expansion 
joint is provided every 50 ft., and special care has 
been taken to ensure that all the gully gates are 
within a few feet of the transverse joints between 
the slabs, so that the recesses in the latter shall not 
tend to form lines of weakness across their centres. 
The slabs on one side of the road were laid first and 
those on the other followed after an interval of not 
less than a week. The cement used complied with 
the British Standard specification and the aggregate 


| was drawn from one portion of one special pit, in 


order to secure uniformity of grading. The sand was 
sharp and washed and was also carefully graded. 
The ballast and sand were dried and allowed to cool 
under cover before use. All the materials were 
proportioned by weight in the ratios of approxi- 
mately 4:2:1 by volume. The concrete was 
tamped by hand and finished with a 7-in. teak- 
board. Datum blocks were set in the surface of 
two slabs from which it is proposed to measure 
any deformation due to changes of temperature and 
atmospheric humidity, and cones of coloured cement 
are being used to determine the wear. Arrange- 
ments are also being made to test tar-bituminous 
road surfacing materials, so as to obtain data 
regarding their composition, and the effect of 
variation in the constituents on their life and traffic- 
carrying capacity. Information will also be collected 
on the total cost of constructing and maintaining 
the surface under known traffic conditions. As this 
requires a road from 2 to 3 miles long, the Coln- 
brook By-Pass will be used for the purpose, as it is 
near to the Experimental Station at Harmonds- 


' worth. 


GREAT BrITAIN’s PosITION IN JAPANESE MARKETS. 

The chief exports from Japan are raw silk and silk 
and cotton goods, while the principal imports into 
the country are raw cotton, wool, timber, fertilisers, 
During 1928, the value 
of the total exports of merchandise, expressed in 
thousands of yen, amounted to 1,971,955, as against 
1,992,317 in 1927, whereas the value of the imports 


aggregated 2,196,314 in 1928, compared with 
2,179,153 in the previous twelvemonths. It will 


be seen that in 1928 there was an excess of imports 


Financial and Economic Annual of Japan for 
1929, published by the Department of Finance of 


was 164,830,419 yen. On the other hand, the total 
value of the Japanese goods entering this country 
The latter consisted 


Returning to Japanese imports of 
British goods, it is interesting to find that the 


ind woollen textiles, although Germany is making 
Of imports of 
nachinery and parts, Great Britain is responsible 


ent. These proportions have remained more or 
ess stationary for the past four years. The motor- 
var trade is practically monopolised by the United 
Total imports of motor-cars and parts were 
valued at 32.245,000 yen during 1928, and the share 
29,354,000 yen, 


ralue of 465,000 yen. Canadian imports in this 


,568,000 yen in 1928. Imports of crude ammonium | ' 





whereas, however, German im- 


scheduled, 


and examination. 


new specification may be obtained from the B.E.S.A. 
Publications !epartment, 28, Victoria-street, London, 
S.W.1, price 2s. 2d., post free. 
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ports are tending to decrease, British imports are 
increasing. The United Kingdom has also, for 
some years past, been the chief supplier of caustic 
soda and soda ash. The wool import trade is 
almost entirely in the hands of the Australian 
Commonwealth, and more than half of the pig 
iron purchased abroad is furnished by British 
India. Canada supplies approximately 50 per cent. 
of Japan’s needs in the matter of lead ingots and 
slabs; the share of the United States, however, 
is increasing rapidly, whereas that of Australia is 
gradually vanishing. Taking a broad general 
view, it may be stated that Great Britain has, so far 
maintained her position in Japanese markets. She 
has held first place among European importing 
nations for many years past, and, in spite of the 
activities of Germany, her only serious rival, is 
still responsible for some 40 to 50 per cent. of 
Japanese imports from Europe. 
HEALTH IN THE TROPICS. 

A series of lectures likely to be of interest, and 
even importance, to many young engineers who 
are proposing to take up posts in the Tropics has 
been arranged by the London School of Hygiene 
and Tropical Medicine. The course was introduced 
last week in a lecture by Sir Andrew Balfour, the 
Director of the School, in which he outlined the 
vast strides that had been made during the last 
thirty-five years in ascertaining the causes of the 
most serious tropical diseases, and in prescribing 
remedies. The purpose of these lectures is to fore- 
warn those for whom they are intended, of the 
precise measures by which it has been found possible 
to reduce the incidence of tropical diseases on white 
men to reasonable dimensions, even when they 
cannot be avoided altogether. Largely, this is a 
matter of precautions and regimen, not difficult to 
carry out, but easier still to neglect, and the penalty 
of omitting them is at the least a detraction from 
health and efficiency, with the possibility of still 
graver results. The lectures will be based on practical 
experience of tropical life by medical men, and 
embody directions as to outfit, prophylaxis in 
England and on the voyage, personal hygiene, 
and both general and special measures of preven- 
tion, especially when camping out. The number of 
engineers who have professional occasion to go to 
the Tropics and to live there is considerable, and 
probably may increase with the development of 
the colonies in such zones. The knowledge these 
lectures seem likely to give is important to a man’s 
health, comfort and efficiency, as well as to those 
of men he may have under him, and their provision 
will be welcomed by engineers responsible for send- 
ing out staff to represent or work for them in, or 
themselves going to, tropical stations. The lectures 
will be delivered at the London home of the School 
in Keppel-street, W.C.1, and will consist of a 
series of eight lectures of one and a half hours each, 
between the 12th and 21st inst. 











THE INSTITUTION OF MINING AND MetTatLurGy.——The 
Gold Medal of the Institution of Mining and Metallurgy 
has been awarded to Sir Thomas H. Holland, in recogni- 
tion of his services to geological science and the mineral 
industries, during his tenure of public appointments, 
and of his researches and publications upon the mineral 
resources of the British Empire. 


BRITISH STANDARD SPECIFICATION FOR SWITCHGEAR. 
The British Engineering Standards Association has just 
issued specification No. 195-1929, dealing with switchgear 
equipments for three-phase alternating-current circuits. 
It is a companion specification to No. 194-1926, which 
referred to switchgear equipment for direct-current cir- 
cuits. The new specification has been drawn up witha view 
to specifying the least amount of apparatus which will 
control the machine or circuit and yet avoid fire hazards, 
discontinuity of supply, and danger to the operator. 
Separate schedules, entitled ‘‘ Optional Extra Equip- 
ment,” have, however, been provided. The necessary 
apparatus for earthing the neutral point of a three- 
phase system, either solidly or through a resistor, is 
and certain requirements are laid down 
regarding the accessibility of switchboards for cleaning 
As in the case of Specification No. 
194, the schedules are accompanied by a series of dia- 


grams illustrating each type of circuit for which standard 
equipment ‘ 
afford any excellent illustration of the manner in which 
the British Standard symbols for electrical purposes 


is specified. Incidentally, these diagrams 


nay be employed on such diagrams. Copies of the 
d "A 
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LABOUR NOTES. 

At a meeting held on February 12, the Italian Govern- 
ment approved the draft of a Bill relating to the regu- 
lation of hours of work in industrial undertakings. The 
measure, it is authoritatively stated, contains provisions 
which are in conformity with the principles laid down 
by the Washington Eight Hours’ Convention, and, at 
the same time, take account of the requirements of 
production and economic conditions in Italy. The 
object of the proposed legislation is to put Italy in a 
position to give up the reservation, relating to ratifica- 
tion by other countries, by which her own ratification 
was conditioned, and thus to honour her obligations. 


The weekly official organ of the International Labour 
Office regards the departure as one of great importance, 
and expects it to have an influence outside Italy’s 
frontiers. *“* Italy’s ratification of the Hours’ Conven- 
tion,” it recalls, “was accompanied by the condition 
that the observance of the Convention should date 
from its ratification, without reservations or differing 
conditions, by Belgium, France, Germany, Great Britain 
and Switzerland. Other conditional ratifications in- 
clude those of France, which is contingent on ratification 
by Germany and Great Britain, and of Spain, which is 
contingent on those of France, Germany, Great Britain 
and Italy. If, as a result of the step now announced, 
Italy is able to withdraw her reservation and to declare 
her ratification to be unconditional, her action cannot 
fail to stimulate the movement towards ratification 
by other countries. Belgium and Czechoslovakia 
have ratified unconditionally, Italy is contemplating 
the same course, and France is waiting only for ratifi- 
cation by Germany and Great Britain. Thus ratifi- 
cation by the two last-mentioned countries would 
ensure enforcement of the Convention in at least six 
of the principal industrial countries in Europe, and their 
example might well be expected to influence others.” 


The writer of an editorial article in the Railway 
Review, the organ of the National Union of Railwaymen, 
deals in no hesitating way with the Communist activities 
of some members of the organisation. ** Throughout 
the country,” he says, ‘there are a number of these 
people whose main object seems to be to create diffi- 
culties, and to place members of the union in a situation 
that may easily lead to their losing employment. 
Members of the union should, therefore, take every 
possible step to see that, onsubjects affecting themselves 
in relation to their employment, the full facts are 
obtained, and the machinery of the union is used to 
secure any adjustments which appear to be necessary. 
The people who engineer these difficulties have no 
means of remedying them.” 


The Shipwrights’ and Shipconstructors’ Association 
has rejoined the Federation of Engineering and Ship- 
building Trades. The Federation will be appreciably 
strengthened by the Association’s adhesion, but as 
other important craft unions prefer to remain apart, 
its bargaining power in negotiations with the employers 
still leaves a good deal to be desired. ; 


In conformity with decisions taken at the Heidelberg 
Congress in July last, of the International Union of 
Woodworkers, the National Amalgamated Furnishing 
Trades Association of Great Britain and Ireland, the 
Finnish Woodworkers’ Union, and the Norwegian 
Building Workers’ Union (Woodworkers’ Section) have 
been expelled from the organisation. At the Heidel- 
berg Congress, a resolution was adopted declaring 
that the conclusion of a reciprocity agreement with 
Russian unions was incompatible with membership 
of the International Union of Woodworkers. The 
unions concerned were given till December 1, 1929, to 
put an end to their relations with the Russian organi- 
sations, failing which their membership of the Inter- 
national Union of Woodworkers would lapse. The 
organisations referred to are those which have failed 
to carry out the terms of the resolution. 


Notwithstanding the political and economic difti- 
culties encountered daring the year, the national 
organisations affiliated to the International Federation 
of Metal Workers increased their memberships in 
1929. There was an addition of about 150,000 to the 
total membership, most of the newcomers belonging to 
the German national federation. The International 
Federation received payments during the year for 
altogether 1,841,389 members; the total on which 
contributions were paid in 1928 was 1,696,405. 


Among “‘instructions’’ issued to “all organisa- 
tions affiliated to or supporting the Red Trade Union 
International,” by the General Council in Moscow, is 
the following :—* The most important task of the 
supporters of the Red Trade Union Internationa! and 
the various national Communist Parties is to take 
For this purpose 


charge of the organisation of strikes. 
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strike committees should be set up independently of 
the existing trade union organs. These committees 
should be managed by communists, but should consist 
solely so far as possible, of workers belonging to no 
party, and of socialists who sympathise with the 
communist movement. The catchwords used should 
be carefully chosen so as to correspond to the particular | 
case. It is emphasised, however, that there can be | 
no such thing now as a purely economic strike, and that 
the supporters of the Red Trade Union International 
must therefore know how to choose the moment at | 
which a strike may be carried beyond the limits of an 
economic dispute. Special attention is to be devoted 
to strikes in China, India and other exploited countries 
where the Red Trade Union International should give 
every assistance to the workers in their struggle against 
imperialism. The General Council requests all sections 
of the Red Trade Union International to devote all their 
resources to assisting in the organisation of strikes.” 


The opinion is expressed by the General Council that 
‘nothing can be done to improve the condition of the 
workers until the resistance of the reformist and 
bureaucratic trade unions has been overcome.” The | 
‘instructions’? consequently call for a more energetic 
campaign against social democrats and non-communist | 
trade union leaders. Militant communists and _ all 
supporters of the Red Trade Union International are to 
direct the operations with a view to discrediting refor- | 
mers and weakening their influence over local trade | 
unions. This policy should be applied above all in 
connection with works committees. Committees | 
should be set up legally or illegally in all undertakings 
which are economically indispensable to the countries 
in which they are situated. Supporters of the Red 
Trade Union International are to convert these commit- 
tees into revolutionary fighting units. Communist 
workers must never withdraw of their own accord 
from the reformist trade unions. They must resist 
expulsion energetically and use all means to retain their 
membership of such trade unions, and to carry on 
within them the revolutionary activities for which 
they are responsible. 





The German General Federation of Trade Unions 
has published the results of a study undertaken by it 
of the place of women workers in German trade union 
organisations. The data examined were taken from 
the reports of the unions for 1928. ‘In general,” 
the Federation states, ‘the raising of the wages of 
women is very slowly achieved. It is only in public 
undertakings that progressive conditions seem to exist. 
The report of the Metal Workers’ Union shows that 
considerable progress has been made; it states that 
between 1925 and 1928 wages increased by 32-8 per 
cent. for men, and by 50-7 per cent. for women, and 
that in 1928 the wages of women represented 67 per 
cent. of the wages of men. The union of workers in 
the food industry also reports considerable progress 
in the raising of women’s wages. In some towns, | 
especially in Berlin, greater increases of wages have 
been achieved by women than by men. In this | 
connection, the report of the Shoemakers’ Union draws 
attention to the fact that women workers are much 
more often than men engaged at wages below contract 
rates, owing to the fact that women will submit to 
reductions of wages more readily than men.”’ 


A fund for the payment of wages during holidays to 
members of the painters’ trade unions has been set up in 
Holland. It is managed by representatives of the unions, | 
the emplovers’ organisations having renounced the | 
right to representation, and the agreement providing 
for its establishment is to remain in force until February 
21, 1931. The object of the fund is to pay workers’ 
wages for the six public holidays and the three days’ 
annual holiday. The resources of the fund are derived 
mainly from compulsory payments trom the employers. | 
The workers receive each week a stamp which they 
affix to their wages cards. The value of the stamp | 
varies according to the age and wage of the worker. 
For workers over 20 years of age the value of the 
stamp varies between 0-70 and 1-10 florin. For workers 
under 20 years of age the employer pays half as much 
as for workers over 20 vears of age. The total amount 
of these contributions is estimated at 350,000 florins a 
year. The Committee on Wages is empowered to 
decide in case of dispute whether a worker is entitled | 
to payment from the fund. All painters are entitled 
to benefit by the fund if they have belonged to a trade 
union for 13 weeks, have paid 13 contributions, and 
have worked for 13 weeks at the trade. 


| 
| 
| 





The Bulletin du Ministére du Travail states that, in 
1928, 99 collective labour agreements, arrived at in 
France, were reported to it. Of these, 13 were in 
agriculture, six in food, 1] in building, seven in wood 








and furniture, one in hides and skins, 11 in polygraphic 
| industries, six in metal works and mechanical construc- 


| 323,800 women, and 43,400 girls. 








three in chemicals, 14 in textiles and clothing, 15 in 
transportation and warehousing, and four in misceila- 
neous industries. The information furnished in regard 
to the circumstances giving rise to the agreements was 
incomplete, but in 44 cases it was stated the agree. 
ments were concluded as the result of a strike. The 
intervention of a third party was required in 54 cases, 
or more than half of the agreements. In four of these 
eases the Ministry of Labour appointed mediators, 
24 cases were settled by labour inspectors, and the 
remainder by justices of the peace, prefects, mayors, 
&e. ee 

Forty-four of the agreements were between trade 
unions and employers’ associations, and 24 between 
union workers and employers or groups of employers 
not belonging to an association. The majority of the 
agreements did not fix the duration of the agreement, 
but provided that notice should be given of intention 
to break it. Of the agreements which specified the 
time during which they were to remain in effect, one 
each had a duration of six, eight and nine months, 
11 were to last one year, three for two years, two for 
three vears, and one for five years. In 22 cases the 
agreements specified the method of application of the 
eight-hour day; 63 established a minimum wage; 
12, hourly wage rates and production bonuses; 15, 
overtime rates; six, travelling expenses; six. family 
allowances; five each, regulation of vacations and 
notification of dismissal; six, apprenticeship; and 
one, night work. Twenty agreements established 
bonuses varying according to the official cost-of-living 
figures, and 10 established joint commissions for the 
settlement of any disputes arising from application of 
the agreement. hie 

Ir was officially announced, after the meeting of 
the British Trades Union Congress General Council 
last week, that the application of the National Union 


'of Seamen for re-affiliation to Congress had been 


accepted. This decision ends a dispute which had 
its origin in the support given by the late Mr. Havelock 
Wilson, as General President of the National Union of 
Seamen, to organisations which, in the opinion of the 
Trades Union Congress, were opposed to the principles 


| and policy laid down by Congress, as a result of which 


the Union’s connection with Congress was terminated 
in 1928. Following negotiations for re-admission, the 
Union’s representatives gave satisfactory assurances 
regarding the matters arising out of the dispute, and 
the General Council have accepted them. The Union 
is affiliated on the basis of about 60,000 members. 





Following discussion with the National Joint Indus- 
trial Council for the Cement Industry, the Home 
Office has issued an Order requiring the provision of 
welfare arrangements in all factories and workshops 
in which the manufacture of Portland Cement, or 
cement of a similar character, is carried out. Watertight 
thigh boots, waterproof coats for open-air work in 
rainy weather, goggles, and overalls (with head covering) 
are among the provisions required. 


On February 24, 1930, the number of unemployed 


| persons on the registers of Employment Exchanges in 


Great Britain was 1,539,300. Of these, 1,083,900 
were wholly unemployed, 366,900 were temporarily 
stopped, and 88,500 were persons normally in casual 
employment; 1,132,200 were men, 39,900 boys, 
Of 1,523,941 on 
the registers on February 17, 1930, 1,087,660 were 
wholly unemployed, 347,401 were temporarily stopped, 


;and 88,880 were persons normally in casual employ- 


ment; 1,122,575 were men, 41,131 boys, 315,975 
women, and 44,257 girls. The number on the registers 
on February 25, 1929, was 1,391,861, of whom 1,11 1,676 
were men, 38,396 boys, 206,956 women, and 34,833 
girls. 

At a meeting of the Unemployment Grants Com- 
mittee on Monday, with Lord St. Davids in the chair, a 
number of schemes of work submitted by local author!- 
ties and other statutory bodies for the relief of un- 


|employment were approved for Government grant. 


The estimated cost of the schemes so approved was 
1,570,0001., to provide employment for approximately 
5,200 men. Schemes before the Committee for 
approval, which are now the subject of inquiry, num ber 
1,018, and are estimated to cost 16,872,0001. 


Manand Metal, the organ of the Iron and Steel Trades 


| Confederation, expresses regret that the new Economic 


Advisory Council is not to have “administrative oF 
executive powers.” ‘We want something bige r, 
the writer of an editorial note says, “some organisat ion 
whose duty it will be to eall attention to economic 
developments which may, or may not be, advantageous 
to the community and to courses of action w» ch 
might be taken by Parliament for the good of the 





| tion, two in mines and quarries, six in stone and earth, 





people.” 


[MARCH 7, 1930. . 
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‘LETTERS TO THE EDITOR. 


RESEARCH FUND FOR WILLIAM | 
FROUDE TANK. 


To THE EpiTor oF ENGINEERING. 

Str,—We have been asked to approach the lead- 
ing shipbuilding, shipping, and marine-engineering 
firms with the object of enlisting their support for the 
Research Fund of the William Froude Experimental 
Tank. This fund is devoted to carrying out research 
on a variety of problems relating to ship form and 
ship propulsion, and is supported by annual subscrip- 
tions and contributions from bodies interested in the 
work. The position is that a very small number of 
firms are in the habit of subscribing to the research 
fund, while the benefits accruing to the industry are 
shared by many firms who do not subscribe. It is felt 
that a larger measure of interest should be taken by 
the shipping and shipbuilding industry in this branch 
of scientific investigation, which is universally recog- 
nised as being of great value to the development of 
the art of shipbuilding. On the Continent, private 
firms contribute substantial funds for this purpose. 
There is, consequently, a danger that our progress will 
be seriously handicapped in future if the funds devoted 
to scientific research are not increased. While the 
depression in shipbuilding naturally makes it difficult 


to raise funds for this purpose, yet the neglect of | 


research work will inevitably re-act unfavourably on 
the shipbuilding industry. 

We would specially draw attention to the excellent 
results frequently obtained by model testing, resulting 
in substantial fuel economy by reduction in hull 
resistance or increased propeller efficiency. Particulars 
of recent research work may be had on application. 

Contributions may be sent to the Secretary of the 
{nstitution of Naval Architects, and cheques should 
be made payable to the “‘ Institution of Naval Archi- 
tects,” and crossed ‘‘ Lloyds’ Bank, Experimental 
Tank Fund.” 

Yours faithfully, 
Wester Wemyss, A.F., 
E. H. T. p’Eyncovurt, 
Institution of Naval Architects, 
2, Adam-street, Adelphi-terrace, 
London, W.C.2. 
February 28, 1930. 








TRIALS OFA MARINE DIESEL ENGINE | 


WITH BUCHI SUPERCHARGER. 
To THE Eprror oF ENGINEERING. 

Sir,—We have perused, with considerable interest, 
the account in ENGINEERING of Professor C. J. Hawkes’ 
trials of a marine Diesel engine with Biichi super- 
charger, and note that, in his conclusions, he states :— 
“The heat transmitted to the cooling surfaces is no 
greater in the turbo-charged engine than in engines 
which are not turbo-charged, when the former is 
developing a break mean effective pressure about 
50 per cent. greater than the latter.” 


Professor Hawkes bases this statement on trials of a | 


turbo-charged engine running nearly 17 per cent. below 


its normal speed, without suitable retarding of the fuel | 


cams. The indicator cards were, therefore, somewhat 
higher than normal, giving a correspondingly higher 
indicated thermal efficiency and lower heat losses. 
We suggest that, had the cams been retarded, the heat 
losses to cylinders and pistons would have been slightly, 
but still quite appreciably, raised. 
We are, Sir, 

Yours faithfully, 

S. W. Lister, B.A., B.Sc. 

B. GERVASE MarkKuHam, B.A. 
46, Mount Charles, Belfast. 

March 1, 1930. 








_ Tun British CorPoRATION REGISTER Book.—We have 
just received the 1930 edition of the Register of Ships 
issued by The British Corporation Register of Shipping 
and Aircraft, 14, Blythswood-square, Glasgow. As was 
the case with previous volumes, the Register contains 
detailed particulars of all the vessels classed in this 
Registry, together with lists of members of the main 
committee of management, the Liverpool Committee, 
the aviation committee, the executive committee in 
London, and of surveyors stationed at ports at home and 
abroad. The British Corporation was founded in 1890, 
and the Register is under the control of the committee of 
management, which is comprised of shipowners, ship- 
uilders, marine engineers, and designers of ships, 
togeth« rt with representatives of underwriting and other 
8ssociations. The volume is issued to subscribers only, 
the terms of subscription for individuals and firms being 


and 
In 1927, the constitution of the British Corporation was 
altered so as to include aircraft within its sphere of | 
eperation, and it is stated in the Register of Ships that | 

né terms of subscription for the Aircraft International | 


Register are 5 guineas per copy. 
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| GYRO-COMPASS FOR GUNFIRE 


CONTROL. 
In a lecture delivered in connection with the Physical 
and Optical Societies’ Exhibition at South Kensington 
on January 9, Mr. Sidney G. Brown, F.R.S., gave a 


| summary of his researches of the last ten years on the 


use of the gyro-compass for gunfire control. In the 


| beginning of 1919 he believed that the ordinary 


north-seeking compass could never be made to give 


the necessary accuracy for gun-directional purposes, | 


and in December of the same year he explained his 
new static or gun-directional compass before a special 
committee of thirty gunnery experts. Trials were 
carried out in January, 1920, on H.M.S. Rapid, and 
a research department was inaugurated to produce the 
gun-directional compass secretly during a period of 
five years, without the co-operation of any outside 
linventor. Five years later Mr. Brown was informed 
that the problem had not been solved, and that he 
should take the matter up again. At his own cost 
he supplied complete apparatus for new trials on 
H.M. Destroyer Thisbe, which were carried out in 
the autumn of 1927 with much the same results as 
the first tests, but they then exceeded the anticipations 
of the gunnery experts. 

Gyro-compasses could generally be relied upon for 
ordinary navigational purposes to give readings 
within 1 degree of true north, but they were not so 
satisfactory for supplying a datum line for gunfire, 
or for launching torpedoes, particularly because 
battleships would be manoeuvring when firing, and 
would be surrounded by smoke screens. The worst 
error, against which the gyro-compass had to contend, 
arose when the ship was steaming north or south, 
that is, at 90 deg. to the earth’s angular movement. 
In latitude 50 deg., that error would shift the gyro axis 
by 1 deg. to west when the ship steamed at 10 knots, 
and by 2 deg. at a speed of 20 knots. With a ship 
changing her course from north to south at 20 knots, 
the error would amount to 4 deg. The compass 
could execute that movement if it were given an 
undamped oscillation period of 88 minutes, but the 
| speed of the ship would have to be accurately known, 
|and there were no instruments available at present 
ito allow of more than an approximate correction. 
There was, further, a damping error, unless the compass 
|were provided with the device of the Brown gyro- 
| compass which automatically obstructed the flow of 
| the oil in the damping bottles when the ship turned. 
The sighting telescope of the gunfire control apparatus 
|was directed towards the target, and the direction 
relative to the ship was telegraphed to the gun positions 
| so that the gunlayer could direct his gun and telescope 
/to the same reading on the dial of a repeater. If 
the target were always visible, or obscured only at 
|intervals of, say, one minute, firing might still be 
|continued after dark, provided the dial was coupled 
|with an ordinary gyro-compass. In future battles, 
however, firing would probably be through smoke 
|screens, and the sighting telescope would then fail. 
To meet such conditions, the gyroscopic direction 
apparatus should (1) maintain a fixed direction in 
| space, or wander only very slowly, say not over 1 deg. 
per hour, at a known rate, (2) its departure from true 
|north should be accurately known, within 10 minutes 
of arc, and (3) the ship’s motion should have no 
influence upon the compass. The static gyro-compass 
met these requirements. It had a gyro-wheel, weighing 
5 lb. and running at 10,000 r.p.m., and a case in 
strict neutral balance, unaffected by the. earth’s 
rotation (and therefore not north-seeking), or by the 
motion of the ship. The friction at the vertical and 
horizontal axes was negligible ; on the former owing 
to the pump mounting of the Brown gyro-compass, 
and on the latter due to the knife-edge mounting. As 
fitted on the Thisbe, the static gyro-compass did not 
wander during a week’s trials more than about 1 deg. 
for the whole of the 10 hours’ run per day. The 
wandering was always in the same direction, and 
could have been reduced if the trial conditions had 
permitted adjustments to be made; but the rate 
of wander varied slightly with alterations of the 
course, for the following reason: Near latitude 50 deg. 
a suitable weight had to be placed on the north end of 
the gyroscope to cause it to precess into the meridian 
by 12 deg. per hour in order to remain stationary as 
viewed from the earth. When the ship was steaming 
east, the apparent speed of the earth was increased 
and the weight would be too light; thus at 20 knots 
eastward, the compass would wander towards the east 
at 0-4deg. perhour. This was corrected by a repeater, 
| which moved a slider over an electric resistance and 
thus shifted the weight in the opposite sense of the 


guineas per copy, and for underwriting associations | precession, when the ship had an easterly or westerly 
‘marine insurance companies, 4 guineas per copy. | component. 


| Condition (2), however, had remained unfulfilled. 
In order to indicate any departure from the true north 
direction, Mr. Brown combined his static and his 


|north-seeking compass in such a way that the pens 
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| of the two instruments would move in opposite direc- 

tions, keeping the recording one independent of the 
| ship’s movement. Disturbance of the latter instrument 
; would cause the pen to oscillate, and wandering of 
| the static one would draw a line inclined to the ver- 
tical ; the two instruments were complementary to one 
janother. Means were also provided to enable the 
| ships of a fleet to set their statics exactly to the static 
of the flag-ship. This was done by the aid of a 20-ft. 
repeater. 

Mr. Brown also constructed an aeroplane static, 
with a gyro wheel 4} in. in diameter, running on a 
flexible spindle at 11,000 r.p.m., the whole instrument, 
with its 12-volt motor, weighing 15 lb. The gyros of 
torpedoes had also to be statics. Though at the 
equator a perfectly neutral static would not be deflected 
from any direction by the earth’s rotation, in latitude 
50 deg. a torpedo fired northwards would deviate, 
unless corrected, in a curved path by about 12 deg. per 
hour. When fired to the east there would be an 
upward tilt and a lateral movement of 5 or 6 deg. per 
hour. On an aeroplane the static was usually started 
up, as on board ship, in a north-south direction, and 
the north end of the gyro was suitably weighted to 
rest in the meridian. Errors would arise with flight 
|in other directions and with change in latitude, but 
the errors could be calculated and allowed for in flight 
by suitable changes in the weight. All the instruments 
for gun-fire control so far mentioned were, however, 
only adapted to give direction in the horizontal plane. 
When the guns were to be elevated, an artificial 
horizon was required in addition. A mirror instrument 
for this purpose had been constructed, and in tests on 
a rolling table had not deviated from the horizontal 
by more than 4 minutes of arc. 








THE CHUTE A CARON POWER PLANT, 
QUEBEC. 


Amone the largest centres of hydro-electric power 
development in Canada is the region surrounding 
Lake St. John, in Quebec, where the waters of the 
Saguenay River and its tributaries are being utilised 
to provide little short of 2,000,000 h.p. during the next 
few years. 

The largest single project awaiting completion is 
that of the Aluminium Company of Canada, Limited, 
at Chute & Caron, where two plants, the total output of 
which will be much higher than 1,000,000 h.p., are now 
under construction. The power generated here will all 
be used at the great aluminium plant at Arvida, by far 
the largest in the world, when completed. This plant 
is now taking power from the Ile Maligne plant 
on the Grand Discharge of the Saguenay River, 
100,000 h.p. being supplied to the company by the 
Duke Price Power Company, Limited, out of the 
total installation amounting to about 540,000 h.p. 
The Chute & Caron plant is being erected several miles 
lower down the river towards the port of Chicoutimi, 
a stretch of the river being selected into which a 
tributary known as the Riviére aux Sables flows from 
the south, and about two miles farther down another 
flows in from the north, bearing the name River Ship- 
shaw. Between the two streams, the main channel 
of the river describes a semicircle, the chord of which 
happens to be comparatively low ground through which 
a power canal is to be constructed in order to make use 
of the head of water available on the Shipshaw. The 
undertaking, in reality, comprises the construction of 
two separate and distinct power plants, about two 
miles apart. The initial plant, known as the Chute & 
Caron development, will generate 240,000 h.p. with 
four units, of 65,000 h.p. each, while the larger Ship- 
shaw power plant will develop about 1,080,000 h.p. 

The Chute & Caron development is largely in the 
nature of preliminary work which must be done pre- 
paratory to the development of the greater scheme. At 
Chute & Caron, the Alcoa Power Company, a subsidiary 
of the Aluminium Company of Canada, Limited, are 
building a concrete dam 3,000 ft. long. A hydro- 
electric plant is being installed, with four turbo- 
generators of the power mentioned above. At the 
same time, a diversion canal is being cut for the passage 
of the waters of the River Saguenay. To prevent the 
water above the dam from escaping from the depres- 
sion in the ground referred to above, an earth dam 
will have to be built pending the completion of the 
power canal. The River Shipshaw flows into the 
Saguenay two miles downstream from Chute & Caron. 

On the completion of the earth dam, the concrete 
dam, and the power house, the Alcoa Power Company 
will at once provide 240,000 h.p. to the Arvida alumi- 
nium plant, five miles distant. Work on the Shipshaw 
development will take three or four years longer, and 
when that plant is ready for load, the Chute a Caron 
station will become a standby auxiliary plant to be 
used only in emergency or at times of high water. 
At present, the Aluminium Company receives what 
it needs from its subsidiary at Ile Maligne, but as the 
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production of metal increases with the expansion of 
the market the need for additional power is becoming 
more and more urgent. 

The amount of preliminary work already done is 
very considerable. A railway bridge has been erected 
across the Saguenay, and another for railway and 
vehicular traffic across the Riviére aux Sables. Several 
miles of railway and macadam road have been con- 
structed. 

An area of about five square miles has been cleared 
of trees. The new township of Racine has been 
incorporated, and modern dwellings built. The con- 
crete-mixing plant is said to be the largest in Canada. 
At present, there are 600 men at work. The number 
fluctuates with the season, but it is expected that 
when work on the power canal from the Saguenay 
to the Shipshaw is started, this figure will be greatly 
increased, 





FATALITIES IN THE CALIFORNIAN 
PETROLEUM INDUSTRY, 1928. 

From the Review of the Fatalities in the Californian 
Petroleum Industry during the Year 1928, published by 
the United States Bureau of Mines as Serial No. 2956, 
it appears that the steady decrease in the number of 
fatalities, recorded in that industry since 1923, did 
not continue during 1928. There were 74 fatal 
accidents in 1923, 41 in 1927 and 47 in 1928, and the 
last increase is not explained by any exceptional 
calamity ; one disaster may, of course, vitiate all such 
statistics. The Californian statistics comprise accidents 
in pipe lines and transportations and in the sales and 
marketing branches, but in 1925 there were only three 
fatal accidents under these headings, although fatalities 
in drilling and producing and in refining and petrol 
plants increased by 50 per cent. or more. The increases 
are, no doubt, justly ascribed to laxity in supervision, 
disregard of safety rules laid down, and carelessness, 
and it may be assumed that reliable statistics of the 
very numerous non-fatal accidents, if they were avail- 
able, would support that assumption. Falls of objects 
still cause far too many accidents, which strict super- 
vision and greater care would have prevented, and the 
marked increase in the activity of the oilfields during 
1928 does not account for the graver accident statistics. 
There was one accident per 80-8 wells being drilled in 
1927, and one per 28-8 in 1928. The number of produc- 
ing wells slightly decreased from 11,276 in 1927 to 10,823 
in 1928, and in these the accident statistics showed a 
gratifying decrease, from eight fatal cases to three. 

It appears that the cat-head of the rotary-drilling 
equipment remains one of the most dangerous parts of 
the machinery. In one case, the rope broke, no doubt 
owing to overloading, and the driller was caught by the 
loose end and whirled several times round the cat- 
head. The line should have been dead-headed, and the 
driller should have stood clear; but it is admitted 
that the latter precaution is difficult to observe. A 
brake lever flying-back killed the derrick man tem- 
porarily in charge in another case, and improved methods 
of braking are badly needed. The greasing of a driving 
pinion with a piece of rope, instead of the regulation 
brush, caused another accident ; to oil machinery in 
motion was, of course, against the rules, but the absence 
of a guard also implied a violation of the rules. Injury 
by pitman cranks could also be prevented by the 
provision of proper guards and of safe spaces for the 
men; it is further suggested that an audible warning 
should be given before starting up. 





As regards falling objects, it is clear that drill pipes 
and casing joints, &c., are not always securely latched 
in their elevators and that travelling blocks are not 
properly inspectea after overhoists, which are some- 
times unavoidable, though mostly due to excessive 
speeds, when the crown block may be damaged. 
Klevators should not be latched from the bottom ; 
they should be turned over so that the door is on the 
upper side of the pipe and accessible for inspection. 
Obviously, no one should stand under parts being 
hoisted or handled, but the blame for accidents should 
sometimes more justly be ascribed to the foreman than 
to the victim. 
suitable workers is highly desirable ; but 
special operations should not be entrusted to inexperi- 
enced hands. 
because the driller, not trained to this had 
subjected one bolt to excessive stress before the other 
bolts could be lined up. Derrick men should wear 
safety belts as long as engaged on derrick platforms. 
Accidents to boiler cleaners that suitable 
notices should be attached to all valves. All tanks 
containing corrosive or hot solutions should also be 
provided with guard rails 42 in. high. 

The exact causes of explosions and fires in refineries 
are sometimes obscure, and more than ordinary care 
is required in dealing with petrol. A pipe-line gang, 


work, 


suggest 


making a connection in a gas main, removed the tar 


kettle to a safe distance, stifled the fire under the 
kettle by earth, and extinguished the fires of a battery 








| Works, 


Better education and training of all | 
difficult | 


One derrick collapsed during repairs | 
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of boilers 50 ft. away. The main gas 
closed, and the plug removed from the line to allow the 
residual gas to blow out. The men afterwards entered 
the ditch to make the connection, but the gas crept up 
to the kettle, which was still hot, and was ignited. 








SUPER-CONDUCTIVITY OF COPPER 
SULPHIDE. 


ALTHOUGH it has been known for some years that 
certain sulphides conduct electric current both like 
metals and like electrolytes (particularly at higher 
temperatures), the phenomena of super-conductivity 
at very low temperatures have so far been observed 
only in a few metals, notably tin, lead, mercury and 
thallium, and in some of their alloys. W. Meissner, 
however, finds that copper sulphide also becomes a 
super-conductor when cooled in liquid helium. The 
sulphide in question was prepared by Meissner’s 
collaborators in the Reichsanstalt, K. Fischbeck and 
O. Dorner, by keeping a copper wire, 70 cm. long 
and 0-1 em. thick, in the vapours of boiling sulphur, 
finally immersing it in the boiling liquid. The black 
cupric sulphide, CuS, then formed, conducted like a 


metal, and the resistance curve was continuous 
between 80 deg. and 400 deg. C., the resistance 
being proportional to the absolute temperature. 


Meissner then tested this cupric sulphide, which 
appeared to be quite homogeneous, in liquid helium. 
By reducing the pressure over the liquid helium, 
the absolute temperature of the liquid was lowered 
from 4-19 to 1-62, 1-59, 1-56, 1-51, and 1-11 deg. C., 
when the resistance ratio R/R, for the wire decreased 
from 4-4 to 3-5, 0-96, 0-05, 0-05, 10-*, being 
finally smaller than 1 10-°, KR, here indicates the 
resistance at 273 deg. C. absolute; it had the value 
5-096 « 10°? ohm. The temperature-resistance curve 
was a straight vertical line between 1-65 deg. and 1-60 
deg. C. absolute, down almost to zero, and then 
seemed to approach zero asymptotically. The specific 
resistance would be 74 10-° ohm per centimetre. 
Meissner simply records his measurements in the 
Zeitschrift fiir Physik, vol. lviii, page 570, of Novem- 
ber 9, without pointing to the high theoretical interest 
of this super-conductor, which is not an elementary 
substance but a compound. We would refer our 
readers to a paper read by Professor W. J. de Haas, 
of the Cryogenic Laboratory, Leiden, at Glasgow, 
in 1928 (see ENGINEERING, October 5, 1928, page 417). 
It was there mentioned that some binary alloys 
(Bi,TI,, Ag,Sn, Cu,Sn) of super-conductors with 
non-superconductors also showed super-conductivity. 
Alloys, however, are not regarded as compounds in 
the ordinary sense. 








BoarRD OF TRADE OFFICES, NORTH-EAst Coast, 
Arrangements have been made for the headquarters of 
the Board of Trade services in the North-Eastern district 
to be transferred from North Shields to Neweastle. 
Several departments in the Tyne area, at present isolated 
from each other, are to be accommodated at Telephone 
House, Carliol-square, Newecastle-on-Tyne. The Head- 
quarters and Survey Staff move from North Shields 
into the new premises to-day. The Inspectorate of 
Ships’ Provisions, will remove from The New- 
castle, to Carliol-square, on March 19. Examinations 
for engineers and for masters and mates, hitherto 
respectively held at North Shields and at Pilgrim-street, 
Neweastle, are to be held at the new offices in future. 


Close, 


PiRSONAL, ‘The Norton Grinding Wheel Company, 
Worcester, Mass., U.S.A., are establishing a factory at 
Welwyn Garden City, Herts. A new company has 
been formed for the purpose, under the style of Messrs. 


Norton Grinding Wheel Company, Limited.—From 
the 10th inst., the address of the London oflice of 


Messrs. G. D. Peters and Company, Limited, and asso- 
ciated companies, namely, The British Power Railway 


Signal Company, and The Consolidated Brake and 
Engineering Company, will be 3, Central-buildings, 
Westminster, S.W.1.—Mr. Towers, who represents 


The Benjamin Electric Limited, Brantwood 
Tariff-road, Tottenham, London, N.17, in 
Northumberland, Durham, Cumberland, and Westmor- 
land, has now changed his address to 5, Grosvenor-drive, 
Whitley Bay, Northumberland.-—Messrs. S. Thomas 
Pemberton and Company, 8, Church-street, Colmore 
Row, Birmingham, have recently been appointed to 
represent Messrs. Bruce Peebles and Company, Limited, 
Edinburgh, in the Midland Counties. and FE. 
Hall, Limited, 10, St. Swithin’s-lane, London, E.C.4, 
have opened a branch office and service depot at 194, 


Messrs. 


Messrs. J. 


Pearse-street, Dublin. This is to be in the charge of 
Mr. S. M. Poole.—-Mr. R. Borlase Matthews has been 


elected chairman of the Rural Reconstruction Association 
for the forthcoming year.-_Messrs. Lotz and Kier, 
St. George’s Chambers, Kingsway, Stoke-on-Trent, have 


| opened a London oftice at 36, Victoria-street, S.W.1, and 


| have appointed Mr. R. V. Choate, manager there. 


-Mr. 
M. O. Blakey, who has been connected with the Texas 
Corporation in India and Ceylon, for ten years, has been 
appointed local manager of Messrs. Anglo-Cuban Asphalt 
and Bitumen, Limited, of 4, London Wall-buildings, 
London, E.C.2, 
India to take up his duties immediately. 





for these countries, and is proceeding to | 
| the clutch shaft and the gearbox. 
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valve was then | 300-H.P. DIESEL LOCOMOTIVE FOR 


CHILE. 


AN interesting locomotive, fitted with a six-cylinder 


airless-injection engine, has just been completed by 
Messrs. Hudswell, Clarke and Company, Limited, 
Railway Foundry, Leeds, for Messrs. Compani De 
Salitres Y. Ferrocaril De Junin, Chile, and is illustrated 
in Figs. 1 to 3, opposite. It is of the 2-6-2 type, 
2-ft. 6-in. gauge, with a driving-wheel base of 7 ft. and 
a total wheel base of 20 ft., and is, we understand, 
to work chiefly in the neighbourhood of Iquique. As 
will be seen from Fig. 1, it somewhat resembles the 
later types of steam locomotive. The engine is mounted 
immediately in front of the cab, in which the fuel 
pumps are situated, and the drive is transmitted, 
through a hydraulic coupling, to a gear-box just behind 
the radiator. The jack-shaft of the gear box is indicated 
in the figure by the first balanced crank, which is 
coupled to a similar crank on the middle axle of the 
driving wheels. The other two axles are driven by 
side rods from the latter crank. The engine is of the 
six-cylinder McLaren-Benz type, with overhead valve 
gear, and develops 300 h.p. at 1,000 r.p.m. It operates 
on the four-stroke cycle with airless injection, and is 
started from the cold by compressed air. The cylinders 
are 205 mm. (81 in.) bore, and the stroke is 270 mm. 
(102 in.). The total weight of the locomotive in 
working order is 32 tons, and four speeds, both forward 
and in reverse, are provided, the draw-bar pull when 
in third speed being 5,600 Ib. 

The general features of the control are, perhaps, best 
understood by reference to the views of the cab given 
in Figs. 2 and 3. The former figure shows the back 
of the cab with a petrol-paraffin two-stage air com- 
pressor in the centre, constructed by Messrs. Ham- 
worthy Engineering Company, Limited, Poole, Dorset. 
This supplies air, at 430 Ib. per square inch, to the 
bottle at the left hand of the figure, and also, by 
means of a dog-clutch, drives the small pump, seen 
near the bottle, for the purpose of filling the main fuel 
tank of 200 gallons capacity, which is situated above 
the hydraulic coupling. The suction pipe of the 
pump is an armoured hose, which, when not in use, is 
coiled up outside the cab. A view of the foot plate is 
given in Fig. 3. In the immediate foreground is seen 
an exhauster for the vacuum brake, which is situated, 
as will be noticed in Fig. 1, below the cab, and applied 
to the driving wheels. An independent hand brake is 
fitted on the left-hand side of the cab. The exhauster 
is driven from a continuation of the engine shaft. Next 
to it is the drive to a small electric generator, which 
supplies the lighting current through a 12-volt storage 
battery. In very cold weather, the current is also 
used to heat electric starting plugs in the cylinder 
heads. Beyond the generator drive is seen the pump 
for circulating water through the engine cylinder 
jackets. 

Above the cooling pump is the fuel-pump gear, 
which can be identified by the delivery pipes leading 
to the engine. A tachometer is situated at this part, 
and in line with it is a semi-rotary oil-pressure pump. 
Turning now to the levers at the right hand of the 
figure, that nearest the centre is the forward and 
reverse lever. Next to it is the gear-changing lever, 
providing speeds of 5-95, 8-8, 12-4 and 19-8 m.p.hb., 
respectively, and next to this comes the hydraulic clutch 
operating lever. The long lever at the outside actuates 
a hand brake on the hydraulic-clutch shaft, and the 
small lever on the cab side operates the vacuum brake. 
The two horizontal levers, for working from either side 


of the cab, are the throttle levers. Other levers 
regulate the compression and the sanding gear. The 


arrangement may, at first sight, appear rather com- 
plicated, but in operation, the gear is easily handled, 
as we witnessed during a short run on the engine. 
The instruments may now be briefly referred to. The 
two dials in the centre are synchronometers which 
facilitate gear changing. The lower one indicates, by 
separate pointers, the first gear and the road speed, 
and the upper one the other three gears and the road 
speed. In changing the gear, the engine is moved in 
either direction until the road speed pointer takes up 
a position over the pointer of the gear required, when 
the change is made noiselessly and with great rapidity, 
though the operation does not require haste. Just 
above the synchronometer is a pyrometer for each 
cylinder, and to the left of these is an instrument board 
for the control of the electrical apparatus. The usual 
gauges, and a Typhoon whistle complete the equipment. 
the Vulcan-Sinclair 


The hydraulic clutch is of 

type, made by Messrs. The Hydraulic Coupling Patents, 
Limited, 40, Broadway, Westminster, 8.W.1. It Js 
oil-controlled, and has an internal ring valve to regulate 
the slip. It is designed to transmit maximum engine 
torque with maximum slip for half an hour without 
damage. The engine is capable of working wit! @ 
10 per cent. overload without damage. A Soe 

not wee 


coupling, of the Simms-Jurid type, is fitted 


This was made by 
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Messrs. Simms Motor Units, Limited, Percy Buildings, 
Rathbone-place, London, W.1. The 
gear-box was manufactured by Messrs. David Brown 
and Sons, Limited, Huddersfield, and is of the combined 
spur and worm type, the spur wheels being of special 
high-tensile steel. Short splined shafts are fitted to 
overcome whip. The final reduction by worm and worm 
wheel has the advantage over bevel or spiral gear 
that there is no loss of centre distance, and that the 
method of support by ball and thrust races at both 
ends of the worm is much stiffer than that of a spiral- 


Gresse-street, 



















Fie. l. 














bevel arrangement. The worm and worm wheel are 
fitted in one complete unit in the box, which can be 
taken completely out of the frames as such. Its 
weight is 5} tons. The worm wheel is fixed on the jack 
shaft which revolves in ball races 134 in. in diameter. 
Ball and thrust races are also fitted to the spur gear. 
Lubrication is effected by pump to all the gears, and 
special ducts take the oil back from the bearings, 
the box being oil-tight. The sump contains 10 gallons 
of oil and a 40-gallon oil tank is also provided. The 
engine has forced lubrication. 














Fig. 3. 


The radiator is of cast-iron with a wire guard in 
front. It is fitted with vertical! tubes and is divided 
into both water-cooling and oil-cooling sections. A 
Sirocco fan is fitted beyond the radiator and worked off 
the clutch shaft by a belt with adjusting gear. The: 
exhaust pipe is fitted with a silencer and 'eads into a 
short chimney immediately behind the radiator. The 
frame plates are of mild steel, each in one piece for the 
full length of the engine, and are suitably braced 
with steel cross girders. The driving wheels are 
2 ft. 9 in. in diameter, and the bogie wheels 2 ft. in 
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diameter, all of cast steel with steel tyres shrunk on 
and fastened by screws. The front and rear bogie 
trucks are of the radial type, fitted with side controlling | 
springs. With regard to such details as the hornblocks, | 
axles, side rods and so forth, it is scarcely necessary | 
to give particulars, as they follow recognised practice, | 
both in material design and finish. A number of | 
other details, such as lights and couplings, can be seen 
sufficiently clearly in Fig. ], and require no further 
remark, The locomotive will haul a load of 30 tons 
up a grade of 3 per cent., at a speed of 12-4 m.p.h., 
when working at an altitude of 4,000 ft. above sea 
level. The fuel consumption on full load is 0-45 Ib. 
of oil per brake horse-power per hour. 








LAUNCHES AND TRIAL TRIPS. 


“Luxor.’’——-Single-screw oil-tank motorship ; Wallsend- 
Sulzer Diesel engine supplied by Messrs. Wallsend 


Slipway and Engineering Company, Limited. Trial 
trip, February 14. Deadweight carrying capacity, 
9,500 tons. Built for Messrs. H. E. Moss and Company, 
Tankers, Limited, by Messrs. Palmers Shipbuilding 
and Iron Company, Limited, Jarrow. 

“FytpEa”’ AND ‘ CLEVELA.’’—Steel screw trawlers. 
Launch, February 15. Main dimensions, 140 ft. by 
25 ft. by 14 ft. 3 in. Built by Messrs. Cochrane and 
Sons, Limited, Selby, for owners at Fleetwood. 

“* BLINJOE.”’—Single-screw passenger and cargo 
steamer; four-cylinder Lentz engine. ‘Trial trip, Feb- 
ruary 15. Main dimensions, 252 ft. by 40 ft. by 15 ft. 5 in. 
Built by Messrs. The ** De Maas ”’ Shipbuilding Company, 
Slikkerveer, Holland, for The Royal Packet Company, 
Amsterdam. 

‘** Warnul.’’—Single-screw cargo steamer; _ triple- 
expansion engine. ‘Trial trip, February 15. Main 
dimensions, 253 ft. by 38 ft. 4 in. by 21 ft. Built by 
Messrs. R. and W. Hawthorn, Leslie, and Company, 


Limited, Hebburn-on-Tyne, for Messrs. The Union 
Steamship Company of New Zealand, Limited. 
** ConTESSA.”’—Single-screw passenger and banana- 


carrying steamer; quadruple-expansion engine. Launch, 
February 18. Main dimensions, 397 ft. by 53 ft. 6 in. 
by 33 ft. Built by Messrs. Barclay, Curle and Company, 
Limited, Clydeholm, for Messrs. Vaccaro Brothers, 
New Orleans, U.S.A. 

“* SILVERCYPRESS,”’—T'win-screw cargo motorship ; six- | 
cylinder, single-acting, Harland-B. and W. Diesel 
engines. Launch, February 18. Main dimensions, | 
455 ft. by 61 ft. 9in. by 40 ft. Built by Messrs. Harland, 
and Wolff, Limited, Belfast, for Messrs. Stanley and John | 
Thompson, Limited (Silver Line, Limited), London. 


** VEERHAVEN.’’—-Grain-carrying and cargo steamer ; 
quadruple-expansion engines. Trial trip, February 21. 
Main dimensions, 434 ft. 4 in. by 54 ft. 3 in. by 29 ft. 8 in. 
Built by Messrs. Wm. Gray and Company, Limited, 
West Hartlepool, to the order of Messrs. N. V. Gebr. 
Van Uden’s Scheepvaarten Agentuur Maatschappij, 
Rotterdam. 

‘* HIGHLAND Prrincess.’’—Twin-screw passenger and 
refrigerated-cargo motorship for service to Brazil and 
the Argentine, via Spain and Portugal; eight-cylinder, 
double-acting, four-cycle Harland-B. and W. Diesel 
engines. Trial trip, February 25. Main dimensions, 
520 ft. by 69 ft. by 35ft. 9in. Built for Messrs. H. and W. 
Nelson, Limited, London, by Messrs. Harland and Wolff, 
Limited, Belfast. 

“CRAWFORD ~— ELLIs.’’—Single-screw _ fruit-carrying 
steamer; triple-expansion engine. ‘Trial trip, February 
26. Main dimensions, 290 ft. by 40 ft. by 25 ft. 6 in. 
Built by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for the Hav Company, Oslo, 
Norway. 

** SILVERWILLOW,”’—Twin-screw 
Doxford-type opposed-piston reversible oil engines, 
constructed by Messrs. Richardsons, Westgarth and 
Company, Limited, Hartlepool. Launch, February 27. 
Main dimensions, 469 ft. by 61 ft. 4 in. by 39 ft. 6 in. 
Built by Messrs. J. L. Thompson and Sons, Limited, 
Sunderland, for the Silver Line, Limited, London. 


cargo motorship ; 


* HARRATON,”’—Single-screw coal-carrying steamer ; 
propelling machinery constructed by Messrs. North 
Eastern Marine Engineering Company, Limited, Sunder- 
land. Launch, February 27. Main dimensions, 308 ft. 
by 44 ft. 6 in. by 21 ft. 9 in. Built by Messrs. S. P. 
Austin and Son, Limited, Sunderland, for Messrs. 
Tanfield Steamship Company, Limited, Newcastle-on- 
Tyne, 

“EDWARD BLYDEN.’’—Single-screw passenger and 
cargo motorship for the African trade; single-acting, 
eight-cylinder, airless-iijection Harland—B. and W. oil | 
engines. Launch, February 27. Main dimensions, 
370 ft. by 51 ft. 6 in. by 33 ft. 6 in. Built by Messrs. 
Harland and Wolff, Limited, Govan, for Messrs. British 


and African Steam Navigation Company, Limited, 
Liverpool. 
‘** Moron,”’—Single-serew cargo steamer; _ triple- 


Company, Limited, Glasgow. Launch, February 27. 
Main dimensions, 395 ft. by 53 ft. by 34 ft. Built by 
Messrs. Napier and Miller, Limited, Old Kilpatrick, to 
- order of La Compagnie de Navigation iid) 
aris. 


expansion engine supplied by Messrs. David Rowan and 
| 
| 
| 
| 


‘“ CEFALU,”’—Passenger and fruit-carrying steamer ; | 
quadruple-expansion engines. Launch, February 27. 
Main dimensions, 397 ft. by 53 ft. 3 in. by 33 ft. 3 in. 
Built by Messrs. Workman Clark (1928), Limited, Belfast, | 
for Messrs. Standard Fruit and Steamship Corporation, | 
New Orleans, U.S.A. 





| ship ; 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 


DECEMBER. 1929. 


£ 9 2% 2 27 31 2 
bo —35_9_ U_B M7 19 23 25 27-3 6 


188 
186 
184 
182 


178 
176 
174 
172 
170 


3.86 83:0 B57 8 3-3 asi 
(1943) DECEMBER. /929. 


JANUARY. 1930. 





FEBRUARY. /330. 
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JANUARY. 1330. FEBRUARY. 1930. -cxcinecrine 


Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


the London Metal Exchange for “ fine foreign’ and ‘‘ standard” metal, respectively. 
lead are for English metal, whilst those for spelter are for virgin metal. 


The prices shown for 
Middlesbrough prices are plotted 


for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 


plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. 
bottle, the contents of which vary from 70 lb. to 80 Ib. 


The pig-iron 
The price of quicksilver is per 
The price of tin-plates is per standard box, but in 


other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the eons 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent ls. each. 


** HOLLINSIDE.’’—Grain-carrying and cargo steamer ; 
triple-expansion engines supplied by Messrs. North 
Eastern Marine Engineering Company, Limited, Sunder- 
land. Launch, February 28. Main dimensions, 377 ft. 
by 52 ft. 4 in. by 26 ft. 6 in. Built by Messrs. Short 
Brothers, Limited, Pallion, Sunderland, for Messrs. 
Charlton, McAllum and Company, Limited, Newcastle- 
on-Tyne. 

* Evina.”’’—Single-screw oil-tank motorship; two- 
stroke, single-acting, six-cylinder Armstrong-Sulzer Diesel 
engine. Launch, February 28. Main dimensions, 408 ft. 
by 54 ft. 9 in. by 32 ft. Built for Mr. H. E. Hansen 
Tangen, Christianssand, Norway, by Messrs. Sir W. G. 
Armstrong, Whitworth and Company (Shipbuilders), 
Limited, Newcastle-on-Tyne. 

‘ULSTER PRINCE.’’—Twin-screw passenger motor- 
10-cylinder, trunk-type, Harland—-B. and W. 
airless-injection engines. Trial trip, March 3. Main 
dimensions, 345 ft. by 46 ft. by 19 ft. Built by Messrs. 
Harland and Wolff, Limited, for the Ulster Imperial Line 
(Belfast Steamship Company, Limited). 








‘*Lapy or MANN.’’—Twin-screw passenger steamer 
for service in the Irish Channel ; Parsons geared-turbine 
propelling machinery. Launch, March 4. Main dimen- 
sions, 373 ft. by 50 ft. by 20 ft. 6 in. Built by Messrs. 
Vickers-Armstrongs, Limited, Barrow-in-Furness, [or 
Messrs. Isle of Man Steam Packet Company, Douglas, 
I.0.M. 








CaLENDARS.—We have received two monthly tear-ofl 

calendars from Messrs. J. J. Lane, Limited, Phoenix 
Engine Works, Cranbrook-street, Old Ford-road, London, 
E.2. 
Om Pree LINE FROM THE CaspraN TO Moscow.—The 
construction of an oil pipe-line 1,700 km. (1,054 miles) 1n 
length, which, it is stated, will have a carrying cape oe 
of 1,600,000 tons per annum, is projected between re 
Caspian Sea and Moscow. Crude oil from Baku will he 
shipped by oil-tank vessels to the port of Makhach-ha te 
from which point it will be conveyed by the pipe line t¢ 
Moscow, where a refinery will be built. 
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CREEP OF STEEL UNDER SIMPLE 
AND COMPOUND STRESSES.* 
By R. W. Battery. 
(Concluded from page 266.) 

As creep must be expected under working conditions 
in steam-power plant, it becomes necessary to know 
the behaviour of metals, particularly steel, subjected 
to compound stresses under the plastic condition 
signified by the occurrence of creep. Some preliminary 
tests made by the author are described below, and 
deductions of practical interest are given. 

Two series of tests are recorded: One was made 
upon steel tubes strained separately at the same tem- 
perature by tension and torsion producing equal 
maximum shear stress ; and the other was made upon 
lead pipes under internal pressure with superimposed 
axial loading. 

A view of the apparatus employed is given by Fig. 7. 
Fig. 8, which is self explanatory, indicates diagram- 

















Fig.. 7. 


matically the 


features of the apparatus illustrated 
and its pr 


inciple of operation. Axial creep of the 
imen was measured definitely to 0-000L in., 
al creep to 0-02 deg. or 0:00035 radian. 
Temperature was controlled to within plus or minus 


whole spe 
and angu 





03 deg. C. of the mean value. 

The steel specimens were cut from solid-drawn 
tubing, sp ially selected for smoothness and accuracy 
of bore. The carbon content was 0-115 per cent. 
Lengths of tube were carefully and accurately straight- 
ened, aft hich they were held at 650 deg. C. for a 
Period of hour and slowly cooled. They were 
— ~ | for straightness, and only those pieces 
The _ d that were found to be satisfactory. 
nie A { surface was closely examined under a 
oc bigs ;' roscope, and magnetic tests were made 
iP circa m of flaws. The form and dimensions 
soeaiidise: es are shown by Fig. 9. To avoid the 
teat ny slip in the chucks, the specimens | 

welded to the chucks. 

* 
of a i before the Japanese Sectional Meetinz 
Noversh es ower Conference, Tokyo, October 29- 

vember 4, 1929. Abridged. 


| A succession of alternate torsion and tensile tests of 
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In order to eliminate variation in material and in 
its condition, a succession of tests were made upon 
the same test-piece without alteration of temperature 
and with the minimum interruption in testing when 
changing the straining action. The procedure was 
as follows: A test-piece was strained by a constant 
torque until the angular creep rate was sufficiently 
definite to be determined, when the torque was replaced 
by the requisite tensile load, introduced without 
shock. The tensile load remained until the axial 


Fig. 8. 
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data had been obtained, or the appearance of some 
irregularity indicated a change in condition. For 
example, in some early tests, splitting of the tubes was 
detected in this way. After the completion of a 
series of tests, the specimens were proved by examina- 
tion to be sound. 

Two series of tests were made at temperatures of 
480 deg. C. and 550 deg. C., the maximum shear stress 
at the former temperature being 3-11 tons per square 
neh, and at the latter 1-55 tons per square inch. 

Table II gives the creep rates obtained, and Fig. 10, 
on page 328, representing tests Nos. 3 and 4, shows a 
typical deformation-time record. Tests Nos. 1 to 8, 
inclusive, were made in numerical order upon the same 
specimen, and Nos. 9 and 14 similarly upon another 
specimen. 

Comparative values of creep rates under the two 
straining actions have been determined by taking the 
mean rate for two successive tests of the same kind 
to correspond with the rate for the intervening test of 
the other kind. Thus, six corresponding rates are 
provided by the tests at 480 deg. C. and four corre- 
sponding rates by the tests at 550 deg. C. These 
rates are given by columns 3 and 4 of Table III. In 
comparing the results of the two different straining 
actions, however, it is necessary to evaluate the tensile 
creep rates for the torsion tests, and for this purpose 
a suitable basis must first be established. 

Figs. lla and 11b, page 328, show the principal 
stresses acting at the tube wall in the torsion and ten- 
sion tests, respectively. Stress p has the value 6-22 
tons per square inch in tests Nos. 1 to 8 at 480 deg. C., 
and 3-1 tons per square inch in tests Nos. 9 to 14 at 550 
deg. C. The shear stress on all planes perpendicular to 
A, B, C, D and similarly inclined to A, B, is the same 
in the two cases (a) and (b), but the stress acting 
normally upon these is different. Alsc, in the case of 
corresponding planes parallel to A,B, and inclined to 
A, B, C, D, the shear stress for the case of torsion (a) 
is one half that occurring under tension (6). If creep 
were due onlv to the maximum shear stress and took 
place by shear only upon the plane thereof, uninfluenced 
by the stress acting normally to these planes, the 
tensile creep, 7.¢., in direction A, D, due to shear upon 
planes perpendicular to A, B, C, D,in the two cases 
(a) and (b) would be the same. This is not the case 


in the present tests, and other tests at the same tem- 
perature and maximum shear stresses, made by the 
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TABLE II. 


| Creep rates for condition : Maximum shear stress 
3-11 tons per square inch. Temperature 
480 deg. C. 


Creep rates for condition : Maximum shear stress 
1-55 tons per square inch. Temperature 
550 deg. C. 








Test Test 
No. No. 
| Torsion Tension Torsion Tension 
| radians per inch per hour. strain per hour. radians per inch per hour. | strain per hour. 
1 e e 
1 204 x 1076 9 L190 10°6 
2 56-2 x 10-6 10 338 x 10°76 
3 175 10-6 | 11 750 10-6 
+ 46-2 x 1076 12 261 10-6 
5 162 x 10-6 | 13 606 * 1076 
6° 38:4 x 1076 14 228 10-6 
7 156 x 10°5 | 
8 | 40 7 x 10°76 | | 
TABLE III. 
Som a Creep Rate Torsion. Tension Strain | Creep Rate in Direction e 
Test No. | Temperature | Radians per inch per hr. per hour. | of Principal Stresses. : 
| deg. ¢ ; el = 0-1282% | 
| | | 
es 180 189 x 10% 56-2 x 10-8 10-8 
2-4 480 175 x 10-2 51-2 x 107° 10? 
3-5 480 168 x 10°, | 46-2 10~? H 21-£ 1n-® 
4-6 480 162 x 1076 42-3 x 10-8 20-76 x 10°? 2 
5-7 480) 159 x 1072 38-4 x 10°? 20-37 x 10-? 1-89 
6-8 480 156 x 107° | 39-5 x 10° 20-00 x 10° 1-97 
oa = 6 as 6 , 5 o.7s 
9-11 550 970 | | ee 338 x 10 124-3 10 2°72 
10-12 550 750 x 10-6 299 x 10-6 96-1 x 10-8 3-11 
11-13 550 688 « 1072 | 261 x 10°? H 88-2 10°? 2-96 
12-14 550 606 x 10~° 244 x 10° 77-6 x 10° 3-15 


creep became sufficiently definite to be determined, | 
when the load was replaced by the original torque. | 


. . : . . | 
this kind were made, readings of axial creep and 
angular deformation being taken until sufficient 





loading and torque, as also the results of tests upon 
lead pipes referred to later, show definitely that the 
creep corresponds with shear upon additional planes 
to those where the shear stress is a maximum. So far 
as the author's experiments go, they indicate that, 
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under the condition of stress and temperature con- 
cerned, creep by shear may be regarded as general. 
The results of the authur’s tests upon steel tubes under 
combined torsion and axial load will be published in 
due course. In the torsion tests, no axial creep could 
be detected, nor any change in tube diameter or wall 
thickness. 

Owing to the practical difficulties of making tests 
at high temperatures upon metal tubes under internal 
pressure and superimposed axial loading, where it is 
desired to take measurements of axial and diametral 
creep, it was decided to make some tests upon straight 
lengths of lead pipes under water pressure. Arrange- 
ment was made to apply tensile or compressive axial 
loads, thereby enabling the axial stress in the tube wall 
to be varied from zero up to as much as twice the 
circumferential tensile stress, which throughout was 
maintained constant by the constancy of the water 
pressure. 

Asa preliminary, all tubes were steamed at 100 deg. C. 
for 8 hours to standardise their condition. Thin metal 
strips were wrapped around the tube, and a strip was 
arranged longitudinally with one end attached to the 
tube and the other end free. 

The internal diameter of the pipe was 3 in. and the 
wall thickness 0-125 in. The initial length of pipe on 
which axial creep was measured was 69 in. and the 
circumferential stress was 900 Ib. per square inch for 
all tests. 

Five pipes were investigated. No. | gave somewhat 
erratic results, and more weight must be given to the 
results for pipes Nos. 2 and 3. Pipes Nos. 4 and 5 
were tested only at high axial stresses, particularly 
to determine the behaviour when the axial stress is 
twice, or nearly twice, the circumferential stress. The 
results of all the tests, giving the creep rates as strain 
per minute, are shown plotted in Figs. 12, 13 and 14. 

Referring to Fig. 12, it will be seen that the cir- 
cumferential creep rate is a minimum when the axial 
stress is about 450 Ib. per square inch, i.¢., half the 
circumferential stress which occurs under the action 
of the internal pressure alone. Fig. 13 shows values 
of the axial creep rates covering the whole range of 
the tests, and Fig. 14 shows axial creep to a larger 
seale. This figure is intended to bring out particularly 
the behaviour under axial stresses up to 1,200 Ib. 
per square inch, or about 33 per cent. in excess of 
the circumferential stress. It will be that the 
absence of axial creep under internal pressure loading 
alone is definitely established. 


seen 


Thus the tests appear to indicate that a pipe under 
internal pressure and without superimposed axial 
loading is in the most favourable circumstances. Its 
axial creep is zero and its circumferential creep is a 
minimum. The superposition of an axial stress, as 
by a bending moment, will cause axial creep of the 
wall, tensile for a superimposed tensile stress and 
compressive for a superimposed compressive stress. 

Since zero axial creep occurs when the axial tension 
is one half the circumferential tension, the circum- 
ferential creep should be zero when the axial stress is 
twice the circumferential stress. An attempt was 
made to investigate this point. After completing a 
series of tests upon pipe No. 3, the axial stress was 
raised to 1,800 Ib. per square inch. It failed very 
quickly by a circumferential burst, but showed irregular 
enlargement in diameter suggesting circumferential 
creep. The test was repeated upon the new tube No. 4, 
and no circumferential creep occurred. There was 
extensive axial creep, and the tube failed by a cir- 
cumferential fracture. This test was taken to have 
established the matter. 

As was indicated earlier in the paper, the tests given | 
must be regarded as of a preliminary character. Their | 
purpose is to suggest further research and, at the | 
same time, to afford some guidance to engineers who | 
have frequently to make decisions before a complete | 
detail knowledge of a phenomenon is available. 

For immediate purposes of design, the author has | 
pointed out that, until more complete data exist, 
including creep-test results at rates of creep of at 
least 10-* strain per hour, the most rational procedure 
is to assume that creep occurs at present common 
initial steam temperatures, and to reduce the magnitude 
of the working stress at higher temperatures so as to 
compensate for the action of temperature upon the | 
rate of creep. This assumes that, for a specific rate of 
creep, the reduction in stress corresponding with a | 
given temperature increase is the same for different | 
rates of creep. The validity of this assumption can | 
only be determined when experiments have been | 
made at creep rates comparable with those which 
can be permitted in service. Referring to the case 
of carbon steels, the results of different investigators 
show widely different stresses for the same conditions, 
but a satisfactory measure of agreement is obtained 
if the stress at any temperature for a given small rate | 
of creep (which would include the so-called limiting | 
creep stress), is expressed as a fraction of the stress | 


: ; ‘ : 
for a lower basic temperature. Fig. 15, based upon | 


| the published results of a number of investigators, 
shows a relation of this character. The figure refers 
to medium carbon steels in the cast or wrought con- 
dition, and gives the stress at temperatures above 
750 deg. F., or, say, 400 deg. C., as a percentage of the 
| value at this basic temperature. So far as creep is 
concerned, reduction in working stress in accordance 
with the curve, should ensure behaviour at higher 
temperatures equally as satisfactory as now occurs 
at 400 deg. C. 

A matter that needs to be remembered when designing 
parts is that stress concentrations which would occur 
under elastic conditions are very greatly relieved, or, 
for practical purposes, may vanish as a result of creep. 
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Fig./2.CREEP UNDER COMBINED STRESSES. 
: TEST ON LEAD PIPE. 
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Consequently, an increase in working stress may be | 
made where stress concentration would ordinarily 
occur. 

CONCLUSIONS. 

1. Real limiting creep stresses have yet to be| 
determined for steels at working steam temperatures. | 
If discovered, it appears probable that their values 
will be lower than may be admissible for satisfactory 
and safe operation of plant. 

2. Design of plant for high-temperature service 
should be based rationality upon permissible changes 
in dimensions and material. A rate of creep of 10-S 
tensile strain per hour must be regarded as of practical 
importance, and creep-test methods are necessary 
which will produce accurate data at this rate of creep. 

3. Structural changes occurring in carbon steel at | 
present common working temperatures, i.¢., spheroidisa- 
tion of the cementite, are apparently the same as 
are known to occur at higher temperatures, but in less 
time. The rate of change depends upon the condition of 


the steel, and it may be reduced by therm: treat. 
ment. 
4. Preliminary tests indicate that, in a «-9 per 


cent. carbon steel, spheroidisation of cementite reduces 
the stress for a given rate of creep about 25 per cent, 
A smaller reduction in a stress is to be expected jy 
steels of lower carbon content. Further research 
upon this matter is desirable. 

5. In order to retard structural changes of the 
character referred to by the paper, such parts as tubes, 
pipes, and parts subjected to strain hardening jy 
manufacture, should be annealed from above the 
upper critical temperature. For most parts, the 
annealing temperature should be about 850 dee. (, 
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Fig.l5, CREEP RESISTANCE OF 
MEDIUM CARBON STEELS. 
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6. Provided warking stresses are reduced to allow 
for the decreased resistance to creep associated with 
an increase in temperature, increase in initia] steam 
temperature appears quite practicable so far as the 
physical properties and structural characteristics of 
the commercial steels are concerned. Special! attention 
requires to be given to the possibilities of oxidation. 

For example, design should make uneven and 
restricted steam flow in such parts as superheater 
elements impossible, and means should be employed 
to prevent accidental and local high temperature 1? 
some part of a plant. 

7. Comparative creep tests of steel in air and steam 
at 540 deg. C. (1,000 deg. F.) give similar results. 
and, in both cases, oxidation at medium and low stresses 


takes place at machined surfaces by a more or less evel 
wasting at the surface. 

8. Torsion creep tests may be taken to indicate by 
their results that creep by shear at a plane !s unin 
fluenced by the normal stress acting upon that plane. 

Terent 


By means of this hypothesis, creep under 
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straining actions may be correlated, e.g., a thin cylin- | question arose, for instance, as to what extent, and in 
drical tube under torsion is found to correspond | what manner, it was possible to reduce the losses in 
with a thin tube under internal pressure. | curved nozzles, and to what extent the losses were due 

9. While there is evidence that creep by shear|to the steam having to be forced through a curved 
may be regarded as general, the alternate torsion and | passage. It was suggested in the report that nozzles 
tension tests made by the author at 480 deg. C. and | with the least efflux angle were, on the whole, the least 
550 deg. C. indicate that the behaviour at these tem-| efficient. In view of the fact, however, that in the 
peratures is different. Further research of a similar | fourth report, under the heading ‘* General Efficiency 
kind is necessary to disclose the behaviour at various | Considerations,”’* it was stated that there was no 
temperatures and stresses. jappreciable difference in the efficiency of nozzles 

10. Deductions made in accordance with the tests| between 20 deg. and 12 deg., and also, seeing that 
upon steel tubes and the hypothesis suggested by | some of the tables dealing with this point were not very 
conclusion 8 above, receive confirmation from tests | convincing, he had prepared a table (reproduced on 
upon lead pipes under internal pressures. From the| this page) giving the best results obtained in the 
investigation as a whole, useful conclusions are reached | Committee’s tests. 


concerning cylindrical parts under internal pressure. | The results were tabulated in the order of the | 


11. Unless there is superimposed axial stress, pipes, | efflux angle, which did not depend on the geometrical 
tubes, &c., may be expected to creep only in the | angle, but, as had been shown in previous reports, on 
direction of the diameter. |what had been termed the reference angle. From 

12. Any loading upon a steam pipe due to thermal | the figures given in the table for the reference angle, 
expansion, whether giving rise to a direct load or a/| it would be seen that the thick-plate 20-degrees nozzle 
bending moment, will relieve itself under operating | gave roughly the same efflux angle as the thin-plate 
conditions by creep, and the stresses corresponding | 12-degrees nozzle. The thick-plate nozzles had now 
with the full thermal expansion will occur when the| been tested with such modifications as had been found 
to give more reliable results, as would be seen from the 
| “ae a — —— He had estimated 
| from the results of the improvements first referred to, 
THE INSTITUTION OF MECHANICAL | and from test results aaaaad with his firm’s nozzle 

ENGINEERS ; NORTH - WESTERN | tester. the corresponding improvements for the thin- 

BRANCH. | 


A meetinG of the North-Western Branch of the 
Institution of Mechanical Engineers was held on 
Thursday, February 20, at the Engineers’ Club, Albert- 


system is cold. 











ponenhon in what might be called ‘* boundary layers,” 
| where the efficiency dropped more or less abruptly to 
jzero. The conditions were probably better illustrated 
| by the second, or inverse, model showing the losses, 
|in which model it would be noticed that the loss peaks 
| were more bulky over the area corresponding to the 
| back of the guide plate. This showed that even a 
| chamfer or thinning of the guide blade near the outlet 
still caused losses of considerable magnitude. Using 
terms of aerodynamics, it might be said that the back 
or convex side of the blade caused a much more power- 
|ful drag on the flow of the steam than the front or 
; concave side, and that the wake, which consisted of 
| eddies, was caused to a greater extent by the back of 
| the blade than by its front. 

Mr. J. E. Shakeshaft said he had been struck by 
| two features in the report, considered in the light of 
| actual practice. One was the fact that the efficiency 
lof nozzles was maintained at low speeds. Mr. Bau- 
| mann’s cautionary remarks had, however, somewhat 
damped his ardour in that respect. The other feature 
which seemed of prime importance was the establish- 
ment of the effect of the curvature of a nozzle. Tests 
on various elementary nozzles had been described, and 
an elementary nozzle was one of infinite radius of 
curvature. Most elementary nozzles were very efficient. 
The velocity coefficient was 99 per cent. or 98 per cent., 
and therefore, comparing them with impulse nozzles, 
it was to be expected that an increase in the curvature 





Brest AVERAGE PERCENTAGE VELOCITY COEFFICIENTS OVER THE RANGE 1,000 To 1,700 rr. PER SECOND. 
TuHrRoat 0/1. Raprus CHAMFER ON THICK PLATES. 


Thin Plate. (Thick Plate. Thin Plate. Thick Plate. 


| : 
square, Manchester, when the Sixth Report of the Type of nozzle Straight.! Thin Plate. Thin Plate. 
Steam-Nozzles Research Committee was presented by | —— - -- _- - - 
. > Ta >, j y 2 } ras 2p ; , 3 

Dr. P. Telford Petrie. The chair was occupied by | Reference NRC. M-Y. MeV. NRC. NRC. wre | wre 
Mr. H. L. Guy. We commenced to reprint this report See footnote(a) See footnote(a) 
in abridged form on page 296 ante. The meeting in| ~~. —~———— ee : — ———— rs oo : es fo 

© ee pag . , = | Geometrical angle .. deg. 90 34 23 20 20 12 12 
London, at which the report was considered, was | - Sy eee. 2 tas : _—s = a5 ee Ae 
reported on page 290 ante. | Thickness of plateinin. .. - os s 3 i ns } i 

The Chairman, in calling for a vote of thanks to] Reference angle aes 90 31-5 20-3 18 - 10 7 
Dr. Petrie for presenting the report, commented on the a = a ee ae : 4 : fern aren : 
debt of gratitude the Institution owed to its able | Velocity coeflicients, per cent. 94-8 93-6. 94-4 o4-1 
Committee on the subject, and to the experimenters | Pr pte 
and reporters who had acted so efficiently in the past. | —_— ~ a a = 
On the other hand, all those who were interested in | Larger — ot — 06 1-0 1-1 | 1-4 
steam flow or high-velocity fluid flow owed a debt of Diino . MD enhancers. W nchesenscoonnech xi Oe 
gratitude to the Institution for the investigations. As Rounding entrance ae 0-5 0-5 0-3 0-2 
to the report itself, Mr. Guy said he would have liked See footnote() See footnote(d)}| 
to have seen a reference to the extraordinarily valuable E Raviificoxik ge P | 1-0 0-6 0:5 O-4 
work which had been done by Dr. T. B. Morley. He} 7 See footnote(d) See footnote(d)| 
thought that it would be a great help to other workers | ——————--—_—_—_—_ gl Ga ope = oa 
Improved velocity  coeffi- 99 98-1 97-3 96-9 95°7 96-3 | 95-7 
|See footnote(4)) Effect. of flat 


who would follow the Committee if detailed working 
drawings of the apparatus used could be published, 
so that they would not meet with the initial difficulties ; 
by which the Committee had been encumbered. _ 

The vote of thanks having been cordially expressed, 
the discussion was opened by Mr. K. Baumann, who 
commenced by an appreciative tribute to the members : 
se gee nee : . plate nozzles. He had also added the results obtained 
and research workers named in the report. He| +. : F : 
ih . | with two nozzles of a still greater efflux angle,§ and 
elieved, he continued, that the reports would be “ey Zs : 
Case i : . 2 | the efficiency of a straight nozzle tested by the Research 
referred to for a long time by turbine designers, and | /, 2 : : a 1 , a; x 

ha Pnstituiin: ai cate Committee and given in Curve No. 42 in the Fifth 
the Institution, for having inaugurated the research, 1. rE . : : 
leser ; . | Report.|| If the improvement obtained with the flat 
deserved the thanks of not only turbine manufacturers a : “ 
but ; hi . chamfer on the thick-plate 20-degrees nozzle were 
but also turbine users, and, in fact, everybody who : : : : 

ied clecivias 4 s NBC taken into consideration, the following results would be 
used electricity. It was not exactly a coincidence oldehead 

at -witthi SS ae : »btained :— 
that within the last ten years the efficiencies of turbines, ‘a 

E Sd ‘ " ° 21-5 I-84 
quite apart from other improvements with regard to _ £ — ie deg. De = 1 pe aa a ; ya 4 
the steam cycle or steam conditions, had been improved | *‘°7” slilastati. seiaiueiaataliat a salaslainiaitn Mainian 
by something like 10 per cent. It would appear that These figures showed that there was a very definite 
he had been credited with the belief that the efficiencies | decrease in the efficiency of nozzles with smaller efflux 
obtained were not really of great value to turbine | angles. 
designers. This was not so, though he had advised At this point, Mr. Baumann referred to the study 
caution in applying the results as they stood to actual | of losses in curved nozzles which had been carried out 
turbine practice, a suggestion which did not in the} by Messrs. Metropolitan-Vickers Electrical Company, 
least detract from the value of the Committee’s work. | in order to ascertain the variation of the efflux energy in 
As an illustration of this attitude, he would refer to | the steam over the whole of the efflux area, and remarked 
the increase in efficiency at low velocities obtained | that the results were best demonstrated by means of a 
during most of the tests on cyrved nozzles. If the | model. He then exhibited the lantern slides which 
test results on straight convergent nozzles were | were shown at the London meeting and were repro- 


cients, per cent. 


reference angles. (¢) From tests at Metropolitan-Vickers’ Works. 











examined, it would also be found that the coefficients | duced in Figs. 1 and 2, page 292 ante. 

creased at velocities below 800 ft. per second from Cortinuing, Mr. Baumann said that the base of the 
99 per cent. to over 100 per cent., a fact that would | first model represented the efflux area, while the ordi- 
indicate that the increase in efficiency did not represent | nates represented the efficiencies obtained as measured 
the truce increase in efficiency of the nozzle, but might | by the steam issuing from the nozzle. An irregular 


be a characteristic of the nozzle cage, or of other | surface was thus obtained in which the peaks repre- 
sented the points of high efficiency and the valleys 


conditions external to the nozzle. 
The high plateau indicated 


At the same time, the results had shown that com- | points of low efficiency. 


parative accurate measurements of efficiencies of | that a relatively large portion of the steam, 7.e., about 
hozzles iid be obtained by means of the nozzle tester, | 30 per cent., reached an efficiency of over 98 per cent., 


and they had been the means of initiating a healthy | or a velocity coefficient of over 99 per cent. The valleys 





rivalry between the various workers in this field, with | between the high plateaux indicated efficiencies of 
the resiit that even greater accuracy was now obtain-| about 70 per cent. Much lower efficiencies were 
able than that shown by the results given in the reports. : ee eo 
The Committee had not—and rightly, he thought— _— Kuomranamea, veh. corny (ESSE Pah Fig. “ 
offered any explanation or developed any theories on| | a ee ee 
the flow of steam on the basis of the information me 


t See ENGINEERING, vol. exix (1925), page 654. 





contained 


of a in the reports, and there was a large amount 
qt data 


in them which would repay study. The | 





§ See ENGINEERING, vol. exxv (1928), page 207, Fig. 4. | - : 
See ENGINEERING, vol. cxxv (1928), page 148, Fig. 21.| than one-quarter of that previously obtained. 
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(a) Discussion on Fifth Report. p.102. Fig. 32.¢ (6) These figures are estimated from results with greater and smaller 


(7) Discussion on Fifth Report. p. 100. Fig. 31. 

would result in an increase of efficiency. The tests 
carried out by the Committee during the last year 
covered by the report had established the fact that there 
was an increase of efficiency with increased radius 
of curvature. Some results were given in section (c) 
of the report, in which the comparison of the efficiencies 
of large-radius and small-radius nozzles was given. 
For a 20-degree nozzle, the efficiency was increased 
1 per cent. for a 0/1 throat, and similarly for a 12-degree 
nozzle. 

He thought it was accepted that turbine efficiency 
was a function of what was known as the turbine 
constant, or the Parsons’ figure, and that, up to a 
certain limit, the turbine efficiency increased as the 
-arsons’ figure increased. The Parsons’ figure was 
really a function of the squares of the blade speeds, and 
reduced down also to a function of the average velocity 
ratio and the ratio of the blade speed to the steam speed. 
With a given blade speed, a high efficiency should 
result from a reduction in the steam velocity. This fell 
into line with the results of the research. Incidentally, 
an increase in the average velocity ratio resulted in a 
larger guide-plate angle being required. Slow steam 
speeds resulted in the use of plates with larger 
radii of curvature or flatter plates, and the combina- 
tion of those two resulted in better efficiency. That 
was substantiated in actual practice and formed a 
corroboration of the Committee’s work. 

Mr. B. Hodkinson said that section (g) of the report 
indicated, presumably, the opinion of the Committee 
that comparative tests on size effect could not be 
carried out in a nozzle tester. The experience of his 
firm was that this was not so, but it involved the 
development of a rather higher technique of testing 
than the experiments for the report had reached, 
a certain air of approximation being given by the 
wide bands of their diagrams. It had been found 
that later developments reduced the dispersion of the 
points on which the diagrams had been plotted to less 
With 





the greater refinements of method, it was possible to | 
measure the results of small changes, and an example | 


of size effect investigation had been given in Mr. 
Baumann’s contribution to the discussion on the Fifth 
Report of the Committee.* One of the Committee’s 
nozzles had been tested on the efflux-angle tester at 
Trafford Park. This looked a fair specimen, yet its 
velocity coefficient was only round about 94 per cent., 


as shown by a diagram in the Fifth Report.t They 
had measured the efflux angle at intervals of ,', in. all 


along the nozzle face, which operation involved about 
three dozen measurements. Each reading along the 
nozzle was an average efflux angle across the nozzle. 
The graph of the plotted measurements was very erratic, 
except over the middle passage, which was the only one 
having neighbours on both sides of it, and so operating 
asin a turbine. Only the middle passage was used for 
the measurements, though it had since been found that, 
with suitable design, even the end passages could give 
curves Closely resembling all the others. A photograph 
of the nozzle actually blowing at an adiabatic steam 
speed of 600 m. per second showed standing waves. 
The nodes from any one passage were almost exactly 
abreast of the antinodes of any of the neighbouring 
passages. 

Mr. J. ©. Oakden emphasised the effect of the 
surroundings of a nozzle, the efficiency of which 
depended on the shape of parts which might be several 
inches away from the actual entrance or exit of the 
nozzle channel. The efficiency of a nozzle channel 
did not appear to exist as a separate and distinct quality. 
He thought it possible to devise a means of testing 
which would exclude exit conditions, but the efticiency 
must always depend upon such things as the turbulence 
of the entering steam. The importance of these 
conditions outside the nozzle channel itself had made 
the research very much more difficult than had, perhaps, 
been anticipated at the beginning, and, in consequence, 
it was not surprising that finality had not been reached. 
Many years of research were still needed before the 
knowledge of efficiency of steam nozzles became any- 
thing like complete. j 

He was much interested in Mr. Baumann’s account 
of his firm’s experiments, and in his models showing 
the energy losses at the various points. He imagined 
those experiments must have been carried out by the 
use of impact tubes. If that were so, it deepened his 
interest, as he had thought for some time that the use 


of an impact tube offered a very good method of | 
testing nozzle efficiency, both in general and at every | 


point of the exit. He had, indeed, carried out one 
experiment using impact tubes which had showed good 
results, but for various reasons he had been unable 
to proceed further. He thought that the greater loss 
near the convex side of the guide plate mentioned by 
Mr. Baumann might possibly have some connection 
with the production of conditions favourable to the 
setting up of the type of standing wave described by 
Mr. Hodkinson, in which the node of one jet was 
opposite to the antinode of the next. Mr. Hodkinson’s 
efflux angle curve for a 20-deg. nozzle was interesting. 
The fact that he had obtained a 5-deg. drop in the 
efflux angle of the last nozzle of the three was almost 
certainly due, in part, to the presence of a projection 
on the end of the nozzle box. The conditions outside 
the exit of the nozzle were not so good as they might 
have been, but it should be remembered that the 
nozzle concerned had been made probably nine years 
ago, when was known about the effect of the 
surroundings of a nozzle. 

Mr. F. B. Tucker said that, in connection with the 
tests on slot convergent nozzles, whilst the same inside 
profile had been adhered to in nozzles of the same 
outlet area but varying outlet periphery, the circular 
and square nozzies also had the same rate of change 
of area along the axes of the nozzles. It should not 
be overlooked, however, that the inlet areas for the 
rectangular nozzles were greater as the slot was made 
narrower. Plane nozzles were actually referred to, 
but the same was true of the orthogonal areas. As 
the slot was made narrower, therefore, it was probably 
given an advantage in that way up to a certain point, 
and this would tend to counterbalance the increased 
loss to be expected from a reduced hydraulic mean 
depth. The point aiforded another instance of an 
inherent difficulty throughout research work of that 
nature, viz., that of dealing with one variable only at 
atime. It was rather regrettable that the discharge 
coefficients had not been reported on in the Sixth 
Report. The wealth of material had not been exhausted, 
and it might well prove that further important points 
would be revealed by a simultaneous analysis of the 
velocity coefficients in conjunction with discharge 
coeflicients. 

With different types of nozzles tested on the Metro- 
politan-Vickers tester, definite and widely different 
discharge coefficient curves had been obtained which 


less 
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See ENGINEERING, vol. cxxv (1928), page 207. 
See ENGINEERING, vol. exxy (1928), page 118, Fig. 7. 











were considered to be not without significance. Refer- 
ring to the curves given in Fig. 14 of the report (page 296 
| ante) for straight nozzles with sharp edges at inlet and 
with 3 in.-radius entry, as was suggested in section (6) 
of the report, the high loss with sharp-edged inlet was 
almost certainly associated with the vena contracta. 
The curves of velocity coefficient were characteristic of 
those obtained with convergent-divergent nozzles, 7.e., 
speaking from experience in testing such nozzles at 
Trafford Park, a rapidly rising coefficient, rising to a 
maximum at a velocity not far from that corresponding 
to the divergence of the nozzle. Were the tests with 
the sharp-edged entry carried to velocities higher than 
the 2,000 ft. per second reached in the report, a maxi- 
mum would certainly be reached, and it seemed probable 
that that would occur at a velocity roughly correspond- 
ing to the divergence from the vena contracta to the 
outlet area. From the curves in Fig. 14, it was note- 
worthy that that maximum promised to be higher than 
that for the same nozzle with rounded inlet. With 
rounded inlet, the vena contracta would be less marked, 
and what might be called the * virtual’? divergence 
from vena contracta to outlet area would be less. The 
curves alluded to were again in line with that. Fairly 
precise confirmation of all this could be expected from a 
study of the discharge coefficients. It would appear 
that the change of entry condition did not so much 
alter the efficiency of a straight nozzle as change the 
velocity at which it worked most efficiently. However, 
that did not apply to curved nozzles, where, if a vena 
contracta were found at entry, its area was still greater 
than the throat area of the nozzle. 
Mr. C. E. Stromeyer said he wished to add an 
expression of admiration of the report, and had one 
question to ask, which was, had any experiment been 
made using the nozzle which he believed was called the 
‘spreading-out ” nozzle? It would mean that the 
entry to those nozzles must be smaller than the outlet. 
This would lead to greater resistance on the whole, but 
it might be asked whether it would give a higher 
velocity at the exit. 
Dr. Petrie then replied, and stated that it had been 
a source of great assistance as well as satisfaction to the 
Committee to find interest of a constructive critical 
character aroused by their work, as it introduced what 
were comparatively new problems upon which fresh 
light was thrown by having other minds working in 
| parallel, but different, fields to their own. He would 
|remind Mr. Guy that mention had been made of Dr. 

Morley’s work in the First Report, and a study of that 

work, together with other work of a similar nature, 
| had formed practically the whole substance of the report. 
| Before they had started theirown work, a fairly elaborate 
research in the literature of the subject had been under- 
taken. Mr. Baumann had brought out, as he always 
did, some very valuable lessons, and his method of 
presenting his table also seemed very useful. He had 
been glad to see Mr. Shakeshaft take part in the dis- 
cussion, Dr. Petrie continued, as they had worked 
together in the research for two years. In this con- 
nection, it might interest members to learn that actually 
16 research students had been engaged on the work 
|over the period covered by the six reports. All had 
| been of great assistance. 

He could appreciate very fully the point Mr. Hodkin- 
son had made regarding the more accurate apparatus 
than that possessed by the Committee. One of their 
guiding principles had been to try to keep the whole of 
the work as consistent as possible. It had seemed 
desirable to carry on in the way they had done rather 
than to introduce refinements which would vitiate the 
results which were required for comparative purposes. 
It was pleasant to hear Mr. Oakden, who had followed 
him as Superintendent of Research during the last 
|two years and was directly responsible for the test 
| results shown in the final report. Any contribution of 
| Mr. Tucker’s was very encouraging. They had made 
an attempt to give as full details as possible and a 
| large number of tables was attached to the report, in 
| which tables a mass of information lay buried. Their 
| object had been to supply the data as they had found 
it and they had not time to investigate it at all fully. 
Others could follow out their own particular inves- 
'tigation and use the work on which to build their 
own requirements. The question of discharge co- 
|efficients had been referred to in previous reports. 
In conclusion, he thanked the members on the Com- 
mittee’s behalf as well as on his own, for the gratifying 
way in which they had received the work. 











INDEX TO BritIsH STANDARD SPECIFICATIONS.—The 
| 1920 edition of the Index to British Standard Specifica- 
| tions has just been issued. It isa complete subject index 

to the 378 specifications now available. The: list com- 
prises 35 pages, and should find a place in the drawing 
| oflices and contracts departments of all engineering firms. 
| Copies of the index may be obtained from the B.E.S.A., 
| Publications Department, 28, Victoria-street, London, 
S.W.1, price ls, 2d., post free. 
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LOCOMOTIVE COALING PLANT; 
L. & N.E. RAILWAY. 


THE tedious and expensive methods of loading 
a locomotive tender with coal by hand have, of recent 
years, been superseded by plant which carries out 
the operation both in much less time and at much 
less cost, but an installation just installed by the 
London and North Eastern Railway effects, by some 
ingenious improvements, a still further reduction 
in both these directions. This plant is situated at 
the engine sheds at Kipps, on the line between Glas- 
gow and Edinburgh, and is illustrated by Figs. | to 3, 
on the opposite page. It is electrically-operated, and 
has been designed and constructed by Messrs. Henry 
Lees and Company, Limited, Glasgow, to the require- 
ments of Mr. H. N. Gresley, C.B.E., chief mechanical 
engineer to the railway company. When a locomotive 
is to be coaled no attendance is required on the plant. 
The engine driver has only to place his engine in 
position, and set in motion an electric motor. The 
required amount of coal is then rapidly delivered, 
being, at the same time, automatically measured 
and registered under the particular engine number 
concerned. 

The delivery chute on to the weighing apparatus 
is shown in Fig. 1, and the chain feeder of the stocking 
portion of the plant in Fig. 2, while the complete 
plant is seen in Fig. 3. From the last-mentioned 
figure it will be recognised that the main structure is 
of reinforced concrete. | It is situated in a convenient 
position in the engine shed yard, and contains two 
storage hoppers, one holding 125 tons of second-grade 
coal and the other 75 tons of first-grade coal. There 
is an outlet chute from each hopper, seen just above 
the lower platform in Fig. 3, and in more detail in 
Fig. 1. It is provided with an adjustable gate, the 
amount of opening of which is regulated by a screw 
and lever actuated by a chain and sprocket wheel. 
The coal passing the gate falls on an endless steel- 
belt conveyor, with a direction of travel towards 
the centre of the structure, which belt forms part of 
the measuring ‘*Cubi-meter.”” Each Cubi-meter is 
driven by a 4-h.p. motor, seen to the left of Fig. 1, 
and when this motor is started, the coal as it is 
deposited by the chute is carried forward at a fixed 
speed and depth to a two-way flap fitted under the 
central outlet from which it falls into the tender of 
the locomotive standing beneath. This two-way flap 
diverts the coal according to whether the engine is 
standing in the down-line or up-line position, and also 
facilitates the coaling of tank engines. While open 
for filling, it allows the coal to heap up centrally in 
the tender, and avoids spillage. When lying in a 
horizontal position it acts as a safety device, keeping 
the line and locomotives passing underneath it clear 
of falling coal. 

The Cubi-meters are set to deliver coal at the rate 
of 14 tons per minute, and the operation of filling 
a tender is thus effected: One of the enginemen steps 
from his footplate on to the platform, on which is 
installed a rack carrying a number of keys corresponding 
to the engines using the plant. An electrically- 
operated recording instrument is geared to each 
Cubi-meter, which registers on a tape the amount 
of coal passing into the tender. This amount 1s 
recorded in hundredweights, and is also visibly shown 
on a dial on the recorder. As the key bearing the 
number of the engine being coaled is -inserted in 
the recorder, this number is automatically registered 
on the tape and a half-turn of the key depresses an 
electric switch which completes the circuit of the 
Cubi-meter motor, and so starts the measuring and 
delivery operations. The key is then withdrawn, 
and delivery continues until a sufficient quantity 
of coal has been received, at which point the pressing 
of a switch on the recording instrument stops the 
Cubi-meter and automatically registers the quantity 
on the tape opposite the engine number. An accurate 
record of the coal taken by every engine using the 
plant is thus available. The amount of coal flowing 
through the Cubi-meter can be varied by the gate 
on the hopper chute. 

The method of filling the storage hoppers may 
now be considered, and, for this, reference should 
again be made to Fig. 3, at the left hand of which will 
be seen a wagon tippler. This is of the side-throw 
type, and is capable of handling wagons of from 
$ tons to 20 tons capacity. It is fitted with counter 


balance weights to economise power during the 
lifting operation, and to hold the wagon in position 
over the receiving hopper during emptying. his 
hopper is situated 6 ft. 6 in. above the rail level and 
is discharged through two outlets each provided with 
a chain feeder, a detail view of which is given 1 
Fig. 2. The chain feeders are not visible in Fis a. 
being just below the ground level, but the guide 
runways up the side of the main structure, secn 12 

t m. 


the figure, have their bottom terminations neal 
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‘ : The feeders are driven by individual motors of 2 h.p., 
oe and discharge into skips of 1-ton capacity, which 
the traverse the runways. One of these skips is seen 
ie at the top of the main structure in Fig. 3. Its contents 
flap are here tipped into the receiving chute of the storage 
iy 3 hoppers, which chute is fitted with a two-way flap 
also to divert the coal into the particular hopper to be 
pen filled. This flapis controlled by a hand winch operated 
an from the lower platform. 
ae The skip-hoist motor can be operated independently 
ce of the chain-feed motors, but, during normal working, 
lear the skip hoist and feed motors are electrically inter- 
locked for automatic working. When the storage 
ate operation is required, a push-button switch is pressed 
ling to the ‘on position. W hichever of the two skips 
eps is at the chain feeder will then be filled to a pre- 
we determined weight. This weight is fixed by an 
ling adjustable device actuated by the tension on the 
fly. hoisting ropes, which device operates a relay switch 
ach controlling the skip-hoist and chain-feed motors. 
unt When the skip is filled to the set weight, the chain 
‘5 feeder stops, the loaded skip ascends, and the empty 
cain skip descends to be filled in its turn. _ This cycle of 
the operations continues so long as sufficient coal 1S 
in delivered to either skip to operate the weighing device, 
red or until the “stop” switch is pressed by the atten- 
an dant ; only one man is required at the plant during 
the storage filling. About three hours are occupied in 
Sra filling both of the storage hoppers completely. 
wn, 
ity 
ing HARBOUR WORKS.* 
=~ Cochin Harbour Works. 
“a By R. C. Bristow, M.Inst.C.E. 
the Cocutn lies at the mouth of about 125 square miles 
ae of navigable backwater, and is about 100 miles north 
- of the southern point of India on its western coast. 
The total annual quantity of imports and exports is 
ey rather less than 500,000 freight tons, and its value about 
uld 104 crores of rupees, or barely 8,000,000/. sterling. 
vill The backwaters are tidal for 40 miles south of the 
at harbour entrance. There is a normal spring range of 
sot about 3 ft. Rainfall averages 120 in. at Cochin, but 
ag more over the catchment area as a whole, which is 
the 3,328 square miles in area. Tidal action sets up currents 
lon ranging from | knot to 2} knots, but in monsoon time 
me the ebb may flow at 4 knots and last for 10 or 11 hours. 
a Before the channel through the bar was made, the 
es ebb might run continuously for weeks. Cochin is 
4 affected by swell-waves coming from the mid-Arabian 
ie sea about west-south-west, and by local wind waves 
‘in from west-north-west. The Cochin bar and _ the 
n 
sa * Abstracts of Papers read before the Institution of 
Fig. ‘3. Civil Enuineers, on Tuesday, February 25, 1930. 








foreshores are composed of sand brought down from the 
granitoid gneiss, which is the principal geological 
formation of South India. The sand foreshore, on 
the north side of the harbour entrance, has been pro- 
tected by rubble-stone groynes in echelon, roughly 
parallel to the coast line. The cost of these groynes 
was about Rs. 42 per linear foot, and their maintenance 
about R.1 per linear foot per annum. 


Experimental cuttings were made by a small bucket | 


dredger inside the harbour and through the outer bar, 
to ascertain the rate of silting. The first has shown 
very little sign of silting in eight years; the second 


silted an average of 4 ft. during the monsoon suc- | 


ceeding its completion. As a result of the experi- 


mental works, it was decided, in 1924, to carry out a} 
| the inner harbour and enclosing 72 acres, and a wharf | 


larger scheme in which a dredged channel through the 
harbour bar would lead to a deep mooring area inside 
the harbour large enough to hold at least 12 vessels. 
A dock was constructed for dredging vessels, 240 ft. by 
44 ft. by 14} ft. over the sill at H.W.O.S.T., which 
cost a little more than Rs.4 lakhs. After borings had 
been made and a trial shaft excavated to foundation 
level and loaded, it was decided to build the dock of 
hollow rubble granite monoliths. 

Major dredging works were carried out from July, 
1926, to March, 1929. Altogether, including interim 
silting, there were nearly 10,000,000 cub. yards in 
situ to dredge, 4,250,000 cub. yards inside and the 
remainder outside the harbour. Owing to the south- 
west monsoon, the work outside was restricted to about 
four months in each season. The material inside was 
sand and silt, soft and medium clay, with patches of 
hard clay, sand, shells, and oyster beds. All this was 
pumped into a reclaimed area. The outer dredging 
consisted of a channel 17,000 ft. long by 450 ft. wide 
by 34 ft. to 37 ft. deep at low-water springs. Of this 
17,000 ft., 9,000 linear ft. was in mud with much 
jettisoned cargo, 4,000 ft. in heavy sand and mud, and 
4,000 ft. in dense yellow sand. The work was finished 
on March 13, 1929. 

The plant chosen was a large suction-dredger and 
pipe-line. After the first season’s work outside, the 
ball joints and connections between the pontoons of 
the pipe-line had to be redesigned, but no delay occurred 
as the old joints were good enough for work inside, 
and afterwards the work proceeded satisfactorily to 
the end. The pipe line was 39 in. in diameter and 
4,000 ft. long. 

The Development of Lyttelton Harbour, New Zealand. 
By C. J. R. Wiuutams, M Inst.C.E. 

Port Ly?tre_Ton is an arm of the sea 
northern end of Banks Peninsula. This indentation, 
apparently the crater of an extinct volcano, faces 
about 60 deg. east of true north and receives the full 
force of seas from that direction, or those sweeping 
round Banks Peninsula. The depth at the entrance, 
one nautical mile wide, is 7 fathoms at low water, 
which gradually shoals to 3 fathoms opposite the 
inner harbour which has been constructed in Erskine 
Bay, four and a half nautical miles from the sea. From 
1849 to 1863, vessels anchored off Diamond Harbour, 


nearly opposite Erskine Bay, but about half a mile | 


seaward. Here they lay sheltered from the violent 
south-west gales which raised a dangerous sea in 


Erskine Bay, the fetch in this direction being about 


three miles. When the systematic settlement of 


Canterbury began in 1850, the ships lay in Port Lyttel- | 


ton and the cargo was lightered round to the estuary 
of the rivers Avon and Heathcote, the bar of which 
is situated about three miles north of the entrance to 
Port Lyttelton, and unloaded at wharves in those 
rivers, the goods being carried by 
Christchurch. 

When the Moorhouse tunnel and port railway 
connecting Christchurch and the Canterbury plains 
with wharves in Port Lyttelton were projected, break- 
waters were constructed to enclose the inner harbour, 
the eastern mole was built to prevent the main seas 
from rolling up the port, and the western mole to 
protect it from the south-west, the entrance between 
the moles being 500 ft. in clear bottom width and 
facing south-west. The original area enclosed was 
about 120 acres, which was gradually reduced to about 


105 acres by reclamations accommodating railway | 


sidings, &c., the final water space having about 14 ft. 
of water at the entrance, gradually shoaling to 6 ft. 
at the faces of the reclamations. These reclamations 
were carried out by quarrying and tipping stone from 
the hill-sides, 

Between 1877 and 1885, jetties 300 ft. long, pointing 
generally in a south-westerly direction, and a breast- 
work wharf (the Gladstone pier) round the inside of the 
eastern mole were: onstructed, and railway sidings 
connected with the main port line were laid upon them. 


A concrete graving dock accommodating vessels of 


6,500 gross tons, and a slip taking a vessel of 300 tons 
were also built. 


were extended, and, at the beginning of 1903, the middle 
part of the inner harbour, where the jetties are situated, 





near the | 


road thence to | 


From 1885 to 1900, the various jetties | 
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had been deepened to 25 ft. and the work of cutting a 
channel seaward had been begun. 

From 1900 to 1912, the main plant consisted of the 
dredger Manchester, which by working 16 hours per 
|diem and removing about 700,000 tons of spoil per 
}annum, provided a channel only 400 ft. wide and 
25 ft. deep seawards. The dredging was carried out 
to 30 ft. at low water and 400 ft. wide in one sweep, 
but it was found that by the time the dredger had 
reached the lower end of the channel, two miles away, 
the upper end had shaaled to 25 ft., and vice versa. 
As 25 ft. was not enough, the drag suction dredger 
Canterbury was obtained in 1912. In 1909, a reclama- 
tion mole was begun from the outer end of the western 
mole, following a curved line to the next point above 


| just inside the entrance and against the western mole 
was fitted with spring fenders and a trough for the 
discharge of the dredgings. From 1912 to 1925, the 
| Canterbury continued to discharge its dredgings into 
| this reclamation area. The depths at the wharves 
| were maintained from 1903 to 1910, and increased by 
| means of a Priestman grab dredger throwing out the 
| material to where it could be reached by the Man- 
| chester. In 1910, the Board obtained the 300-ton grab 
| hopper dredger Towhaka, which dredges the wharves 
| and such parts of the harbour as cannot be reached 
| by the Canterbury, and deposits its spoil at sea. 

| “The reclamation mole was constructed by tipping 


stone quarried from the cliff near by. Great difficulty 


| was experienced from the soft nature of the bottom, the | 


| progressive settlements, at one place, amounting to 
40 ft. In order to push on the work equally through- 
out, and to keep pace with the rising mud inside, the 
| material for the wall was tipped from a staging of 
| 60-ft. piles, which was carried down with the wall and 
|had to be continually built up. At a point three- 
| quarters of the way along the mole, a discharging wharf 
| was constructed 100 ft. outside the mole, and thedredged 
spoil was discharged here, in the hope that the shells 
which came up with the spoil would form a bed for 
the mole. When the mud inside had risen to high-water 
| level, however, the mole settled and moved outwards, the 
effect being that the wharf rose 11 ft., and the bottom 
of the harbour, where the wharf stood, about 17 ft. 
The mole was ultimately completed, but it is merely 
afloat in the clay bed of the harbour, the mass below 
the sea-bed being equal to that above it. 
cost of this mole was about 68,000/., or 20/. per linear 
foot of mole. 

The wharves were originally constructed of iron- 
bark timber and piles, the piles being well charred and 
coated with boiling coal tar, which treatment has 
been found so effective in preserving them that piles 
| driven in 1881 are now in good condition. Since 1903, 

the whole of the jetties and breastwork wharves have 
been reconstructed with ironbark timber. Two jetties 
and the Gladstone pier are equipped with 5-ton electric 
gantry cranes spanning three lines of railway, and 
another jetty is equipped with similar cranes of 3 tons 
capacity. 


| 


Tyne Commission Quay, North Shields. 
By R. F. HinpMmarsu, M.Inst.C.E. 

Tuts quay and passenger station were constructed 
in 1927-28 for Norwegian mail and tourist and other 
traffic. The quay is on the riverward side of the Albert 
Edward dock, and is two miles from the mouth of the 
River Tyne. It is 1,100 ft. long, with a depth along- 
side of 25 ft. at L.W.O.S.T., and it provides berths 
for three of the Norwegian vessels. The quay is 
equipped with a transit shed, a passenger station and 
offices, a hydraulic coal-hoist, electric travelling portal 
cranes, 30-cwt. turnover hydraulic capstans, &c. 
Borings taken in 1926 showed that the level of the 
rock was 70 ft. to 82 ft. below L.W.O.8.T. The river 
wall, which had been built on stone deposited on 
comparatively soft material, had settled and moved 
forward for a part of its length, and it had not been 
possible to dredge deeper than 14 ft. at low water 
alongside. 

Before the construction of the new quay was begun, 
| interlocking steel sheet piling was driven in front of 
the old quay and tied back to anchor-blocks placed 
behind the old quay wall. Immediately after the 
completion of the steel sheeting and anchor-blocks, 
dredging to a depth of 25 ft. at L.W.O.S.T. was carried 
out along the whole length of the face line of the 
proposed quay, and, as there was no apparent move- 
ment of the old river wall, the construction of the new 
quay was proceeded with. The quay, at its south end, 
is carried on steel cylinders, 6 ft. and 13 ft. in diameter, 


sunk under compressed air into the rock, and after- | 


wards filled with concrete reinforced with steel rods. 
The sections of the smaller cylinders above low water 
were removed after the concrete filling had set. The 
centre portion of the quay is carried on ordinary 
reinforced-concrete piles up to 65 ft. in length. The 
| northern portion is carried on steel cruciform piles up to 
85 ft. in length. The method of constructing the 








The total | 


| superstructure on the reinforced-concrete piling is 
|new. The tops of the piles were about 6} ft. aiove 
low water. Each pile-head was stripped, and on it 
was placed a precast column with four claws which 
|engaged the head of the pile. The horizontal and 
diagonal bracing members were also precast, and, 
after they were assembled in position, the head of the 
| pile was boxed in and the joint was concreted. In 
| the case of the steel cruciform piles, reinforced recian- 
| gular concrete columns, 3 ft. by 1 ft. 6 in., thickened at 
| the base, were moulded in situ on each of the steel 
| pile caps. The decking is 11 in. thick and consists 
| of a 5-in. reinforced bottom layer with a top layer of 
| concrete filling equivalent to the depth of railway and 
| crane-track metals. 
| The transit shed is in three portions, for passengers, 
| general cargo, and wet fish. The floor is 3 ft. above 
| quay-levei and is carried on solid 10-to-1 concrete 
filling finished with 3 in. of fine whinstone concrete. 
Both sides of the shed are fitted with sliding doors 
along nearly the full length, and the covering of the 
bow and doors consists of asbestos-protected metal 
sheets. The platform in front of the shed forms a pipe 
and cable subway. It is decked with removable 
reinforced-concrete slabs, and houses the service-mains, 
| access doors being formed in the face wall at intervals. 
The passenger platform at the back of the shed _ is 
| 10 ft. wide and is covered with a wired-glass verandah 
| roof. 

The 33-ton hydraulic coal hoist, which is placed on 
the deck of the quay, deals with 20-ton bottom-door 
wagons, the maximum height of shipment being 65 ft. 
above H.W.O.S.T. Both full and empty roads through 
the hoist, which are at deck level, can be used as 
ordinary running roads when it is not in use. The 
motor road is of reinforced concrete with a concrete curb, 
except at bends, where the curbing is granite. The 
concrete is 9 in. thick at the centre and 7 in. at the 
sides. There is a new electric substation and hydraulic 
power-house at the new quay for serving the whole of 
the Commissioners’ docks. Current for the new 
station is supplied by the Tynemouth Corporation at 
5,600 volts, and is transformed to 440 volts alternating 
current for driving the hydraulic pumps, and con- 
verted to 480 volts direct current for cranes, &c., 
and to 240 volts direct current for lighting. The 
pumps are of the horizontal triplex three-throw single- 
acting type, working at 50 r.p.m. against a pressure of 
750 lb. per square inch. They are controlled by 
contactor gear designed to start 40 times per hour, 
and may be worked in any desired sequence. 











CATALOGUES. 


Electrical Machinery.—The house journal issued by 


| Messrs. The English Electric Company, Limited, Queen's 


House, Kingsway, London, W.C.2, contains descriptions 
of plant produced by the company for India, New Zea- 
land, and Japan, as well as for the home market. The 
machinery includes rail and road transport equipment, 
motor hopper wagons for cement works, and frequency- 
changing plant. 
Alternators for Hydraulic 

Electric Company, Limited, 


The A.E.G. 
Victoria-street, 


Turbines. 
131, 





| London, 8.W.1, have sent us a copy of their house journal 


containing a description of some alternators supplied 
by the company for the Kachlet hydro-power station of 
the Rhine-Main-Danube Company. The Kaplan turbine 
is coupled directly to the alternators, which are 35 ft. 6 in. 
in diameter and run at 75 r.p.m. 

Colliery Conveyors.—Messrs. Mavor and _ Coulson, 
Limited, 47 Broad-street, Mile-end, Glasgow, S.E., have 
sent us a descriptive catalogue of their gate-end loading 
conveyor with troughed belt. It is used in the mine to 
convey coal from the working face to the truck or tub, 
taking the coal from very near the floor and lifting it 
sufficiently to drop it into the tub. It is driven by electric 
motor and carries up to 125 tons per hour. 

Well Boring.—A catalogue describing a portable rig 
for drilling water wells and test holes to a depth of 300 ft. 
is to hand from Messrs. English Steel Corporation, 
Limited, Vickers-house, Broadway, London, 8.W.1.. It 
contains a description of the frame and mast, power units 
and tools, and an outline of the methods of assembling 
and operating the plant. Dimensions, weights, and lists 
of tools are added in a form to suit the export trade. 


Expansion Joints.—We have received from Mr. O. N. 
Beck, 11, Queen Victoria-street, London, E.C.4, a list 
| of expansion joints made by Messrs. Franz Wagner 
A.-G., Germany. Standard sizes are made up to 7! 1n. 
in diameter, and the maximum working pressures rane 
from about 20 Ib. to 45 lb. per square inch. The joints 
are in the form of tubes or rings, with one, two or three 
corrugations welded circumferentially at the crowns o! 
the corrugations. 

Rotary Converters.—A new descriptive catalogue ol 
rotary converters issued by Messrs. The British Thoms0:- 
Houston Company, Limited, Rugby, contains a general 
description of the machines, followed by sections deal ng 
| with power factor, variation of voltage ratio, types 0! 

control, methods of starting, inverted running, details ot 
construction, and a few particulars of machines in u 
These converters are constructed for any capacity up 
4,500 k.w. and 1,500 volts, for 25 or 50 cycle systems. 
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CHAPTERS IN NAVAL AND MARINE 
ENGINEERING HISTORY.—I. 
By Eng.-Capt. Epaar C. Smrru, O.B.E., R.N. 


Amone the many branches of modern engineering 
which, during the last century, have so widely and 
profoundly influenced the progress of civilisation, 
that of marine engineering has an interest second to 


none. ‘Tredgold, in the extension of his memorable 





definition of civil engineering as “ the art of directing | 


the great sources of power in Nature for the use and 
convenience of man,” included ‘the art of navi- 
gation by artificial power for the purposes of com- 
merce,” but he lived to see only its first fruits. 
When he died in 1829, steam vessels were still small 
in size and comparatively few in number, and the 
greater part of the world’s overseas commerce 
was then and for many years carried in ships driven 
by the wind, but within the course of half a century 
the sailing ship was fighting hard for its very 
existence. In fifty years, steam had worked a 
revolution, and marine engineering had become a 
great national industry. Marine engineering, it is 
true, is but one branch of mechanical engineering, 
which had its birth in the Eighteenth Century, 
with the work of Newcomen and Watt. The early 
marine engines differed little from land engines, 
but the application of steam to ships presented so 
many new problems, it gave rise to so many inven- 
tions, it led to such splendid achievements and it 
engrossed the undivided attention of so many 
of our greatest engineers, that it claims separate 
consideration. Then, too, it should not be forgotten 
that the work of the early marine engineers led to a 
revolution in the design and construction of the 
ships themselves, and naval architects and ship- 
builders were obliged by force of circumstances 
to adapt some of their methods. And _ further, 
though when the Institution of Civil Engineers 
requested Tredgold to describe the profession of a 
civil engineer, he was not concerned with engineering 
as applied to military and naval affairs, although 
writing in 1828, it was already clear that steam 
could be applied with advantage to warfare at sea ; 
and with this extension of its scope came the rise of 
naval engineering and the first of many extra- 
ordinary changes in the character of our fighting 
fleets. More than fifty years ago the ironclad had 
become a “‘steam being,” but the battleship of 
to-day is the most remarkable machine the world 
has ever seen, and in her design, construction and 
equipment have been combined the labours of 
generations of scientific investigators and practical 
engineers, 

As an island nation with domains in every quarter 
of the globe, with world-wide commercial interests ; 
as a nation whose supremacy at sea has again and 
again been its salvation, and as the nation which 
gave the world its most potent instrument for the 
furtherance of material progress—the steam engine 

there can be little surprise that, once the steam 
boat was shown to be a practical proposition, steam 
shipbuilding and marine engine construction should 
soon have become important industries. Establish- 
ments devoted to such work sprang up here and 
there and in the course of time, from the Clyde, the 
Thames, the Mersey, the Tyne, from places like 
Southan pton, Bristol and Hull, went ships for prac- 
tically every fleet until at one period we constructed 
SU per cent. of the world’s sea-going steam vessels. 
With but few exceptions, too, all the greatest 
Improvements in steamship construction and marine 
enginecring were originated in this country, and 
though other nations founded their own shipyards 
and engine factories, it was often done with the 


assistance of British engineers. To-day, the ships 
of America, France, Germany, Italy, Japan and 
other countries, in size, speed, equipment and 


Perforiiaice rival any we can produce, but it may 
be presumed that, even did not our insular position 
Constitute a continual stimulus to fresh activity, 
With the genius of our race for nautical affairs, 
the constructors of the future will not fail to emulate 
those of the past. With the future, however, we are 
_ here concerned. If engineering ever have a deity 
; shoul |, like Janus, have two faces, one looking 
na one backward. It was no less a man than 

asteur, who recalled to the students of Edinburgh 
the exhortation to “remember the past and look 
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to the future,” impressing upon them the advice to 
“associate the cult of great men and great things 
with every thought.” 

The history of engineering is full of references to 
great men and great things, and it is one of the 
objects of this series of articles to recall some 
of these to mind. No claim is made that the 
articles will form a complete history of marine 
engineering. The technical side of the subject will 
naturally receive much attention, but biographical 
works, memoirs, books long since out of print, 
official regulations, personal letters and reminis- 
cencies and hitherto unpublished manuscripts have 
all been drawn upon to illustrate the many aspects 
of marine and naval engineering, and their influence 
on sea transport and naval warfare. 

The practicability of the application of the 
steam engine to boats was demonstrated almost 
simultaneously in America, Scotland and France. 
In America the principal experiments were made 
by Rumsey, Fitch, Stevens and Fulton; in 
Scotland by Miller, Symington and Bell; and in 
France by Périer and the Marquis de Jouffroy. 
Their trials were all carried out during the last 
two decades of the Eighteenth Century, and the 
first of the Nineteenth Century. There had been 
earlier pioneers who had planned and schemed, 
but with no success. There are also stories of a 
fabulous character such as that relating to Blasco 
de Garay, who is said to have moved a boat by 
steam at Barcelona in 1543. <A certain Thomas 
Gonzales in 1825 was apparently the first to credit 
Blasco de Garay with using steam, but the docu- 
ments relating to the incident were examined in 
1857 by John Macgregor, who, in a paper read 
before the Royal Society of Arts, April 14, 1858, 
stated that ‘neither of them contained any mention 
whatever of the use of steam.” About a century 
later David Ramsey obtained a patent which 
referred to the use of fire and its application to 
‘boats, shippes and barges”; and the names of 
the Marquis of Worcester, Denis Papin and others 
are sometimes coupled with the inventors of the 
steam boat. Another projector was Jonathan 
Hulls, of Campden, Gloucestershire, who secured 
a patent in 1736, and the following year published 
a description of his apparatus, but evidence is still 
wanting that it was ever tried. 

When we come to the French experiments we 
are likewise confronted with uncertainties. Jacques 
Constantin Périer (1742-1818), an able engineer, 
and the Marquis de Jouffroy d’Ahbans (1751-1832), 
an infantry officer, are both mentioned among 
the successful builders of steam vessels, and the 
latter is stated to have tried a steamboat on the 
Doubs in 1776, and another on the Sadne in 1783. 
By that time the steam engine was attracting 
much attention, and there is no difficulty in 
believing that the Marquis de Jouffroy attained 
some success. Unfortunately no account of his 
work was published till thirty years later, and 
then another twenty-five years elapsed before his 
claims were examined by the Paris Academy of 
Science. In the absence of contemporary docu- 
mentary evidence, however, it is impossible to say 
what was done. But whatever was achieved in 
France was far surpassed in America by the work 


of James Rumsey (1743-92) on the Potomac, | 


and of John Fitch (1743-98) on the Delaware. 
Biographers had kept the memories of both these 
inventors alive, but a few years ago Mr. L. F. 
Loree, of the Delaware and Hudson Company, 
placed us under an obligation by the reproduction 
of parts of documents, books and pamphlets 
relating to their projects under the title ‘ Develop- 
ments of Steam Navigation.” The catalogue of 
the Water Craft Collection of the Smithsonian 
Institution at Washington also contains some 
valuable notes, and there is no question as to the 
achievements of either of these American pioneers. 

Rumsey’s experiments began in 1784, and 
continued till his death in London on December 23, 
1792. His first idea was to work his boats up- 
stream by mechanically-worked poles, but this 
plan he abandoned for what to-day we call jet 
propulsion. One interesting feature of Rumsey’s 
plant was a “pipe boiler.” Fitch, between 1785 
and 1788, built at least three steamboats, using 
either vibrating paddles or paddle wheels; his 
experiments were far more promising than those 
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of Rumsey, and the certificate signed by ten 
worthies of Philadelphia that, in October, 1788, 
they had been “in John Fitch’s steamboat of 
60 ft. in length on the River Delaware, when the 
said boat was propelled through the water with 
a considerable degree of velocity regularly, and 
without any manual labour, by the force of steam,”’ 
is sufficient to establish his claim as the most 
successful pioneer up till that time. Two years 
later the Philadelphia Daily Advertiser, in July, 1790, 
stated, ‘‘The steamboat sets out to-morrow at 
10.0 o’clock from Arch-street Ferry, in order to 
take passengers from Burlington, Bristol, Borden- 
town and Trenton, and return next day.” Fitch, 
like Rumsey, crossed the Atlantic to further his 
schemes, and in Washington can be seen the patent 
assigned to him by Louis XVI; but neither in 
France or in America, whither he returned a 
disappointed man, did he find the support he 
sought, and, though he made an experiment about 
1793, with a screw-driven boat on the Collect Pond 
in New York, he died in neglect and obscurity 
at Bardstown, Kentucky. Both he and Rumsey 
had published pamphlets on the steamboat, and 
Fitch had once written, ‘The day will come 
when some more powerful man will get fame and 
riches from My invention ; but nobody will believe 
that poor John Fitch can do anything worthy of 
attention.” In considering these early efforts of 
American inventors, it should be remembered that 
in their day there were no engineering works in 
the country, and it was not till 1820 that the law 
forbidding export of machinery from England, 
except under special circumstances, was repealed. 

Rumsey and Fitch were rivals and intensely 
jealous of each other; Miller and Symington, to 
whose experiments we now turn, stood in the relation 
of employer and employee. An Edinburgh banker 
with novel views on ships, Patrick Miller (1731-1815) 
had the idea that boats with twin-hulls would prove 
superior to those with single hulls. He made 
several such double-hulled boats, and one of his 
vessels, the Edinburgh, had triple hulls. These 
were all sailing vessels, but to some he fitted paddles 
driven by man-worked capstans. The suggestion 
that steam should be tried instead of man power 
was apparently made to Miller by James Taylor, the 
family tutor, and this led to the collaboration of 
Symington. 

In the year 1787, William Symington (1763- 
1831) had patented an open-topped cylinder engine 
with condenser extension below, and for Miller, 
in 1788, he constructed a double cylinder engine of 
this type. When complete, the engine was placed 
aboard one of the twin-hulled boats then on Dals- 
winton Loch, Dumfrieshire, and during a trial, on 
October 14, 1788, ten days after Fitch had made one 
of his best runs on the Delaware, the boat was 
driven at about 5 miles an hour. No sustained 
result accrued from Miller’s work, however, and 
the Dalswinton Loch boat was laid up. The engine 
was removed to the library of Dalswinton House, 
and it is now to be seen in the Science Museum. 
The preservation of this historic engine, together 
with the preservation of the Comet’s engine, the 
locomotives Rocket and Puffing Billy, of Arkwright’s 
machines, and Bramah’s press, we owe to Bennet 
Woodcroft. 

Although between the years 1790 and 1800 other 
trials of steam boats were made both in Great 
Britain and in the United States, the next in 
importance was that of Symington, with the Char- 
lotte Dundas made on the Clyde and Forth Canal. 
Built by Hart of Grangemouth, the Charlotte 
Dundas was fitted with a direct-acting engine with 
condenser and airpump, driving a single stern 
paddle wheel. The machinery of this boat was 
the most practical example of marine engineering 
up till that date, and with it the Charlotte Dundas, 
in 1802, was able to tow two 70-ton vessels a distance 
of 19} miles. Some of the trials of this vessel were 
witnessed by Fulton and Bell. But the very 
success of the vessel was detrimental to the project, 
for its wash damaged the banks of the canal. 
Differences of opinion arose between the canal 
directors, and the boat was laid up near Bainsford 
Drawbridge, and of it nothing now remains. Sym- 
ington, at the time, also experienced another 
misfortune through the death of the Duke of 
Bridgewater who had intended to place steam boats 
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on the Bridgewater Canal. 


to the ground, Symington drifted to London, where | 


he suffered the penury which had dogged the 
footsteps of Fitch and Rumsey. He died in 1831 
and was buried in St. Botolph’s Churchyard, Aldgate. 
To the interest and generosity of the late Lord 
Bearsted we owe the tablet there recalling this 
death and achievements. 

To continue the story of the steam 
chronological sequence, we must again cross to 
America, where two years after the trials of the 
Charlotte Dundas that distinguished representative 
of a famous family, Colonel John Stevens (1749- 
1838), of Hoboken, built the first screw vessel ever 
driven by steam. Here again we are on solid 
ground, for at Washington can be seen the multi- 
tubular boiler and the single-cylinder engine which 
Stevens used. The boats of Fitch, Rumsey and 
Stevens are all illustrated in the catalogue already 
referred to, in which it is stated that Stevens 
laboured for six years attempting to introduce 
steam navigation by screw propulsion. To Stevens 
we also owe the first steam vessel to make a passage 
in the open sea, the paddle wheel vessel Phoenix, 
of 1808. Robert Livingston Stevens (1787-1856) 
and Edward Augustus Stevens (1795-1868) both 
pioneers of steam navigation in the United States, 
were sons of Colonel Stevens, and much information 


regarding the Stevens family was given in a paper | 
Lieut.-Com. | 


read to the Newcomen Society by 
A. D. Turnbull, U.S.N., in April, 1926, and since 
published in much extended form. 

Contemporary with the work of Stevens came 
that of Robert Fulton (1765-1815), “An artist 
of high merit. a civil engineer of ability, a social 
philosopher of deep insight and warm affection.” 
When in France, in 1803, Fulton experimented with 
steam boats on the Seine ; he afterwards saw the 
Charlotte Dundas, and on his returning to America 
in 1806, after an absence of nineteen years, he 
ordered an engine from Boulton and Watt of 
Birmingham, and a boiler from London, and these 
he placed in the famous Clermont, popularly called 
Fulton’s Folly. It was with the trip of the Clermont 
on August, 17, 1807, up the Hudson River that 
steam navigation as a regular means of transport 
begins. In Dickinson’s Robert Fulton, Engineer 
and Artist, will be found a full account of the 
Clermont and of the other boats Fulton constructed, 
including the Demologos, the first of all steam fight- 
ing ships. Fulton’s success speedily stimulated others 
to follow his example, and steam boats were soon 
found on most of the great waterways of the North 
American continent. 

Just as it was Fulton’s Clermont which inaugura- 
ted steam navigation in the New World, so it was 
Bell’s Comet which inaugurated it in the Old 
World. Henry Bell was born at Torpichen, near 
Linlithgow, April 7, 1767, and died at Helensburgh, 
November 14, 1830. A carpenter and builder by 


boat in| 


Fia. 1. 


suggested to 
|of steam to boats. In 1808, Bell, 
| proprietor of a hotel and baths at Helensburgh, 
and it was with the object of conveying his guests 
to and from Glasgow, about 14 miles distant, 
that he had the Comet built. 





His hopes thus dashed | trade, he had as early as 1801, and again in 1803 | 
the Government the application | 
became the | 


| 
| 
| 


| 
| 


Charles Wood built | Performance ”’ 
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THE 4-8-2 TYPE EXPRESS LOCOMO.- 
TIVE OF THE CHEMIN DE FER DE 
L’EST. 

By Lorp MonxsweELt. 


“cc 


In an article on “ French Railway Locomotive 


published in ENGINEERING on April 


the boat, John Robertson the engine, and David | 26 last (vol. exxvii, page 525), it was mentioned that 


Napier the boiler. She was launched, in July, 


for some years the Chemin de fer de |’ Est had been 


1812, and a century later, the Glasgow Herald, in | trying an express engine with the 4-8-2 wheel arrange- 


which her sailings had first been advertised, pub- 
lished an interesting centenary number, containing 
;an account of her career. Bell, like Fulton, found 
many ready to make use of his experience, and the 
story of the Comet and her successors is well told 


ger Service. Superior vessels soon drove the Comet 
from the river, but Bell gallantly struggled on, 
placing her now on this service, and now on that, 
till, on December 15, 1820, the historic little craft 
was driven on the rocks at Crinan. By chance, the 
forward part held together, the engine was salved, 
and after doing duty in a Glasgow factory, through 
the generosity of Messrs. R. Napier and Sons it 
was presented to the Nation, and now stands in the 
Science Museum, beside Symington’s engine of 1788. 
Only a moderate share of fame fell to Bell, and he 
was not even able to pay Napier the full price of the 
boiler. 

In the closing years of his life, however, friends came 
to his assistance, and he was given a pension by the 
Trustees of the Clyde Navigation. His grave is 
in a churchyard near Helensburgh, 
erected to his memory is a landmark standing at 
Bowling, on the banks of the Clyde, the greatest 


ment. Not unnaturally, the trials, which were of an 


| exhaustive character, revealed points in the original 
|design where improvements might be effected. 


These have lately been carried out, and the engine 


}as she is to-day embodies the results of several 
in Captain James Williamson’s The Clyde Passen- | 


years’ experience, during which she was often made 
to work very hard indeed. 


This engine is numbered 41,001. The first two 


| figures refer to the axle formation—four coupled 


axles and an uncoupled trailing axle. A photograph 
of the locomotive is reproduced in Fig. 1, above 
and diagrams giving principal dimensions, etc., in 


| Figs. 2 and 3, on page 335. 


| flattened superheater tubes. 


but the obelisk | 


shipbuilding river in the world, recalling to those | 


who go down to the sea in ships his great gift to 
human progress. 

Like the steam engine, the locomotive, the oil 
engine, the road car and the aeroplane, the steam 
boat, or rather “ the art of navigation by artificial 
power” can be claimed for no single individual. 
The invention of a thousand devices, the discovery of 
innumerable physical facts, contributed to the 
grand end. The proper history of the steam boat, 
indeed, carries us back to the beginning of the race, 
and to unwritten history. Our greatest benefactors 
are all unknown. 
the boat, the crank, the cylinder, or the paddle? But 
in an age when every improvement is recorded, we 
can at least do justice to the memory of those by 
whose efforts our conveniences are multipled. Save 
for Fulton, the pioneers of the steam boat experienced 
the lot of the majority of pioneers. But their lives 
are an inspiration and a stimulus. ‘* What a tale 
of patience, courage, sacrifice and martyrdom is the 
history of human progress ! ”’ said Frederic Harrison, 


and nowhere are we reminded more forcibly of this 
than when reading of the lives of Rumsey, 
Symington, Fulton and Bell. 


Fitch, 


To whom are we indebted for | 


The wide fire-box of Belpaire design contains : 
grate with an area of about 48 sq. ft. The front 
part of the fire-box is extended into the barrel of the 
boiler. There are 130 small tubes, 19 ft. 4 in. long 
between tube plates and 2 4 in. in external diameter ; 
30 large tubes, 53 in. in external diameter, house 
The heating surfaces 
of fire-box, tubes, and superheater are respectively 
257 sq. ft., 2,340 sq. ft., and 990 sq. ft. The greatest 
outside diameter of the boiler barrel ¥ a little more 
than 6 ft., and its centre line is 9 ft. 74 in. above the 
rails. The safety valves blow off an 17 kg. per 
square centimetre (about 242 lb. per square inch). 

The driving and coupled wheels are 6 ft. 4} in. 
in diameter. They are equally spaced at intervals 
of 6 ft. 8 in. The springs are not equalised. The 
leading bogie has 5 in. side-play in either direction, 
and the uncoupled trailing axle 6 in. The wheel- 
base of the engine is 42 ft. 6} in. 

The high-pressure cylinders, which are outside the 
frames and drive on to the second coupled axle 
through connecting rods havinga length of 7 ft. 6} in., 
have a diameter of 17} in. and a stroke of 28} in. 
The low-pressure cylinders, 26 in. by 284 in., drive 
on to the cranks of the first coupled d axle through 
connecting rods of 6 ft. 10? in. long. <A very 
neat system of forced lubrication i is applied to the 
low-pressure big-ends. To one of the cheeks of cach 
crank is attached a small reservoir weighing some 
71b. or 81lb. The oil which it contains is driven, by 
centrifugal force, first through an external pipe and 
finally through suitable passages bored in the crank- 
pin to an orifice under the big-end. Strainers vith 
holes of different sizes are placed in the reser\ oll, 
and these can be adjusted by means of a three-way 


| valve to the varying fluidity of the lubricatin: oil, 





due to temperature or other causes. Between the 
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THE WELLAND SHIP CANAL, CANADA. 


Fig.278. LOCKS N95 1.2. & 3. 
Coping Level EU.294-, C.L. of W.S.C: 
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Fig.279. GATE YARD 
Gates 35:0" 





Fig.281. GUARD GATE 
Fender 








Fig. 282. GUARD LOCK (LOCK N°.8) 
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pass km. 18 (11} miles). The succeeding 5 miles, | actually exerted was not less than that arrived|the change to mitreing gates has made possible 


to post 26, all except the last few hundred yards 
up 1 in 170, were run at 59 m.p.h., and 68 m.p.h. 
had been reached on the level before a long-continued 
slack, due to permanent way operations, lost us 
a minute more than we should in any case have 
lost through the service slack at Gretz. We passed 
post 50 at about 72 m.p.h., and then averaged 
66-4 m.p.h. for the whole of the subsequent ascent 
to the summit at post 77. Speed did not fall 
below 63-9 m.p.h. on the couple of miles of 1 in 230 
immediately before the summit. An easy descent 


to Flamboin (km. 95) followed, and on the gentle | 
ascent thence the speed remained about 67 m.p.h. | 


as far as post 113. Here the cut-off in the high- 
pressure cylinders was increased to 45 per cent.— 


the valves of the low-pressure cylinders are in all | 
and with | 
pressures of 242 Ib., 200 lb. and 35 Ib. in the boiler, | 


circumstances left in practically full gear 


and high- and low-pressure steam-chests, the next 


20 km. of gently rising line were run in 10 min. 13 sec. | 
After speed had been worked up to | 


(73 m.p.h.). 
75 m.p.h. the reversing gear for the high-pressure 
valves was put back to 40 per cent., the speed 
remaining very much the same. Another signal 
slack ten miles from Troyes caused a loss of 2 min., 
and Troyes was eventually reached in 104 min. 
29 sec. from Paris. Five and a-half minutes lost 
through various delays had, moreover, been regained. 


The engine had used 18 cub. m. of water, which | 


works out at 385 Ib. per mile, the corresponding fuel 
consumption being about 48 lb. of good steam coal 
per mile. 

The return train came in late and it was not 
possible to get away till 12.35} p.m. 
load of 418 tons behind the tender. 
was made to accelerate quickly from the start, but, 
even so, 60 m.p.h. was reached in four miles and 


70 m.p.h. in eight, while km. post 133, 20} miles 


from the start, was passed in 20 min. 28 sec. It 
is at Flamboin station (km. post 95) that the 
gentle fall terminates. This station, 44} miles 
from Troyes, was passed in 40 min. 25 

speed of about 70 m.p.h. Hence, as far as post 90, 
the line rises at the average inclination of 1 in 
185. There are then two level kilometres, and after 
that a continuous ascent at 1 in 166 as far as 
post 79-7. The last kilometre before the piece of 
level line was run in 34% sec. (= 64-6 m.p.h.), 
and the first on 1 in 166 in 32% sec. (= 68-6 m.p.h.). 
Speed then gradually fell till km. 84-83 occu- 
pied 35! sec. (= 62:4 m.p.h.). Here the 


cut-off in the high-pressure cylinders had_ been | 


advanced to 48 per cent. Immediately after this 


we were stopped by signal, coming to a stand at) 
The 524 miles from Troyes had | 


The | 


km. post 81-5. 
been run, start to stop, in 48 min. 41 sec. 


12 km. between posts 95 and 83 had occupied 
6 min. 44 sec. (= 66-3 m.p.h.). 
] in 212 for the whole 12 km., and the horse-power, 
worked out by the Deeley formula, was 2,700. As | 
the engine has eight-coupled wheels and there was 
a fairly strong south-westerly wind blowing more or 
less across the line, it is probable that the power 


There was a | 
No great effort | 


29 sec. at a} 


The ascent averages | 


| at by the formula. 
| After this there was another stop at Maison Rouge 
| and again at Rampillon, so that by the time speed 
| had been regained at post 66, no less than 23 min. 
| 14 sec. had been spent in covering the last 17 km. 
| and approximately 14} minutes had been lost. From 
| post 66 to post 10 the speed averaged 70 m.p.h. At 
|the bottom of the dip near post 50 the speed was 
| 743 m.p.h., about 64 at Gretz, and again 74} for 
some distance before post 20. Post 1 was passed 
in 42 min. 9 sec. from Rampillon, and, after being 
slacked outside the Gare de l'Est, the train drew up 
close to the buffer-stops in 44 min. 58 sec. (453 miles). 
Since leaving Troyes 108 min. 58 sec. had elapsed. 
|The whole run, all delays included, had therefore 
been made in 9 min. under the booked time of 
118 min. In addition 15 min. lost by three stops 
and one slack had been regained. The whole run 
| was therefore equivalent to an unhindered run of 
94 min. for the 103} miles. 75 m.p.h. had nowhere 
been exceeded. The motion of the engine was 
throughout very smooth. I learned that the same 
engine, working the same train, had on the previous 
|day made up 23 min. Weights given in tons are in 

British tons, except where otherwise stated. 
Immediately after my visit No. 41001 was lent 
to the State Railways, and ran trials between Paris 
and Cherbourg. It is not surprising to learn that 
she created a very favourable impression. I am 
deeply grateful to the authorities of the Chemin de 
fer de Est for their very great kindness in giving 
me every facility for studying the work of their 
engines on this and on numerous other occasions. 
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Havine dealt with the lock structures, we now 
propose to take the lock gates and the operating 
mechanism, and in our next article shall describe 
the Taintor-gate type of valves used for filling and 
emptying the lock chambers. We shall then pass 
on to a consideration of subsidiary parts of the work. 

In considering the question of the type of lock 
gates adopted it is interesting to note, as will have 
already been clear to our readers, that a general 
survey of the problems to be considered led at first 


to a determination to adopt single-leaf gates. So 


far had this intention been carried, in fact, that 
certain parts of the concrete work had been com- 
| pleted to suit this arrangement, and had to be 


| altered subsequently when the design was changed. | 
It is impossible here to enter into a general discus- | 


sion of the relative merits of single and mitreing 
gates, but it will be evident that the size of the 
works in this instance have an important bearing 
on the matter. 
mitreing gates adopted weighs little short of 500 tons, 
so that equivalent single leaf gates would obviously 
| have been extremely unwieldy to handle. At 
the same time, owing to the length of the latter 
| type, 86 ft., to span the 80 ft. width of the lock 
| chamber, such gates would take up a great deal of 
|room in swinging into their recesses. Actually, 





In fact, one leaf of the large | 


an increase of 20 ft. in the usable length of the 
locks, this now being 820 ft. as compared with the 
original design of 800 ft. Another point on which 
the above feature has a bearing is the time of opera- 
| tion, the large single gate taking longer to close or 
/open than a pair of mitre-gates. This is a very 
important point on such a route as the Welland 
Ship Canal, on which, in busy seasons, vessels 
follow each other through the locks as closely and 
quickly as possible. This fact made it desirable to 
|reduce the lockage time as much as possible in 
| order to pass the maximum volume of traffic. 

| There are, of course, disadvantages on the other 
| side, but they can be minimised by certain precau- 
| tions. For instance, failure to mitre correctly 
|can be largely avoided by the use of safety horns 
| such as we shall describe in due course. They have 
/been employed on the present Welland Canal 
|for some time, experience showing them to have 
| brought about a considerable reduction in accidents. 
“In the history of the present canal, gates have been 
| very frequently carried away by ships, from one 
|cause or another. We have already pointed 
‘out that in the Ship Canal the head gates will 
| be on the breast wall, and therefore protected. 
| This safeguard is not available in the present canal. 
On the latter, safety horns were first fitted to the 
upper gates of Lock No. 24 in 1911, and their use 
| has since been extended, until now 16 locks are so 
provided. In the same interval, the number of 
accidents to gates has fallen from 4 or 5 a year to 
zero for the last three or four years. Although 
gates have been struck in this period, the safety 
/horns have enabled the correct mitre to be main- 
|tained and the gates have closed properly again 
when the vessel has withdrawn. 

When work was recommenced after the wat, 
/under the supervision of Mr. Alex. J. Grant, the 
| present Engineer-in-Charge, the question of gate 
|design was reviewed and the advantages were 
| found, on the whole, to be with the mitreing type. 
The eight locks, guard gates and gate yard require, 
|in all, 33 pairs of double-leaf gates. These are 
‘distributed as shown in Figs. 278 to 282, from 
| which it will be seen that four are unwatering gates ; 
these will normally only be operated about once 
a year, when it is necessary to paint or repair the 





| service gates they protect. Such gates are provided 
'below Lock No. 1 to close off the Lake (ntarie 
ilevel ; below twin Locks Nos. 4 to close off the long 
ireach between this and Lock No. 3, and to enable 
one flight of locks to be used while Lock No. 4 of 
the other flight is under repairs ; and at both ends 
lof Lock No. 8, to close off, on the one hand, the 
Lake Erie level, and on the other the Summit level 
to the Guard gates, a reach of 16 mile. The 
/majority of the remaining gates are service and 
| guard gates for seven of the locks, the guard gate 
structure and gate yard, nominally of two size: 
|The lower gates are 82 ft. high to copin:: level, 
'while the upper, standing on the _breas’ wall, 
‘are 35 ft. 6 in. in height. As already explained, 
however, the upper chambers of the flight ©! twin 
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PLATE XXIV. 





GATE DETAILS: WELLAND SHIP CANAL, CANADA. 


(For Description, see Page 336.) 


SECTIONAL PLAN OF ENDS OF GIRDER, G18, GATE MITREL. 
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Fig. 306. 
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locks are provided for safety with double lower 
gates. To allow for the increased volume of water 
thus involved, the two following locks have been 
furnished with gates 83-4 ft. high, the lift in these 
cases being 47-9 ft. compared with 43-7 ft. for 
Locks Nos. 6, and the standard of 46} ft. The 
gates in question are, however, structurally identical 
with the 82-ft. standard, except for height of foot- 
walk supports, &c., and as a result these gates 
have normally 1-4 ft. less freeboard than the 
standard. 

Lock No. 8 (Fig. 282) is a case apart, not being 
a lift lock in the same sense, and being provided 
to meet the difference between the variable level 
of Lake Erie and the summit level of the canal. 
[his difference is normally about 3 ft., but may be 
as much as 12 ft., according to deductions from 
records. To provide a safe margin, a maximum 
of 14 ft. has been allowed. The gates at Lock 
No. 8 are therefore 44 ft. 6 in. high from sill to top 
of gate, 9 ft. below coping level. 
_ As far as possible, common standards have been 
incorporated in all these gates, but with so great a 


difference in loading at the quoins and mitres, | 


while it was possible to adopt timber bearing 
members for the two smaller sizes, it was not possible 
to do otherwise than adopt metal bearings for the 
S2-ft. gates. This results in considerable difference 
at these parts, although the main bodies are similar. 

All the yates are of the horizontal girder, double- 
sheathed, air-chamber type, and a standard thick- 
hess of 5 ft. was adopted for all. This was con- 
sidered the least thickness allowable for the 82-ft. 
gates and was retained for the smaller ones, though 
In the latter case, it might have been smaller. The 
gates are titted with timber fenders. When in the 


Tecesses, fenders 
rN ‘enders on the concrete wall-face prevent 
Med it ‘rom standing close up against the wall; 
is Tacil‘ates the inrush of water when a closing 


operation commences. 
The 82-ft. gates, being the more interesting, are 


gn in Figs. 283 to 294, on Plates XXII 
nd XXTil. Of the drawings, Figs. 285 and 286 


ie the downstream and upstream elevations, 
Sidlinen. 43 Figs 287 and 288 are vertical cross- 
bak ae He Pic represents the underside of a 
While Fj ") pages — of the top of = leaf, 
ai. 201, 292 and 293 show horizontal 
ilies esse girders, which may be located by 
286. 'T} nae 1¢ numbers given between Figs. 285 and 

© two views reproduced in Figs. 283 and 


intervals by single transverse channels, in the 
former case of 12 in. by 30°9-lb. section and in the 
latter by 8-in. by 22-8-lb. section. The intercostals 
consist of ship channels varying in depth over flanges 
from 7 in. to 10 in., and 7-in. by 3-in. by 43-in. bulb 
angles. 

‘our lifting eyes are provided, fitted to the top 
sections of vertical frames. These frames for the 
82-ft. gates are of }-in. plate, extended above the 
top girder, and fitted on each side with a large 1-in. 
cover plate, carried down below and riveted together 
through the frame plate all round the manhole. In 
addition to the bottom, side and top angles joining 
the frame to the surrounding structure, extra 6-in. 
by 6-in. by 3-in. horizontal angles are riveted 
across the frame just above the 15-in. by 24-in. 
manhole opening. The eyes take a 5}-in. pin. 
Figs. 295 to 297, on Plate XXIII, show one of the 
The others, while similar, embody 


284, on Plate XXII show, respectively, the framing 
for an 82-ft. leaf, and a pair of finished 82-ft. gates 
of the same size. An 82-ft. gate leaf contains 19 
horizontal girders, the spacing being 4 ft. at the 
bottom, 4 ft. 6 in. in the centre, and at the top 5 ft. 
These dimensions ensure easy access in the interior. 
The girders are connected by vertical end posts at 
the quoin and mitre, and by five sets of vertical 
diaphragms at 8 ft. 3 in. centres. In addition, 
intercostals are provided to support the sheathing, 
there being fourteen vertical sets on the downstream 
side of the leaf, and sixteen sets on the upstream 
side in the lower part, or air chamber, and twelve 
in the upper part, or water chamber. The sheathing 
‘varies in thickness upstream from 4} in. for the 
two bottom panels, to ? in. for the topmost panels of 
the air chamber, and ¥% in. above to the top girder. 
On the downstream side, the thickness ranges from | lifting eyes. 
Sin. to 7 in. The air chamber is 32 ft. high, | certain variations. 
above which an air trunk, 20 in. by 25 in., rises to} An iron ladder, shown in Fig. 288, extends down 
the top girder. A section through the air trunk | the air trunk from the top to the bottom of the gate. 
is given in Fig. 288. On the upstream side large openings are cut in the 
The horizontal girders vary in thickness, &c.,| sheathing and also in horizontal girders above 
with position. In the case of the 82 ft. gates, the| the air chamber, in order to facilitate the flow of 
ten girders in the water chamber are j-in. thick.| water. Vents are also provided near the top of 
The top girder of the air chamber to §-in. thick, the | the sheathing on the upstream side to permit the 
next two being }-in., the next two { in., followed | escape of air. For the ventilation of the air chamber 
by two of  in., and one of }{ in. The bottom girder | during painting, a manhole with a cover plate, is 
is #2 in. thick. The top girder has a single angle on | provided in the bottom panel. To provide for 
the down stream side and double angles on the | drainage, the bottom of the air-chamber is finished 
upstream. The water chamber girders below have | with concrete sloping from all points towards a sump. 
double 6 in. by 6 in. by % in. and 8-in. by 8-in. by| The general arrangement of the 35-ft. 6-in. 
$.in. angles upstream. Below this the angles | gates is on similar lines with spacings of 5 ft. and 
increase in thickness to 8 in. by 8 in. by ? in. | 4 ft. 6 in. for the horizontal frames. The 44-ft. 6-in. 
upstream. Downstream 6-in. by 6-in. by ¥-in. | gates are similar again, having two more 4-ft. 6-in. 
angles are used throughout, except for the bottom | panels than the 35-ft. 6-in. gates. 
_ girder, which has the heavy section on both sides. | The general arrangement of the quoin and mitre 
The vertical frames for the 82-ft. gates are of |end posts, &c., are shown in Figs. 303 to 306, 
qs-in. plate, with double 3}-in. by 3}-in. by %-in. 'on Plate XXIV. The end posts of the 82-ft. gates 
angles. Specially stiffened frames are fitted between | (Fig. 303) are’ of ?-in. plating in the form of a 
the two bottom girders consisting of 4-in. plate | continuous cover plate over the end, and extending 
with double 3}-in. by 3}-in. by % in. angles at|round to the back and front. It was originally 
the top, but double 8-in. by 6-in. by }-in. angles| intended that these plates should be pressed to 
down the sides, and double 6-in. by 34-in. by }-in.| shape, but owing to manufacturing difficulties this 
angles at the bottom. Further stiffness is pro-| requirement was waived and electric welding per- 
vided by vertical angles 4 in. by 3} in. by } in.,| mitted instead. This necessitated very special 
riveted to the inner flange of the side angles, facing | arrangements in the shops. The plates were: bolted 
inwards. These frames are intended to take the} together on frames 3 ft. apart, and the transverse 
strains in jacking up the leaf. In line with them | joints first welded and then the longitudinal seams, 
on the underside of the bottom girder are jacking | the joints being built up with four courses of weld 
blocks consisting of two 8-in. ship channels back! metal. The horizontal girders were planed to 
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exact length and drilled to templates on a trussed 
frame 484 fv. long. 


Inside each end post is a vertical plate reaction | 


diaphragm, 3 ft. 7 in. deep over flanges, 
normal to the line of reaction through the quoin 
and mitre. This is constructed of plate ranging in 
thickness from } in, at the top of the leaf to 1% in, 


set | 


at the bottom at the mitre end, and 1} in, at the | 


quoin end, with double flanges of angles at the 


quoin and mitre ends varying in size from 6 in. by | 


6 in, by 4 in, at the top, to 8 in, by 8 in. by } in. 
at the bottom, and smaller angles on the inside. 
On the outside of the quoin end post is a steel 
casting, fixed to the end plate by flanges 24} in. 
wide and 1} in, to 1} in. thick. Fig. 311, page 337, 
is typical of these castings, which are provided with 
vertical jaws or slots into which the actual gate 
bearings fit, consisting of forged steel plates 73} in. 
wide by 34 in. thick, as shown in Fig. 312, the 
outside or bearing face being finished to a radius of 
184 in. At the mitre end the bearings are carried 
in similar castings, as shown in Fig. 313, having a 
base flange 25 in. wide. These castings carry 
bearing plates of a size similar to those at the 
quoins, but finished to a face radius of 16 ft. In 


] . ° 1 
}are provided between the bearing plates and the | 


reaction castings, the shim plates being planed in | 
the field after the gates were erected, to the thickness 
and taper found to be necessary to bring the bearing | 
plates to proper alignment. The mitre bearing 
castings are provided at intervals with lugs for the 
support of the safety horns. 

In the case of the 35-ft. 6-in. and the 44-ft. 6-in. 
gates the end bearings, as shown in Figs. 307 to 
310, on Plate X XIV, and the further detail, Fig. 314, | 
page 337, are of white oak, each being composed of | 
two timbers side by side. They are held in place by 
flanges formed of angles set face to face on the end | 


| posts, stiffened at the quoin and on one side of the | 


mitre bearing by doubling plates extending out 
from over the sheathing. At the quoin end the two | 
timbers are separated by a central rib formed by | 
the legs of two -in. angles back to back. The | 
timbers at this bearing are 25} in. wide together. 
The flat on which they are fitted is a tangent to | 
a 6}-in. radius from the pintle centre, and the | 
bearing face is finished to a 20}-in. radius. At 
the mitre end the timbers together are 234% in. 
wide by 13} in. back to face. 

The clapping sill, which may be seen in the inset | 


both cases adjustment shims, nominally } in. thick, ! section in Figs. 304 and 308, is, in all cases of white | wide, being set, for protection, 6 in. below 
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oak, with a face 7 in. wide and back 10 in. 


timber is in line with the bottom frame ¢! 


|is 7 in. from back to front, and held in place 


two 3}-in. by 3}-in. by 4-in. angles spr 
the timber taper of 23:12. The fixed sil! 
in Fig. 315, the sill timber, 14 in. high b; 
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of the sill wall. The timber is white oak. 
are standard, as are also all pintles. 
shown in Figs. 316 to 320, page 338, consist of a steel 
base casting embedded in the lock floor, and 4 ft. 6 in. 
in diameter by 13 in. high. This carries a pintle 
casting consisting of a recessed ring 3 ft. 03 in. in 
diameter by 74 in. high. Recessed into the upper 
side of this is a forged nickel steel pin 12 in. in 
diameter, finished with a collar and a 16-in. hemi- 
spherical top. Dowels prevent the latter from 
turning in its socket. The heel castings on the 
gates (Figs. 321 to 324) are of high-vanadium steel. 
They are bolted to the bottom girder, and are 147; 
in. deep, being bored on the underside to take a 
phosphor-bronze bush 19 in. in Outside diameter by 
9} in. deep, held in place by set screws. The bush 
is bored to 8-in. radius to form the socket for the 
pintle. The bushes are standard, but the heel 
castings vary with the type of end bearing, and 
those for the metal pattern are finished with a babbit 
metal water seal as shown. The pressures on the 


82-Fr. GATES IN COURSE OF ERECTION IN THE EAsT 
CHAMBER OF Twin Locks Nos. 4. 


The latter, | 


pintles in the ease of the large gates are 6,000 Ib. per | 


square inch projected area in the dry, and 3,000 Ib. 
When in normal operation. 

The top hinge, shown in Figs. 298 and 299, on 
Plate XXTIL, consists of a pin 10 in, in diameter, 
24) in, long, held in sockets in the top girder and 


& jaw plate above, set to allow a gap of 18 in. 
between the two. The jaw and top girder end with 
pit sockets are shown in Figs. 300, 301 and 302, 
on Vlate XXII. Both jaw plate and girder are 
rentorced with cover plates round the hole, The 
hole is elongated and allows the pin lin, play on 
the diameter parallel with the leaf. The top of the 
pir cut with a tenon 3 in. wide by 10 in. long, 
fit in a socket in a l-in. plate 18 in. long and 
l0 |, in. wide. The latter is free to move between 
two vuide plates which prevent the pin from 
rolling, while allowing for the lengthwise move- 


ment in the elongated hole mentioned. The pin is 
of forged steel. 

|.oving over for the present further description 
of fixed parts required by the gates, we 
propose to conclude this section of our article with 


|the top 20 ft. of the structure. 
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themselves. Figs. 325 to 328 show for an 82-ft. 
gate, estimated to weigh 1,000,000 lb., the assumed 
load diagram, buoyancy curves, forces acting on 
the anchors, and total load and reactions. 

In order to secure sufficient stiffness in the upper 
part, a uniform head of 20 ft. was assumed for 
For the bottom 
portion, conditions of no contact at the sill, 
and of no deflection were assumed, the latter 
involving transmission of part of the load to the 
sill, and the relief of the lower girders of part of their 
load by transmission through the verticals to 
girders above. The various parts were propor- 
tioned for the greatest loads resulting from either 
of these assumptions. The stresses allowed were : 
for bending in the horizontal girders and diaphragms, 
14,000 lb. per square inch; in the webs of the 
top and bottom girders of the air chamber, 8,000 Ib. 
per square inch ; in stiffeners of these girders, 14,000 
Ib. per square inch; for intercostals in air chamber 
upstream, 11,000 lb. and downstream, 16,000 Ib. ; 
for same in water chamber downstream, 11,000 Ib. 
per square inch; for sheathing of air chamber 
upstream, 5,000 Ib. and downstream, 16,000 Ib. per 
square inch, and in water chamber downstream, 
8,000 lb. per square inch, For shear in the webs of 
girders, intercostals and diaphragms, 9,000 Ib, was 
allowed. For shop rivets, working stresses were 
allowed, for shear, of 11,000 Ib., and 9,000 Ib, for 
field. For tension, 8,000 lb. per square inch was 
allowed. The values for bearing (diameter of 
hole by thickness of plate by allowable stress in 


rivet) were 22,000 |b. for shop and 18,000 Ib. for | 


field rivets. 

For the materials required in the case of structural 
steel, carbon steel forgings, nickel-steel forgings, and 
carbon-steel castings, etc., the A.S.T.M. standard 
specifications were adopted. The same applied to 
carbon steel for bolts, wrought steel pipe, grey iron 
castings, phosphor-bronze, and cast manganese 
bronze. In the case of vanadium steel castings the 
analysis required was: vanadium not less than 
0°15 per cent.; phosphorus (acid) not over 0:06 per 
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Fie. 330. East Lear or 82-Fr. Gates in Lock No. 2, BrerIne 
ERECTED BY MEANS OF BOOM FROM OPPOSITE SIDE OF CHAMBER. 


All sills | a reference to matters relating to the gate leaves cent. (basic) not over 0-05 per cent. ; sulphur not 


| over 0-06 per cent. A tensile strength of 80,000 Ib. 
jand yield point of 0-55 tensile strength were 
| demanded, with elongation on 2 in. of 20 per cent. 
| and reduction of area 30 per cent. 

The fenders, of white oak, on the downstream 
side consist of a horizontal 133 in. wide running 
|along the top girder, and below this five lines of 
vertical fenders, 1] in. wide, extending to a distance 
15 ft. below low-water level. The gates, when 
|in their recess, lie back with the sheathing 10 in. 
behind the wall line, and the fenders are finished 
to be 1 in. back of this line, so as to present no 
projections to vessels, &c. There are fixed fenders 
bolted to the face of the recess, consisting, for the 
82-ft. gates, of eight white oak horizontals, the 
faces of which are trimmed to the gate steel work. 
They are 14 in. wide, and are provided to distribute 
the pressure due to contact of a vessel with the 
gate fenders. They also, as already pointed out, 
hold the gate clear of the recess face and so make 
the gate movement easier in the early stages. 

All timber when finally finished was given three 
coats of asphalt paint. The exterior surfaces of 
the steel gates were given one shop and two field 
coats of oil paint. In the gates of Lock No, 1} 
and the lower gate of east Lock No. 5 the surfaces 
inside the air and water chamber were given a shop 
coat of Bitumastic solution, and in the field a coat 
of Bitumastic Enamel 7y in. thick applied hot 
and a seal coat of Bitumastie Solution. In the 
other steel gates these surfaces were given a shop 
coat of red lead paint and in the field a primary 
coat of petroleum distillate compound and a yy in. 
coat of Hydralt, an emulsion of asphalt and water, 
sprayed on cold. On the upper surfaces of the 
girders the coat of Hydralt while still wet was 
covered with a layer of Portland cement Y, in. 
thick, sprinkled on dry. On other surfaces in the 
water chamber, the Hydralt coat, when dry, was 
treated with a coat of asphalt seal. 

The gates were erected upright on concrete 
plinths, at a small angle with the wall and about 
4 ft. from the corresponding hollow quoin. Fig. 329, 
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page 339, shows two 82-ft. leaves under construc- 
tion in the east chamber of twin Locks Nos. 4. 
When erection was completed the leaf was jacked 
up, the plinths removed and roller tracks substitu- 
ted. The leaf was then jacked back to its hollow 
quoin and was lowered on to its pintle, and the 
anchorage links coupled up. The means adopted 
for handling material for erection varied with the 
railroad facilities at the locks, and in .ome cases 
where track was available on one lock wall only, a 
long boom was employed in the erection of the leaf 
on the opposite side of the lock chamber, as shown 
in Fig. 330, which illustrates the east leaf of the 
lower gate of Lock No. 2 under erection. Each 
82-ft. leaf involved over 40,000 field rivets being 
driven. 
(To be continued.) 








~ LEIPZIG FAIR. 
(Continued from page 312.) 

THE meteorological conditions which adversely 
affected both the attendance at and the organisa- 
tion of the Leipzig Fair twelve months ago, gave 
place this year to much more temperate weather. 
In consequence of this it is expected that the number 
of visitors will be found to have exceeded that of 
1929. - 

We have already indicated the scope of the 
machine-tool exhibit, which, as usual, forms the 
principal section of the Technical Fair. It will 
probably be not incorrect to add that its importance 
is increasing, and for that reason it is unfortunate 
that foreign firms are even less well represented 
than on former occasions. This applies especially 
to the industry of our own country. The only 
British concern represented in the machine-tool 


EXHIBITS AT THE LEIPZIG FAIR. 














Fia. 8. HyDRAULICALLY-OPERATED GRINDING MacHINE; MEssrs. Fortuna-WERKE A.-G. 








section is ‘Messrs. Alfred Herbert, Limited, of 
Coventry, who are showing examples of their com- 
bination turret lathes, and of their sextuple head 
capstan lathe in several different sizes. In addi- | 
tion, they are exhibiting three examples of their | 
semi-automatic lathes, which are equipped with 
compressed-air chucks, and of their multi-spindle 
drills and milling machines. This stand is, there- 
fore, representative of an English firm’s pro- 
ducts, but it is a pity that it is the only one of its | 
kind. 
Turning to another branch of the industry, it | 
may be hazarded that the display of heavy-oil | 
engines is probably no more extensive than that at | 
the recent British Industries Fair. It appears 
more imposing, however, in that all the firms show- 
ing this class of exhibit, with one or two unimportant 
exceptions, are grouped together in one building. | 
All the leading engine builders are represented, but, | 
apart from models of large units, the engines ex- | 
hibited are generally of relatively small size, the | 
largest being a 300 b.h.p. full-Diesel engine exhibited | 
by Messrs. Fried. Krupp. The majority of the models 
shown are of the airless-injection type, and it| 
would appear that German makers generally prefer | 
multi-cylinder units of relatively small bore and 
high-speed to slow-running horizontal engines for 
stationary work. This preference is very possibly 
dictated by the fact that multi-cylinder vertical 
engines can be adapted for marine work without 
much alteration, and several makers show the same 
engine either coupled to an electric generator for 
power-house installation or fitted with a reversing 
gear and clutch for marine work. Since Germany 
occupies an important position in the application 
of small high-speed airless-injection engines to com- 
mercial vehicles, it would be anticipated that such 
engines would be well represented at the Fair. This 
is actually the case, as, :\part from the Deutz model, 
which we hope to describe in detail leter, several 
other firms are showing units for this class of work. 
The well-known M.A.N. engine, for example, is repre- 
sented by a four-cylinder, 90-h.p. model, running 
at 1,400 r.p.m., and by larger models running at | 
somewhat lower speeds. There is also an extensive | 
display of petrol and paraffin engines which do not | 
differ greatly from those built by British manv- | 








Fig. 9. 


as such, are not exhibiting at the Fair, quite a 
number of typical commercial chassis can be seen 
in the section devoted to tipping wagons. Such 
well-known models as Biissing, and Mercedes, for 
example, are shown as an adjunct to different 
types of tipper, and it is interesting to note that 
several of these models are fitted with airless- 
injection engines. The tipping bodies themselves 
are of almost every conceivable type, although the 
majority are hydraulically operated, and do not 
differ greatly from corresponding British models. 
A feature of this display is that quite a large pro- 
portion of the tipping bodies are mounted on 
trailers, and it would certainly appear that this 
type of body is more generally favoured in Germany 
than in England. 

The electrical section of the Fair is dominated 
by the displays of the Allgemeine Elektricitiats 
Gesellschaft and the Siemens-Schuckertwerke, both 


facturers. Among these, mention may be made of | of whom take the opportunity of organising ex- 
a range of Lister engines, shown by Messrs. R. A. 
Lister and Company, of Cologne, an associated con- 
cern of the well-known British company. 

Although German motor-vehicle manufacturers, 


| 








tensive exhibits of their more moderate sized and 


smaller products. In addition, they are well 
represented by the motors and control apparatus, | larger machine, which is adapted for plain 
which are in use on the tools and machinery in | plunge-cut grinding, is illustrated in Fig. 8, above. 
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other parts of the exhibition. It is, however, of 
interest to note that a large number of the smaller 
firms are turning their attention to the production 
of heavy equipment. The Sachsenwerk, Licht und 
Kraft A.-G., of Niedersedlitz, for instance, are exhibit- 
ing a 100-kv. oil-switch for installation out of doors, 
while the Hermsdorf-Schomburg Isolatoren G.m.b.H., 
of Hermsdorf, are showing examples of the 220-kv. 
insulators, which they are manufacturing for use 
on the network of the Rhein-Westfalische Elektrici- 
tiitswerke. Messrs. Voigt und Haefiner A.-G., of 
Frankfort, also have a display of oil switches for 
industrial purposes, and the Volta-Werke, of Berlin, 
are represented by transformers, which they are now 
manufacturing for large outputs. =. 
In continuing our account of some of the exhibits, 
we propose, in this issue, to confine our attention to 
some further examples of the machine tools shown, 
which, as we have said, form the main feature of 
the Technical Fair. We may begin by referring to 
two of the grinding machines shown by -"* 
Fortuna-Werke A.-G., of Stuttgart-Cannstatt. on 
an 
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movements, such as table drive, work rotation, 
rapid cross feed of the grinding head, and the fine 
adjustment, can be started by a single lever, as 
the various control levers. for these motions can 
all be coupled. All movements, with the exception 
of the grinding-wheel drive, are hydraulically oper- 
ated. The grinding wheel has a diameter of 24 in. 
and a width of 8in. The work speed, and also 
the table and feed motion speeds, can be regulated 
while the machine is in operation. An automatic 
external measuring instrument serves to check the 
grinding operation. 

The control knob for the table speed can be 
seen in the figure near the centre of the control 
panel. It enables the speed to be regulated 
between 0-03 ft. and 40 ft. per minute. As 
stated, the levers controlling both the table 
movement and the rapid cross movement of the 
wheel head can be coupled, so that only one lever 
need be used when engaging or disengaging these 
movements. These two levers can be seen at the 
two ends of the control panel, the table reverse 
lever being at the top of the panel. The hydraulic 
motor for the work headstock enables the speed to 
be regulated between 20 and 450 r.p.m. without 
steps. The tailstock spindle can be hydraulically 
operated by depressing the pedal visible at the 
base of the machine. This enables the operator 
to have both hands free, so that all he has 
to do is to place the work on two V-blocks 
clamped to the table. These blocks can be 
adjusted according to the diameter of the work. 
To facilitate changing the work, the wheel head 
can be moved back rapidly about 2 in. by a hy- 
draulic cylinder at the back of the machine. After 
re-chucking a new piece, the head is brought 
forward in the same manner, the movement being 
controlled by a stop. A large emulsion tank is 
employed, the pump having a capacity of 26 gallons 
perminute. The grinding-wheel spindle has a length 
of 40 in. and a diameter of 3} in., and runs in 
two pressure-lubricated bearings, each 9 in. long. 
As the oscillation for plunge-cut grinding is per- 
formed by the table, an oscillating spindle is 
unnecessary. It may be pointed out, in this con- 
nection, that if an oscillating spindle is repeatedly 
used for ordinary external grinding, slight scoring 
of the guides may occur which is not apparent 
until the spindle is again used for oscillating. 
when the scoring interferes with the accuracy of 
the work. The machine is fitted with a wheel- 
truing device, and a supplementary attachment can 
be supplied for internal grinding. 

: Another grinder, shown by the same firm, is 
illustrated in Fig. 9, on page 340. This is a medium- 
sized machine for internal work, but it is provided 
with a headstock for face grinding so that the 





bore and face of the work can be ground in one 
setting. Short shoulders may also be ground 
externally. The table is hydraulically operated, 
and, as with the machine already described, an 
automatic measuring instrument is provided which 
economises checking time, as the operator can 
grind down to the finishing cut without stopping 
the machine. The machine is provided with a new 
design of high-duty grinding spindle, in which the 
pressure in both the axial and radial directions is 
taken on six ball bearings. The table movements 
are controlled by the handwheel, lever, and knob, 
which can be seen in the illustration grouped on the 
front of the machine, the movements being engaged 
and disengaged by the lever, and the speed. being 
controlled by the knob. The reverse is effected 
by the lever above the hand wheel. The hydraulic 
drive gives any table speed between zero and 39 ft. 
per minute by infinite gradations, and the automatic 
in-feed for the wheel head can be set to stop at any 
predetermined point. As soon as the desired size 
has been reached when internal grinding, a catch 
can be lifted on the table reverse lever, which allows 
the table to over-run the main stops, and to come te 
rest automatically in the loading position. After 
chucking a fresh piece, a movement of the reverse 
lever to the left allows the table to travel back to 
the working position. 

The face-grinding headstock, which can be seen 
behind the internal-grinding spindle in the figure, 
is of heavy design, and works on a broad slide. The 
work headstock, shown on the left, is of the swivel- 
ling type, and can be set to the correct angle by 
means of a spring bolt, with a micrometer screw 
for the fine adjustment. The spindle is hardened, 
ground and lapped, and the bearings can be adjusted 
by sliding taper bushings, the position of the actual 
bearings with respect to the spindle remaining 
constant. The end thrust of the spindle is taken 
on two lapped discs, and the spindle itself is 
hollow to take the draw-bar of the work-holding 
device, and also the cooling-water supply. The 
measuring device has a diamond-tipped contact 
finger, which may be swung clear of the work when 
re-chucking. Ifthe machine is required for external 
or shoulder grinding, the device can be provided 
with both internal and external fingers. The usual 
truing diamond is fitted for the wheels. The 
largest diameter which can be ground is 11 in., and 
the maximum grinding depth is 8 in. There are 
two speeds for the internal-grinding wheel, and four 
speeds for the work spindle. The wheel spindle 
speeds enable a normal peripheral speed of the 
wheel of about 85 to 92 ft. per second to be obtained, 
the speed being seldom less than 65 ft. per second, 
even with a worn wheel. 





1l-In. LatHe; Messrs. Gesr. BonrRincer G.M.B.H. 


which were shown at Leipzig this year, we may 
deal with the machine illustrated in Fig. 10 above. 
This was exhibited by Messrs. Gebr. Béhringer 
G.m.b.H., of Géppingen, but is the joint design of 
that firm and Messrs. Franz Braun A.G., of Zerbst, 
Messrs. Heidenreich und Harbeck, of Hamburg, 
and Messrs. H. Wohlenberg, Kom.-Ges., of Hanover. 
It complies with the German standard specifications 
for these machines, and also embodies a number of 
features which have from time to time been intro- 
duced by one or other of the four firms. 

The machine is arranged to be driven either from 
an overhead countershaft, by a standard motor 
mounted on the floor, or by a flange motor. 
Thirty-six different spindle speeds up to maxima 
of 480 r.p.m., 600 r.p.m. and 960 r.p.m. are obtain- 
able, depending on the type of motor employed and 
its speed. When belt driving from countershafting 
or a motor is used, the pulley is mounted on an 
extension of the spindle. In all cases other than 
countershaft drive, a constant-speed non-reversible 
motor is used, the necessary speed changes being 
obtained by gear-box adjustments. Starting, stop- 
ping and the quick-return motion are all effected 
through a plate clutch. This clutch and the gear 
changes are operated by levers placed below the 
headstock or, alternatively, on the saddle. When 
the clutch is disengaged, the machine can be brought 
to rest by an adjustable mechanical brake provided 
for this purpose. 

The spindle speeds can be adjusted by three levers 
on the headstock while the machine is running, 
interlocks being provided to ensure that the required 
changes are made in the correct sequence. All the 
gear wheels used are of hardened chrome-nickel 
steel and are carried on splined shafts. Ball and 
roller bearings are employed throughout, and only 
the wheels actually required are in mesh at any 
one time. The spindle is of tool steel with a large 
central hole and long journals. The latter run in 
adjustable bearings, provided with conical bronze 
bushes. The axial thrust in both directions is 
taken up by two ball bearings, which are placed in 
front of and behind the spindle bearings. The usual 
drop gear is fitted so that the machine can be used 
for both right-hand and left-hand screw cutting. 

The headstock is a totally-enclosed unit with .a 
removable cover, and all the gearing runs in oil. 
The feed is effected from a spur wheel in the head- 
stock, transmission being through a gear-box of 
the Norton type. The lead screw and feed shafts 
are both driven from this gear-box The lead 
screw is used only for screw cutting, and has a 
pitch of 4 in. Whitworth; pipe and metric threads 
can all be cut without the employment of special 
gears, while to adapt the machine for cutting 


Turning now to a further example of the lathes | other special threads or worms, it is only necessary 
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to change one wheel. For cutting precision or 
special-pitch screws, the leading screw can be driven 
direct from the headstock. Lubrication is effected 
from a central oil container in the upper portion of 
the frame. Twenty-six longitudinal and cross-feeds 
are provided, between 0-15 mm. and 2-7 mm. and 
0-05 mm. and 0-9 mm., respectively, per revolu- 
tion, the increase being in a geometrical ratio. 

Release of the automatic feed is effected by stops 
with a fine adjustment, which are fixed on the bed, 
or, in the case of the cross motion, to the saddle. 
All the feed motions in the apron are effected 
through ratchet wheels, while the feed is reversed by 
spur-wheel gearing. The apron housing is totally 
enclosed, and all the shafts are carried on two 
bearings. 

The bed is of ample width, and of sufficient depth 
to eliminate any risk of bending. A gap-type bed 
can also be supplied, in which case the usual 
auxiliary bridge is employed. The saddle and tail- 
stock are carried on separate V-guides. The cutting 
pressure is at right angles to the front vee. 

The saddle has very long guides, and guards 
are provided tv prevent foreign bodies falling 
between the saddle and the guides. Both the 
upper hand slide and the cross traverse slide are 
wide and run in deep V-guides, which are provided 
with the usual adjustment. The slide spindles are 
provided with large circular scales, so that accuracy 
of adjustment is facilitated. The spindle coupling 
on the cross traverse is divided, so that any play 
in the spindle can be taken up. 

This lathe is manufactured in two sizes, the 
following dimensions applying to the larger which is 
illustrated in Fig. 10: height of centre above bed, 
282 mm.‘(11 yy in.), and maximum swing, 580 mm. 
(224 in.). In the smaller size, the height of 
centres is 245 mm. (9} in.) and the maximum swing 
500 mm. (198 in.). 

The machine illustrated in Fig. 11, on this page, is 
an internal grinder with hydraulic feed, which was 
exhibited by Messrs. Naxos-Union of Frankfort. It 
is capable of grinding internal diameters up to 180 
mm. to depths not exceeding 400 mm., and has been 
designed for dealing with motor-car engine cylinders, 
valve housings, &c. 











The work is held in an adjustable slide at the 
end of the machine and the grinding spindle, which 
is arranged horizontally, is moved up to it. All the 
levers and other controls are arranged at the front 
of the machine, within easy reach of the operator. 

The*guides for the work head are of cast-steel, 
ground, and protected from dust. Their lubrica- 
tion is effected by rollers which run in oil baths. 
The grinding-wheel slides are also of cast-steel. As 
already mentioned, the wheel head is operated 
hydraulically by oil under pressure, the control 
valve being adjustable, so that any desired speed, 
up to a maximum of about 40 ft. per minute, can 
be obtained. The feed is adjusted by a single lever, 
and the travel can be limited as required by the use 
of adjustable stops, while reversal may be effected 
either automatically or by hand. In addition, 
there is an automatic device, which prevents any 
over-running of the head. When it is desired to 
measure the diameter of the work, the carriage is 
run back to its limit position without disturbing the 
adjustment of the stops or regulating lever, and 
is there automatically brought to rest. When 
grinding is to be resumed, the reversing lever is 
thrown over. The carriage then travels to its 
original position, and continues to operate within 
the limits and at the speed determined by previous 
adjustments. 

The eccentric spindle can be run at four different 
speeds, between 40 and 120 r.p.m., depending on 
the bore of the work that is being ground. The 
spindle is hardened and ground. The grinding- 
wheel spindle is also hardened and ground, and 
the portion which protrudes from the grinder 
head is supported by a steady. This steady 
contains an adjustable phosphor-bronze friction 
bearing, and is placed directly behind the grinding 
wheel. Ball bearings are employed at the other 
end of the grinding spindle. These take up the 
small axial thrust, which occurs during grinding. 
The grinding spindle can be run at either 3,500 
or 6,200 r.p.m., and is readily interchangeable when 
it is desired to carry out any special work. The 
adjustment of the grinding wheel to the diameter 
that is to be ground, and to the desired cut, can 
be effected during operation. This can be done 





INTERNAL-GRINDING MACHINE WITH HypRAULIC FrEep; Mrssrs. Naxos-UNIon. 


either automatically or by hand. All the driving 
gear is totally enclosed and runs in oil. 

The height of the work table can be adjusted by 
a crank, so that the work can be moved quickly 
and accurately in both the horizontal and vertical 
directions. The top of the table, which measures 
1,000 mm. by 400 mm. (3 ft. 3 in. by 1 ft. 3 in.), 
is ground. It can be moved 800 mm. (2 ft. 7} in.) 
horizontally and its distance from the centre of the 
spindle head can be varied from 80 mm. to 180 mm. 
(3-15 in. to 7-08 in.), The main driving shaft and 
pulley are arranged at the rear of the machine. 
The oil pump is driven by a chain. 

A large wheel-turning lathe which was shown by 
Messrs. Wilhelm Hegenscheidt A.G., of Ratibor, is 
illustrated in Fig. 12, on page 348. The main driving 
motor is mounted on one of the headstocks, and 
the machine is built for use either with a variable- 
speed motor or with a constant-speed motor driv- 
ing through a gear box. The motor is connected, 
through a flexible coupling, toa shaft driving the 
intermediate gears, which, in turn, drive the main 
driving shaft outside the bed of the machine. The 
faceplates are driven from the latter shaft through 
gearing. The thrust on the headstock spindles is 
taken by ball thrust bearings, the main bearings 
being of the usual type, but of exceptionally large 
diameter. The headstocks are adjustable along 
the bed by means of an independently-driven 
shaft provided with right-handed and left-handed 
threads at the two ends. This shaft, together with 
the driving motor, are enclosed within the bed 
casting. ’ 

Adjustable stops are provided on the faceplates 
to engage with the wheel spokes, while wheels with 
outside crank pins can be accommodated by means 
of recesses in the faceplates. The recesses are 
so designed that they will also accommodate an 
auxiliary crank on the end of the main crank pin, 
such as is sometimes employed for driving valve gear. 
To accommodate outside crank pins at various angles 
to each other, the pinion driving one of the face- 
plates can be disengaged and the faceplate turned 
round to the desired position, the pinion afterw ards 
being re-engaged. For supporting the wheels and 
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is provided with two adjustable rests between the 
faceplates. There are four tool boxes, two at the 
front and two at the rear of the machine. They 
are mounted on cross slides with the usual 
longitudinal and cross-traverse motions. 

The tool boxes form an interesting feature of the 
machine. The arrangement adopted allows broad 
former tools to be dispensed with without any 
reduction in the speed of operation, with the 
result that any tendency to excessive vibration 
or chatter is eliminated. The profile of the tread 
js generated by two tools in each of the front tool 
boxes. Circular high-speed steel cutters are em- 
ployed, mounted on tool bars. The two bars 
are pivoted in the tool box, one above the other, 
in such a way that they are free to swing 
in the horizontal plane, and their motion is 
controlled by form plates engaging with projec- 
tions on their rear ends. The tools commence 
cutting on the two edges of the tyre and travel 
towards each other. When they are almost inter- 
secting, the feed is automatically disengaged, and 
the slight fin remaining on the work is cut off by 
hand feeding. Generally speaking, it is only 
necessary to take one cut, but if a finishing cut is 
required, the reverse feed is engaged and the tools 
then start cutting on the outward stroke, and 
are automatically disengaged when the cut is 
finished. The faces of the tyre are machined by 
cutters mounted on the rear tool rests. The form 
plates in the front tool holders are driven from a 
horizontal shaft mounted on the front of the bed, 
and the motion is so arranged that one of the tools, 
besides travelling -across the tread, also forms 
the wheel flange. The motion is effected by 
a combination of slipper blocks, moving in suitable 
guides, and the form plates. The lathe is made in 
various sizes, having centres varying in height from 
30in. to 47 in., the maximum length between centres, 
in all cases, being 9 ft. 10 in. The average power 
required is 25 brake horse-power, and the maximum 
intermittent horse-power required is 70 brake 
horse-power. The weight of the smallest lathe is 
37 tons, and of the largest 56 tons. The makers 
recommend the employment of a variable-speed 
motor whenever possible. 

We may conclude our article this week by 
referring to a grinder exhibited on the stand of 
Messrs. Ludw. Loewe and Company, A.-G., of Berlin. 
This machine, which is illustrated in Figs. 13 to 15, 
on page 348, is designed for both cylindrical and 
plunge grinding, and is fitted with hydraulic 
operation for both the table and the feed. 

The work headstock, shown in Fig. 14, is driven 
through hardened and ground gearing by a flange 
motor. This is controlled by push buttons, so 
that a speed range between 20 and 200 r.p.m., 
in six steps, is obtainable. The tail-stock is con- 
structed with a spring-controlled spindle, which is 
forced against the work with a pressure varying 
according to the weight of the latter. Control of 
the spindle is effected hydraulically, the movement 
being regulated by the pedal visible in Fig. 13. 
The diameter of the grinding wheel is 35% in., 
and the spindle bearings are in the form of long 
cylindrical bushes, lined with white metal, and are 
force lubricated from a pump. Adjustment of these 
bearings can be effected by set screws. The wheel 
spindle is driven from the flange motor, shown in 
Fig. 15, through a clutch, and has alternative 
speeds of 760 or 894 r.p.m. The speed of the 
table can be varied up to 40 ft. per minute 
in either direction, and the speed, after being set, 
'§ controlled automatically. Stops are also fitted 
for bringing the table to rest at each end of the 
sttoke, the time that it remains stationary being 
adjustable. This period is not altered when the 
table speed is changed. The feed is also adjusted 
hydraulically between the limits of 0 in. and 
0-0039 in., whether cylindrical or plunge grinding 
8 being carried on, the change from one motion to 
the other being made by a-lever on the feed box. 
During cylindrical grinding, the actual feed adjust- 
ment is effected through stops at the end of each 
stroke, while during plunge cutting it is continuous. 
The wheel slide is provided with both slow and 
manually-operated. quick-feed motions, the latter 
teing brought into action in either direction by a 


moving the appropriate levers, and the wheel slide 
is moved quickly forward. The clutch is then dis- 
engaged, and the fine adjustment is made by a hand 
wheel, after which the clutch is re-engaged. When 
the work is finished, the wheel slide is moved back 
quickly and automatically, owing to the action of 
a cam, and the adjusting hand wheel is also returned 
to its starting position. To perform further work, 
it is only necessary to throw over the lever, thus 
causing the wheel slide to move forward and the 
above cycle of operations to be repeated. For 
cylindrical grinding, stops on the table are brought 
into engagement. These actuate an arm, which, 
in turn, operates the lever controlling the feeding 
mechanisms, the exact..amount of the feed being 
determined by the setting of a screw. If an ex- 
ceptionally high polish is required, the device 
which automatically withdraws the grinding wheel 
is disengaged, so that the wheel then remains 
against the work until it is drawn back by hand. 
At the same time, the feed is checked by a stop. 
The hydraulic ram which operates the accelerated 
feed is housed in the V guide of the wheel slide, 
so that the latter cannot tilt when it is being moved 
backwards or forwards. The work rests, shown in 
Fig. 13, are arranged to take shafts between 2% in. 
and 5%; in. in diameter. They are set by fine- 
pitch screws, and both jaws have a quick 
adjustment, so that opening and closing are easy 
operations. Diameters up to 1033 in. can be ground 
without rests to a total length of 59% in. The 
machine can also be adapted for grinding centres 
to angles of 60 deg. and 90 deg. The drive for 
this purpose is taken from the headstock through 
a flexible shaft. 


(To be continued.) 








TELEVISION, PRESENT AND 


FUTURE. 


As was to be anticipated from the title, «‘ Television» 
Present and Future,” which Sir Ambrose Fleming 
chose for his lecture, delivered in connection with the 
Physical and Optical Societies’ Exhibition on January 9, 
he merely referred in his introduction to the various 
attempts made to transmit images of moving objects 
and kinematograph pictures, and to the proposals 
for the construction of television apparatus. There 
is little to be said about the present achievements in 
television, and the lecture was essentially an exposition 
of the scientific basis of the methods and devices and 
of possible future progress, with special reference to 
the Baird system. 

Television, Sir Ambrose explained, depended upon the 
persistence of vision, the fact that the effect of a stimu- 
lation of the retina persisted for about one-sixteenth 
of a second, so that stimulations succeeding one another 
at shorter intervals would not be distinguished by the 
eye as separate impressions. Thus, if a spot of light 
were made to travel downwards over an object and the 
journey was then repeated over and over again in 
parallel lines displaced more and more to the right or 
left, the eye would see the whole object, provided 
that the latter were completely covered in yy second. 
Moreover, if we could produce a similar spot of light 
at a distance, moving in synchronism with the first 
and varying in intensity in accordance with the colour 
of the object, we could reproduce the latter. At the 
transmitting end, the spot of light was produced by 
a scanning disc which was perforated by a series of 
30 holes arranged in an equiangular spiral of one com- 
plete turn. Such a spiral was first used by Nipkow in 
1884. The diameter of each hole was one-thirtieth 
of the pitch of the spiral, and the disc was rotated at 
the rate of 16 r.p.s., or more, the rays from a high- 
power incandescent lamp being focussed by a lens 
upon the object. The scanning of a human face in 
this way caused no inconvenience. The lamp, disc 
and motor were generally placed in one room, and the 
scanning rays were ed through a small opening in 
the wall to fall upon the face of the subject sitting in 
front of a screen. 

The light scattered from the face was received by a 
photoelectric cell, or a battery of cells. Falling upon 
the cathode of the cell, the rays liberated electrons 
without any time lag, and the current from the grid 
of the cell was amplified by valves and transmitted 
by wire (or wireless) to the receiving end. The current 
was proportional to the momentary intensity of the 
illumination. The cell consisted of a glass bulb, in 
which an alkali metal was deposited on a thin coating of 
silver or copper. The cells were made in two types: 
vacuum cells for scientific measurements, and more 
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ressure of about one-sixth of a millimetre of mercury, 
for commercial purposes. The potassium film, as such, 
was most sensitive to violet light, but its deposition on 
to copper rendered it more generally sensitive to the 
spectrum. At the receiving end, these photoelectric 
currents were reconverted into light by the aid of neon 
lamps. The neon lamps contained two plate electrodes 
about 1 mm. apart. When these were charged by a 
local battery to a potential difference of 200 or 300 
volts, the cathode began to glow with the reddish neon 
light all over its surface, and the glow increased in 
intensity in accordance with the currents which were 
received from the sending station; the starting and 
stopping of the glow were instantaneous. If, then, this 
glow were observed at the receiving end through the 
holes of a second scanning disc, kept in exact syn- 
chronism with the first, the observer would see the 
object reproduced by the phenomenon of persistence of 
vision. The television picture, Sir Ambrose remarked, 
did not-consist of a set of dots like a process block, as 
was often assumed. It was built up of a series of 
line elements or arc-shaped strips. The great difficulty 
of maintaining exact synchronism between the two 
scanning discs had been overcome by Mr. Baird by 
the aid of the received current which composed the 
picture, and his method was illustrated and described 
on page 321 of our last volume. 

Passing to future developments, the lecturer men- 
tioned suggestions he had himself made to Mr. 
Baird. At present the object of which the image 
was to be transmitted had to be placed in front of the 
screen. If the object were horizontal, a large plane 
mirror could be placed in front of it at 45 deg. so as 
to reflect the horizontal scanning rays vertically 
upwards. The size of the object was, moreover, prac- 
tically limited to about that of a human head. The 
size of a large object could be suitably reduced with 
the aid of a large convex lens, the image of which would 
be scanned through the spiral-hole disc, or by one of 
the less expensive large concave mirrors which Sir 
Charles Parsons exhibited at last year’s Engineering 
Exhibition at Newcastle-on-Tyne. The beam of light 
from the mirror would be reflected by a small plane 
mirror as in a Newtonian telescope, and would be 
focussed on to the surface of the scanning disc. In 
this way eclipses of the sun or moon might be televised. 
Very highly sensitive photoelectric cells would be 
required, and the most recent cells of the Research 
Laboratories of the General Electric Company at 
Wembley, containing czsium films deposited on oxide 
of silver, were ten times more sensitive than potassium 
films. Larger neon lamps were also required. In 
America, such lamps had been fitted with 2,500 elec- 
trodes, but these were suitable only for costly research, 
and not for commercial use. 








PULVERISED-FUEL INSTALLATION 
ON THE S.S. ‘‘ HORORATA.”’ 


A LITTLE over a year ago, in our issue of March 1, 
1929, page 275, to be precise, we recorded the success- 
ful voyage to New Zealand of the 8.8. Hororata, a vessel 
in which pulverised-fuel equipment had been fitted to 
three of her six Scotch boilers. Since then the ship has 
completed two round trips to New Zealand, and has 
had two more boilers converted to burn pulverised 
fuel. There are now five out of six so fired, the remain- 
ing boiler having to be retained for hand-firing in 
accordance with Board of Trade regulations. As, 
however, the steam requirements under the new con- 
ditions will probably be amply met by five boilers, the 
hand-fired boiler can be retained as a stand-by. A 
detailed account of the original pulverised-fuel installa- 
tion for the three boilers was given in ENGINEERING, 
vol. exxvi, page 752 (1928), and it will be instructive 
to compare that account with the present one to see 
what parts of the original plant have survived the 
testing of the two complete voyages. The installation 
as it now stands is illustrated by Figs. 1 to 5, on 
pages 344 and 345. In the first place, however, it 
should be mentioned that the Hororata is a twin- 
screw steamer belonging to Messrs. The New Zealand 
Shipping Company, Limited, 138, Leadenhall-street, 
E.C.3, and the pulverised-fuel system was designed 
and installed by Messrs. R. H. Green and Silley Weir, 
Limited, 117, Fenchurch-street, E.C.3, in conjunction 
with Messrs. The Howden-Buell Combustion Company, 
Limited, 130-132, Leadenhall-street, E.C.3. 

In reviewing the earlier installation, it should be 
noted that the pulverising equipment was installed in 
what had formerly been the lower part of the cross 
bunker, the upper part having been formed into a 
large storage bin for crushed coal, having a hopper 
leading to the pulverising mills, of which there were 
three, of the Fuller-Bonnet ball type. The three 
forward boilers were fired with pulverised coal, the 
three boilers in the after stokehold being then hand- 
fired. The conversion of two boilers in this stokehold 
has necessitated some modification to the bottom of 
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PULVERISED-FUEL INSTALLATION; 8.8. ‘“‘ HORORATA.” 


CONSTRUCTED BY MESSRS. R. H. GREEN AND SILLEY WEIR, LIMITED, ENGINEERS, LONDON. 
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PULVERISED-FUEL INSTALLATION; §S.S. 


CONSTRUCTED BY MESSRS. R. H. GREEN AND SILLEY WEIR, LIMITED, ENGINEERS, 
Fig.5. 
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supplied, but, by the adoption of a new type of mill, 
to be referred to later, no other alterations have been 
found necessary, the five new mills going comfortably 
into the space formerly occupied by the three old 
ones. Pipes from two of the mills have, of course, 
had to be carried to the after stokehold. It is note- 
worthy that, with the exception of the mills, the 
original burners and other essential parts have needed 
nO repairs or alterations, but remain as when first 
installed. For the present arrangement of the installa- 
— reference should now be made to Figs. 1 and 2. 
he first of these, a longitudinal section through the 
stokeholds and previous cross bunker, shows very 
Well the relative space taken up by the pulverising 
= and the stokeholds. In a new vessel, the stoke- 
- could possibly be reduced in length, as the firing 
orm does not need to be so roomy, provided, of 
course, that there is enough space in which to with- 
re ~ boiler tubes. 

Telerence to Fig. 2 will make the plant supplyin 
a to the mills clear. The coal, as velivered No the 
pr ad stored in the side bunkers, from which it is 
door, Tr, to @ sizing grating adjoining the bunker 

tr. The coal, after falling through the grating, 
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large lumps, of course, being broken up as necessary, 
falls on to a short belt conveyor, best seen in Fig. I, 
which transfers it to a motor-driven crusher, which 
reduces it to pieces of roughly ? in. cube. There 
is a conveyor at both sides of the ship, and, incidentally, 
it may be noted that they replace the bucket elevators 
first fitted, as they are simpler and do not appear 
to give any trouble in a seaway. The coal from the 
crushers falls into the boots of a pair of bucket elevators 
converging at the top towards the centre of the ship. 
These elevators are part of the original equipment, 
and discharge, through a motor-driven magnetic 
separator, to remove any tramp iron, into the top of 
the crushed-coal bunker, from which the coal descends 
by way of hoppers into the pulverising mills. These 
mills, as already stated, are five in number, and are 
chain-driven from a shaft running under the floor 
plates from side to side of the ship. The motive 
power is provided by two compound reciprocating 
engines, one being in normal use and the other in reserve. 
The same conditions apply to the two crushers and 
elevators. 

A sectional view of one of the mills is given in Fig. 3. 
It is of a new type, developed by the Howden-Buell 
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Company, and, as will be seen, is an air-swept ball 
mill, the pulverised fuel being drawn from the ball 
races by a turbine-driven exhausting fan, which 

it on to the burners on its delivery side. The drive is 
transmitted from the horizontal shaft, which derives 
its power from the line-shafting just mentioned, by 
a worm and wheel to a vertical shaft. The pan, or 
lower ball race, is keyed to the vertical shaft, which, 
further, drives the feeding mechanism through bevel 
gearing. The feeder is of the helical type, and is mounted 
upon the driving shaft, which, by means of a variable 
crank, operates a pawl and spur-wheel device attached 
to the feeder. A view of the crank mechanism is 
given in Fig. 4. The crushed coal descends from the 
storage bunker into the small hopper above the feeder, 
shown on the left-hand of Fig. 3. From here it 
is picked up by the feeder and discharged down a 
central passage on to a two-part conical disc with a 
corrugated surface. 

This cone is surmounted by a ring of projecting 
knives, and the whole revolves in a fixed corrugated 
ring with double internal curvature. The knives 
first break up the descending coal against the rings, 
and it then receives a further crushing on the lower 
part of the cone, falling at last into the pan, where it is 
pulverised to a high and uniform degree of fineness. 
From the pan, the fine dust is picked up by the current of 
air sweeping through the opening at the periphery of the 
lower ball race, and is carried up into the space between 
the two cones of the casing. At the top of this space it 
enters the central chamber through grids and is drawn 
out by the suction pipe at the top of the casing. This 
suction pipe also causes an upward current of airin the 
central space, which current meets that laden with coal 
dust at right angles. Any particles of coal which are too 
heavy to be sustained by this inner ascending current, 
fall back into the opening above the corrugated 
cone to undergo further pulverisation. The mill, when 
we inspected the installation at a demonstration on the 
ship on March 5, ran very silently, a feature which 
should be a distinct asset on passenger ships burning 
pulverised coal. 

After leaving the mill, the pulverised coal dust 
passes through the distributor shown in Fig. 5. 
This is of rectangular section, and expands from the 
entrance at the bottom to the burner supply pipes at 
the top. There are four pipes in this case, as the 
boilers are of the four-furnace Scotch type. The 
blades in the middle of the figure divide the passage 
into a number of openings, and may be closed, some- 
what in the fashion of a Venetian blind, except that 
they are individually and not collectively controlled. 
These blades can be adjusted to remedy inequality in the 
coal and air stream, so that each burner gets an equal 
supply, the burner pipes being necessarily of varying 
lengths. Any burner can be shut down by means of the 
three flaps in the upper part of the box. The burners 
were described and illustrated in our previous article, 
so need no further reference, but it may be noted that 
the air supply is heated by passing over tubes in the 
smokeboxes by the well-known Howden forced-draught 
system. The furnaces are lined with refractory 





346 


ENGINEERING. 





[MARCH 14, 1930. 





—— 





material for a portion of their length. The lining does 
not, however, form a complete ring, the lower part of 
the furnace being bare for the whole of its length. 
The linings in the Hororata’s boilers have stood up 
successfully during 60,000 miles steaming, and only 
one partial replacement has been found necessary. 


The ash is deposited in a powdery form, and any | on application to the Department at the above address, 
finding its way into the smokeboxes is removed by | the reference number given being quoted in each case. 


steam-jet operated ejectors. 

The new mills, we may mention, in conclusion, only | 
require 9 to 10 h.p. to operate—about half that of the | 
previous ones—and will successfully handle coal, at the | 
requisite degree of fineness, having a moisture percent- | 
age of as much as 14. The steam consumption of the | 
auxiliaries has naturally been increased by the addition 
of the plant for two more boilers, but it is hoped that 
the total cost of treatment will not finally amount to 
more than ld. per ton. 





THE LATE MR. M. B. FIELD. 


THE increasing toll on life arising from motor-car 
traffic has imposed a loss on engineering circles in the 
death, following a street accident, of Mr. Michael Birt 
Field, managing director of Messrs. Kelvin, Bottomley 
and Baird, Limited, Glasgow. Mr. Field, who was only 
55 years of age at the time of death on February 15, 
received his technical education at Finsbury Technical 
College, under the late Professor John Perry, to whom 
he was personal assistant, later acting in the same 
capacity to the late Mr. Gisbert Kapp. After a 
short period with Messrs. Johnson and Phillips, 
Limited, Charlton, during which he had some workshop 
experience, he went to the Baden works of Messrs. 
Brown Boveri and Company, and here his practical engi- 
neering work may be said to have begun. Then came 
service in the London office of Messrs. The British 
Thomson-Houston Company, Limited, followed by the 
post of chief electrical engineer to the Glasgow Cor- 
poration Tramways, He resigned this post to become 
chief engineer and head of the switchgear department 
of Messrs. Ferranti, Limited, and then, about eighteen | 
years ago, joined the firm of Messrs. Kelvin and James | 
White, Limited, as it then was, as general manager, | 
later becoming, as already stated, managing director | 
of the firm now known as Messrs. Kelvin, Bottomley | 
and Baird, Limited. Under Mr. Field, the activities 
of the firm expanded very greatly, especially so during 
the war period, when it was engaged in the production 
of special apparatus in connection with submarine and 
anti-submarine warfare. The Government recognised 
Mr. Field’s services in this direction by including his 
name in the first list of the Order of the British Empire. 
Mr. Field was a member of both the Institution of 
Civil Engineers and the Institution of Electrical 
Engineers. He contributed to the latter outstanding 
papers on “The Navigational Magnetic Compass 
Considered as an Instrument of Precision,” and ‘“ Eddy 
Currents in Solid and Laminated Masses.’ Others dealt 
with losses in cable sheaths and similar subjects, while 
he was a frequent contributor to the electrical technical 
journals, a notable example of this kind being a 
series of articles in The Electrical Review on the theory 
of the single-phase induction motor. Mr. Field was 
very greatly interested in his work, but a series of 
losses in recent years of his friends and colleagues on 
the board was keenly felt by him. 














Finspury CoLteGe Op StuDENTs’ AssociaTION.— 
The annual dinner of the Finsbury Technical College 
Old Student’s Association will be held at the Trocadero, 
Shaftesbury Avenue, London, W.1., on March 29. | 
Tickets and » nae a may be obtained for the honorary | 
secretary, Mr. F, G. Rouse, 15, Clifton Gardens, | 
Golders Green, London, N.W.4. 





_PERSONAL,—Messrs, Associated Equipment Company, 
Limited, 55, Broadway, London, 8.W.1, and Messrs. The 
English Electric Company, Limited, Queen’s House, 
Kingsway, London, W.C.2, have arranged to collaborate 
a metage on the market a line of single-motor low- | 
will 


ing trolley omni uses. The first-named company | Antiseptic Treatment of Pinus Longifolia (Chir) for 


h 





: ure the and components, and the | 
electrical equipment and the omnibus bodies will be | 
constructed by the last-named firm. 


Pe ng ne ee PHOTOGRAPHIC ALMANAC.— | 
ongst the many and extending usages of photograph: 
will be noticed the steady equipment of enainesat oid 
with scientific and labour-saving appliances which need 
the whole-time attention of, in some cases, a numerous | 
staff. For many years the British Journal Almanac 
has been of much assistance to all engaged in the studio 
and dark-room, and the issue for 1930 more than main- 
tains the standard of its predecessors, particularly good 
are the chapters on the use of the telephoto lens and that 
on interior photography, whilst the many beautiful 
engravings adorn the volume. It is published by Messrs. 
Henry Greenwood and Company, Limited, 24, Welli n- 
street, London, W.C.2, at 2s. in paper cover, and 3s. 
bound in cloth. 








| d 


| Institutul National Romén. 


University 


United States Department of Commerce. 


TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S8,W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 


Briquetting Machinery.—A firm in Buenos Aires, 
Argentina, desires to get into touch with British manu- 
facturers of machinery for making briquettes from coal 
ust and sawdust, especially the latter. (Ref. No. 
A.X. 9246.) 


Wood-Skewer Making Machinery.—A firm in New 
Zealand is desirous of receiving from United Kingdom 
manufacturers full particulars and prices of modern 
machinery for the production of wooden meat skewers. 
(Ref. No. A.X. 9254.) 

Refrigerating Machinery,—The supply and installation 
of refrigerating machinery at @ municipal slaughter- 
house. Reported by HM Consul at Cluj; March 26. 
(Ref. No. A.X. 9262.) 

Marine Diesel Engines.—The supply and delivery of 
two marine Diesel units, complete with gears and acces- 
sories, suitable for the propulsion of two shallow-draught 
barges. The Ministry of Public Works, Egyptian 
Government; April 1. (Ref. No. A.X. 9226.) 








BOOKS RECEIVED. 


Electric System Handbook. By CtarRENcCE HERBERT 
Sanperson, London: McGraw-Hill Publishing Com- 
pany, Limited. [Price 25s. net.] 

Commercial A.C. Measurements. By G. W. StuBBINGS. 
London: Chapman and Hall, Limited. [Price 15s. 
net.] 

Department of Scientific and Industrial Research. Report 
of Test by the Director of Fuel Research on the Turner 
Retort Installed at the Works of the Comac Oil Company, 
Limited, Colburn, Lanarkshire. Test Carried out 
March 25 to 30, 1929. London: His Majesty’s 
Stationery Office. [Price 9d. net.] 

United States Bureau of Mines. Technical Paper No. 456. 
Classification and Tabling of Difficult Ores, with 
Particular Attention to Fluorspar. By W. H. CaGcuitt, 
[Price 15 cents.] No. 462. Safety at Natural- 
Gasoline Plants. By G. B. Sea. [Price 25 cents.] 
Washington : Government Printing Office. 

University of Illinois. Engineering Experiment Station. 
Bulletin No. 198. Results of Tests on Sewage Treat- 
ment. By H. E. Bassitt and H. E. Scuienz. [Price 
55 cents.] No. 199. The Measurement of Air Quan- 
tities and Energy Losses in Mine Entries. Part IV. 
By C. M. Smrrx. [Price 30 cents.] No. 200. JIn- 
vestigation of Endurance of Bond Strength of Various 
Clays in Molding Sand. By C. H. Caspere and W. N. 
Spencer. [Price 15 cents.] No. 201. Acid Resisting 
Cover Enamels for Sheet Iron. By A. J. ANDREWS. 
[Price 25 cents.] Urbana, Ill.: University of Illinois. 

The Journal of the Iron and Steel Institute. Vol. CXX, 
1929. Edited by GzorcEe C, Luoyp. London: Offices 
of the Institute. 

Department of Scientific and Industrial Research. Fuel 
Research. Technical Paper No. 24. The Assay of 
Coal for Carbonisation Purposes. Part III. Correlation 
with Coal Gas Manufacture. By J. G. Kine and L. J. 
EpcEecomsBE. London: His Majesty’s Stationery 
Office. [Price 9d. net.] 

Aircraft Instruments. By C. J. Stewart. London: 
Chapman and Hall, Limited. [Price 21s. net. ] 

Board of Trade. Regulations Relating to the Examination 
of Masters and Mates in the Mercantile Marine. Lon- 
don: His Majesty’s Stationery Office. [Price 9d. net.] 

Department of Overseas Trade. E ie Conditions in 
Vi la, N' ber, 1929. Report. By R. J. Kirwin. 
London: His Majesty’s, Stationery Office. [Price 9d. 
net. ] : 

United States Bureau of Standards, Circular No. 379. 
Care and Adjustment of Folding Testers of the Schopper 
Type. [Price 5 cents.] Research Paper No. 120. 
Turning with Shallow Cuts at High Speeds. By H. J. 
FrencH and T.G.Dieces. [Price 30cents.] No. 124. 
Comparative Properties of Wrought Iron made by Hand- 
Puddling and by the Aston Process. By H. S. Rawpon 
and O. A. Kwyieut. [Price 30 cents.] No. 126. 
Observations on the Iron-Nitrogen System. By S. 
EpsteEIn and Others. [Price 20 cents.] No. 127. 
Melting, Mechanical Working and Some Physical 

Properties of Rhodium. By W. H. Swancer. [Price 
10 cents.}] Washington: Government Printing Office. 








Railway Sleepers. 
No. 271. 
Publication Branch. 


By S. Kamesam. Technical Paper 
Calcutta: Government of India. Central 
{Price Rs. 2 or 3s. 6d.] 

No. 23. Fortele Hidraulice 
Disponible ale Romdnici. By Dr. Ina Dorin Pavet. 
Bucarest : Institutul National Roman. 

of Toronto. Faculty of Applied Science 
and Engineering. School of Engineering Research. 
Bulletin No. 8. Section No. 2. Report on Pilot Tests 
Conducted for the Structural Steel Welding Committee 
of the American Bureau of Welding at the University 
of Toronto, 1927-28. w P. GILLESPIE and OTHERS. 
Section No. 3. Shear Stress in Certain Thin Fillets. 
By P. GrutesPre and Others. Section No. 16. Per- 
missible Stresses on Rivets in Tension. By C. R. Youne 
and W. B. Dunsar. Toronto: University of Toronto. 
Bureau of 
Foreign and Domestic Commerce. Statistical Abstract 
of the United States, 1929. Washi Govern- 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday, 

The Cleveland Iron Trade.—While stocks of Cleveland 
pig iron are not yet inconveniently large, they are 
gradually growing, and, unless checked shortly by 
expansion of demand or the curtailment of output, will 
reach embarrassing dimensions. Producers’ own foundries 
and steelworks continue to absorb the bulk of the make, 
but the surplus that comes on the market is not taken u 
‘anything like so well as could be desired. Transactions 
are almost confined to purchases of small parcels for local 
and other home consumption. Export sales are hardly 
heard of, and obstacles to business with consumers in 
Scotland are still great. Second hands have very little 
iron to offer, and producers hold to the fixed quotations 
that have ruled for several months past, though buyers 
are now very reluctant to pay recognised market rates, 
even for parcels for urgent needs. Midland foundry iron 
continues to be consumed to some extent in this district, 
No. 1 Cleveland is 758, ; No, 3, g.m.b., 72s. 6d.; No. 4, 
foundry, 71s. 6d.; and No. 4 forge, 71s. 


Hematite.—The situation as regards East Coast hema- 
tite iron is causing much uneasiness. Stocks are rapidly 
becoming excessive, though much of the iron being 
stored is stated to be sold. Producers are in need of 
orders and are prepared to accept lower prices than have 
ruled of late, while merchants, in their anxiety to unload 
their still substantial holdings, are underselling makers. 
Quotations have been well below cost for quite a long 
time and further downward tendency is very disquieting. 
Home demand is extremely quiet, and continued com- 
parative cheapness of Continental hematite keeps the 
products of this area out of foreign markets. Accumu- 
lations of East Coast brands at makers’ yards are assuming 
proportions that weaken the hands of sellers. Parcels 
ofiron are offered on the basis of ordinary qualities at 77s, 

Foreign Ore.—With consumers of imported ore carrying 
considerable stocks and having long contracts made, busi- 
ness is at a standstill. Nominally best rubio is 22s,, 
c.i.f, Tees. 

Blast-Furnace Coke.—Supply of blast-furnace coke is 
plentiful and prices are weak. Durham good average 
qualities are 20s. delivered here. 

Manufactured Iron and Steel.—New business develops 
very slowly, but one or two contracts for constructional 
steel are understood to have been secured, and the 
placing of further shipbuilding orders will benefit certain 
sections of the trade. Among the principal market quota- 
tions are: Common iron bars, 10/. 15s.; best bars, 
1ll. 5s.; double best bars, 111. 15s.; treble best bars, 
127. 5s.; iron rivets, 11/. 10s.; packing (parallel), 81. ; 

acking (tapered), 10/. ; steel billets (soft), 67. 15s. ; steel 
Billets (medium), 7/. 12s. 6d.; steel , billets (hard), 
81. 2s, 6d. ; steel rivets, 11/. 5s. ; steel ship plates, 8/. 15s. ; 
steel angles, 8/. 7s. 6d.; steel joists, 87. 10s. ; heavy sec- 
tions of steel rails, 8/. 10s. for parcels of 500 tons and 
over, and 9J. for smaller lots; fish plates, 12/. 10s. for 
parcels of 500 tons and over and 13/. for smaller lots ; 
black sheets (No. 24 gauge), 9J. 15s.; and galvanised 
corrugated sheets (No, 24 gauge), 12/. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—No change of any importance 
has taken place in the Scottish steel trade over the 
week. The mills are being kept going with current 
requirements, but forward business is of very limited 
character as consumers are very doubtful as to the 
future. The export trade shows little signs of expansion 
yet. In the'black-sheet trade, conditions are unaltered, 
with some works going tolerably well and others rather 
quiet, but inquiry is better. The position with regard 
to galvanised sheets is better since the severe compe- 
tition ceased, and makers are hopeful of an improve- 
ment in the demand with the prices more stable. The 
following are the current market quotations :—Boiler 
plates, 107. 10s. per ton; ship plates, 8/. 15s. per ton; 
sections, 8/. 7s. 6d. per ton; black sheets, } in., 9l. 
per ton; and galvanised corrugated sheets (No. 24 
gauge), 127. 15s. per ton, all delivered at Glasgow stations. 
Malleable-Iron Trade.—There is no improvement 
to report in connection with the West of Scotland 
malleable-iron trade, and makers continue to be badly 
in need of orders. The demand for re-rolled steel bars 1s 
still very poor. The current quotations are as follows :— 
Crown bars, 101. 5s. per ton for home delivery and 
91. 15s, r ton for export; re-rolled steel bars, 
71. 12s. od pee ton for home delivery or export. 
Scottish Pig-Iron Trade.—A dull and unsatisfactory 
tone is still general in the pig-iron trade of Boole 
and the demand continues poor. The prices fixed by 
makers are unchanged, and are as follows i 
8ls. per ton, delivered at the steel works : foundry 
iron, No. 1, 80s. 6d. per ton, and No. 3, 78s. per ton, 
both on trucks at makers’ yards. 
Scottish Pig-Iron Shipments.—The shipment 4 
Scottish pig-iron from Glasgow Harbour for the wee 
ending last Saturday, March 8, amounted to 1,357 tons. 
Of that total, 595 tons went overseas and 762 tons 
coastwise. During the corresponding week of last year, 
the figures were 522 tons overseas and 71 tons coastwise, 
making a total shipment of 593 tons. 
Shipbuilding.—Amongst the recent orders placed 3 
Messrs, The Anglo-Saxon Petroleum Company, the 8 ne 
ping subsidiary of the Royal Dutch Shell roe 
two motor tankers to be built by Messrs. Harlan‘ — 
Wolff Limited, Govan. These two vessels will ©a¢ 
of about 11,500 tons deadweight and will have = 





ment Printing Office. [Price | dollar.] 


of about 12 knots. They will be built at Govan. 
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NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—All settions of the Welsh steam coal 
trade are feeling the effects of the mild weather and the 
heavy laying-up of steamers. Demand for coal for 
shipment abroad has slackened off appreciably, and 
inquiries for bunkers have also eased off. Fortunately, 
however, most collieries are fairly well booked up 
with contract commitments, the bulk of which were 
arranged at the end of last year, when it was predicted 
that a severe winter was likely. This prediction, how- 
ever, has not proved correct, and, with foreign consumers 
abundantly supplied with coal, the current demand has 
slaokened. With 400 vessels capable of carrying more 
than 2,250,000 tons laid up, bunker requirements have 
also diminished. The result is that although collieries are 
able to keep working intermittently supplying cargoes 
bought under contract weeks ago, there is still a surplus of 
free coal after these obligations have been met which sales- 
men find it almost impossible to dispose of. Prices for 
large coal are on the basis of the minimum of 20s. for best 
Admiralty large, whilst smalls, which have been com- 
manding ls. to 1s. 6d. above the schedule, have now come 
back to the minimum, best bunker smalls being available 
at 13s. 6d. to 138. 9d., with good bunker smalls from 
13s. to 13s. 6d., and cargo smalls from 12s. 9d. to 138, 3d. 
Sized products, too, which were in such pressing request 
and in short supply, have also developed a much weaker 
tendency with the curtailed demand. Best dry nuts, 
which at the beginning of the year commanded up to 
32s. 6d., are now freely available at 22s. 6d. to 23s, 6d., 
with bituminous washed duff from 13s. 6d. to 14s. 6d., 
washed dry duffis from 13s. to 13s, 6d. and dry duff from 
12s, to 128, 6d. ; and difficult to sell at these figures. Ship- 
ments of coal foreign, in the past week, amounted to 
485,900 tons, compared with from 503,440 tons to 619,850 
tons a week in January and from 518,490 tons to 585,190 
tons a week in February. Shipments to Italy in the past 
week totalled 105,000 tons and to France 153,000 tons, 
while the Argentina took 37,000 tons, Brazil 38,500 tons. 
Egypt 23,000 tons, Portugal 29,000 tons, and Spain 
28,000 tons. 

Iron and Steel_—There was an expansion in the volume 
of the Welsh iron and steel export trade in the past week, 
the total of 20,694 tons being 6,400 tons more than for the 
preceding week. Shipments of galvanised sheets fell 
from 2,524 tons to 2,443 tons, but of tinplates and terne- 
plates increased from 7,704 tons to 9,659 tons, of black- 
plates and black sheets from 815 tons to 1,556 tons, and of 
other iron and steel goods from 3,183 tons to 7,036 tons. 








Contracts.—Messrs. General Refractories, Limited, 
Sheffield, have received an order from Messrs. The 
Shilton Brick and Tile Company, Limited, for three 
Williams’ tunnel brick driers, intended partly to super- 
sede the system of drying bricks singly on concrete 
floors heated by exhaust steam.—The Electricity 
Department of the Bath Corporation has placed an order 
with Messrs, The Brush Electrical Engineering Company, 
Limited, Falcon Works, Loughborough, for a 7,000-kw. 
Brush-Ljungstrém turbo-alternator. This is the fifth 
set of Brush-Ljungstrém manufacture to be installed 
by this Corporation, 





Setr-LowERING Free Escapre.—An apparatus to 
permit of the escape of persons ame in rooms in 
+ nd storeys in case of fire has recently been introduced by 
Messrs. J. Blakeborough and Sons, Limited, Brighouse, 
under the name of the “Spider” lifeline. The apparatus 
consists of a circular fire-proof metal case containin 
100 ft. of steel cable fitted with straps by means of whic 
the end may be attached to some fixed part of the room 
or object larger than the window through which the 
escape is made, such as a radiator or a bedstead. The 
case itself, which descends with the person escapiug, is 
provided witha strap, that is placed under the arms, and 
has also a hand grip which may be used to support the 
weight partially, and is necessary when it is quired to 
tegulate the speed of the descent. Normally the cable 
unwinds from the reel in the case at a constant speed, 
determined by an oil brake functioning by the transfer 
of oil from one compartment to another. A lever handle 
on the casing provides control of the oil transfer, and the 
speed may thus be checked or lerated, or the descent 
stopped at any point. 








InDUSTRIAL Ligutmne.—Those who have worked for 
long periods at the drawing board and know the strain 
imposed upon the eyes by most of the ordinary methods 
of artificia! lighting, will appreciate the fact that attention 
has been turned to their particular needs in the drawing- 

td reflector recently introduced by Messrs. The 
Benjamin Electric Limited, Tariff Road, Tottenham, 
N.17. This reflector is of a somewhat unusual, but 
efiective, form, and is, as regards its contour, a truncated 
hoa brramnia with a narrow rec ar base. This 
8 two 60-watt gas-filled lamps, partially separated 
~_ each other by an obitgse Fr cod soca It is made 
pol aluminium, and when fitted on an ordinary pen- 
=o be adjusted as necessary. The shape of the 
Te tor ensures that the light, while being effectively 
ceed from the draughtsman’s eyes, is projected 
aon the left hand, and is so diffused that no inconvenient 
Ows are caused on any part of the drawing board. 

the firm also mi a special reflector for workshop 
wating, 2 good example of their work known to us 
Come the machine — of Messrs. The British Oxygen 
~ompany, Limited, at Edmonton, in which, though there 


}; much shafting and belting, there is a remarkably even 
ting intensity, with an almost complete absence of 
Ow, or either direct or reflected glare. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Despite the slow progress made i? 
the re-absorption of unemployed iron and steelworkers, 
and the check sustained in forward buying of almost all 
classes of heavy steel and engineering products, gross 
output continues at a very creditable level—a level 
that is indeed much higher than might be expected from 
the pessimistic character of trade accounts circulating 
in certain quarters. Although there was very little 
new buying in the Sheffield area during January, steel 
production totalled 105,500 tons. This was not only 
an increase of 28,000 tons on the aggregate for December, 
but was 2,000 tons in excess of the total for January 
last year. Production of basic steel was fully maintained, 
and exceeded 51,000 tons, while acid steel deliveries 
were much more in evidence, and accounted for 45,700 
tons. The Lincolnshire output of steel rose to the 
striking total of 73,000 tons, compared with 57,000 tons 
in December, and 51,000 tons in January, 1928. Lin- 
colnshire also produced over 73,000 tons of pig iron, 
which again exceeded production in the previous month 
and that of January, 1928. The difficulty with current 
business in heavy steel lies not in the number of orders, 
which are very considerable, but in the weight of material 
specified. It is doubtful whether renewals, either in 
basic steel or acid steel, equal the tonnage of expiring 
contracts. Unless a change is registered, it may be 
necessary to curtail output. On the other hand, business 
in North Lincolnshire continues to forge ahead, and 
full time operations are likely to be maintained for some 
time to come. Having regard to the measure of output 
of semi-manufactured steel, there is a surprising paucity 
of business in iron and steel-making materials. The 
position of hematite steelmaking irons is distinctly 
easier. New business is eagerly sought in foundry 
pig iron. Buying in ferro alloys for special steel manu- 
facture is on the meagre side, Current quotations are 
as follows :—Siemen’s acid billets, 97. 10s. ; hard basic 
steel billets, 97. 2s. 6d. to 9/1. 12s. 6d.; medium hard 
basic-steel billets, 77. 12s. 6d. to 8J. 2s. 6d.; soft basic- 
steel billets, 67. 10s. ; Derbyshire foundry pig iron, 73s.6d.; 
Derbyshire forge iron, 69s. 6d. ; Lincolnshire foundry pig 
iron, 73s, 6d, ; crown iron bars, 11/.; iron hoops, 12/. ; 
steel hoops, 9/. 10s. to 10/. ; soft wire rods, 8/.; and basic- 
steel scrap, 60s. Activity in the intermediate sections 
of the heavy engineering trades is very uneven, and 
efforts are being made to reduce excess capacity and to 
provide more constant employment at the most suitable 
plants. Some of the local rolling mills are doing better than 
for some time past. Considerable business is being done in 
special steels with chemical engineers. The requirements 
of the British automobile trade are on the down grade, 
though outputs are still substantial. Special steels are a 
fairly active medium. There is a growing demand for 
all the best stainless materials. Progressive lines relate 
to the production of all-steel railway buffers, and, in 
the ligher sections, to hack-saw manufacture. 


South Yorkshire Coal Trade.—It is hoped that efforts 
to resuscitate export business will be materially assisted 
by the doubling of the subsidy that was in operation 
until the end of February. The main reasons for this 
alteration were the increased competition experienced 
from foreign sellers operating at lower market rates, 
and the generally weaker state of business. If exports 
receive the impetus that is anticipated, stocks at colliery 
and railway sidings should decline, and disposal of 
output should be facilitated. Inland sales are disappoint- 
ing. The big consuming industries are buying sparingly, 
and there are few indications of change. Furnace and 
foundry coke are in moderate demand ; there is a fair 
call for gas coke. Business in house coal shows no 
appreciable change. Requirements are still below the 
average level for the season. Quotations: Best branch 
hand-picked, 26s, 6d. to 28s.; Derbyshire best brights, 
21s. to 23e.; Derbyshire best house, 208, 6d. to 21s, 6d,; 
screened house coal, 18s. 6d. to 208. ; screened house nuts, 
168, 6d. to 18s. ; Yorkshire hards, 15s. 6d. to 17s. ; Derby- 
shire hards, 15s. 6d. to 17s. ; rough slacks, 98. to 10s. ; 
nutty slacks, 7s. 6d. to 8s, 6d. ; and smalls, 3s. to 5a, 





THe InstTITuTION oF WATER ENGINEERS.—The 
Council of the Institution of Water Engineers recently 
made the first award of the Whitaker Medal to Mr, R. C. 8. 
Walters, for his paper, “‘ The Hydro-Geology of the Chalk 
of England.” The Whitaker Medal is given for the best 
paper presented in any one year dealing with the appli- 
cation of geology to water engineering. The President’s 

remium of 10/. was also awarded to Mr. Walters. 

nstitution premiums of 5/. each were awarded to Mr, J. W. 
Wilkinson, for his paper, ‘‘ Birmingham Waterworks— 
More Recent Developments,” and to Mr. G, W. Cover, 
for his paper ‘“ Wenallt Reservoir, Cardiff—Special 
Construction Works.” 





H.M. Destroyer ‘“ Aotive.”—The first torpedo-boat 
destroyer of a post-war programme to be launched on 
the river Tyne, H.M.S. Active, was handed over to the 
British Admiralty, by her builders, Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited, on Feb 9, 
after a successful acceptance trial. The overall length of 
the vessel is about 323 ft., and the roa displace- 
ment, 1,330 tons. The vessel has a long forecastle deck, 
and the crew’s quarters, which are forward, are spacious 
and comfortable, and include bath rooms, The arma- 
ment comprises 4°7-in. guns and smaller machine guns. 
The propelling machinery consists of twin-screw single- 
reduction geared turbines developing, collectively, 
34,000 s.h.p. Steam is supplied by three water-tube 
boilers fitted with superheaters, and arranged for a 
working pressure of 300 Ib. a square inch. The super- 
heat is deg. F., under closed stokehold conditions, 





NOTICES OF MEETINGS. 





Puystoat Soorety.—To-night, 5 p.m., Imperial 
College of Science, South Kensington, 8.W.7. “A 
Harmonic Analyser,” by Mr. J. Harvey. ‘‘ A Method of 
Comparing Small Magnetic Susceptibilities,”” by Mr. 
R. A. Fereday. ‘‘ The Masses of the Proton and Elec- 
tron,” by Mr. H. T, Flint. 

InsTITUTION oF ENGINEERING INSPECTION.—To-night, 
5.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2.. “Deep Well Pumps,” by Mr. J. J. O’Neal. 


Junior INsTITUTION oF ENGINEERS.—To-night, 7.30 
. 39, Victoria-street, S.W.1. ‘An Outline of 

iemen’s No. 50 Telephone Switching Equipment,” 
by Mr. W. A. Sallis. Friday, March 21, 7.30 p.m. ‘‘ Sur- 
face Combustion,” by Mr. % V. Hurst. 

INstrITUTION or MecHANICAL ENGINEERS.—Graduates’ 
Section: Monday, March 17, 7 p.m., ay, hg 
8.W.1. Annual ture. “Science in Works Manage- 
ment,” by Mr. W. Taylor. Friday, March 21, 6 p.m., 
General Meeting. “The Design and Results of a 
600-lb. per sq.-in. Boiler Installation,” by Mr. W. 
Nithsdale. 

INSTITUTION oF ELECTRICAL ENGINEERS.—Monday, 
March 17, 7 p.m., Victoria-embankment, W.C.2. In- 
formal Meeting. ‘“‘ High-Tension Substation Control 
Gear,” by Mr. A. F. Harmer. North-Western Centre. 
Tuesday, March 18, 7 p.m., Engineers’ Club, Albert- 
square, Manchester. “Voltage Control of Large 

ternators,”” by Mr. H. W. Taylor. London: Thursday, 
March 20, 6 p.m., Victoria-embankment, W.C.2. ‘‘ The 
Medical and Surgical Applications of Electricity,” by 
Dr. B. Leggett. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Glasgow 
Centre: Monday, March 17, 7.30 p.m., Royal Technical 
College, Glasgow. ‘‘Combustion in Diesel Engines,” 
b Mr, H. R. Ricardo. Leeds Centre: Wednesday, 

arch 19, 7.15 p.m., Hotel Metropole, King-street, 

. “ Organisation of Public-Service Motor Vehicle 
Repair and Maintenance Systems,’’ by Mr. W. L. 
Morgan. 

INSTITUTION OF THE RuBBER INDUSTRY.—Monday, 
March 17, 7.30 p.m., Engineers’ Club, Coventry-street, 
W.1. “The Rationalisation of Research in the Rubber 
Industry,”’ by Dr. S. 8S. Pickles. 

Royat Instrrution.—Tuesday, March 18, 5.15 p.m., 
Albemarle-street, W.1. ‘‘ Science of the Renaissance,” 
by Dr. C. Singer. Saturday, March 22, 3 p.m.. “ Atomic 
Nuclei and Their Structure,” by Sir E. Rutherford. 

Soorety or Guass TECHNOLOGY.—Tuesday, March 18, 
6 p.m., Talbot Hotel, Stourbridge. Standards Com- 
mittee Meeting. Wednesday, March 19,2 p.m. “‘ Notes 
on the Manufacture of Refractory Materials in America,” 
by Mr. G. V. Evers. ‘“‘ Glasshouse Refractories: A 
Study of Corrosion Resisting Properties,” by Dr. J. H. 
Partridge and Mr. H. C. Biggs. “Some Practical 
Results with Sillimanite for Glass House Refractories,” 
by Mr. L. C. Gough. 

Institute oF Mretats.—Birmingham Local Section : 
Tuesday, March 18, 7 p.m., Chamber of Commerce, 
New-street, Birmingham. ‘‘ Nickel-Chromium Alloys,” 
by Mr. W. R. Barclay. North-Hast Coast Local Section : 
Armstrong College, Newcastle-upon-Tyne. Tuesday, 
March 18, 7.30 p.m. Annual General- Meeting. 

OvERHEAD Lines AssocraTIon.—Wednesday, March 
19, 5.30 p.m., Institution of Electrical Engineers, Vic- 
toria-embankment, W.C.2. ‘‘Comparative Costs of 
Overhead and Underground Transmission Lines,” by 
Dr. Eckstrom. 

INSTITUTION oF PRODUCTION ENGINEERS.—Birming 
ham Section: Wednesday, March 19, 7 p.m., Chamber 
of Commerce, - New-street, Birmingham. ‘“‘ Cutting 
Tools,” by Mr. G. Hey. London Section: Thursday, 
March 20, 7.30 p.m., Society of Motor Manufacturers 
and Traders, Limited, 83, Pall Mall, 8.W.1, Joint Meeting 
with Institution of Automobile Engineers. ‘“‘ The 
Influence of Monetary Policy on Production,”’ by Mr. R. 
G. Hawtrey. 

InstrtuTION oF Locomotive ENGINEERS.—Birming- 
ham Centre ; Wednesday, March 19, 7.15 p.m., Chamber 


of Commerce, New-street, Birmingham. “ Mineral 
Oils and Lubrication,” by Mr. W. Kay. 
Royat MetTgorotocicaL Soormty.—Wednesday, 


March 19, 7.380 p.m., 49, Cromwell-road, South Ken- 
a 8.W.7. G. J. Symon’s Memorial Lecture : 
“* Meteorology and Water Supply,” by Dr. H. Lapworth. 
Dieset Enoine Users’ Assocration.—Friday, March 
21, 3.30 p.m., Caxton Hall, Westminster, 8.W.1. “ The 
High-Speed Diesel Engine,” by Mr. H. R. Ricardo. 
Norrs-East Coast InstrTuTion OF ENGINEERS AND 
SHrIpBuILDERS.—Friday, March 21, 6 p.m., Mining 
Institute, Newcastle-upon-Tyne. ‘“‘ Direct Flooding Cal- 
culations,” by Sir W. Abell. 
INSTITUTION OF MUNICIPAL AND CounTY ENGINEERS. 
—Yorkshire District: Saturday, March 22, 2.45 p.m., 
Town Hall, Halifax. Joint Meeting with North-Western 
District. ‘ Borough and County Borough Extensions in 
the Light of the Local Government Act, 1929,” by 
Mr. F. Wecsien: 








Exports or Iron Ore rroMm SwEDEN.—During the 
month of January, the Gringesberg Company, Kopparberg 
Province, Sweden, established a new high record for 
iron ore shipments, the total. export amounting to 
708,000 tons. The previous highest January total 
occurred in 1927, when 665,000 tons were shipped. On 
account of the ice conditions in the Baltic, exports 








during January, 1929, only amounted to 464,000 tons. 
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THE TRAINING OF WELDERS. 
Or mechanical processes, none has been more 
dependent on the workman than smith’s work. 
The smith’s experience, eye, skill, and conscientious- 
ness have been the chief means by which sound work 
has been obtained, and no better example can be 
found of the valuable and, on the whole, trustworthy 
results that may be obtained from some almost 
entirely empirical operations. Naturally, a practice 
built up on such foundations has been restricted 
both in the results obtainable and also in the 
assurance with which they could be used ; and in 
particular, welding operations could be applied 
only to a limited extent with the confidence that 
has been possible with such methods of joining 
metals as riveting, which can be subjected to more 
systematic control and test. In recent years, 
‘welding methods have been developed along 
various lines quite independent of the smith’s 
forge, and by the side of them, methods of repairing 
and even of shaping metals. After a good deal 
of tentative application, these are coming to take an 
important part in both manufacture and upkeep. 
The Thermit process, the oxy-acetylene and similar 
blowpipes, the several types of arc and resistance 
welding, have all attained to a usefulness and conve- 
nience applicable not only to single jobs and repairs, 
but to manufacturing operations. Under appro- 
priate circumstances, too, each of them can give 
joints having the full strength of the plate. As, 
however, Mr. Schuster pointed out in the valuable 
paper he read last week before the Institution of 
Mechanical Engineers on “The Strength and 
Design of Fusion Welds for Unfired Pressure Vessels,” 
the ability to design joints is only one part of the 
matter, and not the part that comes most often 
and most anxiously into question. It is no less 
essential that the joint should be reliable. Excellence 
of design, even if the data were available in all 
instances, could not secure this by itself. Unless 
a weld can be-as certain as, say, a riveted joint, to 
give a definite fraction of the strength of the plate 
with certainty, it will not take the place that is 


because sometimes it can give more. For many 
joints, and these among the most important, 
the value of the joint will depend on the skill of 
the welder, and a present essential condition to be 
fulfilled, if welding is to be used to the full extent 
that would be convenient, is that there should be a 
sufficient supply of skilled welders. 
| Each welding method has its own technical diffi- 
| culties, which to a greater or less extent can be 
overcome only by the skill and attention of the work- 
men. Most of these difficulties differ, however, from 
those of the smith’s hearth, in being composite and 
capable of analysis into measurable elements, which 
a sufficient skill can control. There is little induce- 
ment to try to teach a man to become a smith by 
any method except that of practical experience. 
Much, or perhaps most, of the knowledge and skill 
required in a welder, on the other hand, looks as 
though it could be learnt in such instalments as 
are suitable for instruction in a technical school. 
Whether such instruction is or is not sufficient to 
make a welder, there can be no question but that at 
least a great. deal of what would be included in it is 
necessary. As with most operations that have to 
be repeated often, some pieces of welding work 
are done nowadays on automatic machines, which, 
even though they may not be entirely independent 
of the operator, certainly demand something less 
than a fully competent welder’s knowledge and skill. 
With the increase in the number of manufacturing 
jobs in which welding is being substituted for purely 
mechanical operations, the extent of this semi- 
skilled welding is increasing. With that increase, 
however, goes a corresponding increase in the number 
of jobs not to be done on automatic machines, and 
indeed the nature of the welding operation, involv- 
ing as it does the introduction of changes in the 
temperature as well as the form of materials, must 
often make intensive demands on the operator’s 
intelligence, experience and skill. With its modern 
developments, welding has come to take a place 
of its own in engineering, and there is substantial 
ground for expecting that it has not yet reached its 
full importance. Yet it seems to be agreed among 
those who are in the best position to judge, that, as 
yet, no adequate provision exists in this country for 
training a sufficient supply of competent welders. 
This, in effect, is the conclusion underlying a 
lecture delivered last week by Mr. John Ryder 
on “The Training of Operators in the Welding 
and Cutting Industries,’ to the Institution of 
Welding Engineers, in which he outlined a course 
of study and practice at a technical college, 
on the basis of which certificates of proficiency 
in welding might be issued. In addition to his 
association with the steel works and foundry 
of the London, Midland and Scottish Railway at 
Crewe, Mr. Ryder has had a long experience as 
a teacher in evening technical colleges, and he 
gives it as his experience that in the existing 
apprenticeship courses for fitters, boilermakers 
and the like, there is little or no opportunity 
for learning subjects outside the standard curriculum 
—such, for instance, as chemistry, metallurgy, or 
electricity. In his own student days, when the 
Science classes in evening schools were controlled 
from South Kensington, this difficulty did not 
exist, and the facility for learning one or more 
of these additional subjects enabled men, who had 
entered as apprentices without any great mechanical 
vocation, to qualify for successful employment in 
the chemical and metallurgical industries. Such 
supplementary training is, in his judgment, indis- 
pensable for qualified welders, and he urges, 
further, that the importance of welding operations 
in modern practice has now become such as to 
require special courses for welding as a distinct 
vocation. 
Some such courses, indeed, are’ to be found 
in technical colleges, but Mr. Ryder appears to 
regard them as on the whole affording insufficient 
instruction in the theoretical basis of the art. 
With perhaps still greater force, he urges that such 
courses at the present time would have a double 
value, not only in providing the expert welders 
for whom there is a present demand, which is 
likely to increase in the future, but also in supplying 
an opening for a fresh start in a new line for 
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are at present without employment. He points 


out that such men have already acquired manual 
dexterity in the use of tools, a knowledge of the 
theory as well as the practice of their own branch, 
and a training in the art of learning. They would 
form admirable material for absorbing the training 
of a special welding course, with the chemical, 
metallurgical and electrical knowledge included 
in it, and their experience in their own branches 
of work would be of value in innumerable problems 
which they would be likely to meet. They should, 
in fact, be exceptionally suitable for making all- 
round experts, a type most difficult to procure. 
It is to be remarked, moreover, that welding at 
the present time offers a number of alternative 
methods for most jobs. The number is likely 
to increase with modifications and improvements 
of processes, such as are bound to occur until 
the art has settled down to a more stable practice 
than is to be expected in the present stage of 
active extension and development; and to take 
prompt advantage of improvements, which may 
occur along any one of the several lines in which 
welding is done, it is necessary to have men who 
are at home with each kind. 

The course which Mr. Ryder suggests is not 
quite explicit about the period over which it is to 
extend. It is to include chemistry and metallurgy, 
with metallography and methods of weld testing, 
a practical class for welding and cutting ; and for 
students who are learning electric as well as 
oxy-gas welding, a two-year course on electricity 
and electric generators, motors and apparatus, 
each with lectures and practical classes. So far 
as it is possible to judge from the particulars 
given, it may be questioned whether the intended 
syllabus brings the theoretical instruction into 
sufficiently close relation with the results obtained 
in practice. Provision is made in the course on 
chemistry and metallurgy for “‘ the preparation and 
properties of all the common metals and alloys, the 
effect of heat on them to be specially studied,” and 
for the most skilled operators, for whom the instruc- 
tion on metallography and tests is intended, to 
learn ‘‘ the various methods, destructive and non- 
destructive, of testing welds.” Such a syllabus 
might be adequate if it were not for the considerable 
variety of results produced by heat and obtained 
by tests according to the circumstances of the 
weld. A chief difficulty in welding is that at 
present it is not always easy to detect the effect 
of the process on the metals joined, or the results 
to be expected, from such tests as can be applied 
to the welds. For this reason a wide range of 
welds is necessary to acquiring the practice of the 
art, and similarly the knowledge of metallurgical 
appearances, and still more of the results of tests, 
should be brought into close context with a wide 
range of welds. There is every advantage in 
having a sound knowledge of the scientific founda- 
tion of the art, if it is linked directly with a 
knowledge of practice, and not only acquired as a 
separate doctrine. Ifa student has seen how his 
theory turns out when it is applied to the many 
varieties of practice with which he should be 
familiar, the theory may be a useful guide to him 
in unfamiliar circumstances. If he has not that 
experience, the theory may be a dangerous edged 
tool in his hands. 

It is eminently desirable that the training of 
welders should be systematic and thorough, with 
all the theory that is necessary to enable an 
operator to work intelligently. As yet, how- 
ever, the best tha: theory can do is insuffi- 
cient to make the operator independent of prac- 
tice, and, for any system of certification to be 
useful, it must be based primarily on practical 
skill and knowledge. With a sufficient supply of 
skilled operators so trained, no difficulty should 
be found in training, at relatively short notice, 
all the automatic machine workers that may be 
required. A point which ought not to be overlooked 
is that, for the same reason as makes all-round 
expert operators desirable, it would be a pity if 
automatic operators stopped short with a knowledge 
of a single machine or process. A good deal of 


unemployment is liable to occur, as well as some- 
times an increase of cost, when men’s work is 


THE SUPER-PRESSURE POWER 
STATION. 


THE undertaking known as Imperial Chemical 
Industries, Limited, may well be regarded as a 
national asset. Whilst many of our staple trades are 
painfully pursuing an almost profitless path, the 
great chemical combine has established itself not 
merely predominantly at home, but is successfully 
competing in the international market with Con- 
tinental trusts which, in the past, had secured 
there an apparently impregnable position. The 
means by which this position has been secured 
would seem to have a lesson for other industries. 
Young engineers and chemists who have given 
proof at college or elsewhere of powers above the 
average, have been engaged at liberal salaries and 
rapidly raised to positions of responsibility. The 
inefficient, either from lack of ability or defects of 
character, have thus been quickly weeded out, 
whilst those that stood the test have been paid at 
rates which less clear-sighted competitors declare 
to be preposterous, if not ruinous. A similar com- 
plaint, it may be noted, is often brought by some 
among the less enterprising of our engineering 
firms against competitors, who in spite of, or rather 
because of, the unusual liberality with which they 
have treated their technical staff have prospered 
remarkably, even during recent lean years. It is 
often overlooked that 100]. saved in the drawing 
office may easily mean 1,0001. lost in the shops. 

In view of the success of Messrs. Imperial 
Chemical Industries, Limited, much interest attaches 
to the paper read last night before the Institution of 
Electrical Engineers by Mr. H. A. Humphrey, in 
association with Messrs. D. M. Buist and J. W. 
Bansall. The paper is of interest not merely as 
giving particulars of what is claimed to be the most 
economical coal-fired power station in existence, but 
also as showing the meticulous care with which every 
aspect of the problem was studied, and the ingenuity 
with which some special difficulties were surmounted. 
Taking the thermal efficiency as the ratio of the 
electric power generated to heat required, a figure of 
25°45 per cent. is claimed for the new Billingham 
super-power station, or one of 24:22 per cent. if 
based on the electric power available in place of that 
generated. Thermal efficiencies of much the same 
order are, it should be noted, claimed for certain 
public supply stations, in which both the steam 
pressures and temperatures are lower than at Billing- 
ham, but, of course, fuel costs form only a fraction of 
total station costs, and in view of the extent to 
which careful scheming has reduced labour costs 
at Billingham, the authors of the paper under review 
are probably justified in claiming that the plant they 
describe leads in the economical production of 
power. 

The conditions were, in this case, of a very special 
character, and in many respects the layout would be 
unsuitable for a power station of the ordinary 
type. The normal demand for power is 37,500 kw., 
and the load factor approaches 100 per cent., so 
that the annual output is as great as that of the 
largest public supply stations in this country. 
Moreover, the station has to provide some 7,000 tons 
of process steam a day. To allow a margin for con- 
tingencies, the plant installed has a rated output of 
43,000 kw., whilst the new boilers can evaporate 
11,500 tons of water per diem. The amount of 
process steam required is about double that needed 
for the turbines, and had hitherto been supplied from 
boilers designed for a working pressure of 290 lb. per 
square inch absolute, the steam temperature being 
653 deg. F.. In planning the new works it was decided 
to install super-pressure turbines exhausting into the 
existing mains at the above pressure and tempera- 
ture, the stop-valve pressure for these turbines being 
645 lb. per square inch and the corresponding tem- 
perature 833 deg. F. There are three of these super- 
pressure turbines, each rated at 12,500 kw., of which 
one serves as a standby. The turbine room also 
includes two condensing turbines of the same 
output, fed from the medium-pressure mains, and in 
addition to these, there are two 6,000-kw. turbines 
designed for progressive feed heating. The normal 
boiler pressure is 715 lb. per square inch absolute, 
with a maximum of 815 Ib. absolute. The large 
pressure drop between the boilers and turbines was 


flow of steam through the superheater tubes, in 
ona there is a pressure drop of 40 Ib. per square 
inch. 

As already noted, the conditions differ widely 
from those in an ordinary power station. Only 
60 per cent. of the process steam is returned as 
condensate, and it has accordingly been necessary 
to install distilling and de-aerating plant of excep. 
tional size. Moreover, in order to ensure absolute 
continuity of operation, much of the plant has 
been divided up into three independent units, each 
complete in itself, of which one serves as a stand-by. 
There are eight boilers, fired with pulverised fuel, 
each having a normal rating of 215,000 Ib. of steam 
per hour, the overload rating being 270,000 lb. 
Each has a heating surface of about 10,000 sq. ft., 
of which 3,000 sq. ft. are in the combustion chamber, 
which has fin-tube walls and water-screens. At the 
normal output, 22 lb. of water are evaporated per 
hour per square foot of heating surface. A steaming 
economiser is provided, which, in- normal working, 
generates about 30 per cent. of the total steam. The 
air supply to the furnace is preheated to 500 deg. F. 
The coal used has a calorific value of 11,700 B.Th.U. 
per lb., but no information is given as to its ash con- 
tent. De-dusters, in which matter in suspension can 
be washed out of the flue gases, are provided near the 
base of each chimney, but the paper gives no 
information as to their efficiency. The main boiler 
drums weigh 56 tons each, and are solid forged. 
They are 43 ft. long, with an internal diameter 
of 4 ft. 6 in. and a wall thickness of 44 in. The 
calculated working stress is 5-2 tons per square 
inch. 

A noteworthy point is that the material used 
is a soft carbon steel, having an ultimate strength 
of 26 tons per square inch and a yield point of 13 
tons per square inch. Similar material is used for 
the superheater headers and the main steam pipes, 
but a still softer metal, having a tensile strength 
of 21 to 23 tons per square inch, has been adopted 
for the superheater tubes. Whilst, as stated, a 
mild steel has been used for the steam pipes, the 
flange bolts for these are of a nickel-chrome alloy, 
and in making the joints a micrometer was used 
to secure an even tension on all of these bolts. 
Perhaps the most notable point about the super- 
pressure turbines is that 16 stages are used to expand 
the steam down from 615 Ib. to 290 Ib. per square 
inch, a pressure ratio of 2:2. The speed is 2,400 
r.p.m. The gland leakage is estimated at no less 
than 157 tons per diem, which is equivalent to 1:37 
per cent. of the steam passed. 

Since the plant is operated under very unusual 
conditions, many of the ingenious arrangements 
described are of more particular than general 
interest, but attention may well be drawn to the 
extent to which the control of the plant has been 
rendered automatic. Thus the steam pressure and 
the station frequency are automatically controlled, 
whilst the synchronising of the generators is also 
automatic, the average time taken to put a unit on 
load after the turbine has been started up being 
but 30 seconds. The difficulties of automatic 
control were decidedly greater here than they would 
be in ordinary power stations, and the success 
attained will encourage the introduction of corre- 
sponding arrangements in the latter. Much, of 
course, has already been done. The new boilers 
at the East River Station, New York, each of 
which is capable of generating 1,200,000 lb. of 
steam per hour, require each the services of only 
two men per watch. The smallness of the staff 
needed is the more remarkable in that New York 
is subject to sudden storms, during which the load 
may rise for a somewhat prolonged period at the 
rate of 3,000 kw. per minute. This surge is provided 
for by simply speeding up the underfeed stokers, 
since the excellent Pocahontas coal used in the New 
York stations, makes it uneconomic to adopt 
pulverised-fuel firing. One plant of this type has, 
it is true, been installed, and works well, but there 
is, we understand, no intention of repeating the 
experiment. In the case of the large boilers at the 
East River station, to which we have referred, the 
output, we are informed, can be raised in Jess than 
a minute and a half from a rate equivalent t 
300,000 Ib. per hour to one of a million Th. per 








needlessly specialised, as has often been shown. 


adopted designedly, in order to ensure a rapid 
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NOTES. 
Tue BRITISH ENGINEERING STANDARDS ASSOCIATION. 


It would probably be difficult to name another 
organisation which has so fully justified its inaugura- 
tion, and which has so steadily grown in influence 
and value from the first, as the British Engineering 
Standards Association. The attention of engineers 
and manufacturers was drawn to the waste and 
locking up of resources which resulted from the 
enormous variety of steel sections which then existed 
in a letter to The Times, by Mr..H. J. Skelton, in 
1895. It would probably hardly be justifiable to 
say that no consideration had been given to this 
subject before the advent of Mr. Skelton’s letter, 
but it was certainly due to his interest and per- 
tinacity then and later, that the movement which 
has led to the present Association was inaugurated. 
The British Engineering Standards Committee, 
from which the Association has developed was 
formed by the leading engineering institutions in 
1901, and between 1895 and that date Mr. Skelton 
continually had the matter in mind and pressed its 
importance. He has said that his final spur to 
action was given by the fact that in the course of 
the re-conquest of the Sudan, Kitchener required a 
bridge in a hurry to cross the Atbara, and that the 
necessary material could not be supplied from this 
country in time. This reminiscence was given by 
Mr. Skelton at a dinner held at the Grocers’ Hall, 
on Thursday, March 6, at which the granting of a 
Royal Charter to the Association was celebrated. 
That the position the Association has by now 
attained in the engineering life and activities of the 
nation is generally realised was made evident by 
the attendance of His Royal Highness the Duke of 
York at this function. It is certainly unnecessary 
in this place to explain what that position is, but 
although the original Committee was largely con- 
cerned with standardising steel sections, it is per- 
haps well to remember that, as was pointed out by 
Mr. Maurice F.-G. Wilson, the chairman, that only 
a very small proportion of the standardisation work 
of the Association deals with the question of pattern ; 
most of it deals with questions of quality and per- 
formance. The Association is now in receipt of a 
grant of public money of 3,000/. a year, and this 
will be increased to 5,0001. a year if the industries 
interested are able to raise a similar sum, in the 
same way as is done by the various research associa- 
tions. The good work of the Standards Association 
and the large engineering field it now covers should 
enable this extra sum to be raised without great 
difficulty, even at the present time. 


Tae WaTER SupPLy oF THE Ranp, SoutH AFRICA. 


The municipal areas within the limits of supply 
of the Rand Water Board include Johannesburg, 
Benoni, Germiston, Boksburg, Krugersdorp, and 
Randfontein, and the population served, both 
European and non-European, totals 617,325. 
There are three main sources of supply, namely, the 
Vaal river, and boreholes at Zwartkopjes and 
Zuurbekom, in the Klip river valley. According 
to the 24th annual report of the Board, the quantity 
of water consumed, during the year ending March 31, 
1929, was 5,540 million gallons. Of this total, 
46-23 per cent. was consumed in the municipalities, 
41-51 per cent. in the mines of the Rand, and 9-31 
per cent. was delivered to the South African Rail- 
ways. In order to meet fhe continually increasing 
demand for water, the Vaal River Scheme was put 
in hand some years ago, and a barrage providing a 
reservoir of 13,633 million-gallons capacity was 
erected. The concluding portion of this scheme 
Provided for the installation of two additional 
steam turbo-centrifugal pumps at Zwartkopjes 
pumpiny station, capable of delivering, against a 
head of 1,175 ft., a supply of 5,000,000 gallons 
of Vaal river water a day, through a new pipe-line 


to be laid from that station to the high service| occurrence of a fault to earth. The calculation 
reservoir of the Johannesburg Municipality, at| necessary to determine whether under any given 
This pipe line was completed in Septem- | conditions this voltage would be exceeded was very 
ber, 1928, and direct pumping to Yeoville com-| difficult and none of the formule suggested fully 
eae on January 7, 1929. The completion of| met the general case. It was also difficult to 
© scheme has increased the Board’s reticulation | determine the specific resistance of the earth. Asa 
;’Pacity on the Rand to 20 million gallons a day, | result of investigations in this country, it had, 
ing into service a daily supply of 10 million | however, been decided to use Pollaczek’s formula, 


eoville. 
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in the East Rand area as proposed in October, 1927, 
was completed during the year covered by the 
report. In the Zwartkopjes-Leeuwpoort pumping 
main, a length of 29,280 ft. of 18-in. diameter pipe 
was replaced by 22-in. diameter pipe, thereby 
increasing the capacity of the main from 4:2 to 
6 million gallons a day. Some 18,000 ft. of the 
18-in. pipe, recovered in this manner, were laid 
from Dunswart to Benoni reservoir in place of the 
existing 12-in. diameter main originally laid between 
these two points. The total length of the Board’s 
pumping, gravitation, and collecting mains was 
284 miles at the end of March, 1929. 


InDucTIVE INTERFERENCE BY ELECTRIC POWER 
LINEs. 


The aims of the heavy and weak current branches 
of electrical engineering are complementary, and the 
same is also to a large extent true of their practice. 
Certain problems do, however, arise when the two 
co-exist side by side, since the operation of one 
may interfere with the efficient working of the 
other. This point was interestingly dealt with 
by the President of the Institution of Electrical 
Engineers (Colonel Sir Thomas F. Purves) in an 
address, which he delivered in Sheffield on Wednes- 
day, February 19. He mentioned, for instance, 
that the Comité Consultatif International des 
Communications Téléphoniques 4 Grande Distance, 
an international body formed to deal with the tech- 
nical problems of long-distance telephony, had 
for some time been studying how communication 
circuits could best be protected from the electrolytic 
action and inductive interference which arose from 
the presence of power transmission lines in their 
vicinity. As regards the former, there were two 
schools of thought. One believed in “ isolation ” 
and the other in “ drainage ’’ or the connection of 
the cable sheaths to the negative return. In this 
country the Ministry of Transport and the Commit- 
tee on Railway Electrification appointed by them 
appeared to favour the former policy, while the 
tramway authorities practised the latter. The 
drainage school claimed that their method tended 
to ensure immunity from electrolytic action by stray 
currents, while the isolation school argued that it 
extended the danger area. From the point of view 
of a telephone administration the isolation system 
had much to commend it, not the least because it 
placed the responsibility for maintaining satis- 
factory stray current conditions on the traction 
authorities, while the drainage system shifted it to 
the cable owner. The Comité Consultatif had also 


scheme, that for the improvement of the system | of the resistivity of the earth. The overhead earth 


wire, which was to be used on the Grid, would 
reduce the theoretical induced voltage by some 
33 per cent. Nevertheless, the position was not 
altogether free from anxiety. Sir Thomas added 
the interesting information that where the Grid 
crossed trunk telephone lines the latter would be 
placed underground, in spite of the degradation in 
transmission efficiency which would thereby be 
caused. The reason was that the electrostatic 
induction caused by the presence of the power lines 
resulted in excessive noise in the telephone lines 
when the frequency of the induced current was of the 
order usually produced by power circuit harmonics. 
This is a reversal of the usual attitude, which will 
be greatly welcomed by power engineers, 








Tue Institute OF MARINE ENGINEERS. 


In proposing the toast of The Shipbuilding and 
Engineering Industries at the annual dinner of the 
Institute of Marine Engineers, which was held in 
the Connaught Rooms on Friday of last week, Sir 
George Hamilton, M.P., said it had been argued 
that there were too many shipyards in this country, 
and that rationalisation might solve the problems 
of the industry. He thought, however, that, while 
many difficulties might be overcome in this way, it 
was a drawback that the old close touch between 
master and man, and between builder and owner 
would be lost if all our ships were produced in one 
or two yards. The industry, he added, had passed 
through a difficult period, but adversity had resulted 
in greater efficiency. Lost time had diminished, 
and the output per man had increased, so that 
there were better prospects for the future. The 
reply to this toast was made by Sir Hugh Bell, 
Bart., who remarked, in conclusion, that he had no 
fear for the future, provided he were left to manage 
his own affairs in his own way. In proposing the 
toast of The Institute, Sir Burton Chadwick 
referred to the progress in marine propulsion made 
during the 40 years of its existence, and the Presi- 
dent, Engineer Vice-Admiral Sir Robert. B. Dixon, 
in responding, said the Institute stood for the 
promotion of the science and practice of marine 
engineering. It had advanced steadily with the 
advances made in marine engineering, the member- 
ship having now reached a total of 3,170. With 
regard to the work of the Institute, he mentioned 
that, since the new buildings had been opened in 
1914, many technical papers had been read and 
discussed, and the Institute had been represented 
on numerous public committees connected with 
shipbuilding and marine engineering. To keep 
abreast of the times, however, it was necessary to 








issued a series of guiding principles indicating the 
practice to be followed in dealing with inductive | 
interference. These dealt with current and voltage, | 
wave shape, tooth ripples, harmonics and methods | 
of protection by balancing telephone lines. The} 
tolerable limits of induced voltages, and the methods | 
of predetermining them under given conditions, | 
had also been defined. There were, however, a| 
number of outstanding problems, to deal with which | 


problem at the moment was the dangerous inductive | 
effects, which arose on the communication circuits 
when faults occurred on high tension transmission | 
lines. | 


over the earthed neutral, which it was proposed | 
to use on the Grid, that the dangerous inductive | 
effects set up by the passage of the fault current 
to earth were less. 


could be allowed in a communication circuit on the 





gallons a day from the Vaal river source. Another | and generally to adopt 4,700 ohms as the value 








shock, which was generally associated with the use| mately 357,000/. 
of three-phase systems with an unearthed neutral. | —— 


devote considerable attention to the education and 
training of marine engineers, and he thought the 
Institute was doing good work in that respect. 
He concluded with an expression of appreciation 
of the work of the Hon. Secretary, Mr. James 
Adamson. The toast of the Dominions Overseas 
was proposed by Mr. A. E. Laslett, of the Board 
of Trade, and, in replying, the Hon. Sir George W. 
Fuller, K.C.M.G., pleaded for uniformity in the 


a Commission Mixte International, comprising | merchant shipping laws throughout the Empire. 
representatives of both interests, had been sitting. yy. Richard W. Allen proposed the toast of The 
The Institution of Electrical Engineers had become | Chairman, who replied briefly. The dinner was 
an associate member of this body. The outstandng | attended by over 600 members and guests. 








Gotp PRopUCTION IN Onranto.—The Kirkland Lake 


: . | goldfield, in Ontario, Canada, produced gold to the 
Of these, the most important was acoustic | value of 2,811,000/. last year, an increase of approxi- 


over the previous twelve months’ 
The progress made by this goldfield has 


m remarkable; the production during 1924, for 


On the other hand, such a system had the advantage | example, amounted to only 696,000/. 





InriGaTIoN ScHEME IN New SoutH WAtEs.—A large 


irrigation scheme for the a oe — 
Wales is at present under consideration, In the t 
The Post Office had adopted | place, it is A meer to irrigate some 600,000 acres, by 
300 volts as the maximum longitudinal voltage that | means of water from the river Murray, and then gradually 
to extend the scheme until some 6,000,000 acres are 
under irrigation. The immediate pr ] 1 
water to the 600,000 acres of land forming an island 
between the Rivers Edward and Wakool on the border- 
land between New South Wales and Victoria. The 
Edward, a tributary of the River Murray, after leaving 
Deniliquin, divides into two branches, the southern of 
which takes the name of Wakool River. 
branches re-unite about 100 miles farther on and 
again fall into the Murray River. 
is being studied by the New South Wales Water Com- 
mission in co-operation with a newly-formed body, the 
Western Riverina Development League. 


osal is to supply 


The two 
The whole project 
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THE INSTITUTE OF METALS. 


TuE twenty-second annual general meeting of the 
Institute of Metals opened at 10 a.m. on Wednesday 
of this week, in the hall of the Institution of 
Mechanical Engineers, Storey’s-gate, London, 8.W.1, 
and was brought to a conclusion in the afternoon of 
yesterday. The President, Dr. W. Rosenhain, 
F.R.S., occupied the chair at the opening session. 


REPORT OF THE COUNCIL. 


A brief outline of the report of the Council for the 
year ending December 31, 1929, was read by the 
secretary. The report showed that the membership 
of the Institute had risen from 2,003 on December 
31, 1928, to 2,122 on December 31, 1929, an increase 
of 119. The Council recorded with regret the death 
of several members of the Institute, among whom 
were Messrs. W. H. R. Allen, G. Watson Gray, 
J. M. Jolly, W. Ramsay, and Professors C. Roszak, 
and W. E. Groum-Grjimailo. The successful 
mecting of the Institute at Diisseldorf, in September 
last, following upon the meeting of the Deutsche | 
Gesellschaft fiir Metallkunde, had brought forth | 
the suggestion that closer international co-operation | 
was desirable in regard to metallurgical research. | 
This suggestion had been warmly taken up by the | 
French and German members of the Institute present | 
at Diisseldorf and, as a result, an effort had been 
made to bring about a preliminary conference in | 
London for the purpose of discussing the feasibility of 
forming an international metallurgical research | 
organisation which should secure closer co-operation 
in the future. The Council had placed the facilities 
of the Institute of Metals at the disposal of the | 
preliminary conference, and it was hoped that 
successful results would be achieved. 

Another important development during the past | 
year had been the decision of the Council to partici- | 
pate in the movement for the erection of a joint | 
building for the purpose of housing a number of 
scientific and technical societies, including the | 
Institution of Mining and Metallurgy, the Iron and | 
Steel Institute, an important group of chemical | 
societies, and the Institute of Metals. The scheme | 
had now progressed to a considerable extent ; | 
substantial financial contributions had 
promised from a number of sources, and it was hoped | 
that the purchase of a site and the erection of a 
building might proceed in the near future. Proposals 
had been made during the year for the transfer to the 
British Non-Ferrous Metals Research Association 
of the control of the research which had been con- 
ducted continuously by the Corrosion Research 
Committee of the Institute of Metals since 1910. 
This transfer had finally been effected on January 1 
last, and henceforth the work would be controlled, 
directed, and financed by the Research Association. 
It would be continued on its present general lines 
by Mr. R. May, and, in order to mark the origin and 
continuity of the work, it had been suggested by the 
Research Association that the investigation should 
be known as “ The Institute of Metals Corrosion 
Research.” 





Hon. TREASURER’S REPORT. 


The report presented to the meeting by the 
honorary treasurer, Mr. John Fry, showed that the 
income for the year ending June 30, 1929, amounted 
to 6,598/., the surplus of income over expenditure 
being 116. The sales of the Journal, Mr. Fry pointed 
out, continued to be satisfactory and, in the accounts, 
had been set off against its cost, making the actual 
cost to the Institute of the Journal, 1,9491., as 
compared with 1,842". a year ago. The main 
source of income, namely subscriptions and entrance 
fees, showed the welcome increase during the year 
of from 6,044l. to 6,282/. 


PRESIDENTIAL ADDRESS. 


The preliminary business having been concluded, 
Dr. Rosenhain, the retiring president, inducted 
Dr. R. Seligman, the president-designate, into the 
chair. A hearty vote of thanks to Dr. Rosenhain 
having been carried unanimously, Dr. Seligman 
proceeded to read his presidential address. This 
dealt mainly with the new obligations imposed 
upon the Institute of Metals by the fact that in 


‘the matter should be carried too far and contribu- 


national institution with a membership spread all 
over the civilised world. In the course of his address, 
Dr. Seligman stated that, just as had happened 
with the home local sections, the necessity would 
arise to devise means by which the headquarters 
of the Institute in London could be kept in regular 
touch with the flow of opinion among the distant 
bodies of the Institute’s membership. To accom- 
plish this it would be necessary to think on broad- 
minded lines and with minds attuned to the ways of 
thought of many peoples other than our own— 
attuned, in fact, to those world movements which 
were so prominent and auspicious a symptom of 
the day. The international conference now taking 
place under the chairmanship of Dr. Rosenhain, to 
which reference had already been made, had for 
its object the co-ordination of research in various 
countries. For the present this movement was de- 
signed to provide means for keeping those engaged on 
non-ferrous metal research in the various countries 
informed as to what was going on in other countries, 
and so to prevent unnecessary overlapping and the 
irritation sometimes caused when work done in one 
country was apparently ignored by the scientists of 
another. 

It was striking, in looking at the distribution of 
the overseas membership of the Institute, to see 
how many cases there were in which considerable 
numbers resided in or near the same city. There 
were 10 or more places in which groups of from 
20 to 30 or more members could readily foregather 
and it might be asked whether it would not be 
possible to extend the local-section idea to such 
places, and so to secure regular meetings of the 
overseas members among themselves. Twenty 
was not a large number for such a purpose, but it 
was one of the great advantages of a local section 
that it welcomed associates, who were frequently 
young men unable to defray the cost of full member- 
ship, but who could with confidence be looked 
upon as the recruits of future years. Papers of 
outstanding merit, read before a local section, 
could already be accepted for printing in the 
Journal. There seemed to be no reason why such 
papers should not also be presented at the general 
meetings. 

With regard to the portion of the Journal 
devoted to abstracts, a suggestion made some 
|time ago by Professor Hanson—namely, that this 
| particular section should be issued monthly— 
|might well be revived. Finally, turning to the 
Journal proper, it would be a pity if, in the anxiety 
to encourage what were called “ practical’? papers, 


tions dealing with the purely scientific side of the 
subject were discouraged. He therefore appealed 
| to scientists of all nations to continue to use the 
| Journal as the vehicle by which they transmitted 
| the results of their researches to the world. To the 
| practitioners he appealed for continued support, 
so making it possible for the Institute to publish 
| these researches. By this means practical men were 


mankind was divisible into two main epochs, 
namely, a stone age and a metal age. Between these 
two epochs there was a transition period, when 
metals found in their native state were employed, 
but were not yet melted or extracted from their 
ores. The melting of copper probably preceded 
its extraction from minerals by some centuries, 
and the production of bronze or hardened copper 
was a later stage in metal culture. The critical 
event in the industrial history of man had been the 
first melting of metal out of stone, and this appeared 
to have occurred about 3,500 B.c. Metal articles 
fashioned at earlier periods were made from native 
gold, silver, or copper, or from meteoric iron. 

Professor T. Turner, who opened the discussion, 
stated that it had always been his custom, when 
speaking to students on this subject, to point out 
that the so-called stone, bronze, and iron ages 
were not stages in the history of the world, but 
stages in the development of various peoples. 
Dr. Rickard had rightly stressed the great difference 
which existed between the finding and working of 
native metals and the melting and smelting of 
these materials. The Babylonians were responsible 
for the production of large castings of bronze of 
beautiful finish, several examples of which existed 
in the British Museum. At that time the metal 
tin was known, and it had been ascertained that it 
was sold in the markets of Tyre, whence it was 
brought across to Babylon. Going back a few 
centuries to the day of Solomon, records showed 
that bronze pillars weighing some two tons were 
cast in the Jordan Valley. No doubt the ores were 
imported from Trans-Jordania. 

Turning to the metal implements found at Ur 
of the Chaldees, it was obvious that the copper 
objects discovered had been smelted, and cast. 
Moreover, below the deposits unearthed, lay a 
thick layer of clay, showing that, at one time 
there had been a great flood in that region of 
Mesopotamia. When speaking of early metallurgy, 
Tubal-Cain was often mentioned. Recent inter- 
pretations of his activities pointed to the fact that 
he was a whetter or sharpener of copper, and not a 
smelter or caster of the metal. In other words, he 
was a craftsman who sharpened native metal. In 
regard to the smelting of iron he disagreed from 
Dr. Rickard’s statement that iron was difficult to 
reduce from its ores. On the contrary, iron could 
be relatively easily reduced, and temperatures in 
the neighbourhood of 1,500 deg. C. were not re- 
quired. He himself had seen a small lump of iron 
ore placed into a smith’s hearth and a piece of iron 
subsequently withdrawn, which could be hammered 
into a useful implement. The temperature em- 
ployed was in the vicinity of 1,100 deg. C., and the 
slag contained in the iron was squeezed out during 
the hammering. 

Mr. L. M. G. Malcolm thought that the hollowed 
bronze axes of the later bronze period amply 
indicated that primitive metallurgists had overcome 
great difficulties, and had acquired a remarkable 





| helping themselves far more than by insisting on an 

undue proportion of practical papers; they were 
doing their best to learn and helping their col- 
leagues to learn those fundamental facts, upon 
which it was their duty to base the ordered progress 
of their industry. 


Autumn MeEetinea, 1931. 


Speaking in French, Professor Roi, of Ziirich, con- 
veyed to the meeting the greetings of |’ Association 
Suisse pour I’Essai des Materiaux (Swiss Associa- 
tion for Testing Materials), and, in the name of the 

| Aesocbanion, invited the Institute to hold its 1931 
autumn meeting at Ziirich. Professor Ros’ went on 
|to say that the International Association for 
| Testing Materials would hold a congress at Ziirich 
|in September, 1931, and the engineers and metallur- 
gists of that city would be glad to welcome the 
members of the Institute of Metals in that same year. 
Dr. Seligman, who replied in French, thanked 
Professor Ros for his message, and accepted the 
invitation on behalf of the Council of the Institute. 


THE Earty Use oF Meta.s. 
Dr. T. A. Rickard, in his paper, “The Early 


the space of twenty years it had developed from a | Use of the Metals,” the first contribution put before 


small body of English enthusiasts into an inter-|the meeting, stated that the industrial history of 





degree of skill. The next speaker, Mr. M. Burkitt. 
stated that the real metal age began when man 
had learnt to change the state of a mineral. He 
could not agree that even the earliest metallurgists 
| were slow in detecting and assimilating new facts. 
The developments which followed the first attempts 
to make an alloy were comparatively rapid. Dr. 
‘Rickard had expressed regret at the paucity of 
literature on the early use of metals. There was, 
lat the present time, in the Cambridge Press, an 
‘interesting book on the Bronze Age from the pen 
‘of Professor V. Gordon Childe, of Edinburgh 
| University. This work contained whole chapters 
‘on the production of bronze and its use by early 
| man. 

| Dr. W. Rosenhain, said that Dr. Rickard had 
| suggested that the majority of early bronze imple- 
|ments could be analysed without disfiguring them, 
by drilling a small hole in them and subsequently 
filling it up again. This procedure, however, would 
not yield sufficient material for a thorough examina- 
tion, and he feared that, in order to carry out an 
adequate examination, the implement or some 
portion of it, would have to be destroyed. It 
might be, however, that spectroscopic analysis 
could be adapted to this branch of metallurgical 
investigation, and, consequently, archeological 
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specimens would not suffer greatly. Further- 


more, it was always possible to distinguish a 
forged or worked piece of metal from a casting ; 
the micro-structure of the former contained twinned 
erystals. Dr. Rickard had stated that a very 
steel-like metal could be obtained by the repeated 
heating of iron to redness, followed by hammering. 
Metallurgists would agree that this was not the 
case; heating after hammering would simply 
anneal the iron again. Dr Rickard had also 
stated that copper was softened by quenching 
after heating. This also was incorrect. It was the 
heating which softened the metal, subsequent slow 
or rapid cooling was immaterial, the copper remained 
soft. 

Mr. H. Peake said that Dr. Rickard had urged 
archeologists and metallurgists to co-operate. 
There had, in fact, been greater co-operation between 
these two branches of science than he appeared to 
suppose. For instance, the services of Professors 
(. H. Desch, of Sheffield, and C. O. Bannister, of 
Liverpool, bad long been used by anthropologists. 
The crucial question in the matter under discussion 
had been the discovery of agriculture. When man 
had learnt to cultivate the main items of his food 
supply, the development of metallurgy rapidly 
followed. Mr. H. M. Ridge, who spoke next stated 
that it was important to remember that time was 
a factor of no consequence to early metallurgists. 
Moreover, primitive man was favoured in that he 
could avail himself of the purest oxidised ores, 
occurring on or near the earth’s surface. He also 
had at hand a plentiful supply of timber for the 
production of charcoal. 

At this stage, the President adjourned the meeting 
until 2 p.m. in the afternoon. We intend to deal 
with the remainder of the proceedings in the next 
and subsequent issues of ENGINEERING. Two of 
the papers presented to the meeting on Wednesday 
afternoon, namely that by Mr. R. Genders on the 
macrostructure of cast alloys, and that by Mr. E. J. 
Daniels, on unsoundness in bronze casting, will, 
however, be found on pages 357 and 358 of the 
present issue. 

(To be continued). 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN extra general meeting of the Institution of 
Mechanical Engineers was held on Friday, March 7, 
at Storey’s-gate, Westminster, the chair being 
occupied by the President, Mr. Loughnan St. L. 
Pendred. 

Fusion WELDING. 


The subject before the meeting was a paper on 
“The Strength and Design of Fusion Welds for 
Unfired Pressure Vessels.” It was presented by 
Mr. L. W. Schuster, who, in giving a orief summary 
of its contents, supplemented it by a number of 
lantern slides not reproduced in it and showing the 
results of explosions of defectively welded vessels, 
specimens of defective welds, and several examples 
of welding practice abroad. We commence to 
reprint the paper in abridged form on page 362 of 
this issue. 

The President, in proposing a vote of thanks to 
Mr. Schuster, remarked that the paper, in its latter 
part, was a very encouraging one, as the author 
had indicated the capacity of this country for 
producing pressure-welded vessels at least as good 
48 those made elsewhere. It was necessary, how- 
ever, to get rid of the grave suspicion attaching to 
welding in this country and the proposals suggested 
in the paper for the drawing up of authoritative 
regulations on the subject, and the discussion 
likely to ensue, should help towards that very 
desirable end. . 

The discussion was opened by Mr. A. L. Haas, 
who observed that the paper, by considering both 
Permissible and undesirable constructions, would 
help to focuss the subject in the mind of the practi- 
cal engineer when he had to consider welded work. 
It was true, as the President had pointed out, that 
Welding was looked upon with some suspicion in 
this country, for those who had seen a great deal of 
Welded construction were liable to regard it as a 
method of manufacture in which a settled tech- 
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trained labour was used to a great extent. In a 
previous paper before the Institution it had been 
predicted that the British engineer would ulti- 
mately adopt welding for boiler construction. He 
thought that time was still far off. In welding, 
too much risk had to be accepted because it was not 
possible to see exactly what was happening when 
one had sealed a seam, If improved technique and 
method could make the result less uncertain, much 
of the existing suspicion would be removed. 

Mr. Ballard, speaking as one who had been asso- 
ciated with the welding of fabricated steelwork for 
some years, said he had found that by keeping a 
careful check on the welders engaged, the work 
could be relied upon to a large extent. About 
75 per cent. of his work was with bare wire electrodes, 
and in periodical tests of the welders’ skill he found 
that, in ordinary butt welds on }-in. plate, tensile 
strengths round about 22 tons to 25 tons per square 
inch could be obtained. An ordinary bare wire 
electrode would give work with a ductility up to 
90 deg. These were satisfactory results for the 
fabrication of parts for electrical machinery. 
Experience with the atomic hydrogen welding set 
had demonstrated the great ductility obtained by 
that process, welds having been produced that 
could be bent through an angle of 180 deg. The 
main point, however, in connection with pressure 
vessels was, whether a weld of high ductility or a 
weld of high-tensile strength was most desirable. 

Mr. W. A. Stanier thought the paper provided a 
good deal of useful information on design, but 
important as this was, it was very difficult to ensure 
that welders were sufficiently expert to make sound 
welds every time they used a torch or electrode. 
One of the most desirable things to do in actual 
operating was to institute a system of regular 
testing of the welder’s work and of the materials 
he was using. There were so many welding materials 
on the market that on the Great Western Railway 
it had been found advisable to take samples fre- 
quently, and test the actual welding material by 
welders’ whose ability had already been established. 
Again, welding was such a convenient method 
that it was difficult to prevent men using it for work 
for which it was not suitable. As to the ductility 
of the welding material, this was comparative 
rather than absolute, and was very low when 
measured against that of the materials usually 
employed in engineering practice. As a matter of 
interest he might mention that about four years 
ago a small locomotive boiler was built in his works 
in which every seam and joint was welded. It 
had been tested hydraulically up to pressure of 
2,000 lb. per square inch, without rupture, but had 
not yet been steamed. 

Mr. F. E. Pollard said that though the views 
advanced in the paper would be appreciated by 
many it must not be overlooked that fusion welding 
had a considerable field of usefulness. It had been 
used on superheater tubes, for example, for many 
years without loss of confidence. Hydro-extractors 
were often welded along the joints, yet he had 
heard of no complaints or seen any cases of failure 
with the cages. It was useful in many repairs, 
and welded air receivers were used in garages, 
paint spraying apparatus, road drills, riveters and 
soforth. Some of these latter, however, were looked 
upon with suspicion by insurance companies, and 
indeed were probably safe for only two or three 
years. In the direction of formulating correct con- 
ditions of design for such vessels to ensure safety 
with a reasonable life, the paper would prove of 
great service. In the Factory Bill referred to as 
having been before Parliament there were no regu- 
lations as to methods of construction, and in this 
respect it would not retard development. The 
New Zealand Government had devised a code of 
rules, which included welding, though, perhaps, not 
in any detail. It was, however, a fairly stringent 
code. He agreed that authoritative rulings were 
required in this country on the subject of welding 
pressure vessels, and suggested that the Institution 
appoint a Committee to follow up the questions 
arising from the paper. This was no reflection on 
the work of Mr. Schuster’s company, which was 
excellent, but, after all, insurance companies 
insured certainties and not risks, which involved a 
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At this point the President said he could assure 
Mr. Pollard that his suggestion would be carefully 
considered by the Council. 

Dr. J. H. Paterson said the paper was itself so 
constructive that it deserved constructive criticism. 
He could not agree that welding was an art under 
grave suspicion everywhere. He worked for a 
combine who used large numbers of pressure vessels 
subjected to very high pressures indeed, and in this 
field welding was a necessity, not because it was 
economical but for other reasons. Had these 
suspicions been so general, those in charge would 
years ago have either had to evolve entirely new 
methods free from suspicion, or else had to abandon 
the particular work they were carrying out. Some 
vessels stated to have been made in America by an 
are process and to have withstood enormous 
pressures, had been shown upon the screen. That 
process might, or might not, be better than anything 
used in this country, but if it were better then it 
should be considered. Yet, if regulations were 
going to be made based on present practice here, it 
would adversely affect future development. A case 
in point was a proposed rule in the appendix that, 
“‘ the plate shall be of boiler-quality mild steel with 
a nominal breaking strength of 26 tons per square 
inch.” 

He considered that was a wrong attitude to take 
up, if high-pressure vessels were to be legislated 
for, why should a low tensile strength be insisted 
on? There were numerous other objections to the 
rules. He hoped the Institution would act on the 
suggestion made and form a Committee to deal with 
regulations governing welding, a thing needed in this 
country, not because welding was a discredited trade 
but because it needed to be regularised as it was to 
a certain extent in the United States. Some of the 
examples of failures shown on the screen, he thought, 
were misleading. He considered they were not due 
to welding per se but to the unsuitable material which 
had apparently been used—again a justification 
of the need for regularisation. In five cases out of 
six, welding was adopted by men with whom cheap- 
ness of construction was all important. Unless an 
Institution like the one under whose aegis they had 
met was willing to do the pioneer work, there 
would be no progress in the industry. Every man . 
in the works or drawing office, including the welder 
himself, should be thoroughly familiar with what 
welding could or could not do, and a knowledge 
of what were the correct types of joint and what 
were the proper working stresses should be accessible 
to them. 

Professor F. C. Lea agreed that welding in this 
country was in a somewhat chaotic condition. 
Several classes of vessels containing air, nitrogen 
and so forth had been referrred to, and the excellent 
work done by Hoehn on the continent with larger 
pressure vessels had been mentioned, but it must 
not be forgotten that apart from the risk of damage 
from flying parts in\an explosion, there was a more 
widespread risk when the vessels contained poisonous 
gases, as had been fatally demonstrated by an 
accident in Germany. The question arose as to 
whether fusion welding should be used at all for 
such vessels, and from that followed another as to 
whether there was a more reliable welding method. 
Water-gas welding had been referred to in the 
paper as having 50 per cent. efficiency, he supposed 
because of some regulation arbitrarily fixing its 
value at that.. But in water-gas welding, in which 
the work was done in the weld in somewhat the 
same way that the smith used to do work on the 
anvil, such welds could be made of a much higher 
efficiency than 50 per cent. 

A technique of water-gas welding carefully 
carried out and properly controlled had been deve- 
loped in this country, and for vessels containing 
poisonous gases, where the consequences of explosion 
might be very serious, he thought they should 
divest themselves of the aspect of fusion welding 
chiefly set out in the paper, and admit methods in 
which no extraneous welding material was employed, 
but in which the weld was made of the actual 
material of the vessel itself. The question of heat 
treatment also raised important issues. What 
took place in the extraneous fused material when a 
vessel was subjected to a normalising process was 





a matter of grave doubt. In a water-gas weld, 
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effectively made, the vessels could be properly heat- 
treated afterwards and real security could be given. 
He was sure the appendix to the paper did not 


| material. 


It would appear, however, that the cost 
of applying these rules in full was prohibitive. 
With British work the companies were not in such 


pretend to contain a complete specification for | a strong position, owing to the absence of generally 


materials, because none of a general character must 
be drafted that would jeopardise future develop- 
ments. There were special circumstances in certain 
cases which demanded special treatment, ¢.g., 
vessels subjected to possible sudden impacts. The 
question of welds and repetition stresses was 
important but time did not permit of its considera- 
tion. 

Mr. G. R. Adamson said he shared the views 
given in the paper about the necessity for correct 
design as this could be controlled much more easily 
than the actual operation of welding. If by correct 
design 90 per cent. of the explosions occurring 
could be “eliminated, as appeared to be possible, 
then by concentrating on the welder, the remainder 
could be got rid of, this concentration to include a 
system of periodical tests of welders. He hardly 
agreed that a welded joint was an unknown quantity. 
It was always possible to chip into it with a hammer 
and chisel and find out what it was like. The use 
of 26-ton boiler plates had been queried. He thought 
that was merely a relic of the old fire weld, where a 
low tensile plate was necessary in order to ensure 
good welding. He had welded some of the new 
40-ton steel electrically, with very good results, 
but could not get a weld at all by fire welding. The 
parts of the paper dealing with the rating of welds 
appeared to put forward some arguments leading 
rather to an increase of the allowable rating of water 
gas welds rather than to the limiting of electric 
welds, and this was probably the right course to 
adopt. He could not entirely endorse the process, 
advocated in that part of the paper dealing with 
circumferential seams, of bending over a projecting 
part of the shell on to the dished end. It had several 
practical objections, and further, nothing had been 
said about circumferential joints in which it was 
impossible to adopt this process. 

Dr. G. A. Hankins inquired whether the author 
of the paper had had any experience of the methods 
of inspection of fusion welds which had been advo- 
cated in the United States—methods employing 
shadow photographs obtained by X-rays, and 
electrical resistance, magnetic, and vibration 
methods. He thought it was important to have 
a maximum amount of ductility in fusion welds, 
and considered that a small Izod specimen actually 
cut out from the welds would form a valuable test. 
The paper suggested that information was lacking 
with regard to fatigue of welds at high temperatures, 
and the inference might be drawn that it existed for 
welds at air temperatures. This was not really 
established. There was a certain amount of pub- 
lished information on fatigue tests of fusion welds 
made for testing on a specially polished bar, 
but, by analogy with other tests similarly made, 
this was a dubious proceeding. The proper form 
of fatigue test for a weld should be carried out with 
a specimen as it came from the welder with the 
surface quite untouched. 

Mr. T. Fordyce, who represented an insurance 
company, said that probably insurance engineers 
had felt the need of definite information on the 
reliability of welds more than other classes of 
engineers, and it was fitting that one of them should 
have undertaken the task of drafting a set of 
rules. During the past ten years insurance com- 
panies had had to deal with fusion welded vessels 
of every description, which had been made in this 
country, the Continent, or America. Great care 
had to be taken, and possibly some of them might 
have erred on the side of safety, a procedure necessi- 
tated by the absence of any authoritative state- 
ment on the essentials of design. At the same time 
he had never met with any justification for the view 
that all fusion welding must be bad. After using 
a set of rules agreed between Mr. Schuster’s company 
and his own for over a year, he was convinced that 
it was possible to produce a standard specification 
which could be used with complete safety. He 
was not acquainted with any rules existing on the 
Continent, but the American Society of Mechanical 
Engineers had a set of rules which his own company 
had found useful in dealing with welded vessels 
made in the United States, as it formed a standard 
to which they could refer a client using such 








accepted rules. 

He had seen good fusion welding of vessels in 
aluminium, Monel metal, nickel and even copper, 
and there was at work in the North of England, 
after eight years’ service, an all-welded marine 
boiler, 15 ft. in diameter, working at 180 Ib. pressure. 
With proper design and workmanship good work 
could be undoubtedly turned out, but the maker of 
inefficient pressure vessels needed education. Such 
a firm would make a vessel for any man with an 
idea for a new process, which, while it was efficient 
in working, might still be a source of danger. The 
manufacture of pressure vessels was an engineer’s 
job as well as a welder’s, and those advertisements 
which claimed that any man could become a welder 
in a few hours did not realise this, as it took longer 
to make an engineer. The set of rules given in the 
appendix embodied a great deal of research, and 
had been in actual use for a year. Even if not 
acceptable on every point, they were practical 
enough to form the basis of something more 
comprehensive in the future. 

Mr. Turner said he felt the slides of Continental 
work shown hardly did justice to the capacity of 
British engineers. Over twenty years ago his firm 
had supplied large welded vessels to Germany, 
35 ft. long, 4 ft. or 5 ft. wide, 5 ft. to 6 ft. deep, and 
with walls up to 2 in. thick. Similar vessels could 
be obtained in Germany, yet the welding of the 
British vessels was of so high a class that the 
purchasers preferred them in spite of the additional 
cost imposed by a fairly heavy duty. They were 
not pressure vessels. About the same time the 
firm had also supplied to the Trinity House Com- 
missioners a number of water-gas-welded vessels 
up to 10 ft. in diameter, and many of these were 
still working to-day at 150 lb. per square inch gas 
pressure. Other examples could be quoted showing 
that this country was not far behind others as 
regards welding technique. 

He hoped the author would continue his work, 
and prepare another paper on the design of welds 
for fired pressure vessels. In Germany thousands 
of drums for water-tube boilers had been built, 
and a good job made of them. He hoped the 
time would come when welded seams would be 
accepted in this country for boilers of various 
descriptions. Heat treatment was an important 
feature in the construction of these drums, and he 
had seen many tests giving over 90 per cent. 
efficiency at the joints. Indeed, in some tests the 
plate itself had failed before the weld. The diffi- 
culty in this country was the effect of the Board 
of Trade rule laying down the necessity for a butt 
strap over the weld. It had been proved many 
times in Germany that such a necessity did not 
exist, and his firm would be prepared to construct 
a boiler similar to those referred to, for, after all, 
the Board of Trade rules only applied to boilers for 
passenger vessels. For other purposes it was a 
matter between the manufacturers and the insur- 
ance company. He hoped the next lecture of the 
kind would be on welded joints for fired-pressure 
vessels, and that slides of British and not foreign 
work would be shown. 

Mr. J. K. Muir suggested that the lap welds 
of Table I of the paper should not be used. He 
would ask whether the author had found that 
parts of the same vessel welded by different opera- 
tors really showed marked differences in efficiency. 
At the present time the welded vessel was practi- 
cally dependent on the skill of the operator. He 
did not think that the slides of foreign work reflected 
on British skill, but simply indicated that in other 
countries there was either more courage or less 
caution. Again, it was no reflection on the welding 
industry that Mr. Schuster had made the impartial 
investigation dealt with in the paper. Rather it 
demonstrated to engineers that welding had come 
to stay. The advocates of welding should welcome 
the investigation, and as the rules in the paper were 
clearly stated to be tentative, should now assist 
in standardising practice in such a manner. 

Mr. Ballantyne thought the paper was pessimistic 
in tone, and might be said to lay down a standard 
compelling many engineers to work on a basis 





much below that of which the industry was capable, 
Mr. T. Clarkson suggested that the right personal 
element in welding could be assured by some system 
of classifying welders, and this, in conjunction with 
a standard specification, would enable a body such 
as the Institution to affix a brand to welds which 
would satisfy the insurance companies that the 
work bearing it was sound. . 

Mr. Schuster then replied. The object of the paper 
was to ascertain the character of outside opinion 
on the work they had done. This would largely 
determine future investigations of this new subject, 
which had not been systematically explored before. 
He would only reply briefly to some of the points 
raised then, and would do so more fully in writing, 
A satisfactory unfired pressure vessel must first be 
obtained before engineers could know where they 
stood with fired pressure vessels. He was aiming at 
something higher than the 90 deg. bend mentioned 
by Mr. Ballard. The endeavour was to get a high 
standard at first, lower standards could then be 
set where desirable. He agreed that what was 
wanted for a pressure vessel was ductility, and 
the same quality of weld metal in the weld as in 
the plate was desirable. He could not admit that 
welding was not looked upon with suspicion at 
present. Its use was extending rapidly, and as 
with welded pressure vessels there might be danger 
to life, great care was needed. In reply to Dr. 
Paterson’s query about boiler quality steel, he 
would say that if a 26-ton tensile plate was insisted 
on, as it was in all boiler rules for furnaces, it would 
be wholly inconsistent to allow high tensile plates 
for the severer conditions to which the fusion 
welded plate was subjected. In the United States 
the range appeared to be wide, viz., from 22 tons 
to 30 tons. In Switzerland it was 24 tons. He 
had expected to be criticised for going so high as 
26 tons. 

Continuing, Mr. Schuster said Professor Lea had 
referred to water-gas welding and to the efficiency 
of 50 per cent. mentioned in the paper. This 
value was taken because it was the official figure. 
Actually, 90 per cent. was possible. He preferred 
water-gas welding to fusion welding, but it was 
uncertain how far this method was suitable for all 
the types of vessel coming within the scope of the 
paper. Mr. Adamson was quite right about the 
end circumferential joint, the particular form 
referred to was more of a mechanical lock than a 
fusion weld. For circumferential joints in the middle 
of a shell the best practice was a butt weld, but for 
vessels over 3 ft. in diameter transverse cover 
straps should also be fitted. He had had no experi- 
ence of the methods of inspection in the United 
States referred to by Dr. Hankins, but understood 
that most of the processes were still in an experi- 
mental stage. It should be made ciear that the 
welded drums referred to by Mr. Turner were made 
by water-gas and not fusion welding. While not 
quantitatively assessable, there was really a tremen- 
dous amount of difference in the skill of various 
operators making the same joint. It was very 
gratifying, in view of the fact that in the paper 
welding had been regarded, so to speak, at its worst, 
that Mr. Pollard had been inspired with sufficient 
confidence to ask the Institution to prepare specifi- 
cations. 

The meeting terminated with an announcement 
from the Secretary that an informal meeting would 
be held to-night, at 7 p.m., when an exhibition of 
industrial kinematograph films would be given. 
The Annual Graduates’ Lecture would be given by 
Mr. William Taylor, 0.B.E., on Monday, March 17, 
at 7 p.m., the subject being “Science in Works 
Management.” ll grades of members are invited. 
The next general meeting would be held on Friday, 
March 21, at 6 p.m., when a paper on “The 
Design and Results of a 600 Ib. per sq. in. Boiler 
Installation ” would be presented by Mr. W. Niths- 
dale. This meeting would be preceded, at 5.30, 
by one for the members contributing to the Bene- 
volent Fund. 








Tue INSTITUTION OF AUTOMOBILE ENGINEERS. 
At the recent annual meeting of the Institution 
Automobile Engineers it was announced that Sir Herbe 
Austin would be president for the forthcoming s< he 
Messrs. C. R. F. Engelbach, L. H. Pomeroy, W- 2 
Tennant, and W. A. Tookey were elected vice-presidents. 
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THE BEDFORD RURAL ELECTRIFICA- 
TION SCHEME. 


In the latter part of 1927, the Electricity Commis- 
sioners were asked by the Minister of Transport to 
investigate the practicability of proceeding with the 
electrification of rural areas at a more rapid rate than 
had hitherto been considered possible, and to prepare 
a scheme for a typical rural and agricultural district 
with this end in view. As a result, a region of 
approximately 100 square miles in extent lying to the 
north and west of Bedford was selected for experiment. 
This proposal has naturally excited considerable interest 
among those concerned in this class of electrical deyelop- 
ment, and a pamphlet dealing with its technical and 
financial aspects has therefore been published [London : 
HM. Stationery Office. Price 6d. net] for general 
information. 

The area selected is shown on the accompanying 
map. At the 1921 Census it had a population of 15,860 





single-phase system. Low-tension distribution will be 
at 400/230 volts, and will generally be effected - by 
overhead lines. 

It is estimated that the transmission scheme will 
be completed within two years, and that as regards 
the main area, the cost, including service connec- 
tions and meters, will be 116,250/. This figure 
is based on the use of cadmium-copper and_ steel 
conductors, and the hope is expressed that by careful 
attention to detail, it may be somewhat reduced. No 
provision has been made for any capital expenditure 
in connection with assisted wiring or hire-purchase 
schemes, but it is estimated that by the help of 
such schemes, reasonable rates and active propaganda, 
about 75 per cent. of the dwellings will be connected 
within six years of the commencement of the supply, 
and that the sale of electricity will then be 130 kw.-h. 
per head of population. The revenue at the end of that 
period should be 1-3/. per head of population, or a 
total of 21,1001. The cost of energy delivered to the 








— 






































Thurleigh 
Bletsoe 
4 
me Ze 
4 
pin Milto 9 “A 
ne, Wil 
R 
e \\e Ry) 
aki S oe 
e 
Lavendon + Steving ‘pe - Renhoid 
wa MR. oa P ee 
SW Turve . So Up ® of Gt 
ingtoi 
) QZ 
; (a 
} d of Vv, Swe S$ 
4 BEDFOR a M erhanger 
BorEnd LECTRIC. 
/ WORKS O 
T A 
Hardmead 
“\e e 
x2 il 
Zi 
North ll 
Crawie, B/E ole D\S H I E 
End J ~° ef Hordwi 
\Wilshamstea 
ponies Cranfield jarston 
Vl jeretai 
eo = 
‘0 = 
4 a Y\Y 
lolcot GY Sh 
Iden ‘ 
a AMPTHILL nuit 
prey $ ‘FY 
wt \ m é Meppershall 
wy lusborne Silsoe 
Crawley — Steppingley 
Ya 
Z Pulloxhill 1% 44 0 1 Zenit Miles 
Authorised Area of Supply under the Step-down Trans. Station.......(3 Phase)...------- @ 
Bedford Electricity Orders 1890-1926 ee One eee | 
Selected Area for Rural D tration Sch Kk Farms (3 Ph.Supply).—. & 
Villages within the Selected Area i ” {i s,s "Boe 
Principal Tr i Lines (3 Phase).__ Isolated Residences.._..(3 " * )— 
Subsidiary Transmission Lines —..-------(1" — )-.-- -—_—_—= * " ee ee 
Step-up Trans. Station (6600-11000 Volts.)...(3 " )...-. Industrial Premises........... (3 * Log 
(1921) “ENGINEERING” 


and 4,038 occupied dwellings, so that the number of 
inhabitants per square mile is practically the same as 
the average for all rural districts in England and Wales. 
About three-quarters of the land is cultivated, and 
there are certain small industries, some of which are 
already taking an electricity supply. Gas is only 
available in three of the villages. 

The technical scheme is based on a bulk supply from 
Bedford, which is excellently placed for the purpose, 
and involves the construction of about 56 miles of 
over-head transmission line working on the three- 
phase system at 11,000 volts. In addition, a cable, 
Which is already laid between Bedford to Sandy, and 
—— existing overhead lines, will be utilised. The 
be ‘ll vad Villages and the isolated residences and farms 
11,000 supplied on the single-phase system from the 
Bs. volts transmission, and these extensions will 

Present a iurther 87 miles of line. The present trans- 
Saag ‘ge from Bedford into the area is 6,600 
Pc 4 1s will be stepped-up at Wootton Pillinge, 
sien “ag ven, Bromham and Milton Ernest, where 
i inexpensive brick or kiosk sub-stations will be 
500 ky. (ie capacity of these sub-stations will be 
Suppl 8, Mm three cases, and 200 kv.-a. in the fourth. 
ri to the villages will be given through pole 
a yee 3’ with capacities of 50, 20 and 10 kv.-a. 

® three-phase and 20, 10 and 6 kv.-a. on the 





area would average 0-85d. per kw.-hour at the outset, 
and fall to 0-55d. per kw.-h. in the sixth year, while in 
addition to the usual maintenance, repair and other 
charges, a substantial allowance for canvassing and 
advertising has been made. After allowing forinterest 
and sinking fund payments at the usual rates and under 
the ordinary conditions regarding suspension for the first 
five years, the estimates show deficits during the first 
three years from the commencement of the construc- 
tional work with surpluses thereafter. It is hoped 
that the latter will be sufficient to make the scheme 
remunerative after a few years’ working. As already 
announced, the work is being carried out by the 
Bedford Corporation, to whom the Treasury have 
agreed to make advances from the Development Fund 
for a period not longer than 10 years, of such sums 
(not exceeding 8,000/.), as may be required to meet 
75 per cent. of any annual deficits. These advances 
are subsequently to be repaid out of the surpluses. 

The present position is that the lay-out of the 
various lines have been approved, and the final plans 
and specifications prepared. Wayleaves are being 
obtained, and propaganda is being carried on by the 
British Electrical Development Association. Tariffs and 
assisted wiring and hire-purchase schemes are under con- 
sideration. A supply is already being given in Apsley 


Bromham, Goldington, Milton Ernest, Oakley, Clophill 
and Maulden, and it is hoped that it will be available 
in the whole of the area early in 1931. 








CONNECTIONS WITH THE HUDSON 
BAY RAILWAY. 


SrncE the decision of the Canadian Government to 
press forward the construction of the Hudson Bay 
Railway and the shipping route through Hudson 
Strait to Port Churchill, Manitoba, a number of plans 
have been crystallising, the aim of which is to bring 
existing lines of transportation into closer connection 
with the new railway. 

Upon the completion of the line to Port Churchill 
last year, it’ became evident that much of the grain 
traffic now passing through Winnipeg to Fort William 
en route for the Atlantic ports might, if the Hudson 
Bay route should prove successful, be diverted through 
Saskatoon and The Pas to Churchill. A movement has 
been set upon foot, therefore, with the object of securing 
more direct routes from Winnipeg to The Pas, and one 
important project contemplates the construction of an 
entirely new line from Emerson, Man., on the United 
States border, to Fort Churchill, proceeding by a route 
going northward through the country lying east of 
Lake Winnipeg. This region is now being rapidly 
opened up for mining, and there is a large area of 
territory very casually surveyed up to the present in 
which valuable mineral discoveries might possibly 
occasion an urgent demand for new construction at 
no distant date. Parliamentary powers have been 
sought and obtained .at Winnipeg for this particular 
line of railway, and the capital is stated to have been 
guaranteed in the United States. At the moment, how- 
ever, no indication has been given that a beginning is 
likely to be made in the immediate future. 

The value of the Hudson Bay Railway has always 
been argued mainly from two standpoints. First, the 
need of the Western farmers for a third alternative 
route to the sea in order to carry the great volume of 
grain which further settlement of the prairie lands 
may be expected to bring into existence during the next 
year or so; and secondly, its undoubted value in open- 
ing up mineralised areas. The developments already 
in progress at the Flin Flon and Sherritt Gordon 
mines, as well as at numerous smaller properties in 
northern Manitoba, have already justified the enter- 
prise from this particular standpoint. A third claim 
on behalf of the railway and shipping route is its effect 
upon transportation conditions in the United States, 
which equally with Western Canada have for many 
years been under disadvantages due to the difficulties 
of shipment through Atlantic ports. Points in the 
northern grain-growing States are nearer to the ocean 
via Port Churchill than via the existing lines of trans- 
portation, even if the St. Lawrence Waterway project 
| should be completed. Another factor in the develop- 
}ment of the line is the facility afforded for import 
trade between Europe and the rich buying power of the 
| American and Canadian Middle West, and the possible 





| market for coal and steel products in Manitoba and the 
/northern States, attracted thither by cheap freight 
|rates on ships carrying grain as an outward cargo. 
| The Maritime Provinces of Canada, as well as American 
| Atlantic ports, will, equally with Europe, benefit 
from accessibility to the Middle West via Port Churchill, 
and it is understood that preparations are even now in 
hand to send vessels to the port as soon as wharves 
and loading facilities can be provided and regular 
train services arranged. 

The Toronto Financial Post stated recently that 
authority is being sought for the construction of a line 
to be styled the Wyoming-Montana Railway and con- 
necting Denver, Col., with Miles City, Montana, and 
later with the Canadian National Railway branch line 
at Radville, Saskatchewan. The finance for the line 
is stated already to have been arranged, and the route 
surveyed between Craig, Colo., and Miles City, Mont. 
Sir Henry Thornton is stated to have agreed to recom- 
mend to the Board of Railway Commissioners at 
Ottawa that the C.N.R. be empowered to build branch 
lines linking the connection at Radville, Sask., with 
the Hudson Bay line, and to have consented to enter 
into a traffic agreement with the Wyoming-Montana 
Railway if constructed. 

The distance between Craig, Colo., and Miles City, 
Mont., is 602 miles, of which 42 miles are in operation 
between Salt Creek, Wyo., and Willco., Wyo. Con- 
nection between Radville, Sask., and the Hudson 
Bay Railway would call for the construction of track 
between Radville and Weyburn, Sask., and thence to 
Sturgis, Sask., and on to Hudson Bay Junction. The 
new line, in addition to providing an outlet to the sea 
from Denver northward, would give the Canadian West 
direct railway communication with the corresponding 
portion of the United States, facilitating the importa- 
tion of crude petroleum into Canada, and providing 
useful local facilities in the States through which it 





Guise, Apsley Heath, Husborne Crawley, Ridgmont, | would pass en rowte for points in Canada, 

































356 





ENGINEERING. 








LABOUR NOTES. 


Tue March issue of the Amalgamated Engineering 
Union’s Monthly Journal contains an account, by Mr. 
Brownlie, of a joint conference with the employers on 
the subjects of machinists’ rates and grading of 
machines, apprentices and youths, payment by results, 
overtime, the fair wages clause, and migration of 
labour. Resolutions passed by the National Committee 
in 1928, it will be recalled, instructed the Executive 
Council to discuss these matters with the employers. 
Sir Allan Smith explained to the men’s representatives 
that, when his committee met on the previous evening 
to decide on the line they should take in the joint 
conference, they found themselves face to face with cir- 
cumstances which altered the complexion of the whole 
situation. According to the newspapers, the Minister 
of Labour was preparing a Bill to give effect in some 
form or other to the Washington Hours’ Convention, and 
the employers could not ignore what would be implied 
in the terms of the clauses of that measure. He was 
not altogether wrong, he felt, in anticipating that the 
Government intended to enforce by means of legislation 
some very severe restrictions on the hours of labour, on 
the overtime, on the allowances for overtime, and on 
the duration and the hours for night-shifts, and accom- 
panying that there was the possibility of a new Factory 
Bill, which would seriously affect the industry’s power 
of employment, so far as women and young persons 
were concerned. The industry’s ability to carry on 
would be very seriously interfered with, especially in 
respect of overtime, by ratification of the Washington 
Convention, even as modified by the London Agreement. 
On the other questions, too, it would be faced with 
some very serious difficulties. 








‘* Ultimately, we came to the conclusion,” Sir Allan 
Smith said, ‘‘ that we must ask you, on anything 
relating to working conditions, to allow us the oppor- 
tunity of going to the Board and asking what the 
position of the Federation is to be in view of the restric- 
tion which will be placed on our liberty by this Bill 
when it becomes an Act. It may be that we shall have 
to revise the whole of our working conditions. It 
may be that our whole system of working will have to 
be very seriously looked into, and we feel that it would 
be a mistake for us, as a committee, to take the 
responsibility of opening up a discussion with you. . . 
without knowing whether the Board is of opinion, or 
not, that the conditions which we have had can be 
maintained or modified, or whether we shall not have to 
sit down, and with all the unions concerned, build up 
a new charter of industry.’ ‘‘ Having regard to the 
situation that had arisen,’ Mr. Brownlie says, the 
union’s representatives ‘‘ agreed to the employers’ 
request of a postponement on the understanding that 
there would be no undue delay.” 





During February, the home branch membership of 
the Amalgamated Engineering Union increased from 
193,539 to 195,070, and the colonial branch member- 
ship decreased from 27,259 to 27,196. The number of 
members in receipt of sick benefit increased from 5,764 
to 5,959, and the number in receipt of superannuation 
benefit from 10,448 to 10,493. The total number 
of unemployed members increased from 13,805 to 
15,117. 

It is stated that the Government and the railway- 
men’s trade unions have now agreed as to the terms on 
which the Bill ratifying the Washington Hours’ Con- 
vention shall be applied to railway workers. The 
guaranteed day and week are to be taken into account | 
by the drafters of the measure, generous provision is | 
to be made for overtime, and existing customs which | 
are more favourable than the provisions of the Bill are | 
not to be interfered with. 





No fewer than nineteen resolutions on the subject of 
unemployment appear in the agenda for the Indepen- 
dent Labour Party's Easter conference at Birmingham. 
Most of them contsin a declaration that there can be 
no solution of the problems of unemployment and 
poverty under a capitalist system. A resolution 
from East Birmingham urges the Labour Government 
“‘to declare the present abnormal unemployment 
a state of national industrial emergency,” by Act of 
Parliament, establish a maximum 40-hour week, and | 
make the practice of working overtime illegal—except 
by special permit—until such time as the unemploy- 
ment figures do not exceed 5 per cent. of the total 
employable persons in the country. Under the 
heading of financial policy there are six resolutions, 
supported by nine branches, urging the Government 
to control or take over the banks; and another which 
after urging increased taxation of the wealthy, asks 
for higher death duties, which should amount to 


of, the Hunslet Engine Company, Limited, has been 
appointed president of the Engineering and Allied 
Employers National Federation in succession to Sir 
Archibald Ross, Managing Director of Messrs. R. and 
W. Hawthorn Leslie and Company, Limited, New- 
castle-on-Tyne. 
part in the affairs of the Federation for a number of 
years, and is esteemed not only by the members in 
his own branch of engineering, but by those in every 
other branch. 


weekly organ of the International Labour Office, deals 
with the interesting question of holidays with pay for 
manual workers. 
which has been under consideration by students of 
social conditions and policy for some time past. The 
question, so far as it relates to coal miners, forms the 
subject of a comparative international survey in 
the February issue of the International Labour’ Review. 
An analysis of national legislation on the subject was 
published in the Review of January, 1925, and-a 
complementary analysis of collective agreements 
dealing with it was given in the Review of December, 
1926. The question is also dealt with at length in a 
work entitled ‘‘ Vacations for Industrial Workers,” 
by Charles M. Mills, which formed the first of a series 
of research studies on human relations in industry 
undertaken by the Industrial Relations Counsellors, 
of New York. From these documents it would appear 
that, whereas for many years past annual holidays 
with pay were the exclusive privilege of public officials, 
and subsequently were granted to commercial and 
oftice employees, they have gradually been extended, 
especially since the end of the war, to manual workers. 


period of holiday is, in fact,” our contemporary’s 
contributor says, ‘more widely extended than is 
generally imagined. 
classes of workers, it is based on legislation. In 
some countries, it has been established on the initiative 
of the employers. In many countries, and for many 
classes of workers, it is observed as the result of specific 
provisions in collective agreements. It would be 
unwise to attempt to estimate the proportion of the 
world’s workers who are already covered in this 
respect by company plans, collective agreements 
and legislation. 
that the movement for holidays with pay is steadily 
gaining ground as a part of the larger movement for 
shortening the worker’s hours of labour and increasing 


with hours and earnings in the American iron and 
steel industry. The data relate to open-hearth, 





100 per cent. over a stated amount. 


In the House of Commons last week, Miss Bondfield, 


unemployment benefit. In addition, 





Mr. Alexander Campbell, Chairman of the Board 


Mr. Campbell has taken a prominent 


An editorial note in the latest issue of the official 


The subject is one, the writer says, 


“The practice of paying wages during a yearly 


In some countries, and for some 


At the same time, it is unquestionable 


his opportunities of rest, recreation and recuperation.’> 





The United States Monthly Labour Review recently 
published the second of a series of three articles dealing 


puddling, plate and blooming mills in 1929. In view 
of the time and expense involved, it was necessary 
to restrict the survey to representative establishments, 
but these have been so selected that the statistics for 
each department may be accepted as representative 
of conditions in the country as a whole. The plants 
covered included 33 open-hearth furnaces with 13,424 
workers, 11 puddling mills with 2,488 workers, 30 
blooming mills with 6,188 workers and 17 plate mills | 
with 4,202 workers. A similar study was made in| 
1926. Comparative figures show that average full- | 
time hours of labour for open-hearth furnaces were | 
57-7 in 1929 as compared with 57-1 hours in 1926. 
In puddling mills average full-time hours decreased | 
in 1929 to 50-3 hours, from 52-1 in 1926. In blooming 
mills a slight increase is shown over average full-time | 
hours, from 54-2 in 1926 to 55-0 in 1929; the largest 
increase is shown in plate mills, where average full- | 
time hours increased from 55-8 in 1926 to 58-0 in| 
1929. 





A comparison of average full-time earnings per | 
hour and per week for the period under survey, with | 


dols. 
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cents in 1926 to 66-6 cents in 1929, and 33-98 dols, in 


Minister of Labour, stated in reply to a question that, | 1926 to 36-63 dols. in 1929. In plate mills they were 
during 1929, approximately 44,400,000/. had been : 
paid in 
6,000,0007. had been expended on domiciliary relief 
to able-bodied unemployed persons. 


60-6 cents in 1926 and 63-9 in 1929, and 33.81 dols. 
in 1926 and 37-06 dols. in 1929, respectively. 

The third article of the series has also appeared, 
It deals with rail mills, bar mills, sheet mills and tin. 
plate mills, the survey covering 31,275 employees 


in 69 plants which may be accepted as representative 


of conditions for the country as a whole. A comparison 
with the survey undertaken in 1926 shows a large 
reduction in the number of workers in identical plants 
in all except the sheet mills, the decrease in the different 
departments being 17 per cent. in bar mills, and 14 per 
cent. and 6 per cent. in rail mills and tin plate mills 
respectively. Full-time hours per week were on the 
whole slightly higher than in’ 1926. In bar mills they 
were 55-6 in 1929 as compared with 54-7 in 1926, 
this being due mainly to an increase in working time 
in hand mills. During the same period average 


earnings per hour increased from 59-1 cents to 62-5 


cents, and average full-time weekly earnings from 
32.33 dols. to 34.75 dols. ; 





In rail mills average full-time hours per week 


increased from 55-5 in 1926 to 56-0 in 1929, average 


earnings per hour from 59-5 to 62-8 cents, and weekly 
full-time earnings from 33.02 dols. to 35.17 dols. In 
sheet mills average full-time hours showed no change 
as between 1926 and 1929, the average for both years 
being 48-9. Average earnings per hour, however, 
showed an increase from 75-9 to 79-3 cents, and average 
full-time earnings per week from 37.12 dols. to 38.78 
The tin-plate mills showed a slight decrease in 
average full-time hours per week, which were 47-4 in 
1929, as compared with 48-1 in 1926. Average earnings 
per hour were 73-2 cents in 1929, as compared with 
70-4 cents in 1926, and average weekly earnings were 
34.70 dols. in 1929, as against 33.86 dols. in 1926. 





On March 3, 1930, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,547,200. Of these, 1,084,700 
were wholly unemployed, 372,200 were temporarily 
stopped, and 90,300 were persons normally in casual 
employment; 1,136,300 were men, 38,900 boys, 
329,500 women, and 42,500 girls. Of 1,539,265 on the 
registers on February, 24, 1930, 1,083,895 were wholly 
unemployed, 366,844 were temporarily stopped, and 
88,526 were persons normally in casual employment ; 
1,132,164 were men, 39,881 boys, 323,839 women, 
and 43,381 girls. The number of unemployed persons 
on March 4, 1929, was 1,387,332, of whom 1,114,170 
were men, 36,919 boys, 202,609 women, and 33,634 
girls. 





The Ministry of Labour estimate that on February 
24, 1930, there were approximately 9,941,400 insured 
persons, aged 16 to 64, in employment in Great Britain. 
This was 57,300 fewer than a month before, and 17,300 
fewer than a year before. During February, 1930, 
the average numbers of persons on the register of 
Employment Exchanges in Great Britain were 1,085,911 
wholly unemployed, 349,738 temporarily stopped, and 
87,295 normally in casual employment, making a 
total of 1,522,944, of whom 1,040,352 were men aged 
21 and over, 79,487 men aged 18 to 20, 41,688 boys 
aged 14 to 17, 264,270 women aged 21 and over, 
52,405 women, aged 18 to 20, and 44,742 girls aged 
14 to 17. 





A Bill introduced in the United States Senate by 
Senator Wagner of New York, seeks to provide that 4 
board shall be created composed of the Secretaries 
of the Treasury, Commerce, Agriculture and Labour, 
charged with advance planning in detail of all public 
projects, including river and harbour works, flood 
control, public buildings and highways, so that page 
on any one, or all, may be accelerated in periods 0 


| depression without the need for any delay for the 


preparation of plans. The Bill proposes to authorise 
an expenditure not exceeding 150 million dols. annually. 





A circular issued on January 7, by the Russian Com- 
missariat of Labour states that in the sphere of labour 
the principal task is to increase the real value of wey 
by at least 12 per cent. as compared with the previous 
year. In view of the necessity of reducing production 
costs in the proportions required by the estimates, 
real wages must not be raised exclusively by increases 


those obtaining at the time of the 1926 survey, | in the nominal wage, but also by reduction in retal 


shows that in open-hearth furnaces average full-time | prices. 


The organs of the Commissariat of Labour 


earnings per hour increased from 67-7 cents in 1926! and the trade unions must take the most vigorous steps 


to 71-4 cents in 1929, and full-time weekly earnings | to ensure that the purchases of th 


e workers in industrial 
o-operative 


from 38-66 dols. in 1926 to 41-20 dols. in 1929. In! districts may be entirely covered by the « ager 
on ? 


puddling mills there was an increase in hourly earnings 


from 65-7 cents in 1926 to 68-6 cents in 1929, and in | must reduce its selling prices by lowering 


weekly earnings from 34.23 dols. to 34.51 dols. In 
blooming mills the corresponding figures were 62-7 





movement. The co-operative movement, : 
“4 incidental 


: oe ‘i jal 
expenses through the rationalisation of its commerth 


system. 
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MACROSTRUCTURE OF CAST 
ALLOYS: EFFECT OF TURBULENCE 
DUE TO GASES.* 


By R. GENDERS, M.B.E., M.Met., F.I.C. 


THE present communication forms a brief additional 
section to a previous paper on the subject,f in which 
work was described having the object of making possible 
a more general interpretation of the macrostructure of 
cast metals by determining the influence of conditions 
within the mould during casting. The factors con- 
sidered were the flow of metal in the mould, and the 
range of temperature through which the alloy solidified. 
It was shown that, in the casting of a chill ingot of small 
cross-section in the ordinary manner by means of a 
more or less vertical stream of molten alloy, the forma- 
tion of the ingot and resulting mode of solidification 


the formation of equiaxed crystals. Casting tempera- 
ture and speed of pouring also exert a considerable 
influence on the proportion and distribution of the 
zones of the various types of crystal. 

All these factors produce effects which must be taken 
into consideration in connection with all metals and 
alloys, and appear to be the most important of the 
general influences which modify the temperature 
gradients in a mass of liquid alloy, and so determine 
largely the resulting macrostructure. Some recent 
observations, however, mainly on brass specimens, 
have suggested that, in the casting of some metals and 
alloys, the rising of gases through the fluid metal in the 
mould during cooling may produce a marked effect on 
the ‘cries of at least a part of the resulting 
ingot. 

Such amounts of gas as are commonly evolved from 





many metals and alloys during solidification, would not 


prepared by the application of a coating or dressing, 
consisting of resin, oil, or mixtures of these, sometimes 
with the addition of charcoal dust. The introduction 
and development of these dressings has undoubtedly 
been entirely empirical ; it is clear, however, that the 
volatility of the coating material is one of its most 
essential features. On ignition of the coating by the 
molten brass first entering the mould, a large reducing 
flame is produced within the mould and around the 
stream of metal, giving the protection from oxidation 
necessary for securing good surface quality of the 
ingot. It is generally observed that the evolution of 
gases is sufficiently violent during the early stages of 
pouring to eject particles of molten brass from the 
mould, but appears to diminish rapidly before the 
mould is completely filled. 

An etched longitudinal section of an ingot of 70 : 30 





brass (12 x 6 x 1 in.) cast under these conditions in a 









































Fig. 5. 


were markedly different from the 
conception previously held. The 
process of ingot formation was 
found to be one of continuous 
displacement, the stream pene- 
trating the metal within the 
mould and displacing it upwards 
to the faces of the mould. An 
outer thin layer or “skin” of 
small crystals is formed from 
which columnar crystals grow 
inwards, their approach towards 
the centre of the ingot being 
constantly hindered by the pene- 
- tration of the stream of hot 

liquid metal through that region. 

At the end of the pouring period, 
there is, in the middle of the 
ingot, a mass of metal, most of which is very near 
its freezing point, probably containing solid crystal 
Particles derived from the surface of the metal, the 
surface of the stream or detached portions of den- 
drites, The tendency is, therefore, for crystallisation 
'o develop throughout this zone from independent 
centres, giving equiaxed crystals. Macrostructure is 
Pi partly governed by the physical characteristics of 
ker alloy, the effect of a temperature interval between 
quidus and solidus being to increase the tendency to 


ae 





Fig. 4. 





* . 
Woo munication from the Research Department, 
o Wan, 1, read before the Institute of Metals, London, 
' ednesday, March 12, 1930. Abridged. 
See ENGINEERING, vol. exxii, page 88 (1926). 
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be expected to have any important in- 
fluence on the type of crystal formed in 
any particular region of the ingot. It 
may be assumed that, since the gases are 
precipitated from a solution at liquid- 
solid interfaces, the growth of columnar 
crystals would be accompanied by the liberation 
from their extremities of small particles of gas, which 
would rise through the mass without any gross 
influence on the existing temperature gradients. The 
simultaneous release of a large number of gas par- 
ticles of sufficient volume to produce turbulence 
would probably only occur as the result of crystal 
growth from numerous independent nuclei in a region 
over which the temperature gradient is already small ; 
the structure having thus been predetermined, turbu- 
lence would be without important effect. While 
direct evidence on this point covering a number of 
alloys is not available, confirmation of the present view 
is given by some results from the work of Bailey* on 
unsoundness due to dissolved gases, in which it was 
found that, in 5 per cent. tin-bronze, cooled under 
conditions giving a wide range of solidification, the 
macrostructure of markedly unsound ingots from metal 
treated with hydrogen was almost identical with that 
of metal from which the dissolved gases had been largely 
removed by nitrogen treatment in the liquid. Thus itis 
probable that, generally, the evolution of dissolved gases 
is not an important factor influencing macrostructure. 
Exceptions are metals such as steel of the “‘ rimming” 
type, from which very large quantities of gas are 
rapidly evolved during soliditication. 

The observations described in the present paper refer 
to the structural effects of turbulence arising from 
gases evolved externally to the ingot by volatilisation 
of the mould coating or dressing. In the casting of 
brass ingots, for example, the mould is invariably 





* See ENGINEERING, vol. cxxv, page 366 (1928). 








cast-iron mould was examined. The ingot was poured 
in a single stream at a casting temperature of 1,100 deg. 
C.; the time taken to fill the mould was 12 seconds, or 
1-0 in. per second rise of the metal surface within the 
mould. The structure shown was variable, the 
characteristic features being (1) a mainly columnar 
region at and near the bottom of the ingot; (2) a 
mainly equiaxed fine structure in the top two-thirds 
of the length; and (3) a central zone of considerable 
thickness in which any unsoundness occurred as fine 
distributed contraction cavities (sponginess). 

When an ingot of the same composition was cast 
under the same general conditions, but without the use 
of a volatile mould coating, a structure of different 
character was produced. The main features were a 
considerable increase in columnar crystallisation, and 
general increase in crystal size, with entire absence 
of the fine equiaxed structure shown by the first ingot. 
Roughly the same types of variation occurred as in the 
former ingot, the lower end being more columnar than 
the remainder, and the unsoundness distributed over the 
comparatively narrow central zone of equiaxed crystals. 
Confirmation of the effects described above is given by 
an ingot in which both of the structures of the types 
shown in the first and second ingots are combined. 
This was produced by casting in a mould, only the 
upper half of which had been coated with volatile 
material (resin). A section of such an ingot is shown in 
Fig. 4, on this page. The upper half has the structure 
of the first ingot, and the lower half that of the second 
ingot. 

From a comparison of the two structures, it is clear 
that the effect of the gases evolved from the volatile 
mould dressing is to maintain turbulence in the liquid 
alloy over practically the whole period of cooling to the 
liquidus, and probably beyond that stage, over a 
considerable proportion of the ingot. At the bottom of 
the ingot, the gases from the dressing are evidently 
completely evolved at a comparatively early stage, and 
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the penetration of hot metal from the stream to this 
region is probably adequate to set up a considerable 
temperature gradient from centre to surface of the 
ingot, inducing the growth of columnar crystals. 
Elsewhere it would appear that the constant motion 
due to the rise of gases continues sufficiently long to | 
produce throughout the section a nearly uniform tem- 
perature, either near the liquidus, giving conditions 
under which alloys such as 70:30 brass, having a 
range of solidification, can form equiaxed crystals, or 
more probably below the liquidus, in which case | 
numerous nuclei would already be present. These 
may have been formed normally in the mass, or origin- 
ally have become solid in contact with the mould face 
and later projected into the liquid by the gases. The 
occurrence of a wide spongy region would be 
expected where solidification has been nearly simul- | 
taneous throughout a considerable volume of alloy. 

In the absence of the effects of a volatile material 
between the mould and ingot, the structure is of the 
type interpretable on general lines, showing the thin | 
layer of fine equiaxed “ chill’ crystals adjacent to the 
mould, the growth of columnar crystals from this layer 
through a relatively steep temperature gradient, and the | 
central region of equiaxed crystals produced by the | 
combined factors of range of solidification, inoculation | 
with solid particles, and temperature effects of the 
stream turbulence, as described in the opening para- 
graph. 

The relatively great length of the period required for 
the completion of the gas evolution from the mould 
dressing used in the casting of 70:30 brass may be 
further illustrated by a comparison of the two ingot 
sections shown in Figs. 5 and 6, on page 357. These 
ingots (12 x 6 x 1 in.) were cast from the bottom 
upwards, at a speed identical with that of the first two 
ingots. The ingot of Fig. 5 was cast in a mould 
having a volatile dressing, and that of Fig. 6 with a 
mould coating of inert material. The difference in | 








the metal in the mould. 


unchanged, as will be seen from the results obtained, 
which are collected in Table III. 


TABLE III.—Effect of Presolidi fication. 


UNSOUNDNESS IN BRONZE 
CASTINGS.* 


By Epwarp J. Dantets, M.Sc. 











THE manufacture of sound castings of bronze, par- | — Tensile El tion. 
ticularly the alloy known in Great Britain as Admiralty ane eee Y.| Strength. | “por sent. Treatment. 
gun-metal (copper 88, tin 10, zinc 2 per cent.), presents bg on 2 in. 
some considerable difficulty, and although many = 
articles dealing with the various aspects of the problem pe one a8 
have appeared in thetechnical Press of several countries, 8-58 17-10 16-0 joan melted and 
the real cause of many unsuccessful castings is still| 8-60 14-28 15°5 sacas 
often doubtful. In the present work an attempthas been | at a. ileal 
made to solve the problem in two ways namely: (1) by} —g..59 ane 27-5 }ez: presolidified, 
applying existing knowledge to the melting and casting | 8-57 17-19 24-0 remelted, and cast. 
of the alloy, and (2) by examining the effect of various | ane ape ie 
gases on small quantities of the alloy melted in small} 3:79 14.52 8-0 iitadiaidhe wie 
carbon or fireclay boats in a closed tube. An extensive| 8-70 14-21 8-0 \ and cast. | 
examination of the literature on this subject has been| 8°68 16-48 12-0 
made, and the experimental results obtained in the| —x.¢9 17-24 15-5 
present research have been examined in the light of the; 8-67 18-91 18-0 Virgin metals, pre- 
information so obtained, leading to a possible explana-| 8°65 18-56 16-5 solidified. 
tion of the phenomena observed. The experiments | dines actin a 











can be divided into two main groups: (1) The casting | 
of test-pieces from 20-lb. melts under various conditions! — Rate of Cooling.—In practice the rate of cooling, 
and the determination of the soundness and strength | the casting temperature being constant, depends upon 
of the bars. (2) The study of the effect of treatment the size and shape of casting being poured, and the 
with pure gases on small quantities of bronze contained | character of the mould if of sand, or its thickness if 
in a fireclay combustion boat. ,a chill mould; if the mould is always the same it will 

Erperimental Method.—Bronze of the composition | depend upon the casting temperature. The effect of 


| 88: 10 : 2 was made by melting together, in Salamander | casting temperature with constant mould conditions 


crucibles and under a thick layer of charcoal, virgin | is shown in Table IV. The effect of variation in the 
metals of high purity. =A coke-fired wind furnace was | rate of solidification obtained by casting at constant 
employed The materials used were :—Electrolytic temperature into metal chill and sand moulds is 
copper (99-96 per cent. Cu) as cathodes; electrolytic | shown in Table V. The sand mould referred to in 
zinc; and Chempur tin. The copper was melted first, | column 2 is illustrated in Fig. 2, whilst the chill mould 
the zinc added, and then the tin. When the whole | was an assayer’s button mould, made of copper, casting 
charge was well mixed it was withdrawn from the | 


furnace, cooled to the desired casting temperature, TaBLE IV.—Effect of Casting Temperature. 

















from the resin coating are visible. 











andecast into test-pieces, the moulds being of skin- | 
structure between the two bottom-cast ingots is as dried green-sand and formed as shown in Fig. 1, on | manslty seonsth. Elongation. Casting 
marked as was that between ingots 1 and 2, showing | page 359, for casting six pieces, or as in Fig. 2 when) Gm. per ce. | Tons per = bac Tomperatere, 
that, during the filling of the mould, the rate of volatili- | only two test-pieces were to be cast at one time. The sq. in. : sha 
sation of the coating is slow compared with the rise of | specimens were allowed to cool in the sand overnight, | 

and after density determinations had been made, they | 8-42 12-08 5-4 1,300 

With increase in the cross-section of the ingot, the were machined to B.E.S.A. standard 0-25 sq. in. | 2 ae as hen 

time required for the mass to fall in temperature to the | section and tested for tensile strength and elongation. | 8-63 17-88 20-5 1100 
freezing point is lengthened, and the production of | For studying the influence of pure gases on bronze, | 
gases by the mould coating is spent at a correspondingly | an electrically-heated tube furnace was used, the oe 
earlier stage. In the case of 70:30 brass cast at | metal being melted in a fireclay combustion boat and | Taste V.—lffect of Chilléng. 
1,100 deg. C., an ingot 2 in. thick showed the effect toa cooled at any desired rate, after gas treatment, either | Density. Gm. per c.c 
slightly less degree than in ingots 1 in. thick, and with | by adjustment of the current in the heating element or | wit senile 
increase in thickness to 6 in. the structure was of the | by moving the silica tube relative to the heating ele- | Metal. Chill-Cast 
normal type, showing no effects of the operation of | ment. In all cases temperatures were measured by | Bc se (Copper Button 
additional factors. A transverse half-section, 6 in. | means of a platinum/platinum-rhodium thermo-couple | saakcataaated Mould). 
from the top of this last ingot, is shown in Fig. 7, on | calibrated on a Cambridge portable millivoltmeter. The | 
page 357. This ingot was cast in a mould prepared | casting temperature should be taken as 1120 deg. C. un- | Copper .. 6-81 8-47 
with a coating of resin, but no effects due to gases less otherwise specified. The densities of the test-pieces | _,, 7-05 8-10 

| were determined by weighing in air and water at| ~» re 94 rie 

Conclusions.—Some observations have been described | T0om temperature, giving the density compared with; |" 8-32 8-84 

which indicate that when an ingot of small thickness is | Water at 15 deg. C. approximately. The small ingots | Capper plus 2 per cent. sine. . {8:35 8-78 
cast in a mould prepared by the application of a | produced in the boat melts were weighed in air — teil ee me < eae He 


coating or dressing of volatile material, the macro-|in water at known temperatures with counterpoise 














structure is considerably modified by the turbulence 
resulting from the evolution of gases between the mould 
and the liquid metal. This additional factor must be 
taken into consideration in connection with a wide 
variety of alloys commonly cast by such methods. 
During the casting of an ingot, the mould dressing 
progressively commences to volatilise rapidly as the | 
level of liquid metal rises in the mould, the gas pro- | 
duced issuing through the metal and maintaining | 
turbulence. In the lower portions of the ingot, the | 
gases are completely evolved at a relatively early stage, | 
and solidification is largely finally governed by such | 
factors as penetration of the hot stream and range | 
of solidification of the alloy. The degree to which this 
region is modified by the presence of a volatile coating 
will thus be dependent, to some extent, on the length of 
the ingot. In the upper portion of the ingot, where the 
coating commences to volatilise at a later stage in the 
casting operation, the evolution of gases may continue 
to produce turbulence, and consequent uniformity of 
temperature, until the freezing point of the alloy is 
reached and solidification has commenced at various 
points throughout the section. The resulting structure 
is finely equiaxed, ana any contraction cavities may be 
dispersed through a relatively wide area. Since the 
effect is largely dependent on the time required for 
volatilisation of the coating, its influence on the 
structure will vary according to the relation between the 
period of volatilisation and the time taken by the ingot 
section to cool to the freezing point of the alloy. The 
effect will therefore be governed by the properties and 
amount of the mould coating used, and by such factors 
as casting temperature, rate of pouring, and size of 
ingot section. Increase in either of these factors, 
particularly in size of ingot section, will act in the 
direction of reducing effects due to the volatile mould 








suspension and the density figures corrected to metal 


at 0 deg. C. and water at 4 deg. C. (point of maximum 


| density). 


When the bronze was simply melted and cast, using 
either virgin or scrap charges, the results shown in 
Table 1 below were obtained. The opinion is largely 
held that the addition of small quantities of phosphorus 
and manganese to copper and its alloys results in 


a button 2-5in. in diameter. Thus the size of a casting, 
|its general thickness, and the type of mould, green- 
sand, dry sand, or metal, will determine the best casting 
temperature to use. 

Effect of Furnace Atmosphere.—To study the problem 
two lines of attack were used : (1) Melting and solidifying 
50 gm. charges in a stream of gas, using the electrically- 


increase of soundness. The effect of adding these | peated tube furnace referred to above in the section 
elements to Admiralty bronze and also that of passing | pended “ Experimental Method.” (2) Melting 10-Ib. 


. . : i ditions of 
TABLE I.—T ypical Results on Simple Melting and Casting Sag eri 9 ae tan spi was & 


1,120 deg. to 1,150 deg. C. 1 , 
mati stan = | modification of that used in 1873 by Hampe in his 
| classical experiments on copper. The weighed sample 








. Elongation. 3 ? 
a. ee ee | te cent. On Charge. _| contained in a fireclay combustion boat was melted 
Mm. per ¢.¢. Se aan 2 in. | in a stream of the gas, the effect of which it was desired 


| to study, and by adjusting the heating current or the 
| position of the boat relative to the heating element 





8-74 18-84 + ; er, the metal could be solidified at varying rates. The 
8-62 16-99 16-0 ” ases used were obtained from cylinders and dried by 
8-63 17-88 20-5 Uy es «. acids before 
8-63 18-33 16-75 bubbling through sulphuric and chromic acids 

8-70 15-53 10-8 29 | entering the furnace. : 
oe —— ea! oe From the results obtained it appeared that both nitro- 














gen and carbon dioxide acted asneutral gases with respect 


* 2S ble 
i i to Admiralty gun-metal, and that, after all th« solut 
nitrogen (a neutral gas) through the molten alloy in an gases had been swept out, the metal solidified quite 


attempt to sweep out the gases causing unsoundness, : “11 carbon 
were investigated. No striking improvement was | Sound, even after it had anger See gpl ‘ttle, 
obtained as a result of these additions, whilst treatment | dioxide for 100 minutes, thus Indicating i carbon 
with nitrogen further led to large loss of zinc. if any, —— action se peg 10:2 
Presolidification.— By “‘ presolidification ’’ is under- pal es ee se to be 8-88, and this 
stood the slow solidification in the crucible of a metal | ® 4 “i re which has been used in calculating the 
or alloy followed by remelting and casting in the pes ae _.. os of castings 
usual manner. Gun-metal subjected to this treatment o~ oe oe  E in the case of hydrogen 
. . . . . * Ww rs . ’ 2 
has improved tensile properties, but its density remains (which is soluble in liquid copper-tin alloys, iat pro- 


* Paper read before the Institute of Metals, London, | bably not in the solid alloys to anything like amg 








coating. 








on Wednesday, March 12, 1930. Abridged. extent), variations in the rate of solidificatio: 
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influence the density. To test the point the experiments 
detailed in Table VII were made, the rate of solidifica- 
tion being determined by taking temperature readings 
every 30 seconds during the cooling. Graphite boats 
were used in all melts except V, X, and AC in which a 
fireclay boat was used. When the metal is saturated 
with hydrogen and allowed to cool in that gas, the 
resulting ingot may or may not be sound. If the time 
taken to cool through the solidification range is 14 
minutes to 47 minutes (or probably even longer), the 
ingot is sound. If the time of solidification, however, 
is between 4 arid 1-25 minutes, the ingot is quite 
unsound. If a correspondingly rapid rate of solidifi- 
cation is employed, in nitrogen or carbon dioxide, 


Fig.1. 





Fig.2. 
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x 100. 


Fie. 6. OxrpisEp ARBA. 


means of hydrogen, but is quite unlike that obtained 
in commercial casting, in which the holes are generally 
much smaller. y 

The results when carbon dioxide is passed through 
the tube furnace, the metal being contained in a 
graphite boat, are givenin Table VIII. At 1,150 deg.C., 
the carbon dioxide and the carbon of the boat react 
to give relatively pure carbon monoxide. Ingots O 
and AA showed numerous oxide films on micro- 
examination, but no blowholes. Further experiments 
with a 10 per cent. copper-tin alloy in carbon boats, 
using carbon monoxide prepared by the action of 
sulphuric on formic acid, gave similar results, densities 
varying from 8-67 to 8-85 being obtained. Examina- 
tion of the specimens showed that in no case were any 
blowholes present, but that, whenever the density 
was low, the metal contained numerous oxide films. 
It is concluded, therefore, that the low density was 
due to oxide, and not to carbon monoxide, since when 
oxygen was absent the ingots were perfectly sound, 





Fig. 4. 
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Fic. 7. UNsSoUNDNESS IN BRONZE CASTINGS. 


the ingots are perfectly sound. The type of unsound-|as B, D. A typical oxidised area in specimen S§ is 
ness obtained with hydrogen is shown in Fig. 7 on | shown in Fig. 6 annexed, at a magnification of 
this page, which represents sections of ingots E, N,| 100 diameters. In view of these facts it must be 


TaBLe VII.—Effect of Rate of Solidification in Taste VIII.—Rate of Solidification in Carbon 





























Hydrogen. Monoxide. 
| Time of Time of . | 
Time of 
| Treatment Mark. Treatment. , | Density 
Mark. | ’ Time of A ; Solidification. | 
| vay Gas. Solidification. Density. | Minutes. 
| Minutes. { 
ee min. sec 
r B 10 14 0 | 8-887 
= | min. sec. D 25 14 0O | 8-888 
x | 20 CO2 0 62 8-88 a) 20 1 55 8-72 
. | 20 CO2 0 57 8-87 | P 20 0 29 | 8-64 
20 Ne 8-91 | T 20 0 32 ee 
= 20 No 0 56 8-87 | 8 20 0 35 | 8-74 
30 Ho 47 0 8-898 | AA 20 1 12 | 8-76 
2 = He 30 0 8-888 | 
; 2 9 0 8-893 | . 
- 6 30 He 16 0 8-907 | concluded that carbon monoxide acts as a neutral gas 
Nn | = i ” P z = | towards bronze. 
- 30 Ho 1 45 7-95* | In both copper and bronze, hydrogen gas alone is 
x 30 Hp 1 35 8-04* | capable of producing unsoundness, which increases 
— | with increase in rate of solidification, and which can 





ore 8¢ figures are probably somewhat high as the blowholes | be avoided entirely by sufficiently slow cooling. Com- 
tein on to the surface in many cases, allowing water to pene- | mercial unsoundness, on the other hand, in both 
Tate the metal during the final density weighing. *. enn 

We é | copper and bronze is decreased by chilling (see 
4 and M. Ingot E is perfectly sound (rate 16 minutes). Table V), and at the same time the blowholes are 
~ne others show holes of the same type as are formed! generally quite small and spherical, whereas the 








and in copper are large and irregular in shape. The 
type of unsoundness occurring in commercial copper 
has been reproduced by Allen, by casting copper 
containing small quantities of oxygen and hydrogen. 
The quantity of hydrogen necessary to give this effect 
was found to be quite minute and could not be removed 
by inert gases, although, if oxygen were absent, treat- 
ment with inert gases before casting enabled sound 
ingots to be obtained. 

Allen found that carbon monoxide was a suitable 
inert gas for copper, and experiments have shown that 
it is also inert to bronze. He obtained a typically 
practical unsound casting of pure copper, by treat- 
ing cathode copper with carbon monoxide at 1,150 
deg. C. for 1 hour, and then casting (in the same 
atmosphere) into a warm steel mould, the copper 
entering the mould through a silica tube lined with 
copper oxide, which was picked up by the metal in its 
passage along the tube. If the tube were clean and 
no oxidation of the metal occurred, the casting was 
perfectly sound. Bearing in mind the similarity of 
results obtained with copper and bronze, detailed 
above, it was not unreasonable to suppose that a 
| similar state of affairs might exist with bronze. Accord- 
| ingly this experiment was repeated in Allen’s furnace, 
| with a bronze containing 10 per cent. tin. No zine was 
| added, as contamination of the furnace was undesir- 
jable. The ingot produced had a density of 8-28 and 
| showed small globular blowholes and oxide streaks. 
|The unsoundness of this casting was typical of that 
| found in practice, and it suggested that the presence 
of both hydrogen and oxygen in molten bronze may be 
the factor which determines the production of unsound- 
'ness in practice. This seems to offer an explanation 
of the following results obtained by melting in 
varying furnace atmospheres and casting into sand 
moulds. 
| Furnace Melts.—In these experiments, designed to 
study the effect of varying furnace conditions on the 
soundness of cast bronze, 20-Ib. charges were melted in 
two distinct types of fire. First, a ‘‘ reducing fire,” in 
which the furnace hole was kept full of coke and the 
| damper opened just enough to draw the products of 
'combustion into the flue. Second, an “ oxidising 
fire,” in which the fuel bed was kept as thin as possible 
and the damper maintained full open, so that there 
was excess air passing through the fire. (Bamford and 
Ballard have found over 1 per cent. of hydrogen in 
the furnace atmosphere 10 minutes after re-stoking). 

In order to determine the unsoundness of the cast- 
ings, the specific gravity was determined by the method 
of Archimedes and corrected (reducing the figures 
0-02 compared with previous ones) for temperatures 
of determination and then the percentage of voids 
calculated, using the following figures for the maximum 
density of the various alloys. 








Density of perfectly sound copper wae --» 8-942 
a fe »» ,copper-zine (2 per cent. 

Zn) ... ne weg 
copper-tin (10 per cent. 

SM) 00 ees --- 8-90 
copper-tin-zinc (88:10:2) 8-88 
The first two of the above figures are due to Norbury, 
and the last two were obtained from the melts in 
carbon dioxide and nitrogen described above. 

The results obtained for the 88: 10:2 alloy, cast 
in skin-dried green-sand moulds (as in Fig. 2), indicated 
that the furnace conditions during melting of the 
alloy could be adjusted to give castings with a high 
degree of soundness, or vice versa. For example, the 
density of metai melted, when the fire condition was 
partially oxidising, was 8-5, while that of material 
melted under oxidising conditions was 8-77. At the 
same time the “ oxidising’’ condition did not lead to 
low results in the tensile test. Metal melted under 
oxidising conditions gave a tensile strength of 19-71 
tons per square inch, and an elongation, on 2 in., of 
28-5 per cent. Corresponding figures for metal melted 
under partially oxidising conditions were 15-35 and 
16-35 tons per square inch, and 20 per cent. More- 
over, better results were obtained by simple melting in 
an oxidising atmosphere than by presolidification 
of the metal in a partially oxidising atmosphere, 
although, compared with simple melting in a partially 
oxidising atmosphere, presolidification resulted in 
increased soundness. ‘The influence of this change 
in fire conditions on pure copper was found to be 
negligible, and the results also showed that the addition 
of tin to zinc does not render copper perfectly sound, 
i.e., does not remove Cu,O completely. 

It is reasonable to expect that Allen’s theory, that 
unsoundness in copper is due to the reaction between 
oxygen and hydrogen (which he has supported with 
considerable experimental data), can be extended to 
cover the case of bronze. The fact that copper and 
bronze do not behave in a similar way with respect to 
variations in furnace atmosphere renders a modification 
of Allen’s theory necessary, before it can apply to 





im copper which has been rendered unsound by | cavities produced by pure hydrogen in bronze (Fig. 7) 


bronze. The theory developed by Allen is based on the 
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formation of steam from hydrogen and copper oxide 
absorbed in molten copper. 


H, + Cu,O=—H,O+2Cu . o aay 


In bronze, however, the CugO is in equilibrium with 
tin and zinc according to the equations (2) and (3). 


30-TON ELECTRIC STEEL-MELTING FURNACE. 


CONSTRUCTED BY MESSRS. WATSON’S (METALLURGISTS), LIMITED, SHEFFIELD. 





2Cu,0 + Sn=—8n0,+4Cu . « 2) 
Cu,O + Zn=—=Zn0+ 2Cu_.. . (3) 


But SnO, is assumed to be practically insoluble in 
molten bronze (2), and sois ZnO. If these assumptions 
are allowed, it will follow that their active masses in 
the liquid metal are constant. And, since copper, tin, 
and zinc are constant, Cu,O should theoretically be 
constant and independent of furnace atmosphere. 

The relationship between the Cu,O and H, in equi- 
librium in molten copper at a constant temperature is 
shown in Fig. 4 (after Allen) when the atmosphere 
surrounding the metal is constant (this follows from 
the Distribution Law). If the quantity of water vapour 
in the furnace atmosphere is low, the curve will assume 
a position such as O in Fig. 5, and will be displaced to, 
say, position R (Fig. 5) if the atmosphere is high in 
water vapour. These two curves, O and R, can be 
assumed to represent the conditions with a thin 
coke fuel bed (O) and a very thick fuel bed (R), since 
coke often contains appreciable quantities of moisture. 

But the assumptions made with regard to bronze 
fix the Cu,O independently of variation in atmosphere. 
Let the quantity be represented by X in Fig. 5. Then 
with the two atmospheric conditions under discussion, 
the quantity of hydrogen in equilibrium in the molten 
bronze will be Y for ‘‘ reducing fire ” and Z for “‘ oxidis- 
ing fire,” ; in other words, there is more hydrogen to 
form water vapour in case R than in case O, and there- 
fore an “‘ oxidising ”’ fire will give less unsound metal 
than a “reducing” fire. At the same time there is 
possibly free hydrogen in the atmosphere of the reduc- 
ing fire, which would tend to increase this effect. It is 
possible that an explanation of the behaviour of bronze 
on melting and casting in the foundry will be found 
along some such lines. 

Conclusions.—The observations of Karr and Rawdon, 
and Carpenter and Elam, with regard to the relation- 
ship between casting temperature and unsoundness 
of bronze have been confirmed. Variations in casting 
temperature affect the rate of solidification, other 
conditions remaining constant, and similar variations 
in rate of solidification, obtained by constant casting 
temperature, into moulds of different materials, also 
affect the density of the castings in the same way. 
Nitrogen, carbon dioxide, and carbon monoxide have 
been found to be neutral towards bronze. Hydrogen 
is capable of causing unsoundness in bronze at certain i 
rates of solidification, and this unsoundness can be 
suppressed by treatment with neutral gases. It is ; : : 
possible that normally occurring unsoundness is due | 20d magnesite. The necessary electrical energy is 
to the combined presence of hydrogen and oxygen | supplied on the three-phase system at a low voltage, 
in the molten bronze. It is different in character | two of the phases being connected to the upper carbon 
from that produced by hydrogen alone. Improvement electrodes, and the third to the bottom of the hearth. 
in density of sand-castings can be obtained by melting | In the particular furnace we are describing, the bottom 
in a pot-furnace with a thin fuel bed and good draught, | electrode can also be connected to the neutral of the 
compared with melting in a very thick fuel bed and | System, in which case heat is only supplied to the top 














anything like the same extent. Degasification with | employed, with the important result that convection | 


nitrogen, deoxidisers, and presolidification gave | currents are set up in the molten metal, and constant 
negative results as far as improvement in density was circulation and a uniform product thereby secured. 


concerned, but presolidification seems to increase the | It also obviates the need for mechanical stirring. It | 


|may be added that the outside of the furnace bottom 


strength of the metal. ‘ : “Sige 
| remains cold, so that little or no heat is lost, while it 








ensures a particularly long life for the furnace linings 
without causing an out-of-balance load. 


30-TON ELECTRIC STEEL- 
MELTING FURNACE. 


furnaces is accompanied by the same advantages as | the furnace in order to reduce the copper costs and 
when this system is employed in other branches of | energy losses. To provide against damage from the 
industry, namely, ease of control, regularity in the | short-circuits which must inevitably occur during the 
composition of product, and a minimum of waste from | melting process, arrangements are made so that the 
throw-outs. From the metallurgical point of view, it | short-circuit current of one electrode traverses two 
possesses the further benefits that the metal is not in| transformers. These transformers are connected in 
contact with the products of combustion of carbon- | series, but their phase angle is different, with the result 
aceous fuel, that the —s loss is very small, that | that they exert a buffer effect owing to the momentary 
the charge, which can be :uade of cheap base materials, | lowering of the power factor. This, in combination 
can be refined into a steel of good quality, and that | with the high resistance of the hearth, considerably 
the product is purer than that obtained by any other | reducing the effects of the short-circuits without 
method. It is not surprising, therefore, that electric | lowering the power factor under normal conditions. 
heating is being more and more widely employed, or| Current regulation is, to a large extent, effected by 
that the sizes of the furnaces in use are constantly | raising or lowering the electrodes. This operation is 
increasing. | carried out by a motor through ordinary lifting mechan- 
As an example of this, we may mention a 30-ton | ism, automatic regulation of the motor being provided 
furnace which has recently been constructed by Messrs. |so that the heating current is maintained constant. 
Watson’s (Metallurgists), Limited, of Lancaster-street, | In addition, the voltage across the arcs can be varied 
Neepsend, Sheffield. This furnace, which we | 80 that it is high during melting and low. during 
illustrate on this page, is operated on the Greaves- | refining, while the proportion of the heat generated 
Etchells system. A special feature of this is that | above and below the bath can also be regulated over 
the heat is applied both above and below the bath, | a wide range. 
in order to obtain an even temperature through-| Tilting is also effected by an electric motor, and 
out the mass of molten metal. The hearth lining, | as the furnace is arranged so that its centre of gravity 
which is 20 in. thick, is constructed mainly of dolomite | falls just below the centre of radius of the rockers 











|is claimed that the system of electrical connections | 


| The jigh-tension supply is stepped down in} 
TuE application of electric heating to steel melting | delta-star transformers, which are installed close to | Bigs 
further expanded in a larger chamber, which is 
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in any position, there is a minimum of wear and 


tear on the gearing. Both the tilting system and 


the electrodes are protected by limit switches, so that 


all risk of damage is eliminated. 
The electrodes are fitted with economisers, by means 


of which, it is stated, their consumption per ton of 
steel melted can be greatly reduced. These economisers 


poor draught. This is not so with pure copper to|0f the bath. Normally, however, bottom heating is | consist of essentially a cooling ring, which reduces 


the temperature of the gases so that they do not 


‘ignite as they escape into the air. The burning of 


the electrodes from this cause is therefore prevented. 
This ring also serves to keep the roof portholes and 
the electrode itself cool, so that the temperature 1s 
still further reduced. The gases first of all pass 
between the electrode and the porthole, and then 
through a clearance in the cooling ring into a relatively 
large chamber, where they expand and give up a large 
amount of their sensible heat. This heat is absorbed 
by the water in the cooling ring. They are then 


surrounded by a thin cover. This cover further 
dissipates the heat, so that the gases escape into the 
air at a comparatively low temperature. The result 
is that not only is electrode wear much reduced, 
but there is less tendency to taper, and the current 
density is therefore the same throughout. This has 
the further advantages that breakages of the electrodes 
and connecting nipples are less likely to occur. 








Worxine Drawines oF Castincs.—Messrs. Dorman, 
Long and Company, Limited, Middlesbrough, have 
recently issued a bound collection of some 50 fully 
dimensioned working drawings of products in the way 
of castings, which should prove more than usually 
valuable owing to the completeness of the information 
and particulars given. The drawings illustrate a \ ariety 
of parts used in iron and steel works, such as ingot 
moulds, bell hoppers, slag ladles, coke oven and tarmeee 
doors, fittings for blast furnaces and Cowper stoves, a 
drilling machines, pulleys, plummer blocks, plug coc . 
&c. The firm’s foundries have a capacity for individua 
iron castings up to 20 tons in weight and an output 
capacity of 350 tons per week, and of non-ferrous castings 
at the rate of 2} tons per week. Copies of the book = 
available for firms who are regular purchasers of such 
material. 
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SIXTH REPORT OF THE STEAM- 
NOZZLES RESEARCH COMMITTEE.* 
(Concluded from page 298.) 

Ir has become apparent that the efficiency is affected 
by the shape and size of parts of the apparatus other 
than the nozzle itself, and particularly by the shape 
of the nozzle-box, and by the conditions at the entrance 
to the nozzle. For a strictly conclusive test, it would 
be necessary that the dimensions of all such parts 
should be varied in accordance with the size of the 
nozzle. This requirement cannot usually be fulfilled. 
A further error may be introduced by the necessity for 
the use of widely different numbers of openings in the 
nozzles. In the tests now under discussion there 
were two openings in the 2-in. box, four in the 1-in. 
box, and twelve in the 3-in. box. It may be possible 
that the use of as few as two channels in the 2-in. 
nozzle may make its manner of operation appreciably 
different from that of the 1l-in. and %-in. nozzles. A 
consideration of these points and of the tests that were 
carried out led to the conclusion that further endeavours 
would still not reduce the conditions for the different 
size nozzles to the same standard, and the intention of 
obtaining some knowledge of the influence of dimen- 
sion only on curved-nozzle performance has had to be 
set aside, but the results on the 2-in. nozzles, which 

had not previously been tested, are given here. 


Fig.19. TWO-INCH PARSONS NOZZLE 
one 414"--—--> 
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The details of the new nozzle-box are shown in 
Fig. 19. It consists of division plates formed of 
standard Parsons blading, of steel finished by grinding, 
separated by distance-pieces and mounted in a mild- 
steel nozzle-box. The height of each channel was 
maintained at 2 in., but the number of channels used 
had to be varied, in order to keep the rate of discharge 
of the steam within reasonable limits. In this 2-in. 
assembly only two channels could be used, giving a 
total cross-sectional area at the throat of approximately 
1:8 square inches. To maintain the conditions at 
entrance to the nozzles the same in all cases, it was 
decided to employ a rounded form of entrance such as 
had been found advantageous in connection with 
the large-radius impulse nozzles. The new nozzle- 


pipe, made for the 2-in. reaction nozzles, was shaped 
S80 as to provide a curved surface of #-in. radius along 
each side of the entrance to the nozzle, in a similar 


fashion to that shown for the impulse nozzles in Fig. 16, 
on page 297, ante. 

In Fig. 19, an additional piece of metal is shown fixed 
to the end of the nozzle-box. This was added after 
the nozzles had been assembled, to imitate a similar 
Projection which was present in the 1 in. and #-in. 
nozzle-boxes. In those cases it formed an integral 
Part of the box. The 2-in. nozzle was tested both with 
and without this added piece, and slightly different 


curves were obtained, showing that the projection, 
ee 





=. Presented at a meeting of the Institution of Mechanical 
ngineers on Friday, February 21, 1930. Abridged. 





though not directly in the path of the steam jet, exerts 
a small adverse effect upon the efficiency of the nozzle. 
The nozzle-box was set in the tester at an angle of 
184 deg., as was the case with the two smaller nozzles. 
The test results of the new 2-in. nozzle-box are shown 
plotted in Fig. 20, Curve 63. The broken line is that 
obtained without the detachable end-piece above 
mentioned. The addition of this piece diminishes the 
velocity coefficient at all speeds above 600 ft. per 
second, to the extent of a little over } per cent. At 
low speeds the curve rises, but not so rapidly as in the 
case of the l-in. nozzles, though the values of the 
velocity coefficient are in both cases much the same. 
A noticeable feature of the new 2-in. curve, however, 
is the fact that there is no continued fall in the coefficient 
as the steam speed increases, but after 1,000 ft. per 
second, the curve rises again, attaining a maximum of 
95-4 per cent. at a speed of about 1,500 ft. per second. 
This rise in coefficient with increasing speed was not 
obtained previously with either the l-in. or the #-in. 
reaction nozzles, except in the early 3-in. tests, when 
the results obtained were undoubtedly influenced by 
the bad entry to the nozzles. 

Summary.—The work of the Committee has consisted 
of a series of measurements of the efficiencies of various 
forms of steam-nozzle, with a view to the determination 
of the efficiency values to be expected in certain 
representative types, both of straight and curved 








should be close together and separated only by an 
edge of metal. Otherwise, a region of reduced pressure 
is formed between the jets, which is a cause of instability 
and deviation in the direction of the jets and of an 
additional and unnecessary loss of energy. 

In an interesting digression, in order to compare 
curved practical nozzles with others of more simple 
shape, tests have been carried out upon a number of 
straight nozzles of various kinds. These tests gave 
efficiency values superior to those of the curved nozzles, 
and further research into the parts played by surface 
roughness, entry conditions, and channel curvature 
has followed. Tests of straight nozzles with artificially- 
roughened surfaces indicated a loss of efficiency of up to 
6 per cent. in the worst cases from this cause. A com- 
parison of two geometrically similar nozzles, of 4 in. 
and 1% in. diameter, respectively, showed no appreciable 
difference in velocity coefficient. A series of con- 
vergent nozzles of constant length and throat area, but 
with differing shapes of cross-section, gave energy 
efficiencies of the order of 98 per cent., and showed 
that, in nozzles of this type, the efficiency is hardly 
affected by the shape of cross-section. With parallel- 
side nozzles having a sharp corner at entrance, there 
was a difference of efficiency in favour of the nozzles of 
least perimeter. 

To determine whether the results of the tests, which 
are normally made with the nozzles discharging into a 
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nozzles, and of the investigation of the changes in 
efficiency which accompany certain specific variations 
in the shape and size of the nozzle, and in the condition 
of the steam passing through it. A form of testing 
apparatus has been constructed which has proved to 
be capable of giving reasonably accurate measurements 
of the efficiency of any usual form of steam-nozzle over 
a range of steam speeds from 300 ft. to 2,000 ft. per 
second, and which is suitable for general use in nozzle 
testing. Special attention has been paid in these tests 
to the more practical forms of nozzle. 

Apart from the original intention of efficiency testing, 
a subsidiary departure into efflux angle measurement 
yielded results of sufficient importance to justify a 
separate line of investigation. The results obtained in 
this field, though not pursued as far as their practical 
interest warrants, have revealed important facts in 
regard to the phenomena of stability of operation and 
variability of discharge angle in the flow of steam 
through nozzles. The tests of various types of impulse 
and reaction nozzles have shown no serious diminution 
of efficiency as the steam speed is reduced. On the 
contrary, there is in many cases a considerable improve- 
ment at speeds of less than about 600 ft. per second. 
The knowledge that there is no inherent disadvantage 
in the use of low steam speeds in nozzles has doubtless 
been a factor contributing to the general reduction of 
the steam speeds to be found in recent turbine practice. 

The effects of varying throat length, discharge angle 
and plate thickness have been investigated for impulse 
nozzles of the cast-in plate type. The use of long throats 
is detrimental to the efficient functioning of nozzles. 
The effect of throat length is apparently connected with 
the discharge angle of the nozzle, being much more 
pronounced in 20-deg. nozzles than in those of 12-deg. 
angle. The use of thick division plates produces an 
appreciable percentage decrease in the efficiency, but 
this disadvantage may be overcome almost entirely by 
suitable chamfering of the plates at the downstream 
edges. In 0/1 throat nozzles with thin or suitably 
chamfered thick plates, there appears to be little 
difference in efficiency, on the average, between nozzles 
of 20 deg. and 12-deg. discharge angle. With long 
throats, however, the 20-deg. nozzles are considerably 
the more efficient. 

The presence of solid surfaces in any position in the 
immediate neighbourhood of the steam jet, where they 
may impede the circulation of the steam between the 
nozzle and the impulse plate, has an adverse effect 
upon both the stability of operation and the apparent 
efficiency of nozzles. It is, therefore, advisable to 
remove, as far as possible, any extraneous material 
from the vicinity of the jet, and to allow it to issue in 
as free and unobstructed a manner as possible. Where 
steam emerges from two or more channels in close 


1 
Theoretical Velocity of the Steam -Feet per Second 





proximity, it appears essential, for the highest efficiency, 
that the openings on the downstream side of the nozzle 
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space where the pressure is approximately atmospheric, 
could be considered as applying equally to other 
pressure conditions, a number of nozzles have been 
tested with a back pressure of 60 lb. per square inch 
absolute, or four times the usual value. Though the 
accuracy of the testing was somewhat reduced under 
the changed conditions, the large alteration in pressure 
should have been sufficient to bring into prominence 
any marked tendency of the efficiency to vary in 
accordance with the steam pressure. No change in 
the efficiency could, however, be detected, and it was 
concluded that the rate of change of efficiency with 
alteration of steam pressure must be very small 

Three nozzles have been tested under varying condi- 
tions of steam temperature. In two cases, an increase 
of temperature of an average value of about 30 deg. C. 
decreased the efficiencies, more particularly at low 
values of the steam speed. In the third case, an 
increase of about 130 deg. C. gave an increase of 
efficiency at the higher speeds only. Though the effect 
is by no means negligible, and is not completely 
understood, it appears that any alteration of efficiency 
with steam temperature is not sufficiently great to affect, 
to any large extent, the amount of the gain which is 
known to be obtainable from the use of high-tempera- 
ture steam in turbines, as the result of considerations 
other than that of nozzle efficiency. The efficiency of 
a curved nozzle is also dependent upon the value of 
the radius of curvature of the mean path of the steam, 
the effect of increasing the radius being to raise the 
efficiency over the range of speed which would normally 
be employed in such nozzles. The amount of the improve- 
ment is not constant, but depends on other factors, 
being least for a large-angle long-throat nozzle, and 
greatest with short throat length and small discharge 
angle. In the nozzles tested, which had cast-in division 
plates of uniform thickness, the average increase in 
velocity coefficient brought about by doubling the 
radius of curvature of the plates was a little less than 
1 per cent. 

The manner in which the steam approaches and 
enters the nozzle appears to be of considerable import- 
ance in regard to the reduction of energy loss. In this 
connection, the effect of removing sharp edges at the 
entrance to nozzles has been studied for both straight 
and curved forms. In the former, improvements of up 
to 20 per cent. in the efficiency were found when the 
entrance corner was rounded off in the form of a 
circular are of %-in. radius. The increase of efficiency 
resulting from the rounding of the corners at the sides 
of the entrance to a 20-deg. curved nozzle to a radius 
of 3-in. was about 1 per cent. In a 12-deg. curved 
nozzle, the improvement was so small that it could not 
be detected. Tests on the effect of roughened, as 
compared with smooth, radiused entries to straight 
nozzles have indicated a reduction of the velocity 
coefficient of about 1 per cent. in cases where the 
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FUSION-WELDED JOINTS FOR HIGH 
TABLE 1.—Relative Strengths of Various Forms of Joint. 
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Test No. of . 
“aie ee ™ per Resnashe. Zales | Form of Joint. = Des Remarks. 
1 Non-reinforced butt weld. 100 — 7 | Double butt straps. 120 Ditto. 
Geis a it 
4 Ai 
| ee 
2 | Lap weld with single fillet. (Subjected | 50 ¥ to oy plate 
to bending.) or circular seams. 8 | Joggled lap ioint. 133 | 2 not less than 24¢, 
Quite unsuited for ogel PJ a Only suitable for 
: A ~ - longitudinal seams * ate i a : longitudinal seams 
* — of pressure vessels. nance -— of pressure vessels 
when ¢ does not 
exceed }-inch. 
3 | Single butt strap. 50 Ditto. 
y | A ~ 9 | Joggled lap joint. 133 Ditto. 
2 I .—* : 
4 | Lapweld. (No bending.) 60 | This is equivalent 
to a lap-welded 
Bar! Ne circumferential 
—— aoe 7 pane of which 10 | Butt weld with single strap of half the | — | An unsatisfactory 
N= 4 4 I ani alec i plate thickness. form of joint. 
— 4 Bending _ stresses 
" b Ye are introduced and 
— tt GH + — complex _ stresses 
5 Lap weld with two fillets. (Subjected | 100 
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not less than 3¢. 
Only suitable for 
longitudinal seams 
of pressure vessels 
when ¢ does not 
exceed }-inch, 
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6 | Half-lap joint with two fillets. (No | 120 
bending. 


Not suited for longi- 


set up at the fillet 
welds, with the re- 
sult that the strap 
only increases the 
strength of the 
joint inappreci- 
ably above that 
of a plain butt 
weld. 
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1l_ | Butt weld with single strap of full plate {120 {An 
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recommended for 
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roughness in the bore of the nozzle is not too pronounced. 
In cases where the bore is exceedingly rough, the condi- 
tions of entry are overshadowed, so far as roughness is 
concerned. The importance of good entrance conditions 
is definitely established, both in straight and curved noz- 
zles, as a feature of great moment in efficient nozzle flow. 

With the presentation of this Report, the Committee 
brings to an end a research which has extended over 
a period of eight years. The objects of the inquiry 
may now be said to have been attained, and much 
supplementary work has been undertaken in extension 
of the original programme. These tests of steam- 
nozzle efficiency have demonstrated the utility and 
reliability of the impulse method of testing, and have 
shown that, by its use, results of practical value in the 
design of steam turbines may be obtained. The 
Committee has seen, with satisfaction, the adoption by 
many turbine manufacturers of the type of apparatus 
which was first developed for use in these experiments, 
and hopes to see a continuation of the work carried on 
by these investigators, by the further testing of 
individual types of nozzle:, with a view to the develop- 
ment of yet more perfect forms than those which are 
now in use. 


THE STRENGTH AND DESIGN OF 
FUSION WELDS FOR UNFIRED 
PRESSURE VESSELS.* 

By L. W. Scuustsr. 
Object of the Investigation.—An investigation into 
fusion welding as applied to the welding of unfired 


pressure vessels has recently been undertaken by the 
author’s company with a view both to determine the 











* Paper read before the Institution of Mechanical 
Engineers on Friday, March 7, 1930. Abridged. 
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true worth of the legitimate claims arising from the 
more recent development of fusion welding, and at the 
same time to place the application, as applied to pressure 
vessels, on a safe and rational basis. The findings do 
not in any way apply to the welding of structures other 
than pressure vessels. 

Scope of the Investigation—The work undertaken 
involved the carrying out of various mechanical tests 
on welds in mild steel, a limited number of tests being 
made on other materials used for pressure vessels ; 
metallurgical examination to search for the causes of 
the variable properties of welds; observations of the 
various processes and practices carried out ; the collec- 
tion of information enabling opinion to be formed on 
certain controversial points, and allowing provisional 
rules governing the construction of pressure vessels 
to be framed ; the studying of the results obtainable 
with a wide range of electrodes; the determining of 
the strengths of the various forms of joint used on 
pressure vessels ; and an attempt to classify them on an 
efficiency basis. 

No claim was made that the experiments were 
in any sense exhaustive, only the data deemed 
essential for immediate requirements being obtained. 
Visits were paid to a large number of the leading 
makers of electrodes and to several makers of welded 
vessels. 

The Need for an Investigation.—Before any account 
of the work undertaken can be described, the position 
in regard to pressure vessels should be made clear. 
At the moment the only official regulation governing 
pressure vessels is the Board of Trade rule which pro- 
hibits, with certain minor exceptions, the use of a 
welded joint for plates in tension on boilers. For steam- 
pipes there is another rule which permits a seam to be 
welded only when it is ‘‘ hammered or rolled,” and in 
that event a minimum factor of safety of 13, plus a 


wastage tolerance, is required. For high-pressure air- 
bottles the Board of Trade states that a solid-drawn 
construction should be adopted. For unfired pressure 
vessels, rules for riveted and solid-drawn constructions 
alone are given, the intention being clearly to discourage 
the welding of vessels. A compulsory inquiry is held 
by the Board of Trade on explosions of any vessels 
coming under the Explosions Act, even if the accident 
takes place on land, and the Home Office has power to 
order an inquiry into any accident occurring in a factory. 
In verdicts that are reached any official regulations 
that may have been framed naturally play an important 
art. 

As most pressure vessels which come under inspec- 
tion are entrusted to people who wish to take every 
precaution against failure endangering the safety of 
their work-people, any restriction an inspecting body 
may impose on manufacture aims at the prevention 
of accident, not the financial hazard. 

An inspecting body is bound to pay due regard to 
any regulations which may be issued and, where no 
existing regulation is applicable, it must take every 
precaution requisite to ensure the safety of work- 
people or others. Should it accept a class of construct - 
which experience has proved to be unreliable, it woulc 
betray its trust. Any inspecting authority, before xt 
fills in gaps between existing Board of Trade regulations, 
must, therefore, be in a position in which it can 
thoroughly justify the course it has taken. A sone 
of welded pressure vessels that do not come directly 
under the present Explosions Act have been used in = 
country for some time, but owing to lack of ru - 
justifying approval, the inspecting bodies have bet r 
forced to look upon them with disapproval an 
suspicion. ees 

That attitude has been all the more justifica 1” 
view of various official findings following accidents. 
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TABLE 1.—continued. Relative Strengths of Various Forms of Joint: ' 





























Test Test 
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vi over straps welded at all 
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13 | Special form of lap joint. Weld metal 
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80 Ditto. 


In general, the effi- 
ciency should be 
taken not higher 18 
than 70 per cent. 
This joint shows 


17 | Double straps of half the plate thick- | 150 — 
ness, opposite one another. 
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14 | Double straps of half the plate thick- | 90 


16 | Single strap of half the plate thickness. | 45 
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— | See Fig. 7. 
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ian: Id at 
Y, bie sips then - matic brakes on electric 
winders, with glass-blow- 
15 | Single strap of full plate thickness. 165 J ing machinery, and with 


air-lift pumps; and for 
use in mines for coal 
cutters, in building con- 
struction, and in quar- 
ries. In addition to air- 
receivers, the intention is 
presumably to include 
CO,, ammonia, and other 
gas containers used for 
refrigerating plant and 
in bottling stores and 
other industries. The 


The result is rela- 
tively higher than 
before, owing to 
the strap receiving 
greater support 
against bending. 











(960.c) 


The general trend of these has been to discourage the 
use of welded constructions. 

Two Factory Bills in 1924 and 1925 contained a 
clause calling for air, and presumably gas, vessels under 
pressure to have a record of examinations made in 
a prescribed form, as with a boiler. It is anticipated 
that this clause will be embodied in the near future 
when the Bill is re-presented. In the face of this further 
precaution towards ensuring that all pressure vessels 
shall be manufactured according to approved practice, 
any form of construction not up to that standard must 
necessarily suffer. It is in the best interests of manu- 
facturers of welded pressure vessels that there should 

some regulations in existence on which welding can 
be justified. Doubtless the official attitude is based on 
unhappy experiences, which arefar toocommon. Some 
welded vessels, though often insignificant in appearance, 
are nothing less than death traps. In the present 
absence of rules, makers have followed their own in- 
dination and many unsatisfactory designs have resulted. 

Self-generating versus Non-fired Pressure Vessels.— 
The difference between the working conditions of a 
self-generating and a non-fired pressure vessel has been 
explained in a published report.* Among vessels at 
Present covered by the Explosions Acts are steam- 
boilers and vessels in which water or other liquid is 
heated, or into which steam is admitted for any heating 
purpose. ‘These include vessels such as fuel econo- 
misers, autoclaves, impregnators, steam separators and 
Tecelvers, jacketed pans, steam-heated keirs, steam- 
— presses and hot plates, and bakers’ ovens. 
mend vessels that come under the contemplated 
egislation are air-receivers for starting gas- and oil- 
— tor driving tools in workshops, for road con- 
Sttuction, for paint sprayers, and for charging motor 
— 





* British Engine Boiler and Electrical Insurance Com- 
Pany, Technical Report for 1928. 








pressure in such vessels 

ranges up to 500 lb. per 
square inch or even 1,000 lb. per sq. in. for starting 
vessels for Diesel engines. 

Limitation of the Recommendations Made.—It is 
not to be expected that a first set of rules could be 
devised to cover the whole field of pressure vessels, 
and the decisions reached as a result of the investiga- 
tion chiefly cover the construction of vessels subjected to 
air or gas pressure. In view of a tendency for cer- 
tain remarks in the report referred to, to be applied 
to gas welding, it should be emphasised that though 
excellent pressure work has been carried out in this 


viously taken place. No explosion of which the author’s 
company has details, where it was the weld that has 
been at fault, would have taken place, if the vessel 
had been constructed according to the tentative rules 
which have now beenframed. Further, a study of the 
history of accidents shows that many of the accidents 
caused by other faults in the construction would have 
been prevented if the vessels had been made to comply 
with these rules. The investigation soon showed that 
there are on the market a very large number of vessels 
that no supervising body can tolerate. Not only is the 
market flooded with dangerous designs originating 
in this country, but in addition it appears to be the 
dumping ground for defective constructions not 
permitted in the country from which they emanate. 
Such constructions embody, for example, butt welds 
with the weld metal not penetrating the full thickness 
of the plate, fillet welds with far too small radii or 
with insufficient surfaces of contact, joints in vessels 
situated where there is severe breathing, defective 
junctions owing to inadequate preparation of the edges 
of the plate, and the use of low-grade metal. 

The manufacture of the vessels was found to a large 
extent to be in the hands of makers who had had no 
experience in the manufacture of boilers or other riveted 
pressure vessels. They had insufficient knowledge 





of the effects of the breathing action taking place in 
vessels subjected to a variable internal pressure. The 
intention is not in any way to censure the manufac- 


country by this process, not only for boiler furnaces | turer, for in every instance he was found ready to alter 
but for certain vessels in tension, the rules and the | any fault in the construction pointed out to him. It 
remarks made here and in the report itself apply to | was quite evident that a large amount of the trouble 


fusion welding only. 

The Present Unsatisfactory Construction of Welded 
Vessels.—The disfavour with which welding is regarded 
in many quarters is in a large measure due to the lack 
of control in matters of design and manufacture, 
and, by a regulation of the latter, the former would 
to a large extent disappear. The fact that a weld 
can be made with 100 per cent. of the strength of the 
plate, while a riveted seam may have only 75 per cent., 
cannot be advanced as a serious argument in favour 
of welding. The prime concern is reliability. The 
case against fusion welding is that, where risk of explo- 
sion exists, there must be no doubt of the ability of a 
seam to stand up to the working conditions, while 
considerable experience of faulty seams shows worse 
faults in welded seams than are ever found in riveted 
seams. There was no case for encouraging the welded 
construction, unless as a result of inquiry it was shown 
that precautions could be taken during manufacture 
of a welded vessel which might reasonably be expected 
to eliminate accidents arising from faulty construction. 

One of the main functions of the investigation was 
therefore an attempt to frame rules that would prevent 
recurrence of accidents similar to any that had pre- 





was due to the absence of rules and regulations to 
guide design. When an examination is made of a 
riveted vessel, not only are the seams examined within 
and without, but full particulars of the riveting are 
taken so that the efficiency of each joint can be calcu- 
lated. An inspecting company does not determine 
whether the vessel has sufficient strength from a hydrau- 
lic test ; it uses the latter to show up any weakness 
present. 

Welds hitherto have for the most part been treated 
as if they were beyond redemption, and no general 
attempt appears to have been made in this country 
at any rate to ascertain their relative strengths. 
Similarly there is no recognised system of calculating 
strengths, understood alike by manufacturer and 
inspector. Knowledge that a vessel will stand a par- 
ticular hydrostatic test is by no means the whole 
requirement ; knowledge of the margin of strength 
is a first essential. A test to destruction certainly 
furnishes evidence on the actual strength of the weakest 
seam, but it does not allow the standard of workman- 
ship to be gauged, unless the theoretical strength of that 
seam is known. At any rate such a test is obviously 
unsuited for commercial application. An attempt 
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was therefore made during the investigation, to evolve 
as far as possible, a technique for determining the 
strength of welded constructions as simply as with 
riveted constructions. Owing to the impossibility of 
covering the whole ground of the investigation in a 
single paper, the present subject covers chiefly the con- 
clusions reached on the mechanical construction of 
welded vessels, which are dealt with in Part I. Where 
improvements suggested themselves, the original charts 
have been revised. The remainder of the work, 
especially that of greatest mechanical interest, is 
described in brief summary in Part II.* This gives 
important evidence in support of the opinions expressed 
in Part I. 


Part I.—MEcHANICAL CONSTRUCTION. 


Basis for, and System Adopted in Fixing Maximum 
Ratings.—The object was to fix the stresses which could 
be permitted for the various forms of joint most 
commonly encountered. In consideration of existing 
Board of Trade regulations and of the fact that these 
fix a maximum efficiency of 50 per cent. for a forge- 
welded joint in compression, any practices extant 
abroad were found useless for the purpose of a basis. 
In the past it has been customary to express the 
strength of a fusion-welded butt joint as a percentage 
of the plate strength. This is a practice originating 
with fire welds. With fusion welds the methods is 
only, as regards the manufacturer, useful for testing 
the relative skill of individuals, when all the welds are of 
the same form and are made under identical conditions. 
The strength of a weld, expressed as a percentage of the 
plate strength, with the conditions undefined, is in 
itself neither a measure of bad workmanship, nor of the 
quality of the weld metal. The relationship is depen- 
dent not only on both of these factors combined but 
on the relationship between the composition of the 
weld metal and the plate. With fusion welds, there is 
no difficulty in obtaining metal stronger than the plate, 
nor in making a first-class weld that is weaker than the 
plate. A general assessment of the strength of a joint 
of a particular form can not be effected by using the 
plate strength as a standard of comparison, and a more 
rational method of comparing welds of different forms 
is to use, as a standard, some typical form of weld, 
made under identical conditions. 

The most convenient manner of expressing the 
strength of a joint of particular form is as a percentage, 
described as the ‘‘joint efficiency,” of a single V- 
butt weld made on similar material, with the same weld- 
ing rod, by the same operator, the surfaces of the butt 
weld being machined down to the level of the plate. 
As the strength of a reasonably well-made butt weld, 
made with a given welding rod under a given set of 
conditions, is generally a known quantity, or may easily 
be ascertained, the joint efficiencies give immediately 
the absolute strength of a range of joints made with 
any welding rod. It was decided that the most 
suitable standard was the lower limit of the welding- 
quality boiler plate, i.e., 26 tons per square inch ulti- 
mate strength. A maximum carbon content of 0-12 
per cent. is recommended in Switzerland, when the 
plate is to be either electric-arc or oxy-acetylene 
welded and is to be used in pressure vessels ; the equi- 
valent strength of this is round about 26 tons per 
square inch. 

As a firebox quality plate can never be rated at more 
than 26 tons per square inch, and there is always the 
danger of the surfaces being undercut, the maximum 


strength of a welded plate should never be considered | 


to exceed 24 tons per square'inch. There is no reason 
why, with a sound weld, this low figure should not be 
obtained! with any suitable welding rod ; it was therefore 
adopted as suitable for general application. As it would 
be inconsistent to rate a butt weld at 24 tons per square 
inch, and to rate any other form of weld on its actual 
strength, a natural basis for rating a particular form of 
joint was found to be 24 tons per square inch multiplied 
by the joint efficiency, expressed as a fraction, In view 
of the Board of Trade rule fixing a maximum efficiency 
of 50 per cent. for a hammered weld, it is inexpedient 
to assess the strength of any form of joint in a pres- 
sure vessel at more than half the basis value, the 
value so found being described as the rated strength. 
The maximum stress permitted in any joint of a pressure 
vessel is thus the rated stress divided by the required 
factor of safety. Ifa factor of safety of 4 is applied 
to the rated strength of a butt weld, #.e., 12 tons per 
square inch, the maximum permissible stress in the 
joint is 3 tons per square inch. This compares with 
2} tons per square inch} allowed in America by the 
American Society of Mechanical Engineers’ code. 
The Swiss Steam Users allow a higher stress, which 
varies according to the type of weld. Though the 
permissible strength is slightly higher than that officially 





* It is more fully described in a paper read before the 
Institution of Welding Engineers on December 12, 1929. 

t A stress of 34 tons per square inch is at present being 
contemplated, as long as the recommended procedure is 
complied with, 








adopted in America, it is doubtless low to manufac- 
turers in this country. Yet it is difficult to see how with 
consistency the ratings can be increased while the 
rating generally adopted is only 13 tons per square 
inch for a rolled water-gas weld, where there is no 
difficulty in ascertaining the name of the maker and the 
full details of the process, and where a weld made by.a 
reputable maker can be reckoned with certainty to 
yield 90 per cent. of the plate strength. 

Joint Efficiencies Determined by Test.—With any 
form of joint, it is impossible for the overall strength 
to exceed that of the plate. With welds, however, 
where the strength is assumed to be only half the actual 
value, there is a useful purpose attached to the use of 
a compound joint with a combined strength consider- 
ably greater than that of the plate. This applies only 
when the various components of the joint can be 
relied upon to carry their fair share of the load, when 
subjected to the actual conditions of work. It has, 
therefore, been considered legitimate to rate weld 
efficiencies at figures higher than 100 per cent., while 
to obtain such high figures on test has naturally involved 
the use of specially designed test strips. Table I indi- 
cates some of the efficiencies obtained. It cannot be 
too strongly emphasised that these efficiencies apply 
to a tensile test only, and it by no means follows that the 
useful ‘strength of the welds, when forming part of a 
joint in a pressure vessel, bears any relation to the figures 
given ; in fact some of the joints could not be expected 
to withstand pressure at all. 

Random tests may yield figures very different from 
those given here. With fillet welds enormous variations 
will occur if the fusion is not good at the inner corner. 
Also greater strength can be obtained by deep penetra- 
tion of the weld metal at the inner corner of fillets, by 
thickening up the fillets, or by adopting an incorrect 
design of test strip that relieves a weld of bending or 
other stress. The efficiencies given are based on the 
figures from several hundreds of tests. The figures are 
given with every confidence that they furnish, with 
sufficient accuracy for the purpose, the tensile strength 
of reasonably well-made welds in plates varying between 
}-in. and lin.in thickness. The figure should be studied 
in conjunction with the following explanatory notes :— 
(1) The efficiencies compare the strength of joints in 
members of thickness ¢, with the strength a member has 
when butt-welded, without reinforcement. (2) The 
efficiencies refer to joints of the same width as the plate. 
(3) With fillet welds the efficiencies apply when the 
fillets have an approximately straight contour, lying at 
45 deg. with the surfaces of the plate. The efficiencies 
also apply to other contours so long as the throat thick- 
ness is not less than 0-69¢. (4) A joint may be made 
stronger than the body of the plate outside the joint. 
As the efficiency refers to the joint itself and not to the 
plate, it follows that a higher efficiency than 100 per 
cent. can be obtained. (5) All the joints shown are 
permissible for pressure vessels ; the figures given apply 
to a static tensile test, and it does not follow that the 
behaviour of joints subjected to the stresses of service 
will be in proportion to the efficiencies given. (6) The 
strengths given are valid only when the load is applied 
in the manner shown in the sketches. The efficiency is 
therefore in some instances superior (on account of 
reduced bending stress) with a similar joint at the 
circumferential seam of a pressure vessel, and some- 
times (on account of increased bending stress) inferior 
with a similar joint at a longitudinal seam. 

In carrying out tensile tests, watching the distortion 
of specimens during during fracture gives useful infor- 
mation, and it is recommended that the load at which 
the first crack is set up should be recorded. 

Forms of Joint for High Strength.—Table I shows that, 
except possibly where the plate is thin, none of the 
joints 1 to 13, when used for the longitudinal seam of a 


pressure vessel, is an improvement on a plan butt weld. | 
It is certain therefore that, with welds taken at only | 


half their actual strength, makers must search for other 
designs if they desire to make use of a larger percentage 
of the plate strength. The first alternative that suggests 
itself is the affixing of riveted straps to a butt-welded 
joint. This form of construction is distasteful to the 
welder, who, apart from the question of cost, objects 
to the weakening of the plate and the liability of leakage 
being caused by the introduction of the rivet holes. In 
addition the weld is liable to be strained. With a seam 
made thus, and with the riveted joint designed according 
to usual practice, the efficiency allowable is that of the 
drilled and weakened plate, and with butt straps, of 
which the combined thickness is not less than that of the 
plate, works out approximately as follows :— 

These figures compare with a rating of 12 tons per 
square inch for a plain butt weld, or, as will be seen later, 
more often only 10-8 tons per square inch. 

Though with a single strap this construction generally 
increases the efficiency to a value considerably over that 
of a plain riveted seam, it introduces bending stresses, 
which place a severe tax on the weld and add to the 
troubles resulting at any time from the use of a riveted 


single strap. Although the construction is not to be | 





recommended from the point of view of its yiclding 
a high-class joint, the figures given apply to non-fired 
vessels from the point of view of safety, for if the butt 
weld were to fail there would be a tendency for the 
whole of the load to be thrown on to the rivets, prevent. 
ing sudden rupture, and before the load became exces. 
sive the magnitude of the leakage at the welded seam 
would necessitate the vessel being put out of use. With 
double straps the efficiency allowable is at best little 


the point of view of safety, therefore, the joint, when 
satisfactorily constructed, is only of slightly greater 
worth than a plain riveted joint, the principal value of 
the intermediate weld being to assist tightness. For 
this reason it cannot correctly be classed under the head- 
ing of welded joints. 

Various forms of dovetailed and other strengthened 
joints have been suggested, but only one has come before 
the notice of the author’s company that is suited for an 
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| appreciably higher rating than a butt weld. This is 
the ingenious device introduced by M. Hoehn of the 
| Swiss Steam Users’ Association,* consisting of short 
| transverse cover straps welded at intervals over the 
| butt weld. As a detailed description was given in the 
| report referred to above, it will only be pointed out here 
that one of its main virtues from the safety point of 
| view is that a joint can be made so strong that a greater 
| load is required to tear the straps away from the plate 
|than to break them. In addition the disadvantage, 
inherent to any longitudinal strap, of a rip taking place 
along the fillet weld and extending the length of the 
| vessel is eliminated. Should a crack originate at a part 
| of the butt weld between the straps it is arrested by the 
|straps. This is a matter of the greatest importance, 
| for it is just the ease with which a crack, when once 
| started, can extend, which makes a welded joint more 
| dangerous than a riveted joint. 
As with other forms of joint, transverse cover traps 
should be well bedded and be jointed with ductile weld 
| metal. The centres of transverse straps should be situ- 
ated opposite one another, but the straps should be 
of different length and width. Single straps introduce 
bending stresses and are permissible for longitudinal 
|seams only when the plate is thin; their behaviour 
_in service cannot be gauged by a tensile test alone. If 
‘straps are placed alternately at the outside and the 
| inside of the vessel, the stresses from bending are not 
| quite so severe as with all the straps at the same side 
| of the plate, but this design is only warranted with thin 
plates. Uptill the present this form of cover strap does 
_ appear to have been developed in this country, but from 
' an analysis of the strength there seems no reason why, 
with good workmanship and design, the joint should 
/not be rated up to 90 per cent. efficiency, and be used 
| with safety for vessels larger in diameter than those 
| considered by the present rules, given in the Appendix. 
| The time may not yet be ripe, but there seems no reason 
| todoubt that, when once confidence has been established 
|in design and methods of construction, a device such as 
| this will enable welding to be more generally approved 
and its use to be extended to vessels containing steam. 


(To be continued.) 








| TREATMENT or STEEL Rock Dritis.—As manufac- 
| turers of tools necessarily know more about them than 
| their users, any information that the former supply 1 
| carefully noted by the latter should result in some n- 
| crease in efficiency and attendant economy. The leaflet 
| on the care and treatment of the drill steels, used in bor 
| boring and similar tools, issued by Messrs. Padley a 
Venables, Limited, Hill-street, Sheffield, may be expected 
to prove of service in view of the exacting nature : 
the stresses imposed on these tools and the roug' 
handling they very often receive. An interesting feature 
in the booklet is the account of the new method of manu- 
facturing hollow rock drill steels which has been developed 
by the firm and which has eliminated the old colla 
breakage troubles to which these tools have pe 
been subject. Correct formation of collars or lugs on t > 
shanks is essential, but, what is still more on aree y= 
the hole through the drill should not be congue bs 
way of the collar. The new method ensures pertec th 
round, central and smooth holes throughout the leng 








of the drill, and the distortion which is the most common 
cause of collar breakage is eliminated. 
* A description of the system advocated by M. . a 


was given in ENGINEERING, vol. exxii (1926), page 


more than that for a plain riveted construction. From ~ 
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POTASH STORAGE AND SHIPMENT 
PLANT AT ANTWERP. 


(Concluded from page 307.) 


Tux latter part of our previous article described 
the apparatus for the transfer of the potash stored 
in the warehouses to the ships’ holds, and Figs. 
14 and 15, on Plate XXV, will no doubt make 
more clear the arrangement of the transverse under- 
ground conveyors, the vertical elevators and the 
transfer conveyors to the main belts in the longi- 
tudinal galleries. To follow the course of the 





position in Fig. 6, and it will also be seen how 
the shorter chute from the lower main belt can 
be led into the bridge hopper. The structure seen 
upon the bridge conveyor is a weighing machine, 
in which the amount discharged is automatically 
weighed as the belt passes over rollers on the 
platform of the machine. The apparatus gives 
direct readings, which are also transmitted electric- 
ally to an indicator in the control office situated 
in the sack-filling building. The quality of the 
potash being loaded is recorded and controlled 
by the analysis of samples taken at intervals 





Fie, 21. 











Sack DISCHARGER ON Marin Conveyor BELT. 


Fig. 22. TravELLIne CRANE IN SAcK WAREHOUSE. 


material from the main belts, however, it will be 
hecessary to refer to Fig. 18, on Plate XXVI, and 
Figs. 6 and 8, on Plate XXI, ante. The first- 
mentioned figure gives a good idea of one of the 
travelling bridges during a loading operation. 
Its gallery is necessarily somewhat high from the 
ground in order to enable the jib cranes, used for 
loading the potash in sacks, to be traversed freely 
along the quay, but the fall of the bulk material 
down the long chute is not deleterious, while the 
chute itself has a bigger range of action, and the 
chutes from the main belts are kept short and 
tasily handled. A chute feeding the bridge 





‘onveyor from the upper main belt is shown in 


by a hand scoop from the material passing along 
the main galleries. The end of the chute is provided 
with the lobster-back attachment, shown in Fig. 19, 
on Plate XXVI, so that the potash may be 
deposited in remote corners of the hold. 

Referring again to Fig. 15, the method adopted 
in filling covered railway vans may now be followed. 
The centre eievator discharges into a vertical chute 
which leads into a horizontal conduit containing 
a screw conveyor and situated immediately under 
the bottom floor of the building. The end of 
this conduit projects through the outer wall of the 
building as shown in Fig. 20, Plate XXVI, where 
it terminates in a short spout with a regulating 





device. The spout discharges into the hopper of 
a loading apparatus mounted on rails, so that it 
|can be withdrawn when not in use. The projecting 
discharge pipe of this machine contains a screw 
conveyor, and is not only capable of radial move- 
iment, but may be also elevated or depressed as 
required. It is inserted through the side door 
|of the van, and, by suitable manipulation, all the 
|corners of the van can be properly filled. When 
|a railway vehicle is being loaded, it stands upon 
|a weighbridge, so that the amount supplied can 
| be weighed as the loading proceeds. Road vehicles 
' such as that shown in the figure, can also be loaded 
|by the machine. The rate of loading is about 
| 80-tons per hour, and the operation can be. carried 
| out independently of all the other loading operations, 
| The methods of delivering the potash, other than 
|in bulk, can now be described. There is a consider- 
|able demand for the better qualities of the potash 
| salts delivered in sacks, and accordingly provision 
| has had to be made for packing and handling the 
material in this form. An additional handling 
| openation is, however, necessary here, as when the 
| potash has been stored for a considerable length of 
| time, portions of it have a tendency to agglomerate 
| into lumps, due to the depth to which it is piled. The 
| material is picked up from the centre of the three 
| underground transverse conveyors by the middle 
;one of the three elevators previously mentioned, 
| from which it is discharged into the two disintegrators 
|seen in Figs. 14 and 15, each of which is capable 
| of handling 500 tons per hour. Incidentally, it 
| may be noted that, when necessary, the salts on 
| their way to the wagon-loading machine can also 
| be passed through the disintegrators by means of 
\@ by-pass on the vertical chute from the elevator. 
| The cross-over chutes, by which the discharge from 
| each elevator can be passed through either disinte- 
| grator, should be noted. The pulverised salts are led 
through chutes into four hoppers, from which the 
| sacks are filled. These are clearly visible in the two 
' figures just referred to, and are provided at the 
bottom with an automatic weighing device, shown in 
| Fig. 16, on Plate XXV. When the measured quantity 
| has been filled into the sack, this is run by the atten- 
| dant on to a moving table flush with the floor, and 
| formed of strips of wood in an endless band. This 
| table, which is 23 ft. long by 4ft. 11 in. wide, moves at 
| asufficiently slow rate to enable the sacks to be closed 
| and sewn up by female labour, the operator finishing 
‘her work on a sack just as it reaches the end of the 
| table, when she returns to meet another sack leaving 
| the weighing machine. Five operators work on each 
| table at once. There is a table to each hopper, and 
|sewing machines have recently been installed on 
|two of them. These need only two operators. 
| All four tables are driven by one motor, but each 
,can be independently controlled. The speed, with 
| hand sewing, is 9-8 ft. per minute, and, with machine 
| sewing, 23 ft. per minute. 
On reaching the end of the tables, the sacks are 
run on to a short length of moving rollers, which 
| delivers them down a chute on to a conveyor belt 
| running the whole length of the loading quay. The 
| chute is hinged and balanced with a counter-weight, 
| so that it can be lifted away from the belt when a sack 
leaves it. To understand this arrangement, Fig. 2, 
| Plate X XI, ante, should be referred to. From this it 
| will be seen that the conveyor belt is really divided 
| into three parts, the short length in the centre being 
| reversible, so that the sacks may be carried either 
| to the portions at the left or the right at will, these 
| portions having outward traverse to the respective 
ends of the quay. The middle belt must therefore be 
clear of obstruction. The gallery containing this 
middle belt is seen in Fig. 1, page 305, ante, at about 
the height of the forecastle of thesteamer in the middle 
of the figure, and has in front of it a platform which 
is most clearly seen in the centre of Fig. 20, on Plate 
XXVI. At intervals along the gallery, and opening 
on to the platform, are sliding doors, one ot which can 
be made out in Fig. 21, on this page. This figure 


shows the moveable discharger, which removes the 
sacks from the belt at the doorway. The particular 
doorway chosen depends on the position of the hold 
of the ship being loaded. A portable roller-incline 
is used to convey the sacks from the lip of the belt 
discharger through the doorway on to the platform. 
Here, when a number have accumulated, the sacks 
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in the steamer’s hold by the travelling cranes, seen in 
Fig. 7, Plate XXI, ante, The loading capacity of this 
part of the plant is rather more than 1,000 sacks, of 
220 lb. each, per hour, and it should not be over- 
looked that this shipment of sacks can proceed 
simultaneously with, and independently of, the 
loading in bulk in other holds of the vessel. The 
weighing machines were supplied by Messrs. W. and 
T. Avery, Limited, of Birmingham, and the sewing 
machines by Messrs. Firma Union, of Stuttgart. 
In addition to these machines, there is an apparatus 
for stamping the filled sacks with an indication of 
their weight and quality. 

Loading the sacks directly from the filling machine 
is, of course, not always convenient or desired, so 
that provision must be made for storing them. On 
each side of the central front building, therefore, a 
warehouse is provided, it being possible to stock 
some 30,000 sacks in this manner. These warehouses 
are seen in Figs. 2, 4 and 7, Plate XXI, ante, and 
from the latter figure it will be evident that the long 
belt conveyor runs through them at one side. 
Each warehouse is spanned by a travelling crane 
running on side gantries, and having a cross traverse 
motion also, so that every part of the floor may 
be covered. A view of one of these cranes is given 
in Fig. 22, page 365, and from this it will be seen that 
it carries a belt conveyor on its deck. The surface 
of the conveyor is flush with that of the main 
longitudinal conveyor, on which the sacks are 
carried from the filling room. They are diverted 
to the crane conveyor by one of the dischargers, 
previously mentioned, which has portable deflecting 
plates, and from the crane are deposited in the 
warehouse by a portable chute, as shown in Fig. 2. 
They can also be deposited direct from the main 
conveyor by means of the discharger and the 
chute. 

The principal use of the crane is in removing 
the sacks from the warehouse. The traverser is 
provided with a cantilever runway on each side, 
and two chutes, one behind the other, delivering 
on to the conveyor belt on the deck. The lifting 
tackle consists of self-closing jaws, which grip the 
sack by the middle. A more detailed view of the lift- 
ing gear and chutes is given in Fig. 17, on Plate XXV. 
The method of operation is as follows : When a sack 
has been gripped, it is hoisted and then run in to 
the centre of the crane, at which point the jaws 
are automatically opened by a stop and the sack 
drops into the chute, thence being delivered on to 
the conveyor. The lifting is done alternately on 
each side ; that is, a full tackle is ascending while an 
empty one is descending. The back of the front 
chute is hinged, so as to allow the sack which is 
deposited in the chute behind it to pass out. From 
the crane conveyor, the sacks are transferred to the 
main conveyor, and thence to the ships, as already 
described. The capacity of this warehouse discharg- 
ing gear is 600 sacks per hour. Provided the dis- 
charger is on the rear side of the filling house, 
sacks can be discharged from the warehouse along 
with those coming from the filling house, thus in- 
creasing the total loading capacity. 

As stated above, all the equipment is electrically 
driven. Generaliy, those machines working together 
are operated from a central motor with belt trans- 
mission ; in other cases individual drive is employed. 
Each working station is connected by telephone with 
the central control room, which contains, in addition, 
a lamp signalling device notifying any breakdown, 
so that in case of emergency all sections connected 
with that flow of work can be put out of operation 
at once. Besides the control room and the sack- 
filling plant, the central building contains various 
offices, and a warehouse for empty sacks. We 
have not attempted to give any account of the 
buildings themselves, apart from the plant in 
them, owing to limitations of space. It may be 
noted that, on account of the nature of the sub- 
soil, some 3,500 reinforced-concrete piles had to 
be put in to carry certain parts of the buildings. 
The buildings are, in the main, constructed of rein- 
forced concrete, and this part of the work was 
carried out by Messrs. Ed. Zublin and Co., of Stras- 
burg and Brussels. It is impossible to conclude 
this account without some expression of admiration 
of the ingenious and practical manner in which 
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of comparison, not only in showing the slight 
effect of the British tax on stroke: bore ratio, but 
also in comparing the four chief European modes of 
rating and in exposing the unfairness of comparing 
engines of the same Treasury rating but with 
different numbers of cylinders. To maintain the 
argument, it is therefore necessary to justify the 
engine-capacity basis. This will be done later. 
First of all, some of the fallacies in the British 
rating formula will be displayed. 

The present Treasury rating formula was first 
introduced by the R.A.C. about 1906, as a means 
of rating engines in racing cars. By means of the 
formula it was intended to compute the maximum 
horse-power that an engine could develop. The 
formula was devised by an eminent authority, from 
the results of various tests carried out by himself 
and others at the time. He found that ‘“ even with 


of them might be taken to run at very nearly 
1,000 ft. per minute” (piston speed). 


mean effective pressure of 70 lb. per square inch. 
Taking these two experimental facts and disclaiming 
any pretence at a scientific rule, he obtained a 
coefficient of 2-4 (subsequently altered by the R.A.C. 
to 2-5) in what he described as a workable rule. 
As a racing formula for 1906, there is much 
to be said for the R.A.C. formula; it was soundly 
based on the best practice of the time. But as a 
taxation formula for 1929 it has little, if any, 
justification. In the first place, why should an 
engine be taxed on the maximum horse-power it 
will develop, when it is well known that, on account 
of traffic, police, fog or rain, the great majority of 
the work done by an engine is at only a small 
fraction of its maximum capacity? Secondly, 
why should some arbitrary gas pressure and piston 
speed be chosen? That, they are arbitrary, in 
spite of the rational way in which they were deter- 
mined, is implied by the fact that 1906 practice 
was chosen. At the present time, mean effective 
pressures exceeding 100 lb. per square inch are not 
rare, and the latest Duesenberg car is said to have a 
maximum piston speed of 4,120 ft. per minute. 
Certainly many modern car engines have piston 
speeds as high as 2,000 ft. per minute. 

At the time when the R.A.C. formula was intro- 
duced, a good deal of discussion of rating formule 
was taking place. 
incorrect but very pretentious dimensional analysis, 
served to bolster up the formula with the semblance 
of a rational foundation. This dimensional support 
has been resurrected in recent years in the statement 
that “no power formula could be dimensionally 
accurate unless it was of the second degree in 
length.” Whether a taxing formula should be 
dimensionally correct is a moot point in itself: 
de minimis non curat lex. But in order to clear 
up the matter, we may consider very simply the 
more important effects of dimensions. 

Consider two similar engines of dimensions in the 
ratio 1: L. This implies that they would both 
appear exactly alike at distances in the ratio 1: L. 
The one would be a shadow of the other with a 
point of light. They would have the same com- 
| pression ratio, and therefore the gas pressures may 
be assumed equal in both. Let the angular velo- 
cities be in the ratio 1:6. Then: 
the weights of the engines will be as 1 : L® (if 

they are made of the same materials), 
the areas of the various surfaces will be as 1 ; L’, 
the speeds of the various parts will be as 1:  L, 
and the accelerations of the various parts will be 
La is. 
The torques will be as 1 : L’. 
| From this it follows that the horse-powers due to 





Messrs. Hecket Have handled this installation. It 
is one of which the City ot Antwerp may reasonably | speeds, i.e., as 1: @ L*. Further, the inertia forces 


considerable variation in stroke and diameter, all | 


He then | practice. 


found that any good petrol engine should give a/| 


Some of this, based on obviously. 


gas pressure will be as the piston areas and piston 


will be as the weights and accelerations, i.¢., as 
1:3? L‘. The inertia stresses will be as the inertia 


THE INFLUENCE OF BRITISH MOTOR forces, but inversely as the areas, 7.e., as 1 : 2 L?, 
TAXATION ON PETROL - ENGINE If it be assumed that inertia stresses will be the 


limiting factor in both engines, then @ must be 
inversely as L, and we have the condition of equal 
| piston and other speeds, with the result that the 
gas-pressure horse-power varies as L?, This is the 


Ir must have been noticed in the preceding | PSeudo-rational basis of the D* formula. Observe 
analysis that engine capacity was used as a basis | the assumptions underlying it that are essential to 


its validity : 

(1) All engines are similar. 

(2) They are all made from the same materials. 

(3) They all use the same gas pressures. 

(4) They all run with the same linear speeds. 
| (5) They are all limited in their power by inertia 
| stresses, and they are to be taxed on this 
limit—a kind of break-up value. 
/ “No power formula could be dimensionally 
accurate unless it was of the second degree in 
_ length ” unless the limiting condition of failure due 
‘to inertia forces is imposed. Normally, all power 
|formule must involve velocity or time. 

There are, however, other assumptions implied in 
|such a dimensional calculation—namely, that the 
horse-power is independent of the viscosity of the 
lubricant used or of the conductivity and heat flow 
, available. It is bootless to pursue these dimensional 
deductions at great length, for the assumptions 
involved in them are seldom or never realised in 


But it is, perhaps, of interest to remark 
that the horse-power consumed by viscous resis- 
tances should be as the (piston speeds),? as the 
surface areas, as the viscosity yu, and inversely 
as the film thickness. Assuming the same lubricant 
and temperature and the same piston speeds, it 
follows. that the viscosity horse-powers will be as 
1: L, and so it would follow that the net horse- 
power would, on this basis, require a formula of the 
type 

H=H =alL?— dL, 

or aL (L — b) 
indicating a lower limit of engine size where the 
gas pressures could not overcome the viscous forces, 
and implying, moreover, the absurdity of similitude 
in regard to clearances for the accommodation of 
lubricating films—an important point often ignored. 

If it be justifiable to assume that all engines are 
of the same shape, and made part for part of the 
same materials, and that they use the same gas 
pressures and run at the same piston speeds, which 
are only limited by the inertia stresses set up, then 
the R.A.C. formula has a rational basis. But if 
any one of these five assumptions is incorrect, then 
the formula falls to the ground. Every person of 
experience in such work knows that not one of these 
five assumptions is correct. 

Much more could be said against the Treasury or 
R.A.C. rating formula, but, from a purely technical 
point of view, enough has been said. In dealing 
with the incidence of the rating formula on multi- 
cylinder engines, engine volume was used as a 
basis, and therefore we may proceed to the discus- 
sion of the volumetric basis of taxation. 

In the first place, it should be remembered that 
an engine cylinder is a bomb, an automatic. mass- 
production bomb, with a conveniently movable 
wall (the piston) to deliver the energy of explosion, 
instead of the nasty fragments projected by the 
lethal bomb. The energy delivered by the piston 
depends on the quantity of explosive in the cylinder, 
and, among other things, on the expansion péer- 
mitted to the products of combustion, usually 
connoted by the compression ratio. The simplest 
measure of the quantity of explosive, and conse- 
quently of the amount of energy available to 
the user, is, therefore, engine capacity or swept 
volume. 

This is merely a consequence of the laws of energy, 
and though small engines should lose more by cooling 
and viscosity than big engines, they gain 1n ~— 
of combustion circumstances, so that, over the usua 
range of car engine sizes, it is well recognised — 
designers that an engine of to-day should deve op 
about 8 h.p. or 9 h.p. per litre per 1,000 r.p.™-; 


(gas) H viscosity) 
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in the new Duesenberg engine, of 6-9 litres capacity, 
it is said that 265 h.p. are developed at 4,200 r.p.m., 
which is equivalent to 9-16 h.p. per litre per 
1,000 r.p.m. 

The fact that engine capacity is so directly a 
measure of energy per revolution or torque, and, 
within limits, of petrol consumption per revolution, 
makes it a very suitable basis for the rating of 
engines in commerce, and it is very noticeable that, 
even in England, where the official rating is on a 
bore basis, several makers describe their engines as 
9-litre or 3-litre engines. It is also equally striking 
that, where horse-power is used as a designation, such 
varieties as 14-28, 14-40 and 14-45 are very common. 

A further advantage of the volumetric basis is 
that it gives the best simple measure of acceleration 
capacity. For, either by dimensional theory or 
by general experience already quoted, the horse- 
power of an engine is proportional to ~ L*, where 
ois the angular velocity and L* the volume. There- 
fore, at any speed and in any circumstances what- 
soever, the volume is proportional to the turning 
moment and is a measure of the horse-power at the 
behest of the driver. So that, while the L? rule 
may, and probably does, for any state of the art, 
give a measure of maximum horse-power such as 
might determine a race, the L’ or volume basis 
gives a measure of the rate at which kinetic energy 
can be produced at any touring speed. In the 
present state of traffic, it is widely realised that 
acceleration is of more importance than maximum 
power or speed, and it is becoming apparent, even 
to non-technical motorists, that the ratio of engine 
volume to car weight is a decisive factor in the 
accelerating properties of a car. * 

It is, perhaps, from the acceleration point of view 
that the present rating is most harmful, for, as has 
been shown in Fig. 3, on page 304, ante, the tax per 
litre increases with the number of cylinders, and multi- 
cylinder engines are best for ‘acceleration. Twenty 
years ago, when the rating question was acute, it was 
more than once stated, sometimes with apparent 
alarm, that if a volume rating were in force, com- 
petitors would build engines with a very large 
number of very small cylinders. Why this should 
be an objection is by no means clear. But in any 
case, volumetric rating and classing have been in 
force for many years, both in motor-cycle and 
motor-car races, and while the predominant motor- 
cycle engine is that of one-cylinder, racing car 
engines vary a good deal from fours to eights, but 
not appreciably beyond the practice of useful car 
design. If a volume tax should stimulate a demand 
for multi-cylinder engines, it is difficult to see any 
objection. Apart from the more rapid obsolescence 
of older engines, the better acceleration to be 
obtained is a sufficient justification. 

It has been urged that a volume rating would 
encourage evasion by means of gearing. But this 
is by no means certain, for not only would exces- 
sively high gearing diminish some of the speed and 
acceleration property of the engine, but, which is 
more important, it would lead to a reduction of 
durability, longevity, and smoothness. The justice 
of the volume tax lies in the fact that, having paid 
for the use of a given volume of explosive, repeated 
use is paid for in wear. A further aspect in which 
the British tax, with its penalisation of multi- 
cylinders, is seer unfavourably, is concerned with 
modern methods of mass production. With larger 
numbers of pistons, rods, valves and similar parts, 
production becomes increasingly economical, so 
that not only is the power unit more efficient, but 
the cost need not be proportionate to the gain. 
In the interests of all-round efficiency and economy, 
the multi-cylinder engine should be encouraged 
rather than super-taxed. 

The Superior acceleration of the multi-cylinder 
engine is not merely due to the more even torque 
and the consequently lighter flywheel, but to the 
all-round reduction in engine inertia. Using the 
hotation previously employed, the masses of the 
two engines were as 1; L, and the speeds were 
48 1: L. Therefore, the kinetic energies must 

as 1:6? L° and the horse-powers as 1:6 L?. 
Suppose the horse-power is h @ L’, where h is a 
constant, this is the rate of energy supply, and 
therefore the rate at which the kinetic energy can 


energy is ka? L', & being a constant, is 2k@ L'a, 
where « is the angular acceleration. By equating 
the two rates we have 

hal’ = 2kaLia, 
or 
a 
~ 2? 
or the acceleration is inversely as the square of the 
linear dimensions. This calculation is strictly 
applicable only to single-cylinder engines unmounted, 
but there is no difficulty in dealing with the vehicle. 
Let the inertia of the chassis and body, expressed in 
terms of crankshaft speed, be M. Then the kinetic 
energy becomes 


@ (k L5 + M), 
and the rate of change is 
2 (k L> +. M)a, 
and when this is equated to the horse-power, we 
have 
aL 
~ 2 (LS + My 
This is a maximum when 


a 


2 
i a 5 
M= 3 RL, 


and then « becomes 
Seis ee ee 
meee 10 BEY 

showing that there is a best gear ratio to give 
maximum acceleration, and when this gear ratio is 
chosen, the acceleration is still inversely as the 
square of the linear dimensions. In the same way, 
an expression can be included to express a gradient, 
and then, naturally, the optimum gear ratio has a 
different and higher value. 

This question of engine inertia receives its most 
striking illustration in motor-cycle engines. The 
big single is good for hill climbing, or side-car work, 
but the small engine of 350 c.cs. capacity, especially 
with a light weight rider, is much more lively. 
Many people have been puzzled by the fact that, in 
the Isle of Man T.T. races, over a mountainous 
course, the light weight times are about the same as 
those of the heavy weights. No doubt hairpin 
bends and other features put a limit on the speeds 
than can be used, but these features call for subse- 
quent acceleration and, on the results, the small 
engines have this accelerating ability equally with 
the big engines in spite of their lower horse-power. 

Comparing a four and an eight-cylinder engine of 
equal volume, the linear dimensions of the cylinder 


will be as V2: 1, and the accelerations will be in 


the ratio of 1: V4, or as 1:1-587. Therefore, 
apart from reduced flywheel weight and similar 
matters which are here ignored, the eight-cylinder 
engine, as an engine, has 59 per cent. more accelera- 
tive property. Naturally, this greater acceleration 
would be diminished in proportion to the car weight, 
but the lighter the car the greater the advantage of 
the extra cylinders. Incidentally, it follows that 
heavy, under-engined trucks gain little by adopting 
engines of many cylinders. But it may be remarked 
that, in such vehicles, acceleration and saving of 
engine-weight are of secondary importance. 

In dealing with multi-cylinder engines by con- 
siderations of similitude, too much precision should 
not be expected; the results must be interpreted 
rather liberally by common-sense methods. For 
example, one large single-cylinder engine may be 
compared with a small single-cylinder engine, or with 
four, six or eight small single-cylinder engines. But 
when these small single-cylinder engines: are ‘com- 
bined in one block, similitude is severely’ distorted, 
several flywheels are replaced by one, the crankshafts 
are joined up and need to be heavier, the adjacent 
cylinder walls are superimposed, and so on. If 
such matters are kept in mind, arguments by means 
of similar engines are not uninstructive. 

Before proceeding to a conclusion, a few words of 
recapitulation and adjustment may be advan- 
tageous. 

From general deduction, from comparisons of 
engines used in America and in three Continental 
countries, and from simple calculations of the 
possible saving in tax by even large variations in 
stroke: bore ratio, it seems very clear that the 
tendency of the British tax to encourage engines of 





be changed. This rate of change, if the kinetic 


long stroke and small bore has been greatly exag- 








of some firms in all countries, of making up two 
engines of different bores on the same crankshaft. 
This holds both of car engines and truck engines. 

Examination of taxing systems in the four leading 
countries of Europe leads to the conclusion that the 
British tax is the heaviest and the most unjust. 
It disregards the principle of “ability to pay,” so 
that very small cars are taxed twice as much for 
their explosion vessels as are very big cars. The 
French and German systems not only avoid this 
injustice but leave the designer entirely free to use 
the taxed engine capacity in whatever way seems to 
him best. 

Analysis of the Treasury formula shows that, in 
itself, it is not dimensionally correct. Hidden 
beneath it are assumptions of obsolete piston speed 
and gas pressure. The fact that engine performance 
has increased at least threefold since the formula 
was introduced, shows that the formula is not even 
numerically correct. The fact that the Treasury 
formula is deducible from limiting performance at 
the point of failure under inertia stresses, shows 
that, racing apart, it is unpractical in its basis, 
and not properly related to the average and general 
duty of a car engine. The Treasury formula, being 
based on maximum power, has been advocated as a 
rational measure of traction, and, therefore, as a 
measure of the road damage a motorist could do. 
But to this there is the reply that, firstly, horse- 
power is not traction but traction times speed ; 
secondly that engine volume is a measure of torque 
or traction ; and thirdly, if potential road damage 
is to be a criterion, a tax on brakes would be indi- 
cated. 

The volumetric basis of engine taxation, such as is 
used in France and Germany, gives freedom to the 
designer in respect both of number of cylinders and 
stroke : bore ratio. It is justifiable because, at any 
engine speed whatever, it gives a measure of the 
engine torque available. If, by gearing up, the 
volume is used more frequently, the use is checked 
by engine wear and vibration. German designers 
have reached, and in some cases passed, this limit. 
A further justification for the volume tax is that it 
bears a closer relation to the cost of the engine. 
In general engineering work, it has long been the 
custom to estimate the cost of work at so much per 
ton—the rate varying with the class of work. Thus, 
in similar engines, the cost would vary as the volume, 
and with a volume tax the taxation would have some 
relation to the engine cost—given cars of a class— 
cf. ad valorem duties and rateable values. 

Conclusions.—In the foregoing, an attempt has 
been made to comply with the general “terms of 
reference” outlined at the beginning. Two systems 
of engine rating have been discussed, mainly from 
the point of view of influence on design. It is, 
perhaps, desirable, however, to point out that 
merely technical discussions of taxation matters 
are often entirely irrelevant, and, on this account, an 
effort has been made throughout the foregoing 
discussion to keep in mind some of the broader 
principles of taxation. The “ ability ” principle has 
been explicitly mentioned, and the “ benefit” 
principle, which is widely admitted as impracticable, 
has been casually noticed in connection with 
traction. 

It is, perhaps, helpful to glance finally at the matter 
in the threefold aspect of taxation suggested by Sir 
Josiah Stamp in his Newmarch Lectures, viz., gua 
taxpayer, qua government, gua community. From 
the: taxpayer’s: point of view, the British tax is 
defective, not only account of “ ability ” as between 
various grades of wealth, but also because it dis- 
criminates in regard to number of cylinders. It is 
to be suspected that the Italian gradation against 
multi-cylinder engines is a conscious effort to apply 
the “ability” principle against wealthy motorists, 
who can presumably afford many cylinders. But 
against this, as already pointed out above, modern 
mass-production methods react very powerfully. 
The French gradation against the big engine is much 
less vulnerable to criticism. 

From the Government viewpoint, considerations 
of simplicity, definiteness,: evasion, and ease of 
collection, reveal little essential difference between 
the present tax and any simple form of volume 





rating.. The main difficulty lies in the drastic change 
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of taxation distribution that would be necessary 
(see Fig. 3, page 304, ante), putting proportionately 
more on to the big engine, and removing some of 
the burden from the small engine. This might 
involve a small sacrifice of total revenue, but more 
electors would be gratified than would be grieved. 
And whatever the result, it is apparent, from Fig. 3, 
that the present tax is oppressive when judged by 
that of other countries. Strictly from the Govern- 
ment point of view, it may be wise to consider 
whether such oppressive taxation may not tend to 
dry up the source of revenue, or whether some relief 
might not stimulate new contributions of income. 
With the present petrol duty, for example, a remis- 
sion of engine tax, encouraging bigger engines or 
helping poorer people to use obsolete engines, 
might prove an inexpensive concession. 

Viewed by the community, meaning all those 
classes and industries apart from Government and 
the motor taxpayer, the matter is much more 
complicated. The railway interest has recently 
been considered at great length, in two separate 
acts of legislation, and there can be little doubt that, 
in course of time, further consideration will be given 
to railway and other interests. However, the 
only community view considered here is that of 
the motor manufacturer. From this point of view, 
two or three results are reasonably clear. A 
change to a volumetric rating would remove what- 
ever psychological influence, on stroke : bore 
ratio, may be present. It would encourage the 
use of multi-cylinder engines of all sizes, and so 
provide an incentive to the development of what 
might become an entirely new era in motoring. 
Finally, it would impose a more equitable burden 
on the large engines of foreign manufacture that 
make an appeal, by low price, to those of low 
principles. 

APPENDIX. 

In discussing the basis of the Treasury rating, a 
brief account of the history of the R.A.C. formula 
was given. This was based on information available 
in the Proceedings of the Institution of Automobile 
Engineers. As a matter of fairness and courtesy, 
a copy of the above paper was sent to Sir Dugald 
Clerk, the eminent authority to whom the inception 
of the R.A.C. formula was ascribed, and his atten- 
tion was directed to the paragraphs concerning his 
work. Sir Dugald thereupon kindly lent some 
pages from the Automobile Club Journal and 
Motor Union Gazette, a publication no longer 
readily accessible, containing his original paper 
entitled ‘‘ Rating Petrol Engines by Cylinder 
Dimensions.” The paper was read at the Club 
on March 22, 1906, and the journal in which 
it was printed, with the discussion, is dated 
March 29, 1906. Having regard to the importance 
of the original paper and to the brevity with which 
its substance was treated, it is desirable to give 
an abstract with verbatim quotations from it. 

“The rating of an engine’s power by means of 
cylinder dimensions is no new problem. It arose 
immediately upon the perfecting of the steam engine | 
by James Watt, and it produced a series of more or | 
less divergent rules, beginning about the end of the | 
eighteenth century and terminating about twenty | 
years ago. These rules were all intended to give | 
the power of a steam engine directly from the | 
cylinder dimensions. The power given by rule 
was long known as the nominal power of the engine, | 
and steam engines used to be sold as so many | 
horse-power nominal, capable of working up to | 
some fabulous power, generally three times, and| 
sometimes six times, the nominal power.” 

Here follow two paragraphs giving rules from 
Bourne on the Steam Engine, the rules being in terms 
of the square of the cylinder diameter :— 

“* No doubt, in the early days of the steam engines 
these rules gave close approximation to the actual 
power of the engine ; but the progress of experience 
and invention so greatly changed the conditions 
that before the practically final disappearance of 
the term ‘nominal,’ the power of the engine, as I 
have said, was generally three times the nominal, 
and sometimes six. This conception of nominal 
horse-power was a great annoyance for many years 
to the engineering world. It introduced an arti- 


ficial term which had no relationship with actuality ; 
and matters were further confused when indicated 





horse-power and brake horse-power began to be 
used, as well as nominal horse-power. 

“T hope that, in the case of the petrol motor, 
no rigid rules may be formulated tending to impede 
progress and prevent engine designers varying 
proportions and dimensions of their engines in 
any way which they may think best adapted to 
secure improved results. 

“ Personally, I fear it is impossible to devise a 
rating rule which will enable one to accurately 
estimate the power of any engine from cylinder 
dimensions only. To obtain any such accurate 
rule would require uniformity of mean pressures, 
cylinder proportions, piston speeds, and engine 
revolutions, which would tend, in my view, to 
impede progress rather than assist it.” 

The various tests carried out by Sir Dugald Clerk 
and his partner, Mr. Adam, as well as by the Wolseley 
Company and the Daimler Company, together with 
aome results by Dr. Watson and Mr. Remington, 
are then tabulated and analysed, and a general 
review of the existing knowledge of the subject is 
given. The complexity of such questions as flame 
temperature, surface cooling, and such-like factors 
on the effect of mean pressure are discussed. 

“With regard to the other important factor of 
power—that is, piston speed—broadly, the condi- 
tions arising with increased piston speeds are clearly 
understood. The limit comes from undue inertia 
strains. In many large gas engines, the work of 
pulling up the piston at the end of each stroke 
produces pressures on the crank-pin almost as high 
as the explosion itself. It is difficult to predict any 
limit to piston speed with reasonable accuracy, 
because it depends so much upon weight of recipro- 
cating parts, strength of material used, length of 
stroke, and so on. Altogether, it seems to me 
hopeless to expect to get any really accurate formula 
in our present state of knowledge.” 

A discussion of brake horse-power and petrol 
consumption follows, and then, in conclusion, the 
following paragraph is given :— 

“For dealing with this subject at all, I wish to 
apologise to the makers of petrol engines, who must 
know very much more about the matter than I do, 
as I have had little time to make experiments away 
from my usual gas-engine routine. For my pre- 
sumption, however, you have to thank your genial 


and indefatigable secretary, Mr. Julian Orde. He | 


would take no denial, although I assured him of 
two things: (1) that I was very busy, and did not 
wish to write a paper; and (2) that if I did write 
a paper, I feared it would not be in favour of petrol- 
engine rating by any rigid formula.” 

It will be seen from the foregoing quotations that 
Sir Dugald Clerk cannot be made responsible for 
the misapplication in taxation of the formula that 
he devised. Even after twenty-two years of inten- 
sive work and development in connection with the 
petrol engine, there is little of correction that can 
be offered. Perhaps the only point is in connec- 
tion with the limitation of piston speed by inertia 





of moving parts. With the advent of light-alloy | 


pistons and such-like improvements, this limitation 
has been greatly displaced, so that, in the present 
state of technology, it may be asserted that the 
limitation of piston speed is no longer due to inertia 
stresses, but rather to the physical properties of 
lubricants that are commercially available. A 
detailed discussion of this limitation is outside the 
scope of this article. 








THE COOLIDGE MULTIPLE-DOME 
DAM. 
By Frep A. Noerzu, D.Sc. 
(Concluded from page 278.) 


Forms.—The concrete in buttresses and domes was 
poured in 4-ft. lifts. The forms were rectangular 
panels 4 ft. by 8 ft. in size, and were re-used as often 
as their condition permitted. An ingenious system 
of flexible panel forms, developed by the constructors, 
permitted the adjustment of the panels without 
difficulty to the varying curvature of both surfaces 
of the domes. By continuous stringers and other 
means, these flexible panel forms were so held as to 
secure a continuous and perfect curve. The concrete 
in the domes was thus built up to within about 20 ft. 
of the crest of the dam. Where the overhang of the 



















domes was less than 30 deg. with the vertical, the 
forms were braced in the usual way by struts and 
ties. At higher elevations, where the overhang 
increased, a so-called “wish-bone,” consisting of 
a steel rod bent into the shape of an inverted V, 
and anchored in the previous lift of concrete, was 
used for supporting the intrados forms and the wet 
concrete. The wish-bone anchor bars were placed 
from 3 ft. to 5 ft. apart, according to the weight they 
had to support. This arrangement was very success- 
ful, and was used up to an elevation where the crown 
overhang was 55 deg. with the vertical. Above this 
elevation, steel trusses were used to support the 
horizontal brige arches. The flat uppermost parts of 
the domes were supported by wooden trusses spanned 
between the bridge arches and the portions of the 
dome poured previously. Thus, the entire structure 
was built without scaffolding of any sort. 

Figs. 21 to 23, on page 369, show various stages of 
construction, and illustrate the form work, &c. In 
Fig. 21, the stepped construction should be noted, 
and in the buttress in the foreground the form work 
for the inclined joints. The other two views show 
the centring for the bridge arches, and also the 
manner in which the dome inside-forms were held 
in place by trusses extending tothe bridge work. 

To facilitate the alignment of forms, the entire 
| dam site was covered by a net of instrument sights, 
| on lines 10 ft. apart both ways. The curvatures of 
extrados and intrados of the domes was determined 
prior to construction in the plane of every lift of 
concrete, that is, 4 ft. apart vertically. A traverse 
line was laid out in each plane, extending from 
buttress to buttress, and over to the corresponding 
points of the rock abutments. The points for the 
forms were then laid out about 5 ft. apart by 
co-ordinates from the traverse line. 

The upstream face of the domes was covered 
with a layer of gunite, 14 in. thick, reinforced with 
wire mesh. At the junction of the side domes with 
the rock abutments, the gunite was extended for a 
5-ft. width over the adjacent rock, thus lengthening 
the path of the water that might tend to percolate 
|under and around the dam. The foundation rock 
along the upstream face of the dam was pressure 
|grouted. Grout holes, about 20 ft. deep, 5 ft. apart, 
| staggered, were drilled into the rock and filled with 
| grout under pressures up to 125 lb. per square inch. 

The work of excavating the foundations for the 
Coolidge Dam did not present any unusual difficul- 
ties. The bed rock is a hard quartzite. The 
normal flow of the river was diverted during the 
work below stream bed through a wooden flume, 
30 ft. wide by 14 ft. high. During the later stages 
| of construction, an opening 14 ft. by 32 ft. was left 
in the east dome. This opening was closed after 
| dam and spillways were otherwise fully completed. 
| Spillway.—The spillway is shown in Figs. 3 and 
(5, page 194, ante, consists of six bays at 50 ft. 
| each, three on each side of the dam. Each bay is 
provided with a 14-ft. movable weir, 50 ft. long, 
designed to operate automatically with only partial 
opening of the crest for various amounts of spillway 
| discharges. The operating mechanism, constructed to 
| the designs cf Messrs. Stauwerke of Zurich, Switzer- 
|land, moves the spillway gate automatically in such 
/a manner that, for all conditions of overflow, the 
| water level in the reservoir is kept continuously at 
|or near the maximum storage level. An exception 

to this rule occurs only in case of very high flood 
| discharges when the water surface in the reservoir 
may rise above the storage level with all the gates 
fully open. The ordinary type of automatic spill- 
| way gate usually opens completely and fairly rapidly 
| whenever the water level in the reservoir rises above 
| the top of the gate. This produces relatively large 
and sudden discharges, which are undesirable, 
especially from the point of view of water conserva- 
tion, and are a potential source of danger to the life 
of people happening to be near the banks of the 
river for fishing and other purposes. For instance, 
the sudden opening of one of the spillway gates of 
the Coolidge Dam would produce a flood wave In 
the river below the dam of about 10,000 cubic ft. 
per sec., and this wave might rush down the canyon 
with an effect similar to that due to the sudden 
break of a small dam. 











The automatic mechanism of the gates designed 
for the Coolidge Dam overcomes these undesirable 
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features in the manner described below. The | this piston valve to a vertical plunger operating 
spillway gates are of the closed drum type. They | a cylindrical valve, which permits the water in the 
rotate around a longitudinal shaft and, when the | gate chamber on which the spillway gate is floated 
level of the water in the reservoir is below the | to escape, thus lowering the spillway gate itself. 
gates, these rest in a gate chamber provided below, Fig. 25 is a section through a spillway pier 
the concrete crest of the spillway. When the} normal to the axis of the spillway. The outline 
water in the reservoir rises to the crest of the dam | of a spillway gate (in raised position) is shown by 
it enters into the gate chamber through openings dotted lines. The lowest chamber, No. 1, is directly 
in the walls and floats the gate. The Fig. 24, on | connected through the opening A, with the spillway 
page 370, is a cross section through the spillway, | gate chamber. When the water level in the reser- 
showing the gate chamber with the gate raised to | voir is near the crest of the dam, water enters the 
the highest position. | spillway gate chamber through the pipe and valve 
While the gates for the Coolidge Dam are of | B, and by flotation raises the spillway gate. & This 
structural steel, the thin-shell reinforced concrete | water is also admitted to the chamber, No. 1, 
type of gate has been used in several instances with | through the opening A. When the water Jevel in 
good success, as described in ENGINEERING, in con- | the reservoir rises, the spillway gate is raised in 
nection with the installation at Camarassa, Spain.* | proportion, until eventually it reaches the maximum 
Figs. 25 and 26, page 371, show the operating | storage level. In the case of the Coolidge Dam, 
mechanism which is designed to provide automatic this is Elev. 2523, as indicated in Fig. 25. From 
movement of the gates in such a way as to let out| the chamber No. 1, the water rises through the 
only a sufficient amount of flood water to hold the open pipe P, and flows into the tank C, in which 
water surface in the reservoir at the maximum storage | the piston valve E and the float F are located. 
level. The operating mechanism for each gate is |The piston E is connected with the shaft of the 
contained in chambers located in either of the piers | spillway gate, and is held by a system of connecting 
next to the gate. It consists essentially of a piston | rods at the elevation of the crest of the gate. The 
Valve operated in part by the turning of the spill- | piston E closes a cylinder G, which is suspended 
way gate shaft, and in part by a float at the eleva- | and held in position by the float F. The cylinder 
tion of the maximum storage level. Water is G is connected by a system of pipes with a large 
admitted at times of rising reservoir levels through | cylinder D, in which floats a plunger D, connected 
| to a vertical cylindrical gate H. 
Assume now the water level in the reservoir to 





* See ENGINEERING, vol. exxi, page 323 (1926). 
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rise a small amount above the storage level, Eleva- 
tion 2523. The float F rises, and thereby lowers 
the cylinder G. Water from the tank C flows out 
between the piston E, and the top of the cylinder G. 
This water flows into the tank D, and raises the 
plunger D,, which in turn raises the cylindrical gate 
H, and thereby lets water from the chamber No. 1 
(and the adjacent spillway gate chamber) escape 
into the open-waste tunnel. Consequently, the 
spillway gate is lowered slightly, until the piston E 
(connected to the gate shaft) shuts off again the 
cylinder G, and thereby stops the flow of water 
from the tank C to the tank D. The small valve K, 
always open, permits the water from the tank D to 
drain out slowly, whereby the plunger D, is lowered 





and the cylinder valve H closed, thus preventing 
a further escape of water from the chamber No. 1 
and the spillway gate chamber. The spillway gate 
is therefore again held in position, which now, 
however, is slightly lower than its maximum eleva- 
tion. If the water in the reservoir rises still more, 
the process is repeated, and the spillway gate is 
gradually and smoothly floated inch by inch into 
its new positions. When the water level drops 
again in the reservoir, the process is similar, the 
spillway gate slowly rises and is again in its highest 
position when the water level in the reservoir has 
dropped to the elevation of the crest of the spillway 
gate. In order to ensure positive action of the spill- 
way gates, even in case the automatic regulating 
device should fail to function, the gates may be 
raised or lowered at will into any desired position 
by the operation of safety valves K, L, M. 

For the outlet works of the Coolidge Dam, two 
outlet towers were provided in the contract drawings, 
each containing an external cylindrical gate and an 
internal hemispherical emergency valve. At the 
lower end of the outlet, pipes were arranged balanced 
needle valves with emergency butterfly valves. 
During construction, the layout was changed by 
omitting the valves and gates in the outlet towers. 
Thus, these towers contain merely the inlet openings 
with the trash racks. From each tower, a pipe of 
8-ft. diameter leads to the power house, which is 
located between the two centre buttresses. At 





times, when the demand for water exceeds the 
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discharge from the turbines, two 60-in. internal 
differential needle valves serve for by-passing 
water from the inlet pipes directly into the river 
below the dam. The amount of water drawn from 
the reservoir is measured with Venturi meters, of 
which one of each is inserted in each of the two 
outlet pipes. Butterfly valves, of 72-in. size, are 
provided for emergency purposes immediately ahead 
of the needle valves. 

Balanced needle valves have been used with 
marked success in connection with many of the 
largest dams built in the United States, such as 
the Roosevelt, Arrowrock and Pathfinder dams. 
In fact, this type of valve is a standard equipment in 
America for high-pressure outlets. Very recently, 
the United States Bureau of Reclamation has 
developed a new principle for operation of needle 
valves, materially reducing the weight of the valves, 
and also the cost. The general design of the valve is 
shown in Fig. 27. This type of valve was used for 
the irrigation outlets of the Coolidge Dam. The 
interior of the valve* is divided into three sections, 
or chambers, lettered Q, R and S on the drawing, 
Fig. 27. These chambers are formed by a fixed 
diaphragm fastened on the end of a cylindrical tube, 
which, in turn, is bolted to a suitable flange on the 
body of the valve. The plunger telescopes into the 
cylinder, and on its inner end, a piston or diaphragm 
is fitted. 

Operation is by control of the hydraulic forces 
within the valve by means of suitable passages 
and ports giving communication between the three 
chambers. Chambers Q and § are connected by 
passages in such a manner that water can readily 
pass from one to the other as the plunger opens or 
closes in the normal operation of the valve, and are 
exhausted to atmospheric pressure by passageways 
and control pipes that provide for control of the 
movements of the plunger. Chamber R is con- 
nected to the pipe line or conduit under reservoir 
pressure by a passageway permitting unrestricted 
flow in either direction. Chamber R supplies 
pressure very slowly to chamber Q through restricted 
leakage past the movable piston on the plunger and 
the fixed diaphragm, which leakage is supplemented 
by a small port supplying conduit pressure to either 
chamber Q or chamber §. With pressure conditions 
thus established within the valve, the plunger is 
subject to the following operating forces :— 

Closing Forces.—(a) Conduit pressure within 
chamber Q against the face of the movable piston 
with or without chamber R, reduced to lower or 
atmospheric pressure. (6) Conduit pressure within 
chamber § against the conical end of the plunger, 
with or without chamber R, reduced to lower or 
atmospheric pressure. 

Opening Forces.—(c) Conduit pressure within 
chamber R, acting against the face of the fixed 
diaphragm, with chambers Q and S reduced to 
lower or atmospheric pressure. (d) Conduit pressure 
against that part of the conical end of the plunger 
that is inside the contact with the valve seat in the 
nozzle, plus the reaction of the jet after the plunger 
has moved onward. This valve can be used in a 
pipe line, as in a penstock, in which the opening 
force available is conduit pressure against part or 
all of the conical end of the plunger. 

With these different conditions of pressure avail- 
able, it is possible to force the plunger open or 
closed, or to hold it in any intermediate position by 
suitably regulating the exhaust pressure out from 
chambers Q and §, and from chamber R. For 
example, when the pressure is entirely cut off from 
chamber R, and allowed to accumulate in chambers 
Q and §, the plunger willjbe forced to close against 
its seat, whereas, if the pressure is permitted to 
accumulate in chamber R, and is exhausted from 
chambers Q and §, the plunger will be forced open. 
Likewise, when the closing pressures are equalised 
with the opening pressures by control of the exhaust 
from chambers Q and §, at any position of the 
plunger, the load on each side of the plunger is 
balanced, and it will remain fixed at partial opening 
until the hydraulic conditions within the valve are 
again changed. In the normal operation of the 
valve, chamber R is maintained under full conduit 
pressure at all times, and control is secured by 





* See Dams and Control Works, by Dr. Elwood Mead, 
Commissioner, Bureau of Reclamation, Washington, D.C. 
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regulation of the exhaust from chambers Q and S. 
However, it is obvious that the pressure in chamber 
R can be decreased or increased as required, if 
necessary to secure proper actuating forces. 

The differential between the opening and closing 
forces in this valve is greater than in any other 
known type of needle valve, owing to the large 
additional area of the movable piston on the 
plunger. This increased differential is of much 
value, as it ensures greater forces to overcome 
friction in the plunger and for operation under low- 
conduit pressures, and constitutes one of the 
important features of this design. The friction of 
the movable plunger is often increased by corrosive 
action when valves are idle for a long period, or 
where the water contains considerable quantities 
of chemicals that induce rapid corrosion, and it is 
well known that commercial valves have failed to 
function properly for this reason. 

The plunger is prevented from slamming in either 
direction by suitable restrictions in the communicat- 
ing ports between chambers Q and §, these ports 
being so shaped that when they engage at the 
finish of the stroke of the plunger their area is 
rapidly decreased, thus having a dampening effect. 
The passage of water between chambers Q and S, 
through the small ports, and from chamber R back 
into the pipe line gives a further dampening effect 
throughout full travel of the plunger. 

The valves are designed for control and for 
venting by a control stand located on a floor above 
the valve, or by a handwheel mounted on the body 
of the valve, to suit any conditions of installation. 
Patents covering the internal differential feature of 
this type of valve are pending. 

The construction work was carried out by motor 
equipment, there being no horses or mules on the job. 
Electricity was furnished by the Government over a 
newly-constructed 20-mile transmission line, which 
will later be used to transmit the electricity generated 
atthedam. The aggregate was excavated by drag- 
lines and petrol shovels, and delivered to the 
crushing, washing, and screening plant located 
nearby, about one mile below the dam site. The 
aggregate was then conveyed by aerial cable-way to 
the mixing plant on the hillside above the dam, 
consisting of two 2 cubic yard batch mixers with 
gravity-feed bins, and including all necessary 
arrangements for proper control of cement, aggre- 
gates, and the water-cement ratio. From the 
mixing plant, the concrete was conveyed to a 
hoisting tower 400 ft. high, located between the 
buttresses of the dam, and thence distributed to 
all parts of the structure by chutes. Two cable- 
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ways for loads up to 15 tons, with spans of 1,200 ft. 
between supports, were placed across the river and 
parallel to the axis of the dam. These: cable-ways 
were used particularly for the delivery of the 
reinforcing steel in the domes, and of the structural 
iron, valves, penstocks and other metal work for 
trash racks, outlet works, and power house. In 
all, about 8,500,000 Ib. of metal work was thus 
delivered from the road above the dam to its place 
in the structure. 

An average of about 500 workmen were employed 
at the dam, with a maximum of 700 during the 
excavation period. Of these, about 100 or 200 were 
native Apache Indians, whose wig-wams were 
located in the nearby valley of the Gila River. 

The quantities involved in the construction of 
the Coolidge Dam are as follows: Excavation for 
dam and spillways, 330,000 cub. yards; concrete, 
total, 201,000 cub. yards; reinforcing steel, 3,500 
tons. The cost of the dam complete, including power 
house and transmission line, but excluding the cost 
of reconstructing the railroad within the reservoir 
area, is approximately 4,500,000 dols. or 3-75 dols. 
per acre-foot of reservoir capacity. 

The contract for construction was let January 2, 
1927, by the United States Government, after 
receipt of competitive bids from six construction 
firms. The first concrete was poured on November 
24, 1927, and the dam was completed on October 25, 
1928, about nine months ahead of the required 
schedule. The dam was designed and built for the 
U.S. Indian Service, under the direction of Major C. 
R. Olberg, Assistant Chief Engineer, assisted by H. C. 
Neuffer, J. A. Fraps, C. H. Southworth, and E. L. 
Rose. General W. C. Langiftt, L. C. Hill, A. J. 
Wiley and the writer were consulting engineers. 
The construction work was done by the Atkinson, 
Kier Brothers and Spicer Company. J. G. Tripp 
was superintendent of construction. : 

The multiple-dome type was well adapted to this 
site, the shape of the canyon being such as to 
necessitate comparatively little extra excavation 


'to afford symmetry for the side domes. Also the 


fact that a state highway bridge, 20 ft. wide, was 
to be carried across the dam invited the connection 
of the face of the dam with the bridge, as incor- 
porated in the multiple-dome type of construction. 
In certain cases, especially when no bridge is 
required across the dam, it may be advantageous 
to use the dome shape only in the lower portions of 
the dam, and construct the crest more nearly 
vertically, thus reducing greatly the difficulty and 
cost of forming the uppermost portions of the 
structure. 
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ATOMIC NUCLEI AND THEIR 
STRUCTURE. 


On March 8, Sir Ernest Rutherford, P.R.S., O.M., 
delivered the first of a series of four lectures on 
Atomic Nuclei and their Structure at the Royal 
Institution. Owing to the reconstruction of the 
building, the lectures have to be delivered in the 
library, where experimental facilities are limited. 

_ The model of 1911, Sir Ernest remarked in his 
introduction, was generally accepted as a basis for 
explaining the properties of the outer atom. Progress 


‘I the investigation, which was at first rapid, had 


soon become slow owing to inefficient methods of 
attack. Temperature, radiation and bombardment 
were bound to have great influences on the outer 
atom, but they hardly affected the nucleus itself. 
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The advent of wave mechanics had supplied us, 
in the last few years, with data for directing 
nuclear research, because these theories permitted 
certain conclusions to be drawn without requiring 
detailed knowledge of the forces holding the atom 
together. We were now beginning to understand 
how the atom could be held together and how it 
could be broken up. In trying to explain this, 
he would begin with the history of the important 
steps in nuclear research. 

The electron was isolated in 1897. Within the 
ten years following, it became clear that the atom 
was some type of electrical structure which, in the 
first model of Kelvin, developed by J. J. Thomson, 
was represented by a sphere of positive electricity 
in which electrons were embedded. How many 
electrons were in that atom ? A few, or thousands ? 


(1652.M) 
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In other words, if an electron passed through an 
atom, how many electrons would it encounter? 
To investigate that question, in the Cavendish 
Laboratory, they passed pencils of parallel « rays 
through metal foils, through which the rays probably 
moved in zig-zag paths. The emergent beam was 
found to be only slightly divergent, the deflections 
being small. Geiger (now at the Reichsanstalt) 
passed a pencil of « rays through an exhausted tube, 
3 ft. in length, on to a zinc-sulphide screen on 
which it produced a dense spot of scintillations, 
Fig. 1. Interposing, next, a piece of foil in the 
path of the rays, he observed the scintillations 
to be distributed over a disc, but the average 
deflection was only 1 or 2 deg. As the number of 
interposed foils was increased to 50 or more, however, 
the scattering angle increased to 16 deg., as shown 
in Fig. 2. This result was in accord with the Kelvin 
model. In 1911, however, Marsden, adopting a 
different arrangement for deflecting the «-rays, 
obtained deflections of over 90 deg. These large 
values seemed to indicate that some of the 
« particles must actually rebound after collision 
with an atom. Since these particles had a speed 
of about 10,000 miles a second, this conclusion 
was difficult to reconcile with the view that the 
atom consisted of electrons embedded in a relatively 
large sphere of positive electricity. Sir Ernest was, 
accordingly, led to suggest, in 1911, that the positive 
charge was concentrated into a minute nucleus 
which was surrounded by outer electrons, 
sufficient in number to render the atom as a whole 
electrically neutral. These outer electrons would 
hardly disturb the path of an invading « particle. 

The inverse-square law of attractions and 
repulsions had been assumed to remain valid 
within the closest possible approach of an « particle 
to a nucleus. A nucleus, regarded as a positive 
point charge, would repel an approaching « particle, 
also carrying a positive charge, with a force which 
increased as the particle drew nearer, but the 
deflection produced would be the smaller, the greater 
the velocity of the particle. To illustrate this the 
lecturer suspended a bar magnet as a pendulum, 
and caused it to vibrate over a bundle of magnets ar- 
ranged vertically. He demonstrated that the higher 
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the speed of the pendulum, as it passed over the 
bundle of magnets, the less it was deflected. In 
another experiment, for which he was indebted 
to Professor Andrade, a number of steel balls 
were sent down a chute, at different speeds, towards 
a sort of model mountain, the sides of which were 
shaped of wood so that the force deflecting the balls 
obeyed the inverse-square law. Here again the 
higher the speed of the balls, the less they were 
deflected. 

A very useful method of studying collisions 
between atoms and either a-rays or electrons 








of number Q incident upon a radiator of thickness 
t with m atoms per unit area, was as follows: Let y 
denote the number of particles scattered through an 
angle 9 to unit area at distance r from the radiator. 


tb? cosec* $ 0 2Ze ; 
Then y = Qasr coe’ i! ,» where 6 = Mv? M being 
a constant. Laborious experiments made with ap- 


paratus modified in various ways had confirmed this 
rule. It was found, for example, that, for silver, the 
number of scintillations N per unit. area increased 
from 22 to 105,400 and to more than 1,710,000 
as the angle of deflection decreased from 150 deg. 








filled up by chemists. Moseley’s researches rendered 
it more easy to predict what kind of properties the 
missing element should possess. Most of the gaps 
existing in Moseley’s time had, in fact, been filled up. 
The new elements discovered were: Masurium, 
ordinal number 43, one of the rare-earth family ; 
illinium, 61; hafnium, 72; and rhenium, 75. Two 
gaps still remained for the elements 85 and 87, and 
these might never be discovered, as no longer 
in existence. These elements would fall within the 
region of radioactive elements. Unless they had 
long-life periods, they might have disappeared 









was the vapour-condensation method of C. T. R. : : : long ago. The ordinal number also expressed the 
Wilson. The a or § particles in question were niand 95 hy. see cosec! 40 increased | resuitant nuclear charge of the atom ; that is to say, 
shot through super-saturated vapour, which con- | from 19 to 31 finally. With regard to the influence | the excess of the number of protons over the number 
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densed on the ions produced by the projectiles, 
thus mapping out their tracks. 

Actual collisions between « particles and atomic 
nuclei were very rare; when they occurred, the 
a particle bounded off at a certain angle, and the 
heavier gas particle recoiled to a smaller distance 
as shown in Fig. 3. Deflections of « particles 
by a nucleus which was approached more or less 
in what might result in a head-on collision were 
illustrated in Fig. 4. 

The theory of these researches was as follows; 
If « particles were shot at a nucleus of charge Ze, 
where e was the electronic charge, at a velocity V, 
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| of the velocity V, the product NV‘ remained nearly 
: a we - 
constant when the relative ratio y4 was raised 


|from 1 to 4-6. To estimate the actual charge on 
the nucleus from these experiments was difficult. 
Roughly, however, the charge appeared to be 
equal to half the atomic weight, and, taking the 
nuclear charge for hydrogen as unit 1, the ele- 
| ments fell into the order of their atomic numbers, 
which the lecturer prefers to call the ardinal 
numbers. 

Meanwhile, the study by Bragg of the bright-line 
X-ray spectra of the elements had indicated a new 
method of attack for deciding whether the nuclear 
charge depended upon the atomic weight, which 
was frequently a fractional number, or upon the 
atomic number, which was always an integer. 
In the latter case, the ordinal number should 
| control the physical as well as the chemical properties 
of the elements, because it depended upon the 
nucleus, and not only on the outer electrons. 
Using the arrangement illustrated in Fig. 5, Moseley 
found that aluminium gave two X-ray spectrum 
lines, and that all the other elements also gave 
two lines, shifting with higher ordinal numbers 
farther apart and more and more into the region of 
higher frequency ; he found, moreover, that brass 
gave the lines of both zinc and copper, Fig. 6. 
This observation constituted the first example of 
X-ray analysis. We knew now that there were 
more than two lines in X-ray spectra, and that 
they were complex, but on plotting, as in Fig. 7, 

















and were able to approach the nucleus within the 
distance b, Fig. 4, then the number of « particles 
scattered through the angle @ should be proportional 
to the square of the central charge, to the fourth | 
power of cosec@, and inversely proportional to the | 
fourth power of V; thus, provided that the inverse- 
square law held good, the number of scattered | 

: 62 cosect $0 
‘particles was proportional to ——yq—~. The| 


more general rule for the scattering of « particles 


the atomic numbers against the square roots of 
the frequencies of the lines, recent researches had 
confirmed the regular step-by-step change in the 
positions of the lines. 

On the basis of his experiments, Moseley had 
slightly corrected the sequence of the elements 
in the old periodic table with its eight groups 
and seven periods, and had facilitated the search 





for the elements fitting into the few gaps of the 
periodic table. Some of these had already been 
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of electrons in the nucleus. It was most remarkable 
that an element like uranium, with a resultant charge 
of 92, was still possible. Thestructure of the uranium 
atom must be highly complex, but it seemed to 
mark the extreme limit which we could still study, 
because the life period of uranium was very great. 
of the order of 2 x 108 years. More highly radio- 
active elements might have vanished from our 
reach. That, however, brought up the special 
problem of isotopes. 








Tue R.38 MemorraL Prize.—The R.38 Memorial 
Prize of the Royal Aeronautical Society, for 1929, has 
been awarded to Miss Hilda M. Lyon, for her paper, 
“The Strength of Transverse Frames of Rigid Airships. 
The contribution will shortly be published in the Journal 
of the Society. 





Luoyp’s ReEcisteR Surveyors IN Rvssra.—The 
fact that the Committee of Lloyd’s Register of Shipping 
has arranged for the Society’s Surveyors in Russia to be 
withdrawn from that country appears to have given rise 
to some misunderstanding on the subject. The Commit- 
tee have, therefore, asked us to state that the withdrawing 
in question has been decided upon in the ordinary course 
of the Society’s business, as a result of the approaching 
completion of the series of vessels, the construction 0 
which the Society agreed to supervise with a view to their 
classification in Lloyd’s Register Book. Several vessels 
have already been completed and some of the surveyors 
have been withdrawn in consequence. When the whole 
of the vessels are finished, the remaining surveyors wil 
also be withdrawn. The Committee conclude with the 
statement that their decision in this matter has no political 
significance whatever. 
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Fic. 16. Borromtna MAcHINE FoR Tin ConTAINERS; Messrs. L. SCHULER A.-G. 


LEIPZIG FAIR. 
(Concluded from page 343.) 


In concluding our account of the Fair, a word 
may perhaps be said regarding the facilities 
afforded to British visitors. On the whole, the 
travelling arrangements organised by the London 
representatives of the Fair Authority, and by the 
railway and shipping companies concerned, ensure 
that the journey is made in comfort, but some over- 
crowding is inevitable on the services reaching Leip- 
zig on the evening before the official opening. The 
buildings themselves are also exceedingly crowded 
during the first two or three days, and, for these 
reasons, British visitors would be well advised to 
make arrangements to arrive somewhat later. 
Accommodation is difficult to obtain in hotels at 
leipzig during the Fair period, but foreign visitors 
may rely on the alternative accommodation arranged 
by the London office. As the Technical Fair 
buildings are some distance outside the town, 
many of the rooms available in private houses are 
actually more convenient than the hotels, and 
the charges made for accommodation are quite 
reasonable. 

Continuing our description of the exhibits, we 
may next deal with a machine designed for manu- 
facturing tins on continuous-production lines, which 
was exhibited by Messrs. L. Schuler A.-G., of 
Géppingen, and is illustrated in Fig. 16 on this page. 
It is intended for flanging both ends of the tins 
and rolling on the bottoms. It has a maximum 
capacity of 60 tins per minute, and effects the two 
operations mentioned automatically. Devices are 
fitted so that both ends can be beaded, or one 
beaded and the other left plain. The bodies of the 
tins are prepared in a separate machine, the joint 
being of the lapped and soldered type. In the 
machine on which this operation is carried out, 
the curved sheet forming the body of the tin is 
ed on to one of a number of horizontal radial 
arms projecting from the machine head, which 
Totates about a vertical axis. As the head rotates, 
the two edges of the strip are held apart but over- 
lapping until the solder, in the form of strip, is 
Inserted ; they are then pressed together, and a 
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gas burner carried on the radial arm 
is lit automatically, the gas jets being 
directed on to the joints while the 
head makes about a quarter of a 
revolution. The gas is then turned 
off and a blast of air directed on to 
the joint to cool it, after which the soldered body 
is delivered on to a chute. 

Returning now to the machine shown in Fig. 16, 
the bodies, prepared as described, are placed in 
the magazine which can be seen at the back of the 
machine, while the bottom blanks are placed in the 
second magazine also shown at the top of the figure. 
The machine is belt driven, the pulley being 
visible at the left-hand end in the illustration. 
The drive is taken through a clutch, engaged by 
the hand wheel on the extreme left. The two 
blanks are released from their respective magazines 
by means of trip fingers operated by the link gear 
on the front of the machine. The body is released 
first, and falls into position between two heads, 
which are then brought together, and grip it 
firmly while the flanges are rolled over. The 
blank is then released, and falls between the heads 
of a horizontal press, one of the bottom blanks 
being released from the magazine at the same time, 
and being guided into its correct position at one 
end of the tin body. The press then comes into 
operation, and presses on and turns over the end, the 
joint being made with a rubber ring, previously 
inserted in a groove in the lid. An ejector next 
forces the tin away from the press so that it is able to 
slide down the discharge chute. The device by 
which the ends are supplied to the semi-completed 
tin is fitted with a stop which throws the machine 
out of action when the magazine is empty, so that 
no tin can be discharged without an end. If, on 
the other hand, the supply of tins is interrupted 
while the machine is running, the ends fall un- 
damaged through the bottom of the machine. The 
equipment can be easily and simply adjusted to 
different lengths and diameters of tins, the rollers 
being movable separately in both the vertical and 
axial directions. Roller and hall bearings are used 
throughout the machine, so that the friction is 
reduced and the life increased. 





Fie. 17. 








IRONCLAD SwitcH; Messrs. FELTEN AND 
GUILLEAUME CARLSWERK A.-G. 


Armour-clad switchgear has always been con- 
sidered an essentially British invention, and it is 
therefore interesting to find that German manu- 
facturers are more and more turning their attention 
to the production of this type of equipment. It 
was first brought to their notice by the display 
at the British Empire Exhibition in 1924, and 
was, in fact, regarded by them as one of the few 
lines in which we had established a real claim 
to novelty. To some extent, the more general 
employment of such switchgear is compulsory, since 
the increasing consumption of electricity has meant 
the installation of higher capacity units in both the 
generating and substations, with the result that 
the use of cubicles has become impracticable, owing 
to their excessive space requirements. On the other 
hand, there is no doubt that the greater security, 
simpler operation and low maintenance of this equip- 
ment have also been factors in bringing the change 
about. 

As an example of the switchgear of this 
pattern which was shown this year at Leipzig, 
we may take the unit illustrated in Fig. 17, on 
this page. This was manufactured by Messrs. 
Felten and Guilleaume Carlswerk A.-G., of Cologne- 
Miilheim, and is intended to carry 600 amperes at 
10,000 volts. It corresponds so closely in design 
with English practice that it is hardly necessary 
to give a detailed description, but it may be 
said that it is manufactured as a self-contained 
unit, complete with instrument transformers and 
dividing boxes, and that all the conductors, 
including the ’bus bars, are adequately insulated 
and are enclosed in an earthed metal housing, 
the spaces between the conductors and the latter 
being filled with insulating compounds The risk 
of short-circuits or earths occurring is therefore 
a minimum, and when they take place the effects 
are limited to the immediate neighbourhood of 
the fault, 
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The circuit-breaker itself is liberally rated, and 
the gases formed when the circuit is opened are 
retained within the structure, so that the fire 
danger is eliminated. Interlocking devices are 
provided, so that incorrect operation is impossible. 
The unit consists essentially of a fixed and a movable 
portion. The former contains the ’bus bars to 
which the isolating sockets are fixed, a transformer 
chamber which is equipped in the same way, and 
the cable-dividing boxes. These parts are all 
carried on two standards, the upper faces of which 
are provided with a rack on which the movable por- 
tion can be run out by means of a manually-opera- 
ted ratchet and pinion gear. To prevent accidental 
contact with the live conductors, the mouths of the 
orifices through which contact is made with the 
sockets are closed by doors which come automatically 
into position when the carriage is racked out. The 
movable portion of the unit consists essentially of a 
tank, which is supported from a cast-steel top plate. 
This top plate is surmounted by three hoods, which 
shroud the plugs by means of which contact is made 
with the sockets mentioned above, and also carries 
the operating mechanism. The circuit-breaker can 
be operated in any of the well-known ways. It is 
provided with two breaks per phase in series, and 
the speed of the contacts on opening and closing is 
high. 

A large number of presses for a variety of purposes 
were shown, from among which we have selected the 
model illustrated in Fig. 18, Plate XX VII. This was 
manufactured by Messrs. Maschinenfabrik Weingar- 
ten vorm. H. Schatz, of Weingarten, and has been 
designed for the high-speed production of all types 
of metal stampings. A pressure of 50 tons can 
be exerted, and a variable-speed motor is fitted, 
giving from 100 to 200 strokes per minute, according 
to the nature of the work. The length of the 
connecting rod is adjustable over a range of 60 mm. 
(2% in.). The width between the two side frames 
is 650 mm. (258 in.), and the work, which is cut out 
from strip, can have a maximum diameter of 120mm. 
(4? in.). The motor is‘mounted on the back of 
the machine, and-drives the crankshaft by a short 
belt provided with a jockey pulley, a clutch being 
incorporated in the drive. The dies are not shown 
in the illustration, and it should be explained that 
the lower die is carried on the table between the 
side frames, and is of such a height as to bring the 
top in line with the surface of the two side brackets. 
The strip is passed over these brackets, and over the 
die, from a separate drum on the left-hand side of 
the machine. Each of the two brackets is provided 
with a short horizontal slide through which the 
strip is threaded, the slides being coupled together 
by the two horizontal rods shown. These slides 
are given a reciprocating motion in phase with the 
movement of the punch, and, in addition, there are 
two vertical slides, one on each side of the machine, 
under which the strip is passed. In action, the 
strip is first gripped by the horizontal slides when 
they are at the left-hand end of their stroke. The 
grip is retained until the slides reach the right-hand 
end of their travel, when they are released, and 
the vertical guides immediately descend and clamp 
the strip firmly while it is being punched. The 
motion is then seutomatically repeated until all 
the strip is used up, the perforated waste strip 
being cut into short lengths by shears at the 
delivery end, and the punchings being delivered 
through a hole in the machine bed. The motions 
for the horizontal and vertical slides are operated 
from the left-hand end of the crankshaft through 
suitable gearing, the shaft connecting the upper and 
lower gears being visible in the figure. The shears can 
be adjusted along the right-hand bracket to ensure 
that the cut is taken across the weakest part of the 
strip, and an adjustable stop, controlled by Bowden 
wire, is provided to ensure that the first punching is 
effected in a full length of strip.’ This stop, which 
is mounted on the die when the machine is set up, 
can be seen resting on the bed of the machine in 
the illustration. Ball bearings are employed on 
all the rotating parts, so that wear is reduced, and 
any inaccuracy in the product is, as far as possible, 
guarded against. The whole of the machine is 
rigidly constructed, and it is claimed that the wear 
is small in spite of the high speed of operation. The 
machine is controlled by one lever, which disen- 
gages the clutch, already referred to, and at the 





same time applies a brake, so that the punch 
holder comes to rest in its highest position. 

Among the many milling machines that were 
exhibited, mention may be made of a model 
shown by Messrs. Wandererwerke A.-G., of Schénau- 
Chemnitz, and illustrated in Fig. 19, Plate XXVII, 
as this may be regarded as typical of many 
others. The main column is of box form, and 
of sufficient breadth, in both directions, to ensure 
ample rigidity when heavy cuts are being taken. 
When electric drive is employed, the motor is 
located inside the column, where it is effectively 
protected and occupies what would otherwise be 
waste space. A single lever, which can be seen in 
the figure lying parallel with, and in front of, the 
spindle arm, controls the main working motions. 
If this lever is moved upwards from its central 
position, the spindle drive is engaged, together with 
the table-feed motion, and, at the same time, the 
supply of emulsion is turned on. On the comple- 
tion of the table travel, the lever is moved down- 
wards, when the spindle drive is disconnected, the 
rapid-reverse motion of the table is engaged, and 
the supply of emulsion is cut off. The table auto- 
matically comes to rest on the completion of the 
reverse stroke. The lever is duplicated so that 
the motions can be operated from either side of the 
machine. 

Twelve spindle speeds are provided, six of which 
are brought directly into engagement by turning 
the large hand-wheel visible on the column. The 
remaining six changes are engaged in the same way, 
after changing a pair of wheels in the gear-box 
by means of a hand lever. The usual range of 
speeds is from 38 r.p.m. to 480 r.p.m. over the 
twelve stages, but a range from 76 r.p.m. to 
960 r.p.m. can be provided, if required. Means 
are provided for reversing the direction of rota- 
tion of the spindle by introducing an intermediate 
wheel in the gear train. The machine is also pro- 
vided with twelve longitudinal, cross, and vertical 
feeds. The longitudinal feeds range from 15 mm. 
to 190 mm. (% in. to 74 in. per minute, with 
an alternative of 30 mm. to 380 mm. (1) in. to 
15 in.) per minute, on the working stroke, the quick- 
return feed being 1,500 mm. (4 ft. 11 in.) per minute. 
The forward and return feeds for the cross traverse 
and vertical motions are, respectively, one-half and 
one-third of the corresponding longitudinal feeds. 
The quick-return motion is brought into action 
automatically in all three directions. The various 
table feeds are controlled by the hand-wheel shown 
on the extreme right in the figure, which enables 
six changes to be obtained, and by the hand lever 
immediately below and to the left of this wheel, 
which regulates the remaining six feeds. The usual 
hand traverses are provided in addition to the 
automatic feeds, the two levers at the front of the 
machine being for the hand rise-and-fall motion 
and for the hand cross traverse. The double- 
ended lever, visible below the hand lever for the 
longitudinal traverse, controls the table reverse 
motion. 

All the gear wheels and shafts are made of chrome- 
nickel steel, and the shafts are carried in roller 
bearings, with the exception of the main spindle, 
which is mounted in plain bearings. Central lubri- 
cation is provided for the table motions, and the 
spindle gearing runs in oil. The particular machine 
illustrated has a table measuring 33} in. by 10 in. 
The longitudinal traverse is 214 in., the cross and 
vertical traverses being 8 in. and 16} in., respec- 
tively. 

In addition to the tin-making machines already 
referred to, Messrs. Karges-Hammer A.-G., of 
Brunswick, exhibited a number of machines for 
forming, soldering and sealing the tins which 
are now so largely used for containing food and 
other products. These included an automatic sol- 
dering equipment for making the longitudinal 
seam between the two edges of a tinned sheet 
which has previously been bent to the desired 
shape. A flat sheet, cut to size, is first passed into 
the magazine of the soldering machine, whence it is 
;removed automatically and its edges treated with 
|solder. It is then bent to the required shape, placed 
lin the soldering vat, soldered, and delivered to a 
|chain conveyor. This conveyor carries it to the 
foot of a small hoist, from which it is discharged 
jnto the mouth of the flanging machine. Here it is 











flanged on both ends, and the bottom is turned over 
and soldered, a supply of bottoms being drawn 
from a magazine, as required. It is next discharged 
down a second chute in a condition ready for filling, 
after which operation it is transported to the machine 
which fastens on the lid. This latter machine ig 
illustrated in Fig. 20, Plate XX VII, and is designed 
to deal with groups of six full, or even over-full, tins, 
in the case of powders, without wasting any of the 
contents. The filled tin is delivered on to the 
endless belt shown in the figure, from which it is 
diverted by suitable guide bars to a second con- 
veyor which feeds it on to a horizontal revolving 
table. At the same moment, a lid is fed from the 
magazine, which can be seen in the illustration, on 
to the top of the tin. The table is provided with 
six inset circular plates, larger in diameter than the 
tin, on to one of which the tin is actually delivered. 
A flange on one side of the plate acts as a stop for 
the tin and automatically locates it in the correct 
position. A rotating head above the table carries 
six corresponding plates, but of smaller diameter 
than the tin. As soon as the lid is located on top of 
the tin, the lower plate rises and the upper plate falls, 
so that the lid is pressed firmly on to the tin, the 
joint being made by a rubber ring which has been 
fitted to a groove in the lid before the latter was 
placed in the magazine. The lidded tin is held 
firmly between the two plates as the table and head 
revolve, and, at this stage, the edge of the lid is rolled 
over the flange on the tin, the rolling being con- 
tinued- while the table makes about three- 
quarters of a revolution. The upper and lower 
plates are then released and the tin is directed into 
the delivery chute, seen on the right in the figure, 
by a suitable guide bar. The six rolling heads are 
each provided with two rollers, which descend on 
each side of the tin during the rolling process, and 
are withdrawn before the tin is released. The 
machine is quite automatic in action, and can be 
belt-driven, as shown in the illustration, or driven 
by an electric motor mounted on the top of the 
central column. It is stated that this machine is 
capable of dealing with 150 tins, measuring from 
56 mm. to 113 mm. (2-21 in. to 4-44 in.) in diameter 
and from 60 mm. to 185 mm. (2-36 in. to 7-28 in.) 
high, per minute. 

Considerable interest was shown in the exhibit 
of Messrs. Alfred Herbert, Limited, of Coventry. 
which consisted of a range of their well-known 
capstan, automatic, and turret lathes, together 
with @ vertical milling machine and a three-spindle 
drill, Each machine was direct-motor driven, and 
was shown in operation. The machines were set up 
for dealing with typical examples of work, and a 
brief description may be given of the sequence of 
operations in one or two typical cases. One of 
the capstan lathes was arranged for machining 
a brass piston for an air pump, as shown in Fig. 24, 
Plate XXVIII, details of the work being given in 
Fig. 29, page 380. The casting was gripped inside 
the rim in a 9-in. air-operated chuck, fitted with 
hardened jaws, and the first operation consisted 
in rough turning the outside diameter of the 
piston and the boss, and reaming out the two larger 
inside diameters with a stepped roughing reamer, 
the tools being shown on the right of the turret 
in the photograph reproduced. While these 
operations were being performed, the front edge 
of the rim was faced, and the rear edge chamfered 
and radiused by tools held in the back tool post. 
The second operation consisted of facing the 
spherical portion of the piston with a cranked 
tool held in the rear tool post. This tool was 
actuated by the roller carrier, the carrier engaging 
with a former on the turret, visible in Fig. 24. During 
this operation, the turret slide was locked and the 
automatic feed to the cross slide engaged. In the 
third operation, the three internal diameters were 
finish bored, the finishing cut taken across the rm 
of the flange and the outside and face of the boss, 
with tools held in the turret. The remaining oper 
ations, in their correct sequence, consisted of forming 
the grooves in the rim with a form tool held in the 
rear tool post; tapping the largest hole with a 
Coventry collapsible tap held in the turret ; threading 
the outside of the boss with a Coventry fine-thread 
die head held on the elevating holder on the turret ; 
and finally reaming the smallest hole with a Coventry 
adjustable reamer held in a floating holder in the 
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turret. The total machining time was five 
minutes. 

The work on the No. 3 automatic provided 
4 good example of multi-cutting in the process of 
machining a malleable cast-iron pivot. A drawing of 
the work is given in F igs. 30 and 31, page 380, the 
tool layout being shown in Fig. 22, Plate XXVIII. 
The pivot was centred and clamped back on the three 
internal lugs shown in the drawings, a special quick- 
acting air-operated fixture being used. The first opera- 
tion consisted in rough boring the internal diameters 
and Tough turning all the outside diameters. These 
Operations were effected by means of the tools 
seen on the front of the turret in Fig. 22, in 
“onjunction with tools held in the front tool 
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LATHE witH HorizontaL CapstaNn ; Messrs. PrrrLER WERKZEUGMASCHINENFABRIK, A.-G. 


post. For the second operation, the outside 
diameters and bore were finished by means of the 
tools seen on the right of the turret, which also 
served for the facing operations on the outside of 
the work. At the same time, the angular portion 
of the work was finish turned by using a special 
bevel-turning slide held on the rear cross slide, 
and actuated by a pusher on the rear of the turret 
slide. The third and final operation consisted in 
turning the step in the rim and cutting the recess 
at the back of the bore, the tools for this purpose 
being those shown on the left of the turret. Wide- 
tipped turning tools were used throughout, the 
actual machining time being six minutes, 
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in Fig. 32, page 380, was machined all over in two 
settings, the first being done on a No. 7 combination 
turret lathe, and the second on a No. 5 automatic. 
The first operation tool layout is shown in 
Fig. 23, Plate XXVIII, the sequence of operations 
being as follows: Holding the wheel in a chuck 
by its periphery, the boss was rough turned, 
together with the periphery, up to the chuck jaws, 
and the inner side of the rim and the two bores 
rough bored by the tools shown on the right of 
the turret in Fig. 23. The boss was then rough 
faced, and the rim and half of the web faced with 
tools held iri a special tool block in the rear tool 
post, the cross-slide feed travel being reversed. The 
bores and the boss were then finished with tools 
held on the. turret. After this operation, the 
inner and outer edges of the rim were cham- 
fered with the tools shown in Fig. 23 on the 
left of the turret. The bottom of the 2{-in. 
diameter bore was then faced and undercut for 
the thread, using tools in the recessing slide seen 
in the front of the turret. Finally, the thread 
was’ formed with a collapsible tap held in the 
turret, the actual machining time on this lathe 
being 14 minutes. In the second setting, in the 
automatic lathe, the pulley was located by the 
previously-bored 23-in. hole, and gripped inside 
the rim in an air-operated chuck with soft jaws. 
The layout of the tools on this machine is shown 
in Fig. 21, Plate XXVIII. In the first operation, all 
faces were rough turned, and the 2{-in. diameter 
recess, shown on the left in Fig. 32, rough bored, 
the tools being held on the slide facing tool 
shown in Fig. 21 on the turret. The slide facing 
tool was actuated by a pusher in the front tool 
post. In the second operation, the portion of the 
rim previously held in the chuck was turned, 
together with the 4{-in. boss; the 2{-in. diameter 
recess was finished bored and chamfered; and the 
recess under the rim was bored with the tools 
shown in Fig. 21 on the right of the turret. The 
third operation consisted in chamfering the boss, 
and finishing all faces, with tools held on a slide 
facing tool on the turret, actuated by a pusher 
held in the rear tool post, the latter also carrying 
a tool for chamfering the front edge of the rim. 
The final operation consisted in finish boring the 
recess, chamfering under the rim, and turning 
the camber on the periphery. The illustration 
clearly shows the pivoted tool block in the com- 
bination tool on the left of the turret which was 
used for forming the camber, the tool being used 
in conjunction with a track cut in the overhead 
support bar. The actual machining time in the 
automatic lathe was 11 minutes. 

Another firm who exhibited a wide range of lathes, 
was Messrs. Pittler Werkzeugmaschinenfabrik, A.G., 
of Leipzig-Wahren. As an example of their pro- 
ducts, we may mention the turret lathe, which is 
illustrated in Fig. 28, above. This is intended for 
dealing with rod up to 40 mm. (1-58 in.) in diameter, 
while chuck work not exceeding 440 mm. (17-3 in.) 
in diameter can also be machined. The headstock 
spindle is driven, from the motor shown on the left, 
through two-speed mechanical gearing and a friction 
clutch, eight speeds, ranging in geometrical progres- 





The cast-iron pulley, of which a section is given 


sion from 38 to 960 r.p.m., being obtainable. The 
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spindle is made of high-speed tool steel, and its 
journal and threaded nose are hardened and ground. 
It runs in adjustable phosphor-bronze bearings, 
which are provided with ring lubrication. The 
diameter of the spindle hole is 42 mm. (1-65 in.). 
The axial thrust on the spindle is taken up by a 
ball thrust bearing. 

The gear. box for the table traverse is equipped 
with Norton gearing, and sixteen longitudinal and 
cross feeds are obtainable. The longitudinal feeds 
are automatically thrown out of action by stops 
which are carried on the drum visible in the figure 
at the right-hand end of the turret head. When 
longitudinal feeding is taking place, overloading is 
prevented by a spring-loaded safety clutch, which 
slips if the load becomes excessive. A scale, placed 
alongside the wheel for the hand adjustment of the 
longitudinal motion, enables the length of the cut 
to be read off with accuracy. The handwheel on 
the turret head, which is used for feeding the latter 
when a facing cut is being made, is also provided 
with an accurate scale, and a safety clutch, as in 
the case of the longitudinal traverse, is fitted to 
guard against overloading. 

The turret head is carried on ground cast-steel V 
guides. The turret itself, which is of the horizontal 
type, is equipped with sixteen tool holders, one 
of which is extra long, and is interchangeable so 
that certain arrangements of tools which are re- 
quired at recurring intervals can be utilised without 
fresh setting up being necessary. The upper surface 
of the turret head is flat, and is provided with slots, 
in which additional tools can be secured, so that 
exceptionally large external diameters can be 
turned. 

The same firm exhibited a compressed-air chuck, 
which has been designed to increase the speed and 
accuracy of dealing with the work in lathes and 
other machines. The construction of this appliance 
will be clear from Fig. 27, on page 375, which shows 
the assembled chuck, including the operating cylin- 
der and control valve, and from Figs. 25 and 26, 
which are sections through the cylinder and the 
chuck, respectively. When applied to lathes, 
grinders or milling machines, the cylinder, which is 
marked A in Fig. 27, is fixed to the spindle head by 
a screwed flange, and is connected to the compressed- 
air supply through two pipes and the valve shown, 
which is operated by a three-position handle. As 
will be seen in Fig. 25, the piston rod B is extended 
backwards through the piston, and the extension is 
provided with two internal passages, one of which 
opens on each side of the piston. 

In the other direction, it passes through the 
hollow spindle, and is connected to the chuck 
itself by the coupling G, Fig. 26. The two 
passages in the piston rod are connected to the 
valve shown in Fig. 27, so that air can be admitted 
to one side or other of the piston, when the latter 
is moved either to the right or left. This movement 
is transmitted by the piston-rod to the jaws of the 
chuck through the levers H, Fig. 26, so that they 
are opened or closed according to the direction of 
movement. The chuck itself is connected to the 
main spindle by the flange F, shown in the same 
figure. When ths work is being set up, the air- 
valve lever is set so that air is admitted to 
the left-hand side of the piston. As soon as this 
operation has been completed, the lever is thrown 
over and air admitted to the right-hand side, 
so that the piston is moved to the left. This move- 
ment is transmitted to the jaws of the clutch, as 
explained, so that they slide inwards and grip the 
work. It will be clear that the pressure exerted 
by the jaws of the chuck is always uniform, but 
it can be increased above the normal value during 
roughing operations by suitable control of the 
air supply, if required. The apparatus has been 
designed to be as simple as possible, and the valve 
is made up of three parts only. It may be added 
that it can be arranged for pedal operation, so that 
both hands are left free for other purposes. In 
addition to convenience and reliability, it is claimed 

for this device that it eliminates any chance of the 
chuck being strained, while, at the same time, there 
is no possibility of delay due to the jaw key being 
mislaid. 

Among the exhibits of Messrs. Orenstein and 
Koppel, A.G., of Berlin, mention may be made of 


the locomotive illustrated in Fig. 33, page 380, 
which has been designed for mining and other 
industrial purposes. It is equipped with a 12-h.p. 
vertical, single-cylinder engine of the Acro type, 
operating on the four-stroke cycle with airless 
injection, and is suitable for operation on a wide 
range of fuels. The average fuel consumption is 
given as from 1-25 kg. to 1-5 kg. (2-75 lb. to 
3-3 lb.) per hour, and a consumption not exceeding 
0-22 kg. (0-48 lb.) per horse-power hour, with an 
allowance of 10 per cent., is guaranteed when a 
fuel oil with a calorific value of 10,000 kcal. per kg. 
is used. Special attention has been paid to 
strength, and the engine is generally of much more 
rigid construction than those employed on road 
work. It can be run at any speed up to a maximum 
of 1,100r.p.m. The crankshaft is carefully balanced, 
while smooth acceleration and quiet running are 
assisted by the fitting of a large fly-wheel. Pump- 
assisted water circulation is provided, cooling being 
effected by a radiator and fan. A filter for the fuel 
oil is mounted near the injection-pump inlet. The 
combustion air is passed through a large filter, so 
that undue wear on the pistons and bearings, owing 
to the presence of dust, isavoided. Forced lubrica- 
tion is employed throughout, the oil being delivered 
through a filter by a geared pump in the crankcase. 
The transmission gearing is lubricated from the 
same pump as the engine, and the lubricating oil 
consumption is guaranteed not to exceed 3-5 per 
cent. of the fuel used. The engine is started by 
means of a torch, and swinging is said to be no 
more difficult than in the case of a petrol engine. 

Both the engine and the transmission gearing are 
totally enclosed, and all the gear spindles are carried 
on ball or roller bearings. The gear-wheel teeth 
are machine cut and hardened. Speed changing is 
effected by a separate clutch for each of the two 
speeds. These give 4 km. and 8 km. per hour in 
either direction. The clutches are operated by a 
wheel from the driver’s seat, and are engaged by 
turning the wheel either to the right or left from 
the central position. Reversal is effected by a claw 
clutch. As will be seen from the figure, the driver 
sits sideways to the direction of travel, so that he 
can obtain a good view in both directions. He also 
has a hand lever which operates a brake on all four 
wheels, within easy reach. 

Transmission from the gearbox to the front 


taxle is by a roller chain, and the two axles 


are connected in the same way. ‘The axles run 
in bronze bearings, which are provided with ring 
lubrication and are totally enclosed. The front 
axle is fitted with an adjusting device, so that the 
chains can be tightened without being removed. 
Both the axles are well sprung, and it is claimed 
that the locomotive runs quietly and without rolling. 
The frame is built to railway specification. As 
regard other details, the locomotive is equipped with 
a central buffer, the height of which can be adjusted 
through a range of 50 mm., so that it is adaptable 
to all the ordinary sizes of wagons. The wheel base 
is 780 mm., (2 ft. 64 in.) and the overall length is 
2,685 mm. (8 ft. 98 in.) The width is 1,250 mm. 
(4 ft. 1} in.), and the overall height from the rails 
is 1,530 mm. (5 ft. 0} in.) The weight, in running 
order, is 2-8 tons, and the locomotive exerts drawbar 
pulls of 570 kg. and 270 kg. when running at speeds 
of 4 km. and 8 km. per hour on the level, and at these 
speeds can haul 57 tons and 27 tons, respectively. It 
can haul a load of 5-5 tons at 4 km. per hour up 
a gradient of 1 in 15, and can negotiate a curve 
of 6 m. radius. 

The equipment illustrated in Fig. 34, page 380, 
was shown by Messrs. Siemens-Schuckertwerke, 
A-G., Berlin, and consists of an electric trolley on 
which is mounted an exhauster for removing the gas 
which accumulates in sewers or other underground 
ducts. The exhauster is electrically driven by a 
small motor, which can be connected either to the 
battery which is carried on the truck, or to the 
public supply. The suction side of the exhauster is 
connected to a large-bore reinforced rubber hose, to 
the lower end of which is attached a perforated- 
copper nozzle. With this nozzle is incorporated a 
sealed chamber filled with air. This chamber acts as 
a float, and keeps the nozzle just above the surface of, 








the water in the sewer. As the gases usually collect 
at this level, their complete removal and discharge 








into the open air through the exhaust pipe, which js 
visible in the illustration, is ensured, and there is no 
fear of pockets being formed. The winch, which can 
be seen on the left-hand end of the truck, is used in 
connection with a device for cleaning the sewer walls, 
This consists of an endless rope to which wire 
brushes are attached, and which can be paid on to or 
off the two drumsof thewinch. The latter, like the 
exhauster, is driven bya small electric motor. Asa 
preliminary to the cleaning operation, a string or light 
cord is attached to a float and the latter is lowered 
into the sewer through one manhole, so that it is car- 
ried down by the flow of water to the next manhole. A 
frame carrying a sheave, and equipped with a screw 
jack so that it can be clamped between the walls, is 
lowered into the latter manhole, and the wire rope 
carrying the brushes, which has previously been 
drawn through by the cord, is passed over the sheave. 
The winch is then started up and the brushes pulled 
backwards and forwards through the length of sewer 
between the two manholes. Any overloading of the 
motor is prevented by the incorporation of a slipping 
clutch, while brakes are provided to prevent over 
running. 

Probably the most interesting electrical develop- 
ment which may be noted in connection with this 
year’s Fair was the appearance on the stands of both 
of Messrs. Siemens-Schuckertwerke and Messrs. Allge- 
meine Elektricitéts Gesellschaft, of high-tension 
circuit-breakers in which compressed air is used to ex- 
tinguish the are formed when the switch is opened. 
This departure may be described as the German 
contribution to the solution of the problem of 
eliminating oil with its attendant disadvantages from 
this equipment. We have recently called attention 
to the work which is being done in this country 
and in America in the same direction, and it will 
be interesting to see which, if any, of the alternative 
designs establishes a position for itself in general 
practice. 

The switch embodying this principle, which was 
exhibited by Messrs. Siemens-Schuckertwerke, is 
illustrated in Fig. 35, page 380. It is designed 
to carry currents up to 600 amperes, and has 
a rupturing capacity of 500,000 k.-v.a. at 
10,000 volts. As will be seen, the unit is very 
compact, and consists essentially of two standards, 
which are mounted on rollers, so that withdrawal 
for inspection is facilitated. In these standards is 
incorporated the lower half of the cylindrical air 
container, from whith the operating gear is suspended. 
When installed, this gear is protected by sheet-iron 
covers, so that the unit is totally enclosed. The 
upper half of the air container carries three open- 
ended tubes, which enclose the fixed and moving 
contacts for the three phases. Connection to the 
fixed contacts is made through the terminals, which 
are visible about half-way up the tubes, the switch 
being closed by movable contacts of the ordinary T 
pattern, which are carried on rods. The circuit is, 
therefore, interrupted at two points in each phase. 
Closing and opening are effected by push buttons. 
These operate relays which cause a servo-motor to 
effect the appropriate movements of the switch rods 
pneumatically. In addition, when the switch is 
opened, a blast of compressed air at a pressure of 
about 8 atm. (120 Ib. per square inch) is directed on 
to the contacts by the opening of a valve, so that 
the arcs are effectively extinguished. Since the con- 
tacts are directly over the container, there is little or 
no loss of pressure, and as they are arranged sym- 
metrically over the nozzles through which the air 
is released, there is no fear that the arcs will be 
deflected. 

In conclusion, we may say that, apart from 
Messrs. Alfred Herbert, whose exhibit we have 
already described, some 36 other British firms were 
exhibiting. The majority of the products shown 
by these firms was of a non-engineering nature, and 
as they ranged from perfumery to musical instru- 
ments, they were mainly housed in the various 
buildings of the Sample Fair in the town itself. 
Among the British exhibits which are closely allied 
to engineering, but which are somewhat outside our 
scope, may be mentioned those of Messrs. Henry F. 
Cockhill and Sons, Limited, of Manchester ; Messrs. 
Green and Luxton, Limited, of London; Messrs. 
James Mackie and Sons, Limited, of Belfast ; 
Messrs. Meccano, Limited, of Liverpool ; Messrs. Platt 
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AUTOMATIC MULTI-POINT GREASE LUBRICATION SYSTEM. 


CONSTRUCTED BY MESSRS. THE KEYSTONE LUBRICATING COMPANY, PHILADELPHIA, PA., U.S.A. 














Kid. 1. 
CLOCK. 


Brethers and Company, Limited, of Oldham; and 
Messrs. Rose Brothers (Gainsborough), Limited, of 
Gainsborough. All these firms had their stands in 
the Technical Fair buildings. Among them, Messrs. 
Rose Brothers made a good display of wrapping and 
packing plant for confectionery, the whole of the pro- 
cesses involved being demonstrated on the stand, and 
Messrs. Platt Brothers showed a representative range 
of textile machinery. Among the remainder, Messrs. 
Cockhill exhibited leather belting, Messrs. Green 
and Luxton soldering machines, and Messrs. Mackie 
machines for the manufacture of braiding. The 
products of Messrs. Meccano are too well known to 
require comment. 








AUTOMATIC MULTI-POINT GREASE 
LUBRICATION. 


THE automatic lubrication of a number of working 
parts with oil by forced-lubrication systems is now an 
engineering commonplace. There are, however, cir- 
cumstances in which the more viscid and less easily 
handled grease must be used, and when it is to 
be applied to a number of points, manual applica- 
tion is tedious, wasteful, and not always efficient. 
Thus, in the housing of a steel-rolling mill, there are 
& number of bearings which need frequent attention, 
to which the necessary grease must be applied by 
swabbing or in the form of lumps of a greater 
consistency. The present article describes, with the 
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aid of the accompanying Figs. | to 3, a method of 
automatically supplying grease to a number of points, 
which has been developed by Messrs. The Keystone 
Lubricating Company, 21st, Clearfield and Lippincott 
Streets, Philadelphia, U.S.A. It was first designed for 
use on what is probably the largest rolling mill existing, 
but has since been successfully applied to widely diverse 
plants in which the conditions vary considerably. 
Thus, in rolling-mill plant, grease is delivered to the 
roll necks once every 45 minutes, but on a slow-moving 
rotary kiln and on a light-running high-speed paper 
mill an application once in 4 hours is sufficient. In the 
rolling mill, the grease is delivered to 8 points, arid in 
the paper mill to 21 points, its object in this latter 
case being to supply a minimum of grease, consistent 
with efficient working, to avoid spoiling the product by 
leakage. The apparatus can be set to lubricate at 
intervals of from once in 5 minutes to once in 24 hours. 

The functions of the apparatus, which is known as 
the Keystone Pneuma-Lectric lubricating system, 
having thus been outlined, its construction may be 
considered, referring first to Fig. 1. It may be noted, 
however, at the outset that the three main units shown 
in it, viz., the electric control clock, the tank, and the 
delivery mechanism, are assembled in close relation 
merely for simplicity of description; in practice, the 
clock is situated near the plant control, the tank in a 
convenient place for filling, and the distributing 
mechanism near the unit being served. As the name 
implies, the grease is delivered by a combination of com- 
pressed air and electrical energy, the first propelling it 
to the desired point, and the second determining the 





Fia. 3. DIstRIBUTOR. 


periods of delivery. The distributing mechanism 
occupies the foreground of the figure; the tank and 
clock are in the background. The construction of the 
tank is sufficiently clear in Fig. 1 to require little 
comment. The compressed air which displaces the 
contained grease is delivered at the top, and the grease 
is discharged from the bottom through a pipe connected 
to the distributor. This pipe is more clearly seen in 
Fig. 2, as also is the small air pipe leading from a 
pressure-control device seen near the gilled cylinder 
of the air compressor. This device is operated by a 
switch, which is independent of the clock control. 
The air compressor is a self-contained motor-driven 
set. 

Referring again to Fig. 2, adjoining the compressor 
will be seen the motor actuating the distributing 
system. This motor is of one horse-power, and carries 
on its shaft a shunt electric brake, which comes into 
operation when the revolving distributor has completed 
its working revolution. The shaft continues into a re- 
ducing gear-box, with a worm and wheel, giving a speed 
ratio of 96to 1. This gear-box can be readily identified 
in the figure, and immediately in front of it, and on the 
slow shaft, is a rotating drum switch. This will be 
referred to in more detail in connection with the clock 
control. Behind the gear is the distributor proper, 
with eight radiating delivery pipes. It is shown partly 
in section in Fig. 3, and consists simply of a drum 
with a single port in its periphery, rotating in a 
cylinder. The outlet ports, into which the delivery 
ipes are screwed, are seen on the outer surface of 
the cylinder, and are pitched over three-quarters cf the 
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periphery, leaving an unperforated safety zone of 
90 degrees at the bottom. The delivery pipe from the 
tank enters the cylinder at the centre by the hole at 
the left hand of the figure. This hole communicates 
with one in the centre of the spindle, which hole, in 
turn, communicates with the port in the drum. As 
the drum revolves, grease is delivered in turn to all 
the radiating delivery pipes. The position of the 
drum port is rendered visible externally by the index 
pointer on the right of the figure. The delivery pipes 
are provided with cocks, so that the flow may be 
equalised with the varying lengths of pipes or con- 
trolled to suit the particular bearing being fed. The 
distributor is provided with as many pipes as there 
are points to be Jubricated. 

The electric clock is operated by 110-volt current, 
usually alternating current, though it can also be made 
for direct current. It is said to keep time within 30 
seconds per week between temperatures of 40 deg. to 100 
deg. F., while electrically connected. The clock wiring 
system contains a master switch, which is controlled by 
a clutch or other starting device on the plant. When 
this switch is closed, the supply current flows through 
a transformer giving a secondary pressure of 14 volts. 
The secondary circuit is made and broken by the 
clock contacts, and operates the relay which, when 
closed, completes the circuit to the motor of the 
distributing mechanism. The closing of the circuit 
lights a pilot lamp, indicating that the clock has 
supplied current to the motor. Immediately the motor 
starts and the distributor begins to revolve, the drum 
switch, referred to above, makes a circuit to another 
pilot lamp. There are thus two indications that the 
apparatus is working, and the extinction of either lamp 
enables any failure to be quickly located. The lamps 
can be placed where most conveniently seen. 

In Fig; 2, the drum switch, which is connected with 
the main switch, is open, and, in this position, the 
distributor drum port is in the safety zone, the shunt 
electric brake having come into operation and pre- 
vented the motor from coasting. The index pointer of 
the distributor drum is out of sight, behind the gear- 
box, in the figure. When the drum switch is closed, it 
ensures that the distributor drum does not stop at an 
open port. Further, should the master switch be 
opened while the distributor is operating, the drum 
switch will cause it to complete its cycle, and will stop 
it in the safety zone. The motor runs for about 
12 seconds at one greasing operation. The wiring 
system also includes a by-pass switch round the main 
switch. This is used when it is desired to operate the 
distributor independently of the time periods, as, for 
example, after the plant has been standing over a week 
end and a preliminary greasing is desirable before 
starting it up. The air-compressor motor is indepen- 
dent of the clock system, and is controlled by the main 
switch, which is provided in the wiring lay-out in 
addition to the master, drum and by-pass switches. 

We may conclude our account of the apparatus by 
giving some particulars of the results obtained. From 
information supplicd by the makers, we understand 
that, applied to a mill rolling concrete-reinforcement 
rods at the rate of 1,500 ft per minute, and making 
600 r.p.m., the power load was reduced from 300 am- 
peres to 150 amperes, and that one adjustment per day 
of the rolls is now necessary, instead of one hourly. In 
another mill, running at 1,200 r.p.m., and producing 
two rods simultaneously at a rate of 5,700 ft. per minute, 
it is stated that only 1 lb. of grease is required in an 
eight-hour shift, while the necks of the rolls have a 
heavy coating of grease when taken out, instead of the 
rusty surface previously met with. It should be stated 
that these results were obtained when using grease 
made by the manufacturers of the apparatus. 


LETTER TO THE EDITOR. 


WHITE METALS FOR ANTI-FRICTION 
PURPOSES. 


To tHE Eprror of ENGINEERING. 

Sm,—There is a widespread impression amongst 
metallurgists that the -irtue of a white antifriction 
metal for lining bearings is due to the shaft bearing on 
numerous projecting hard crystals embedded in a 
soft matrix. The rubbing surface of some bearing 
metals certainly has a mottled appearance. Metallurgists 
state that a eutectic alloy, or a single metal, which does 
not possess any hard crystals and consequently does 
not present a mottled appearance cannot, therefore, 
function as a bearing metal. I am anxious to ascertain 
what evidence there is in support of this impression. 
Is it merely a deduction from theory, or are there any 








bearings lined with commercial lead, also with lead 
which was supposed to be “ chemically pure,” and 
have obtained excellent results at high speeds and loads, 
but only on a steadily running bearing. I am quite 
aware that such a soft metal would fail by spreading 
if used where there was a hammering action as in the 
connecting rod ends of an internal combustion engine. 
The friction of a harder alloy which will not spread is, 
however, greater than that experienced with the softer 
metal. 

Thus independent research workers have come to 
diametrically opposite conclusions. In such a case it 
nearly always turns out that the conditions under 
which the tests were made were different. It appears 
to be desirable that the discrepancy should be cleared 
up by the two groups of workers stating definitely 
the conditions under which their tests were carried 
out. For my part I have fully described the conditions 
under which I worked in a paper read before the 
Institution of Civil Engineers, entitled ‘“‘ The Testing 
of Antifriction Alloys” (Proceedings Inst.C.E., vol. 
clxxxix). Will the advocates of the ‘‘ mottled surface ” 
theory produce their experimental evidence to prove 
that. a eutectic or single metal will not function as 
an antifriction metal for lining bearings ? 

The matter is of considerable general interest, 
hence it is hoped that some evidence will be forth- 
coming. 

Yours faithfully, 
Joun GoopMAN. 

Beamsley, Skipton, March 14, 1930. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British | 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Telegraph Instruments.—The supply and delivery of 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Second hands have com. 
mand of less Cleveland pig iron than ever, and as their 
operations are much restricted by conditions of contract 
| imposed by ironmasters, they have for some time past 
| been paying more attention to business in products of 
other iron centres. This week’s decision of makers to 
reduce Cleveland pig prices by 5s. per ton, however, puts 
a new aspect on the situation. Hope is expressed that 
the substantial cut will not only expand home trade, 
but will enable firms here to resume business with con- 
sumers in Scotland, who, of late have been drawing 
their supplies largely from the Continent and from India, 
and may re-open export trade to some extent. The 
change is the first official alteration in Cleveland pig 
prices since June last. Stocks of iron are rather large, 
No. 1 Cleveland is now 70s.; No. 3 g.m.b., 67s. 6d. ; 
No. 4 foundry, 66s. 6d.; No. 4 forge, 66s. 


Hematite.—Unsatisfactory accounts continue to be 
given of the East Coast hematite trade. Producers 
are much in need of orders and are prepared to shade 
recent quotations, but buyers are not tempted to operate 
to any extent by the offer. Merchants have a lot of iron 
on hand, and are underselling makers. Comparatively 
cheap continental hematite is now extensively used by 
consumers abroad, who have hitherto been substantial 
customers of this district, and export demand for East 
Coast brands has shrunk to very small proportions. 
Home business is quiet. Stocks have reached embarrassing 
dimensions and are still increasing. Quotations area 
matter of individual bargaining and are weak. Ordi- 
nary qualities are offered freely at 76s. 6d., and less is 
understood to have been accepted. 

Blast-Furnace Coke-—Durham blast-furnace coke is 
plentiful, and values show further downward tendency. 
Good average qualities are no more than 20s. delivered here. 

Manufactured Iron and Steel.—Business in the various 
branches of manufactured iron and steel develops very 
slowly, but producers of most descriptions of material 
have fairly good order books. Shipyards will be busy 
for some time on contracts secured; railway material 
is well taken up, and customers for constructional steel 
are accepting considerable supplies. Among the principal 
market quotations are: common iron bars, 10/. lis. ; 





telegraph instruments, The Deputy Director, Posts and 
Telegraphs Department, Melbourne, Australia ; May 20 | 
(Ref. No. B.X. 6248.) | 


Swimming Baths Installation —A firm in Winnipeg, | 
Canada, desires particulars regarding tiles, filtering | 
and pumping equipment and any other apparatus entering | 
into the construction of a modern swimming pool. 

(Ref. No. C.X. 3226.) 

Cast-Iron Sewage Pipes.—The supply, laying, jointing, 

and testing of 14,530 metres of cast-iron spigots and 

socket pipes, ranging in diameter from 3 in. to 20 in., 

to British Standard Specification, Class B, together with 

specials and valves. The Egyptian Ministry of Public 

Works, Cairo; May 27. (Ref. No. A.X. 9292.) 


Pneumatic Grain Elevator.—The supply and delivery 
of a travelling pneumatic grain elevator. The Port 
Equipment Department, unicipality of Antwerp, 
Belgium; April 24. (Ref. No. A.X. 9295.) 

Steam Disinfecting Plant.—The supply and delivery 
of five steam disinfecting stoves and one boiler suitable 
for coal or oil fuel. The International Quarantine Board 
of Egypt, Alexandria; April 15. (Ref. No. A.X. 9301.) 
Cranes and Coal Elevators.—The supply of five elec- 
trical coal elevators of 80 tons’ capacity and 20 (or more) | 
electric cranes of from 2 tons to 5 tons’ capacity, for a | 
new pier. A firm of contractors in Palermo, Italy. | 
(Ref. No. A.X. 9302.) 

Steam Boilers, &c.—The supply of 10 water-tube 
boilers, furnace equipment, mechanical stokers, induced- 
draught plant, air preheaters, conveyor plant, &c. 
Lighting Department, Municipality of Copenhagen, 
Denmark ; May 8. (Ref. No. A.X. 9304.) 
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United States Bureau of Labor Statistics. Bulletin No. 503. 
Wages and Hours of Labor in the Men’s Clothing 
Industry, 1911 to 1918. Washington: Government 
Printing Office. [Price 15 cents.] 

Articulated L ti By Lionet WIENER. London : 

Constable and Company, Limited. [Price 42s. net.] 

Smithsonian Institution. United States National Museum. 

Report on the Progress and Condition of the United 

States National Museum for the Year ended June 30, 

1929. Washington: Government Printing Office. 

[Price 25 cents. ] 

Smithsonian Institution. Publication No. 2986. New 
Results on Cosmic Rays. By R. A. Mrmurkan and 
G. H. Cameron. No. 2987. Three Centuries of Natural 
Philosophy. By W. F. G. Swann. Washington: 
Government Printing Office. 

United States Bureau of Mines. Mineral Resources of 
the United States. I:11. Mercury in 1928. By P. M., 
TyterR. [Price 5 cents.] I: 27. Gold, Silver, Copper 
Lead and Zine in Montana in 1927. Mine Report. 
By C. N. Gerry. [Price 10 cents.] II:15. Clayin 
1928. By J. Mrppteton. [Price 5 cents.] Wash- 
ington: Government Printing Office. 








friction experiments on record to show that eutectics 
or single metals will not function as antifriction metals ? 
I have no axe to grind, and am interested in the matter | 
purely from a scientific point of view. 

My own experience has been exactly the reverse | 
of the above-mentioned statement. I have tested | 


Engineering Materials. Vol. I. Ferrous. By ARTHUR 
W. Juper. London: Sir Isaac Pitman and Sons, 
Limited. [Price 30s. net.] ; 

Balkenbriicken. Part 2. By Dr.-Ing. W. GeEuHter. 

Third edition, revised. Berlin: Wilhelm Ernst und 


best bars, 117. 5s. ; double best bars, 12/. 5s. ; treble best 
bars, 12/. 15s. ; iron rivets, 11/. 10s. ; packing (parallel), 
8l.; packing (tapered), 107. ; steel billets (soft), 6/. 15s. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d. ; steel rivets, 111. 5s. ; steel ship plates, 8/. 15s. ; 
steel angles, 81. 7s. 6d.; steel joists, 8/. 10s.; heavy 
sections of steel rails, 8/2. 10s.; fish plates, 127. 10s. ; 
black sheets, 97. 15s.; and galvanised corrugated sheets, 12/. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Scottish Steel Trade—There has been no material 
change in the Scottish steel trade position this week. 
Makers still hope for an improvement but there are 
few, if any, signs of this yet. Orders on hand are only 
sufficient to keep the works moving at present, and ton- 
nages are not heavy as there is a lack of confidence on the 
part of consumers. Little change in the trade position 
is expected until after the Budget statement is made by 
the Chancellor of the Exchequer, and that is not due until 
about the middle of April. Immediately after that will 
come the Easter stoppage, which means that, very likely, 
conditions will be unsettled for some weeks yet. In the 
black-sheet trade a better tone prevails and makers are 
again much better off for work. For galvanised sheets 
there has been an improvement in the demand since 
minimum prices were fixed, and makers report having 
| booked some quite respectable lots during the past week. 
| Inquiries also point to an expansion of business. Makers 
| of structural steel material report a fair demand at the 
|moment. The following are the current market 
| quotations :—Boiler plates, 10/. 10s. per ton ;_ ship plates, 
81. 15s. per ton; sections, 8/. 7s. 6d. per ton; black sheets, 
} in., 91. per ton; galvanised corrugated sheets (No. 24 
gauge), 12/. 15s. per ton, all delivered at Glasgow stations. 
Malleable Iron Trade.—In the West of Scotland 
malleable-iron trade the conditions are still poor and the 
demand has not increased. The price of “ Crown ” bars 
| is unchanged at 10/. 5s. per ton for home delivery and 
9l. 15s. per ton for export. The producers of re-rolled 
steel bars, while eagerly anticipating an improved 
demand during the spring months, are meantime very 
quiet and have not much work on hand. The current 
price is 71. 12s. 6d. per ton for home delivery and export. 
Scottish Pig-Iron Trade.—There is little in the way of 
encouragement to the makers of pig-iron in Scotland, at 
the present time, owing to the steady import of pig-iron 
from India, as well as from the Continent. The demand 
is poor, stocks are increasing, and the outlook on the 
whole is not very bright. Prices are unchanged, but 
with the news from Middlesbrough that prices there 
have been lowered by 5s. per ton, there may be some 
easing off here; at least buyers anticipate this. The 
following are the current market quotations :—Hematite, 
81s. per ton, delivered at the steel works; foundry iron, 
No. 1, 80s. 6d. per ton, and No. 3, 78s. per ton, both on 
trucks at makers’ yards. : 
Scottish Pig-Iron Shipments.—The shipment of See . 
pig-iron from Glasgow Harbour for the week ending ~ 
Saturday, March 15, amounted to 1,169 tons. Of tha 
total 658 tons went overseas and 511 tons coastwise. 
During the corresponding week of last year the figures 
were 500 tons overseas and 10 tons coastwise, making 4 





Sohn. [Price 6-80 marks. ] 





total shipment of 510 tons. 















































































MARCH 21, 1930.] 


ENGINEERING. 


379 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Conditions in the heavy iron and steel 
trades show little improvement. Some of the rolling 
mills are handling a bigger tonnage of material, but in 
basic and acid steel, difficulty is experienced in attracting 
sufficient business to cover expiring contracts, buying 
being mostly on a hand-to-mouth basis. At the same 
time current output is large. The foundry trade suffers 
severely from a general contraction in the home market, 
and a surplus of producing capacity. Little change is 
indicated in raw and semi-finished materials. Producers 
are mainly adhering to recent rates, though in several 
directions buying is unsatisfactory. Quotations: 
Siemens acid-steel billets, 9/. 10s.; hard _ basic-steel 
billets, 92. 2s. 6d. to 91. 12s. 6d.; medium hard basic- 
steel billets, 77. 12s. 6d. to 81. 2s. 6d.; soft basic-steel 
billets, 67. 10s. ; Lincolnshire foundry pig iron, 75s. 6d. ; 
Derbyshire foundry pig iron, 73s. 6d.; Derbyshire forge 
iron, 69s. 6d. ; crown iron bars, 110. ; iron hoops, 12/. ; steel 
hoops, 92. 10s. to 101. soft wire rods, 8/.; basic-steel scrap, 
60s. ; Makers of mining plant are taking special steps to re- 
tain and expand valuable connections in overseas markets. 
There has been a sound enquiry from South Africa for 
the best crushing machinery, and encouraging reports 
have been received of the efficiency of British installations. 
Tenders are now being invited from South Africa for 
complete steel equipment, including furnaces, rolling 
mills, &¢e., for erection in the neighbourhood of Pretoria. 
Corrosion-resisting steels are a progressive market. 
Increased quantities are going to the chemical industries. 
New applications for heat-resisting steels are found in a 
variety of directions, including the production of fuels 
and the application of electrical energy to heat processes. 


South Yorkshire Coal Trade.—Export prospects have 
improved with the restoration of the subsidy to its former 
level. Current demand is a shade stronger, though 
forward inquiries are still unsatisfactory. Inland 
demand for industrial fuel is maintained at a fair level 
and prices generally are steady, despite the presence of 
surplus stocks. An easier tendency has spread to the 
coke market, where prices are being shaded. A fair 
inquiry is reported, however, for steel-melting coke. The 
return of severe weather is responsible for a spurt in 
domestic fuel, but as stocks exist at both collieries and 
depots, no difficulty is experienced in meeting the 
demand. Quotations: Best branch handpicked, 26s. 6d. 
to 28s.; Derbyshire best brights, 21s. to 23s.; Derby- 
shire best house, 20s. 6d. to 21s. 6d.; screened house 
coal, 18s. 6d. to 20s.; screened house nuts, 16s. 6s. to 
18s.; Yorkshire hards, 15s. 6d. to 17s.; Derbyshire 
hards, 15s. 6d. to 17s. ; rough slacks, 9s. to 10s. ; nutty 
slacks, 7s. 6d. to 8s. 6d. ; smalls, 3s. to 5s. 


Hull Coal Traffic——The general contraction of the 
market preceding the restoration of the export subsidy 
to 3s. per ton on March 1 is illustrated in the official 
returns for last month. The total quantity received at 
Hull, namely 343,000 tons, was 105,000 tons below that 
for January, though it was over 11,000 tons in excess of 
the aggregate for the corresponding month of last year. 
The two months’ total for this year, 793,000 tons, how- 
ever, was 125,000 tons greater than for January and 
February in 1929. Exports in February, 144,000 tons, 
were 8,000 tons below those for January, but were 
30,000 tons greater than the total for the corresponding 
month last year. The January and February aggregate 
of 297,000 tons exceeded the exports for the corresponding 
two months of 1929 by 97,000 tons. Lastmonth’s biggest 
export market for South Yorkshire was Australia. The 
second largest was South America. Substantial business 
was also done with Egypt, France and Germany, and 
there was a steady inquiry from Holland, Italy, Norway 
and Sweden. 








THE InstrruTion oF ELEcTRIcAL ENGINEERS.—The 
summer meeting of the Institution of Electrical Engineers 
will be held in Ireland from June 2 to 6 next. The 
headquarters of the meeting will be in Dublin, and 
excursions will be made into Co. Wicklow to inspect 
overhead transmission lines, to Limerick to visit the 
Shannon scheme, and to Belfast to visit the harbour 
power station, Messrs. Harland and Wolff’s shipyard, 
and various spinning and weaving mills. Members 
who wish to participate in the meeting should acquaint 
the secretary of their intention without delay. The 
offices of the Institution are at Savoy-place, Victoria 
Embankment, London, W.C.2. 





_ Personat,—Mr.)8. A. Williams has joined the engineer- 
ing staff of Messrs. The Bastian Meter Company, 
Limited, Farnham-road, Trading Estate, Slough.—A 
private company has been formed by Messrs. Ruston and 
Hornsby, Limited, Lincoln, under the title of Société 
Anonyme des Moteurs Ruston-Hornsby, 5, Avenue de la 
République, Paris, to exploit their oil-engine business in 
France and the French colonies.—The British Chamber of 
Commerce in Belgium has removed from 444, Rue du 
Trone, Brussels, to 82 to 84, Rayguy House, 22, Place 
de Brouckére, Brussels.—Messrs. Sandberg, 40, Grosvenor 
Gardens, London, 8.W.1, have been appointed honorary 
technical advisers to the Ministry of Railways of the 
National Government of the Republic of China.—The 
Board of Trade has appointed Mr. James Henderson, of 
the Frodingham Iron and Steel Company, Limited, a 
member of the National Fuel and Power Committee, in 
the place of the late Mr. Maximilian Mannaberg.—Sir 
Harry Haward, one of the original five Electricity Com- 
Missioners appointed in 1920 under the Electricity 
(Supply) Act, 1919, will retire at the end of this month, on 
completion of his extended term of office. He will, 
however, continue to act in a consultative capacity. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Conditions in the Welsh coal trade 
have not shown any improvement. The position is, in 
fact, worse. Although the February foreign exports 
amounted to 2,164,641 tons, or 251,527 tons less than in 
January, when the total was the best for six years, the 
prospects are anything but reassuring. Shipments are 
being made on account of contracts arranged at the 
beginning of the year and at the end of last year, when 
it was thought that severe winter conditions were ahead. 
Mild weather and heavy stocks abroad have, however, 
caused consumers to curtail their inquiries, with the 
result that new business has slackened off materially. 
The result is that colliery salesmen find it practically 
impossible to find an outlet for surplus stocks after 
contract engagements have been met. The only bright 
spot in a dull market is the section for Monmouthshire 
large, owing to good shipments on account of the Egyptian 
State Railways and the Italian State Railways, ar- 
ranged in December and January, respectively. All 
classes of large coal are readily available at schedule 
prices, based on 20s. for best Admiralty large. Demand 
for smalls has also eased off on account of hundreds of 
vessels being laid-up and the consequent diminution 
in the demand for bunkers. Best bunker smalls, which 
recently commanded 14s, 9d. to 15s., are now available 
at 13s. 6d. to 13s. 9d. Sized products, too, are in poor 
request on the basis of 21s. to 22s. for dry nuts compared 
with 32s. 6d. at the commencement of the year. The 
trend of the coal trade may be gathered from the fact 
that, in the past week, only 434,290 tons of coal were 
exported abroad as cargo, which was the smallest quan- 
tity shipped in any week of the year, and compares with 
619,850 tons in the first week of the year. Shipments 
to the Argentine, amounted to only 47,300 tons, against 
66,750 tons five weeks ago, to Brazil 7,300 tons against 
38,550 tons in the preceding six days, to Egypt 27,650 
tons against 46,550 tons five weeks earlier, to France 
136,120 tons against 185,700 tons in the second week of the 
year, to Italy 76,740 tons against 104,950 tons a week 
earlier, to Portugal 22,320 tons against 33,700 tons six 
weeks ago, and to Spain 26,200 tons against 43,920 tons 
in the last week in January. 

Coalowners’ Association—Mr. D. Farr Davies was 
yesterday unanimously elected to succeed Sir David R. 
Llewellyn, Bart., as chairman of the Monmouthshire 
and South Wales Coalowners’ Association, with Mr. W. D. 
Wight as vice-chairman. Mr. Davies is general manager 
of the western group of collieries owned by Amalgamated 
Anthracite Collieres, Limited, which controls 80 on 
cent. of the production of Welsh anthracite coal. Mr. 
Wight is senior partner in the firm of Messrs. Wight and 
Fidoe, consulting engineers. Mr. W. R. Hann, a director 
of the Powell Duffryn Steam Coal Company, Limited, 
and of Stephenson, Clarke and Associated Companies, 
Limited, has been elected chairman of the commercial 
committee of the South Wales Coalowners’ Association, 








Contracts.—Messrs. British Insulated Cables, 
Limited, Prescot, have secured the contract for erecting 
an overhead power line from Stourport to Banbury to 
the order of the Shropshire and Worcestershire Electric 
Power Company, Limited. The overhead line will be 
50 miles in length and is to consist of steel-cored alu- 
minium conductors, supported on steel lattice towers.— 
Messrs. Vickers-Armstrongs, Limited, have received an 
order for a passenger liner from Messrs. Furness Withy 
and Company, Limited, London. The ship will be built 
at the Naval Shipyard at Walker, to be re-opened for the 
purpose, the main propelling machinery will be manu- 
factured by the General Electric Company, Limited, 
Birmingham, and the boilers and marine auxiliaries 
will be constructed at the Barrow-in-Furness works of 
Messrs. Vickers-Armstrongs.—Messrs. The English 
Electric Company, Limited, Queen’s House, Kingsway, 
London, W.C.2., have secured a contract from the 
Birmingham Corporation for 40 double-deck, top- 
covered omnibus bodies, and @ similar contract from the 
Newcastle Corporation for three double-deck top-covered 
omnibus bodies. In each case the bodies will be mounted 
on A.E.C. Regent chassis.—The Gas Light and Coke 
Company, London, have placed a further contract with 
Messrs. The Woodall-Duckham Vertical Retort and Oven 
Construction Company (1920) Limited, Allington House, 
Victoria-street, London, S.W.1, for a second installation, 
at the Southall gas works, of their intermittent vertical 
chambers, capable of producing about 4,750,000 cub. ft. 
of gas a day from Durham run-of-mine coal.—Messrs. 
The Westinghouse Brake and Saxby Signal Company, 
Limited, 82, York-road, London, N.1, have received an 
order from the London, Midland and Scottish Railway 
Company, for the supply and installation of a complete 
power signalling plant at St. Enoch Station, Glasgow. 
The contract includes a 227-lever all-electric interlocking 
frame, 53 main three-aspect colour light signals, 99 
shunt and call-on signals, and route indicators, power- 
operated point layouts, track circuits and alternating 
current relays.—Messrs. The General Electric Company, 
Limited, Magnet House, Kingsway, London, .C.2, 
have received an order from Messrs. Union Construction 
Company, Limited, for electrical equipment for the 
high-speed tramway cars they are constructing for the 
Uxbridge road services of the London United Tramways. 
The order comprises 94 high-speed motors of 70 h.p., 
on the one-hour rating, 500 volts; 96 cam-type con- 
trollers; and 48 sets of line switches with overload 
release.—The Manchester Corporation has ordered, 
from Messrs. Ruston and Hornsby, Limited, Lincoln, 
three of their 360-h.p., three-cylinder vertical airless- 
injection oil engines for generating electricity in connec- 
tion with the waterworks undertaking on the Haweswater 
site. 





NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S.W.1. “The Design and 
Results of a 600-lb. per square inch Boiler Installation,” 
by Mr. W. Nithsdale. 

Junior INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1, ‘‘ Surface Combustion,” 
by Mr. M. V. Hurst. Friday, March 28, 7.30 p.m., 
Royal Society of Arts, John-strret, Adelphi, W.C.2, 
Gustave Canel Memorial Lecture. ‘“‘ Industrial Acci- 
dents; Their Cause and Prevention,” by Mr. G. 8S. 
Taylor. 

INSTITUTION OF ELECTRICAL ENGINEERS.—North- 
Eastern Centre : Monday, March 24, 7 p.m., Armstrong 
College, Newcastle-on-Tyne. ‘The Imperial Chemical 
Industries Limited’s Steam and Electric Power Plant 
at Billingham,” by Mr. H. A. Humphrey, Mr. D. M. 
Buist, and Mr. J. W. Bansall, also at North Midland 
Centre: Tuesday, March 25, 7 p.m., Hotel Metropole, 
Leeds. London: Thursday, March 27, 6 p.m., Victoria- 
embankment, W.C.2. ‘‘ Developments in Machine 
Telegraph Systems and Methods of Operation,” by Mr. 
H. H. Harrison. 

Royat Socrety or Arts.—Monday, March 24, 8 p.m., 
John-street, Adelphi, W.C.2. Thomas Gray Lecture. 
“* Aids to Navigation ” (Lecture I), by Commander F, G. 
Cooper. Tuesday, March 25, 4.30 p.m., “The Work 
of the British Association in Relation to the Empire,” 
by Mr. O. J. R. Howarth. Wednesday, March 26, 8 p.m., 
‘Architecture of To-day and To-morrow,” by Mr. H. 
Robertson. 

INSTITUTION oF CrviL ENGINEERS.—Tuesday, March 
25, 6 p.m., Great George-street, S.W.1, “‘ Tyne Bridge, 
Neweastle,”” by Mr. D. Anderson. ‘‘The New Wear- 
mouth Bridge, Sunderland,” by Mr. G. L. Groves. 
Wednesday, March 26, 6.30 p.m., Student’s Meeting. 
“* Nomography as Applied to Engineering,” by Mr. G. J. 
Pollock. 

ILLUMINATING ENGINEERING Socrety.—Tuesday, 
March 25, 7 p.m., Home Office Industrial Museum, 
Horseferry-road, S.W.1. ‘ Textile Lighting,” by Mr. 8S. 
Anderson. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
tn ScoTtanp.—Tuesday, March 25, 7.30 p.m., 39, 
Elmbank Crescent, Glasgow. ** Remedies for some 
Engineering Workshop Inefficiencies,’ by Mr. K. M. 
Sloan. 


Newcomen Socrety. — Wednesday, March 26, 5.30 
.m., Prince Henry’s Room, 17, Fleet-street, E.C.1. 
“Winding Engines of Richard Trevithick,” by Mr. A. 
Titley. 

Betrast AssocIATION OF ENGINEERS. — Wednesday, 
March 26, 7.30 p.m., Municipal College of Technology, 
Belfast. ‘‘ Evolution of the Gasholder,” by Mr. J. McI. 
Cleland. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday , 
March 27, 6.30 p.m., 10, Upper Belgrave-street, S.W.1. 
“Some New Ideas on the Design of Dams,” by Mr. E . 
Godfrey. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
March 28, 7 p.m., Engineers’ Club, Albert-square, 
Manchester, Annual General Meeting. ‘‘ Marine Diesel 
Installations, with Particular Reference to Auxiliary 
Machinery,” by Mr. J, Calderwood. 

Royat Instrtution.—Friday, March 28, 9 p.m., 
Albemarle-street, W.1. ‘‘ The Transmutation of Matter,” 
by Sir E. Rutherford. Saturday, March 29, 3 p.m., 
‘““Atomic Nuclei and their Structure,” by Sir E. Ruther- 
ford. 








HEATING, VENTILATING AND DoMESTIC ENGINEERING 
EmPLoyers.—The twenty-sixth annual general meeting 
of the National Association of Heating, Ventilating and 
Domestic Engineering Employers was held on March 12 
at the offices, 12, Russell Square, London, W.C.1. ‘The 
report of the Council.for 1929-30 was placed before the 
meeting by the President, Mr. F. A. Norris, who stated 
that the membership had shown a substantial increase 
during the year, and that the financial position of the 
Association was also satisfactory. At the election of 
officers, Mr. Norris was again appointed President. 





Launch or H.M. Stoop “ ScarsoroueH.”—On 
March 14, Messrs. Swan, Hunter and Wigham Richard- 
son, Limited, launched H.M.S. Scarborough from their 
Wallsend-on-Tyne shipyard. This vessel, a sloop, is a 
sister ship of H.M.S. Folkestone, also built by this firm, 
and a brief allusion to which was made on page 250 of 
our issue of February 21 last. The main engines of 
H.M.S. Scarborough consist of two sets of steam turbines 
with single-reduction gearing, and these and the water- 
tube boilers are being built by Messrs. R. and W. Haw- 
thorn, Leslie and Company, Limited, St. Peter’s Works, 
Newcastle-on-Tyne. 





An Improvep “ Pyroversum” ~PyromeTeR.—On 

ge 436 of our 127th volume (1929) we described a simple 
io of pyrometer for foundry and workshop use, in 
which the hot body was observed through a small hole 
in a slide moving over a strip of shaded ‘glass mounted in a 
frame. The temperature range of the instrument was 
from 500 deg. to 1,460 deg. C. We now learn that 
an improved form of this instrument is available, 
having a range from 900 deg. to 2,000 deg. C., and pro- 
vided with a worm gear for adjusting the slide in order to 
obtain higher accuracy. -The new instrument, known as 
the Pyroversum II, was exhibited at the British Indus- 
tries Fair, Birmingham, and is obtainable from Messrs. 
Viozone, Limited, 88-90, Chancery-lane, London, W.C.2. 
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EXAMPLES OF LaTHE Work; Messrs. ALFRED HERBERT, LIMITED. 

















O1L-ENGINE LocomorTivE :; MEssrks. ORENSTEIN AND Koppen, A.-G, 
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Gas EXHAUSTER ror SEWERS: MEssrs. SIEMENS-SCHUCKERTWERKE, A.-G. 
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Fic. 35. THREE-Paase Switch wITH AIR Biow- 
Out; Messrs. SIEMENS-SCHUCKERTWERKE, A.-G. 


REGULATIONS FOR THE Use or TROLLEY WIRES 
IN Mines.—Circular No. 6220, recently issued by the 
U.S. Bureau of Mines, calls attention to the fact that 
safety codes pay more regard to the question of trolley- 
wire installation than to any other phase of the use of 
electrical equipment. This is due to the greater risks of 
such circuits; in fact, in many countries the use of trolley 
wires is forbidden. The three major risks caused by — 
employment are shock, explosion and fire. The first can - 
reduced by increasing the head room, widening the roa‘ : 
and improving the roof and drainage, but often the ( i 
of these works would be absolutely prohibitive. I ie 
second and third risks can be mitigated, but not remoy ed, 
by careful attention to bonding. The existing regulations 
of the various States are discussed, and these give 8 
impression that there is a general recognition aly . 
hazards of trolley wires, from the standpoints both o 
shock and ignition. The Bureau of Mines does not st 
courage the use of trolley wires, and, in this connection, 
attention is called to the so-called ‘“‘ wireless mine, 
in which the whole of the electrical energy required !s 





furnished by portable batteries. 
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doubted, from the point of view of commercial 
enterprise, that we would have fared better 
in recent years if we had been forced, by closer 
contact with our neighbours, to settle down seriously 
to the task of repairing the losses arising from war, 
as others have done. 

It is not unreasonable to hold that the provision 
of facilities develops the use of them among a 
people. In every walk of modern life we find this 
true. Postal facilities have begotten a habit of 
letter writing undreamt of by our grandfathers. 
The telephone habit is beyond the comprehension 
even of our fathers, and the Cup Tie habit has 
simply been created by the railway companies. 
In fact, the transport companies have done more 
than any other branch of industry to prove that, 
given facilities, a people come to regard them as 
necessary to their existence. There is, of course, 
a limit, as has frequently been found, but if some 
superfluity has now and then occurred in one 
direction, development has broken out in some 
other. The main body of the Committee, we 
believe, is sound in its view, opposed by Lord 
Ebbisham, that facilities promote a flow of traffic 
to the benefit of the community. On balance, as 
the expression goes, the community gains by pro- 
gress, though change may bear hardly upon some 
sections, but it has ever been so and ever will; 
and it is quite impossible for us to stabilise condi- 
tions of life. As engineers, we, of course, do more 
than any other profession to keep things in a state 
of flux. 

The economics of the tunnel project turn largely 
upon passenger traffic. The engineering features 
have settled down to an approximate form, which 
may be accepted, if further geological examination 
reveals no unfavourable features. Fantastic schemes 
put forward for high-speed railways, or dykes with 
a canal thrown across the Channel, or the floating 
anchored tube recently proposed, may be dismissed 
as outside the practical sphere. The revival of the 
suggestion for a bridge made by Sir Murdoch 
Macdonald, in spite of the great advances of recent 
years to the 3,500-ft. span over the Hudson, will 
scarcely commend itself to many people, especially 
the navigation interests. No alternative, in fact, 
seems to present itself to the tunnel. Train ferries 
have been proposed, but such a service would require 
large boats of deep draught, for which accommoda- 
tion could only be found in one part of the harbour 
at Dover, and not at all at Calais or Boulogne. If 
smaller boats are employed the advantages of the 
ferry are seriously diminished. 

One of the more serious features of the project 
is due to the probability that traffic would tend 
to concentrate at the tunnel. It would become 
uneconomical for the Southern Railway to maintain 
boats, which would therefore pass out of existence. 
The great sums expended by this company on 
harbour facilities and vessels would be lost, and, 
if anything did happen to put the tunnel out of 
service, we should be cut off indeed. The provision 
of twin tubes, however, would go a long way to 
obviate risks of such a kind. The Southern Railway 
ingenuously states that it is not so enamoured of 
the scheme as was the previous South Eastern 
company—for obvious reasons. The London and 
North Eastern thinks that it will lose by it, and, 
therefore, in view of the sums spent on its Parkstone 
(Harwich) service it would oppose Government 
assistance in any form. The London Midland and 
Scottish thinks its Tilbury service might suffer, 
though it considers that growth of traffic on the 
whole would afford compensation. 

Estimates of probable traffic vary very greatly. 
The Channel Tunnel Company is the most 
optimistic, the Southern Railway the least. 
The Nord is between the two, and the Committee 
itself has drawn up one about midway between 
the extremes. These are mainly based on the 
normal growth of cross-Channel traffic, but what 
real guide this would be with conditions completely 
changed is problematical. We believe that a 
successful means of communication, if and when 
inaugurated, would result in completely new traffic. 
Of recent examples of the successful provision of 
such facilities we may quote the vehicular tunnels 
in New York and the Camden-Philadelphia bridge. 





ourselves left behind. In fact, it is hardly to be 
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In each case traffic makes good use of the facilities, 
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though it was impossible accurately to foretell 
the extent to which it would at first do so. In 
a few years’ time it is not impossible that a single 
sporting event, deemed attractive by the unemployed 
in our industrial north, would carry into France, 
for a single day, crowds which would upset all 
calculations based on present and past steamer 
traffic. Even now we have trips to the Continent 
for which the usual formalities are set on one side, 
and the future may see these develop considerably. 


Lord Ebbisham is entitled to his views, but | 


if the money is put up, on the basis of a very 
considerable risk with the possibility of only a 
meagre return, we would be glad to see the scheme 
pushed forward. It would, however, contribute 
little to the unemployment problem. Ultimately, 
it would, in fact, throw out of employment men 
now employed on vessels and in ports, though this 
might be offset by greater activity in other directions. 
The cost, might easily exceed by far the present 
estimates, but on the other hand, greater success 
might attend the work than now appears probable. 
No one who has considered the matter at all closely 
would be fool enough to regard the project as any- 
thing but speculative. The information available, 
however, is sufficient to warrant the scheme being 
carried somewhat further, if the promoters are 
prepared to risk their money. It is a gamble. 
If the millions expended on making sure of facts 
by further exploration are not absolutely thrown 
away, the expenditure of the still further millions 
might be justified, but only then on traffic the 
extent of which it is quite impossible now to gauge 
at all accurately. 

The Committee* conclude that a pilot tunnel is 
essential. The consultants estimate that this, 
12 ft. in diameter, with a drainage tunnel, might, 
if conditions are good, be constructed for 5,600,0001. 
These would form part of the final scheme, but 
would not be enlarged to the final full-sized tunnel. 
The latter should consist of two tubes, put by 
the consultants at 18 ft. 6 in. in diameter, the 
estimate for these being 25,000,000/. Thus 
30,600,000. would be required, exclusive of the 
cost to the railways on the two shores of exchange 
stations, &c. The main report concludes that 
traffic could be dealt with at rates not higher 
than those now in force, and that the tunnel would 
be of economic advantage to the country. The 
Committee, however, admit the element of doubt 
regarding the feasibility of construction, and Lord 
Ebbisham goes further, formulating an adverse 
opinion on its economics. 








FUSION WELDING REGULATIONS. 


WHENEVER a new process of construction is intro- 
duced, to meet the dictates of economy of produc- 
tion, it is usual to find engineers divided into two 
camps—the one comprising the enthusiastic, fired 
with hopes of rapidly extending application, the 
other sceptical, but prepared to consider claims made 
on the basis of substantial independent experience. 
The service rendered by the second group is great ; 
it saves many a scheme from disaster, through pre- 
venting its premature adoption. In the early days 
of fusion welding, especially in the case of the 
electric arc process, claims were made which were 
often based more on blind hope than on actual 
experience. These, though not presented in the 
official literature of the firms concerned, were used 
as selling points by demonstrators and propagan- 
dists. 
suggested applications of electric are welding often 
found but little su2cess, rued their early enthusiasm 
and, in some cases, afterwards condemned fusion 
welding even for purposes for which it was the 
best available means of joining metal components. 
Such wholesale praise or condemnation is equally 
to be regretted, for a process that promises well, 
even within rigid limits, deserves to be tested out 


by people who are independent of trade interests. | 
Lloyd’s Register of Shipping showed the proper 
outlook when they decided to test the early claims 
regarding the use of welding in ship construction, 
by conducting experiments with specimens of 
Upon the results obtained 


various welded joints. 
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Those who rushed in to try out various | 
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|they decided to permit the use of electric arc 


welding, with certain limitations, in the fabrication 
of new vessels, as well as in repair work, provided 
that it was done with electrodes approved by the 
Register, after they had passed successfully the 
tests set up as the standard. These tests included 
tensile, compression, bending, impact and fatigue 
determinations, and there can be no doubt that 
they became established standards because they 
were suitable for welding in ordinary constructional 
work, whether in a ship or in a building. There are 
other types of work for which the Lloyd’s standards 
are not suitable. 

Pressure vessels, such as compressed-gas con- 
tainers and boiler drums and headers, are in quite 
a different category from the simple or complex 
structures of shipbuilding, bridges, and steel-framed 
buildings. In this sphere the greatest doubts about 
the suitability of welding have been shown. To-day 
the pressures to which such vessels, whether fired 
or unheated, are subjected are being increased to 
very high values, and thus the subject of their 
design and construction provides the engineer with 
a number of problems. For their solution a re- 
examination of the whole subject of building up 
pressure containers has, in many cases, been made. 
Investigations have been conducted into the value 
of welding the seams of such vessels by fusion 
methods, but not always with successful results. 
Test work of this kind might be conducted from 
different standpoints—those, for example, of the 
research worker, or the engineer associated with 
the construction, or use, or insurance of the plant. 
Their views may be widely divergent, and thus it is 
necessary to remember the nature of the outlook when 
discussing the results. At the meeting in London 
on Friday, March 7, of the Institution of Mechanical 
Engineers, Mr. L. W. Schuster presented a paper on 
“The Strength and Design of Fusion Welds for 
Unfired Pressure Vessels,” in which the subject was 
considered very largely from the standpoint of the 
people concerned with the insurance of plant. 
Accidents with welded pressure vessels had drawn 
attention to them, and it was decided to investigate 
the causes of the troubles. At the present time 
it should be noted that there is an official regulation 
of the Board of Trade governing pressure vessels. 
It prohibits, with certain exceptions, the use of a 
welded joint in tension in boilers. Another rule 
affects steam pipes. It permits the welding of a 
seam only when it is hammered or rolled, and even 
then a minimum factor of safety of 13, in addition 
to a wastage tolerance, are required. Air or gas 
bottles or cylinders are specified as to be solid- 
drawn ; for other unfired pressure vessels the rules 
only permit the use of riveting as an alternative to 
solid-drawn construction. There is thus little 
recognition of welding by the people in authority, 
who are entrusted with the drafting of regulations, 
unless it be in prohibiting its use. While this is the 
case little progress is possible. The advocate of 
welding may point out that a weld can be made of 
strength equal to that of the plate, but that a 
riveted joint may have an efficiency of only 75 per 
cent. This is quite true, but it is not a very important 
issue in the consideration, for welds have a very 
nasty habit of varying in quality and the vital 
matter in dealing with the joints of pressure vessels 
is reliability. 

The stage in progress has now been reached, 
however, when it certainly is necessary that a 
full enquiry should be made by some independent 
and competent authority to establish, if possible, 
a code to which welding work could be done on 
unfired and fired pressure vessels, with safety 
comparable with that of riveted joints. Mr. 


|Schuster in his paper gave a series of provisional 


rules for fusion-welded non-fired pressure vessels. 
These all showed the commendable characteristics 
of the engineer interested in the insurance of 
plant—of making sure of safety. For instance, 
he suggested that the rated strength of a welded 
joint should at no time exgeed half the strength 


|determined by tests on reasonably well-made 


joints and also provided for a minimum factor 
of safety of four on this rated strength. The 


| Boiler Code Committee, of the American Society of 
| Mechanical Engineers and the American Welding 


* Channel Tunnel Committee Report (Cmd. 3513). Society, have also got this matter under con- 
H.M. Stationery Office. 
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sideration and have prepared a proposed specification 
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which has met with a rather unfavourable reception, 


owing to what it included in excess of what was 
generally thought to be necessary. These unpopular 
items included the limits of the range of manganese, 
phosphorus, sulphur and nitrogen, as iron nitride, 
in the weld ; macro and micro examinations; and 
the determination of defects by electrical, magnetic 
or X-ray apparatus. On the question of allowable 
working stress there is a considerable difference 
of opinion. Those who drafted the report sug. 
gested that the maximum unit working stress of 
a welded joint might be taken as 16 per cent. of 
the minimum of the specified tensile range of the 
plate used. Against this the suggestion has been 
made by critics that the maximum unit working 
stress allowed, should be from 90 to 100 per cent, 
of the minimum of the specified tensile range. This 
seems to imply that there are many people in 
America who regard the provision of a code as a 
matter in which safety is not the primary, or even 
an important, consideration. As was shown by 
numerous speakers, both at the London and the 
Manchester meetings of the Institution, when 
Mr. Schuster’s paper was discussed, there is a wide- 
spread desire that a Committee should be set up 
to deal with welding for joints in unfired pressure 
vessels, and supposedly later to extend the work 
to similar vessels working at high temperatures, 
to see if it is possible to establish a Code for welding 
suited to the British outlook on engineering and 
safety. The President of the Institution, Mr. 
Loughnan St. L. Pendred, has promised to ask the 
Council to give the suggestion careful consideration. 
As the use of welding extends and the workers 
become more expert, the character of their work 
does improve quite markedly; nevertheless, al- 
though successful welding depends so much upon 
the operator, it may be possible to frame a code 
to which welding may be done on pressure vessels 
and ensure a degree of safety quite comparable with 
that obtained with riveting. We welcome the sug- 
gestion of the establishment of this Committee of 
the Institution as the best means of getting down 
to exact knowledge of the facts and spreading that 
knowledge throughout the profession. The Institu- 
tion of Mechanical Engineers has earned apprecia- 
tion for valuable investigation work in the past, 
and is undoubtedly the right organisation to deal 
with the welding of pressure vessels. When the 
high-pressure boiler for marine purposes was under 
consideration, it was found possible for the boiler- 
maker, the steel maker and a representative of the 
Board of Trade to meet to discuss the problems 
involved, arrive at their decisions, incorporate them 
in the design and then go straight ahead. This co- 
operation with the representative of the Govern- 
ment department concerned with the framing of 
regulations relating to the matter in discussion, 
was certainly all to the good. We trust it will be 
found possible for the Institution to set up a strong 
Committee of engineers and secure the co-operation 
of the Board of Trade in dealing with the subject, 
in this way rendering a further great service to its 
members and the profession of engineering, 4 
line so peculiarly in its special field. 








NOTES. 
THAMES FLOODS PREVENTION. 


At a meeting of the London County Council, held 
at the County Hall, Westminster Bridge, in the 
afternoon of March 18, a report of the General 
Purposes Committee, dealing with Thames floods 
prevention, constituted an important item on the 
agenda. This report itself contained a consideration 
of a joint report, issued by the Main Drainage Com- 
mittee and drawn up by Sir George Humphreys, the 
Council’s chief engineer, and Mr. Frederick Palmer. 
The latter report, it was stated, dealt in an exhaustive 
manner with the difficult problem under discussion, 
and recommended, in the first place, that immediate 
steps should be taken to raise the level of = 
banks in the County of London ; secondly, - 
storm surges in the North Sea, likely to affect the 
Thames, should be investigated by H.M. Govern- 
ment; and, thirdly, that the advisability of - 
ordinating all activities relating to the nba 
of the tidal portion of the river and the discharg' 
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of upland rivers should be examined. After giving 
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careful consideration to these proposals, the General 
Purposes Committee, in their report, put forward 
a number of recommendations, all of which were 
accepted by the Council. Accordingly, it was decided 
that, as information concerning the probability, 
frequency, and amplitude of storm surges in the 
North Sea was inadequate, the Government should 
be asked to investigate the whole question. With 
reference to the third proposal, put forward by 
Sir George and Mr. Palmer, regarding the co- 
ordination of various Thames interests, the view 
was expressed that the problem of floods prevention 
works was intimately bound up with the question 
of land drainage. As it was understood that legis- 
lation on the subject of land drainage was shortly 
to be introduced, the recommendation of the General 

oses Committee was concurred with, namely, 
that it would be extremely undesirable that this 
legislation should proceed before the result of a 
technical inquiry, or the report of an engineer, upon 
the subject of the Thames basin, including the 
estuary, were available. . In consequence, it was 
decided, at the meeting on Tuesday, that, as sug- 
gested in the joint report, a conference should be 
arranged between representatives of the Council, 
the Port of London Authority, and the Thames 
Conservancy, to consider the advisability of co- 
ordinating all the interests involved. With regard 
to the raising of the flood banks in the County of 
London, the recommendations of the Main Drainage 
Committee, presented to the meeting in a separate 
report, were adopted. These provided that, in the 
exercise of the Council’s powers under the Thames 
River (Prevention of Floods) Acts, 1879-1929, the 
heights of the flood banks should be fixed at standard 
levels ranging from 18 ft. to 19-5 ft. above Ordnance 
Datum. 


Science IN Works MANAGEMENT. 

It is symptomatic of the changing views held 
regarding works management when embryo works 
managers are urged to study its humanistic side 
at the outset. In the address given by Mr. 
William Taylor, O.B.E., as the annual lecture 
to the Graduates Section of the Institution of 
Mechanical Engineers on Monday, March 17, the 
importance of a right understanding of the views 
and claims of the men in the shops was stressed. 
British workmen, Mr. Taylor believed, were still 
the best in the world, and in the mass had a real 
love of justice and were moved by sympathy for 
others. The problems both they and management 
had to face were those of producing goods of 
high quality at attractive prices while maintaining 
high rates of wages. Multitudes of men could be 
characterised as static. They liked to be told 
what to do, and how to do it, and even welcomed 
a time limit for its performance. A minority were 
dynamic—that is, men who wanted to discover 
fresh ways of doing things. He believed the 
graduates as a whole belonged to this class, as 
indicated by their desire to learn, and while 
economics was set as a subject for some of the 
various examinations of the Institution he hoped 
they would begin the early study of psychology 
as well. In this connection Mr. Taylor referred to 
the successful work of the Institute of Industrial 
Psychology. It was the duty of the graduates 
to apply their dynamic force and their scientific 
training to the development of science in works 
Management, and the assimilation of the principles 
of applied psychology and economics would help 
them to do so, Present systems of college training 
did not assist as fully as they might. Design, 
for instance, was chiefly based on reliability, 
While the productive aspect was barely considered. 
It was instructive to follow a design through the 
shops—thus, the inspection of defective work could 
cast much light on design as well as on processes. 
» the value of time schedules and similar 
methods of control was often neglected. Mr. 
Taylor illustrated his lecture with descriptions of 
Poperly planned processes, quoted from standard 
— on the subject, and suggested helpful books 
‘r preliminary study. The delivery of the lecture 
‘oncluded what is known as the graduates’ week-end 
vais commenced with their annual dinner on 
tiday, March 14. The chair at this pleasant 
ind informal function was occupied by Mr. R. 


upon the value of contact of men in different spheres, 
with one another. 
tations resulting in important developments quite 
undreamt-of in connection with a particular re- 
search. 
themselves to look at what was being done round 
them, and not keep altogether to their own 


Loughnan St. L. Pendred, was present as a 
| Mr. Pendred, in replying to the toast of 
|“ The Institution of Mechanical Engineers,” which 


guest. 


| was proposed by Mr. H. Randal Steward, referred 
to the importance of the study of at least one 
foreign language. Students should spend a portion 
of their long summer vacation in a works, and it 
would be even better if an exchange could be 
arranged with a continental works. Regarding 
openings for men leaving college co-operation be- 
tween the Institution and manufacturing firms 
was desirable. The toast of “The Visitors” was 
proposed by Mr. Ivan Jones and replied to by Mr. 
W. J. Walton, representing the London Students’ 
Section of the Institution of Electrical Engineers. 
Brig.-General Magnus Mowat proposed the toast 
of the Graduates’ Section, London, and agreed that 
the question of available appointments must be 
dealt with. The Chairman, in his reply, expressed 
appreciation of the way in which the students of 
the Institution of Electrical Engineers had co- 
operated with them in the past successful session. 
He concluded by announcing that, in future, 
abstracts of the papers presented at the graduates’ 
/meetings would be available before the meetings 
|so that students would not be wholly unfamiliar 
with the subject to be considered. On the following 
morning, Saturday, March 15, a visit was paid to 
Messrs. Fraser and Chalmers Engineering Works, 
Erith, where the firm entertained the graduates at 
luncheon. In the afternoon a visit was paid to 
the works of Messrs. Vickers-Armstrong, Erith. 





THE Co-ORDINATION OF TRANSPORT. 


Mr. H. Morrison, Minister of Transport, had a 
congenial task before him at the Institute of 
Transport dinner, held on the 12th inst., when he 
spoke to the toast of that body. Mr. Morrison 
claimed that the present Government had a par- 
ticularly firm grip of transport problems. Others 
may possibly wonder whether the firm grip is 
really capable of being exerted, in this or other 
directions. The Minister’s remarks were largely 
occupied with the Road Traffic Bill and with Part V, 
which related to co-ordination, and which he hoped 
ultimately to see passed. He hoped that during 
the present year the Royal Commission would 
present their final report, dealing with the co-ordina- 
tion of the various forms of goods and passenger 
transport, and he thought the machinery the 
Government. was establishing would have a direct 
bearing on any recommendations put forward by 
the Commission. Under the licensing system set 
up by Part IV of the Bill the authorities would be 
able to take a broad view and ensure that any system 
enjoying the benefit of the Nation’s capital invested 
in roads should perform a public service of definite 
value, instead of being merely competitive. It is, of 
course, easy to make use of such happy terms as 
“the co-ordination of transport.” It is a very diffi- 
cult matter, however, to determine how co-ordina- 
tion shall be carried out. It is not easy to define the 
limiting conditions which shall decide whether freight, 
for instance, shall be hauled by road or rail, as factors 
difficult to appraise, such as door-to-door service, 
are bound to be brought forward. Similarly with 
passenger traffic; although many view with disap- 
proval the long-distance motor-’bus services and 
consider them to be really redundant, there is no 
doubt that to a section of the population they are 
attractive, as combining transport with an outing of 
a kind the railways do not offer. Some regard must 
be given to such opinions in a country so accustomed 
as ours to the free enjoyment of reasonable pleasures. 
The toast of ‘The Institute” was replied to by 
Sir Josiah Stamp, the President, who referred to the 
pleasant relations which existed between the large 
transport interests and the Ministry. Sir Henry 
Maybury proposed “The Guests,” replied to by 
Sir William Bragg and Sir H. Jackson, who both 
spoke on the modern tendency to link up commerce 
withscience. Sir William Bragg especially remarked 


Such contact often led to adap- 


For this reason, men should accustom 





THE INSTITUTE OF METALS. 
(Continued from page 353.) 


On Wednesday afternoon, the 12th instant, at 
2 p.m., members again assembled in the hall of 
the Institution of Mechanical Engineers, and the 
adjourned annual meeting was continued. Dr. R. 
Seligman, the President, occupied the chair. 


CoMPOSITION OF EUTECTICS. 


The first contribution considered was entitled, 
The ‘“‘ Composition of Eutectics.”” When presenting 
this paper, Dr. D. Stockdale, the author, stated 
that for many years, eutectics were thought to be 
definite chemical compounds, because they appeared 
to have a definite freezing point, and because the 
composition of the solid appeared to be absolutely 
constant. Also, the ratio of the numbers of the 
different kinds of molecules present was frequently 
nearly a whole number. This view, however, had 
been shown to be wrong in such convincing fashion 
that attention had been entirely diverted from the 
composition of eutectics. Nevertheless, if it could 
be shown that the atoms were present in eutectics in 
a simple ratio, many important conclusions would 
follow. A large mass of evidence pointing to the 
fact that, in eutectics of every kind, the atoms were 
in a simple ratio, was slowly accumulating in 
technical literature. Unfortunately, most of the 
experimental work did not invite confidence, and 
the results could only be used tentatively. There 
existed two general methods for the determination 
of the eutectic composition. In the first method, a 
series of alloys was made and examined under the 
microscope. Drillings were taken from that alloy 
in which neither of the phases appeared to be in 
excess, and such drillings were analysed chemically. 
The second general method, and that adopted in the 
present investigation, consisted in measuring the 
change in one of the physical properties of a series 
of alloys across the eutectic range. The physical 
property finally chosen for measurement was the 
freezing point. 

The eutectic systems examined comprised the 
aluminium-copper, antimony-silver, cadmium-tin, 
cadmium-zine, copper-silver, and lead-tin series. 
Each eutectic composition was investigated by an 
examination of the cooling curves of at least 10 
alloys, and “heat” curves, depending upon the 
latent heat of fusion of the pre-eutectic metal, 
were also worked out. When, however, the figures 
obtained were subjected to a strict mathematical 
analysis, the results were disappointing. The results 
were of such a nature, and the systems examined so 
few in number, that no definite conclusion could be 
arrived at. The figures suggested that the simple 
ratio rule did not exist. The problem would have 
to be left until more exact experimental methods 
had been devised, or until the ratio could be measured 
indirectly. 

Dr. W. Rosenhain, who opened the discussion, 
stated that, if it were indeed proved that the simple 
ratio, mentioned by Dr. Stockdale, existed, it was 
doubtful whether this would further advance our 
knowledge of eutectics. Furthermore, he desired 
to know what was meant by a simple ratio; for 
instance, could such figures as 8:1 and 6:17 be 
described as simple ratios? Dr. Stockdale seemed 
to think that the true eutectic diagram had a V- 

shaped form. He himself had seen evidence which 

tended to prove that the diagram should assume the 

form of a rounded trough, rather than that of a 

sharp V. The author had also said that the 

determinations of other workers did not invite 

confidence. In answer to this he submitted that 

the miscroscopic method of examining eutectics, 

developed in the past few years and used to a large 

extent at the National Physical Laboratory, had 

given and was giving accurate and valuable results. 

The microscopic method was at least as accurate 

as, and was possibly more accurate than, thermal 

methods. Moreover, he entirely disagreed from 

what Dr. Stockdale had said with regard to chemical 

analysis; the author had been unfortunate in his 

chemical results. Consequently, his criticism of the 


chemical determination of eutectics was not justified. 


Dr. J. L. Haughton desired to know how an 


eutectic comprising 99 per cent. of one element and 


1 per cent. of another would be regarded in the 








Wailes, and the President of the Institution, Mr. 


groove. 


light of Dr. 


Stockdale’s hypothesis. He also 
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desired to comment very strongly on the author’s 
method of plotting cooling curves. Dr. Stockdale 
had plotted temperatures as abscisse, and time 
intervals as ordinates. The usual method, and 
the only logical one, was to plot temperatures as 
ordinates and time intervals as abscissa. The 
next speaker, Professor D. Hanson, said that 
Dr. Stockdale had stated that he had found it 
impossible to prevent undercooling. He disagreed ; 
inoculation or “seeding” with tiny particles of 
the material under examination did prevent under- 
cooling to a very large extent. As Dr. Haughton 
had said, an eutectic could occur close to one end of 
the system, and this was an important factor in | 
rendering unacceptable Dr. Stockdale’s conclusions 
regarding numerical ratios in eutectics. 

In the course of his reply, Dr. Stockdale referred | 
to the question of chemical analysis. He said that, | 
taking 38 per cent. of lead as an arbitrary figure for | 
the lead-tin eutectic, it was impossible for any | 
analyst to guarantee whether the percentage should | 
be 38-00 per cent., 38-04 per cent., or even | 
38-08 per cent. He could not agree that the} 
method of discovering an eutectic was to analyse a | 
piece of metal which appeared to be a pure eutectic. | 
The analysis of an eutectic mixture also brought in 
the question of modification. In the aluminium- 
silicon alloys, for instance, the eutectic varied from 
about 10 per cent. silicon in the normal alloy to 
about 15 per cent. silicon in the modified alloy. 
Dr. Haughton had mentioned the case of an eutectic | 
occurring close to one extremity of a binary system. | 
He submitted that this might give rise to an infinite | 
ratio, and an infinite ratio might be looked upon as 
a simple ratio. (This statement was greeted with 
dissent). He had tried seeding with filings, as 
suggested by Professor Hanson, but he had had to 
give it up as being too troublesome. As indicated | 
in the paper, his method of seeding had consisted | 





Daniels ; it will be found on page 358 of our issue | 
of last week. 


The discussion on the three papers was opened | 
by Professor C. A. Edwards, who stated that the | 
thanks of the members were due to the British 
Non-Ferrous Metals Research Association for having | 
carried out these three researches. Continuing, | 
Professor Edwards said that Mr. Allen had referred 
to the density of copper melted in various gases. | 
Apparently, copper melted in hydrogen behaved | 
differently from that melted in other gases. Fur- | 
thermore, he had obtained a liberation of hydrogen 
when cathode copper was melted under reduced 
pressure in a silica boat, and had found that, | 
during solidification, gas was liberated at the 
copper-silica interface. This led one to ask whether | 
the hydrogen reacted with the silica of the boat. 
Mr. Allen had also found that when copper was 
melted, and saturated with hydrogen just above the 
melting point of the metal, even under reduced | 
pressures a substantial proportion of the hydrogen 
was retained and the resultant ingot contained 
blow-holes. If, however, the temperature of the 
metal was raised some 60 deg. to 70 deg. C. above the 
melting point, the resultant ingot was sound. This 
was extraordinary and again raised the question as 
to whether the silica of the boat had any effect. 
Another somewhat remarkable fact was that the 
quicker the copper was cooled, the greater was the 
proportion of gas cavities, and the lower the density 
of the metal. He would be glad if the investigation 
could be extended to include larger quantities of 
metal cast into vertical ingots. It might be feasible | 
to control the position of the blow-holes, as was 
possible in the case of steel. The influence of 
various types of slags might also be investigated ; 
control by pressure or by a neutral gas were both 
difficult on a large scale. In a commercial works 
the necessary control was obtained by the slag 


in stirring the melt with a plunger. When the | composition. 


plunger rose, some of the molten metal adhered to | 
When the plunger | been consolidated as the researches had progressed 


it and cooled to the solid state. 
re-entered the liquid melt, these solid particles 
seeded the molten metal. 


UNSOUNDNEsS IN Cast CopPpER AND BRONZE. 


The next three papers on the agenda were taken | 


Mr. R. Genders thought that the work had not 


and that these had been allowed to go too far without 
justification. He had been interested to find that 
Mr. Prytherch had shown that pre-solidification 
was relatively inefficient compared with treatment 
with an inert gas. Mr. Allen had said that phos- 


together for the purposes of discussion. The first | phorus did not remove hydrogen, and his results 
paper, by Mr. W. E. Prytherch, on “ Gases in Copper | had shown that it did not completely remove oxygen 


and their Removal,” was, at the request of the 
author, taken as read. In this contribution were 
described experiments on the effect of gases, oxygen, 
hydrogen, and sulphur dioxide on the soundness of 
copper. The author stated that his experimental 
work had shown that hydrogen and sulphur dioxide 
were soluble in molten copper, and that the solu- 
bility of these gases was markedly reduced at the | 
solidification temperature. The sudden decrease in | 
solubility on solidification had resulted in unsound- | 
ness when copper containing either of these gases 
had been chill-cast. The degree and nature of the 
unsoundness had been shown to depend on the 
conditions of temperature, of rate of solidification, 
and possibly of shape of ingot obtained during 
casting. In the present investigation it had been 
found that dissolved gases might be partially 
removed, and tneir effects mitigated, by slow solidi- | 
fication followed by remelting of the copper, by | 
passing an inert gas, such as nitrogen, into the metal, 
or by melting in vacuo. Experiments carried out 
to determine whether oxygen would remove hydrogen 
from copper sufficed to show that the rate of oxidi- 
sation of the hydrogen was so slow as to render this 
method impracticable. 

The second paper, “‘ Experiments on the Influence 
of Gases on the Soundness of Copper Ingots,” was 
by Mr. N. P. Allen, who read it in abstract. Mr. 
Allen said that the presence of hydrogen in molten 
copper could cause serious unsoundness in the ingots 
cast from it. The unsoundness found in commer- 








either. Consequently, phosphorus imparted sound- 
ness to the metal even when oxygen. and hydrogen , 
were present. He suggested, therefore, that the 
role of phosphorus was rather more than that of a 
deoxidant, as ascribed to it by Mr. Allen. The 
experiments contained in Mr. Daniels’ paper showed 
that treatments which produced sound copper did | 
not produce sound bronze. In spite of this, how- 
ever, he had adopted Mr. Allen’s theory that oxygen 
and hydrogen together produced steam to form 
blow-holes. Apparently he had only carried out 
one experiment in support of this contention. 
Mr. Allen’s furnace had been used, and, as stated in 
Mr. Daniels’ paper, no zinc had been added to the 
metal because contamination of the furnace was 
undesirable. The sample used was a bronze con- 
taining 10 per cent. of tin. As zinc was not only 
a deoxidiser but a degasifier, the evidence furnished ' 
by this one experiment could not be accepted. 

Dr. R. 8. Hutton stated that the Non-Ferrous 
Metals Research Association had every intention 
that the work should go on. He would like to} 
point out that the research work of the Association 
had to wait some considerable time before being 
made public, and the investigations under discussion 
had actually been carried out some years pre- 
viously. Dr. F. Johnson, who spoke next, thought 
that it was interesting to realise that the main 
points of Mr. Allen’s paper had arisen from a 
faux pas, namely, the casting of copper in a dirty 
crucible. Professor Edwards had referred to the 









cial ingots was not, however, due to hydrogen alone | casting of copper in vertical ingots. In the United 
but to hydrogen and cuprous oxide together, which | States, Messrs. D. W. Scott and H. L. De Wald had 
reacted in the solidifying metal to evolve steam. | carried out work on copper wire bars, cast vertically | 
This phenomenon was very difficult to suppress so | and horizontally, and had recently published their 
long as cuprous oxide was present in the metal. We | results in the transactions of the American Institute 
intend to reproduce Mr. Allen’s contribution in a|of Mining and Metallurgical Engineers. They had | 
forthcoming issue of ENGINEERING. ‘ Unsound- | found a slight improvement in quality in the case | 


ness in Bronze Castings,” by Mr. E. J. Daniels,|of the vertically-cast bars. Vertical ingots were 
constituted the third paper of the series. This | being cast in this country, although this involved 
contribution was put before the meeting by Mr.!a revolution in the industrial methods. A general 





change over to vertical casting would lead to 
considerable expense. The next speaker, Professor 
F. C. Thompson, was under the impression that 
insufficient attention had been paid by Mr. Daniels 
to the sulphur content of the furnace gases. He 
thought that the sulphur present in the coke 
bore some relation to the soundness or otherwise 
of the bronze ingot produced. With regard to 
Mr. Daniels’ furnace melts using a reducing fire 
and an oxidising fire, he felt inclined to think that 
the rate of melting was more important than the 
amount of moisture present in the furnace atmo- 


| sphere. 


Mr. G. L. Bailey stated that, when dealing with 
unsoundness in bronze castings, Mr. Daniels had 
endeavoured to apply Mr. Allen’s theory, and had 
strained that theory to fit the facts. Furthermore, 
he had found that phosphorus had little or no 
influence in promoting the soundness of bronze. 
He would like to know if Mr. Daniels had any views 
as to why phosphorus did not improve the sound- 
ness of bronze castings. The next speaker, Mr. 
H. C. Dews, said that unsoundness in bronze was 
due, in the first place, to porosity caused by 
the evolution of gases, and, secondly, to shrinkage 
due to the solidification of the alloy. Mr. Daniels, 
he submitted, had confused these two effects. 
Moreover, he had referred several times to un- 
soundness in commercial bronze, but he had not 
given any illustration of this. Bronze was an 
alloy of two metals, and its density depended on 
the manner in which it solidified. If some of the 
5 constituent were present, the density would be 
higher than if the structure consisted entirely of «. 
It was, therefore, not justifiable to take 8-8 as an 
all-round figure for the density of the alloy. Different 
methods of solidifying the bronze would cause the 
figure to vary from 8-7 to 8-9. Again, the strongest 
bronze was not that possessing the highest density. 
With regard to Fig. 6 in Mr. Daniels’ paper (page 359 
ante), the author had stated that the broken black 
lines were oxide films. He himself, however, 
was of the opinion that they were shrinkage 
cavities. 

Mr. Allen, in a brief reply to the discussion on 
his paper, said that Mr. Genders had drawn atten- 
tion to the fact that a copper specimen, which had 
been deoxidised with phosphorus, still contained 
0-022 per cent. of the gas. If, however, this same 
specimen had been left under charcoal, the oxygen 
percentage would gradually have declined to nil. 
A compound of oxygen and phosphorus was formed, 
which became trapped in the metal. If the melt 
were given time, this rose to the surface, and was 
reduced by the charcoal. Turning to the effect of 
increased speed of cooling on unsoundness, men- 
tioned by Professor Edwards, when a copper melt 
solidified, crystals grew at right angles to the ingot- 
mould wall, and there was a concentration of 
hydrogen at the tips of the crystals. This hydrogen 
tended to diffuse into the solid metal and into the 
surrounding liquid. If the cooling were rapid, 
there was no time for this diffusion to take place. 
and a bubble of the gas was formed which remained 
trapped in the solid copper. 


MacrostRucTuRE oF Cast ALLoys. 


The last paper taken on Wednesday afternoon 
was entitled ‘Macrostructure of Cast Alloys; 
Effect of Turbulence Due to Gases.” It was read 
in abstract by the author, Mr. R. Genders. This 


‘contribution to the proceedings will be found on 


page 357 of our issue of last week. 5 

The only speaker in the discussion, Dr. H. W. 
Brownsdon, asked Mr. Genders to give the meeting 
an indication of the best type of macrostructure, 
which ought to be developed in metal to be subse- 
quently cold worked. Some time previously 


Dr. Rosenhain and Miss Bingham had read, before 


the Institute, a paper which dealt with the effect 
of 1 per cent. of copper on zinc. ; 
mentioned that this alloy could be cold rolled. ‘They, 
in their own works, had cast this alloy in their 
normal-sized ingot, and had found that they could 
not cold-roll it. They had had to revert to hot- 
rolling. It had turned out to be entirely a question 
of macrostructure. The ingot cast at the National 
Physical Laboratory had been a small one, the 
macrostructure of which was very fine. Their own 
ingot contained columnar crystals, and coul¢ not 


The authors had 
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be cold-rolled. In the course of a very brief reply, 
Mr. Genders said that he had omitted from his 
paper all mention of related subjects, such as the 
influence of different types of macrostructure on 
rolling, and the effects of the entrapping in the 
metal of the gases from the volatile mould coatings. 
He had, however, dealt in a general manner with 
various aspects of macrostructure in his previous 
contribution on the subject. 


EFFECT OF PHOSPHORUS ON COPPER. 


When the members reassembled in the hall of 
the Institution of Mechanical Engineers, at 10 a.m. 
on Thursday, March 13, Dr. R. Seligman again 
occupied the chair. The first paper on the agenda 
bore the title, ‘‘ Investigation of the Effects of 
Impurities on Copper. Part VI.—The Effect of 
Phosphorus on Copper,” by Professor D. Hanson, 
Mr. 8S. L. Archbutt, and Miss G. W. Ford. It was 
presented to the meeting by Mr. Archbutt. The 
paper described a systematic investigation into the 
properties of copper containing up to 1-48 per cent. 
of phosphorus, in which the amount of other 
impurities had been kept as low as practicable. 
It was confirmed that phosphorus removed oxygen 
from the copper, and improved its casting pro- 
perties. Furthermore, it improved all those 
mechanical properties of copper which had been 
studied, and raised the softening temperature of 
cold-worked material. Phosphorus, however, was 
seriously detrimental to electrical conductivity, 
which peculiarity might be attributed to the fact 
that it was markedly soluble in solid copper. We 
intend to reproduce this contribution to the pro- 
ceedings in a future issue. 

Dr. G. Masing, who opened the discussion, said 
that when a small amount of phosphorus was 
added to copper a great fall in density of the 
metal occurred. This also applied to bronze. 
It was very difficult to find a reason for this, but 
he believed that interaction between the hydrogen, 
the oxygen and phosphorus had a bearing upon the 
matter. Furthermore, when 0-1 per cent. of 
phosphorus was added to copper the conductivity 
value was halved, and the curious fact was that the 
conductivity of castings was lower than that of the 
annealed alloy. ‘This difference was wholly due to 
the lower density of the castings. 

Dr. W. Rosenhain stated that the present in vestiga- 
tion was of fundamental importance from the 
industrial point of view. They, at the National 
Physical Laboratory, were at present engaged 
on Parts XII and XIII of the Investigation of the 
Effects of Impurities in Copper, on behalf of the 
British Non-Ferrous Metals Research Association, 
and he hoped that these sections would soon be 
published. It was perfectly reasonable that the 
association should retain the results obtained, for 
their own use, for a time. It was undeniable, 
however, that the information only reached its 
full value when published and discussed. The 
age-hardening obtained by the decomposition of 
the super-saturated solid solution of quenched 
alloys of copper and phosphorus was disappointing ; 
the hardening was only slight. A similar result 
had been obtained in the case of copper-iron alloys. 
In this instance there was an appreciable difference 
in solid solubility, yet the age-hardening had been 
small. It had been thought that this was perhaps 
Owing to the fact that the material deposited from 
the solid solution was elementary iron, which 
caused less disturbance in the matrix than a 
‘ompound would have done. In the present case, 
however, a compound was indeed involved, namely 
Cu,P, and, contrary to anticipations, the age- 
hardening was small. When discussing densities, 
Segregation, both inverse and otherwise, must be 
taken mto account. When phosphorus was present 
i solid solution, coring resulted, and material 
differing widely in density and in conductivity was 
obtained, Mechanical work tended to equalise 
the coring, and finally, as the mechanical work 
Progressed, what was left of the coring was arranged 
im parallel bands, distributed geometrically in such 
‘manner as to affect the electrical conductivity. 
oo H. C. Dews said that the analyses given, 
i _— that both oxygen and phosphorus 
nero Pr sent in the same samples, were of particular 
ne “18 He desired to know whether the oxygen 

“Itty present in the copper or whether it was 
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just an accidental impurity. Further, had the 
phosphorus been allowed sufficient time thoroughly 
to deoxidise the copper. If this had been done it 
might be concluded that the oxygen and the 
phosphorus were in equilibrium, and, with this in 
mind, he had plotted the percentage figures of the 
oxygen and the phosphorus, given for the various 
alloys. He had found that the points fell in a 
smooth curve. 

The next speaker, Mr. W. F. Brazener, said that 
from the tone of the discussion it seemed that it was 
necessary to have 0-04 per cent. of phosphorus in 
the copper before it was deoxidised. Although 
this might be true of the conditions of the experi- 
ments in the research, it was not the case in industry. 
In commercial practice, at the present time, it was 
possible to have copper as completely deoxidised 
as possible, the percentage of oxygen remaining 
in the metal being so low that it could not be 
determined either gravimetrically or detected 
under a high-power microscope. This percentage 
might be as low as 0-001. The authors had stated 
that small amounts of oxygen could be found 
together with phosphorus in copper, depending on 
the amount of phosphorus present. He was of 
opinion that it should be emphasised that the failure 
of the phosphorus addition completely to deoxidise 
the copper might be due to the conditions under 
which the experiment had been conducted. The 
authors had mentioned two alloys, the one con- 
taining 0-019 per cent. of oxygen and 0-014 per 
cent. of phosphorus, the density being 8-38; and 
the other containing 0-010 per cent. of oxygen and 
0-030 per cent. of phosphorus, the density being 
7:64. When describing their methods of prepara- 
tion of the alloys, they had said that there was a 
great tendency to oxidation, and a considerable 
excess of phosphor-copper over the estimated 
quantity had been used. During casting, con- 
traction occurred, but by following up with molten 
alloy, piping was avoided, so that no serious amount 
of cropping was needed. Bearing all these facts in 
mind, he would very much like to know if these two 
particular ingots had piped. He had noted that 
in the cases of metal containing considerable 
percentages of oxygen, the tensile properties seemed 
to show over-rolling effects. This appeared to 
indicate that it was hardly possible for the original 
ingots to have been solid. In conclusion he wished 
to remind the authors that while the question of 
mechanical properties was important, that’ of 
machining properties was also of great interest and 
should have been referred to. 

Professor T. Turner was of opinion that the issue 
was largely a practical one. The question was 
whether engineers should be advised to use phos- 
phorus-copper in place of arsenical copper. The 
last speaker had raised the matter of machining 
properties ; another question was that of corrosion. 
If Cu,P were present in the metal as a separate 
constituent, it might be assumed that corrosion. 
would be greater than was the case in arsenical 
copper. On the other hand, there was an increase 
in the tensile strength. The question of conduc- 
tivity did not arise; no one used arsenical copper 
for conductivity purposes. The next speaker, 
Dr. F. Johnson, thought that the authors should 
have been more guarded in their statements regard- 
ing the hot-rolling of their alloys. Only pure copper 
could be hot-rolled when carrying the contents of 
phosphorus given in the paper. To copper castings 
containing the usual small impurities, these per- 
centages of phosphorus would be fatal. Phos- 
phorus was helpful in the poling of copper, but the 
additions had to be made skilfully. 

Professor D. Hanson, in his reply, said that the 
investigation under discussion had been carried 
out quite four years previously. They did not 
realise that a relation between the phosphorus 
and the oxygen, present in the copper, might exist 
as suggested by Mr. Dews. All they did know was 
that phosphorus and oxygen could be present 
together in the copper. Every effort had been made 
to restrict the investigation to the examination of 
the influence of one element, and one alone, on 
copper. They had found that the effects produced 
by phosphorus alone no longer applied when a 
considerable percentage of oxygen was present. In 
answer to Mr. Brazener, although unsound metal 
often showed over-rolling effects, perfectly sound 
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metal could also show these effects. Consequently, 
when figures given in the paper appeared to show 
over-rolling effects, it should not be concluded that 
this was due to unsoundness in the casting. Mr. 
Archbutt, who also replied to the discussion, agreed 
that very small percentages of oxygen in the copper 
could be quite detrimental. It was possible to 
have reaction taking place between gases and the 
oxygen resulting in unsoundness. Mr. Dews had 
asked if the presence of oxygen was accidental. 
The great difficulty had been to keep away oxygen 
when pouring their alloys, and, in some cases, a 
stream of nitrogen had been directed on to the metal 
during teeming. In answer to Mr. Brazener, he 
would like to see how he prepared copper containing 
no oxygen and very little phosphorus. He was not 
at all surprised that he experienced great difficulty 
in seeing small percentages of oxygen under the 
microscope. They, at the National Physical 
Laboratory had great difficulty in seeing even 
0-01 percent. He was not quite certain that copper 
containing phosphorus would corrode more quickly 
than other alloys of copper of similar type. As was 
well known, phosphor-bronze had high corrosion- 
resisting properties, but, of course, this alloy 
contained tin. 


ANNUAL DINNER. 


The annual dinner of the Institute was held at 
the Hotel Metropole, on Wednesday, March 12, and 
was so well attended that the place of meeting was 
changed a few weeks ago to allow of sufficient 
accommodation being available for all the members 
who wished to be present. The President, Dr. Selig- 
man, was in the chair, and responded to the toast 
of ‘ The Institute,’ proposed by Colonel The Master 
of Sempill. Dr. Seligman referred to the growing 
international character of the Institute and to the 
fact that meetings were to be held next year in 
Switzerland, and the year after in the United States 
and Canada. The toast of ‘‘ The Guests” was pro- 
posed by Dr. Walter Rosenhain, and replied to by 
Lieut.-Colonel Sir Arnold Wilson, Colonel Sir James 
Lithgow and Mr. Loughnan Pendred. Sir Arnold 
Wilson referred to the projected ,building intended 
to house a number of scientific societies which 
at the present time do not possess premises con- 
taining lecture theatres and other amenities neces- 
sary for holding meetings. The scheme would appear 
to be in a forward state of development. 


(To be continued.) 








Use or ArrcraFrt IN FiIsHERIES.—Messrs. Harstad 
Lufttrafikk A/S, Harstad, Norway, have purchased 
a British light aeroplane, which is to be used in connection 
with the fisheries in northern Norway for determining the 
presence of fish in the fjords and out at sea. 


BROADCASTING IN SWwITZERLAND.—We understand 
that a regional broadcasting system, on similar lines to 
that recently inaugurated in this country, is shortly 
to be started in Switzerland. Three high-power stations 
for the German, French and Italian speaking sections 
of the country are to be constructed, in addition to low- 
power relay stations in certain towns. Of the high- 
powered stations, one is to be erected at Munster, about 
12 miles from Lucerne, and the equipment for this has 
recently been ordered from Messrs. Marconi’s Wireless 
Telegraph. Company, Limited, Marconi House, Strand, 
W.C.2. This station, which will deliver 60-kw. of energy 
to the aerial, will serve the German-speaking section 
of the community, and will employ a wavelength of 
459 metres. To provide for users of crystal receiving 
sets, Marconi stations of 500-watt aerial power are to be 
erected at Berne and Bale, and to ensure a constant 
frequency, these stations will be crystal controlled. The 
entire reorganisation of the Swiss broadcasting service 
is expected to be completed in 1931. 

New Works aT THE GREAT WESTERN RAILWAY 
Ports, SourH Wates.—Schemes involving an expen- 
diture of 3,000,000/. have been approved by the Govern- 
ment for further improvements at the South Wales docks 
and ports of the Great Western Railway Company, The 
new works comprise, additional lock entrances to Swansea 
docks, extensions to piers at Port Talbot, the improve- 
ment of cranes, and the substitution of appliances for 
dealing with 20-ton coal wagons for a number of 10-ton 
appliances in existence at Newport, Cardiff, Barry, and 
Penarth. The new works will expedite the entrance and 
exit of vessels to and from the docks at Swansea; at 
the present time ships are dependent upon one entrance. 
The extensions to the piers at Port Talbot will enable 
vessels of larger tonnage to use these docks at all tides. 
The improvement of the cranes will lead to the speeding 
up of general cargo handling at all the ports, and the 
installation of further 20-ton coal discharging installa- 
tions will complete the equipment of the docks in this 





respect. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS ; NORTH - WESTERN 
BRANCH. 


A MEETING of the North-Western Branch of the 
Institution of Mechanical Engineers was held on 
Thursday, March 13, at the Engineers’ Club, Albert- 
square, Manchester, when a paper on “ The Strength 
and Design of Fusion Welds for Unfired Pressure 
Vessels,” was presented by Mr. L. W. Schuster. We 
commenced to print this paper in an abridged form on 
page 362 ante; it is continued on page 394 of this 
issue. The discussion following its presentation in 
London was reported on page 353 ante. As was the 
case at the London meeting, the paper was amplified 
by the display of a number of lantern slides showing 
various methods of construction, failures of welded 
vessels, defective welds and test pieces, these slides 
not being reproduced in the paper. 

The chair at the Manchester meeting was occupied 
by Mr. H. L. Guy, who, in calling for a vote of thanks 
to Mr. Schuster, pointed out that the paper was particu- 
larly opportune, since welding as a manufacturing pro- 
cess was increasing, and the examination of a new method 
of construction was of the greatest importance to de- 
signers. It was, further, important that a public 
exchange of opinion should take place amongst those 
who were familiar with welding and its uses, so that 
concerted action could be taken and uniform opinion 
obtained. A representative of the Home Office had 
suggested, at the London meeting, that a service to 
engineering would be performed if the Institution were 
to set up a committee to formulate rules for guidance 
in design and inspection, and for the certification of 
welded pressure vessels. 

The vote of thanks having been carried by acclama- 
tion, Mr. R. W. Bailey opened the discussion. He 
agreed that some measure of control of welding design 
and processes was essential, and thought that engineers 
as a body would endorse the suggestion the Institution 
of Mechanical Engineers should take some action in 
framing rules. At present, unless great pains were 
taken to see that they got what they wanted, engineers 
were not always sure that the products of welding 
manufacturers, even those who had had considerable 
experience, would be up to the high standard necessary. 
Apart from correct construction, effective inspection 
was very important, and he agreed with the author of 
the paper that the same degree of inspection and 
control was necessary in welded work as in riveted 
work, 

On the technical aspect of the paper he was not, 
however, in complete agreement with Mr. Schuster, 
and thought that the method of stress analysis adopted 
in it was unnecessarily complicated, seeing that the 
stress conditions of the forms dealt with were, in 
themselves, very complex, and therefore any method 
employed must be somewhat of an approximation. 





Fia. 5. 


Taking a simple lap joint, such as shown in Fig. 1, 
the author’s treatment appeared to be that on any 
plane a, }, there was a tensile load ftcos «, and 
a shear load ftsin a. 
p and gq for these loads were determined by taking | 
the cross section of the plane into account and, by | 
means of the usual expression involving p and q, the | 
equivalent major principal stress was obtained. The | 
value of « was then determined for this stress to be a | 
maximum and its magnitude obtained. If this were | 
really a principal stress, the shear stress at the plane 
would be zero. This was clearly not the case, as, 
according to the analysis, shear stress would occur 
at all values of « between 0 deg. and 90 deg., and, at the 
plane for which the major principal stress had been 
calculated, the assumed shear load ft sin « would have 
important magnitude. The dilemma involved was due 
to incomplete assumptions. Actually, the loading of 
the weld would be influenced by the reaction S, which 
might have a large value in the case of a double butt 
strap, or the joint shown in Fig. 4, Table I, page 362 
ante, or might be negligible when there was little or | 
no support as occurred in the case of a lap joint | 
having relatively flexible plates. | 
One thing, Mr. Bailey continued, was known | 
with certainty, viz., that, at a surface, the direction | 








of the principal stress was along the surface. If the of a magnetic test had shown the gaps that really 
local concentration of stress at « were neglected, as had existed between the two filled recesses. 
been done in the paper, it could be assumed that the; Mr. E. A. Atkins said that, though some welding 
direction of the tensile stress at the weld was parallel | firms had been a little disturbed by the investigation, 
to the surface. . he did not think they would grumble when they 
Considering the extreme case in which the support | realised that the object of Mr. Schuster’s invaluable 
given by S was complete, the reaction S would be such | work had been to place the application of welding on 
that, combined with the load fé it would give a resultant |a safe and rational basis. Referring to the slides 
of magnitude ,/2 ft, as shown in Fig. 2, acting parallel | Showing the collapsed or burst vessels, he wondered 


with the surface cd. The cross section at right angles to Whether the percentage was greater than that of similar 
; : t : . ._, | failures of fired vessels. The two examples quoted in 
this resultant load is J and the efficiency of the joint | the paper did not seem to be weld failures at all, but 


would be 0-5. In the other extreme case, in which the | appeared to be due to other causes. He felt there was 
scarcely need foralarm. He had had along experience 

. , of explosions of brazed copper pipes on shipboard, and 
Fig.1 lc had made some investigations into the real value of 





brazed joints, but an important factor was that, when 

ft he managed to get a good man who could braze and 
| had supervised the brazing himself, he had obtained 

| 100 per cent. of good pipes, and the copper plate, in 
| every case, had broken down before the brazed joint, 
| Again, even defective welds were not necessarily 
| dangerous. He had examined the tie-bar, the failure 
of which had led to the collapse of Charing Cross Station 
roof. The actual weld was about # in. deep all 
| round a bar 4 in. in diameter, yet it had stood up for 
40 years. He agreed with Mr. Schuster as to the bad 
effects of ‘‘ breathing.” Ends should be made sufii- 
ciently stiff to reduce this phenomenon to a minimum. 
Mr. Schuster was also right in describing fusion welding 
as essentially casting. The metal was cast and cooled 
at a rapid rate, and received no work while hot. If 
|it were possible to put hot work on to the metal and 




















S=t 

















(1991.A) 





























Fig. 4. 


anneal it, wonderful results would be obtained. The 
great improvements made of late in electrodes should 
not be overlooked. The type used by Mr. Schuster 
was noteworthy. As to the proposed use of good 
quality boiler steel in welded vessels, he was of opinion 
that a low carbon content gave the best results. 
Mr. A. P. Traill said he was more interested in 
welding for shipbuilding than for pressure vessels, 
though the societies that controlled this industry looked 
on the process with great suspicion. He might instance 
the case of the motorship Fullagar, which was built 
support given by S was absent, if the material were | by Messrs. Cammell Laird in 1920,* and was electrically 
| sufficiently ductile, the joint would straighten out and welded. aes 
the minimum cross section of the weld would set itself| About 1924, the vessel ran ashore, fully laden, 
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The corresponding stresses | at right angles to the load f t, giving, in this case, an somewhere in the Irish Channel. No leaks occurred, 


In practice, the behaviour of a| but she was refloated and dry docked, with the eer 
joint would be somewhere between these two extreme | that none of the welding was found in any way affectee. 
oases. The vessel was still in service, and was apparently — 
By a simple resolution of forces, in conjunction] Well. Since her construction, Lloyd’s had rag 
with the principle that the direction of the load at the | to formulate rules for the control of ship wel¢ _— 1088 
minimum cross section is parallel with the surface, | these rules had betrayed want of faith in the process. 


efficiency of 0-707. 


° : . . * "aS sreat 
| values for the efficiencies of the various joints could be | In the repair of marine boilers, welding was —— 


obtained which, in most cases, were in ciose agreement | importance, and the life of a marine boiler could b 


, ; ee 
with the values given by the author, and, Mr. Bailey | extended up to about 20 years by its use. He gun 
submitted that this ee a was less complicated. sai one instance in which a single V weld had been — 

It was necessary, however, to pay adequate attention | Out 12 years ago, and everything was oe a = ev 
to possible defects in welding, particularly at the| condition. He thought Mr. Schuster ha 1di Se ae 
bottom of a recess. In the section of a flange and pipe | hard on the V weld, as practically all we gona 0 
shown in Fig. 3, the recess was largely unfilled. In| could show that it was possible to get 94 per sbjected 
that shown in Fig. 4, the recesses at both the face and | the actual plate strength nearly every time. He 0 —_ 
the back of the flange had been filled, but there was | to the phrase “ bursting pressure” in the propos’). 
a gap between them. Figs. 5 and 6 showed a complete | teading “‘ When the factor of safety of the — 
section of a pipe flange, the former figure, in which the | exceeds 4, the test pressure shall be 50 i strength 
surface was etched, indicating, apparently, almost | the bursting pressure, calculated on the rate nnection 
complete filling. of the welded joints.” After all, everything in conne 

In conclusion, the speaker stated, that in connec- oF 
tion with the latter figure, further treatment by means 





20). 





* See ENGINEERING, vol. cix, page 216 (19 
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with a boiler must have a reference to its ultimate 
strength. 

Mr. J. G. Primrose thought it would be advisable, if 
a committee were set up as suggested, that the metal- 
lurgical side should be represented. In addition to the 
improvement of the personal element and the selection 
of suitable material, he thought there was a necessity 
for a metallographical and physical test on a sample 
itself, while, to a certain proportion of welds, an X-ray 
test should also be applied. Again, the selection of a 
suitable flux, which would not only protect the arc 
but would throw down the slag, was perhaps even more 
important than care in the choice of an electrode. 

Mr. H. Purslow was of opinion that some of the 
small vessels shown on the screen were such as might 
have been made by a small firm using acetylene plant 
for light sheet-metal construction, and venturing into 
the field of pressure-vessel manufacture without any 
knowledge of design. Such a firm could, no doubt, 
make a good job of a riveted vessel, but it must not 
be forgotten that a welding operator must be a more 
highly-skilled man than a riveter. There seemed to 
be practically equal bodies of opinion for and against 
welding, and it was desirable to crystallise opinion by 
the formation of proper rules. 

Mr. P. L. Roberts observed that Mr. Schuster was 
particularly hard on a weld when he suggested that, 
before any factor of safety was introduced, the rated 
strength should be reduced by 50 per cent. This 
practice did not obtain when strengths for any other 
method were calculated. He doubted whether, in the 
slides shown of vessels welded in America, the maxi- 
mum safe stress was as low as 2} tons, as the joints 
used indicated a higher stress. Mr. Schuster had 
apparently objected to carbon-are welds. He, himself, 
had seen a lot of highly satisfactory carbon-arc welding, 
while it had an advantage over metallic-are welding in 
that the added material was independent of the heating. 
The training of operators was essential. The practice 
of welding had grown so rapidly that there were not 
enough sufficiently trained operators to meet the 
demand. One large engineering firm was training its 
own operators, and another firm was preparing to do so. 
It was difficult to introduce laboratory methods for 
examining welds ; a good deal could be done by visual 
inspection. With a trained inspector, it was possible 
to tell in a single layer of weld whether it was satis- 
factory. With successive layers, it was necessary to 
inspecteach layer. Heat treatment for welded pressure 
vessels was desirable. It was possible to get a definite 
change in structure about the weld, and that was 
probably more important than the structure of the 
weld itself. With regard to the proposed Committee, 
the Institution of Welding Engineers were already con- 
sidering investigations, and something might be done 
jointly. 

Mr. T. T’. Gray said he felt sure that investigation by 

a committee would show that welding was on a far 
more substantial basis in this country than seemed to 
beindicated in the paper. He could not speak for the 
numerous firms carrying out welding, but his own 
company had been manufacturing vessels for pressures 
from 100 Ib. to 900 Ib. per square inch, and for tempera- 
tures as high as 1,000 deg. F. They had made between 
2,000 and 3,000 of these vessels in a period of six years 
and had not had one failure. A bursting test on a vessel 
had been attempted, but, at a pressure of 3,600 lb. per 
square inch, the pump connections had failed. The 
vessel was still intact and could be seen to-day. The 
Board of Trade had accepted those welded vessels for 
passenger ships. 
_ Mr. R. W. Seymour commented on the desirability of 
insisting on the complete circularity of a vessel in any 
rules that might be drawn up. Any flat in way of the 
joint imposed severe bending stresses on the weld. He 
thought Mr. Schuster, while stressing the responsibility 
of the operator, had rather evaded the point of what 
exactly was required to make a good weld under 
teasonable conditions. 

Mr. C. E. Stromeyer said he thought the paper was 
hardly wide enough, and seemed chiefly to advocate 
4set of rules for the assistance of insurance companies. 
Welds were behaving far better than was anticipated. 
Mr. Schuster himself had instanced a case of a vessel 
§ feet in diameter with a shell 1} in. thick, butt- 
welded round the circumference. It had been tested 
hydraulically and had burst, but the welds had not 
failed, though they must have been very severely 
Stressed. He was sorry to see that the paper encouraged 
the use of thick plates, which had arisen from the idea 
that: boilers required a certain factor of safety. He 
Was not sure that so large a factor was required, but 

fore making any reductions it was essential that not 
only the problem of getting a good weld should be 
considered, but also the possibility of getting a bad 
He He would have liked to have seen all the details. 

¢ believed that further experiments would show that 
thi ng was far safer than was imagined, and that the 
M nner the plate the better the result. It was a pity 
adhere to the tradition of thick plates, which was a 


should not be forgotten that the Board of Trade rules 
referred to in the early part of the paper concerned 
passenger marine work only. Engineers on other work 
had to decide for themselves what was safest and best. 
It might be pointed out also, in connection with the 
same part of the paper, that though the Home Office set 
up rules, it had never made an inquiry regarding an 
exploded vessel. In Table I of the paper, the single- 
butt joint was stated to have a relative strength of 
50 per cent. This really should be 40 per cent. 

Mr. A. E. Kyffin said that as Mr. Schuster had only 
dealt with unfired pressure vessels, it would be interest- 
ing to know whether the work of any future committee 
would cover welded fired pressure vessels as well. 
He thought most engineers were unduly timid in the 
matter of welding boilers. The company he was with 
had had many years of experience, during which they 
had constructed over 5,000 locomotive type fireboxes, 
and had never had a breakdown. 

Mr. R. C. Stockton pointed out that fusion welding, 
recent as it was, had already several well-defined 
branches, of which structural, pressure-vessel and 
general-repair work were examples. It might be 
assumed, he thought, that operators would specialise 
in one of those classes of work, and the tendency 
towards the training of their own men by employers 
was a step in that direction. The preparation of the 
work, and the careful removal of slag where deposits 
had to be superimposed, were essentials to successful 
welds, and residual stresses could be reduced by 
intelligent assembly. The heat treatment of welds, 
in situ, presented serious difficulties, and, in the case 
of large vessels, might be, if not impracticable, prohibi- 
tive on account of the expense involved. Mr. Schuster 
was probably aware, although it might not be generally 
known, that fatigue tests of a “ breathing” nature 
had been carried out on welded vessels by subjecting 
them to alternating hydrostatic-pressure and partial- 
vacuum tests. 

Mr. Schuster,.in replying, said that the discussion 
would be of great assistance to his company, which 
appreciated outside opinion. Mr. Bailey had said that 
even good firms did not always turn out good welds. 
This was true, and was the reason for allowing only 
50 per cent. efficiency. He had also commented on 
the complex conditions existing in the welds. This 
was true also. The manufacturers were using the 
wrong method altogether, and it had been analysed in 
the paper in what seemed to be the best way, and 
one which had given accurate results. If that way 
seemed too complicated, he was quite willing to adopt 
Mr. Bailey’s method. He had drawn particular atten- 
tion to the construction of fillet welds with chamfered 
plates. This type of joint had to be exceedingly well 
prepared, and he had urged lower efficiency. The 
number of accidents with welded vessels was un- 
doubtedly greater than with riveted vessels. The two 
examples given in the paper had not, as had been 
pointed out, failed at the welds, but ne had shown other 
examples on the screen that had. Too much emphasis 
could not be placed on the training of the welder. 

It had been suggested that only plates having a 
low carbon content should be employed. Exactly 
the opposite view had been expressed in the discussion 
in London. He thought the lower the carbon of the 
plate the greater the efficiency of the weld, especially if 
the weld was going to be heat-treated afterwards. He 
would remind Mr. Traill that the Fullagar was not 
now the sole example of welding a ship, as a German 
cruiser was reported to be now under construction by 
welding, in portions at least. As to this gentleman’s 
query regarding the V weld, he thought the photo- 
graphs he had exhibited of this type were a sufficient 
answer. He had repeatedly witnessed demonstrations 
by various welding firms, who had claimed to be able 
to weld from one side of the plate and get thorough 
penetration, but had been able to convince them that 
it could not be done. Mr. Roberts had referred to the 
low percentage allowed. They had to go slowly, and 
he thought that the reason the Home Office was pre- 
pared to have the matter put before the Institution 
was that they had not made extravagant claims. As 
to the question of American allowances, more than 
24 tons was certainly allowed, but not on vessels made 
to the rules of the American Society of Mechanical 
Engineers. Carbon-are welding had also been referred 
to, and a comparison made with acetylene welding. 
They had had excellent results from oxy-acetylene. 
If there were not sufficient skilled operators to meet 
the demand, that was unfortunate, and the sooner they 
got to work and trained an adequate body of operators 
the better it. would be for welding. 

He was pleased to receive the support of Mr. Roberts 
and Mr. Primrose on the subject of heat treatment. 
When he had first started the investigation, he had 
felt that there was opposition on the part of some of 
the manufacturers of electrodes, who appeared to desire 
a cheap process, and seemed to think, if he were to 
insist on the articles being heat treated, it was going 


welds could be ensured if makers would adopt a system 
of testing their operators, say, every month. They 
should be put through a trial and should be required 
to come up to a certain standard. One company did 
carry out that system, and he could not speak too 
highly of the work that it turned out. Mr. Stromeyer 
had suggested that what was put forward might result 
in the use of unduly thick plates. That was bound up 
with the question of the 50 per cent. efficiency allowed. 
If the Institution took the matter up, it might be pos- 
sible to give a higher efficiency than 50 per cent. They 
themselves were powerless to do so in view of the 
current Board of Trade regulations. He thought it 
would be very unwise to take up the question of fired 
pressure vessels before the position of the unfired 
pressure vessel had been made perfectly satisfactory. 

‘As nearly every speaker had expressed himself in 
favour of the suggested committee, a formal resolution 
was put to the meeting, that it would be advisable for 
the Institution to appoint a committee to investigate 
the question of welding and to formulate rules. This 
resolution was carried unanimously. 








ENGINEERING TRAINING AND 
EDUCATION. 


Scholarship in Science, Engineering and Metallurgy. 
—In co-operation with the Association of Principals of 
Technical Institutions, a scholarship foundation has 
been inaugurated by the Institute of Patentees. These 
scholarships have been founded with the object of 
encouraging inventive talent among those whose 
circumstances do not permit them to undergo evening 
courses of training in a recognised technical school. 
The scholarships are open to candidates of both sexes, 
of all nationalities and, in general, of any age over 16. 
Full particulars regarding the scheme may be obtained 
from the General Secretary, Institute of Patentees, 
39, Victoria-street, London, 8.W.1. ; 








LAUNCHES AND TRIAL TRIPS. 


‘* LANGLEEBROOK.”’—Single-screw cargo steamer; 
triple-expansion engines. Trial trip, March 4. Dead- 
weight carrying capacity, 8,000 tons. Built by Messrs. 
Palmer’s Shipbuilding and Iron Company, Limited, 
Hebburn, for Messrs. F. Carrick and Company, Limited, 
Newcastle-on-Tyne. 

‘* INNISFALLEN.”’—Twin-screw passenger motorship 
for the Cork and Fishguard service; ten-cylinder, 
airless-injection, trunk-type Harland-B. and W. engines. 
Launch, March 4. Main dimensions, 320 ft. by 45 ft. 6 in. 
by 19 ft. Built by Messrs. Harland and Wolff, Limited, 
Belfast, for The City of Cork Steam Packet Company, 
Limited. 

“ ATHELLAIRD.”—Twin-screw tank motorship; Bur- 
meister and Wain Diesel engines supplied by . Messrs, 
J. G. Kincaid and Company, Limited, Greenock. Trial 
trip, March 4. Main dimensions, 475 ft. by 63 ft. by 
35 ft. Constructed by Messrs. Cammell Laird and 
Company, Limited, Birkenhead, for United 
Molasses Company, Limited, London. 


‘* ANGLO-SWEDE.”’—Single-screw oil-tank motorship ; 
seven-cylinder direct reversing Polar Diesel engines sup- 
plied by the Atlas Diesel Company, Stockholm. Trial 
trip, recently. Main dimensions, length 476 ft.; beam, 
59 ft. 7in.; and deadweight carrying capacity, 11,300 
tons. Built by Messrs. Sir W. G. Armstrong, Whitworth 
and Company (Shipbuilders), Limited, Walker-on-Tyne, 
for Rederiaktiebolaget Tanker, Stockholm, Sweden. 


** MaraTHON.”’—Single-screw oil-tank steamer ; triple- 
expansion engine supplied by Messrs. Wallsend Slipway 
and Engineering Company, Limited. Trial trip, March 
8. Main dimensions, 440 ft. 3 in. by 58 ft. 6 in. by 33 ft. 
9 in. Built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend, for Messrs. Halle and 
Peterson, Oslo, Norway. 

““NEw ZEALAND.”’—Twin-screw oil-tank motorship ; 
four-cylinder Diesel engines. Launch, March 12. Main 
dimensions, 483 ft. by 65 ft. 3 in. by 36ft.9in. Built by 
Messrs. Barclay, Curle and Company, Limited, Scotstoun, 
Glasgow, for Messrs. E. H. Samuelsen Rederi II A/S, 
Norway. 

“ PLaTaNo.”’ — Single - screw turbo-electric cargo 
steamer; electric propulsion equipment, supplied by 
Messrs. The British Thomson-Houston Company, Limited, 
Rugby, comprising one 5,500 kw. turbo-alternator, which 
supplies current to a three-phase synchronous motor 
coupled directly to the propeller shafting. Launch, 
March 14. Main dimensions, 415 ft. by 56 ft. by 34 ft. 
Built by Messrs. Cammell Laird and Company, Limited, 
Birkenhead, for Messrs. Elders and Fyffes, Limited, 
London. 

“ NORTHUMBRIAN.”’—Twin-screw steam vehicular and 
passenger ferryboat for service between North and 
South Shields;  triple-expansion engines. Launch, 
March 14. Main dimensions, 115 ft. 6 in. by 43 ft. by 
12 ft. 7 in. Built by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Hebburn-on-Tyne, to the 
order of the Tyne Improvement Commissioners. 


*“‘Lorp BRENTFORD” and ‘“‘ CRESTFLOWER.’’—Steel- 
screw trawlers. Launch, March 15. Main dimensions, 


Messrs. 











to add to the cost of welding. The point regarding 





‘uvival from the early days of boiler-making. It 


circularity was of great importance. Uniformity of 


150 ft. by 24 ft. 6in. by 14ft. Built by Messrs. Cochrane 
and Sons, Limited, Selby, for owners at the port of Hull 
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LABOUR NOTES. 


Tre Electrical Trades Journal, which is the official 
organ of the Electrical ‘Trades Union, states that “* after 
six years’ membership of the engineering trades joint 
wages movement, which has been a history of delay 
and inability to make progress,”’ the Executive have 
. decided to withdraw fron the Committee. ‘‘ It might 
seem to the members,” the writer of an editorial note 
says, ‘ that this is a useless procedure, and that at least | 
the E.T.U. should continue on the Committee, if only | 
to continue to press forward for some more rapid | 
progress; but it should be explained that this can | 
only be done at a price. The Executive considered 
what the price is, viz., ‘That no separate application 
can be made for an advance in wages where, ana when, 
we feel that a s2ction of our members are justified in 
making an application, and the firm applied to could 
well afford, without being informed that as members 
of the Engineering Trades Joint Wages Movement 
the application cannot be considered.’ This is the 
real snag, and one the Executive have had to face up 
to. One thing is certain; no progress appears possible 
with the unwieldy group at present dealing with the 
question, and at least the E.T.U. are fully justified in 
trying what they can do for themselves.” 





The same writer has an interesting note on the 
subject of unemployment. ‘‘ A remarkable fact is,” 
he says, ‘‘ that whilst trade has been good for us, it 
has been actually getting worse for most others. The 
building trade, in particular, seems to be gradually 
getting worse, instead of better. Iron and steel pro- 
duction, whilst showing a very heavy increase in 
tonnage produced, does not show any corresponding 
increase in the number of men employed. This 
remark applies also to both engineering and ship- 
building. In each case production has gone up very 
substantially without any corresponding increase in 
the numbers employed. Some people may call that 
rationalisation; but no matter what name is given 
to it, it is a distinct problem arising out of the evolution 
of industry which has brought about such great 
improvements in labour-saving appliances that it must 
be tackled if the terrific costs of unemployment benefit 
are to be avoided. It is necessary to repeat that 
unemployment benefit is an additional charge on the 
cost of production, and a question that should be 
amenable to reasoned thought. It is ridiculous to have 
one part of the working population overworked and 
the other part doing nothing, when it is fully realised 
that the whole of the costs of each comes out of the 
same pocket.” footie oy 

The latest issue of the Monthly Trade Report of the | 
United Pattern Makers’ Association gives the total | 
number of unemployed members at the end of February 
as 689, and the total membership as 11,118. ‘‘ There 
is no change in our unemployment figures,” Mr. 
Findlay, the General Secretary says, ‘“‘ and while the | 
Government is straining every nerve and exploring 
every avenue on behalf of the workers, those in power | 
are just as busy maintaining their stranglehold on the | 
distribution of production.” 


During the first week of March, the number of 
persons in receipt of unemployment benefit in Germany 
decreased by 15,500 to 2,363,000. The number in 
receipt of relief from local rates was 1,000 higher, at 
278,000. The number of persons depending on the 
support of welfare organisations in the cities and 
towns was 293,000. 

According to The Times’ correspondent, Miss Frances 
Perkins, the Industrial Commissioner for New York 
State, reported on March 11 that employment in the 
State had decreased a further $ per cent. in February, | 
although an increase of 1 per cent. is usual in that 
month. There was less employment in February | 
this year than in any other February, since the un- | 
employment crisis of 1914. In the four months 
since the peak of employment was reached in 1929, 
there was a drop of 9 percent. Miss Perkins challenged | 
the accuracy of the unemployment figures furnished | 
to President Hoover: by the Federal Bureau of Labour | 
Statistics and recently quoted by him, and she} 
characterised the President’s statement (on the same | 
authority) that there were only 12 States in which 
unemployment ‘amounting to distress’? exists as 
** misleading,’’ as there were only 12 industrial States 
in the Union. ‘* What about unemployment in other 
States ?’’ she inquired, and ‘“ what about the agri- 
cultural unemployed ? ” 


A regulation of the General Council of Russian 
Trade Unions of December 22, 1929, provides for | 
the institution of 15 inspection brigades, consisting 
of responsible officials of the trade unions and co- 
operative societies, to be sent immediately into the 
most important 


industrial areas. The principal 





|dated November 26, 1929, the powers of the official | 


| ‘‘ Modern machinery and age limits are,” it is stated, | 


| ment—more often temporary than permanent—out of als 
| consideration for the Employment Bureau rather than 


| an active cause of this condition, for machinery and 


| 30 men, five doing the work of 35. 
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duties of these brigades will be to draw the attention | occupations would place the number of workers over 
of the working masses and of the trade unions and | forty-five at less than 30 per cent., although in the 
co-operative societies to the necessity of completely | same branches of the industry the average age of the 
replacing private trade by the co-operative system ; | executive is sixty-five years. 
to take measures for the reduction of the retail prices 
of articles of immediate consumption; to combat| .,, With : q ST ae 
waste and damage to goods in commerce; to hasten |, + tt itd ira i — e —- sys- 
the rationalisation of the commercial system; to | ill” “ys na gat Sanson axe bat = of 
put an end to the necessity for waiting outside shops ; | **".8NC Speed all muliiate against the older \ orker, 
particularly when he is seeking a job. The most 


and to improve the working of workers’ canteens. : 
' mournful cases coming to our office are those who have 


| given the best years of their lives to one concern, 
wandering in to look for work at any wage. If dis. 
crimination continues at its present pace, soon it will 
be the young and strong who are at work, leaving 
those over 45, in accelerating numbers, to walk the 
streets. Surely, no one will object to an enlarged 
system of Labour Exchanges and a programme of 
public works to equalise this displacement of the 
| human by the increased introduction of labour-saving 
devices. If not this, an old-age pension is inevitable.” 





The Belgian Order of May 5, 1926, relating to | 
conciliation and arbitration in industrial disputes, | 
has recently been amended. Under a new Order | 


conciliation committees are extended to collective 
disputes between employers and workers generally, 
so that the system now covers salaried employees 
as well as manual workers, so long as they are employed 
in accordance with the Acts relating to labour contracts 
and contracts of employment. The amount of benefit 
granted to workers or employees, who are thrown It was officially announced last week, at the Royal 
out of work by the employer in contravention of the Small Arms Factory, Enfield Lock, that the Govern. 
existing conciliation and arbitration procedure, will! ment have decided to effect economies there by 
not be taken into consideration, in applying the maxi- | abolishing piecework at the end of this month. The 
mum annual allowance laid down in the rules of new order will have the effect of reducing considerably 
unemployment insurance funds. The object of this the earnings of the majority of the workers. About 
change is to protect theinterests of workers oremployees _ 600 will be affected, and to some it will mean a reduction 
who, after receiving benefit during a strike or a lock- | of almost 25 per cent. in wages. Efforts are being 
out, might lose their statutory right to benefit from made by the leaders of the trade unions to which the 
their insurance fund, if they subsequently become | men belong to secure some modification of the proposal. 
unemployed. 








ms : ‘ At a meeting of the Unemployment Grants Committee 

The new Order stipulates, however, that benefit on Monday, Lord St. Davids presiding, a number 
shall not be granted in respect of an industrial dispute |of schemes of work submitted by local authorities 
for a period longer than one month, unless application | and other statutory bodies for the relief of unemploy- 
is made to the conciliation committee. The benefits |ment were approved for Government grant. The 
from the unemployment fund and grants from the | estimated cost of the schemes so approved was 
National Emergency Fund may not be received in | 878,C00l. to provide employment for about 3,500 men. 
addition to the benefits granted by the strike funds, | gohemes before the committee for approval which 
except in so far as a further grant is necessary to com- | are now the subject of inquiry number 969, and are 
pensate for refusal of the local unemployment funds to | estimated to cost 16.498,0001 
grant supplementary allowances to strikers in receipt | vaca 
of unemployment benefit, orto make up for the difference | ee 
between unemployment benefit and the benefits granted | On March 10, 1930, the number of unemployed 
by the strike fund. : | persons on the registers of Employment Exchanges 
: |in Great Britain was 1,563,800. Of these, 1,084,700 

A striking report on the subject of “* Modern Machi-| Were wholly unemployed, 388,500 were temporarily 
nery and Old Age” has been made to the Industrial | stopped, and 90,600 were persons normally in casual 
Commissioner of New York State by the Superinten-|employment; 1,144,300 were .men, 38,700 boys, 
dent of the Employment Bureau at Rochester. 338,700 women, and 42,100 girls. Of 1,547,217 on 
the registers on March 3, 1930, 1,084,665 were wholly 
“barring men and women—particularly men—from | Unemployed, 372,246 were temporarily stopped, and 
employment so rapidly that we cannot keep pace with | 90,306 were persons normally in casual employment ; 
them. Something must be done, or we are headed for | 1,186,259 were men, 38,908 boys, 329,531 women, 
an even greater technical efficiency at an unprece- | 2nd 42,519 girls. The number of unemployed persons 
dented human cost.” Although the records for 1929 | 0 the registers on March 11, 1929, was 1,268,839, of 


| show an increase over the preceding year in skilled | whom 1,001,755 were men, 34,851 boys, 199,539 


and professional placements, one of the greatest | Women, and 32,694 girls. 
problems which the Bureau had to face was ‘“‘ the man | 
Seniely ns Peas A” Dares me ane | a. eh te ek mimes Besiew, 00. oe 
avail) Py Ratory eee , : | the Trades Union Congress General Council, ‘: there 
orig pel ss — a ee to| is a mass of industrial legisiation which needs oi 
Say, Wwe have continued to feel the elfect of this type | overhaul if the workers are to be adequately insure 
of applicant, and the most unfortunate phase is the | against the injustice of too rigid panes eo 
constantly increasing demand on our service for place- | «Wot only,” the writer goes on to say, “does the 
Tino ‘moet, gets ieatioe io tek ome wk on | Seve, naan Soe mawet stteakon: S07 
: es eters Seas ce % | a strong case for the setting up cf courts, state 
Pape ——e Aa for bag — a be served by experts, to deal solely with industrial and 
able to place only a small percentage of them. #4” social legislation. A suggestion of this sort is to come 
applicants, fifty years old and older, we placed only before the Scottish Trades Union Congress next month, 
140 in jobs, and this only after special efforts—often and the discussions on the topic, though, in this 





| taking the ‘ aged person’ to the job, accompanied by jnstance, the proposal relates primarily to the legislation 


a representative of this office, where the man labelled | o¢ wage agreements, should be instructive and 
unfit at fifty is given permanent or temporary employ- interesting.” 





An arrangement for the admission to each other's 
territories of student employees was concluded on 
December 1, 1929, between France and the Governing 
Commission of the Saar Territory, and came into force 
from the beginning of 1930. The object of the arrange: 
ment is to provide for the admission each year by 
each of the contracting parties of a certain number of 
student employees; that is to say, French citizens 
or inhabitants of the Saar territory who desire t 
work in an industrial or commercial undertaking 
abroad in order to improve their occupation and 
linguistic qualifications. 


on the merits of the applicant.” 


’ 


‘“Modern machinery,” the report continues, ‘is 
labour-saving inventions have eliminated human hands 
in many vocations for all time. On a local contract 
recently one steam shovel replaced 300 hands; in 
another case an electric unloading machine displaced | 
An automatic 
barrel tumbling machine replaced 140, 10 doing the 
work. No employer that we have talked this condition 
over with would admit that he would discharge a 
good employee; but they did admit that, owing to The main difference between the new arrangement 
economic considerations, such as reorganisation, | and that concluded between France and Germany 1 
merger, and particularly higher group insurance | 1928 is in the number of such employees to be admittea 
premium schedules for this class-—whether factory or | each year, which in the present case is limited to 50. 
office force—when they hire new men, other things | It is also laid down that employers who wish to have 
being equal, they pick young men. This is true of, the services of the employees in question must, a 
pattern-making, machine shops, foundries, and, in! soon as they are in normal employment, pay them in 
fact, a majority of the basic industries. The limit for accordance with the rates fixed by collective eo 
skilled workers is fifty years, and for unskilled forty- ments. Where no collective agreements exist, the 
five years, so that a conservative estimate of these remuneration must correspond to the normal rates. 
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PROTECTIVE VALUE OF SOME 
ELECTRO-DEPOSITEB COATINGS.* 
By L. Davrss and L. Wriaut, B.Sc. 


Wir the growth of the use of electro-deposited coat- 
ings as a protection against corrosion, there has 
appeared a considerable amount of literature upon the 
relative merits of the various metal coatings employed. 
An attempt has been made by the authors to produce 
deposits under conditions which are in everyday 
usein plating shops, to produce them to specifications 
frequently recommended, and, by means of accelerated 
corrosion tests, to obtain some idea of their comparative 
values. It has been pointed out by Vernon that in 
industrial atmospheres the SO,” is in all probability 
quite as responsible for corrosion as the Cl’. It was 
felt that the results of other investigations upon the 
resistance to corrosion in salt sprays of electro-deposited 
coatings, whilst giving some indication as to the beha- 
viour of such coatings in marine atmospheres, are not 
comparable with results obtained in industrial atmo- 
spheres where the SO,” predominates. Whilst it may 
or may not be possible to postulate from accelerated 
tests the behaviour of similar coatings when exposed to 
atmospheric conditions, the authors felt that with 
similar accelerated tests for Cl’ and SO,” some data 
would be obtained as to the relative behaviour of 
deposited coatings to these two corroding media. 





2 volumes HNO,;, 1 volume H20. (c) The specimens 
were then washed in cold running water and transferred 
to the plating bath. 

Cadmium.—The specimens were plated with cad- 
mium in a bath of the following composition :— 


K,Cd(CN), 
KEN ee 


50 gm. per litre. 
: 10 
Extract of liquorice 


5 ec. per litre. 





The temperature of the bath was maintained at 
20 deg. C. and gave good close-grained deposits. The) 
bath was edsy to control, and the only addition required | 
was a small amount of KCN. The anodes used were | 
of cast cadmium, each possessing an effective area of 
3-5 in. by 1-5 in. An electrode distance of 2-5 in. 
was maintained throughout the experiments. 

Zinc.—A zine-plating solution was made up according 
to the following composition, and the steel, brass, 
phosphor-bronze, and copper specimens plated with 
coatings of 0-0001 in., 0-0005 in., 0-001 in., and 
0-002 in. :— 


Gm. per litre. | 
ZnSO,.6H,O 300-0 
NaCl ... <n 12°5 
HBO... ree 19-0 
Al,(SO,)..8H,O 19-0 
Dextrin ves 6-25 


It was found necessary to add 1 per cent. free HoSO, 


DETAILS OF THE ACCELERATED CORROSION SPRAY APPARATUS. 
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Specimens of a standard size 3in. by 1in., cut from 
%-in. sheet, were used throughout these investigations. 
One half of the specimens was bent to an angle of 
120 deg. across the centre before plating, and the 
other half was plated in a flat state as cut from the 
sheet. Four types of deposits were tested—cadmium, 
zinc, nickel, chromium—and these were applied in 
thicknesses of 0-0001 in., 0-0005 in., 0-001 in., and 
9-002 in. to both the straight and bent specimens of 
steel, brass, phosphor-bronze, and copper. It was 
hecessary to employ a method by which it was ensured 
that the specimens were provided with the standard 
thickness. The method used was the measurement of 
the cathode efficiency of the various electrolytes. 
This was carried out by using a copper coulomb meter 
in series with the plating bath. The composition of 
the electrolyte in the coulombmeter was as follows :— 


CuSO4.5H,O 150 gm. per litre. 
H,SO, 60 a 
C,H;OH 2 c.c. per litre. 


On the assumption that the cathode efficiency of the 
Copper was 100 per cent., the cathode efficiencies given 
in Table I were calculated. From the average cathode 
efficiencies given in Table I were calculated the times 
hecessary to obtain a deposit of the required thickness. 
These times are given in Table II. 

The Specimens were given the following treatment 
previous to plating :—(a) All grease was removed by 
‘Mmersion in a boiling solution of KOH (200 grm. 
Y litre). (5) After the specimens had been washed 
+a from alkali they were pickled in an acid bath. 
Steel specimens were pickled anodically for one minute 
8 30 per cent. solution of H,SO,. The brass, phos- 
: or-bronze, and copper specimens were pickled by 

‘pping in an acid bath consisting of 1 volume H2S0,, 
—— read before the Institute of Metals, London, 

sday, March 13, 1980. Abridged, 

















y= 




















before satisfactory deposits could be obtained. Anodes 
of cast zine with an effective area of 3-5 in. by 1-5 in. 
were used at an electrode distance of 2-5 in. 


TABLE I. 

















Cathode Efficiency, Per Cent. 
Tem- 
Electrolyte. perature. 
1 hr. 3 hrs. | 5 hrs. | Average. deg. C. 
Cadmium ..| 98-49 99-84 | 99-61 | 99-31 20 
Zine .-| 98°54 99-40 98-97 98-97 20 
Nickel 98-79 99-19 99-13 99-04 20 
Chromium* 6-99 7-09 7-37 7°15 45 

















* Cathode efficiency calculated, assuming reduction of Cr’” to 
metallic chromium. 
TaBLe II. 





Time required in Hours, 


Tem- Minutes and Seconds. 


pera- 


Current 
Electrolyte.| Density 




















Amp. per} ture. | 
sq. ft. | deg. C. | 0-0001 | 0-0005 | 0-001 | 0-002 
in. | in. in. in. 
Cadmium 6 20 9.49 | 49.5 1.38.10} 3.16.20 
Zine 8 20 10.29 | 52.28 | 1.44.57] 3.29.54 
Nickel .. 8 20 14.24 | 1.12.1 | 2.24.3 | 4.48.6 
Chromium 180 45 11.44 | 58.53 | 1.57.26) 3.54.53 














Nickel.—The nickel solution used possessed the 


following composition :— 
Gm. per litre 
NiSO,.7H,0 ... 240 
BEE. a <a gaa eee a 
Gee. ca ge en ee 
This solution was operated at a pq 5-7-5-9, at 
a temperature of 20 deg. ©. It proved to be exceed- 


alkaline. To maintain the pq within the recommended 
limits, it was necessary to make frequent additions of 
H,SO,. The anodes were of rolled nickel with an 
effective area of 3-5in. by 1-5in., and the experiments 


| were conducted with an electrode distance of 2-5 in. 


Chromium.—The chromium solution used had the 
composition :— 


Gm. per litre. 
Oa: at ge ee Ce 
H,SOy, aaa ee sea “a0 2-5 


It was found that the best deposits were obtained 
at a current density of 180 amperes per square foot, at 
| a temperature of about 45 deg. C. Accordingly, these 
| conditions were maintained in the production of the 
| standard deposits upon the steel, brass, phosphor- 
| bronze, and copper specimens. The solution was 
| operated with lead anodes of an effective area 3-5 in. 
| by 1-5 in. at an electrode distance of 2-5 in. 
| Corrosion Tests.—The specimens plated under the 

conditions previously described were submitted to 
| accelerated corrosion tests. These tests were of the 
|form in which the specimens could be brought into — 
| contact with a finely divided corroding mist. The type 
of apparatus used is shown in the accompanying figure, 
and in essential consists of a chamber in which the 
| specimens could be suspended, and a mechanism for 
introducing into the chamber a finely divided mist. 
The fine mist was produced by blowing compressed air 
into liquid contained in a jet. The fine spray formed 
in this manner was forced to impinge upon a baftle plate, 
thus ensuring that only the finest mist came into contact 
with the specimens. Two corroding media were 
employed in identical apparatus: these were commer- 
cial NaCl, 24 gm. per litre, and pure H2SQ,. 0-05 N. 
For each run the specimens were suspended from a 
glass frame within the corrosion chamber. Each batch 
tested consisted of 16 specimens of the same thickness 
| of deposit—e.g., deposits of 0-0001 in. of cadmium, 
| zine, nickel, chromium, on basis metals of steel, brass, 
| phosphor-bronze and copper, were exposed together. 
| Each batch remained in the corrosion chamber for 
14 days, and during this period spraying was carried 
| out for 9-5 hours each day excepting week-ends, when 
| a resting period of 44 hours occurred. 





| Total exposure in chamber 336 hours. 
Total actually sprayed wee coe 108s 
| 


The temperature of the corrosion chamber was read 
| by means of a thermometer, and readings were taken 
| every day. In all cases the temperature was main- 
| tained within 2 deg. C. of 20 deg. C. 
| Resistance to Corrosion.—Upon conclusion of the 
| corrosion tests previously described, the specimens 

were removed from the test chambers and dried out. 

For the sake of convenience, a key-table to the general 
| results is given in Table III. With the chromium- 

plated specimens it was found that the deposit afforded 
|either no protection whatever, or good protection. 
| There were no intermediate stages of breakdown. 
The protective coatings employed helong to two 
natural groups: cadmium and zinc are electro-positive 
to iron, and nickel and chromium are electro-negative 
toiron. Upon examination of Table IIT, it was found 
that the methods of protection of the cadmium and the 
zine were similar, but differed as to the degree. With 
steel as the basis metal, it was found that the degree of 
protection afforded by zine was proportional to the 
thickness of the deposit, but with cadmium the increased 
protection afforded by a deposit of 0-002 in. was much 


| greater than the increase afforded by increasing the 


thickness from 0-0005 in. to 0-001 in. With both 
cadmium and zinc on steel the corrosion of the hasis 
metal was localised. In the case of the zinc-coated 
specimens it was found that areas from which the 
protecting coat had been denuded were free from rust. 
Although the zinc-coated specimens showed relatively 
less rust than the corresponding cadmium specimens, 
it was found upon removal of the corrosion products 
that the attack upon the zinc had been much more 
severe than upon the cadmium. The rate of solution 
of the zinc is greater than that of the cadmium, as 
would be expected from its higher solution potential, 
but the authors cannot agree with Wernick that a 
thinner deposit of cadmium affords the protection given 
by a comparatively thicker deposit of zinc. From 
the specimens examined it was apparent that for equal 
thicknesses of cadmium and zinc, the intrinsic protec- 
tion afforded by the zinc more than compensated for 
the higher speed of solution of the latter. 

On non-ferrous basis metals, such as brass, phosphor- 
bronze, and copper, protective coatings of cadmium 
and zinc are rarely advocated. Tests were included 
in this investigation in an attempt to ascertain to 
what extent the difference in the electrolytic potential 
of the basis metal and the deposit, set up under corro- 
sive conditions, affected the life of the coating. It 
was found that there was a steady solution of both 
cadmium and zinc from the brass, phosphor-bronze, 
and copper without any attack upon the basis metal 








ingly difficult to control, and always tended to run 


until the areas denuded of the protective coating were 
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too large to be protected by the preferential solution of 
the deposit. It was found again, that the rate of the 
solution of the zinc was greater than that of the 
cadmium, but the zinc was able to protect a greater 
area of exposed basis metal than the cadmium. In 
general, it was found that the degree of protection 
increased with increase in thickness. In spite of the 
difference in contact potential between brass and zinc 
and copper and zinc, there was no apparent difference 
in the rates of solution of the zinc coating. Similar 
results were found for the cadmium-plated specimens. 

The protection afforded by nickel and chromium 
was found to bear no similarity to the type of protection 
afforded by cadmium and zinc. Although nickel and 
chromium are generally considered to be electro- 
negative to iron, there existed a difference in the 
type of protection they afforded to the basis metals. 
In the case of nickel on steel an increase in the thick- 
ness of the deposit brought about an increase in the 
degree of protection. With the thicker deposits— 
namely, 0-091 in. and 0-002 in.—this increase in 
protection was more than proportional to the increase 
in thickness. With chromium on steel no increase in 
protection was apparent with increase in thickness 
With both deposits the corrosion was localised, but 
with chromium there appeared to exist a tendency for 
the initial pin-point of corrosion to extend its sphere of 
influence rather than penetrate into the basis metal. 
On the non-ferrous basis metals a very good degree of 
protection was obtained from all thicknesses of the 
nickel and chromium. From the results obtained it 


neither the salt solution nor the sulphuric acid solution 
was there to be found any trace of nickel or chromium. 
and it was inferred from this that the corroding media 
were not of sufficient concentration to attack these 
metals. In accordance with this it was found that 
there was no appreciable difference in the degree of 
attack by the salt spray and the sulphuric acid spray 
upon the nickel- or chromium-plated specimens. 
Whatever corrosion took place in both sprays was the 
corrosion of the basis metal. However, both zinc and 
cadmium were found in the corroding solutions after 
test, as well as the corrosion products of the basis 
metals. There was found to be a difference in the 
degree of resistance to corrosion of the zinc- and cad- 
mium-plated specimens in the salt and sulphuric acid 
sprays, and this must be due to the relative solubilities 
of the corrosion products. 

Just as the corrosion products can inhibit further 
corrosion by preventing the corroding media coming 
into contact with either the protecting coat or the 
basis metal, so can the shape of the metal inhibit or 
accelerate the rate of corrosion. This was demon- 
strated by the use of two types of specimen, straight 
and bent. On the straight specimens the corrosion, 
although localised, was general to the whole surface. 


which were shielded from direct condensation of the 
corroding mist suffered the least from corrosion. 
This was noticed on the top inner face. The lower 





greater extent, and it was on these faces that the 


TABLE III.—ComparatIvE CORROSION OF SPECIMENS. 





| | 





























Salt Spray. Sulphuric Acid Spray. 
| ee Pare ee 22 oes 
Deposit | Thickness. Bent Straight Bent Straight 
pom. | in. Specimens. Specimens. Specimens. Specimens. 
| 8. B. Ph.B. C.| 8S. B. Ph.B. C. 8S. B. Ph.B. C.| 8S. B. Ph.B. C. 
pte = oe) 
Cadmium... oe ee J 0-0001 AS. ch. oh AA A & Rm A oh CBB Cc 
| 0-0005 RE 0 C1. BB BR Bi Poe se Bl) woe se 
| 0-001 cc c ¢]BBc cllcc c c|aBD D 
| 0-002 : & Bow D cD ¢C¢ B DD D D DD B B 
_ ope Ae A A All AA A Al BCC oC 
| 00-0005 i eB Bs B BB B BB B B BB B B 
| 0-001 BB B B oO €¢ B B OA & Ras | Cc Cc C B B 
0-002 Ge 4 Cc Cc Cc C Cc DD D D DD D D 
Nickel os NW 3 a of 0. | aD D Dl AD Dd Di BHR cc DBD Dp wD 
| 0-0005 | BD SC Cc AD D D BD C Cc BC C C 
0-001 | Cc D D D AD D D cD C Cc cD D D 
0-002 | cD D D cD D D cD C D BD D D 
Chromium .. a me cn Se 0-0001 | AD D D A-D 3D -B AD D D AD D D 
/ 0-0005 | 2D D D A D.D D AD D D AD D D 
| 0-001 ee ae D AD D D AD D D AD D D 
| 0-002 | AD D D AD DBD 2D AD D D AD D D 
Note.—S. = Steel. B. = Brass. Ph.B. = Phosphor-Bronze. C. = Copper 


The letters A, B, C, D, represent respectively :—A—No protection. B—Poor protection. C—Moderate protection 
D—Good protection. . 


would appear that the protective value of nickel and 
chromium on non-ferrous basis metals is independent 
of thickness. This is true for the conditions under 
which, and the length of time for which, the specimens 
were tested. But both nickel and chromium are 
susceptible to attack by Cl’ and SO”’,, and it is more 
than likely that, had the duration of the test been 
prolonged or the concentrations of the corroding 
media increased, solution of the deposit would ulti- 
mately have taken place, leaving the basis metal open 
to attack. 

Products of Corrosion.—All corrosion phenomena are 
accompanied by the formation of chemical products. 
On the cadmium-plated specimens the corrosion of 
the cadmium was accompanied by the formation of 
a white product in both the salt spray and the sulphuric 
acid spray. On subsequent corrosion of the base 
metal further corrosion products were formed. In 
the case of steel two types of rust were noticed— 
dark brown in the initial stages of breakdown, which 
changed to light reddish-brown in the final stages. 
On the non-ferrous basis metals the white corrosion 
products of the cadmium were accompanied by a 
light-green product which followed the attack on 
the basis metal. The corrosion products formed 
on the zine-plated specimens were similar in type 
to those formed on the cadmium-plated specimens. 
With the nickel-plated specimens the steel basis 
corroded to form a light reddish-brown rust. The 
non-ferrous basis metals corroded to form a light 
green product with the thinnest deposit, whilst the 
thicker deposits exhibited no corrosion product but 
a darkening in colour. On the chromium-plated 
steel bright reddish-brown rust was formed, whilst 
on the chromium-plated non-ferrous metals a very 
small amount of light green corrosion product was 
found. 

The sulphuric acid spray upon analysis showed the 


corroding mist tended to condense. The greatest 
corrosion on the bent specimens was found to be just 
below the bend on the inner surface. At this point 
there was a tendency for the corrosion products to be 
washed away, because there was not only a constant 
renewal of corroding media due to condensation, but 


also a further volume of corroding solution which | 


had drained from the upper inner surface. From the 


On the bent specimens it was found that those portions | 


inner face and the top outer face were corroded to a | 
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specifically any deposit, since it must be obvious 
that the choice of deposit is dependent upon the 
conditions of service. However, it will be found 
that for general applications the heavy deposit of 
nickel is most serviceable. 








REFRACTORY BRICKS. 
By A. JAESCHKE. 


Ceramic products are called refractory when they 
are able to bear high temperatures. The term must, 
| however, not be taken literally. There is no absolutely 
| refractory material ; even carbon melts at 3,900 deg. 0.* 
| Technically, materials are considered fireproof when 
|their melting point lies above that of Seger cone 26, 
| which corresponds to a temperature of 1,600 deg. C. 
| Refractory materials have, however, not only to 
withstand high temperatures but mechanical stresses, 

while chemical and other corrosive effects become en- 

| hanced at high temperatures. In practice, difficulties 
inherent in any structure using these materials are 
much increased by faulty construction, careless or in- 
‘correct methods of firing, defective drying or heating 
up of furnaces, overloading, &c., all of which factors 
have considerable influence upon the stresses to which 
the materials are exposed. 

Refractory materials should possess the following 
properties to the highest possible degree :— 


1. High softening and melting points, even under 
heavy load. 

2. High resistance to large and rapid temperature 
fluctuations. 

3. Adequate resistance to chemical corrosion. 

4. As little as possible liability to change of shape 
and volume during service. 

5. Thermal conductivity corresponding to require- 
ments. 

6. Uniform composition and uniform quality in 
| manufacture. 

7. High resistance to mechanical stress in the hot 
and cold states. 
| 8. Easy dressing for constructional purposes. 

9. Exact and uniform dimensions. 

10. Smooth and plane surfaces. 


In spite of the manifold efforts made it has not yet 
been found possible to supply a refractory material 
that will satisfy all these conditions in the same 
measure. A material has to be selected which will 
best suit the particular purpose for which it is re- 
quired. The various requirements may be considered 
| with respect to the materials commonly in use. 

The Softening and Melting Points.—High softening 
and melting points are indispensable for all refractory 
materials. The points depend upon the constituents 
‘of the materials, their impurities, the binders used, 
the service loads, and other factors. 

The melting points of the minerals used are :— 


2,010 to 2, 150 deg. C. 
1,740 to 1,770 ,, 





Alumina A1,0, ... ae 
Kaolin Al,Q3-2 Si0,-2 H,O 


Mullite 3 Al,0,-2 SiOg... 1,860 deg. C. 

Silica SiO Pes eae 1,685 to 1,710 deg. C. 
Magnesia MgO ese hes ... 2,800 deg. C. 
Chrome ironstone FeO-Cr,03... 2,180 __,, 
Carborundum SiC oa <0 See 


"""  9'270 to 3,000 deg. C. 


Zirconia ZrO, Ses 
Zircon, zirconium silicate 


| ZrO,:SiO, 2,550 deg. C. 
} 


above experiment it would appear that the conditions| ‘The temperatures stated cannot be regarded as 
most conducive to corrosion are a constant renewal of | more than approximate, since the raw materials for the 
the corroding media and the formation of a corrosion | refractory products differ much in their compositions 
product which, if not soluble, is easily removed from | ang impurities. It is further to be borne in mind that 
the surface. the softening and melting points of the crude minerals 
Conclusions.—On the non-ferrous basis metals, | will be lower than those of the final products. The 
deposits of zinc or cadmium afforded little protection | moulding of bricks, again, is much influenced by the 
to corrosion in either salt or sulphuric acid sprays. | nature of the binder, which will have a considerably 
On the other hand, both nickel and chromium afforded | jower softening or melting point than the material. 





presence of zinc, cadmium, iron, and copper. In 





good protection under both sets of conditions. If | 


anything, the thicker coating of nickel, 0°002 in. 
gave the best protection on the non-ferrous basis 
metals. On steel it was found that the types of pro- 
tection afforded by the cadmium and the zinc were 
essentially different from that of nickel and chromium. 
Exposed to the sulphuric acid spray the cadmium 
gave better protection than a zinc coating of the 
same thickness, but exposed to the chloride spray the 
thinner coatings of zinc, 0-0001 in., 0-0005 in., and 
0-001 in., gave better protection than the corresponding 
cadn.ium coatings. With the thickest coating, 0-002 in. 
there was apparently little difference in their protective 
value. 

The chromium deposit in all thicknesses was found 
to be of no value for the protection of steel in either 
spray. With the nickel coatings any permanent degree 
of protection can only be expected from the thickest 
deposit, 0-002 in. The protective value of this thick- 
ness was much greater than if the degree of protection 
was directly proportional to the thickness of the 
deposit. The authors find it impossible to recommend 


The two chief products, silica bricks and fireclay 
| bricks, differ essentially, because, in the former, the 
| softening point—so far as the term is applicable— 
| practically coincides with the melting point, whilst 
‘the fireclays ‘begin to soften before their melting 


| temperature is reached. One of the chief problems 
‘of the manufacturer is to eliminate, as far as possible, 
| this temperature interval, which may be large. = 
| suppress it entirely seems practically out of the 
| question. In service, softening is a disturbing factor 
| which is unfavourably influenced by pressure. : 
‘the furnace, the pressure depends upon the type 
‘furnace and upon the position of the brick in It. 
In general, the pressure will not exceed 3 kg. pet 
'square centimetre (43 Ib. per square inch). It = 
| to 10 kg. in Cowper stoves, but only in righ 1c 
are not exposed to high temperatures. The softening 
and melting points under a load of 2 kg. per square 


| 


ae 





* Whether carbon has actually been fused is a matter 
of controversy.—ED. 
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8 lb. per square inch) of some of the 


materials commonly in use are as follow :— 


Silica 
Fireclay 
Bauxite 


Magnesite ... 


1,650 deg. C. 

1,400 to 1,550 deg. C. 
1,350 ,, 1,500 ,, 
1,550 ,, 1,600 ,, 


The effect of external cooling of the furnace walls 
will penetrate to a certain depth, depending upon the 
thermal conductivity and the thickness of the wall. 
When the thickness exceeds this equilibrium condition, 
a certain thickness of the brick face will fuse off, until 
equilibrium is established. For this reason, arches 
which are exposed to high temperatures should not be 
built too massive, in order to reduce heat radiation, and, 


in particular, 


should never be covered with ashes or 


dust. The protective influence of surface cooling should 
not be impaired. In some high-temperature furnaces, 
such as electric-steel, Siemens-Martin and glass fur- 
naces, in which the temperatures of the melting points 
of the bricks are almost reached, particular care should 


be taken to 


prevent accumulation of dust on the 


arches. In the construction of such furnaces, high 
pressures on internal walls, arches, bridges, &c., should 
be avoided, and the anchoring should not be too 
rigid. The interposition of wood blocks is recom- 
mendable, whilst loading of the furnace walls with 


iron fittings 


missible for t 


for dampers, &c., is altogether inad- 
his and other reasons. Surface irregu- 


larities of badly-finished bricks much favour softening. 
The high temperatures are concentrated upon the 
projecting parts, the partial softening of which hastens 


the corrosion 


mechanical destruction. 


of the remainder of the bricks or their 
As explained later, it is very 


inadvisable to finish an uneven brick surface with the 


aid of layers of mortar. 


The bricks should be ground 


flat on all sides, and should only be laid with very 


thin layers of 


mortar. 


Next to bad finish, faulty and uneven dimensions 
or shapes may promote partial softening, especially 


in moulded bricks and in arches. 


If the bricks close 


well in the lower portions of the arch, but leave gaps 
in the upper portion, the bricks will tend to come into 
contact all over their faces, although the gaps are filled 
up. As the springing of the arch cannot yield, the lower 
portions of the bricks will be under high pressures, 


which the inh 


ibited expansions will increase. For this 


reason, the arches, even of moderate-temperature fur- 
naces, for lead refining, asphalte, &c., begin to droop 


after short periods of service. 


In order to reduce the 


pressures, the following type of arch brick has been 
developed: the lower quarter of the brick, of 30 cm. 
(12 in.) length, is reduced in dimension by about 


3 mm. on all 


four sides in such a way that there is, 


below the contact line proper of the arch, a series 
of cuts, 6 mm. wide, 80 mm. (0-24 and 3-2 in.) deep, 
which permit unrestricted expansion of the most 
exposed portions of the arch. Absorption of solid, 
liquid and gaseous particles further lowers the soften- 
ing temperature; these features will be discussed 


later. 


Resistance of Refractory Bricks to Sudden and Large 
Temperature Fluctuations.—This resistance depends 
upon the structure, density, thermal conductivity 


and expansion coefficient. 
resistant of the usual materials ; 


Fireclays are the most 
silica bricks are 


much more sensitive to thermal fluctuations ; mag- 


nesite bricks 
changes. 


are liable to break even with small 


The mode of manufacture, nature of binder 


and service conditions also have considerable effect. 
The bricks should be laid dry. Layers of mortar, even 
of 0-5 or 1 cm. (0-4 in.) in thickness, are inadmissible, 
because their water is expelled as steam on heating and 
favours spalling. The bricks should merely be dipped 


into a mortar emulsion. 


The first heating up of the 


furnace should be very gradual; when steaming is 


noticed, the 


temperature should not be allowed to 


tise until the steaming ceases, but the heat should 


afterwards be 


raised until the glazing begins to melt. 


To spray or to paint the glazing mixture on the walls, 


together with 
where, is only 
too aggressive 


fluxes, as is done in America and else- 
advisable if great care be,taken ; soda is 
a material, and the formation of glazings 


q ering in expansion from the brick should be avoided. 
hen the furnace is to be cooled down, all vents, doors, 


and flues shou 
should not be 
to a dark-red 


Id be closed and luted. The first charge 
put in before the temperature has fallen 
heat. Bottoms of magnesite and other 


Sensitive materials should, at each cooling, be protected 


by a thick layer of quenched coke. 


Attempts to 


prevent the spalling of magnesite bricks by fusing the 


raw material j 


n their manufacture and mixing it with 


: binder before moulding have so far had little success, 

" want of a suitable binder. 

2 patence to Chemical Attack.—Chemical corrosion 

: J caused by fluxes, oxidic dusts, which lead to 

of ormation, and by the gases. Of these No, Oo, and 
e hardly affect the refractories, but CO, SO2, Hz 


and H,O have 
Y teducing fe 
melting poir 





ats and causing local erosion. 


effects, increasing with their percentages, 
Trl-compounds to ferro silicates of lower 


grates, e.g., a zone of reducing gas, 2 or 3 ft. deep, is 
apt to form immediately behind the bed of coal and 
to attack the brickwork ; the excess air passing through 
the coal tends to counteract this reduction. The 
gases, as well as slag and other particles, accumulate 
in the pores of the bricks, and may facilitate the slaking 
and fusing of the grains, especially when the particles 
are highly basic and the resulting fused silicates are of 
low viscosity. Of the pure oxides, the most dangerous 
are, in descending order, ferrous and manganous oxide, 
lime and magnesia. They are followed by the basic, 
neutral and acid silicates. Phosphates dissolve fire- 
clays almost as easily as the oxides do; ferric and 
manganic oxides are less dangerous than the lower 
oxides, and the complex silicates rank according to 
their basic contents. 

The porosity of a brick depends upon the natures 
of the raw material and the binder on the firing 
temperature; it may be increased by gas evolution 
during the baking or cooling. To prevent penetration 
of foreign material into the brick, the pores should be 
closed rapidly, either by glazing or by embedding 
chemically inactive material, like carbon, in them 
before baking. The filling-up of the pores may be 
effected during the laying of the bricks, by dipping 
them in a mortar emulsion and by painting the finished 
walls with it. Protective coatings, 3 cm. (1-2 in.) in 
thickness, have done good service even in electric-steel 
furnaces working at from 1,700 deg. to 1,800 deg. C. 
Painting the bricks with tar or tar oil before laying 
serves the same purpose, and is much in use for arches. 
The tar turns into coke when the furnace is heated 
up; part of it penetrates deeply into the bricks and, 
when coked, protects and closes the pores as well as 
the joints. Efficient tightening of all joints is one of 
the important factors in the prevention of chemical 
attack. Itis of great importance in connection with the 
wall faces and bottoms which-are in contact with liquid 
metals, and with the inner walls and arches exposed to 
the hot gases and vapours. The formation of large 
gaps is primarily to be ascribed to the use of badly 
finished bricks, and of too much and unsuitable mortar 
which afterwards crumbles away, weakening the whole 
structure. Bad drying and insufficient anchoring are 
secondary causes of crack formation, especially of verti- 
cal cracks. Even a small crack may become dangerous 
as it increases and often doubles the surface of attack. 
Small gaps being almost unavoidable, even with the 

atest care, the inner walls are mostly built of bricks 
of rather large size, but it is not possible to go very 
far in this direction. The larger the bricks, the more 
difficult their manufacture, uniform drying and homo- 
geneous baking. 

Changes of Shape and Dimensions in Service-—Such 
changes should be obviated by high-temperature 
baking, and their consequences be averted by firm 
anchoring. When the changes are considerable, as in 
silica bricks, expansion gaps of about’2 per cent. must 
be provided. Cardboard on thin wood strips, subse- 
quently carbonised, are inserted into the gaps, which are 
only required to meet horizontal expansion, as the 
vertical expansion will not be impeded. 

Thermal Conductivity.—The importance of this factor 
is not sufficiently appreciated. For low and medium- 
temperature furnaces, bricks of low conductivity are 
desirable to avoid heat losses. High-temperature fur- 
naces (Siemens-Martin and glass-melting furnaces, &c.) 
should have walls of good conductivity and arches 
able to carry away the excess heat, whilst the bottoms 
be constructed of poor conductors in order to protect 
the foundations. Similarly, the materials for heat recu- 
perators and regenerators should be good conductors 
of heat; muffle walls are made of carborundum with 
this object. The best experimental data and formule 
for calculating the thermal conductivity or flow of heat 
K at a temperature ¢ are those of Dougall, Hodsman, 
Cobb and Dudley. Values of K, expressed in gramme- 
calories passing per square centimetre per second 
through a plate 1 cm. in thickness at a temperature 
gradient of 1 deg. C., are, for magnesite bricks, 

Kt = 0-0282 — 0-379 ¢ + 0-179 x 10-7 2, 

and for fireclay : 

Kt = 0:0015 + 0:25 x lot. 

These formule do not, however, yield absolute values. 
Hard-baked compact bricks conduct better than 
moderately-baked porous bricks. The conductivity 
changes in service, owing to the effect of steam and slag 
particles, the number of joints, the kind of mortar, 
the nature of the flame, the glaze, the internal and 
external temperatures, all influence the results. 
Homogeneous Composition and Structure of Bricks 
of One Quality—Homogeneity is an ideal which can 
hardly be realised. There are few extensive beds of 
homogeneous raw materials in Europe, so that supplies 
must generally b2 drawn from different sources. America 
is the chief source of supply. The kaolin deposits of 
Georgia cover 17,000 sq. km. (10,500 sq. miles) and are of 
very great depth. In European deposits the alumina 


kaolin beds in Russia must await independent con- 
firmation. Homogeneous manufacture should be pos- 
sible, but there are numerous difficulties. When 
moulded bricks are stacked in piles of 2 or 3 m. (10 ft.) 
in height for baking, the lower rows of bricks are under 
high pressure and become denser, less permeable to 
gases, better thermal conductors and also more sensitive 
to temperature fluctuations than the higher rows, 
which, in their turn, are more directly exposed to the 
heat of the reverberatory furnace. 

Resistance to Mechanical Stress—An additional 
factor to be considered under this heading is the service 
condition. A brick impregnated with slag, at 1,200 
deg. C., will be able to bear normal stresses and would 
not be damaged by a falling metal body which would 
break a fresh brick at 600 deg. Like metals and other 
substances, each material will, according to its com- 
position, have a certain maximum brittleness at certain 
temperatures. The rate of heating up and of cooling 
is of importance for the whole furnace and with respect 
to the setting up of stresses. Stoking and cleaning 
fires may stress the walls to a considerable extent. 
The upper portion of a blast furnace requires bricks of 
high strength and density to resist the pressure of the 
descending charge. The mouths of coke-ovens are 
severely stressed by the discharge of the coke; the 
bricks used should be dense, tough, smooth and free 
from cracks. 

Easy Dressing for Constructional Purposes.—From 
this point of view, bricks should be of exact dimensions, 
smooth, and sharp-edged, and these conditions are 
difficult to realise in magnesite bricks, which are hard 
and brittle like glass and crack easily. Their finish 
calls for care and patience, and there is usually con- 
siderable waste. Cutting finished bricks, especially 
those in high-temperature zones; is, in general, inadvis- 
able; it is better to use special moulds for each shape. 

Exact and Uniform Dimensions.—It is practically 
impossible to build good walls, free from gaps, when 
the thickness of the bricks varies between 60 and 70 mm. 
The mason has either to use more mortar locally than 
necessary, or make a laborious selection of the proper 
sizes. It is difficult to obtain bricks adequately satis- 
fying this condition. 

Smooth and Plane Surfaces.—Disregard of this 
condition wastes much time and may lead to fractures. 
Though mathematically correct surfaces and edges are 
hardly attainable in ordinary refractory manufacture, 
it should be possible to avoid gaps of more than knife 
thickness and to obtain tight joints by wetting the 
bricks with the mortar emulsion. The colour of the 
refractory product will, in the first instance, depend 
upon the iron contents and its relation to the clay 
percentage. Of the other constituents, the lime is most 
important ; other factors for consideration are com- 
position and temperature of the gases and density of 
the baked clay. The colour is, however, influenced by 
so many other factors that the question: Can the 
quality of a refractory be judged from its colour? 
must be answered in the negative. The need of a 
smooth and neat appearance and absence of cracks 
dozs not require further emphasis. 

The refractory industry cannot meet all these 
partly contradictory demands. It aims at developing 
certain properties for certain purposes and, in the 
interests of economy, at supplying a few high-quality 
products rather than many special ones. The quality 
must, of course, comply with test conditions, but the 
purchaser should not judge a consignment of 4,000 tons 
by the results of the examination of five or ten bricks. 
In many cases, if the purchaser insists upon his 
specification being carried out to the letter, the eff2ct 
is to increase prices, and the manufacturer may rightly 
refuse to be bound by rigorous specifications. 

The characteristics of the chief types of refractory 
bricks may now be considered. 

Quartzite Bricks.—The chief raw materials for quart- 
zite bricks are quartzite crystals (from rock or sand- 
stones), carboniferous sandstone and quartzite rock. 
These are ground down to certain grain sizes and mixed 
with lime which not only facilitates moulding and 
makes the bricks stronger, but. promotes the absolutely 
essential transformation of the quartz into cristobalite 
and tridymite. A distinction is made between silica 
bricks from quartz with a 2 per cent. lime binder, 
or from quartzite rock or sandstone with lime binders, 
and clay dinas bricks with clay binders. The com- 
mercial silica bricks contain: SiO, 90 to 97 per cent., 
Al,O; 2 to 7, Fe,0, 1 to 3, CaO 1 to 2, and MgO up to 
0-5 per cent. Unless present in excessive proportions, 
the impurities exert no decisive influence upon the 
properties of the bricks, so that the chemical analysis is 
of less importance for the strength of the brick than the 
grain and the degree of the transformation. Practice 
varies as to the fineness of grain, which should not be 
pushed too far, For Siemens-Martin furnaces, bricks 
are recommended of one-third quartzite flour and quart- 
zite grains of 3 to 7 mm., and for coke ovens, 50 per cent. 
of 0-01 mm. and no grains above 5mm. In America, 
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content is very variable. Recent reports of extensive 











half the material is ground down to 0-25 mm., to 
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secure higher strength. The lime binder may be 
replaced by the chlorides of calcium or magnesium, 
waterglass, alum, molasses, glue, tar, &c.; gypsum 
with aluminium or magnesium sulphate may also be 
used. Silikanit, the lye from the sulphite pulp, has 
recently come into favour ; it is added to milk of lime 
to make the mouldings stronger and of more exact 
shape at corners and edges. The lime contents of the 
bricks ranges from 1 to 2-5 per cent. CaO ; dinas bricks 
contain abvuut 10 per cent. (AloOg + FegO3). The high 
baking temperature used in America, 1,530 deg. C. to 
1,550 deg. C., are rarely reached in Europe, where 
1,400 to 1,495 deg. C. are usual. Though high tem- 
peratures are, in general, advisable, high and long- 
continued baking does not always secure the best 
mechanical properties. 

By the baking, from 75 to 80 per cent. of the quartz 
is transformed into cristobalite and tridymite. The 
percentage depends upon time and temperature, and 
upon the nature and quantity of the flux and lime, 
which seem to act as catalysts. In their presence, 
quartz passes, at 870 deg., slowly into tridymite, and 
above 1,470 deg. into cristobalite. In their absence, 
quartz changes at 1,250 deg. directly into cristobalite ; 
when the fluxes are not sufficiently reactive for the 
conversion into tridymite, the quartz is transformed into 
cristobalite. After 70 per cent. of this modification 


gases below 1,400 deg., and withstand fused metals, if 
free from oxide, very well below 1,300 deg. The melting 
points of good fireclays range from 1,500 deg. to 1,750 
deg., and the softening points under load from 1,350 
deg. to 1,500 deg., but there is a slight deformation 
below 1,350 deg. which limits their uses. The sensi- 
tivity to temperature changes is affected by the 
contents of silicic acid, the porosity, and the grain size. 
The influence of silica is controversial, but recent 
researches tend to show that free silica increases the 
sensitivity. This injurious influence is connected with 
the a-8 changes. Bricks containing 45 per cent. of 
alumina are least sensitive to temperature changes, 





bricks with only 30 per cent. of alumina being quickly 


temperature and decreases as vitrification advances. 
The finer the grain, the more sensitive the brick will 


of equal parts of baked and unbaked clay, those con- 





| alkali and water turns the clay into a liquid which can 


| be poured into moulds and yields good refractory bricks. | 


Bauzite and Sillimanite Bricks.—Pure bauxite is the 


destroyed. The porosity depends upon the baking | 


be to temperature changes. When bricks were made | 


taining grains of up to 5 mm. were three times as | 
resistant as those ground down to 0-8 mm. and less. | 
The density of fireclay bricks lies between 1-8 and 2. | 
Recently, several patented methods of pouring fireclay | : 
| bricks have been introduced with success. Addition of | eye renner dagesnelaiggie 


——. 


conductivity for heat and a low conductivity for 
electricity. The bricks should be stored dry and be 
dipped into a mobile melt of magnesite flour ; they 
should be dipped in dehydrated tar before laying, and 
be pressed together in laying, any gaps discovered in 
the finished layer being filled with the hot tar mixture, 
When magnesite bricks are to be laid over fireclay, 
an insulating layer of silica bricks, magnesia imortar, 
chrome ore or chromite bricks is interposed. The 
bottoms of Bessemer converters and the hearths of 
Siemens-Martin furnaces are lined with a stamped-in 
mixture of magnesia and dehydrated tar, burnt in 
before use. Magnesia bricks form the most refractory 
furnace material available. Slowly heated up they do 
not crack, and bear the highest temperatures. They 
are therefore much used also for electric steel furnaces, 
pig-iron mixers, smelting and refining furnaces, in the 
fire zone of dolomite and cement kilns, and for other 
parts of furnaces subjected to high temperatures. 
The so-called spinell bricks should also be mentioned. 
Magnesia spinell is a fused mixture of magnesia and 
clay which is ground like sillimanite, mixed with 
The melting and soften- 
ing points are the same, viz., 2,135 deg. By contrast 
| with the magnesite bricks, the spinell bricks bear 
temperature fluctuations extraordinarily well, and they 
| are not affected by basic slags under normal conditions, 


has been effected, more and more tridymite may appear | amorphous colloidal hydrate of alumina, Al,03-2 H,O, Their high costs have, so far, prevented extensive 


as the temperature rises further. In the ordinary 
silica bricks, with 2 per cent. of lime, the rapid trans- 
formation of cristobalite into tridymite sets in below 
1,350 deg. and is, according to W. A. Hull, completed in 
a few hours at 1,500 deg. The longer the bricks are 
baked at 1,470 deg., the greater will be the proportion 
of tridymite. To effect this change in the furnace 
would, however, take weeks, would be costly, and would 
endanger the furnace. In most bricks, the transforma- 
tion does not exceed 60 or 70 per cent., and this is 
sufficient if space is left for subsequent expansion. Such 
bricks are probably somewhat weaker during the trans- 
formation period, but they are finally not inferior to 
others. As certain catalysts appear to act when applied 
to quartz grains, but not to bricks, some works make the 
bricks in two stages. First, the loose grains are baked 
in the presence of catalysts, and the grains, now largely 
tridymite, are then moulded under pressure and baked 
again. This more expensive process is expected to 
give more durable bricks. All the three forms of 
crystallised quartz are known in « and § modifications. 
The «-8 change takes place in quartz at about 575 deg. 
C., in cristobalite at 220 deg., and isin both cases rapid 


Heating and cooling near these critical temperatures 
must not be too rapid, or the products may spall after- 
wards. In tridymite, the «-f change is gradual, and 
not accompanied by any considerable volume increase, 

The finished bricks should be firm, hard on the sur- 
face, and ring well, though soft bricks may improve 
somewhat in service. Cracks, cavities and brown spots 
of fusible silicates must be absent. In the case of 
Siemens-Martin furnace bricks, the specific-gravity 
should not exceed 2-4, which corresponds to a quartz 
transformation of 70 to 80 per cent. Bricks with a 
density of 2-35 are unsuitable for high-temperature 
service ; these narrow limits are important with respect 
to the quartz conversion. When the density approaches 
that of quartz, 2-6 to 2-65, the risk of expansion during 
service increases. The porosity coefficient ranges from 
18-4 to 28. 
rapid baking above 1,250 deg., or to faulty moulding, 
but the different methods of porosity determinations 
do not yield concordant results. Good silica bricks 
melt at about 1,700 deg. C., 450 deg. or more below the 
meiting points of magnesite and carborundum, but 
they bear loads at high temperatures better. 

Fireclay Bricks.——The pure clay raw material, 
kaolin, is Al,Og.2Si0,.2 H,0., The baked dehy- 
drated brick, of formula Al,O3 .2 SiOg, would contain 
46 per cent. of AloOg; higher alumina percentages can 
be obtained by mixing the material with bauxite. But 
this percentage disregards the clay impurities, felspar, 
mica, quartz, schists, and organic compounds. The 
alkaline earths in the felspar lower the melting point 
of the products. F'reelays are made from mixtures of 
baked clay and unbaked clay, ground down very finely 
with water, other »efractory materials being added 
in order to reduce shrinkage and porosity and the 
mixture being disintegrated to grains of 5mm. Such 
added materials are burnt clay, silica, bauxite, and 
corundum. Burnt carboniferous clay schists are much 
used for this purpose ; they are baked at high tempera- 
tures to prevent subsequent shrinking. Quartz sand 
counteracts shrinkage, but it also reduces the resistance 
to basic attack, so that fireclays exposed to highly basic 
fluxes or metallic oxides should not contain free silica. 
The silica, moreover, lowers the melting point, unless 
present in a greater proportion than 70 percent. Fire- 
clays resist attacks by acid substances fairly well ; they 
are not oxidised by atmospheric oxygen at the highest 
temperatures obtainable, are not reduced by carbon or 





Excessive porosity may be ascribed to too | 


| with 65 per cent. of alumina. When containing only 
| very little iron oxide, bauxite has a very high melting 
| point, but shrinks too much for direct use. The 
| mixture of bauxite, silica, and water in the proportions 
'1:1:2 does not melt at Seger cone 38, shrinks very 
| little and hardly at all after baking, and is but little 
|attacked by basic slags. The crude bauxite, being 
| difficult to bake, is generally mixed with a small weight 
of a high-alumina clay, kneaded with it, shaped into 
| balls, which are dried and baked, ground, mixed again 
| with some clay, kneaded, moulded by hand or machine, 
| dried, and pressed. Such bricks last from seven to ten 
| times longer than fireclays, and are very resistant to 
| chemical corrosion. Sillimanite is the silicate Al,O0,SiO,. 
| Bricks are made by fusing fireclay and alumina, 
grinding the product, pressing it together with bauxite, 
and baking. The sillimanite bricks soften near 1,750 
| deg., melt at 1,816 deg., are almost insensitive to 
| temperature changes, and are hardly attacked by acid 
| slags. Their application is increasing in spite of their 
| high price. 
| Magnesite Bricks.—Magnesite, the carbonate MgCO,, 


: . ; D | occurs as amorphous magnesite, generally pure and | 
and accompanied by a considerable increase in volume. | almost free from iron, and as crystalline magnesite | 
| spar, containing 2 per cent. to 8 per cent. of iron | 


carbonate or oxide. Some iron is essential for sintering 
the magnesite, and the amorphous mineral is accordingly 
little used for ceramic purposes, and has to be mixed 
with ferruginous econstituents. The crystalline mag- 
nesite is found in deposits several hundred metres in 
thickness, and is sintered in shaft or tub2 furnaces at 
temperatures of 1,500 deg. to 1,800 deg., to drive out 
carbonic acid; the higher the temperature, the more 
refractory the magnesia. The sintered mass should 
contain 82 per cent. to 88 per cent. of MgO, 4 per cent. 
to 7 per cent. of iron and very little of other con- 
stituents ; if necessary pure iron ores may have to be 
added. The mass is spread in the open, kept well 
watered to wash out lime, quartz and caustic magnesia, 
and then ground to 1 mm. grain, partly in edge runners 
and partly in ball mills. The former mills give more 
dusty, the latter more sharp-edged grains, and the two 
products are mixed in definite proportions. For the 
most refractory bricks, a slight addition of caustic 
magnesia is advisable, but the caustic tends to make 
the bricks shrink. Water is then added in quantities 
determined by trial; highly burnt magnesia takes up 
little water. The moist magnesia is kept, sometimes 
for several weeks, in cool cellars and then moulded. 
The bricks are baked at Seger cone 36 temperature, 
for four hours at full heat. 

Good bricks of normal dimensions do not shrink by 
more than|mm.or2mm. They are dark brown, dense, 
firm and hard, and ring well. Dirty light-coloured 
spots indicate insufficient baking; such bricks are 
best reground, and not merely rebaked. The advan- 
tages of the magnesia bricks over silica and fireclay 
bricks are the high refractoriness, and the high resist- 
ance to corrosion by slags. On the other hand, their 
high sensitiveness to temperature changes restricts 
their applicability, especially in metallurgical furnaces. 
| In order to reduce this sensitivity, the crude magnesite 
| is, in a preliminary process, fused completely and bricks 
lare moulded out of this vitreous magnesia; these 
| bricks give a certain amount of satisfaction, but a 
generally suitable binder for the vitreous magnesia has 
not yet been found. Rapid temperature changes can, 
however, be avoided in operating open-hearth furnaces 
with magnesia hearths and walls by keeping the doors, 
flue and ash gate well closed while the furnace is 
cooling down and by covering the hearth with a thick 
layer of quenched coke. Magnesia bricks have a high 








use. 

| Carborundum.—Carborundum is prepared by fusing 
|coke with sand in an electric furnace. Bricks are 
| moulded from mixtures of carborundum with siliceous or 
argillaceous binders, also waterglass, linseed oil and pitch. 
| The highly-baked bricks are very strong mechanically, 
| very highly refractory even under load at high tem- 
| peratures, melt at about 2,700 deg., but begin to 
| decompose in the presence of air at about 2,200 deg. 
| They are five times more resistant to temperature 
| changes than fireclay. Very thin-walled muftle furnaces, 
| which are heated up quickly, can be made of car- 
| borundum, but the initial high thermal conductivity 
of the carborundum seems to decrease in service. The 
electrical conductivity is also high. The low resistance 
of carborundum to corrosion by slags of all kinds, 
especially those rich in lime and iron, and also to liquid 
metals, however, limits the applications of carborundum 
bricks. 








ELECTRICALLY-OPERATED ENGINE 
ROOM TELEGRAPH SYSTEM. 


| THE visitor to the modern super power station 





| cannot fail to notice the absence of the switchboard 
| gallery commanding a view of the engine room. This 
| familiar feature has, in such installations, given place 
to a central control room which, though it has many 
| advantages, does not include easy communication with 
|the engine attendants among them. Some reliable 
|form of order-signalling device between the two has, 
'then, become necessary, and engineers first turned, as 
to a well-tried device, to the ship’s-telegraph type of 
| instrument in which, as is well known, a lever is rotated 
|round a dial. There appears to be considerable doubt, 
| however, whether, satisfactory as this instrument 1s 
‘aboard ship, it is equally so for central-station control. 
It is comparatively slow, and the control-room attendant 
| is unable to watch his instruments when giving signals. 
|The new panel type of engine-room telegraph, lately 
‘introduced by Messrs. Hopkinsons, Limited, Hudders- 
| field, and illustrated in Figs. 1 to 6, on the opposite page, 
‘has been developed after considerable experience with 
| the dial type that it supersedes. The main features of 
the new instrument are that it is instantaneous in action, 
/and that the attendant can keep his attention on the 
| switchboard instruments of the incoming or outgomg 
'machine while he is giving signals. It is therefore 
| suitable for synchronising purposes, where the system 
|of governor control from the control room is not 
| adopted or is temporarily out of use. } 
| ‘The transmitting instrument, shown in Fig. 1, 18 
situated in the control room, and consists of a cast-Iron 
cabinet mounted on a pedestal. The door of the cabinet 
is provided with illuminated order panels, the number 
and wording of which can be arranged to suit individual 
requirements, the particular instrument shown in the 
figure being one of the two sets for the new Kirkstall- 
road Power Station of the City of Leeds. Arranged 
at the right-hand side of each panel is a push button, 
the operation of which illuminates the corres ponding 
panel and also a similar one on the receiving instru- 
ment, while, at the same time, it cancels any previous 
order which may be illuminated on both instruments. 
The push button below the panels calls the attention, 
both by a lighted signal and by sound, of the attendant 
in the engine room to the fact that a signal is about to be 
made. The apparatus above the panels is a musically- 
toned buzzer, by means of which the turbine attendant 
indicates to the control room that the order has been 
complied with. As this signal is only given after the 
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ELECTRICALLY-OPERATED ENGINE-ROOM TELEGRAPH. 


CONSTRUCTED BY MESSRS. HOPKINSONS, LIMITED, 


ENGINEERS, HUDDERSFIELD. 
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order has been carried out, it does not necessitate the 
turbine attendant standing by the instrument whilst 
receiving signals. He is, therefore, at liberty to take 
up the most convenient position with regard to the 
control of the turbine whilst waiting for the next order. 
The control room attendant also completes his signals 
i one operation, and can give his immediate attention 
to his part of the change being made. 

The receiving instrument in the engine room is 
generally similar to the transmitting instrument, 
except that there are no push buttons to the panels, 
and no buzzer aboye them, The panels themselves 
also differ slightly. In the case of the control instru- 
ment, it is necessary to be able to read the order when 
not illuminated, whereas this necessity does not arise 
with the turbine-room instrument. The panels of both 
instruments are made up of a metal stencil bearing 
the order, a frosted glass to diffuse the light, and a 
coloured glass to prevent front artificial light from being 
reflected back and thus reducing the efficiency of the 
signals, 'T he panels are illuminated from behind by 
“ aeegard 40-watt “ pearl ” lamp backed by aluminium 
. ectors. The apparatus is arranged for working 
i oy ordinary alternating-current or direct-current 
ghting circuit, all the accessories being designed to 
operate at the same voltage. The normal engine-room 
viubment includes a large motor-operated gong, a 
- of which is given in Fig. 2 with the bell removed, 
. gine illuminated attention signals for each 

‘chine, one of these being illustrated in Fig. 3. A 





Fie. 2. Motror-OPERATED GONG. 





gong has been adopted in preference to a hooter, 
as it has been found that the carrying power of a 
gong signal is much greater than that of a hooter when 


used where turbines are in operation. The actual 
working of the system is best understood from a 
consideration of the diagrammatic drawings repro- 
duced in Figs. 4 to6. In Fig. 5 is shown the upper 
part of the receiving instrument, adjacent to the 
appropriate circuit of the wiring diagram, Fig. 4. 
The transmitting instrument is shown in Fig. 6, also 
adjoining its circuit diagram in Fig. 4. To signal an 
order, the procedure is as follows :—The attention 
signal A is pressed on the transmitting instrument. 
This rings the gong B in the engine room, and so 
informs all the attendants that an order is coming 
through. At the same time, it lights up the attention 
light C, to advise the attendant on the particular 
machine being dealt with. Both these signals remain 
on until cancelled by the turbine attendant, which is 
done by pressing the button D on the receiving instru- 
ment. The same motion also sounds the buzzer E 
in the control room for as long as the button is depressed. 
The control-room attendant then presses button F. 
This illuminates the ‘“‘ stand by” panel on both instru- 
ments, which remain on after the button is released. 
The turbine attendant, after noting the order and 
complying with it, presses button D on his instrument 
and the buzzer sounds in the control room for as long 
as he holds it down, thus notifying the operator there 
that his instructions have been carried out, and, in 
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the case of the “‘ stand-by ” order, he is ready for the 
succeeding one. The procedure, as described above, 
is, of course, the same for any of the orders denoted on 
the panel by the manipulation of the appropriate 
button, the first panel having been referred to merely 
as an illustration. 

A special feature of the Hopkinson system is that 
the push buttons on the transmitting instrument are 
provided with hold-on magnets which are in circuit 
with their respective lamps illuminating the panels of 
the receiving instrument. The functioning of this 
device assures the control-room attendant that his 
signals are being correctly indicated in the engine 
room. The provision of this safeguard makes it 
quite unnecessary to repeat the actual signals back 
from the engine room to the control room, and this 
simplifies and speeds up the signalling considerably. 








TELEPHONE COMMUNICATION WITH THE CHANNEL 
IstANDs.—The Postmaster-General announced recently 
that negotiations with the telephone authorities of 
the Channel Islands, for the opening of a public 
telephone service between Guernsey, Jersey, and the 
mainland, are now practically completed. An existing 
cable will be used, but its diversion and lengthening, 
together with extensive work on land connections, are 
necessary. It may be recalled that a statement was 
recently made at a meeting of the Guernsey Chamber of 
Commerce, that the cable to be used was laid during 
the European war from Dartmouth to France, and 
passed not far west of Guernsey. 
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METALLIC MAGNESIUM.* 
By W. R. D. Jonss, M.Sc. 


A parcEL Of redistilled magnesium of exceptional purity 
containing 99-99 per cent. magnesium was obtained 
from America. The metal was tested in various ways 
and a comparison made between it and a large parcel 
of commercial magnesium which had been supplied 
by British Maxium Limited. The commercial mag- 
nesium was of high quality, and on chemical analysis 
showed that the chief impurities in the commercial 
variety were copper, iron, and silicon. A representative 
analysis gives silicon, 0-051 per cent.; copper, 0-001 
per cent.; iron, 0-059 per cent.; calcium, traces ; 
aluminium, absent. Severa] published analyses of 


TABLE I.—Tensile Tests. 











a om + gee 
. ress. tion*. | tion o 
Condition. Tons per|Per cent.) Area 
sq. in, | on 2 in. |Per cent. 
ere. ee ae Sane as <neen -— — 
Commercial Magnesium. | | 

As received .. 42 x aes) aes 2-8 
Heated to 462 deg, C. for 15 minutes} 

and cooled infurnace .. ont aack 4:6 6-0 
Heated to 462 deg. C. for 15 minutes! 

and cooled in air .. ip: vaf aRed 6-0 | 5-0 
Heated to 462 deg. C. for 15 minutes} 

and quenched in cold water as | 13-7 8-0 | 2-7 

Redistilled Magnesium. | | 

Asreceived .. > a --| 99 10-9 9-0 
Heated to 462 deg. C. for 15 minutes! | 

and cooled infurnace .. 5 .| 7°6 3-8 2-1 
Heated to 462 deg. C. for 15 minutes} | 

and cooled in air .. = --| 76 8-0 | 2-1 
Heated to 462 deg. C. for 15 minutes 

and quenched in cold water _ 7-7 3-0 2-0 


|-* 


| 
*An interesting point is the high “ elongation figure’ given 





in the case of the redistilled metal after extrusion, although the 


ultimate strength is low. 


recent years indicate the high quality of the commercial 
metal, the magnesium being in every case more than 
99-8 percent. In the case of the purer sample, chemical 
analysis revealed colorimetrically 0-008-0-01 per 
cent. iron, and small traces probably of copper. 

Arc and spark spectra of samples of the two materials 
were examined in the ultra-violet region, using a Hilger 


quartz E31 type spectrograph. After eliminating the | 
magnesium lines, the following elements were found: | 
nickel (5), | 
vanadium (4), chromium (4), iron (2), while doubtful | 


In the redistilled metal, titanium (6), 


treatment the fractures of the redistilled metal were 
coarsely crystalline, showing large crystal cleavage 
faces. Previous figures (Table II) obtained on forged 
and heat-treated test pieces of the same batch of 
| commercial magnesium were superior to these results. 
It has been shown in the case of the copper-magnesium 
alloys that if the forging temperautre be low the duc- 
tility is also low and is not improved by heat-treatment. 
The results recorded here show that the method of 
forging has an effect on the tensile properties of the 
| unalloyed metal, and a marked improvement is effected 
|in the commercial metal by correct forging and heat- 
| treatment. 

| Brinell hardness tests were carried out on a Vickers 
| machine, using a 1 mm. diameter ball and a load of 
| 10 kg. sustained for 30 seconds. <A load of 30 kg. was 
found to be too great for the redistilled metal. The 
specimens were not prepared beyond No. 00 French 
emery-paper, in order to avoid surface flow. These 





results are shown in Table III. Although not strictly | 


TABLE III.—Brinell Hardness Numbers. 























Hard- 
Description of 
Condition. Section. _ Indentation. 
| 
Commercial. 

As received Cross 41-5 Elongated in the 
final direction of 
grinding. 

re Longitudi- 41°5 Elongated across 
| l | the final direction 
| | grinding, and also 
| in direction of 
| forging . 
Annealed at 460) Cross 41-5 | Very irregular. 
eg. and 
cooled in furnace | 

| Annealed at 460; Longitudi- | 42-0 | Elongated slightly 
eg. | om na | across final direc- 
cooled in furnace | tion of grinding. 

| Redistilled. | | 

| As received .-| Cross 40-0 | Slightly deformed, 
not elongated. 

- Longitudi- 36-0 | Slightly elongated 
nal ; across the final 
| direction of grind- 

ing. 

Annealed at 460) Cross 37-0 | Blongated in final 
deg. and | direction of grind- 
cooled in furnace | ing. 

Annealed at 460 | Longitudi- | 39-0 | Elongated in final 
di and | nal direction of grind- 





cooled in furnace | ing. 





elements were, tungsten (1), and cobalt (1); aluminium, | comparable, as different machines and conditions were 


calcium, zinc, and lead were definitely absent. 


commercial metal; vanadium (8), nickel (5), titanium | reported previously. 


In the | used, these values are appreciably higher than those 


In conclusion, this paper shows 


(5), iron (4), chromium (4), cobalt (2), and doubtful: | that, although the commercial metal is of high purity, 
tungsten (1). The numbers in brackets indicate the | the redistilled variety is excellent. It is obtainable at 
number of lines of each element identified. There is | such a reasonable price, in view of its purity, that it can 


no doubt that the redistilled metal is much superior | 
| properties of the metal are affected by the method 


to the commercial metal. 








TABLE Ik. 
Ultimate| Elonga- | Reduc- ane ee 
Condition Stress. | tion. | tion of Brine 2 j 
4 Tons per|Per Cent.| Area. wan No. | 
| sq. in. | on 2 in. {per cent.) "°SS N° | 
Commercial metal hot- | | 
forged from cast ingots | 
2¢in.diam.tolin. ..| 15-9 | 11-2 15-9 | 38 
Heated to 470 deg. C. for | | 
15 minutes and cooled | | 
in furnace Re --| 15:1 | 6°83 7:0 36 
Heated to 470 deg. C. for | 
15 minutes and cooled | | 
in air os o-| 15-1 7°56 7-7 36 
Heated to 470 deg. C. for 
15 minutes and | | 
quenched in cold water 15-4 | 10-1 11-0 37 
| | 


Both materials were received in the ‘“‘ extruded”’ | 
condition, and mechanical tests were carried out on three | 
samples of both varieties in the ‘‘ as received’? and 
“heat-treated’’ conditions. The heat-treatment 
carried out was heating to 460 deg. C., as described 
previously.§ The tensile tests. were carried out on a, 
Riehlé multiple-lever testing machine, and the results | 
are given in Table I annexed. Although the duc- 
tility figures are generally low the fractures are not 
those of a brittle material, but are typical of a ductile | 
material, showing a silky sheen and a well-defined | 
cup and cone fracture, which was more pronounced ! 
in the case of the commercial variety. There is no | 
appreciable difference in the fractures of the two | 
varieties in the extruded condition, but after heat- | 


| 
| 








* Paper presented at the Institute of Metals, London | 
on March 12 and 13, 1930. Abridged. 

+ Traces of copper were shown only in the arc spectrum 
of the commercial variety, | 

} The number of lines is no definite indication of the 
amount of any impurity present. The percentage of | 
iron returned in the analysis of the commercial metal 
contains the vanadium, chromium, and titanium. 

§ Jour, Inst, Metals, vol. 38, page 103 (1927). 
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THE STRENGTH AND DESIGN OF 
FUSION WELDS FOR UNFIRED 
PRESSURE VESSELS.* 

By L. W. Scuuster. 
(Continued from page 364.) 
Ir will perhaps make the system of rating more 


|clear if it is pointed out that, with a flanged 


dished end, the bending movement at the flange gives 
tise, not only to bending stresses at the circumfer- 


ential seam of the flanged end, but at the ends of | 


2 ae i i N 
the lougitndins! aoom. WHS the cad walleigeed | are welded, the electrodes being wound with asbestos, 


| movement is slight only, but there is always a possi- land was specially constructed for the inquiry. At 


bility of its taking place, owing to the tendency for 
an end under pressure to assume a spherical shape, 
the crown of an end concave to the pressure moving 
outwards and the end of the shell inwards. Again, 
with an end convex to the pressure, any bulging causes 
a radial thrust, with a resultant circular tension on 
the shell plate. There is therefore always a tendency 
for the end of a longitudinal seam to be more highly 
stressed than the remainder of its length, and the fact 
has on several occasions manifested itself by failure 
at the junction of a longitudinal with an end circular 
seam. The situation was first met by M. Hoehn, who 
affixed an effectively designed circular or oval cover 
strap, welded all round, at the weak junction of a 
longitudinal with a circular seam. As the provision 
of some such strengthening device cannot increase 
the strength at other parts of the longitudinal seam, 
the device does not allow the rating to be inc 
In order to encourage the adoption of this or an equi- 
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| are imposed, a deduction of 10 per cent. is made from 
| the ratings based on a simple tensile stress. 

| For longitudinal joints of the principal types a com- 
parison of the ratings, based on the considerations given, 
is shown by Table II. The ratings do not apply to 
| carbon-are welding, and refer to vessels of which the 
; diameter does not exceed 36 in., provided that they 
have been hammer-tested while being subjected to a 
hydrostatic pressure of double the working pressure, 
Column B refers to a vessel fitted with a dished or 
other form of flexible end-plate that can impose a 
bending stress at the end of the shell. Column A 
refers to a vessel fitted with rigid end-plates, or with 
the ends of the joint specially reinforced to resist 
this stress. 

It is always preferable for a dished end to be 
held independently of the joint—for instance, by the 
end of the shell being closed in over the flange—and a 
basic principle in any British rules hitherto published 
has been that any welded joint in tension shall be 
/mechanically secured, independently of the weld, 

Likewise, with a seam joining two shell plates together, 
|a joint supported by transverse cover straps is pre- 
| ferable to a plain joint. The ratings for the different 
| types of circumferential joint are still under con- 
| sideration. 
| Tests to Destruction of Welded Vessels.—Four hydro- 
| Static tests to destruction were specially made on small 
vessels, and a summary of the results is given below. 
Similar tests were arranged for and made on three other 
vessels, but these gave no information on welding, 
In addition, data from a large number of previously 
made tests were used for the purpose of arriving at the 
ratings fixed for circumferential and longitudinal 
seams. 

Test 1.—The internal diameter of the vessel was 
16} in., and the length 46 in., the shell-plate thickness 
being } in. One end was dished inwards and was 
made of 44-in. plate. The longitudinal joint was butt- 
welded, and both ends were affixed by a welded lap 
joint with a single fillet of convex contour. The vessel 
was acetylene welded and was picked from stock. 
Working pressure was 150 lb. per square inch. Failure 
took place at 950 lb. per square inch pressure, the 
inwardly dished end bulging outwards. Pumping 
was continued until a crack was formed in the shell- 
plate, close to the junction of the longitudinal and 
circumferential seams. The stress on the longitudinal 
joint at the time of the failure was 13-65 tons per 
square inch, and the scantlings of the vessel were 
ample for the working pressure. 

Test 2.—The internal diameter of the vessel was 
16 in., and the length 16 in., the shell-plate thickness 
being 0-107 in. One end was dished inwards and was 
made of 0-141 in. plate. The longitudinal joint was 
lap-jointed and single-riveted, and both ends were 
affixed by a welded lap joint with a single fillet, the 
ends of the shell being closed in over the flanges of the 
end plates. The vessel was metallic-arc welded, and 
was picked from stock. Working pressure was 150 lb. 
per square inch. Failure took place at 410 lb. per 
square inch ; the inwardly dished end bulged outwards, 
and the pressure dropped. The stress on the longi- 
tudinal joint was 13-7 tons per square inch. 

Test 3.—The internal diameter of the vessel was 
12 in., and the length 22 in., both the shell and the 
ends being } in. thick. The longitudinal joint was 
butt-welded and reinforced at both surfaces of the 
plate. Both ends were dished outwards; one was 
butt-welded to the shell and reinforced at both sur- 
faces, the other driven into the shell and affixed by 
a welded lap joint with a single fillet of straight 








_| new end plate, 





valent strengthening device and to keep the rating 
of a longitudinal sedm below the value applicable 
when the end is rigid and no such secondary stresses 





* Paper read before the Institution of Mechanical | 


Engineers on Friday, March 7, 1930. Abridged. 
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contour, the weld being situated at the end of the 
flange, close to the knuckle. The vessel was metallic- 


1,500 Ib. per square inch, the shell developed a Spence 
hump, and at 2,250 Ib. per square inch, the end that 
had been lap-welded was blown out of the shell and 


| projected for a distance of several feet. At this time 


the stress on the longitudinal seam, calculated for 
single-dimension stress, was 24 tons per square inch, 
or the full strength of the weld metal. 

Test 4. The same vessel was used. A new end, of the 


| same thickness as before, was affixed by a butt joint. 


The welding was carried out from the outside only of 
the plate, the inside being inaccessible to the operator. 
The outside of the weld was ground off level with = 
plate. At 2,500 lb. per square inch, the longitudina 
joint failed with a loud report, and a tear 11} in. Jong 
was caused at the bulge previously. referred to. The 
tear extended to the circumferential weld of the 
and in one direction travelled 4j in. 
round the circumferential joint, while at the other 


it turned off into the metal of the end plate. = 
stress on the reinforced longitudinal seam, wou 


single dimension stress and based on 
original diameter, was 26-8 tons per square inch, oF 
the apparent efficiency of the reinforced joint was 
111-8 per cent. 
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Inwardly Dished Ends.—The design of inwardly 
dished ends is a matter of importance with pressure 
vessels, owing to the stress imposed on the weld in 
the event of its inverting or becoming partially inverted. 
It is common, on @ hydrostatic test to destruction, 
for # weld on an inwardly dished end to be the first 

rt to fail, owing to the end bulging. From this it 
does not necessarily follow that the end is unduly weak, 
but merely that it is the weakest part. On the other 
hand, in many instances the bulging pressure has been 





TABLE 2.—Rated Strengths of Longitudinal Joints. 


so that the bulging pressure is below the pressure for 
failure elsewhere, the preference lies with a riveted 
rather than with a welded end, owing to the greater 
danger of cracks being formed in the circumferential 
joint in the event of an end bulging. A point not 
generally appreciated is that the usual form of fusion- 
welded inwardly dished end inverts at a lower pressure 
than does a similar riveted end, on account of the flange 
being less rigidly held. It is necessary, that provision 





should be made for this in the design. An inwardly 


Fig. 5. 


then, according to elastic theories, enormous concen- 
trations of stress will occur at the inner corner, and 
failure under light loading can only be prevented by 
plastic flow taking place in a ductile material. As the 
conditions are modified by the penetration that occurs 
with a well-made weld, it was felt that a study 
from the elastic standpoint would not serve any 
useful purpose. Though no exact method of treat- 
ment suggested itself, it was considered that an ana- 
lysis might be made of the stress, on' the, assump- 
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(1960.1) qd “ENGINEERING” 
ven SESS 19°65 dished end calls for careful | tion that the loading was uniform along the radial 
Ditto. design, and Rules 12, and | section of the fillet under consideration. It was felt 
13 giving the construction | that there was some justification for this course on 
Bie 20°8 of the most common form] account of the fact that the stress would tend to 
are given in the Appendix. | become uniform if the weld were loaded axially to the 
The thickness of an in-| breaking point, and that it was more convenient to 
wardly dished end for a| rate the weld on its breaking load than on its elastic 
welded vessel does not by|limit. As the depth of penetration at the inner corner 
: any means bear any rela-| of a fillet is always an uncertain factor, no credit was 
be : a Depending on con tionship to the usual thick- : ‘ ; 
struction. ness used for a riveted Taste IV.—Ratio of End-plate Thickness to Shell Thick- 
tay? ness for an Outwardly Dished End to Bulge at the Same 
vessel. The determination 
ae Ae Time as the Longitudinal Seam Fails. 
of each is a different prob- : 
lem. Table IV shows the n= Efficiency of longitudinal seam. 
relationship between the l 


* The rated strength should be divided by the 
safety. 


Fig. 8. FLANGE WELDS 
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o too low, and failure would not have occurred had 
a. _ been convex. In addition to insufficiency of 
alin ng, malformation can readily cause incipient 
a An analysis in thereport previously mentioned, 
— that with a welded vessel designed for a uniform 

“Ke safety, but with the weld rated at only half its 
Possible strength, the first failure on hydraulic test will 
ep through the bulging of an inwardly dished 
a. ji the vessel were riveted, and all parts designed 
either se factor of safety as before, one of the seams, 
the b ongitudinal or circumferential, would fail at 

eens pressure. 
ith vessels having ends dished inwards, designed 
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appropriate factor of thickness of the end plate, 
and the shell plate for vessels 
of different classes of construction, designed as recom- 
mended with the plate of boiler quality steel and the 
bulging pressure equal to the pressure required for 
failure of the longitudinal seam, a welded longitudinal 
seam being assumed to be butt-welded without cover 
straps and its strength against failure taken at the 
rated strength. 

With end plates of the thickness indicated, the stress, 
calculated from the sphere formula by use of a factor 
of safety, not less than 4, is in no instance excessive, It 
is to be noticed that, with.an all-welded vessel, the 
thickness of the end plate relatively to that of the shell 
plate is, especially with low pressures, considerably less 
than its value when the longitudinal seam is riveted, 
and this in spite of inversion taking place at a lower 
pressure. This’is, of course, due to the lowness of the 
rating with welded joints involving a thicker shell plate. 

Fillet Welds.—No general study appears to have been 
made of the strength of the various forms of fillets in 
use. A method of calculating the stress that is com- 
monly adopted is to divide the axial load by the cross 
sectional area at the throat of the fillet and to treat the 
quotient as the actual stress carried at the weakest sec- 
tion. The method ignores the fact that the section 
has to carry a shear as well as a tensile load, and that 
the true stress is a combination of these components. 
If a fillet weld is treated as if there is no penetration, 
and the weld metal makes an angle at its inner corner, 





Pressure for Failure, 











| Ib, per sq. in. 
Construction. |_ 
| 500 | 1,000 | 2.000 
End riveted; longitudinal seam 
riveted .. wa aa --| 2°89n 2-47n 2-22n 
End riveted; longitudinal seam 
riveted when n = 0-60 .. po I oy 1-48 1-33 
End fusion-welded; longitudinal 
seam riveted oe ea -.| 3°42n 2-97n 2-69 
End fusion-welded; longitudinal 
riveted when n = 0-60 .. -»| 2°05 1-78 1-61 
End fusion-welded ; ‘longitudinal 
seam fusion-welded i“ --| 2°938y 2-55 2-31y 
End fusion-welded: longitudinal 
seam fusion-welded when the 
rated » = 0°45 .. a --| 1°32 1-15 1-04 














given for any extra metal there. The analysis was 
given in full for several forms of fillet. This showed that 
the resultant stress from the shear and tension could 
be taken, with sufficient accuracy, as being 15 per 
cent. higher than the axial load divided by the area 
of the radial cross section at the throat of the fillet. 
Actually, if the remaining cross sections are considered, 
the percentage increase reaches a maximum value of 
15-45 at a section lying at 54% deg. from the vertical. 

The efficiencies of the joints considered were based 
on the calculated stresses, and as they show the relation- 
ship between the strength of the fillets and that of the 
plates, on the assumption that both are of the same 
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material, it is of no consequence of what material 
they are made so long as both are similar. It is there- 
fore logical for the efficiencies attained to be taken for 
the purpose of comparing the strength of a fillet weld 
with that of a butt weld in the plate. The original in- 
tention was to formulate an easy method of estimating 
strengths, and it was not anticipated that the latter 
would altogether agree with those obtained from tensile 
tests. However, in view of the enormous difficulty 
in obtaining a weld of the exact contour required and 
of the variation in penetration, it was found that the 
agreement was sufficiently close for estimations of 
strength to be based on the calculated figures. 

The tests showed that the efficiency of a good weld 
with a straight or a full-concave contour could be 
reckoned to exceed 60 per cent. ; this efficiency, when 
the surfaces of contact in tension and shear are equal, 
corresponds with a concave contour with a radius 
of 12¢, which gives a throat thickness of 0-69¢, and a 
nearly straight profile, the deviation from a straight 
line being only 0-02¢. For these reasons a standard 
efficiency of 60 per cent. was adopted for throat 
thicknesses not less than say 0-7t, As the strength 
of sound weld metal in shear is only 80 per cent. of 
the strength in tension, the efficiency of the various 
joints analysed can never exceed this figure, unless the 
breadth of the surface of contact in shear is made 
greater than the plate thickness. With a fillet weld 
sufficiently full and with bending stresses absent, 
100 per cent. efficiency is theoretically obtainable when 
the breadth of the shear surface is one and a quarter 
times the plate thickness. In certain instances it is 
desirable that fillets should not be too rigid. To meet 
this a convenient rating, based on the throat thickness 
being kept above 0-7t, is 50 per cent. This corresponds 
with a.concave weld of radius 2¢. Where fusion is 
defective, fracture naturally will not occur near the 
throat, 

Set. Lap Joint.—Analysis of fillets with straight 
profiles lying at 45 deg. to the surfaces of the plate 
showed that at the section OO, where a = 45 deg. (see 
Fig. 5b), the theoretical efficiency of a single fillet is 
60 per cent. when / equals 4t, and 59-7 per cent. when 
l equals 3¢. At the section of greatest stress the theo- 
retical efficiency, where / equals either 3¢ or 4¢, is 
approximately 58 per cent., and the overall efficiency 
of the joint just over 116 per cent. Calculation, there- 
fore, gives no promise that the joint will give an effi- 
ciency higher than that actually obtainable with 
straight lap-welded joints with two fillets. The limited 
number of tests made tended to confirm this conclusion, 
and in fact showed that the calculated efficiency might 
even be too high owing to spring at the bends. 

Modified Form of Fillet.—Obviously, with the plate 
chamfered in the manner shown by Fig. 5c, or with 
deep penetration at the inner corner of a fillet (as 
Fig. 5d), the efficiency of the fillet can be raised. With 
the former type of weld, the surface of contact in shear 
is increased and the true throat thickness becomes ¢,, 
against an apparent thickness of ¢. It is essential, 
for a good weld to be obtained, that the inner corner 
of the fillet should be well rounded. With the latter 
type of weld the result is very similar, but the weld 
is often defective at the inner corner. 

Flanges.—If a flange is considered to be stiff and the 
bending stress from the bolts is neglected, the strength 
is easily computed from the data already given, and 
allowance for stress due to flexure should be made 
when the scantlings are fixed. With flanges, an easy 
radius at the fillet is to be desired as, in consideration 
of the heavy bending stresses set up when the bolts 
are tightened, undue stiffness and sudden changes of 
section may lead to trouble. The efficiency of the 
welds shown by Fig. 8 is 220 percent. This reckoned on 
a weld strength of 24 tons per square inch, the standard 
adopted with a metallic arc weld, gives 52-8 tons per 
square inch, or the strength to resist an axial force is 
just over double that possessed by the metal of a tube 
with a strength of 26 tons per square inch. The left- 
hand sketch shows that, on the rare occasions where, 
with a British Standard flange, it is required for weld 
metal to be cut away for the head of a bolt, the cutting 
away can be effected without a reduction in strength. 
The right-hand sketch shows a more suitable prepara- 
tion where the carbon-are process is to be adopted. 
With a carbon-arc weld taken at 20 tons per square 
inch, the axial strength of the form of joint shown is 
44 tons per square inch, or only 1-7 times the metal 
strength. With the stress assumed to be set up by the 
internal pressure alone, the maximum stress in a circum- 
ferential seam could not, of course exceed 13 tons per 
square inch. The designs indicated, therefore, give a 
high margin for subsidiary stresses, and are of equal 
strength to good designs that have already been 
evolved by manufacturers and that are already in 
service. 

Branches.—When a branch is welded in the usual 
manner, not only is there a small bending stress set 
up by the axial pull but the efficiency is reduced, owing 
to the wall of the main pipe or vessel being flexible. 








| 
It is realised that a considerable amount of experimen- 
tal work is required to determine the variation of | 
strength of the different designs of branches that occurs 
with alteration in the bore of the branch in relation | 
to that of the main pipe. The suitable working stress 
depends more on the stress at the time of the first 
permanent set than on the bursting pressure. In the 
meantime a ready basis for determining strengths 
suggests itself. The minimum requirement for the 
welded joint on a branch tube is that the weld should 
be capable of withstanding the same internal pressure 
as a longitudinal section through the solid wall of the 
tube. As a first consideration, the axial strength of the | 
joint should be not less than half the strength of the | 
parent metal. With the joint rated at half the actual 
strength and the weld metal of equal strength to the 
metal of the tube, this requirement calls for a fillet | 
of the contour specified to have a height not less than | 
double the thickness of the branch tube. With the | 
useful strength assumed to be lowered by flexure to | 
0-8 times the calculated value, the minimum height | 
for the fillet should be 2} times the thickness, this as 
before assuming that the weld metal is as strong as 
the metal of the tube, i.e., 26 tons. per square inch. 
On this basis, therefore, the height with weld metal | 
of a strength of 24 tons per square inch should be not 
less than 2} times the tube thickness, as long as the 
radius is not less than twice the height. For welded 
branches for pressure work, the carbon-arc process was 
deemed unsuitable. 

Naturally the main tube is weakened by the hole cut 
in the wall to receive a branch. It has, however, 
been shown that the required amount of reinforcement 
would be given and the weld would be sufficiently 
strong to transmit this stress, if a 4-in. length of 
the metal of the branch tube was assumed to be 
effective in giving compensation and the bore of the 
branch did not exceed 8 in. In no instance should 
a gap be permitted between the tube and the part on 
to which it is mounted, whether the former is laid on 
or let into the latter. If a branch is kept short, con- 
siderable improvement is readily obtainable by the 
two metals being fused together by an oxy-acetylene 
torch, applied from the top of the branch. The carbon 
arc is also sometimes used, being applied from the 
end of the main tube. A good design, where it is 
possible for metal to be deposited at the inside, is 
shown by Fig. 10a. This gives fair reinforcement and 
rigidity. Here, a total height of 3¢ is obtained by a 
weld 2¢ high at the outer side, and a weld It high at 
the inner side of the vessel. The design lends itself 
to the attainment of high axial strength, without a | 
fillet becoming unduly large. With some such design | 
as is shown by Fig. 106, better compensation for the | 
hole is given than with a riveted construction. The | 
welds, when arranged as shown, have a combined | 
strength equivalent to a single fillet weld of height | 
4t (see Fig. 10b). | 

If the diameter of the branch is increased until the 
bore equals that of the tube to which it is fixed, there 
is no difficulty in arranging for the weld to have an | 
axial strength equal to that of the tube, the strength | 
of the latter being assumed as before to be lowered to | 
24 tons per square inch. This is effected in the manner | 
shown by Fig. 10c; the joint is in the form of a butt | 
weld with the main pipe viewed in cross-section, and | 
is gradually tapered to a fillet weld of height 2h in longi- | 
tudinal section. It is difficult to see how further 
strength can be obtained in a satisfactory manner | 
unless cover straps are fitted. With any branch, | 
care should be taken that the joint is not assessed at | 
a higher figure than that for the average strength 
round the whole ring of weld metal. The fact that 
branches of so much smaller scantlings than those 
indicated stand up in service is due to the Board of | 
Trade formula for the thickness of a lap-welded steel 
tube being usually based on a factor of safety of 13, 
plus a wastage allowance, the equivalent factor for a 
solid drawn tube being 10. -However, with this or 
any other rule in force, in any rating that may ulti- 
mately be fixed, it would appear to be illogical to allow 
the attachment of the fitting to be weaker than the 
wall of the tube. 

Bosses, Reinforcing Plates, &c.—(a) Fittings of the 
type illustrated by Fig. lla and 110, should, only 
when the size is small, be welded in the manner shown. | 
There is no difficulty in obtaining a weld of enormous | 
axial strength, provided that flexure is reduced to a 
minimum. 

It is considered that the minimum height for a weld 
of the type shown should be }-in. and that the maximum 
bore of the tube screwed into the opening or, if there 
be no such tube, the maximum bore of the opening 
should be 2in. (b) A better plan is to weld internally, 
as well as externally, in the manner shown by Fig. Ic. 
It is considered here that the height of the fillet should 
be not less than 4 -in. 

Provisional Rules.—The rules, which have tentatively 














| Limited, Luton, have issued a new catalogue 





been drawn up, are given in the Appendix. In the 
first draft it would be unwise to attempt to cover every 


possible requirement, but the rules are sufficiently 
comprehensive to cover the most common forms of 
construction. The rules, as drafted, only cover vessels 
up to 36 in. in diameter. In regard to Rule 7, par. 
ticular emphasis is laid on the necessity for ali joints 
to be well hammered at the time of the initial hydro. 
static test. As it is not unknown for a joint to fail or 
for cracks to open out while the pressure is falling, 
a precaution prescribed is that pressure shall be 
reapplied. It is folly for a test pressure to be fixed 
irrespective of design. A high test pressure may lead 
to considerable distortion of ends and to serious strain 
at joints. Should a high test pressure be deemed 
desirable for a particular vessel, it should be designed 
accordingly. 
(To be continued.) 








CATALOGUES. 


Air Heaters.—Messrs. British Trane Company, 26, 
Rosebery-avenue, London, E.C.1, have sent us a catalogue 
describing their heating units for warming and circulating 
the ‘1d of a building, delivering the warmer air at floor 

evel. 

Lubrication.—A detailed description of the steam tur- 
bine is given in a pamphlet issued by Messrs. Vacuum Oil 
Company, Limited, Caxton-house, Westminster, London, 
8.W.1, with special reference to the lubrication of the 
various parts. 

Motor Switches.—Messrs. Cantie Switches, Limited, 
Carlton-road, Nottingham, have issued an illustration 
of a woodworking machine with five small motors 
attached, to show the application of their contactor 
starting switches. 

Counting .Machines.—Messrs. Veeder-Root Incor- 
porated, Hartford, Conn., U.S.A., have sent us a catalogue 
of their counting machines in simple form, and in a 
great variety of adaptations to suit the machines and 
processes of different industries. 

Screens.—A list of screens and separators is to hand 
from Messrs. Sturtevant Engineering Company, Limited, 
147, Queen Victoria-street, London, E.C.4, shows a 
range of machines suitable for light and heavy work 
and constructed for nearly all usual purposes. ‘There is 
also a section on air separators. 

Electric-Light Fittings.—Messrs. The Benjamin Electric 
Limited, Tariff-road, Tottenham, London, N.17, have 
issued a catalogue containing a full list of reflectors, 
brackets, lanterns and other fittings for electric lighting, 
and giving a good deal of useful information on the 
choice of such fittings for special purposes. 

Tractors.—A number of caterpillar tractor machines 
for clearing, smoothing and preparing waste lands are 
shown in a catalogue received from Messrs. Tractor 
Traders Limited, Thornycroft House, Smith-square, 
London, 8.W.1. The machines are made by Messrs. 
The Caterpillar Tractor Company, California, U.S.A. 

Superheaters.—Descriptions of the parts and construc- 
tion of the M.L.S. superheaters and multiple-valve regu- 
lator header are given in two catalogues issued by Messrs. 
The Superheater Company, Limited, Bush House, 
Aldwych, London, W.C.2. About 270 locomotives 
at home and abroad have been equipped with these 
headers. 

Steam Separator.—A catalogue received from Messrs. 
Warren Brothers (Middlesbrough) Limited, contains 4 
description of the various types of Howard’s steam 
separator and the necessary fittings, showing the appli- 
cation to boilers and pipe lines under various conditions. 
We have also received a long list of steamships on which 
the separators have been installed. 

Tools.—A catalogue of small tools received from Messrs. 
Fry’s (London) Limited, 24-26, Water-lane, London, 
E.C.4, shows an excellent range of machine and hand 
saws, screwing tools, reamers, drills, milling cutters, 


| spanners, pliers, chucks and many other tools with a 


number of small lathes, drilling and sawing machines. 
There is also a section for woodworking tools. 

Electric Railways.—Messrs. Metropolitan- Vickers Elee- 
trical Company, Limited, Trafford-park, Manchester, 
have issued a booklet illustrating a very striking series of 
electric locomotive and current generating equipments 
for railways in Europe, Russia, India, Japan, Australia, 
South Africa and South America. It forms a most 
creditable record of work carried out by the firm. 

Pumps.—An excellent catalogue of pumping and 
hydraulic machinery is to hand from Messrs. Hathorn, 
Davey and Company, Limited, Leeds. It contaims an 
illustrated list of pumps for waterworks, mines, sewage 
works, irrigation schemes, hydraulic presses, &e., 
followed by charts and tables. The illustrations show 
examples of the products of the firm now in operation. 

Bearings.—Messrs. The Skefko Ball-Bearing pager | 
0 
and roller bearings, housings, split pulleys, wall and other 
brackets, couplings and general equipment for power 
transmission by shafting. Very full particulars = 
given of an extensive range of fittings and also practica 
hints on’erection, and technical data. This catalogue W' 
form a useful reference book for designers and mill wrights. 

Milling Machines.—We have received two cotaloge 
of milling machines made by Messrs. Wanderer- Werke 
A.G., Schonau-Chemnitz, Germany. An excellent —_— 
is shown including machines of the plain, ie 
vertical, surface, multiple-spindle, and thread-mil ing 
types, together with many attachments for special work. 
Tables of dimensions and capacities for various sizes 
are included. 
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ATOMIC NUCLEI AND THEIR 
STRUCTURE. 


OPENING the second lecture of this series at the 
Royal Institution, on March 15, Sir Ernest Ruther- 
ford said that the researches described on the last 
occasion led to the conclusion that all atoms had 
asimilar structure. They consisted of a nucleus of 
very small dimension and outer electrons. These 


lead series. 


These 


| thus, the mass of the nucleus was reduced to 90—4. | which had the same nuclear charge and yet differed 
|The loss of a § particle, a unit negative charge, 
| was equivalent to a unit gain in the resultant positive 
charge of the nucleus and did not involve any 
significant loss of mass, since the mass of the electron 
was only 1/1838 of the mass of the proton. 
changes were first studied in the uranium-ionium | 
series, and then on its continuation, 7.e., the radium- 
In the diagram, Fig. 9, the number number 90, the half-value period varied between 


lin mass and constitution. There were three 
isotopes of charge 92, six of charge 90, seven of 
charge 84, &c. Isotopes were chemically in- 
separable ; in treating monacite we always obtained 
radium and mesothorium together. The range of the 
stability of the radioactive transformation products, 


| however, was gigantic. For the elements of atomic 


were controlled by the nuclear charge, which, thus | within a circle, 92, 90, 91, &c., indicated the nuclear | 1-65 x 101° years (thorium) to 21-6 hours (U.X.) ; 
determined the physical and chemical properties of | charge, which was also the ordinal number, and the | for atomic number 88 between 1600 years (radium) 


matter, whilst the nuclear mass exercised only a 
secondary influence. All the elements were defined 
by their atomic (or ordinal) numbers, which were | 
the series of integers ranging from hydrogen No. 1 | 
up to uranium No. 92; the few gaps in the series | 
were being filled up. Experiments on the scattering | 
of x rays had given an indication of the structure | 
of the nucleus, while X-ray researches had deter- | 
mined the ordinal numbers. To illustrate the method | 
used, the lecturer showed the slide, Fig. 8. The « | 
rays from a point source fell upon a ring of metal | 
foil, and the scattered rays were received on a zinc | 
sulphide screen. Counting the numbers of « rays | 
emitted and of rays received on the screen, they had | 
found, at Cambridge, in experiments with foils of | 
copper, silver and lead, nuclear charges of 29-3, 46:3, 
and 77:4, which were in fair agreement with the 
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‘and 3-64 days (Th.X.); for atomic number 82 
| between 25 years (RaD) and 26-5 minutes (RaB.). 
In some cases, indeed, the period had to be esti- 
mated in seconds. 

All the foregoing, however, applied originally 
| only to radioactive elements. Our knowledge that 
|the ordinary elements—those whose half-value 
|periods would be infinitely long, like that of 
| ordinary lead—also had isotopes, was based upon 
| the study of the positive rays, and particularly on 
| Aston’s work on mass spectra. When the electric 
|discharge was passed through a tube containing 
| some gas at a pressure of about 0-01 mm. of mercury, 
ithe gas molecules were split into positive and 
|negative particles which travelled to the cathode 
| and anode, respectively, and glowed with character- 
listic colours. When the cathode was formed by 























ig.9.  URANIUM-RADIUM SERIES Gmmon 10 Highegs Cagmical 
a oc ge B oc oe oc ac ory UT “a ? 92 °U 
a iy ‘ 91 Ta 
ee + 
(20) +1) @)-@)- @- @ ne te Ig | ayo 
Url UrxX, UF Ur lonium Radin Eman 
AtmWt 238 = 23a" a iy 230 __—«26 na ) = | Ae «| lh: 
a B 0 a G B Oc 88 Ra AcX MsTh, ThX 88 Ba 
87 87 
6-6-5 6-5-6-@ | | | Spee 
RadA RadB RadC RadD RadE RadF Iead 56 Rn An ~ 
(1986.8,) 218 24 214 210 210 210 206 85 | | | 85 
“ENGINEERING” 
" 84 RaA ot, RaF AcA Ag ThA ae 84 - 
Bi 83 | > ‘las | yi | | me | 83 Bi 
Fig. 11. Tb 82 RaB | 7 EndProduc Ac. bf trodue TiS bri 82 Pb 
Tl 81 Rac’ Lead, AcC’ Lead) Th” lea 81 TL 
s (1968.C) “ENGINEERING” 
--&---- 
(1988 0.) B 


atomic numbers of these elements 29, 47, and 77. | 
The difficulty of the method was to find foils of | 
sufficient uniformity. 

Proceeding, Sir Ernest remarked that Moseley, 
who was killed during the war, might have said 
there were only 92 elements. Since then, however, 
another development in research had shown the 
possibility of the existence of several hundreds of 
elements, and that many of our long-known ele- 
ments were really mixtures. The former possibility 
might be understood by the following argument 
which, in a sense, reversed the line of argument 
usually adopted: Supposing we had a nucleus 
carrying a positive nuclear charge of 90, on which 
all the properties of that atom depended, and 
Supposing, further, that we could in some way add a 
small mass, say, a hydrogen atom, to this nucleus 
without altering its charge. The properties of that 
atom would remain unchanged in spite of its having a 
greater mass. Now such mass alterations were pos- 
sible and that explained how the great majority of 
our elements could exist in several isotopes (up to 
eleven had so far been observed in the case of tin) 
With the same chemical properties, yet of different 
masses. Conclusive evidence of this possibility 
had first been obtained in the case of the radio- 
active elements. Radioactive bodies manifested 
their radioactivity in two ways, viz., by shooting 
out either x particles (charged atoms of helium), 
or § rays (electrons). The « particle could only 
‘ome from the nucleus itself, and the nucleus 
must therefore be unstable, for reasons which we 
did not understand and might never understand. 
“n & particle leaving a nuclear charge 90 carried 
‘way with it two positive charges and a mass 4; 
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would be seen that, 
on proceeding down 
the series of radioactive changes, the nuclear 
charge dropped from 92 to 90, and then at Ur II 
came back to 92 again. Similarly, the charge 82 ap- 
peared three times, whilst the atomic weights either 
remained unchanged (when a 8 change took place) 
or dropped by 4 units or a multiple of 4. The 
total change, from uranium I to uranium-lead, 
involved eight « changes, that is, the loss of 
8x4=—32 mass units, whereby the atomic weight 
was reduced from 238 to 206. Hence lead from 
very old uranium ores should have the atomic 
weight 206, although ordinary lead had the atomic 
weight 207-2. The studies of the thorium series 
led to similar conclusions. This series started with 
an element having a nuclear charge (or ordinal 
number) of 90, but of atomic weight 232, and by 
the loss of six « particles it again ended with 
lead, this time thorium-lead of which the atomic 
weight was 208=232—6x4. The extremely careful 
chemical analyses made by Hénigschmid and others 
confirmed these conclusions. In pure uranium ore, 
about a thousand million years old, about 13 per 
cent. of the original uranium should, in that period, 
have been converted into uranium-lead of atomic 
weight 206. 

Examining the diagram, Fig. 10, illustrating the 
sequence of the radioactive elements and the 
changes of the nuclear charges associated with 
the a and 8 transformations, we recognised the 
great number and variety of isotopes, 1.e., elements 


| 





ax B fal a . 


92 90 a 89 90 
235 231 231 227 227 


a a a a a 3 a 
Pa —> Ac —>Rd.Ac --AcX —Actinon~AcA—>-AcB Lo —AcC ! AcPb 


GC 6M: @ & 81 82 
219 25 tt =o 7s 807 
“ENGINEERING” 


a perforated plate or a tube, the positive particles 
passed through that grid or canal, and they were 
hence called Kanalstrahlen (Goldstein) or positive 
rays, or simply mass rays. On this property, the 
late Willy Wien and J. J. Thomson based their 
methods of positive-ray analysis. In the J. J. 
Thomson apparatus, the rays passed through a tube 
of fine bore and were then deflected, first by an 
electric field and then by a magnetic field, in direc- 
tions at right angles to one another. If all the 
particles were of the same mass, they would, under 
the conditions stated, be deposited on a plate in a 
streak of parabolic shape, the proportions of which 
varied with the mass of the particle, since the 
lighter this was the more it was deflected by the 
electric and magnetic fields. Remarkable results 
were obtained by this method, which also admitted 
of studying particles carrying more than one positive 
charge or even carrying a negative charge. The 
traces, however, did not admit of exact measure- 
ments, especially in the case of heavy particles, and 
Aston therefore developed his mass spectrograph of 
much increased resolving power. The apparatus 
used is represented diagrammatically in Fig. 11. 
In this apparatus, the positive rays .passed as a 
thin flat beam through the two slits 8, and S,. 
They then proceeded between the oppositely 
electrified plates P, and P,, and finally through a 
magnetic field represented by the circle through O. 
The magnetic field was such as to deflect the 
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particles in exactly the opposite direction to the 
electric field. With this arrangement, all particles 
of the same mass, whatever their relative veloci- 
ties, were brought to a focus on the photographic 
plate F. 

This spectrograph proved neon (atomic weight 
20-2) to be a mixture of two isotopes of mass 20 
and 22 (with a trace of 21 discovered later), 
chlorine (35-5) to consist of the isotopes 35 and 37, 
zinc (64-4) to consist of six isotopes (64, 66, 68, 67, 
65, 70), tin (118°7) of eleven isotopes (120,115, 116, 
124, 119, 117, 122, 121, 112, 114, 115), mercury (200°6) 
of seven isotopes (202, 200, 199, 198, 201, 204, 196), 
&c.; the atomic weight values of the isotopes given 
above are arranged in the order of the intensity of 
the corresponding tracesonthe photograph. Oxygen 
(16, 18, 17) and sulphur (32, 33, 34) each consisted 
of three isotopes, whilst hydrogen, helium, nitrogen, 
&c., had no isotopes. It was a noteworthy circum- 
stance that even-numbered elements (the atomic or 
ordinal number being here referred to) generally 
had isotopes. 

The study of the isotopes of the leads of various 
origins, recently taken up by Aston, was of special 
interest. In ordinary lead, Aston found the isotopes 
206, 208,-207, and possibly 209, in this order of 
intensity. In a uranium-lead, he observed 206, 
and weaker mass-spectrum lines of 207 and 208. 
If the lead had been a pure degradation product of 
uranium, only the one isotope 206 should have 
been found, but the mineral probably contained 
some thorium. The 208 line was _ relatively 
weaker than the line 207, instead of being stronger, 
and this suggested that actinium-lead was also 
present, and threw light on the still doubtful origin 
of actinium. 

It had long been known that actinium was, 
in some way, connected with uranium, and the 
probability was that actinium was a branch 
development from uranium. The main branch 
(Fig. 12) went on from UI to UY, and to radium, as 
already shown; afterwards branching apparently 
took place at UY,, of atomic number 90 and atomic 
weight 235, and this branch development led to 
parent actinium (number 90, mass 231), and after 
nine further transformations, of both « and £ types, 
to actinium-lead, atomic number 82 and atomic 
mass 207. The parent actinium had not yet been 
isolated chemically ; but actinium lead could never 
have been derived from uranium of mass 238 by 
loss of « particles. 








THE INSTITUTE OF METALS. 
(Concluded from page 385.) 
CoNTINUING our report of the recent annual 
meeting of the Institute of Metals, we have now 
to deal with the second and third papers taken on 
Thursday morning, March 13, and with the con- 
cluding proceedings of Thursday afternoon. 


THE ALUMINIUM BrassEs. 

The second paper taken on Thursday morning 
was a communication from the Research Depart- 
ment, Woolwich, on “The Aluminium Brasses.”’ 
When introducing this contribution, the author, 
Mr. R. Gendezs, stated that marked practical 
advantages might be secured by the use of alumi- 
nium as an addition to the ductile brasses, the 
beneficial effects being due both to the influence of 
aluminium as a metallic constituent of the alloy 
and to the formation of a protective surface film of 
aluminium oxide. A wide range of mechanical 
properties could be secured by adjusting the compo- 
sition of the alloys. Furthermore, a brass con- 
taining 70 per cent. of copper and 2 per cent. of 
aluminium was more resistant to corrosion than 
ordinary brass, and the alloy containing 76 per 
cent. of copper and 2 per cent. of aluminium appeared 
to be a promising material for use in the manufac- 
ture of condenser tubes. We hope to reprint this 
paper in a forthcoming issue of ENGINEERING. 

The discussion was opened by Dr. H. W. Browns- 
don, who said that, when annealed at temperatures 
between 650 deg. and 750 deg. C., the grain growth 
in aluminium brasses was much more rapid than 
was the case with pure brass. He would like to 
know whether the aluminium brasses were finding 
application on account of their increased strength, 
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account of their greater corrosion-resisting properties. | crystal had an open-packed lattice instead of a 
In this connection, it should be remembered that | closely-packed one, the matter was different. The 
aluminium was essentially a strength-imparting | lattice of a quartz crystal, for example, consisted of 
element in this series of alloys. The aluminium | a series of tunnels and, some years ago, it had been 
brasses did not oxidise as did the straight brasses. | shown that an alkali metal could diffuse through a 
The former did oxidise, however, and the surface | quartz crystal. It seemed that the actual dimen- 
film of alumina was very difficult to remove by | sions of the atoms in the lattice of the crystal was 
ordinary methods of pickling. Moreover, it was | the ruling factor in promoting or preventing diffu- 
apt to cause scoring during drawing operations| sion. The next speaker, Dr. O. F. Hudson, drew 
because, unlike the softer oxides occurring on the | attention to the possibility of producing a series of 
surface of pure brass, alumina was definitely an} alloys by means of diffusion. This method was 
abrasive. interesting and might be termed the cementation 
Dr. W. Rosenhain suggested that the straight |method. Colonel N. Belaiew, who next took up 
copper-aluminium alloys might be considered. If | the discussion, asked the author if there was any 
from 2 per cent. to 3 per cent. of aluminium was | evidence that, under the influence of the zinc 
sufficient to secure good corrosion-resisting properties | atoms, a change took place in the structure of the 
in brass, it might be possible to obtain even better | copper. 
results if zinc were altogether absent. The question) Dr. W. Rosenhaim thought that the results 
of soldering was important and had not been so| before the meeting were surprising rather than 
far mentioned. He himself had bitter recollections | disappointing. He imagined that cast crystals 
of the difficulties encountered in the soldering of | had been employed. The results suggested that 
aluminium bronze, and would like to know if|in material prepared by solidification from the 
similar difficulties arose in connection with the | fused state there was a lack of impulse to recrystalli- 
aluminium brasses. A number of speakers, who | sation. A wrought material, i.e., a single crystal 
followed, referred to the prejudice which had | prepared by annealing after cold work, would have 
existed against aluminium-brass, and stated that a | yielded different results. He would like to know 
lack of knowledge regarding the peculiarities of the | what was the surface condition of the single copper 
alloy had lain at the root of the trouble. | crystals exposed to the action of zinc. He supposed 
In the course of his reply, Mr. Genders stated that, | that these had been deeply etched. It was just 
in general, it might be taken that if the aluminium | possible that if the surface of the copper crystals 
brass had the same constitution as ordinary commer- | had been disturbed by rubbing or polishing the 
cial ductile brass its behaviour would be very | results would have been different. Moreover, it 
similar. For example, the alloy containing 76 per| was important to differentiate between diffusion 
cent. of copper and 2 per cent. of aluminium would | in and into a crystal. Professor Desch’s remarks 
behave much in the same way as ordinary brass. | were open to criticism. He himself could not agree 
The newer alloys had, indeed, been adopted owing that it was only in an open lattice that diffusion 
to their greater strength. A material containing could occur. The plasticity of the lattice under 
68 per cent. of copper and 1-5 per cent. of alumi- | test was, in his opinion, the main factor in promoting 
nium, was at the present time being used, in the | diffusion. 
form of rolled sheet, for the manufacture of articles! Dr. Elam, in replying to the discussion, said that 








which were built up by acetylene welding. He 
agreed that the pickling of aluminium brass -had 
given rise to difficulties, as indicated by Dr. 


|the geometrical theory was only partially true. 
| Diffusion was partly determined by the size of the 
atoms and the dimensions of the lattice, but other 


Brownsdon, and this was forming the subject of forces were at work. Her experiments had been 
additional investigation. In answer to Dr. Rosen- | confined to temperatures below 800 deg. C. Her 
hain, he would like to point out that economy was | copper and a-brass crystals had been made from 
a present-day industrial need, and while aluminium- | the molten state, but her B-brass crystals had been 
bronze might possess excellent properties, it was| produced by a straining and annealing process. 


more expensive than aluminium-brass. The latter, ‘Their surfaces were etched but there had been no 


when containing up to 1 per cent. of aluminium, subsequent rubbing or polishing. At the conclusion 
could be soldered in the ordinary way using zinc | of Miss Elam’s speech, the President adjourned the 


chloride as a flux. Alloys containing between 1 per 
cent. and 2 per cent. of aluminium were more 
difficult to deal with; nevertheless, they could 
still be soldered at a commercial speed. In welding 
operations, however, a special type of flux had to be 
employed. 

DirFusion OF ZINC IN CopPER. 


The last paper, taken on Thursday morning, 
dealt with ‘‘The Diffusion of Zinc in Copper 
Crystals.” The author, Dr. C. F. Elam, stated 
that, in the course of the experiments carried out, 
copper crystals had been heated in contact with 
zine at different temperatures. It had been found 
that zinc would react with the copper at 450 deg. C. 
to form new phases consisting of small crystals, 
but there was no « range and no penetration of 
the copper lattice. At higher temperatures, how- 
ever, there was a small range of « of apparently 
the same lattice as the copper crystal. The method 
had been further extended to brass crystals of 
different composition, and it had been found that 
if a 8 crystal were heated in zinc vapour, a layer of y 
was deposited which was also a crystal. The 
conclusion to be drawn from these experiments was 
that the diffusion of zinc into copper crystals was 
difficult, and that it depended on the vapour pressure 
of the zinc. There was some evidence that other 
forces, of the nature of chemical combination, | 


said that, for some time past, it had been clear that | 
diffusion in a single crystal, of closely-packed 
lattice, did not occur until some disturbance had | 
been set up either by cold-work or by the loosening | 
of the texture of the crystal by mechanical injury 
or by chemical action. The results before the 
meeting seemed to show that diffusion into copper 





or whether they were being utilised merely on 


did not oceur. If, on the other hand, the original 





meeting until 2 p.m. 


PROTECTIVE VALUE OF ELECTRO-DEPOSITED 
CoaTINGs. 

The first paper considered when the members 
reassembled on Thursday afternoon was that by 
Messrs. L. Davies and L. Wright, on “ Protective 
Value of Some Electro-Deposited Coatings.” In 
the absence of the authors, the paper was taken 
as read; it was nevertheless thrown open for 
|discussion. The contribution will be found on 
page 389 of our issue of March 21. ; 

Mr. U. R. Evans, who opened the discussion, said 
that almost for the first time, tests had been con- 
ducted on specimens plated under defined and 
controlled conditions. The method of testing had 
also been described in detail. Thus the results had 
a definite meaning, which many earlier series of 
tests, conducted on material plated under undefined 
conditions, did not possess. He was of opinion, 
however, that the salt-spray and acid-spray tests 
could be greatly improved, if a careful consideration 
were given to the factors operating on corrosion 
processes under service conditions. Articles exposed 
to the atmosphere, even close to the sea, were not 
equally wet allthe time. At times they were definitely 
wet, but at other times they were able to dry up, 
provided there was no hygroscopic body present. 
If, however, the corrosion product were hygro- 


were involved. \scopic, the articles remained wet even during the 
Professor C. H. Desch, who opened the discussion, |dry periods, and corrosion of the “wet type 


proceeded rapidly. 

Thus it came about that metals which pedoee 
hygroscopic compound with the chief anion presen 
in the atmosphere were the metals which suffered 


the most rapid atmospheric attack. The hygroscopi¢ 
character of the product was probably the most 
important factor in determining whether sap 

in the 


was rapid or slow under service conditions. 
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salt-spray test, however, this factor was entirely 
without effect ; a hygroscopic product could hardly 
increase the rate of attack, since the specimens were 
kept damp by the spray in all cases, whether the 
product was hygroscopic or not. If the specimens 
were sprayed for a certain time each day and then 
placed in a vessel of controlled low humidity, the 
hygroscopic principle, which was of such vital 
importance under service conditions, would be 
allowed to come into play in the tests. 

Tests involving intermittent spraying alternated 
with drying, carried out at Cambridge, seemed to 
suggest that the mere process of drying up had an 
important influence on the subsequent behaviour 
of the metal, and that, where the metal was kept 
wet all the time, this influence was absent. A 
piece of zine or zinc-coated steel partly immersed in 
a vertical position in sodium chloride solution gave, 
as had long been known, sodium hydroxide at the 
cathodic zone near the water-line, and zinc chloride 
at the anodic zone lower down. Zinc hydroxide 
was produced—not by hydrolysis, as suggested by 
the authors—but by interaction between the sodium 
hydroxide and the zinc chloride where they met. 


It was partly precipitated as a white membrane | Would have been incorrect. The porosity test 
| certainly was important, but it by no means gave | 


growing out at right angles to the metallic surface 
at the union of the anodic and cathodic zones, and 


away from the metallic surface. In either case, 
since precipitation occurred mainly at a consider- 
able distance from the metallic surface, the zinc 
hydroxide could not be protective. Similarly, if 
a large drop of salt water were placed on a horizontal 
surface of zine or zinc-coated steel, under conditions 
which prevented evaporation, the ring of membran- 
ous hydroxide, growing out at right angles to the 
metal, at the junction of the anodic centre and the 
cathodic periphery, had no protective quality. 

If, on the other hand, the surface were covered 
with tiny droplets of salt water which were allowed 
to evaporate, the zinc hydroxide appearing during 
the evaporation, although formed by the same 
reactions, was precipitated so close to the metal, 
that it would necessarily have some obstructive 
action, and would militate against corrosion when 
next the surface became damp. Thus by alternate 
damping and drying, a layer having at least a 
partial protective action would be built up. Gal- 
vanised-iron sheets stacked on one another near the 
sea or in the hold' of a ship, so that large drops or 
patches of salt water could remain for considerable 
periods between the sheets, had been found to 
suffer rapid rusting. On the other hand, exactly 
similar sheets used for a building near the coast, 
alternately damp and dry, had been found to give 
fairly satisfactory service. 

Mr. D. J. MacNaughton, thought that, instead of 
a complicated series of spray tests, it would have 
been preferable to apply a single porosity test to 
each nickel and chromium electro-deposited coating 
examined. The ferricyanide test in its new form, 
ié., paper saturated with the salt, could be carried 
out in a few minutes and a permanent record of the 
distribution of the pores in the coatings obtained. 
The authors had recommended a thickness of 
0-002-in. for nickel deposits. He himself could not 
regard this figure as final. With regard to zinc 
and cadmium deposits, there was much doubt and 
controversy as to which was the better. Cadmium, 
however, was the more expensive. Cadmium 
appeared to give better protection than zinc in the 
sulphuric and spray but, in the salt spray, the zinc 
coatings appeared to behave better than the cad- 
mium. As had already been stated by the previous 
speaker, the conditions in the spray tests did not 
duplicate atmospheric conditions, and the data 
regarding zinc and cadmium deposits were very 
inconclusive and contradictory. The investigators 
had paid no attention to the question of porosity 
in the zinc and cadmium coatings. It had to be 
admitted, however, that the porosity of these 
Coatings could not be determined with the same 
fase as that of nickel and chromium deposits. 

Mr. T. H. Turner stated that any paper which 
cluded accelerated corrosion tests was valuable. 
hese were criticised by corrosion experts ; neverthe- 


in 


_ less they were of great service to industrialists. The 


Practical man desired a test somewhat equivalent 
to the Brinell test for hardness. The latter gave no 
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direct information but a great deal of data could be ; Rosenhain, criticised the authors for having deter- 
inferred from it. Similarly, an accelerated corrosion | mined their mechanical tests on chill-cast material 
test which would give results from which a good | subsequently machined. Their specimens should 


deal of information could be inferred would be 
invaluable. Prior to being electro-plated, a piece 
of metal was usually pickled, and a section of it 
when examined under a microscope had a serrated 
appearance. The plating was applied over this, 
and the protection afforded failed immediately the 
tops of any of the “teeth” appeared through the 
coating. Judging from this point of view, the need 
for a porosity test would readily be acknowledged. 
The tests carried out in the paper appeared to be of 
the alternate wet and dry type, because, as the 
authors had stated, although each batch of specimens 


have been in the die-cast state and untouched by a 
machine. Moreover, the casting of cylindrical 
rods of the materials, as described in the paper, 
| was comparatively easy and did not constitute an 
adequate test for a die-casting alloy. He asked the 
authors whether they were quite certain that their 
alloys containing magnesium were stable. In a 
brief reply, Mr. Lancaster stated that he had a 
number of test bars of the alloys undergoing ageing, 
but it was too early yet to make any pronouncement 
regarding the stability of the materials. Dr. 
Rosenhain had drawn attention to the machining 








remained in the corrosion chamber for 14 days, | of their chill-cast test bars. On an unmachined 
spraying was only carried out for 9-5 hours each day. | bar the skin-effect raised the tensile strength of the 
Dr. W. H. J. Vernon thought that Mr. | material, and maximum stress values of 20, and 
MacNaughton was wrong in placing too great a} even 21, tons per square inch could be obtained as 
reliance on the test for porosity. It was only one of | compared with the 15-7 tons given in the paper 
several factors involved. Film formation had an for the machined specimen. The tests quoted in 
important bearing on the subject under discussion, | the paper, however, had been given for purposes of 
and this process took some time. If porosity tests | comparison and should be taken as such. 
alone had been carried out, the conclusions formed | 


all the information required. The authors were 


| The SO, radicle was ubiquitous in the atmosphere, 
/even in country districts. In the case of zinc 
' coatings, there was comparatively little tendency to 
|the formation of a film but, in any case, the 


formation of films. The specimens were continually 
| wet. Here he disagreed from Mr. Turner and 
| agreed with Mr. Evans that the test applied was 
not of the alternate wet and dry type. The speci- 
{mens were in a box and although spraying was 
only carried on for a portion of the 24-hour day, the 


| specimens were always wet. He also could not, 


agree that an accelerated corrosion test, similar to 
the Brinell test for hardness should be evolved. 
In the latter test the properties of the metal alone 
were involved, whereas in corrosion the properties 
of the metal were only part of the problem, and 
other factors, quite outside the metal, came into 
play. 

| Professor F. C. Thompson said that the authors 
| had stated that the chromium deposit in all thick- 
‘nesses had been found to be of no value for the 
| protection of steel in either spray employed. While 
| this might be true of the conditions prevailing in 
| their experiments, he particularly wished to empha- 
sise that it certainly was not invariably the case. 
|Mr. W. B. Clarke, who spoke next, said that the 
| authors had removed grease from their specimens 
|by means of a boiling solution of potassium 
| hydroxide; they had next pickled them, and had 
| finally washed them in cold running water before 
' transferring them to the plating bath. He would 
| like to know how long the specimens had been 
| exposed to running water, and if any acidity deter- 
|mination had been carried out prior to plating. 
| He had found that the amount of acidity left after 
| a so-called washing in cold running water was often 
‘surprisingly large. In various plating operations 
|he had found that it was necessary to wash his 
| specimens in running water for 24, and even 36 hours, 
| in order to secure complete freedom from acidity. 
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| 
| 


|author’s test conditions were inimical to the | 


| 


Fatiaur mn Leap. 
The third paper considered on Thursday after- 
noon bore the title ‘‘ Atmospheric Action in Relation 


partly as a gelatinous precipitate thrown down far | justified in using some form of sulphuric acid test. | ho Watigne tn Laed,” and. wan: lee Peelers. Be. 


Haigh and Mr. Brinley Jones. It is reproduced 
in abridged form on page 423 of this issue. 
The discussion was opened by Dr. H. J. Gough, 
who stated that, years ago, Rosenhain and Humfrey 
had shown that the type of fracture of iron and 
steel changed altogether at certain elevated tem- 
peratures under static stressing. It seemed likely 


| that this change was not a function of the actual 
| temperature of test, but of the nearness of that 


| 
| 
i 


temperature to that of the melting point of the 
metal. Hence, it might be expected that soft 
metals, of low melting-point, would behave, at air 
temperatures, in a manner similar to that of harder 


| metals tested at much higher temperatures. The 


| 


| 





recent work of Townsend in the United States, 
and of Beckinsale and Waterhouse in this country, 
was now universally accepted as proving that 
fatigue was the cause of service fracture of cable 
sheathing, which usually exhibited an intercrystal- 
line type of failure ; in fact, in no other way were 
they able to reproduce the service failure. The 
present authors had said that the intercrystalline 
fracture of lead in fatigue tests was a feature of 
only minor importance, and that the mode of 
fracture on the interior metal was quite different 
from that of the exterior. J)id this mean that the 
interior metal developed a transcrystalline fracture ? 
If the fracture were intercrystalline throughout, the 
remark that the intercrystalline fracture of lead in 
fatigue tests was of minor importance lost all 
value. If, however, the fracture in the interior 


| was indeed transcrystalline the problem increased 


in complexity. Why should a transcrystalline 
fatigue crack, once started in the interior, change to 
intercrystalline near the surface? Such a change 
would not be expected. 

A very important suggestion made by the authors 
was that fatigue cracking commenced within the 
specimen. They had several grounds for this 
conclusion. In the first place, they mentioned the 
marginal zone and the different colour of the inner 
material. He himself had no experience with 


| regard to lead. Since receiving the paper, however 
The second paper dealt with on Thursday after- | he had examined carefully freshly broken specimens 
noon, namely, “A Note on Zinc-Base Die-Casting | of steel, copper, and Duralumin. In a few cases a 


Alloys,” by Messrs. R. Lancaster and J. G. Berry, 
was presented to the meeting by the former. The 
authors stated that there was a variation in the 
physical properties of a zinc-base alloy, hardened 
with copper and aluminium, and a distinct change 
in the crystalline structure, with successive small 
additions of magnesium ranging from 0-1 to 0-5 per 
cent. We reprint this contribution on page 429 
of this issue. 

Professor T. Turner said that it was somewhat 
remarkable that the addition of a relatively small 
quantity of magnesium produced such a marked 
effect on the structure and properties of the zinc- 
base alloy, and that adding a little more of the same 
metal caused the structure to revert to the original, 
and the properties to be less satisfactory than the 
original alloy. The only other speaker, Dr. W. 





| 





| small shearing marginal zone was apparent, but in 


the large majority it was entirely absent and no 
inner zone was evident. Secondly, the authors 
brought forward the evidence offered by hysteretic 
heating. The heating effects increased at an 
increasing rate during some considerable time before 
fracture, but he himself knew of no reason for 
associating that heating with any particular part of 
the section of the specimen ; what was recorded was 
surely only average effect. Thirdly, the authors 
stated that, in lead, the crack did not appear on 
the surface until the specimen had failed. If this 
were indeed the case with lead, it certainly was not 
true of iron, steel, copper, aluminium and zinc, 
within his personal experience. His colleagues 
and himself had watched surface cracks appear, and 
spread for many millions of reversals before total 
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fracture occurred ; this observation was, of course, | 


made using a metallurgical microscope. It was 
possible, therefore, that lead possessed peculiar 
and interesting properties, but, obviously, the 
conclusions drawn must not be applied indiscrimi- 
nately to all cases of fatigue. 

With regard to the comparative tests made in air 
and when the specimen was surrounded by oil, 
he had plotted carefully the authors’ data to a 
logarithmic scale. The tests made in air were 
not sufficient to disclose a real fatigue limit, and he 


agreed with the authors that the oil bath did not | 


necessarily raise the fatigue limit, although the 
S/N curve was certainly displaced bodily to the 
right. There was little doubt, however, that total 
immersion in normal acetic acid had increased the 
fatigue limit. Could it be that lead had two fatigue 
strengths ? The lower value was revealed normally 
when the conditions were such that the fatigue crack 
was initiated and propagated itself along the 
boundaries. If, however,’ this action could be 
suppressed by some means, a higher stress value 
was required to produce the transcrystalline type 
of failure. Perhaps by some mechanism, not yet 
understood, the intercrystalline type had been 
suppressed and the higher strength developed. 
Finally, with respect to the points raised regarding 
corrosion fatigue, fatigue tests were being carried 
out at the National Physical Laboratory, in vacuo, 
and in atmospheres of oxygen and inert gases. It 
was hoped soon to have quantitative data on the 
effects of these environments. 

Mr. H. C. Lancaster stated that the lead industry 
was following this and other recent contributions 
on lead with great interest. Taking into con- 
sideration the conclusions contained in the present 
paper, the recent work of the British Non-Ferrous 
Metals Research Association was almost out of 
date, as far as the cable companies were concerned. 
All that was apparently necessary to hinder fatigue 
in the lead cable sheathing was to cover the cable 
with grease in order to keep out air. The authors 
had stated that, in lead and lead alloys, the inner 
zone of the fatigue fracture was discoloured in 
a manner that suggested oxidation during the 





| presented at the last autumn meeting of the| was that air played a part in the interior of the 
| Institute. In his own experience he had found that | specimen. He submitted that the paper contained 
‘the rate of oxidation of freshly cleaned lead in air| no theories; it was merely a description of what 
might be enormously increased by the presence of | had actually been witnessed in the course of 
traees of vapour from drying paint. The effect had} various experiments. The evidence in regard to 
been found to be peculiar to lead, and the concen- | internal cracks had been deduced from visual 
tration of atmospheric impurity necessary to bring | observations. The fatigue test pieces were of large 
about the result must have been extraordinarily | dimensions, their diameter being equal to that of 
minute. The action was accompanied by marked |a man’s finger. The crystals on the surface were 
visible changes, the specimen becoming deep blue | of large size, i.e., about } in. across. After the 
in colour in about a week. On the other hand | fatigue test they were bent by hand, and, in some 
specimens which had been previously exposed for a| cases, the angle of bend reached 45 deg., and still 














sufficient length of time to an uncontaminated 
atmosphere, without visible change, were entirely 
unaffected. Similar results had been obtained by 
exposing the cleaned metal to vapours of turpentine, 
‘especially in the presence of acetic acid. He would 
like, therefore, to ask the authors if they had 
examined the fatigue of lead—the surface of the 
metal being initially clean and free from film— 
whilst exposed in an atmosphere containing traces 
of these various vapours. The results would 
probably provide an interesting corollary to those 
yielded by experiments in which they had definitely 
screened the surface from atmospheric attack. 
Mr. T. S. Robertson stated that he had had an 
opportunity of seeing all the authors’ tests at Green- 
wich, and also those of Beckinsale and Waterhouse. 
He confirmed that in the present investigation 
there was a thin outside crust, not more than 
dy-in. thick, present in the fractured lead fatigue 
specimen, and that the oxidation took place in 
the interior of the test piece. With regard to surface 
scratches, he had noticed that when a scratch was 
caused by the pushing away of metal, the sub- 
sequent effect during the fatigue test was more 
serious than if the scratch had been caused by 
a simple cutting action. The next speaker, Pro- 
fessor F. C. Thompson, referred more particularly to 
the behaviour of the lead test-piece in the acetic 
acid bath. He said that, when alluding to fatigue 
in lead, the authors had stated that the metal 
possessed the property of softening under the 
influence of cold work. While the authors’ lead 
| was not permanently hardened by cold work, he 
| himself maintained that it had been temporarily 





continuance of the fatigue test. This seemed | a 
incredible because lead was the one substance hardened. That lead could, indeed, be hardened 


which acted as a screen for radio-active effects ;' by cold work could be demonstrated by means of 
yet this oxidation took place in the heart of the | the scleroscope. If the same spot on a lead surface 
fatigue specimen. He found it difficult to believe | Were tested a number of times by this instrument, 
that oxidation occurred except at a temperature | the repeated blows caused a hardening of the metal 
at which the metal broke down by melting. Further-| at that spot. Accordingly, in the fatigue test the 
more, it was possible that the colouration observed | Outer skin of the lead specimens gradually hardened, 
by the authors had been brought about at the and eventually fracture occurred. If, therefore 
moment that the test bar broke. In conclusion, | this hard outer skin were continually dissolved 
he asked the authors if they were positive that| away by the acetic acid bath, the specimen itself 
the oil contained in their oil bath had no lubricating | Was not much affected by the fatigue test conditions 
effect on the test specimen. He would like to | and failure was greatly postponed. The suggestion 
know if similar results would have been obtained | made that oxidation took place at a central crack 
if they had used, say, a thin solution of rubber. | was, in his opinion, quite unsupported by the 
Dr. W. H. J. Vernon said that the authors had | experimental evidence. 
confirmed that there were two factors responsible! Dr. W. Rosenhain thought that the authors had 
for the type of failure under consideration, namely, | no proof that the discoloration of the lead was due 
chemical and physical. Dealing only with the! to oxidation. The authors had also said that in 
chemical factor, the authors had shown that! their specimens the cracks burst through from the 
although, in some curious way, fracture commenced | inside to the outside. It was more likely that the 
on the interior cf the test piece, it was necessary | reverse was the case, the cracks propagating 
for oxygen to have access to the surface if failure| themselves from the outside to the inside. He 
was to occur. Anything which interfered with the | confirmed that lead was hardened by severe cold 
access of oxygen hindered or prevented the fatigue | work, the recrystallisation of the metal at ordinary 
failure. Conversely, although this aspect was not | temperatures being slow. He disagreed from many 
stressed in the paper, anything which facilitated | of the authors’ conclusions and suggested that they 
the access of oxygen would presumably expedite | had exercised insufficient caution in putting forward 
the failure. The authors had found that a layer! their theories. Professor D. Hanson, who spoke 
of liquid, even an otherwise corrosive liquid, by | next, reiterated that, in lead, hardening could be 
hindering access of oxygen, would delay the break-| produced by cold work, although the metal was 
down of the metal. For this reason they appeared | normally in its recrystallisation range. He did 








to deprecate the use of the term “corrosion 
fatigue.” He wished to suggest, however, that 
the question was not so much that of the presence 
or absence of corrosion, as that of the particular 
type of corrosion involved. 


Returning to the conditions under which this | 


particular type of action might be facilitated, the 
presence of traces of gaseous impurity always 
constituted the stimulant. For example, traces of 
hydrogen chloride greatly accelerated the oxidation 
of copper at high temperatures, as had been demon- 
strated by Dr. Hudson and his colleagues, in a paper 





| think that the possibility of fracture taking place 
inside a fatigue test piece should not be ignored. 
In a tensile test piece, the fracture usually com- 
menced within the metal, and a similar state of 
affairs might exist in the case of a fatigue specimen. 

Professor B. P. Haigh, in his reply, stated that it 
| was only very slowly, and after repeated tests, 
| that they had come to the conclusion that air did 
| penetrate through the marginal zone of the test 
piece, and provoked a combined chemical and 
/mechanical action leading to fatigue cracking. 
| What certainly did stand out from all their results 





no crack appeared on the surface, which remained 
smooth. After a little further bending, however, a 
great fissure suddenly opened out, revealing the 
inside of the specimen. In other cases the crack 
opened out after bending the test: piece through only 
5 deg. Bearing these facts in mind, he did not 
think that microscopic observation would have 
revealed any additional data. 

The last paper on the agenda, namely, “‘ A Note 
on Metallic Magnesium,” was taken as read in the 
absence of the author, Mr. W. R. D. Jones. As, 
however, the subject dealt with is of general interest 
we reproduced this contribution on page 394 of our 
issue of March 21. The President thanked the 
authors of all the papers for their contributions, 
and the usual vote of thanks to the Institution 
of Mechanical Engineers for the accommodation 
which they had kindly afforded for the meeting, 
terminated the proceedings. 








THE WELLAND SHIP CANAL 
X*—(continued). 

Wirtu the exception of the standard pintle we 
dealt, in the last section of this article, with the 
moving parts of the gates, paying most attention 
to the large 82-ft. gates with metal quoin and 
mitre bearings, though the smaller gates with 
timber bearings were also noticed in briefer manner. 
We now continue the subject by reference to the 
fixed parts and shall then describe such accessories 
as the safety horns, handrailing, &c., afterwards 
passing to the machinery. 

The hinge pin, described on page 339, ante, is 
held vertically over the pintle by two adjusting 
bars and fixed anchorage frames embedded in the 
concrete. These are standard for all locks with 
the exception of one or two cases in Locks Nos. | 
and 6, on which the work had advanced too far to 
allow of the use of these deep frames, and on which 
an earlier design of anchorage was employed. In 
the standard anchorage illustrated in the drawings 
Figs. 335 to 338, Plate X XIX, and the view repro- 
duced in Fig. 331, page 401, there are two structural 
steel vertical frames, one set at right angles to the 
lock wall and the second at an angle of 67 deg. 22 min. 
48 sec. from the first, downstream. The second 
and heavier frame consists of two verticals centred 
15 ft. apart, the front one being 28 ft. 11} in. high, 
and the back 16 ft. 44 in. These consist each of 
two 12-in. by 25-lb. channels, back to back, and 
held 12 in. apart by 3-in. plates, 6 in. wide. The 
base of the back member is fitted with a grillage of 
channels and joists 2 ft. 6 in. square. The verticals 
are braced together by two horizontals and two 
rakers. The horizontals and the lower raker 
are of double angles, but the upper raker is of 
15-in. by 50-lb. channels, set 12 in. apart. lhe 
frame at right angles to the lock is of lighter con- 
struction but of. similar type. The verticals are 
of 8-in. by 16}-Ib. channels, and the top raker of 
12-in. by 35-Ib. channels, all in pairs back to back 
and 10 in. apart. In both frames the front vertical 
and top raker run together on large gussets. On 
the upper horizontal edge of the latter angles are 
riveted. Above these are plate jaws extending 
forward to take the ends of the adjusting rods. 
Each adjusting rod or anchorage eye-bar link 
consists of a hexagonal nut 2 ft. 7} in. long, s« rewed 
internally with differential threads. At the an- 
chorage end the adjusting rod has an eye 1% 10. 
in diameter by 4} in. thick, bored to 83: in. his 
is held in the frame jaws by an 8-in. pin. At 
the other end, the adjusting rod has an eye =!) 1n- 
in diameter by 7} in. thick, bored to 11 in. and fitted 


* The first part of Article No. X appeared on page 
336 ante. 
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With a phosphor-bronze bush of internal diameter of 
10 in. The two large eyes of the anchorages are 
adjusted so as to be vertically over the pintle, 
and the gate leaf is held up to them by the hinge pin 
in the jaws on the top frame girder. The screwed 
ends and the nut of the adjusting bars are cut to 
l-in. and }-in. pitch, and are so assembled as to 
allow of 13-in. adjustment. The anchorage frames 
are set in the mass concrete so that in the case of 
all gates, with the exception of those for the gates 
83 ft. 44 in. high, and for the timber unwatering 
gates for Lock No. 1, the underside of the frame 
head is 2 ft. 103 in. below coping level. 

In the case of the anchorages at points where the 
concrete work was far advanced before the design 
of gate was changed, horizontal structural steel 
members only have been employed. These consist 
of jaws to take the adjusting bar pin, riveted on to 
joists of different length according to the position. 
For the longitudinal anchors, these joists are made 
up of -in. plate 6} in. deep, with flanges of two 5-in. 
by 3-in. by }-in. angles. At the back end a cross-beam 
is fitted, consisting of a 7-in. ship channel and 
large gussets of %-in. plate with outside end angles. 
The gussets are drilled with two 6-in. holes, for 
the purpose of facilitating the placing of the con- 


| 








crete. The transverse anchors are of similar type 
but of lighter construction. They are completely 
embedded in the concrete, except for the jaws 
taking the adjusting-bar pin. 

The hollow quoin reaction castings vary with 
the type of bearing. In the case of the 82-ft. 
gates, as illustrated in Fig. 339, Plate XXIX, they 
are of cast steel and consist of a channel-shape with 
two flat faces at the back meeting at an obtuse 


angle. In the trough of the channel, facing out- | 


wards, a bearing plate is set, 3} in. thick by 12 in. 
wide, the face being hollowed to a 20}-in. radius. 
The reaction castings are fixed to reaction beams 
set in the concrete. The latter consist of two 
plate girders with angle flanges. The girders are 
splayed apart by a curved saddle plate, distributing 
the pressure over a large area. These bearing 
members vary in size with the height below 
coping, being of three standards. The largest, 
at the bottom, which are illustrated in Figs. 340 
to 343, consist of two girders, each composed of #-in. 


plates, 38 in. wide, with a 6-in. by 6-in. by 4-in. | 


angle on the outside at the back, and two 3}-in. 
by 3}-in. by 8-in. angles at the front, or apex, to 
which the bearing casting is fixed. The arch plate 
is 1 in. thick, and bent to a 1-ft. 5g-in. radius. 


The spread of the girders at the back is 3 ft. 543 in., 
iand they are held together by lacing angles, 2} in. 
by 2} in. by in. - Pierced diaphragms of }-in. plate 
| and angles provide stiffening at intervals. In the 
{smallest size the side plates are 24 in. wide, and 
\the spread 2 ft. 54% in. Fig. 344 illustrates the 
method of fixing the standard quoin bearings for 
| the 82-ft. gates in the recesses left in the concrete, 
[these recesses being subsequently concreted in. 
| The bearing plates are provided with shims at the 
| back and sides for final adjustment. 
| The bearing castings for the hollow quoins of 
| the 82-ft. gates were set by means of the adjusting 
| beams shown in Figs. 345 to 350, on Plate X XIX, 
and 332 to 334, on this page. Three sets of beams 
were employed, one at the top of the reaction beams, 
one set in the concrete about 32 ft., and the third 
about 56 ft. from coping level. Each of the two 
' lower sets, shown in Figs. 345 to 347, consisted of 
|two lengths of 10-in. by 54-lb. joists, riveted 
, together and anchored in the mass concrete by 
angles. The longer beam carried an adjusting bolt, 
consisting of a double-ended eye-bolt with sleeve 
nut and right and left-handed screws. One eye of 
'this bolt was pivoted on the long beam, the other 
| being pivoted at right angles to a bracket fastened 
|temporarily by set screws, to the casting to be 
adjusted as shown in Figs. 348 to 350. To the 
‘under side of the long beam was riveted a }-in. 
| plate extending towards the casting recess, and 
| having at its extremity two double angles, as shown 
jin Fig. 348, a long 1}-in. screw passing through 
leach pair, as shown in Fig. 349. The adjusting 
|eye-bolt and sleeve nut gave adjustment towards 
|or away from the lock side, while the two 1}-in. 
bolts gave side adjustment. The adjusting channel 
| at the top, shown in Figs. 332 to 334, was bolted to 
ithe top of the reaction beams. This channel 
iwas of 12-in. by 40-lb. section, 7 ft. 2 in. long, 
|and fitted at the ends with angles, through which 
| set screws were passed to provide end adjustments, 
| while double screws were provided in the channel 
flanges at each end to ensure correct side adjust- 
ment. When the bearings were concreted in, 
the setting joists embedded in the concrete were 
burnt off and the places made good with cement 
mortar. 

The quoin castings for the gates with timber end 
bearings are of cast iron, and are finished to face 
radius of 20} in. The face is 26 in. wide across the 

‘chord. These castings are ribbed. The thickness 
| of the face is 1} in., and of the back ribs 1} in., 
|the latter being 34 in. deep. These castings are 
‘anchored by means of 1}-in. bolts 26 in. long. 
|The castings were adjusted in recesses formed for 
‘them by means of 1}-in. set screws in holes tapped 
| through the castings along their centre lines, and 
sideways in both edges. 

In all cases the pintles are set 2 in. from the 
|centre to which the hollow quoin faces are struck, 
| and when a gate opens the quoin bearings, there- 
| fore, at once swing out of contact. 
| The safety horns with which the gates are fitted 
are illustrated in Figs. 361 to 366, on page 402. 
| Their action is illustrated by the diagrams, Figs. 359 
| and 360. They consist of triangular steel castings 
| bolted to the mitre bearing castings, and the end 
posts. Their ruling thickness is 1} in., and they have 
side flanges 54in. deep. They are fitted in pairs, each 
casting being close to a girder frame, and are cross- 
braced by 8-in. by 34-in. by 4-in. angles. Pairs are 
| set alternatively on west and east gate leaves and 
|intermesh. The vertical clearance between mesh- 








| ing pairs is 34 in., the distance apart of the castings 
|of the pairs varying, of course, with their position 
| on the gate. 

The steel gates are provided with chequered plate 
decking, carried on light structural steel work 
riveted to the top girder. The footwalk is pro- 
tected on either side by collapsible handrails. These 
are shown in Figs. 367 to 371, on page 403. The 
railings consist of 2-in. pipe hinged to and carried by 
posts, themselves hinged in turn at the bottom. The 
rail is divided into two, and each section is carried by 
three posts. Pairs of posts, across the footwalk 
are coupled by a shaft fitted with a crank. All 
|the cranks are coupled by pull rods to a central 

horizontal lever, pivoted under the deck. This 
lever in turn is connected by a rod of 3-in. pipe, to an 
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Fig.370. TOP VIEW OF FOOTWALK. 
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of the motor as its load increases, and consequently 
when the motor is heavily loaded there is a corres- 
ponding reduction of the hydraulic resistance 
opposed to the movement of the leaf. On the motor 
shaft is a pinion of 24 teeth. The large spur with 
which the latter gears has 185 teeth. The latter’s 
corresponding pinion has 15 teeth, and gears with 
the large spur on the second reduction shaft, of 
78 teeth. On the same shaft with the latter is a 
pinion of 15 teeth in gear with one driven spur of 
i2 teeth. The second drum is driven by the first, 
the large gear wheels being of equal size. The 
actual reduction from motor to drum is thus 192 : 1. 
The two drums, being geared together, revolve in 
°pposite directions, as is required for paying out 
one cable, while the other is being hauled in. The 
centre of one drum shaft is 3} in. above that of 
the other, in order that it may be put directly 
behind the front one, to occupy the minimum space. 
The cable used is 1} in. diameter armoured plough 
steel rope of six strands of 19 wire each and hemp 
core. ‘The drum diameters measured to rope centres 
‘te 40 in. and 40% in. respectively. 

Ps number of interesting features are embodied 
nthe drum drives. One of the shafts, with its 
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drum, &c., is shown in section in Fig. 355, The 
main spur is on the left. This is not fixed to the 
shaft, but is free to ride on it being fitted with a 
bronze bush. Next to the spur is a disc keyed to 
the shaft. This driving disc is drilled with a series 
of 25 holes near its outer edge. There are six 
corresponding holes through the spur rim, and a 
shearing pin set in one of the latter projects into 
one or another of the holes in the drive disc (see Fig. 
356). The combination allows of relative displace- 
ments in steps of 0-84in. This is provided to take 
up stretch of the rope in use. Next to the drive disc 
is the drum itself, bushed and free to rotate on the 
shaft, and beyond this is a spring frame keyed to 
the shaft. This spring drive is shown in side 
elevation in Fig. 357. Each frame has three pairs 
of arms, and between these, in hinged cups, are set 
compression springs, pressing against corresponding 
cups carried by bosses inside the drum rim. On the 
side of the drive disc nearest the drum is a radial 
key, and in the side of the drum is a corresponding 
slot, ? in. deep, but of much greater width than the 
key, and allowing a movement of the drum relative 
to the disc of 25 deg. 

The action may be followed by considering the 
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opening movement of a leaf. On starting up, 
the driving disc and spider of one drum will move 
anti-clockwise. but the drum will not move until the 
key comes to the end of the slot in the drum, by which 
time the springs will have been nearly fully com- 
pressed. At the same time, the other drum will 
have been kept still, by the extension of its springs, 
while its drive disc and spring frame moved in a 
clockwise direction, moving the key, in this case, 
away from the driving side of its slot. The available 
movement between the keys and slots is equivalent 
to 8-7 in. ; only 3 in. are necessary for compensation 
during the gate movement, the remainder being 
available for taking up slack without altering the 
position of the shearing pin. Movement of the first 
disc and spring frame continues till the key and 
slot end are in contact, and the rope is wound in. 
As the paying out commences at a somewhat slower 
rate, the spring gear continues to function in the 
second drum for the time, until near mid travel, 
when the second drum has to travel faster again, 
and the springs are compressed. 

The shearing pin, 1} in. in diameter, is designed 
with a neck of 1% in. diameter, to fail under 
a load of 100,000 lb. If, due to accident, such as 
collision with a gate, such a load were thrown on 
to it, it would shear, and both drums would be 
free to pay out, relieving the strain on the machine. 
The cables have an ultimate strength of 112,000 lb. 
| They are clamped to the drums by grips which allow 
them to rip out if the pull becomes excessive in a 
radial direction, as it would if the strain continued 
after the rope had been unwound. 

The slip friction gear is intended to protect the 
machine against high resistance due to wave action, 
&c. It is shown in section in Fig. 358, Plate XXIX, 
and embodies two discs rotating with the shaft. 
One disc is keyed to the shaft but the other is a 
sliding fit, and is capable of axial movement along 
the shaft, being driven by feather keys. Between 
these discs is a flat annular disc, carried by a flange 
17} in. in diameter by 3-in. wide, on the left-hand 
outer disc in Fig. 358. The central annular disc 
is free to rotate, and is provided with a bronze 
bushing. Bronze friction washers, 27-in. inside 
diameter by 33 in. outside by y-in. thick, are also 
provided on both faces of the central disc as shown. 
The gear ring is bolted to the central disc, which 
is forced to rotate by friction exerted on the side 
washers, by means of six heavy springs, two of which 
are shown. These are fitted on horizontal bolts 
and can be adjusted to the necessary pressure. 
The bushing and washers are provided with graphite 
plug inserts, and are self-lubricating. The springs 
are adjusted so that the gear will slip slightly at the 
commencement of the operation of closing a leaf. 
This small movement keeps the surfaces in good 
operating condition. 

The motor has a rating of 45h.p. These machines 
operate on 550 volt, 3-phase current at 60 cycles. 
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They are totally enclosed. A solenoid brake is 

provided to stop the leaf at either end of its 

travel. A limit switch in connection with this, | also four spare pintle castings and pintles, one set TWO-STROKE CYCLE GAS- 

is operated from a point near the top hinge| of anchorage eyebar links and pins for two leaves, DISPLACEMENT PUMP. 

pin. By means of a link coupled to a bracket| eight pairs of anchorage eyebars, covers, &c. A. Tue gas-displacement pump, in its simplicity and 

on the leaf, a rod passing through a stuffing box | table of costs is given above, showing the base rates, adaptability for handling very large volumes of 
| water, is of so attractive a nature that it is not 





5 - tion has not advanced more rapidly. It is now over 
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Vanadium steel heel castings .. |. |. |. 9-30 2574" | 514-80 165,571 ", 33,114-20 | are capable of delivering 40 million gatons | tim 
Cost steel sheaves and miscellaneous steel castings .. 0-18 11,784 ,, 2,121-12 730,573 ,, 131,503-14 | against a head of 25 ft. to 30 ft., — ope ae 
ler sheaves an n castings. . «2 an rs 0-10 408 ,, | 40-80 25,312 ,, 2,581-20 | i i ily. " ieve that since a 
Rolled steel bearing lates and shims ia st 0-23 17,582 ,, | 4,043-86 527,453 ,, 121,314-19 | entirely satisfactorily We melts ;-displace- 
Forged nickel steel pins, &c. .. 3». 01,20 1367 |” 273-40 84,747 -” 16,949-49 | time Messrs. Beardmore have built some gas- P “! 
Turned alloy steel bolts + ne 4 ch 0-15 14,487 ., 1,670°55 | 388,119 ,, 58,217-85 ment pumps for Australia, but the whole developme! 
a OB aos” | os7-as | 1gni4e” | - Se.1is.70 | Of this type of pump hae certainly been less than tt 
oe ee ee ee oe = 4 a \ ede | 29, ” 5 . . * ye deserved. 
Oak fenders, clapping sills, ec... ©. =... ..| 278-42 |4-659m.ft.b.m.| 1,273-87 | 300-25 m.ft.'bm. 83,258-69 | technical attractiveness would appear to have deseo 
Concrete in leaf .. a eis 6 3 ‘ 30-00 11-7 ¢. yds. 351-00 | 618 ¢. yds. 18,540:00 |It is probable that the advent of the war inte 
Painting and maintenance for three years* .. a4 _ — 5,000-00 | + 230,000-00 fered with this development and that economic, 
Totals for gate leaves F a a - “a a a 102.768-35 om 4,404,055-23. Tather han technical considerations have checked its 
for 62 leaves. | advance. di _ 
me neigh Fee ara We believe that the whole of the commercia - 
Structural steel anchorage frames ai a et 0-03 15,125 Ib. 1,215-71, | 926,145 Ib. 49,937 -76 shi i : r-cycle 
Structural steel and castings, in bearings |. ||| 0-11 56,030 ,, | 6271-39 1,927,716 ,,, | 201/689-51 | Phrey pumps which have been built are of the fou pia 
Steel pintle casting —__.. + . . --| 0-18 1,425 , 256-50 | 82,657 ,, 14,878-26 type, and, both from the fact that it is a two-c 
pee ot owe ring plates and shims ove 12,180 , 2,801-40 316,673 ,. 72,834-79 | pump and that it represents a further development “! 
8 nksand pins... - my = 0-20 5,125 , 1,025- 299,617 ,, 59,923- . i st is lik 

Forged nickel steel eae! eS She 7 142-20 | aay 3240-40 the gas-displacement pump, great. << y ' = ; 
Oak fenders on wall and oak sill i oe ..| 204-11 5-996 m.ft.b.m.| 1,763-47 205-68 m.ft.bm.| 61,137-65 | to be taken in the pump illustrated in Figs. 1, ~ he 
Total for fixed work 13,475 -67 | 50-77 | On Page 405, and which has been gag be hed 

eY =< ‘a "7 “a 77 es Tse vot Messrs. Hodges Brothers, City Basin Tronw ne - 

BESET eer |__| Exeter, to the designs of Mr. S. P. Christie, si i 

Grand total costs .. me te Ms a — —_ $) 116,244 -02 $/4,872,706-00 | Ennismore Gardens, S.W.7, who claims that ot 

| ‘ Pies Jalgied EAS heey __. | simple and reliable and can be operated for long ai 

A i i ve, renewals. 

* Seven years on interior surfaces. |with but few, and relatively ee sates se 

, os He also states that the design obviates — ies - 

. i ee P : -igniti inary plugs to be em- 
operates a cut-out in one of the anchor-adjusting|the weights and costs for one set of 82-ft. gates, - pee er Sorgen 2A eg tl water 
bar recesses. and the totals for all-steel gates and spares required pa a pi & Pi while the loss of fuel through 
The contract for the steel gates included eight | for the work. the exhaust port in the process of scavenging 's 


spare leaves, t.e., a pair of leaves of each size, and | (To be continued.) also said to be very slight. In the small experimenta 
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TWO-STROKE CYCLE GAS-DISPLACEMENT PUMP. 


CONSTRUCTED 


Fig.1. 
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installation illustrated, it is stated that the consump- 
tion of town gas with a calorific value of 475 B.Th.U. 
per cub. ft., can be reduced to 37-5 cub. feet per water 
horse-power per hour when the pump is working against 
a head of 20 ft. The general arrangement of the 
pump can be followed from Fig. 1, with but little 
explanation. It consists of a vertical combustion 
chamber connected to a horizontal play pipe, of 12 in. 
bore and 60 ft. long, terminating, at one end, in an 
old boiler, 20 ft. long and 5 ft. in diameter, which acts 
as an air vessel. A suction box at the other end is 
fitted with sixteen 5-in valves, and is immersed in a 
suction tank, as shown. Part of the water delivered 
into the air vessel from the play pipe is discharged 
through a horizontal pipe of 7-in. bore, lying by the 
side of the play pipe and connected by a bend to a 
vertical pipe. From the top of this pipe, the water 
falls into a measuring box fitted with a 90-deg. vee 
notch, over which it flows back into the suction tank. 
The return pipe is fitted with a sluice valve for varying 
the head against which the delivery is made. 

A section of the combustion chamber is given in 
Fig. 2, and from this it will be seen to be divided, by a 
vertical partition plate, into two semicircular portions 
which communicate at the upper end. This arrange- 
ment, it may be remembered, was employed in one 
form of the Humphrey two-cycle pump. For sim- 
plicity, in this particular installation, town gas, of 
which the declared calorific value is 475 B.Th.U. 
per cubic foot, is used as fuel, and both the gas 
and air are compressed separately to a pressure 
of about 3 lb. per square inch by small electrically- 
driven rotary compressors. Both gas and air are 
delivered by the compressors into cylindrical storage 
vessels, and from these are admitted to one side of the 
combustion chamber through a semi-rotary disc valve, 
shown on the left of Fig. 2, and operated by a paddle 
in the play pipe, as indicated in Fig. 1. A deflecting 
duct is fitted inside the combustion chamber, in front 
of and below the gas-admission valve, to deliver the 
entering charge in a downward direction on to the 
surface of the water, which is then rising in the combus- 
tion chamber. The incoming mixture, aided by the 
"sing water column, displaces the products of com- 
ustion remaining from the previous explosion, so 
that they pass up over the top of the partition plate 
and escape through the exhaust valve shown on the 
tight in Fig. 2. This valve, which is rubber-seated, 
Since it is dcowned when the explosion occurs, is closed 
sutomaticall y by the impact of the rising water before 
psd appreciable quantity of the charge has escaped. 

ne of the advantages claimed for the two-stroke 
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whole of the products of combustion are exhausted, 
whereas in the latter type a considerable proportion 
of the gases must be retained to act as a cushion. 

As the water continues to rise by its inertia, the 
charge in the upper part of the combustion chamber is 
compressed and ignited by the ignition device shown 
on the right in Fig. 2, and also visible in Fig. 3. This 
consists of a spring-controlled plunger, which rises 
when the pressure in the combustion chamber reaches 
a predetermined value and closes the primary circuit 
of an induction coil, the secondary of which is connected 
to two sparking plugs fitted in the hemispherical head 
of the combustion chamber. The firing of the charge 
produces a pressure, in the case of the experimental 
installation, of about 80 lb. per square inch in the 
combustion chamber when pumping against a 20 foot 
head, and forces the water along the play pipe into 
the air vessel, previously mentioned. 

The movement of the water immediately closes the 
gas-admission valve through the action of the paddle, 
and, owing to the inertia of the water, the pressure 
falls considerably below that of the atmosphere, so 
that water enters through the valves in the suction 
box, the quantity thus entering being the amount 
delivered per cycle. This effect may be usefully 
applied to suction lift. It should, perhaps, be 
pointed out here that, although the exhaust valve 
opens as the water level in the combustion chamber 
falls, a non-return valve in the exhaust box prevents 
air from entering and breaking the vacuum. As the 
pressure in the air vessel rises, the flow in the play 
pipe ceases and then recommences in the opposite 
direction. The return flow acting on the paddle, the 
movement of which is assisted by an adjustable spring, 
opens the admission valve, and the mixture is admitted 
while the burnt gases are being exhausted, as already 
explained, the cycle continuing indefinitely. In first 
| starting up the experimental pump, a charge is forced 
|into the combustion chamber by the compressors and 
|fired by operating the ignition device by hand, 
| the exhaust valve being also held closed during the 
|operation. Special starting arrangements would, of 
| course, be provided in an actual installation, depending 
| upon the size of the pumps and the operating conditions. 
| We recently had an opportunity of seeing the experi- 
| mental installation in operation at Messrs. Hodges 

Brothers’ works. The pump worked satisfactorily with 
Fig. 3. pressures in the air vessel corresponding to delivery 

heads of 15 ft., 20 ft., and 30 ft., the pump making 

cycle pump, in comparison with one operating on the | 19}, 26, and 33 strokes per minute at these heads, 
four-stroke cycle, it may be mentioned, is that, in| respectively. No very elaborate testing arrangements 
the former, a purer mixture can be obtained, since the| were available, but we noted that, when working 
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against a head of 20 ft., measured by the pressure in 
the air vessel, the gas consumption was 3-61 cub. ft. 
per minute, with a delivery of 11 in. over the 90-deg. 
notch. This corresponds, roughly, to a water horse- 
power of 4-53 and a thermal efficiency of the order of 
11-2 per cent. Obviously, this relatively low figure 
would be materially improved upon in a larger instal- 
lation having an open delivery tower in place of the 
closed air vessel and larger waterways, we are 
informed, indeed, that since our inspection the 
thermal efficiency figure has been raised to over 
14 per cent. by tuning up alone. The thermal effi- 
ciency of the larger Chingford pumps, it may be 
remembered, was over 22 per cent., and there seems, 
therefore, to be no obvious reason why a two- 
cycle installation of equal capacity, working under 
similar conditions, should not be designed to have an 
efficiency of a somewhat similar order. It is claimed 
that the two-cycle pump described above can be 
designed to work against a total head up to about 
40 ft., including a suction lift up to 10 ft. without 
additional complications of any kind. 








THE DESIGN AND RESULTS OF A 
600 LB. PER SQ. IN. BOILER IN- 
STALLATION.* 

By Witt1am NITHSDALE. 


Hiauer pressures for steam generation have not, 
perhaps, been so rapidly adopted in Britain as in other 
countries, but on land there is now an increasing 
tendency towards them. An endeavour will be made 
to discuss some points in the design of a high-pressure 
boiler plant, with special application to a land installa- 
tion which has been in commercial operation for some 
time in Britain, the steam-raising parts only being 
dealt with. The main boiler safety-valves are set to 
lift at 600 lb. per square inch, while the actual working 
pressure is 575 lb. per square inch gauge. The plant 
comprises two complete steam-generating units de- 
signed and constructed by Messrs. Yarrow and installed 
at the works of the Castner-Kellner Alkali Company, 
Runcorn, a subsidiary company of Imperial Chemical 
Industries. The first was put on load‘in May, 1928, 
the second following two months later. The whole 
design was evolved under the supervision of the 
engineers of Imperial Chemical Industries and Dr. P. T. 
Petrie, Chief Engineer of the Manchester Steam 
Users’ Association, whose staff had the survey under 
their care. 

It will be desirable to begin at the proposal stage, 
when careful study of the particular power require- 
ments, which gave rise to a high load factor, decided 
the company to adopt the following performance for 
each unit :—Normal evaporation, 61,500 lb. per hour ; 
overload evaporation, 77,000 lb. per hour; steam 
temperature, 780 deg. F. maximum ; working pressure 
(gauge), 575 lb. per square inch; feed-temperature, 
225 deg. F.; fuel, coal; calorific value of fuel, 10,000 
B.Th.U. per lb. Stoker firing was most readily adapt- 
able to the conditions obtaining at the works, but ade- 
quate height was allowed for an extension of the 
combustion chambers downwards should a change to 
pulverised-fuel firing prove desirable later. Better 
coal, having a minimum calorific value of 11,500 B.Th.U. 
per lb. with 25 per cent. of volatiles, and a maximum 
of 15 per cent. moisture and 15 per cent. ash, was 
likely to be available under ordinary conditions, but 
the performance was to be based on the poorer quality 
stated above. 

The overall design called for exhaustive study in 
arriving at the most commercially economical combina- 
tion of surfaces to give a low leaving temperature for 
the flue gases. Compared with 200 lb. per square inch 
working pressure, where the saturation temperature is 
about 388 deg. F., the higher pressure of 575 Ib. corre- 
sponds to a fluid temperature of 486 deg. F., which is 
nearly 100 deg. F. higher, and adverse to heat transfer 
as the mean temperature difference between the gases 
and water is reduced. In low-pressure work, 550 deg. 
F. is a common temperature of exit of the gases at 
ordinary ratings (for 200 lb. per square inch this is 
162 deg. F. above the saturation temperature), but it 
becomes an impossible figure at higher pressures, and 
above 1,000 lb. per square inch the saturation tempera- 
ture itself exceeds 550 deg. F. For a given rating, a 
boiler surface at 200 lb. per square inch pressure can 
be expected to reduce the temperature of the gases 
more than the same surface at 575 lb. per square inch ; 
in other words, the high-pressure boiler has to be of 
larger surface to give the same exit temperature. This 
is a point to be noted in designing for the highest 
efficiencies when it is considered that about 30 deg. F., 
or 35 deg. F. gas temperature represents roughly 1 per 
cent. efficiency in a coal-burning boiler with reasonably 
good combustion. 





* Paper read before the Institution of Mechanical 
Engineers on Friday, March 21, 1930. Abridged. 


Performance curves of a 200 lb. per square inch 
pressure Yarrow boiler are shown in Fig. 1, deduced 
from various records taken by means of pyrometers 
between the different rows of tubes, and show the fall 
in temperature as the gases traverse the tubes ; the form 
of the boiler and superheater is indicated in Fig. 1, a. 
It is probable that nearly half the total heat transfer 
takes place in the first two rows of tubes bordering the 
combustion chamber of such a boiler, by direct radia- 
tion from the furnace. From the preceding paragraph 
it follows that these curves could not apply as they 
stand for 575 lb. per square inch pressure, but they 
may be sufficiently accurate for higher pressures up 
to 600 lb. per square inch if the ordinates are increased 
by the amount the saturation temperature increases. 
In the boiler from which these records were taken, the 
ratio of radiant to convection surface differed somewhat 





from the high-pressure surfaces under review. 

The CO, percentage realised in flue gases has an, 
important bearing on performance, particularly where 
a large proportion of the heating surface is susceptible | 
to radiant heat. If a design is based on giving certain 
results with 12 per cent. of COg, realisation of 13 per 
cent. means less excess air, less weight of gas and a 
higher initial furnace temperature. The heat absorption 


mechanical stoker. Combinations of economiser and 
air-heater are frequently used when a low chimney 
temperature is required. : 
In the plant under review, a final temperature 
of 275 deg. F. for the gases was aimed at with 
economiser and air-heater in series. The surfaces 
were proportioned to give the desired result on a sound 
economic basis, different ratios of surfaces of economiser 
to air-heater being tried, and that which gave the 
required performance at lowest cost being adopted. 
As the plant had to be housed in an existing 
building, limitation was imposed on the construction 
of the various parts. It was also requisite that the 
gas-flow should be arranged to suit a special lay-out 
of flues. These conditions were met successfully. 
The arrangement of a unit is shown in Figs. 2 and 3, 
on the opposite page. A unit comprises boiler with 
integral superheater, superposed economiser, super- 
posed air-heater, and mechanical stoker. Forced and 
induced-draught fans are fitted, so that the furnace 
operates under balanced draught. The boiler is of the 
single-flow type, in which all the gases pass the satura- 
ted-steam drum at the front, the superheater being 
situated between two nests of generating tubes in such 
a position that the fluctuation in steam temperature 
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by radiation is more. effective, in view of the higher | 

temperature, and the ultimate result is a lower gas 


| at varying loads is a minimum. The generating tubes 


at the back of the boiler act as a water-screen for the 
absorption of radiant heat only. All the boiler tubes 
are well inclined, those which are in the nests adjoining 
the fire, and in which the greatest heat transfer takes 
place, are nearly vertical and well drowned. 

In the superheater also, the tubes are steeply inclined 
and self-draining, whilst the large integral drum acts 
as a steam-receiver. The gases flow straight across 
the boiler, and then upwards round the vertical steel 
tubes of the economiser, as indicated by the arrows. 


| Deflectors, which can be rotated to dislodge flue dust, 
|are provided in the economiser. The air-heater is 
| provided with vertical tubes, and is in two sections, the 
| gas passage being downwards through the tubes in the 
| first section and upwards in the second section. The 


gases are finally discharged to a common horizontal 
main flue, which passes along the top of the wall at the 
back of the boiler-house. Cold air from the forced- 
draught fan enters the air-heater at the rear of the 
plant, passing round the outside of the tubes, as 
indicated in Fig. 4, and through the hot-air trunks to 
the grate. One twin stoker is installed, and the furnace 
arches are of the double suspension type. Vigorous 
circulation of the water is maintained in each bank 
of boiler tubes, due to the temperature difference of 
the gases entering and leaving. Circulation is free 
and independent in each bank. A large proportion 
of the heating surface is exposed to the direct radiation 
of the furnace. 

It may be mentioned that all parts subjected to 


|internal pressure are cylindrical in section. The 
combustion chamber is large. 


For inspection and 
cleaning it is only necessary to remove the manhole 
doors to gain access to the drums. The saturated- 
steam drum, from which most inspection and cleaning 
can be carried out, is of large diameter. The tubes are 
all straight. 

The principai particulars of a unit are as follows :— 


Generating heating surface 10,500 sq. ft. 
Superheater os * ‘ii 3,250 —=sé,, 
Air-heater = a 12,050 _—sé«,, 
Economiser * Sy | «6,800 ss 
Grate area na 324 


Combustion-chamber volume sas 4,330 cub. ft. 


temperature at the boiler exit. This decrease in gas; The boiler, superheater and economiser are supported 
temperature may be in the region of 25 deg. F. or} on steel columns and girders, cast-iron or steel stools 
more for each 1 per cent. the CO, is increased above | bolted to girders being placed under the saturated- 
12 per cent. up to, say, 14 per cent., and conversely | steam, economiser and superheater drums. The nests 
if the CO, is allowed to fall to 10 per cent. instead of | of boiler tubes are free to expand longitudinally from 
a projected 12 per cent., the gases may be expected | the saturated-steam drum which supports them. The 
to leave at a temperature 50 deg. F. higher. The| whole unit is completely steel cased, thereby ensuring 
foregoing observations are based on an ideal CO, of | airtightness throughout. The casing is lined with 
18-5 per cent. asbestos and brickwork at the hottest parts, and 

It was decided that the exit temperature of the | lagged efficiently near the air-heater. The hot-air 
flue gases should be 600 deg. F. on a CO, content of | trunks are also lagged. Flue dust is removed from the 
12 per cent., but, to give a margin, the figure was taken | hoppers below the air-heater by screw conveyors driven 
as 650 deg. F. and the area of the other heat-extracting | by chains, and is discharged through pipes to an ash 
surfaces calculated accordingly. The design of the| trough in the basement. : 
superheater was more straightforward, being compar-| The boiler drums were machined from hollow forgings 
able with low-pressure work. Special heat-resisting | manufactured by Messrs. John Brown and Company. 
tubes were not obtainable in 1927, and with the The ends only of the drums are riveted. The forgings 
quality of steel then available it was considered advis-| are of Siemens-Martin acid open-hearth mild steel, 
able to limit the maximum (overload) temperature of | having an ultimate tensile strength of 26-30 tons per 
the steam to 780 deg. F. | square inch. The elongation on a standard test-piece 

Economisers are subject to convection heat only, | having a gauge length of 2 in. and 0-564 in. diameter 
and give the best results when the temperature differ- | was specified to be not less than 31 per cent. for 26 tons 
ence between gases and water is high. oripenngred per square inch, and not less than 27 per cent. for 
also are subject to convection heat only, but can be| 30 tons per square inch, with corresponding a 
designed on the contraflow principle to give low gas | tions for intermediate limits. Details of the complete 
temperatures at exit, because the temperature of the | drums are given in Table I, on page 406. * 
entering air is but little more than atmospheric. A} The thickness of the saturated-steam drum shell is 
large drop, however, in the temperature of the gases | 3% inches. The drums were all hydraulically yee 
through an air-heater produces high air temperatures | to about 860 Ib. per square inch before the tube holes 
which are deleterious to the cast-iron firebars of a| were bored. 
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The boiler tubes are 1? in. external diameter, the 
two fire rows on each side of the furnace being No. 7 
L.S.G. (0-176 in.) thick, and the other rows No. 8 
L.S.G. (0-:160 in.) thick. Their ductility, limit dimen- 
sions and hydraulic tests (1,000 lb. per square inch) 
were in conformity with the standard conditions for 
the design and construction of water-tube marine 
boilers issued by the Board of Trade in 1923. The 
stress in the fire-row tubes when the boiler is carryin, 
a pressure of 600 lb. per square inch, is about 2,400 Ib. 
per square inch, and in the other rows about 2,700 Ib. 

r square inch. These stresses are low, and give 


drums in the usual way, and, the ends bell-mouthed, 


more to give a good entrance for the water to the 


tube than from considerations of strength. 


Steam is led from the saturated-steam drum through 
a steam-pipe, 6 in. bore, and enters the superheater 


pass, having steam at 780 deg. F. inside and still hotter 
gases outside, are very likely to approach a tempera- 
ture of about 850 deg. F., when the elastic limit of the 
material may be little over 4 tons per square inch. 
Thus, the true factor of safety based on the elastic 


drum at one end. By means of trough divisions in | limit is reduced to about 4, instead of 19-5 previously 
the drum, the steam is made to flow several times | mentioned. 


round the U-tubes before leaving the superheater at | 
the other end. The construction and materials used | construction. 


High pressures call for the use of steel in economiser 
This raises the question of feed-water. 


in manufacturing the superheater are similar to those | The Alkali Company removed anxiety by using only 


of the boiler. The superheater tubes are 1} in. external | disti 7 <e- 
diameter, and No. 11 L.S.G. (0-116 pay oe For caine ch ik comoaaen ae 





high factors of safety, the minimum tensile strength 


600 Ib. per square inch pressure, the stress is approxi- 


HIGH-PRESSURE BOILER INSTALLATION. 
OUTPUT =75,000LB. STEAM PER HOUR. PRESSURE-600 LB. PER SQ.INCH. STEAM TEMPERATURE=750°F, 


Fig. 2. 
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of the steel being not under 20 tons per square inch. 
It is important in high-pressure boiler work that the 
tubes should be as thin as possible, due regard being 
paid to the stress to be carried. If a tube is only 


TABLE I.—Details of Boiler Drums. 





; Circular Joint | Mini- 
| Paloma Finished| Efficient, per cent.| mum 








Pa | + | Weight, Factor 
| Inches. | Tons. of 
| Plate. | Rivet. | Safety. 
Saturated- 
steam-cdici | 0. .s ' as 
Snes beaks | 50 20-41 70-2 66-64 | 4-32 
m e ° . . 
oan tront’| 38 | 10-76 | 71-7 | 66-5 | 4-43 
water-drum . . . 
aah | 23 3-76 | 65-7 52 5-6 
drum ich, ae 4-37 65-7 52 4-6 
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ey tins 900 deg. F. may cause failure. The tubes 
‘roughout the plant are of cold solid-drawn 
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mately 2,300 lb. per square inch, which gives a safety 
factor (cold conditions) of about 19-5, the minimum 
tensile strength being taken at the low figure of 20 tons 
per square inch. The superheater is readily accessible 
and self-draining. Four rows of boiler tubes, fairly 
widely pitched, partially screen the superheater tubes 
from the furnace. 

It is essential that a low stress for superheater tubes 
should be preserved. Recent research has shown that, 
whilst adequate strength is retained in ordinary mild 
steel up to about 750 deg. F., in the region of 850 deg. F. 
there is a serious lowering of strength, which rapidly 
falls away with still higher temperatures. At 850 deg. 
F., the ultimate strength is roughly one-half the value 
at atmospheric temperature, and the elastic limit 
falls to only one-third of its value when the metal 
is cold. The limiting creep stress is higher than the 
yield-point at temperatures below 850 deg. F., but 
above this figure creep must be considered. In de- 
signing superheater scantlings, the controlling con- 
ditions are: Elastic limit up to 850 deg. F.; and 
limiting creep stress above 850 deg. F. In the 
plant under review, the superheater tubes in the last 


As a further 
| precaution, special economiser tubes were obtained of 
| non-corrodible steel made to British Standard Specifi- 
| cation No. 53, and tested hydraulically to 1,000 1b. per 
square inch. The life of these tubes is claimed to be 
| three to five times that of ordinary steel, and com- 
| parative tests, made by placing similar tube samples 
| side by side for twenty-eight days in a 5 per cent. 
| solution of sulphuric acid, showed a loss in weight, in 
| grammes per square centimetre of exposed surface, of 
| 0-049 in the case of non-corrodible steel and 0-243 for 
| ordinary steel. The tubes are 2 in. external diameter 
| and No. 6 L.S.G. (0-192-in.) thick. The construction 
of the economiser is similar to that of the boiler. The 
| dveomia are each 38 in. in diameter, about 12 tons in 
weight, and have a minimum factor of safety of 4-8. 
| Feed-water enters the economiser at one end of the top 
| drum and leaves at the other end of the same drum, 
| there being no internal divisions. 
| The manhole doors are jointed with ordinary high- 
| quality asbestos composition. These are the only 
| bolted joints in the whole of the parts subjected to 
| pressure. The air-heater is built up of tubes of 2} in. 
external diameter, No. 14 L.S.G. (0:08 in.) thick, 
| expanded at each end into tube plates. The gases 
| flow through the tubes and the air round the outside 
| of the tubes. The stoker is the Underfeed Company’s 
|louvre type, 17 ft. 6 in. wide by 18 ft. 6 in. long, 
arranged as a twin grate, with separate air compart- 
ments enabling the distribution to the different sec- 
tions of the grate to be varied at will. Each grate 
has a separate electric motor and driving mechanism. 
Davidson’s Sirocco type fans are installed, motor 
driven, the forced draught being of the double-inlet 
and the induced draught of single-inlet form. 

The principal mountings on this plant are :—One 
1}-in. pilot valve with whistle alarm on saturated-steam 
drum ; one 2}-in. double-spring safety valve on super- 
heater outlet ; one 2}-in. double-spring safety valve on 
saturated-steam drum; and two 2-in. singlespring safety 
valves on economiser. There is one 6-in. bore parallel- 
slide stop valve, and three 1}-in. parallel-slide blow-off 
valves. The feed check valves are 3-in. bore. These 
valves are of Hopkinson manufacture. The water 
gauges are -in. bore, with 19-in. water-level indicators, 
and were made by Messrs. Dewrance. 

Each unit has two Parry soot-blowers, one in each 
side furnace wall, which take steam from the saturated- 
steam drum through a separate 2-in. bore connection, 
one Copes feed-water regulator, and a complete set of 
measuring and' recording instruments. The mountings 





| are attached direct to the drums by studs, the drums 


being faced to receive the flanges. A serrated nickel- 
steel ring, }-in. thick and having 14 serrations per inch 
of width, is placed between each valve flange, and the 
drum face inside the stud circle. The pipe has a 
screwed flange, with the addition of a “‘V”’ weld at 
the face of the joint. All pipe joints are made in the 
same way. 

The principal particulars of the designed performance 
of a unit are given together with the actual working 
results in Table II, on page 408. The overload eva- 
poration is about 77,000 lb. per hour. The fans have 
ample overload capacity. The pressures, in lb. per 
sq. in., at which the safety-valves were originally set 
to lift were as follows :— 


Pilot valve on saturated-steam drum 580 
Main valves on superheater drum ... 595 
Main valves on saturated-steam drum 600 
Economiser relief valves wid . 610 


These proved for convenience in operation to be 
too close to the working pressure, the margin being 
hardly sufficient to keep the valves tight under run- 
ning conditions, and, in consequence, the settings were 
all made 10 Ib. per square inch higher than those stated 
above. The speed of the steam through the super- 
heater, viz., 32 ft. and 35 ft. per second, may be con- 
sidered to be rather low, but a high steam velocity 
necessarily involves a large pressure drop. The object 
of the pilot-valve alarm is to give warning well 
before the main safety-valve blow-off pressure is 
approached, and so to avoid the main valves lifting 
other than in exceptional instances. Below the pilot 
valve is asmall forged-steel stop-valve, which can be 
shut if the pilot valve gets cut by the high-pressure 
steam, and needs repair, a spare pilot valve being 
carried. 

As to performance, the Alkali Company have very 
kindly supplied results taken from under ordinary 
running conditions by their own staff long after the 
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plant was taken over. These, it is thought, are of 
more value, and will be of greater interest than trial 
results. This plant has to operate for long periods 
continuously day and night, and the actual results 
given in Table II are the user’s averages of typical 
observations for a week about the middle of a usual 
steaming period. Ultimate analyses of coal from the 
dump gave 3-5 to 3-75 per cent. hydrogen present. 

TaBLe Il.—Designed Performance and Working Results. 


| As 
ok : Actual. | Designed 





Evaporation per hour, lb. ; ee ..| 61,000 | 61,500 


Air pressure, forced-draught fan discharge, | 

in. of water .. =r i aK --| 3°36 
Air pressure, stoker wind-boxes, in. of water) 0-69 | — 
Induced-draught fan suction inlet,in. of water} 1-90 | 


Working pressure, lb. per sq. in. = .-|. 652 575 
Steam temperature, deg. Fahr. $5 .-| 775 | 750 
Feed temperature, deg. Fahr.. . * ..| 241 | — 
Coal burned per hour, Ib. es es .-| 7,150 8,910 
CO? at air-heater exit, per cent. = cal ae 12 
Temp. of gases leaving boiler, deg. Fahr. ..; 650 | 600 
Temp. of gases leaving economiser, deg. F...| 465 | 466 
Temp. of gases leaving air-heater, deg. F. ..; 295 | 275 
Temp. of air entering air-heater, deg. F. ..| 70 60 
Temp. of air leaving air-heater, deg. F. -.| 251 | 270 
Temp. of air at stoker wind-boxes, deg. F. ..| 251 _ 
Temp. of feed entering economisers, deg. F... | 241 225 
Temp. of teed leaving economisers, deg. F...| 316 | 315 
| 


Suction in furnace, in. of water - .-| 0-09 | — 
Forced-draught fan motor input, kw.-hrs. ..| 26:5 | — 
Induced-draught fan motor input, kw.-hrs,.. 29 _- 
Riddlings per hour, Ibs. : 20 -- 


Calorific value of riddlings, B.Th.U. per Ib...} 3,380 
Ashes per hour, Ib ve - i aS 

Carbon in ash, per cent. - Pa ie 15 — 
Calorific value of coal (gross), B.Th.U. per lb.| 12,020 | 10,000 
Coal analysis :— 





Ash, per cent. we 8-3 _— 
Moisture, per cent. 8-8 — 
Volatile matter 29-0 -~ 
Fixed carbon, per cent. 53-9 -—- 








These results were taken at a load very close to the 
designed normal, the working pressure being on the 
low side. The CO, percentage is low at the air-heater 
exit, and probably was not much higher in the furnace, 
as the whole plant is steel-cased. An exit gas tempera- 
ture of 650 deg. F. shows that the conjectures made 
in calculating boiler surfaces were not far out. The rise 
in feed temperature through the economiser is less than 
anticipated, but the inlet temperature of the water 
is appreciably higher than allowed for. In the air- 
heater the rise in air temperature/drop in gas tem- 
perature ratio corresponds to the designed figure, 
although the performance is rather less. This is 
explained partly by the higher air temperature at | 
entrance and partly by the lower CO, percentage, the | 
latter involving a larger weight of gas and air flowing | 
through the heater, and having the same effect as 
reducing the surface. The quality of the coal is | 
better than the basis. The amount of riddlings is so 
small that it may be neglected. From the above | 
tigures, the following may be deduced, taking the specific | 
heat of dry flue gases as 0-248, the percentage of 
hydrogen in the coal as 3-5 and the ideal CO, per- | 
centage as 18-5:— 





Approximate | 
Percentage. | 
Heat realised in steam ie ais 83-8 
» lost due tofree H,Oincoal ... 0-9 
9 »»  unburnt carbon in ash 1-9 
» in dry gases oat ane 6-8 
» 9» moisture formed from hy- 
drogen in coal ... sas 3-0 
Radiation and unaccounted for ae 3-6 
100-0 


The actual and designed rates of heat transfer are 
as given in Table IT. 
TABLE III.—Rates of Heat Transfer. 
= . As 
Actual. | Designed 
' 


B.Th.U. per sq. ft. economiser surface per hr.| 835 | 1,000 
> +» generator s = 5,450 5,500 
»» Superheater s 


3,100 | 3,000 


while the rise in feed tem erature/drop in gas tempera- 
ture ratio is 0-405 for the economiser, and the rise in 
air temperature/drop in gas temperature ratio is 
1-06 for the air-heater. The loss due to unburnt 
carbon in the ash is high, and was probably occa- 
sioned by the fire being carried rather far down 
the grate. The overall efficiency on the gross 
calorific value of the coal as fired is 83-8 per cent., 
and corresponds to the gross overall efficiency as 
defined in the latest Heat Engine Trials Com- 
mittee Report of the Inst. C.E. dated 1927. The) 
designed figure is (on the gross calorific value of the | 
coal) 82-5 per cent. The power absorbed by the | 
stoker motors was not measured. Adding an outside | 
figure of 2-5 kw.-hours for the stoker drive to the power | 
consumption of the fans, and assuming 15,000 B.Th.U. 





are taken per kw.-hour, the heat absorbed by these 
auxiliaries amounts to about 1 per cent. of the total 
released in the furnace. The net overall efficiency on 
the gross calorific value of the coal, debiting the power 
absorbed by the fans, is therefore, 82-8 per cent. 

The overall efficiency based on the net or lower 
calorific value of the coal as defined in the Inst. C.E. 
code of 1913, is 87 per cent. (with 3-5 per cent. of 
hydrogen), which is 1 per cent. higher than the 
guarantee. This figure does not take into account the 
power absorbed by the fans. It is difficult to say 
exactly how much of the 83-8 per cent. gross overall 
efficiency is due to the air-heater, as the latter forms 
part of the combustion cycle, and is not a direct absorber 
of useful heat. Assuming, however, that without the 
air-heater the gases left at the present economiser 
exit temperature, the additional heat loss in dry gases, 
in free moisture, and in moisture due to hydrogen 
would amount to about 5 of the 83-8 per cent. ; that is 
the gross overall efficiency would be reduced to 78-8 per 
cent. There would be less fan power, but in all likeli- 
hood a lower percentage of CO, would result, combined 
with a relatively higher exit temperature. The satis- 
factory efficiency maintained in service with the fairly 
low percentage of CO, shown in these results shows that 
the plant has a reasonable performance margin in 
hand. The boiler-house engineers say that the plant 
is just as easy to run as their low-pressure boilers. 

Priming had been suggested as a possible source of 
anxiety, it being argued that because of the lower 
density difference between water and steam at higher 
pressures, more water would be carried over by the 
steam. Experience does not bear this out, as many 
boilers of similar form work satisfactorily in the Navy 
at rates of evaporation up to 24 lb. of water per square 
foot of surface, three or four times the rate usual in land 
practice. At the same time, it is probable that very 
quick changes in load should, where possible, be avoided 
in the operation of any high-pressure boiler. To keep 
thicknesses within reasonable limits, the tendency is 
to have smaller steam-drums, and this is, in part, 
justified by the lower specific volume of high-pressure 
steam. When a boiler is steaming at a high rate, a 
good proportion of the water volume in the saturated- 
steam drum is taken up by steam bubbles which con- 
tract rapidly and cause the water level to fall if the 
output is reduced. If the volume of water is then 
increased by opening the feed regulators wide, and this 
is followed by rapid steam-raising, raising the water 
level still further, there is risk of the steam becoming 
unduly wet for a brief interval until the water resumes 
its proper level. Other causes of priming, apart from 
the presence of water containing oil or soapy impurities, 
can usually be traced to the design of a boiler. For 
instance, a boiler with several saturated-steam drums 
is liable to prime at times when the load is changing, 
due to slight pressure differences arising between the 
drums. Varying areas in the water path, giving rise to 
different velocities during circulation, are other possible 
causes. 

It might be said that boiler drums with both longi- 
tudinal and circumferential seams riveted are suitable 
for pressures up to 450 lb. per square inch, and that 
forged drums with riveted ends are suitable up to 650 Ib. 


| per square inch, while above 650 lb. per square inch 


it would appear best that drums should be entirely 


| forged. Intermediate circumferential seams should be 


avoided, irrespective of pressure. The number of 
bolted joints should be kept down to a minimum. 
Only the very highest class of workmanship can 
safely be accepted, and any riveting should, where 
possible, be hydraulic. Up to 1,200 Ib. to 1,400 Ib. per 
square inch, high pressures present little difficulty, 
and steel-makers are now producing forged drums 
having an ultimate strength of 34 to 38 tons per 
square inch, which are specially suitable for high- 
pressure work. A steam temperature of well over 
800 deg. F. has been recorded occasionally at Runcorn, 
but concern is felt for ordinary commercial steels at 
much above this temperature, in view of the lowering 
of strength which oceurs at about 850 deg. and above. 
For steam temperatures above 800 deg. F., cial 
alloy-steel superheater tubes are recommended for the 
last passes, and suitable tubes of chrome-nickel steel 
are becoming procurable. 

Pressure imposes no reasonable limit on the possible 
size of a steam generator, due to the development of 
solid-forged drums by steel manufacturers, and a unit 
has been designed for an output of 250,000 Ib. per hour 
at a pressure of 800 lb. per square inch pressure and a 
steam temperature of 800 deg. F. 








CHINESE REQUIREMENTS IN Motor VEHICLES.—The 
market for motor vehicles in China forms the subject of 
a short confidential memorandum recently drawn up by 
the Department of Overseas Trade. United Kingdom 
firms desirous of receiving a copy of the memorandum 
should communicate with the Basten at 35, Old 
Queen-street, London, S.W.1, quoting Reference No. A.X. 
9227. 





4-4-0-TYPE ‘‘V’’ CLASS PASSENGER 
LOCOMOTIVE FOR THE SOU1HERN 
RAILWAY. 


Tue illustrations Figs. 1, 2 and 3, on page 412, show 
the first example of a new class of three-cylinder pas- 
senger engines, which will be the most powerful 4-4.() 
type locomotives in this country. The engine, officially 
described as E.900, of the “ V” class, is one of ten 
under construction at the Eastleigh Works of the 
Southern Railway to the designs of Mr. R. EF. L, 
Maunsell, the Chief Mechanical Engineer of the 
Company. As will be seen from the photograph repro. 
duced in Fig. 1, the engine is named Eton, the whole 
ten eventually bearing the names of the best-known 
public schools in the Southern Counties. A noticeable 
feature in the figure is the straight run of the boiler 
barrel from the smoke-box to the cab, this being due 
to the adoption of a round top firebox, instead of one 
of the Belpaire type, from considerations of weight. 
This does not imply any deficiency of furnace capacity, 
the grate area is, as a matter of fact, 28-3 sq. ft., while 
the boiler generally is similar to those of the King 
Arthur class, though it has a shorter barrel. The 
working pressure is 220 lb. per square inch. The 
roof of the cab almost follows the curvature of the 
boiler shell, and its sides are sloped inwards at the 
‘top, as are those of the tender, not only to permit 
service within the composite loading gauge of the 
Southern Railway, but to enable the engines to be 
used on portions of the line where the loading gauge is 
more restricted. The boiler contour allows a good 
look-out for the driver, the front window on his side 
being, moreover, provided with wipers. 

There are three cylinders, all 16} in. in diameter 
by 26 in. stroke, having piston valves 8 in. in diameter, 
actuated by Walschaert gear. The crank axle is of 
the single-throw built-up type. Generally, the engine 
is built up of standard parts, the cylinders, motion, 
bogie and so forth being virtually duplicates of those 
parts in the Lord Nelson class. The driving wheel 
base is 10 ft., the coupled wheels being 6 ft. 7 in. in 
diameter. The bogie has 3-ft. l-in. wheels and a 
7-ft. 6-in. wheelbase. The boiler has a diameter of 
5 ft. 53 in. at the largest ring, and a barrel 11 ft. 9 in. 
long, with a length between tube plates of 12 ft. 24 in. 
The firebox shell is 4 ft. 0} in. wide outside at the foun- 
dation ring, and is 9 ft. long. The plain tubes are of 
13-in. external diameter, and the superheater tubes are 
5}-in. in external diameter, the superheater elements 
being of 13; in. bore. The cab and foot-plate are 
modelled on those of the Lord Nelson, while the tender 
is one of the latest 4,000-gallon standard design with- 
out a well, and having a coal capacity of 5 tons. It 
has six wheels with a wheelbase of 13 ft. 

We tabulate some further leading particulars below:— 

Tube heating surface -- 1,604 sq. ft. 

Firebox heating surface. ... rae 163; 

Total heating surface ... 1,766 sq. ft. 

Superheating surface nee Ae 283 

Weight, in working order, on bogie 25 tons 2 ewt. 


On: 
coupled wheels 42 ,, 0 ., 


Weight, in working order, total OY ype ss 
Weight, light, total re sei Oe ng, BOG; 
Tractive effort at 85 per cent. of 

boiler pressure ... ie ... 25,130 Ib 
Factor of adhesion es one eee 
Weight of tender in working order 42 tons 8 cwt. 


Total weight of engine and tender, 
in working order : .. 109 tons 10 ewt. 
Total weight, light 81 tons 10 ewt. 
Laminated springs are adopted throughout, and hand 
sanding is provided. A vacuum pump, driven off 
the inside crosshead, is used to maintain the brake on 
the train, a vacuum brake cylinder, 30 in. in diameter, 
being fixed under the footplate. The mountings in- 
clude an exhaust-steam injector on the right-hand 
side and a live-steam injector on the left-hand side. 








GERMAN INDUSTRIAL DELEGATION VISIT CHINA. 
We learn from a recent issue of The Chinese Economic 
Bulletin that an important German industrial delegation, 
composed of representatives of the steel, electrical, civil- 
engineering and railway-engineering industries, is to visit 
China to investigate the industrial conditions otf that 
country. The delegation will reach Canton on Ma rch 31, 
and will proceed to Shanghai on April 8. It is anticipated 
that the visit will have an important bearing on luture 
Sino-German industrial relations. 


Tue V.D.F. Stanparp LatHE: Erratum.—In des- 
cribing, on page 341, ante, the lathe shown by Messrs. 
Gebr. Bohringer G.m.b.H. of Géppingen, at the Leipzig 
Fair, we stated that it was manufactured in two 
sizes. We are now informed by Messrs. Vereinigte 
Drehbank-Fabriken, the association of the four firms 


referred to in our article, that it is actually made in 
eight sizes, the maximum turning diameter — 
from 16 in. in the smallest model to 34} in. in the 
largest. Each model is made with various lengtis * 
bed, the smallest machine, for example, being manutac 4 
tured to give lengths from 2 ft. 6 in. to 10 ft. ce 
centres, and the largest to give lengths from © ff. 
33 ft. 4 in. between centres. 
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HIGH-SPEED AIRLESS-INJECTION ENGINES. 


CONSTRUCTED BY MESSRS. MOTORENFABRIK DEUTZ A.-G., 
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AIRLESS-INJECTION ENGINE. 


THE fundamental problem associated with the design 
of small high-speed airless-injection engines lies in 
obtaining effective combustion in the very small time 
available when the engine is running at 1,000 r.p.m. 
rover. There is no doubt that the use of an ante- 
Snmber possesses marked advantages from this point 
ie view, and it is employed by more than one of the 
eading manufacturers of this type of engine on the 


pump. 











ENGINEERS, COLOGNE. 
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stationary work, is illustrated in Figs. 1 to 3, on this 
page. It is made as a four-cylinder or a six-cylinder 
model, the former developing 40 brake horse-power 
at 1,000 r.p.m., and the latter 60 brake horse-power 
at the same speed. Both models operate on the four- 
| stroke cycle, and are generally very similar in con- 
| struction. 

It will be noticed from the view given of the six- 
| cylinder engine, in Fig. 3, that the appearance is very 
similar to a petrol engine of conventional type for road 
vehicles. The outside appearance of the four-cylinder 
model, shown in section in Figs. 1 and 2, is practically 
identical, except as regards the length and the fact that 
the fuel pump is a four-cylinder instead of a six- 
cylinder unit. The general form of the cylinder blocks, 
which are cast in pairs, can be followed without 
| difficulty from the illustrations. It will be noticed 
| from Fig. 2, that the antechamber is formed in the 

detachable head, and that it is separated from the 
|main combustion chamber by a plate, communication 
between the two spaces being effected by a ring of 
horizontal holes above the latter. 

The bolts holding the crankshaft bearing caps 
pass through the frame, the cylinder block, and the 
cylinder head. The explosion pressure is therefore 
taken directly by these bolts, and the cast-iron walls of 
the cylinder block and upper part of the crank case 
are relieved from tension stresses, and can consequently 
be made relatively light. The piston is of ample length, 
and is fitted with five rings at the top. The connecting 
rods are of H section and are bronze bushed at the 
| upper end, where they are free on the gudgeon pins. 

The big ends are split white-metalled bearings of the 
| usual type. The crankshaft is of exceptionally large 
| diameter, and is carried in five bearings. The flywheel 
‘is mounted on a taper, and skew gearing is employed 





Continent. Whether formed in the piston itself, or in | for the drive between the crank and camshaft. The 
the cylinder head, the antechamber ensures effective | camshaft is also carried in five bearings, and is provided 
turbulence of the air into which the fuel is injected, and | with full- and half-compression cams. The latter are 
by rendering a lower injection pressure practicable, | brought into operation by sliding the shaft in the 
simplifies the problem of designing a satisfactory fuel | longitudinal direction, the lever for this purpose being 
One of the latest engines of the antechamber | shown at the left-hand end of the shaft in Fig. 1. At 
type was shown at the recent Leipzig Fair by Messrs. | the opposite end, the splines on the shaft slide through 
Motorenfabrik Deutz A.-G., of Deutz. Cologne. This} the driving pinion. There is one exhaust and one 
engine, which is suitable for marine work, for installa- | inlet valve per cylinder, operated in the usual way 
tion on heavy road vehicles, tractors, and so on, or for | through rocker arms and push rods. The latter pass 
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through vertical passages in the water jacket and are 
therefore completely encased. 

The fuel pumps are grouped in a single block at the 
centre of the engine, as shown in Fig. 3. They are of 
simple design, and consist essentially of a cylinder and 
piston, a suction and a pressure valve. The amount of 
fuel delivered is regulated by means of a variable-lift 
cam, which limits the stroke of the piston according to 
the output of the engine. The cam is either hand or 
governor controlled. There are no parts on the pump 
requiring hand adjustment, and it is claimed that the 
uniform distribution for which they are set before 
leaving the works is maintained over a long period. 
The atomiser is mounted vertically over the ante- 
chamber as shown in Fig. 2, and, during the idle periods, 
is closed by a spring-loaded needle valve which effec- 
tively prevents drip. The main, big-end and small-end 
bearings, and all parts of the valve gear, are lubricated 
on a forced-feed system, the pump being submerged 
in the sump and driven by skew gearing off the centre 
of the camshaft as shown in Figs. 1 and 2. Excess oil 
leaving the bearings is filtered before again passing to 
the pump. The engines are normally started up with 
an electric starter, but may be started by hand in an 
emergency. Two of the cylinders are provided with 
electric heating coils, which are switched on before 
starting the engine from cold, but are not necessary 
for starting up with a warm engine. These coils are 
located in the antechamber, as shown in Fig. 2. The 
engine will run on any of the usual fuels, the consump- 
tion on full load being given as 190 gm. (0-419 Ib.) 
per brake horse-power hour. 








MEETING OF ENGINEERS AND SHIPBUILDERS IN 
HoLianp.—A joint summer meeting of the Institution of 
Engineers and Shipbuilders in Scotland and of the 
North-East Coast Institution of Engineers and Ship- 
builders will be held in Holland from June 21 to 28 
next, Visits will be paid to the Schelde Yard; to 
Middelburg, Veere, and Domburg; to the Zuyder Zee 
works; to Scheveningen, where papers will be read 
and discussed; and to the shipyards and docks of 
Amsterdam and Rotterdam. Detailed programmes will 
be available at a later date. Members are asked to 
acquaint the secretary of their Institution of their inten- 
tion of taking part in the meeting before April 7. The 
offices of the Scottish Institution are at 39, Elmbank- 
crescent, Glasgow, C.2, while those of the North-East 
Coast Institution are at Bolbec Hall, Westgate-road, 
Newcastle-on-Tyne. 





ContTracts.—Among other recent orders received by 
Messrs. Underfeed Stoker Company, Limited, Africa 
House, Kingsway, London, W.C.2, are complete ash 
sluicing plants for the Ipswich Corporation, the Battersea 
power station of the London Power Company, the 
Severn Power station, Stourport, of Messrs. Shropshire, 
Worcestershire, and Staffordshire Electric Power Com- 
pany, Limited, and the Kemsley paper mills, Sitting- 
bourne, of Messrs. E. Lloyd and Company, Limited.— 
Messrs. Electric Furnace Company, Limited, 17, Victoria 
Street, London, 8.W.1, have just received an order for 
an Ajax-Northrup high-frequency furnace, of 25-cwt. 
capacity, from a French steelworks, This furnace will 
have an output of over 1 ton per hour. The same firm 
has also received orders for a 34-ton Héroult furnace 
for Spain, and for 64 tube heaters and 24 frame heaters 
for a French firm. Recent orders for Ajax-Wyatt 
furnaces include three furnaces of 24-cwt. capacity 
and a battery of six furnaces in another works.—As 
reported in our columns last week a contract for a new 
electrically-propelled passenger liner has been placed by 
Messrs. Furness, Withy and Company, Limited, London, 
with Messrs. Vickers-Armstrongs Limited,; The vessel 
will be 576 ft. in length and 76 ft. 6 in. in breadth, and 
is designed to accommodate 850 first-class passengers, 
She will have a gross tonnage of 23,000. The electrical 
machinery and control gear is being manufactured by 
Messrs. The General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2, the turbo-alternators 
being of G.E.C,-Fraser and Chalmers construction— 
With the completion of the scheme of reorganisation 
of the firm of Messrs. Clayton and Shuttleworth, 
Limited, Carr House Works, Gainsborough, Lincoln- 
shire, important orders have been secured for a large 
number of their new combined harvester thrashers for the 
South American market, and for Bruiser thrashers for 
Italy, Greece, and Portugal.—As agents for Messrs. 
The English Electric Company, Limited, London, W.C.2. 
the contract has been placed with Messrs. Siemens 
(Aust.) Pty., Limited, by the Hydro-Electric Depart- 
ment, Tasmania, for the water-driven turbo units and 
automatic switchgear for the Shannon river power 
station. The new station will contain two 7,250-h.p. 
reaction turbines direct-coupled to three-phase alter- 
nators. The water turbines and alternators will be 
of English Electric design and will be manufactured, 
partly at the English Electric Works in England, and 
partly by the Clyde Engineering Company, Limited, 
Sydney. The switchgear will be designed and manu- 
factured by the English Electric Company at their 
Stafford Works.—Among recent orders received by 
Messrs. The Parsons Oil Engine Company, Limited, 
Town Quay Works, Southampton, are two 75-kw. 
emergency sets for P. & O. ships building by Messrs. 
Vickers-Armstrongs Limited; four marine-engine sets 
for 30-ft. motor boats for the Admiralty, and two of 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 

ossessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Cast-Iron Water Pipes, &c.—The supply and delivery 
of circulating water cast-iron spray pipes, headers, valves 
and spray nozzles. Also the erection, laying and jointing 
of these materials. The City of Port Elizabeth Electricity 
Department, South Africa; April 24. (Ref. No. A.X. 
9313.) 

Locomotive Boilers and Fireboxes.—The supply of 
20 class ‘“‘ A’? locomotive boilers with copper fireboxes. 
The South African Railways and Harbours Board, 
Johannesburg; May 8. (Ref. No. A.X. 9315.) 

Copper Refinery.—The construction of a copper refinery 
at Montreal, Canada is proposed. Plant and equipment 
may, therefore, ba required. (Ref. No. A.X. 9330.) 


Railway Weighbridges.—The supply and delivery of 
one 30-tons’ capacity railway-type weighbridge, with a 
separate quotation for erection. The India Store 
Department, New Delhi; April 10. (Ref. No. A.X. 
9347.) 


Electrical Material—The supply and delivery of 
electric cable and overhead-line material. The Munici- 
pality of Port Elizabeth, South Africa; April 10. (Ref. 
No. B.X. 6282.) 








BOOKS RECEIVED. 


United States Coast and Geodetic Survey. Special Publica- 
tion No. 158. Bilby Steel Tower for Triangulation 
By J. S. Bitsy. Washington: Government Printing 
Office. [Price 15 cents.] 

United States Bureau of Mines. Mineral Resources of 
the United States. I: 5. Chromite in 1928. By L. A. 
SmirH. [Price 5 cents.] II:11. Salt, Bromine, and 
Calcium Chloride in 1928. By A. T. Coons. [Price 
5 cents.] IL:12. Magnesium and its compounds. 
By P. M. Tyter. [Price 5 cents.] Washington: 
Government Printing Office. 

Annual Report of the Director of the Geological Survey 

to the Secretary of the Interior for Fiscal Year ended 

June 30, 1929. Washington: Government Printing 

Office. 

Annual Report of the Director, United States Coast and 
Geodetic Survey, to the Secretary of Commerce for the 
Tviscal year ended June 30, 1929. Washington: Gov- 
ernment Printing Office. [Price 15 cents. ] 

United States Geological Survey. Water Supply Paper 
No. 578. The Mohave Desert Region, California. By 
D. G. THomrson. [Price 2 dols.] No. 598. Geology 
and Ground Water Resources of North Dakota. By 
H. E. Simpson. With a Discussion of the Chemical 
Character of the Water. By H. B. Rirrensure. [Price 
50 cents.] No. 609. Surface Water Supply of the 
United States, 1925. Part II. South Atlantic Slope 
and Eastern Gulf of Mexico Basins. [Price 15 cents.] 
No. 603, 1925. Part III. Ohio River Basin: [Price 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Business is steadily ex- 
panding, last week’s 5s. reduction in Cleveland pig prices 
having drawn buyers to the market. Output is stil] 
rather excessive, but the demand promises shortly to 
increase sufficiently to stop additions to makers’ stocks, 
which are fairly large. Merchants possess little Cleveland 

ig, and facilities for the disposal of their very moderate 
eee are limited by conditions of contracts with 
ironmasters. Several fairly substantial home contracts 
have been made direct with producers, and the export 
trade, after having languished for quite a long time, 
shows signs of revival. Present conditions encourage 
the hope of expansion of business with pig consumers in 
Scotland, who for some time past have been drawing 
considerable supplies from the Continent and from 
India. No. 1 grade of Cleveland is 70s. ; No. 3 g.m.b., 
67s. 6d.; No. 4 foundry, 66s. 6d.; and No. 4 forge, 66s, 


Hematite.—Conditions in the East Coast hematite 
branch of the staple industry continue unsatisfactory 
and discouraging. Producers are burdened with heavy 
and increasing stocks, and the unfavourable statistical 
position is causing grave anxiety. Business is almost 
confined to small sales for home use, export trade being 
quite trifling, owing to the comparative cheapness of 
Continental hematite. Definite market values of East 
Coast brands are not easily ascertained, as there is keen 
competition for orders, and sellers readily fall in with 
offers that come forward. The basis is in the neighbour- 
hood of 76s, for ordinary qualities, but merchants do not 
hesitate to take a little less, and some makers are 
inclined to give favourable consideration to buyers’ 
efforts to negotiate for substantial qualities on lower 
terms, though they declare that cost of production is 
in the neighbourhood of 80s. 


Foreign Ore.—With foreign-ore consumers heavily 
bought and well-stocked, business is at a standstill. 
Nominally best rubio remains at 21s. 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Sellers of Durham blast-furnace 
coke experience difficulty in arranging contracts. Good 
medium qualities are offered freely at 20s., delivered here, 
and consumers claim they can buy at less. 


Manufactured Iron and Steel.—Sales of manufactured 
iron and steel are on only a moderate scale, but quota- 
tions are upheld, and the outlook in one or two depart- 
ments is more hopeful. Vessels building and to be built 
will keep producers of shipbuilding requisites busy for 
some months, and manufacturers of necessities for 
railways have quite a lotof workonhand., Producers of 
bridge-building material are also turning out heavy ton- 
nages. Common iron bars are 10/. 15s. ; best bars, 117. 5s. ; 
double best bars, 111. 15s. ; treble best bars, 12/. 5s. ; 
iron rivets, 11/. 10s.; packing (parallel), 8/.; packing 
(tapered), 107. ; steel billets (soft), 67. 15s. ; steel billets 
(medium), 7/7. 12s. 6d.; steel billets (hard), 8/. 2s. 6d. ; 
steel rivets, 11/. 5s.; steel ship plates, 8/. 15s. ; steel 
angles, 8/. 7s. 6d.; steel joists, 87. 10s.; heavy sections 
of steel rails, 87. 10s. ; fish plates, 12/. 10s. ; black sheets, 
9. 15s.; and galvanised corrugated sheets, 12/. 











40 cents.] No. 604. 1925. Part IV. St. Lawrence 
River Basin. [Price 25 cents.] Washington: Govern. 
ment Printing Office. 

Ina Persian Oil Field. A Study in Scientific and Indus- 
trial Development. By J. W. Witttamson. Second 
edition, revised and enlarged. London: Ernest Benn, 
Limited. [Price 7s. 6d. net.] 

The Association of Engineering and Shipbuilding Draughts- 
men. The Balancing of Engines. By C. C. PounDER. 
London: The Draughtsman Publishing Company 
Limited. [Price 4s. net.] 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 1222. High Frequency Fatigue. By 
G. F. Jenxry and G. D. Lenmann. [Price ls. 6d. 
net.] No. 1251. Some Early Model Experiments on 
Devices for Improving Lateral Control near the Stall. 
By H. B. Irvine and A. 8. Batson, [Price ls. net.] 
No. 1267. Reduction of Drag of Radial Engines, by 
the Attachment of Rings of Aerofoil Section, including 
Interference Experiments of an Allied Nature, with 
Some Further Applications. By H. C. H. Towenp. 
[Price 4s. net.] No. 1269. Full Scale Maximum Lift 
Coefficient of R.A.F. 28 Section Wing. By E. T. Jones 
and K. W. Cuark. [Price 3d. net.] No. 1270. The 
Full Scale Determination of the Lateral Resistance 
Derivations of the Bristol Fighter Aeroplane. Part III. 
The Determination of the Rate of Roll Derivatives. By 
E. T. Jones. [Price 9d. net.] No. 1271. Investiga- 
tion of the Boundary Layers and the Drags of Two 
Streamline Bodies. By E. Ower and C. T. Hutton. 
[Price ls. 3d. net.] No. 1272. Wind Tunnel Tests 
with High Tip Speed Airscrews, Experimental Investi- 
gation of Blade Twist under Load. By G. P. Douvetas 
and Others. [Price 6d. net.] London: His Majesty’s 
Stationery Office. 








Fioatine Dock FoR WatsH IsLanp DockyarD: 
ADDENDUM.—With reference to the article on the 
15,000-ton floating dock for Walsh Island Dockyard, 
New South Wales, which sepeeres on page 283 of our 
issue of February 28 last, Messrs. Worthington-Simpson 
Limited, Queen’s House, Kingsway, London, W.C.2, 
inform us that they were the main contractors for the 
whole of the generating and pumping machinery for the 
dock. The generating machinery consists of three 
360-b.h.p., 230-kw. oil-engine generating sets. Messrs. 
Metropolitan-Vickers Electrical Company, Limited, were 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—An uneven tone prevails through- 
out the steel trade of Scotland, and while some establish- 
ments are doing quite well there are others not so well 
placed for business. In general, the number of specifica- 
tions at the present time is much under the capacity of the 
different works, and plant is therefore not fully employed. 
The current demand is not what was recently anticipated 
it would be about this time, but makers are quite hopeful 
of an expansion before long. Plates and sections for 
local consumption are remaining fairly steady. The 
general export trade shows signs of improvement. 
Quite a fair business has been passing in black steel 
sheets, but galvanised sorts are not meeting with much 
request at present. Prices are unchanged and are as 
follow :—Boiler plates, 10/. 10s. per ton; ship plates, 
81. 15s. per ton; sections, 8/. 7s. 6d. per ton; black 
sheets, } in., 9/. per ton; galvanised corrugated sheets 
(No. 24 gauge), 12/. 15s. per ton, all delivered at Glasgow 
stations. 


Malleable Iron Trade—In the West of Scotland 
malleable-iron trade a quiet tone is all too general, and 
a sufficiency of specifications to keep the works running 
the full week is extremely difficult to secure. W ith the 
broken time now prevailing, the tonnage output 1s not 
very satisfactory. The re-rollers of steel bars report very 
similar conditions. Home prices are steady but export 
quotations have a weakert endency. The current prices 
are 10/. 5s. per ton for ‘‘ Crown ”’ bars for home delivery, 
and 9l. 15s. per ton for export; and 7/. 12s. 6d. per ton 
for re-rolled steel bars both for home delivery and export. 


Scottish Pig-Iron Trade.—Dullness still prevails 1 
the Scottish pig-iron trade and immediate requirements 
seem to comprise most of the demand. The easier 
quotations now ruling in Middlesbrough have had - 
unsettling effect here, and buyers are inclined to hold e 
in anticipation of lower prices in this area. The current 
quotations are as follow :—Hematite, 8ls. per ae 
delivered at the steel works; foundry iron, No Pe. 
80s, 6d. per ton, and No. 3, 78s. per ton, both on trucks 
at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scot _ 
pig-iron from Glasgow Harbour for the week - Hom 
last Saturday, March 22, amounted to 575 tons. “I tit 
total 535 tons went overseas and 40 tons coastwise- 








their “‘straight-eight’’ paraffin sets for the India 
Office, 





the sub-contractors for the whole of the electrical plant. 
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During the corresponding week of last year the figures 
were 286 tons foreign and 160 tons coastwise, making a 
total shipment of 446 tons. 








NOTES FROM THE SOUTH-WEST. 
CarpirFr, Wednesday. 

The Coal Trade.—Conditions in the Welsh coal trade 
have not shown any improvement. An improved supply 
of tonnage resulted in shipments in the past week being 
raised by 54,000 tons to 488,290 tons, which was hay- 
ever considerably less than the weekly clearances made 
in January and February. Though most collieries were 
fairly well covered with contract commitments, on which 
they were more or less compelled to rely for clearance 
of production, salesmen experienced an anxious time in 
view of the slackness of new demand, both in respect 
to cargo and bunkers. The cargo demand was curtailed 
by the mildness of the weather and consequent heavy 
stocks abroad, while the bunker requirements were 
diminished by the heavy laying-up of tonnage due to 
the deplorable condition of the homeward freight 
markets. All classes of large coal were readily available 
at schedule prices, based on 20s. per ton f.o.b. for ‘best 
Admiralty large, while the volume of small available 
was also more than adequate, with prices from lls. 6d. 
to 13s. 6d., which are schedule figures, though in one 
or two cases a small premium was asked. Sized coals, 
which at the commencement of the year, were practically 
unobtainable and ruled up to 32s. 6d. for dry nuts, 
were almost unsaleable, with dry nuts nominally from 
20s. to 22s. Cokes were also irregular, but patent 
fuel was comfortably stemmed at fixed prices. 

Shipping Companies’ Heavy Losses.—Losses aggre- 
gating 428,587/. in addition to the shareholders’ capital 
of 108,720/. are revealed in the reports of four pre-war 
Cardiff companies which have just been issued. These 
intimate that the companies will not be liquidated, 
but that it is proposed to allow the names to be removed 
from the register. The companies concerned are the 
Steamships Demetian and Ordovician Company, Limited, 
the Steamships Goidelian and Coranian Company, the 
Venedotian Steamship Company, Limited, and the 
Segontian Steamship Company, all of which were under 
the management of Owen and Watkin Williams and 
Company, of Cardiff, of which Mr. Owen Williams was 
the sole proprietor since 1919. It is also revealed that 
much of the loss was due to an ill-fated venture with 
the motorship Margretian which cost 140,600/., and 
was delivered towards the end of 1923 and was sold 
at the end of 1928 for 9,6501. 


Iron and Steel.—Shipments of iron and steel goods 
last week amounted to 14,978 tons, which was slightly 
above the total of the previous six days when 13,840 
tons were exported. Clearances of tin-plates and terne- 
plates were raised from 8,000 tons to 8,737 tons, of 
blackplates and sheets from 190 tons to 1,126 tons, 
and of galvanised sheets from 2,202 tons to 3,646 tons, 
but of other iron and steel goods lowered from 3,449 tons 
to 1,469 tons. 








Frrty Yrars’ SERVICE WITH THE SAME FirM.— 
An interesting ceremony was performed at Rochester 
recently when gold watches were presented by the 
Chairman of Messrs. Aveling and Porter, Limited, to 
16 men who had been in the firm’s service for 50 years and 
upwards. These men have witnessed the development 
of the steam roller almost from its inception 62 years 
ago, and have also seen the introduction and development 
of the oil-engine roller. In addition to the 16 men with 
50 years’ service, there are, at present, serving with the 
firm, 19 men with between 40 and 50 years, 52 with 
between 30 and 40 years, and 58 with between 20 and 
30 years—a total of 145 long-service men. This, it will 
be agreed, is a fine record, of which the firm has every 
Teason to be proud. 





Lance Peax-Loap Disset-ELEecTRIc GENERATORS.— 
Two 7,500-kw. Diesel-electric generators have recently 
been installed in the Hennigsdorf sub-station, near 
Berlin, of the Mirkische Elektricitats-Werke A.-G., for 
dealing with peak loads and for acting as a stand-by 
m cases of emergency. The engines, which were manu- 
factured by the Maschinenfabrik-Augsburg-Niirnberg, 
of Augsburg, are of the double-acting two-stroke airless 
injection type, and run at 215r.p.m. The starting equip- 
ment is controlled by one attendant and compressed air 
18s employed for starting both the main sets and the 
necessary auxiliaries. The alternators, which generate 
three-phase current at 10,500 volts, are coupled to the 
engines through friction clutches, so that they can also 
be run as synchronous motors for improving the power 
factor of the system. 





F THE Work oF THE NaTIONAL UNION or STUDENTS.— 
ounded some seven years ago, The National Union of 


Students of the Universities and University Colleges of 
‘ngland and Wales is the only organisation which links 
together the students of this country and, in turn, 
provides the means of actual relationship with those of 

¢ Dominions and foreign countries. An important 
eerity of the Union is the arrangement of study tours 
th various countries, and during the past seven years, 
9 tours have been arranged in engineering and 15 

er subjects. The importance of the work of the 


Jalen has been recognised by grants from the Univer- 
fo pe mselves. It is at present engaged on an appeal 
red &n establishment fund, to place its finances on a 
obits wis: Engineers interested in the aims and 
ects of the Union are asked to communicate with 
yt eal Secretary, The National Union of Students, 
», ‘ndsleigh-street, London, W.C.1, for further details 


of the Union’s work, 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel—Movement is more pronounced in the 
engineering and special-steel sections. Another big 
chain of stainless steel is being made locally. A chain of 
this description was delivered some months ago for 
placing round the dome of St. Paul’s Cathedral, London. 
The second chain, now under manufacture, is to circum- 
scribe the buttresses at the base of the dome and prevent 
further expansion of the piers on which the dome rests, 
The new chain is to be longer and heavier than that made 
earlier. It is to weigh 40 tons, will consist of 32 links, 
and will form a circle 146 ft. in diameter. It will be 
capable of withstanding a strain of 1,000 tons. It will 
probably be ready for delivery in July. One of the latest 
applications of stainless steel is in the manufacture of 
chimney stacks. Four of these are being made for 
erection at Chesterfield and others are on order for 
Liverpool. More steel tubs have been ordered to facilitate 
economy movements at British coal mines. There is an 
increased demand from foreign mining areas for crushing 
machinery. An order of this kind has just been com- 
pleted for the construction of a large dam in the Madras 
Presidency. It comprised three electrically-driven plants, 
each capable of dealing with from 120 to 150 tons of 
rock per hour. Further improvement in the quality of 
constructional steels calls for machine tools of still 
greater efficiency. The latest types possess record 
cutting qualities. Makers of industrial furnaces are 
taking supplies of special steels with high electrical 
resistance, and there is a steady call for heat-resisting 
steel for the manufacture of mechanical stokers for steam- 
ship construction. Little change is shown in the market 
for raw and semi-finished materials. While gross deliveries 
are large, forward business is quiet, and difficulty is 
experienced in replacing expiring contracts. Producers 
are not disposed, however, to shade official quotations 
below the following levels: Siemens acid-steel billets, 
91. 10s. ; hard basic-steel billets, 97. 2s. 6d. to 91. 12s. 6d. ; 
medium-hard basic-steel billets, 7J. 12s. 6d. to 81. 2s. 6d. ; 
soft basic-steel billets, 67. 10s.; Lincolnshire foundry 
pig iron, 75s.; Derbyshire foundry pig iron, 73s. 6d. ; 
Derbyshire forge iron, 69s. 6d.; crown iron bars, 111. ; 
iron hoops, 12/.; steel hoops, 9/. 15s. to 101. ; soft wire 
rod, 81. ; basic-steel scrap, 60s. 

South Yorkshire Coal Trade.—There has been a welcome 
spurt in business in house coal, but large stocks remain 
at depots and collieries, and the easy tendency noted 
previously in secondary qualities is still in evidence. 
Industrial requirements provide a steady demand, but on 
export account both enquiries and actual business are 
disappointing, and there is no present indication that the 
alteration in the subsidy will have the desired effects. 
Weakness in other sections has spread to the coke 
market. In several descriptions heavy stocks are held. 
Furnace and foundry coke are easier, but there is a 
moderate call for steel-melting coke. Quotations: Best 
branch handpicked, 26s. 6d. to 28s.; Derbyshire best 
brights, 21s. to 23s.; Derbyshire best house, 20s. 6d. to 
21s. 6d. ; screened house coal, 18s. 6d. to 20s. ; screened 
house nuts, 16s. 6d. to 18s.; Yorkshire hards, 15s. 6d. to 
17s.; Derbyshire hards, 15s. 6d. to 17s.; rough slacks, 
9s. to 10s.; nutty slacks, 7s. 6d. to 8s. 6d.; smalls, 
3s. to 5s. 








BrussEts-CoLocne Nicut Ark Mar Service.—We 
understand that an agreement has recently been entered 
into between the German and Belgian authorities con- 
cerning the establishment of a night air-mail service 
between Brussels and Cologne. 





THe SourH ArricAN Market FOR Roap-MAKING 
Piant.—A confidential report on the market for road- 
making plant in South Africa has been prepared by 
the Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1. British firms requiring a copy of the 
report should apply to the Comptroller-General of the 
Department, quoting Reference No. A.X. 9210. 





JAPANESE SECTIONAL MEETING OF THE WORLD POWER 
ConFERENCE* ErRatum.—Our attention has been drawn 
to errors in the summary of the paper read by Dr. Kelen 
recently at the Tokyo Conference, and given on page 267 
ante. With regard to the safety of curved dams, Dr. 
Kelen really expressed the view that dams curved in 
plan were not safer than straight-line dams. With 
regard to shape, the relations given in the summary 
should be b, = 0:03h and b, = 0-7h, and the whole 
base b = 0:73h. Later, it was stated that the stresses 
in arch dams were only dependent upon the wall thickness. 
The last words should have read “ relative wall thickness,” 
i.¢., wall thickness in relation to span. 





Heavy Roap TRAFFIC AND MANCHESTER SHrp CANAL 
Bripeges.—In the Palatine Court at Liverpool, on 
March 10, the Manchester Ship Canal Company made a 
successful application to the Vice-Chancellor for a per- 
petual injunction restraining a firm of road haulage 
contractors from driving, except with the consent of the 
plaintiffs, any locomotive over any of the bridges which 
have to be maintained by the canal company. The 
application was the outcome of the defendent company 
having taken a locomotive, which together with its load 
weighed over 70 tons, across the Northwich road swin 
bridge over the Ship Canal, after having been warne 
that the weight was far in excess of that permitted. As 
the canal company is under statutory obligation to guard 
against traffic dislocation both on its canals and on the 
roads crossing them it is compelled to ensure that the 
bridges which it has to maintain are not endangered by 
unreasonable use. 





NOTICES OF MEETINGS. 


Junior InstITuTION OF ENGINEERS.—To-night, 7.30 
p.m., Royal Society of Arts, John-street, Adelphi, W.C.2. 
Gustave Canet Memorial Lecture. ‘‘ Industrial Accidents ; 
Their Cause and Prevention,” by Mr. G. 8. Taylor. Friday, 
April 4, 7.30 p.m., 39, Victoria-street, 8S.W.1, “‘ Visits to 
Iceland and other Places,’ by Mr. W. M. Hurrell. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, March 31, 7 p.m., The University: 
Edmund-street, Birmingham. ‘“‘ The Medical and Sur- 
. Applications of Electricity,” by Mr. B. Leggett. 

ndon : Wednesday, April 2, 6 p.m., Victoria-embank- 
ment, W.C.2. Wireless Section Meeting. ** Recent 
Developments in Direction-Finding Apparatus,” by 
Mr. R. H. Barfield. 

BRADFORD ENGINEERING SoctreTy.—Monday, March 31, 
7.30 p.m., Technical College, Great Horton-road, Brad- 
ford. Exhibition of Kinematograph Film. “The 
Persian Oil Industry, A Great National Enterprise.” 

Royat Soormty or Arts.—Monday, March 31, 8 p.m., 
John-street, Adelphi, W.C.2, Thomas Gray Lecture: 
* Aids to Navigation’’ (Lecture II), by Commander 
F. G. Cooper, Wednesday, April 2, 8 p.m., “‘ Building 
Craftsmanship,” by Mr. N. Lloyd. 

INSTITUTION OF AUTOMOBILE ENGINEERS.—Tuesday, 
April 1, 7.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. “‘The Golden Arrow,” by Captain 
J. S. Irving. ‘‘ Measurements Made of the Power and 
Efficiency of a Motor Lorry Gear Box,” by Mr. J. H. 
Hyde and Dr. F. Aughtie. 

SHEFFIELD METALLURGICAL AssocraTION.—Tuesday, 
April 1, 7.30 p.m., 198, West-street, Sheffield. ‘“ The 
Heat Treatment of Cast Iron,” by Mr. R. Whitfield. 

INSTITUTION oF CrIviL ENGINEERS.—Wednesday, 
April 2, 6.30 p.m., Great George-street, S.W.1. Students’ 
Meeting. ‘“‘ Some Notes on Electric Traction in England,” 
by Mr. J. L. L. North. 

INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednesday, 
April 2, 7.30 p.m., St. Bride Institute, Bride-lane, Fleet- 
street, E.C.4, ‘‘ Pulverised Fuel as Applied to Modern 
Combustion Methods,” by Mr. E. W. Smyth. 

InstTITUTION oF LocomoTIVE ENGINEERS.—Thursday, 
April 3, 6 p.m., Denison House, 296, Vauxhall Bridge- 
road, §S.W.1. ‘‘ What Others are doing in the Locomo- 
tive World,” by Mr. W. F. Pettigrew. 

Royat ArronauticaL Socrety.—Thursday, April 3, 
6.30 p.m., Royal Society of Arts, John-street, Adelphi, 
W.C.2. “‘ The Technical Organisation of the Compagnie 
Générale Aéropostale,” by Mr. P. Grimault. 

INSTITUTION OF PropuUcTION ENGINEERS.—London 
Section: Thursday, April 3, 7.30 p.m., Society of Motor 
Manufacturers and Traders, Limited, 83, Pall-mall, 
S.W.1, Presidential Address by Mr. A. J. Hancock. 

Nortu-East Coast InstITuTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, April 4, 6 = Mining Institute, 
Newcastle-upon-Tyne. ‘‘Ship’s Electrical Deck Auxi- 
liaries,’”” by Mr. A. Read. 

INSTITUTION OF MuNIcIrAr. AND County ENGINEERS. 
—Saturday, April 5, 10.30 a.m., Town Hall, Manchester. 
“Town Pianning in. the Manchester Regional Area,” 
by Mr. D. T. Tansley. ‘‘ Road Construction in Manches- 
ter,” by Mr. H. C. Swindells. 

InstITUTE OF British FounpRyMEN.—Lancashire 
Branch : Saturday, April 5, 3 p.m., College of Technology, 
Sackville-street, Manchester. Annual Gennanl Meeting. 
“Some Aspects of Foundry Service to Engineers,” by 
Mr. E., J. L. Howard and Mr. H. Milner. 











PersonaL.—Major E. G. Beaumont, 0.B.E., son of 
the late Mr. W. Worby Beaumont, and with whose 
practice as a consulting engineer he was associated prior 
to 1914, has now resumed this work at the same address, 
20, Essex-street, Strand, London, W.C.2, and will be 
occupied primarily in the automobile-engineering and 
road-motor transport field. Mr. L. N. Burt, who has 
been engaged with the same practice for over 25 years 
will collaborate—The entire business of Mr. Hugh 
Griffiths, 15, New Bridge-street, London, E.C.4, has 
been acquired by Messrs. G. A. Harvey and Company 
(London), Limited, Industrial Plant Department, 58, 
Victoria-street, London, 8.W.1, together with an exclusive 
licence to manufacture chemical and industrial plants 
under Mr. Griffiths’ patents and with his co-operation. 
All inquiries should, in future, be addressed to Messrs. 
Harvey.—Mr. J. Snow Huddleston, Dagenham Dock, 
Essex, has been re-elected honorary treasurer and 
secretary of The Association of Ex-Siemens’ Men, for 
the ensuing year.—Mr. Walter Donovan, Jr., has 
resigned his position on the staff of Messrs. Cutler- 
Hammer, Inc., Milwaukee, Wisconsin, U.S.A., and has 
joined Messrs. Donovan and Company, Stechford, 
Birmingham, where he will take charge of the automatic 
and alternating-current control section of the business.— 
Messrs. Henry Wells Oil Company, Limited, are removing 
from 11, Haymarket, London, 8.W.1, to larger premises 
at 736-739, Salisbury House, Finsbury Circus, London, 
E.C.2.—The scheme of reorganisation of Messrs. Clayton 
and Shuttleworth, Limited, Carr House Works, Gains- 
borough, has now been completed. Whilst they are 
not taking up the manufacture of new steam wagons, 
as previously constructed by their former associates, 
Messrs. Clayton Wagons, Limited, they have acquired 
the repair portion of this business. They are in posses- 
sion of ample stocks and will continue to supply spare 
parts for all Clayton wagons already on the road.—Owing 
to the need for increased accommodation, Messrs. Metro- 
politan-Vickers Electrical Company, Limited, have re- 
moved their Leeds office to new premises at Permanent 
House, The Headrow, Leeds. 
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THE CASE FOR BESSEMER STEEL. 
Onz of the outstanding features of steel manufac- 
ture in this country during the past thirty-odd years 
has been the gradual disappearance from our steel- 
works of the Bessemer converter. Of the 8} million 
tons of steel produced in the United Kingdom in 
1928, some 92 per cent. were made in acid and 
basic open-hearth furnaces, and only 5-6 per cent. 
in the acid converter. Basic Bessemer steel manu- 
facture has ceased altogether since 1926. In 1913, 
the corresponding percentages were 79-1 of open- 
hearth steel and 20-9 of Bessemer steel, both basic 
and acid, and, in 1900, the open-hearth percentage 
was 64-4, and the Bessemer 35-6. The farther back 
the inquirer proceeds, the greater will he find the 
proportion of the Bessemer steel manufactured. He 
will note, for instance, that, in 1880, upwards of 
80 per cent. of our steel production was made in the 
converter. The natural conclusion arrived at after 
considering these figures is that the open-hearth 
furnace has, through sheer superiority, ousted the 
Bessemer converter. The answer to the question, 
however, is not quite so simple as it appears and, 
in the light of European steel-production statistics, 
it is somewhat difficult to understand why the 
Bessemer process should have suffered such a 
complete eclipse in this country. 

In many treatises on steel manufacture, so much 
is often made of the drawbacks of the converter 
process that the advantages it does possess are 
somewhat obscured. The process may be briefly 
summarised in a few sentences: Molten pig iron is 
charged directly into the converter and, after from 
10 to 15 minutes, in the case of acid working, and 
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finished steel is ready for pouring. Each heat varies 


.|from about 8 to 20 tons, according to the size of 


vessel used, and it will be seen that the aggregate 
daily tonnage which a couple of, say, 15-ton con- 
verters, can turn out is considerable. As the ingots 
are despatched to the rolling mills in relatively small 
lots, at regular intervals, no very elaborate soaking- 
pit plant is necessary. Furthermore, the large 
and costly gas-producer installation, chequer-work 
chambers, &c., which form an integral part of an 
open-hearth plant, are replaced, in the case of 
Bessemer converters, by a simple blowing engine, 
the fuel for the operation of which may be blast- 
furnace gas. 

We have often been told that open-hearth 
steel is more reliable and uniform in its physical 
properties than Bessemer steel. Be that as it may, 
there are undoubtedly numerous structures still 
giving satisfactory service which were erected of 
Bessemer steel many years ago. Furthermore, 
we are quite certain that, at the present time, there 
are many uses for which the material is eminently 
suited, although it may not be quite as “ reliable 
and uniform” as the open-hearth variety. It is 
interesting to recall, at this juncture, that after a 
long research into the properties of heat-treated 
Bessemer steels, Professor A. McWilliam and Mr. 
E. J. Barnes, of Sheffield, were “left with a very 
strong feeling that English acid Bessemer steel 
skilfully made is a really first-class material.”* It 
has also been repeatedly stated that engineers, 
as a whole, have ignored Bessemer steel, and that 
their consistent refusal to include this material in 
their specifications has obliged steelmakers to dis- 
continue its manufacture. While there is probably 
some truth in this, it is, nevertheless, a sweeping 
statement, and is characteristic of those habitually 
made when discussing the demerits of Bessemer 
steel. A speech made some two years ago by a 
railway engineer before the members of the Iron 
and Steel Institute, bears a close relation to the 
matter under examination. In his reply to the 
discussion on the paper “ Chromium-Steel Rails,” 
of which he was part author, Mr. P. H. Johnson, 
A.M.Inst.C.E., of Derby, said that, on the old Midland 
Railway from 1900 to 1920, all the rails were made 
from Bessemer acid steel. He went on to say that 
if official statistics relating to that period were exa- 
mined, it would be found that the Midland Company 
had the smallest number of rail breakages of any 
railway company in the United Kingdom. If, as 
indicated by Mr. Johnson, this material had proved 
itself so satisfactory it is difficult to understand 
why its manufacture was stopped. 

One other,.and what appears a more serious 
objection to the Bessemer process is that there is a 
distinct loss in the conversion of pig iron into steel. 
Whereas an acid-Bessemer plant will produce from 
86 to 88 tons of finished steel ingots, and a basic- 
Bessemer plant about 83 tons, for each 100 tons of 
metal charged, the corresponding yield from an open- 
hearth furnace is often over 100 per cent. In 
fairness to the converter, however, it must be 
pointed out that the apparent over-production of 
the open-hearth furnace is due almost entirely to 
the iron ore, often present in the original charge, 
and to the considerable addition of hematite made 
from time to time while the metal is in the furnace. 
In‘ the converter, on the other hand, no addition 
of this nature is made, and the loss is due partly 
to the passing out, by oxidisation, from the original 
pig, of the manganese, silicon, carbon, and also the 
phosphorus in the case of basic material. That 
there is a definite loss in iron cannot be gainsaid, 
but this, in a large measure, is offset by the fact that 
no fuel is used in the process, the necessary heat 
being generated within the converter itself. 

Whatever the reason for the gradual abandonment 
of the converter by steelmakers in the United 
Kingdom, the view that the Bessemer process is 
obsolete and generally unsatisfactory is certainly 
not shared by rival metallurgical firms in foreign 
countries. A consideration of the figures contained 
in that useful work, Statistics of the Iron and Steel 
Industries, compiled by the National Federation 
of Iron and Steel Manufacturers, will abundantly 
prove our point. In France, for instance, out of 
94 million metric tons—the total steel production 
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for 1928—upwards of 70 per cent., was Acier 
Thomas, i.e., Bessemer basic steel. Furthermore, 
the output of this material has increased steadily 
since 1919, when it stood at just over a million tons. 
During the same interval, the production of basic 
open-hearth steel increased from 1,065,000 tons 
to 2,689,000 tons. In the ten years from 1919 to 
1928, therefore, the output of basic Bessemer steel 
increased 6} times, whereas that of the basic open- 
hearth product rose 2} times. Consequently, 
there is no indication that, in France, the open- 
hearth process is superseding the Bessemer. The 
annual production of steel ingots and castings in 
the Saar area totalled about 2 million tons in 1926, 
1927 and 1928, and the proportion of basic Bessemer 
during these three years remained constant at about 
75 per cent. of the total. 

In Belgium, the aggregate steel production was 
between 3,000,000 and 4,000,000 metric tons in each 
of the years 1926 and 1927. As much as 88 per 
cent. of the 1926 output, and 82 per cent. of that of 
1927, were made in the Thomas converter. Data 
regarding the 1928 production are not yet available. 
In Germany, notwithstanding the withdrawal of 
Lorraine, the Saar, and Upper Silesia, the percentage 
production of basic Bessemer has consistently 
hovered between 41 and 45 during the past five 
years, and shows no signs of declining. Returning to 
our own country, we find, asalreadystated above, that 
less than 6 per cent. of our 1928 output of steel was 
made in the acid converter. Furthermore, since the 
conclusion of the war, the annual tonnage of basic 
Bessemer steel manufactured has in no case exceeded 
300,000. This quantity dwindled to 28,300 tons 
in 1925, and finally ceased altogether in 1926. 
We fully agree with an opinion expressed in this 
country some time ago, that on the Continent the 
Bessemer basic process is coming into its own. 
But, we ask, if this is the case abroad, why is it 
not equally true of this country ? 

Some disquieting thoughts arise from a further 
consideration of the figures we have quoted. Accor- 
ding to the statistics before us, in 1927 we imported 
from Belgium 2,300,000 tons of iron and steel 
products, valued at nearly 14,000,000. sterling. 
At least 1,700,000 tons of these materials may be 
classed as steel, comprising blooms, billets, and 
slabs ; sheet bars, tin-plate bars, rods, and angles ; 
girders, beams, sheets, plates, and rails; and 
castings. The striking fact is that, in 1927, we 
imported about half the annual Belgian output of 
steel. We have already stated that 88 per cent. 
of the 1926 Belgian steel production and 82 per 
cent. of the 1927 total were made in the basic 
converter. It is obvious, therefore, that a very 
considerable proportion of our steel imports from 
Belgium consisted of basic Bessemer steel. Our 
purchases of iron and steel from Belgium during 
1928 certainly showed a decline; nevertheless, 
they amounted to well over 1,500,000 tons, and 
were valued at 9,500,000/. Imports of iron and 
steel into the United Kingdom from France and 
Germany, totalled 1-1 million tons and 0-67 million 
tons, respectively, during the two years 1927 and 
1928. Here again, in view of the high proportion 
of steel made in the basic converter in these two 
countries, it is a fair assumption to make that a 
percentage, at least, of these tonnages consisted 
of basic Bessemer steel. 

Accordingly, we in this country find ourselves in 
a somewhat peculiar position. Apparently we 
have completely put out of action our basic Bessemer 
plants, yet we do not in the least object to importing 
thousands of tons of material produced by this very 
process, which material we have freely characterised 
as unsatisfactory in one way or another. A moment’s 
reflection will show that all our so-called objections 
to basic Bessemer steel, which objections we have 
briefly enumerated at the beginning of the present 
article, fall to the ground. We are not suggesting 
that the indiscriminate reinstatement of our dis- 
carded or idle converters would solve the problem. 
What we do urge, however, is that, as Continental 
basic Bessemer steel appears to find a ready market 
in this country, mainly on account of its cheapness, 
the bulk of this trade should revert to the home 
steel manufacturer. Iron ore high in phosphorus, 


suitable for the manufacture of the phosphoric 
pig demanded by the basic Bessemer process, is 


to be found in various parts of Great Britain, 
and we cannot see any reason why, given suitable 
organisation, basic Bessemer steel should not be 
made in this country and sold at a figure comparing 
not unfavourably with the price of the Continental 
material. 


THE ROAD-TRAFFIC PROBLEM. 

WHILE it can hardly be denied that rapid trans- 
port is essential to the life of the modern com- 
munity, it may be suggested that there is a tendency 
to carry the doctrine to excess in this country. 
Expenditure on road works in the neighbourhood 
of 60,000,0007. per annum is accepted almost 
without comment, and the prospect of further 
increases appears to worry no one but the motorist, 
who suspects that such increases may come out 
of his own pocket. At the present time, the only 
country possessing roads comparable with our own 
is the United States, and it need hardly be pointed 
out that that nation is free from the financial 








embarrassments which threaten to overwhelm | 


the taxpayer in this country. Each year, the arrival 
of spring stimulates a feeling of optimism in the 
breasts of the trade prophets, and the present year 
is no exception in this respect. It may be suggested, 
however, that the surest indication that the end of 
our financial troubles was in sight would be a reduc- 
tion in income tax, and until this actually materia- 
lises, a diminution rather than an increase in the 
expenditure on highway construction might well 


comparison between the figures for the years 
mentioned may be slightly misleading, but not to 
the extent of invalidating the results as a whole. 
It appears, from the tables accompanying the report, 
that, while there were 583 comparable points in 
1925 at which the total weight did not exceed 
500 tons a day, in 1928, only 313 of that number 
fell within the same category, the weight at the 
remaining 270 points having risen to between 
| 501 tons and 2,000 tons in the interval. At the 
| other end of the scale, it may be noted that, while 
|there were only 199 points in 1925 at which the 
| tonnage was between 5,000 and 10,000, in 1928 
| there were 404. The highest figure recorded in 
| the general census was at a point on the London- 
| Bath road at Chiswick, where an average daily 
| figure of 48,672 tons was recorded between the 
| hours of 6 a.m. and 10 p.m. At the special census, 
the highest figure reached between the same hours 
| was 68,983 tons, and a fairly accurate conception 
|of the actual amount of traffic represented by this 
| figure can be gathered by comparing it with that 





|atsuch a point as Hyde Park Corner. At this point, 
the weight of traffic passing between the hours of 
|8 a.m. and 8 p.m. averaged 115,000 tons a day 
|in 1922, 153,300 tons a day in 1925, and 166,000 
}tons a day in 1928. It would be natural to 
| assume that the greatest volume of traffic would be 
‘in the neighbourhood of docks, but the choice of 
points in dock areas was somewhat limited owing 
|to the fact that most of such areas are situated in 
|country boroughs where no census was taken. It 


be considered. A regular allocation of 50,000,000/. | —_ 
per annum would ensure that our road system is in | ™@Y be — naive ~ & — sl myer = 
no danger of decay, while permitting a policy both | °V¢t the whole — s0ur BOUrs wast “ . 
of widening important traffic arteries at essential | recorded in the oe eo at a rea t “- = 
points, and constructing short lengths of new roads | @T@ on the — eonuryness road in Mare : 
to form by-passes. | 1929. This point, however, is quite — 
The allocation of funds to the most important | OWing to the concentration of traffic at the Lee 
work is, no doubt, already a ruling principle with the | Bridge. 
Ministry of Transport, and if the available money| As regards the number of vehicles passing the 
were rationed as strictly as in the case of the | Various census points, it appears from the reports 
fighting services, it is unlikely that any particular that the average number at nearly 75 per cent. of 
difficulty would occur in deciding how it was to be the 4,686 points selected was less than 1,500 a 
employed to the greatest advantage of the country day. As is pointed out, however, this figure 
as a whole. Careful statistics of traffic growth represents an average over 16 hours, and the 
at a large number of key points have been kept by greater portion of the traffic is usually concentrated 
the authorities for some years past, and form the |into a much shorter period. Seventeen points 
subject of a report recently issued by the Ministry | occurred in England and Wales in which the traffic 
under the title of the Road Traffic Census, 1928. | exceeded 5,000 vehicles in the 16 hours. Probably 
The results of a special census, taken between March, | the most interesting feature of the report is the 
1928, and April, 1929, are also included. The analysis of the census into groups representing 
special census was taken at 24 selected points over | industrial, agricultural, residential-suburban, and 
the whole 24 hours, and at certain points the records | tourist areas. In this connection, it is pointed out 
embraced the traffic passing during each hour, day | that neither the actual number of vehicles recorded 
or night. Taking the country as a whole, the | at a point, nor the estimated tonnage, forms an 
approximate number of motor vehicles licensed | entirely satisfactory basis for comparison, ince 
has grown from 873,700 in 1921 to 2,036,000 in | the width of the carriageway may vary considerably 
1928, an increase of 133 per cent. in seven years. a8 between one point and another. For this 
Of these, approximately four-fifths are cars taxed | reason, the traffic recorded at each point has ye: 
on horse power or motor cycles, the most rapid | expressed in terms of weight per yard width an 
growth having been in the former group. It is | traffic density. The first unit affords a page 
improbable that a slight deterioration in the quality | basis in estimating the standard to which a roa 


of our road surfaces would discourage more than a | should be constructed, with due consideration of 


small percentage even of private motorists from 
using their cars, and, in fact, the present outcry 
against the conditions on the roads is directed 
mainly to the inconveniences arising from congestion. 
Actually, as brought out by the census report 
referred to, the latter occurs only at relatively few 
points, and were these centres of congestion removed 
by road widening or the provision of by-passes, as 
is already contemplated, the roads as a whole 
would be capable or handling the probable increases 
in traffic for at least a decade to come. At the 
present time, however, large sums of money are 
being expended not only in maintaining the existing 
high standard of surfacing, but actually improving 
upon it, and if, as appears evident, economies must 
be effected, they might well be made in this direction. 

Turning now to the census report in detail, it 
should be explained that, due to the increases in 
weight which have occurred in certain types of 
vehicle in recent years, the empirical weights 
adopted as a basis in arriving at the total tonnage 
past any point have been changed in some cases. 
Thus, while in 1925 an average estimated laden 
weight of 6 tons was assigned to motor omnibuses 
of whatever type, in 1928 these vehicles were 





divided into separate types. As a result, a strict 


‘such questions as gradient, average traffic speed, 
‘and class of traffic. The second unit provides 
'a convenient index of traffic congestion, and is 
useful in determining the desirable width of carriage- 
|way; it is ascertained by first assigning to each 
‘class of vehicle a figure intended to represent the 
‘relative amount of space occupied. The total 
number of traffic units represented by the average 
daily number of all vehicles and animals is the total 
| traffic volume, and, assuming that each traffic 
‘stream occupies a width of 10 ft., a simple calculation 
| gives the traffic density, that is, the number of 
| traffic units per minute per 10-ft. width. 

Dealing first with the results from industrial areas, 
the highest traffic density was recorded at the 
|point at Chiswick already referred to, the value 
being 13-204. The estimated tonnage was wo 
up of passenger vehicles, 25,180 tons; 00d 
| vehicles, 22,701 tons; and horse-drawn vehicles, 
| 787 tons. The second highest traffic density was 
at a point on the High-road, Leytonstone, 
value being 5-232, and these figures may be sampeor 
with an average value of 3-106. In the agricult ares 
areas, the highest traffic density recorded — 
3-328, while the average was|only 0-956. , 
is of interest to note that, even in these areas: 
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horse-drawn vehicles represented an almost neg- 
ligible percentage of the totals. The highest den- 
sity recorded in the residential areas was 8-187 
at Magdalen Bridge, Oxford. Im this case, the 
number of passenger vehicles was 8,553, with a 
tonnage of 16,102, while the number of goods 
vehicles was only 1,746 with a tonnage of 9,764. 
Incidentally, it may be noticed that 11,850 pedal 
eycles passed over the bridge in the course of the 
day. The average traffic density for all vehicles 
was 2-580 at Stratford-upon-Avon, the average 
density being 1-094. As would be anticipated, 
the number of passenger vehicles greatly exceeded 
the number of goods vehicles at the majority of the 
census points, the ratio in many cases being over 
10 to 1. 








EMPIRE MARKETS. 


Tue British Empire is extensively recognised, both 
in this country and throughout the Dominions and 
Colonies, as potentially the richest in natural 
resources of any economic unit in the world. Whether 
it is, or will become so, in practice depends essen- 
tially on the extent to which it can be regarded as 
in fact a unit. Put in this way, it is evident that 
much will have:to be done before the Empire will 
have an assured status as a coherent economic 
whole, and so long as this remains in doubt its 
value as a force in the advancement of material 
well-being will fall short of what it might be. 
Considering how very varied are the regional 
circumstances of the constituent parts of the 
Empire, it must be admitted that they have shown, 
for many years past, a remarkable disposition to 
lay stress on the interests they have in common. 
The inhabitants of the Mother Country are growing 
steadily more accustomed to seek produce by 
preference, and not by accident, from the Dominions 
and Colonies, and these, in many notable instances, 
are favouring British manufactures by their tariffs. 
As yet, indeed, arrangements to this end are rather 
tentative than final, even to the extent to which final 
arrangements are possible. If similar arrangements 
were contemplated with other nations, it might 
be doubted whether anything permanent would be 
likely to come of them. The logical mind of our 
French neighbours would be apt to reject compro- 
mises and give-and-take solutions which might 
be more commendable in practice than in theory. 


The administrative methods of the Germans would |The mechanism may be lubricated or designed 
entail a discipline inconsistent with the habits of | with ball bearings, or supplied with whatever 
If the Empire is to be forged into anti-friction devices may be most appropriate, 
the economic whole which a considerable and|but it cannot work without some friction, and 
growing body of opinion regards as its most fitting |it will take sound practice as well as theory to 
and useful destiny, it will be through the national |run it so that it will not heat. 
genius for compromise and fair play which, more | what the engineeer has to do with his machinery 
than logic, has built up the powerful and elastic|every hour of the day, and it does not seem 
structure of the British Constitution. The existence | unreasonable to hope that economists, skilled in 
of that genius seems, in fact, to be the most hopeful | practice as well as in theory, will find some way of 
factor to help the British commonwealth of nations | making this great and beneficent mechanism work. 
to find a permanent economic form. Yet, in spite Meanwhile it may be less ambitious, but not 
of this important natural advantage in its favour, | wholly without use, to repeat once again a warning 
it has not yet arrived at a decisive policy, such as that has already been given many times from many 
quarters. 

In part, no doubt, this is due to considerations |enormous volume. 
that are not economic at all. At all times, and | Empire recently published by Mr. Effingham Wilson, 
: Mr. W. H. Willson quotes the total exports of the 
industry has had an unhappy knack of getting | United Kingdom as exceeding 700,000,000/. per 
mixed up with politics, and, on balance, has had |annum in value, of which more than 300,000,0001. 
the worst of it. It is, indeed, particularly exposed | worth are sent to Empire markets. 
to political raids, because there is nothing to|the total imports 
1,000,000,0007. a year, or, in other words, the con- 
It has long been found necessary to observe a| siderable volume of goods that this country sells to 
certain stability of policy in foreign affairs, but |the other parts of the Empire is less than a third of 
no similar consideration operates for the protection | the total they buy. The fact is the more striking at 
of industry. So long, therefore, as the economic |the present time, when, with the single exception of 
equilibrium of each state in the Empire is left at | India, the most important parts of the Empire are 
the mercy of the result of an election, and impor- | giving some sort of preference in their import tariffs. 
tant economic questions may even be settled as|Mr. Willson’s book is a study, which has already 
Part of a political bargain, it is difficult to see how |appeared in our contemporary “The Trade and 
- situation can arise in which a large number | Engineering Supplement” of The Times, showing, 
of states can adjust their policies on any consistent | under convenient headings for each of the Dominions 
The difficulty is the greater |and colonies, the principal articles of import and 
considerable number of politicians, |export and the countries of origin, with a variety 


our country. 


the present situation seems to demand. 


in most parts of the Empire, as in this country, 


intervene between it and the party managers. 


and workable plan. 
ause a 


ee many of the most influential, are persons | of notes illustrating the proportions in which the 
out practical economic experience, and par- | United Kingdom supplies the several classes of goods, 


acl liable to be led astray by catchwords and | t 


and 


ty. Of late years, the relations between science 


by which the situation might be remedied. Perhaps 
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recognise that if all were known, science would 
provide a surer foundation for work than could 


are aware equally that all is not known and that 
for safe working many things have to be left to 
practical judgment. Thus industry is coming to 
make the best of both worlds, and can take the 
benefit of scientific guidance where it is safely ap- 
plicable, while supplementing it by practice when it 
is not. 

The relations between industry and economics are 
less satisfactory. Equally with other sciences, eco- 
nomics has to shape its theories and experiments to 
fit as many as possible of the facts. It must use 
simplifying assumptions when it cannot do without 
them, and work in laboratory conditions when those 
of practice become too complex to be perceived in 
practice. The use of such assumptions is a great 
assistance to those who wish to develop theories, or, 
without wishing it, have become captivated by 
them. None the less, what is true in theory when 
these assumptions are made, is not true in practice 
where they are not allowed. The science of mechanics 
could not be expounded conveniently without the 
conception of frictionless motion, but to use it 
in designing would lead to disaster. A common 
example of this sort of fallacy is seen in the argu- 
ment that it can never be economically sound to buy 
outside the cheapest market. In a frictionless world, 
without the viscosity of either capital or skill, the 
argument would be incontrovertible, and indeed 
many invaluable machines could be made if energy 
could be converted from one form into another 
without loss. In practice, however, the matter is 
not so simple. It may be that it is cheaper to buy 
in the cheapest market, but it is impossible to 
say whether it is or is not until account has been 
taken of many factors, which do not come into 
the matter so long as friction is neglected, but 
inevitably do, and to an uncertain extent, so soon 
as it is sought to apply the results to practice. 
Thus, among other things, it must be considered 
how much loss is involved {in changing over from 
one form of capital or skill to another, and what 
increase will occur in oncost charges when by the 
application of the frictionless doctrine some or all of 
the home market is allocated to foreign competitors. 
The adjustment of Empire markets as an economic 
whole will doubtless be full of points such as these. 


That, in effect, is 


The trade of the Empire is already of 
In a book on Markets of 


Nevertheless, 
into those markets exceed 


he reasons why they are no larger, and measures 
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of so many, and is therefore the less likely to have 
resulted from coincidence, is that relating to the 


be obtained from practice, while scientific men|numerous Colonies and Protectorates, excluding 


Egypt and the Mandated Territories. As between 
1913 and 1927, the imports from the United Kingdom 
are a little over double, but those from foreign 
countries (123,000,000/.) are exactly three times 
what they were. The reasons Mr. Willson assigns 
are composed largely of complaints that have 
appeared repeatedly in the reports of the Overseas 
Trade Department, and, in addition, he regards 
the general standard of propaganda and advertise- 
ment as inadequate compared with what are given 
by competitors. Mr. Willson gives, in fact, in a 
handy and striking summary, what has been said 
many times over in detail for the several markets. 
It may well be that, for one reason or another, 
it may not suit individual firms to canvass one 
or another or any of the Empire markets, but it 
can hardly be prudent to canvass them inadequately 
or to give inadequate service and follow-up. 
Among other measures by which manufacturers 
may seek to obtain a larger share of the Empire 
markets than they are enjoying, it may be possible, 
for instance, that some means may be devised for 
more extended co-operation, both in obtaining 
information as to market needs, and in securing 
adequate representation. The formation of Empire 
markets will certainly not be the less practicable 
because manufacturers do what they can for 
themselves, and there appears to be room for much 
more to be done before they have taken full 
advantage of their present opportunities. 








NOTES. 
Tae Late Eart or BALrour. 


THOUGH it would be outside our province to deal 
with the career of the Earl of Balfour, as exhibited 
by his activities as a statesman, a politician, a 
philosopher or a sportsman, we feel it our duty to 
place on record the undoubted claims he had to 
recognition and gratitude from engineers and scien- 
tists, owing to the part he played in providing that 
aid, which Government alone can give, to the 
development of their work. As a philosopher, in 
his early days, he revolted against the naturalism ‘ 
of Tyndall, Huxley and Clifford. At the same time, 
though he disagreed from the transcendental side 
of those scientists’ work, he recognised the benefits 
their speculations and investigations were conferring 
on mankind and followed with particular and 
constant interest the various movements to which 
their theories and those of others gave rise. This 
interest, which continued throughout his life, had 
its practical side, for it led, through his agency, 
to the stimulation of activities, which have proved of 
the greatest value to the country in general and to 
scientists in particular. Over thirty years ago he 
was responsible for bringing the National Physical 
Laboratory into being in its present form, and to him, 
more than to any other statesman, was due the co- 
ordination under the Privy Council of the various 
branches of scientific and medical research. As Mr. 
Baldwin said in the House of Commons last week, 
Lord Balfour wished all who looked with pride on the 
estate of man to be convinced that in science was 
to be found the most powerful engine for the material 
prosperity and health of mankind. That being 
so, it is not surprising to find that he often insisted 
on the need for research in all branches of science, 
or that he carried his ideas on this subject into the 
concrete by founding the Civil Research Committee 
and by establishing the Department of Scientific 

and Industrial Research. By a happy chance 

both these bodies remained under his supervision, 

until his active political career came to an end 

last year, and it cannot be denied that the undoubted 

utility of much of their work was directly due to his 

encouragement and inspiration. On occasion engi- 

neers had an opportunity of admiring and perhaps 

erivying Lord Balfour’s acknowledged gifts of 

sympathetic oratory. Those, for instance, who 

heard the speeches, which he made at the time of the 

Kelvin Centenary celebrations and when the first 

Kelvin medal was presented to Professor Unwin, 

will not easily forget the aptness of his language, 

nor his charm of manner, nor, it may be added, 








Practice have been improving. Practical men |t 


he most striking figure, because it is compounded 
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with which he escaped by a deft turn of phrase from 
an embarrassment into which an unguarded state- 
ment seemed likely to lead him. His speeches 
were a form of thinking aloud, an exercise which, 
though it has its dangers as well as its advantages, 
led, in his case, to both the enjoyment and instruction 
of his audience. That his services to science did not 
go unrequited is shown by the fact that at various 
times he was Chancellor of the Universities of 
Cambridge and Edinburgh, and President of the 
British Association. He also held a number of hon- 
orary degrees and was a Fellow of the Royal Society. 
He was elected an honorary member of the Institu- 
tion of Civil Engineers in 1914. 


THE WHITWORTH SOCIETY. 


There is little doubt but that the large proportion 
of Whitworth Scholarships which have fallen to 
the Dockyard Schools during recent years may to 
a considerable extent be explained by the attention 
given to the competition in those schools, and its 
comparative neglect in many parts of the country. 
There is no reason to suggest that the type of candi- 
date entering from the Dockyard Schools is likely 
to be either better, or worse, than the average of 
the rest of the country, but given equal interest in 
the subject in other centres, mere weight of numbers 
should enable other engineering districts consider- 
ably to improve their proportion of successes. 
That the competition is not a dockyard preserve 
was sufficiently illustrated by the fact that the two 
senior scholarships last year were awarded to men 
from Manchester and Glasgow. The Whitworth 
Society has, very rightly, taken an interest in 
this matter and, as will be remembered, presented 
a cheque for 25/. to the Manchester College of 
Technology in the course of its summer meeting 
last year, to be allocated in the form of prizes to 
meritorious students who undertook to compete 
for Whitworth Scholarships. It was announced 
at the annual commemoration dinner of the society, 
held at the Holborn Restaurant on the 18th inst., 
that it is proposed to offer a similar sum to some 
other technical college this year. It has been the 
practice in previous years to hold the annual 
dinner of the society on December 21, the anniver- 
» sary day of the birth of Sir Joseph Whitworth. 
It has been felt by the council, however, that the 
falling of this date so near to Christmas may, 
perhaps, have prevented the attendance of some 
of the members, who live at a distance. In view 
of this, the function this winter was arranged for 
March 18, the anniversary of the day on which 
Sir Joseph Whitworth, in 1868, made his proposal 
for the foundation of the Whitworth Scholarships 
to the First Lord of the Treasury. At the dinner 
on the 18th inst. the president, Mr. W. H. Fowler, 
who obtained his Whitworth Scholarship in 1873, 
was in the chair, and, as is the practice of the 
society, such of the men who obtained scholarships 
in 1929 who could attend were present as guests. 


exchange. It appears, however, that the number of 
telephone subscribers in the area has recently largely 
increased, and that as a result a new exchange is to 
be built, which will be known as Elmbridge. At 
first sight this is a move which it would seem local 
patriotism would be inclined to encourage, but, as 
the result of the translation is to transfer the sub- 
scribers across the 10-mile boundary, what is actually 
occurring is an agitation with which one may express 
some sympathy. For the Post Office, with that 
inflexibility which is one of its principal charac- 
teristics, has enjoined that as the new exchange 
will be more than 10 miles from Oxford Circus, sub- 
scribers must in future pay 2d.~for every call to 
an exchange, which is more than 5 miles away, 
including those in the inner London area. It is 
true that the rental of the instrument will be 
5s. per quarter less, but for subscribers who do 
much business with London, this reduction will 
not prevent increase in the bills. The subscribers 
are being required, under penalty of disconnection, 
to agree forthwith to the new charges, though the 
exchange cannot be completed for some 18 months 
or two years. The only people, besides the Post 
Office, who will benefit by the transfer will be those 
subscribers who initiate less than 240 calls per 
annum. The urban district council have taken 
the matter up and it will be interesting to learn the 
outcome. The matter is one of principle. Kingston 
is not the only exchange which lies on the 10 mile 
boundary, and it is not inconceivable that before 
very long certain groups of subscribers at Harrow, 
Edgware, Barnet and Woolwich, to select four ex- 
amples at random, may find themselves in a similar 
position. Though under such conditions it is con- 
ceivable that there may be a difficulty in applying old 
rates to new subscribers, there should be no insuper- 
able obstacle in allowing those who are at present 
connected to continue as they are. This, in fact, 
seems to be the equitable course to follow. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Prior to the general meeting of the Institution 
of Mechanical Engineers, at Storey’s Gate, West- 
minster, on Friday, March 21, a meeting of the 
members of the Benevolent Fund was held to 
consider the report of the Committee of Management 
for 1929, and to elect office-bearers. The chair was 
occupied by the President, Mr. Loughnan St. L. 
Pendred. The report showed that the membership 
was 1,420 at the end of the year, and that the 
funds amounted to 14,7221. 17s. 6d. on that date. 
The income for the year 1929 was 1,636/. 15s. 5d., 
but there had been an excess of payments over 
receipts of 431/. 2s. Id. After several suggestions 
from members as to possible ways of increasing 
the income of the fund, the report was unanimously 
adopted. On the motion of the chairman resolutions 
were also passed for the payment out of capital 





It was announced during the evening that Sir Henry 
Fowler had accepted nomination as the next presi- 
dent, and would be inducted to the office at the 
summer meeting of the society in July. 
been the practice in past years to hold this summer 
meeting during the course of, and at the same 
place as, the summer meeting of the Institution 
of Mechanical Engineers, but this year Sir Henry 
Fowler has invited the society to meet at Crewe. 
The society naturally contains members of very 
diverse engineering interests, and, cutting across 
the field of so many of the leading technical in- 
stitutions, its meetings form a valuable means of 


members getting ir. touch with fellow Whitworth | 


men whose activities lie far from their own. Its 
chief purpose is to maintain interest in the Whit- 
worth foundation. It should receive the support 
of all Whitworth men. 


Post Orrice Business Meruops. 


Telephone subscribers in the Surbiton area are at 
present connected to the Kingston exchange, and, as 
this exchange lies within 10 miles of Oxford Circus, 
they make a quarterly payment of 2/. or 1/. 12s. 6d. 
for their exchange line, depending on whether the 


premises are used for business or private purposes | 


and Id. for every call to an exchange within the 
inner London area or within five miles of their own 





It has | 


| of a sum equal to the existing deficit and a sum of 
| 5001. for contingencies in the coming year. The 
| capital drawn upon, he said, represented really a 
surplus from the year 1921, when there had been 
very little demand on the fund, and the resolutions 
|now made would permit the committee to establish 
a reserve fund from any year in which there had 
been a surplus. Mr. J. K. Aykroyd, Major F. M. G. 
Du-Plat-Taylor and Mr. F. H. Livens retired 
by rotation from the Committee of Management, 
and a vacancy was also caused by Mr. Pendred 
becoming ex-officio chairman. The meeting elected 
Dr. Daniel Adamson, Mr. R. C. Macdonald, Mr. 
W. J. Tennant and Major S. J. Thompson to fill 
the vacancies. The Hon. Treasurer, Mr. Harold 
Robinson ; the Hon. Secretary, Brigadier-General 
Mangus Mowat ; and the Hon. Auditors, Mr. C. J. 
Haines and Mr. T. C. Pulman, were all re-elected, 
and votes of thanks for their services were cordially 
rendered. 

The general meeting then followed, under the 
chairmanship of the President, who, after the more 
formal preliminary business had been despatched, 
addressed the members on the subject of the 
Benevolent Fund. The financial position of this 
fund, he stated, was not satisfactory. The 
engineering industry was in a difficult position, 





in 1929 than in any preceding year, the result of 
which had been that the fund had expended more 
than their income by over 430]. Diagrams were 
exhibited one showing yearly the financial condition 
of the fund since 1913, and indicating that though 
there was a surplus about 1921, of recent years 
there had been a deficit, so that the committee 
had sought power from the members of the fund 
to draw 500/. from the capital account to cover 
commitments over the next few months. The other 
diagram showed that only 13-2 per cent. of the 
members of the Institution were members of the 
Benevolent Fund. The President appealed to the 
members to support the fund more extensively. 
Subscriptions of 5s., 2s. 6d. or even ls. would be 
welcome, especially during the present difficult 
period. There were many sad cases of distress, 
and funds were not available to do all that should 
be done. 

Dr. Daniel Adamson supported the President's 
appeal, and pointed out that one of the diagrams 
exhibited showed that among the corporate members 
of the Institution some 7,000 did not help the 
Benevolent Fund. Even a shilling or two sent in 
regularly would swell the fund, and would not be 
felt by the donor. The 431/., which had been 
overspent, was expended during his year of office 
as ex-officio chairman of the fund, and he could 
say that none of the money had been thrown 
away. Out of an expenditure of over 2,000/. on 
grants, the only management costs had _ been 
721. for printing and stationery, Brigadier-General 
Mowat and his staff having done the clerical work 
gratuitously. Ifa member sent a shilling, therefore, 
he would have the satisfaction of knowing that 
more than 113d. of it would go to the direct object 
of the fund. He hoped Mr. Pendred’s year of 
office as ex-officio chairman would see the fund 
financially sound as the result of the efforts of 
the 7,000 members he had referred to. 


600 Ls. HicH-PREssuRE BOILER. 


A paper, entitled “The Design and Results of 
a 600-lb. per square inch Boiler Installation,” was 
then read in abstract by Mr. William Nithsdale. 
We reprint this paper in abridged form on page 406 
of this issue. 

The discussion was opened by Mr. P. St. G. 
Kirke, who referred to a paper read by Mr. S. Spyer, 
at Hull, in 1926 on the subject of high-pressure 
steam generation. He thought the type of boiler 
described in Mr. Spyer’s paper was preferable to the 
one under consideration. From Fig. 1 of the paper 
it appeared necessary to have 19 rows of tubes to 
obtain the requisite temperature drop. As these 
must be got into a quarter of the circumference 
of the steam drum, tubes of small diameter were 
necessitated to keep the drum within reasonable 
limits. The tubes of the boiler described in the 
paper were only 1} in. in external diameter. Again, 
in good practice, the tube length did not exceed 90 
times the internal diameter. The tubes should, there- 
fore, not be more than 10 ft. 6 in. On measuring 
the drawing, it would appear that those near the fire 
were 33 per cent. too long, viz., about 14 ft. Small 
tubes were objectionable on account of becoming 
easily choked by scale, etc. There was no.limitation 
of tube size in the type of boiler described by 
Mr. Spyer, and the steam drum of the same 
thickness of the boiler under consideration, VIZ., 
32 in., would be good for 800 lb. and not 600 Ib. 
The tubes could also be got at from the outside of 
the boiler and taken out and looked through. In 
the boiler shown in Figs. 2 and 3 the tubes were 
very difficult to remove, while failure in the middle 
of a tube nest meant the removal of a number of 
tubes before the faulty tube could be got at. 

In Fig. 1 the actual temperature drop in the 
first four rows of tubes was only 400 deg. F. at 
the 7,500 B.Th.U. rating. At 4,500 B.Th.| . the 
temperature drop was 500 deg. F. This seemed 
to indicate that the circulation was worse when the 
evaporation was greatest. As to the special takes 
spoken of as not having been obtainable in 192%, 
thus limiting the maximum overload steam — 
perature to 780 deg. F., Mr. Spyer’s papeT had, 


ge boilers 


three years ago, mentioned the Langerbruge i 
working at a temperature of 840 deg. F.. _ a 
higher than Mr. Nithsdale’s 


pressure 33 per cent. 





and it had been necessary to make more grants 
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boiler. Ordinary steel was used for the superheater 
tubes, and no trouble had been experienced. It 
had been claimed for small tubes that they were 
advantageous on account of the lesser heat-drop 
through the metal. He entirely disagreed from 
that view. The difference in temperature drop 
between tubes of } in. and } in. thick was very 
small. Small tubes meant a greater number of 
joints to look after. Finally, though the author 
had described the advantages of being able to 
design air heaters on the contraflow system, he 
had not employed that system in his economiser. 

Mr. A. Pollitt thought that this country was in 
the forefront as regards temperature, though the 
author did not seem to think it was as regards high 
pressure. Temperature was more significant than 
pressure from the point of view of overall efficiency. 
The boiler described seemed a good everyday type, 
and perhaps it was to be regretted that Imperial 
Chemical Industries had not been so optimistic at 
Widnes as it had been at Billingham. The paper 
dismissed the question of water walls by saying 
that they were unnecessary, due to the large 
amount of radiation absorbing surface in the 
furnace. As a station engineer, he would suggest 
that water walls would pay for themselves in the 
reduced cost of refractory maintenance. The steam 
velocity used in the superheater would have to 
be increased if the temperature rose. The method 
of comparing samples of steel suitable for use 
in economisers, by simple immersion only, did not 
commend itself to him. 

He would like to know whether any troubles 
had been experienced in air distribution or if 
any steps had been taken to deal with segregation 
of the fuel in the stoker hoppers. He was surprised 
that the safety valves were used at such low 
pressures. Experience had shown him that a good 
setting for safety valves on the saturated steam 
drum was W.P. + 7 per cent. W.P. + 3 lb., and for 
those on the superheater, W.P. +- 5 per cent. W.P. 
It was not good policy to set the several valves for 
the same pressure in a large boiler. The serrated 
jointing rings mentioned in the paper had 14 
serrations per inch. He thought the so-called 
“gramophone” type with 40 serrations per inch 
was superior. He considered the heat-transfer 
rates low in view of what was usual in present-day 
tenders. The operating results were just what 
would be expected from any good modern boiler in 
any good power station. 

Mr. F. Samuelson said he would make an appeal 
to boiler-makers to produce boilers capable of 
withstanding high temperatures. He had for some 
time past advocated higher temperatures with 
moderate pressures. A rough estimate of suitable 
conditions for different treatment of the same design 
could be arrived at by adding Fahrenheit tem- 
perature to pressure in lb. per square inch. Thus, 
the author had given 800 deg. F. and 600 lb. per 
square inch ; that was, together, a figure of 1,400. 
Mr. Samuelson suggested that in future designs 
the pressure might be dropped to 400 Ib., and the 
temperature increased to 1,000 deg. F. This would 
result in a much cheaper boiler with a higher 
thermal efficiency. It might interest members to 
learn that his firm had just completed a turbine 
generator set of 10,000-kw. rating for 400 lb. per 
sq. in. and 1,000 deg. temperature. It was to be sent 
to the United States, and would have to be finally 
tested there, instead of before delivery as was more 
usual, because they could not find a boilermaker who 
could supply steam of this temperature. He made a 
Serious appeal to members, many of whom haa 
the necessary facilities and funds, to do their share 
towards the installation of an experimental unit of 
this kind in this country. 

Mr. Charles Erith thought the results of the boiler 
were very satisfactory seeing that they had been 
obtained under ordinary working conditions and 
hot under test. An efficiency of practically 84 per 
com’, with direct firing and untreated fuel was good, 
while it had been reached with a moderate co, 
yh and without water walls. He wished to 
Ps : auentiae as to the comparative value of the 
oo sti boiler described in the paper with the 

Te familiar double-flow type—for instance, the 


Stoker-fired boilers at Barton, which he understood 
were hig] 


ly satisfactory. He would ask what were 
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the special reasons leading to the adoption of the 
single-flow type? He thought the claims made 
on behalf of water walls need not be taken too 
seriously. 

Mr. G. E. Hider said he had been concerned for 
some years with the generation and utilisation of 
steam for rolling mills, and neither the present paper 
nor the previous one on the “Wood” boiler had 
provided him with any substantial reason for 
abandoning the use of Lancashire boilers in cases 
where high peak loads were required. He could 
keep down capital cost, where an instantaneous 
peak load of 120,000 lb. was required, by installing 
a battery of Lancashire boilers of a total rated 
capacity of no more than 60,000 lb. He would 
advise water-tube boiler designers to study the 
subject from that angle. 

Major S. J. Thompson, in referring to a visit to 
Messrs. Yarrow’s works, spoke in high praise of 
them and the work done. He thought it was not 
generally understood that the boiler described in 
the paper was not put forward as a remarkable 
achievement but simply to record the fact that the 
Yarrow boiler, which had stood the test of lower 
pressures, was equally satisfactory at the higher 
one of 600 lb. Other boilers of this type were now 
under construction for 1,200-lb. working pressure. 
Mr. Samuelson was in favour of lower pressures 
and higher temperatures, but boiler-makers had 
no control over steel-makers and high tempera- 
tures might give trouble in the turbine as well as 
in the boiler. He personally would not be afraid 
to investigate the question of constructing boilers 
with the materials at present available to give 
Mr. Samuelson the high temperature he desired. 
The question of pressure per se as regards boilers 
was really a secondary one. 

Mr. W. H. Martin said the question of weight, 
and therefore cost, was an important factor in the 
construction of high-pressure boilers, particularly 
so in marine work. He had compared the 50-in. 
forged drum described in the paper with 240 welded 
drums, approximately similar, made by the Thyssen 
method of water-gas rolled lap-welding, and found 
that the thickness averaged 1? in. against the 
3 in. of the Yarrow boiler. It would appear that 
the use of welded drums would result in a saving in 
weight of from 30 per cent. to 60 per cent., while 
the thinner walls would require less drilling time 
for the tube holes. On the Continent welded drums 
were taking the place of riveted ones for pressures 
over 250 lb., and it was only when 750 lb. was 
reached that forged drums could be said to be 
competitive. The author had said that forged 
drums with riveted ends were suitable up to 650-Ib. 
pressure, but Mr. Martin said he had a photograph 
before him of a wholly welded drum 5 ft. 7 in. in 
diameter with a wall thickness of 2} in. and about 
25 ft. long. There would be nothing to prevent 
it being made 40 ft. long by the use of circum- 
ferential welded seams, which had proved quite 
satisfactory in operation for six or seven years. 
There was nothing, therefore, against welded ends. 

Mr. G. F. Dorey commented on the question of 
tube stresses. The author had advocated the use 
of very thin tubes, and several speakers were in 
favour of tubes 3 in. in diameter or larger, but he 
himself was of opinion that as pressures increased 
tube diameters should decrease, as the stresses, 
taking heat transmission into account, rose with 
the larger-diameter tubes. No allowance had been 
made in the paper for difference in temperature of 
tube walls or for wear and inaccuracy in manufac- 
ture. Temperature stresses must be considered. 
From calculations he had made he thought the 
thickness of the tubes in the boiler under discussion 
might be slightly decreased. He would like to 
know for what length of time the boiler was usually 
steamed without internal cleaning. 

Mr. S. B. Freeman said that the paper was 
of use to marine engineers as indicating the 
performance of water-tube boilers with coal firing, 
which was of national importance since the use of oil 
had made such strides at sea. He hoped a technique 
of firing such boilers with pulverised coal would 
develop. Mr. Johnson’s paper,* read at the 
Institution of Naval Architects, including an account 
of coal-fired water-tube boilers in a ship, was 





valuable for the same reason. He had recentl 
seen, at Messrs. Yarrow’s works, a boiler designed 
by Mr. Johnson which it was hoped would give 
even better results at sea that the Yarrow boiler. 
Referring also to a visit to Messrs. Babcock and 
Wilcox’s works, he said he had been struck by 
the great advance, from the marine point of view, 
in material and workmanship generally; the 
prejudice against marine water-tube boilers, even 
for high pressures and temperatures, seemed to 
be disappearing. The results of the Barton boilers 
were also encouraging to marine engineers, but 
it must not be forgotten that the average ship- 
owner liked very plain machinery which could 
be run with the minimum of repairs. 

Mr. F. H. Newman was of opinion that by using 
a contraflow economiser the author would have 
saved space and reduced costs. He also thought that 
difficulties arising from corrosion could be reduced 
by forced circulation through such an economiser. 

Dr. D. Adamson enquired what was the average 
velocity of the gases through the superheater 
space, and also through the boiler spaces, or, if 
that could not be given, the average cross-sectional 
area of the passages concerned. He thought an 
allowance of 1 per cent. of heat consumption for 
the auxiliaries was too low. For the plant at 
Barton, a paper read at Manchester gave 34 per 
cent. to 4 per cent, consumption for the auxiliary 
equipment. 

Mr. W. H. Patchell, in connection with the 
remarks which had been made on high temperatures, 
read an extract from a contribution to a discussion 
at the Institution of Naval Architects made by 
Mr. Spyer,t in which it was stated that the average 
continuous temperature at lLangerbrugge was 
810 deg. F. Mr. Patchell then referred to the 
arrangement of the safety valves on the large 
high-pressure boilers at Boston, and also pointed 
out that ‘steaming conditions had been much 
improved in the boiler last installed there by putting 
12 outlets from the saturated steam drum to the 
superheater. He recommended that practice to 
the author, for Messrs. Yarrow’s boilers. Something 
had been said about material, and it was a fact that 
engineers were waiting for advance on the part of 
steel makers both for plates and tubes. 

Mr. J. T. Fleming criticised the design of the 
fans described in the paper. These, he calculated, 
had an efficiency of only 50 per cent. at all loads. 
High-speed fans could now be obtained with 
efficiencies up to 75 per cent., and a fan of this 
type would soon make up its higher initial cost by 
its reduced horse-power and lower steam con- 
sumption. 

Mr. B. Samuels said he thought there was a 
tendency to make too much of one aspect of a 
new boiler, the furnace or economiser for instance. 
What users wanted was an efficient boiler as a 
complete unit no matter what it included. He 
did not think the statement that there was a 
decrease of 25 deg. F. in gas temperature for each 
1 per cent. increase of CO, above 12 per cent. was 
in accordance with general experience. The effect 
of hot air on mechanical-stoker firebars was often 
exaggerated. With temperatures such as those 
mentioned in the paper, such bars had been working 
without trouble for four or five years. Hitherto the 
development of large boilers had been retarded by 
the difficulty of burning enough coal in them for 
the high duty, but the advent of pulverised fuel 
would enable the fuel consumption to be largely 
increased. 

Mr. H. Yarrow said an objection to the use of 
water-tube boilers at sea was being overcome by 
recent advances in condenser practice by which sea 
water could be kept out of the boilers. Forged 
drums could be supplied at a reasonable price. A 
recent investigation in his shops had shown that 
out of 141 drums under way 94 were solid forged. It 
was true that engineers had not yet got suitable 
material for high temperatures. He had found 
modern heat-resisting steels not sufficiently ductile 
for use in tubes. He thought Mr. Patchell’s 
quotation regarding the Langerbrugge boilers 
had indicated that the view expressed in the paper, 
that the temperature limit of 800 deg. to 850 deg.F. 
was at present advisable, was a sound one. 





* See ENGINEERING, vol. cxxvii, page 374 (1929). 
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A cordial vote of thanks having been accorded 
to Mr. Nithsdale, he made a brief reply on some 
of the points raised. He could not, Mr. Nithsdale 
said, regard Mr. Kirke’s views very seriously, as 
his experience of many boilers with tubes of a 
hundred diameters in length, and burning oil fuel, 
had been quite satisfactory. As to the anticipated 
difficulty of removing a damaged tube, the tubes 
in the centre of a nest were not likely to suffer, 
as the temperature of the gases reaching them 
were considerably reduced. He was not aware of 
any trouble having occurred during the last six 
years. The tubes next the fire were subject to 
the most trying conditions, and these were easily 
got at. He thought it would certainly pay to put 
water walls in the furnaces. As regarded material 
for high temperatures, Mr. Samuelson might be 
interested to learn that Mr. Yarrow had a high- 
pressure experimental boiler in hand, the con- 
struction of which was at present held up by the 
want of tubes suitable for very high temperatures. 

Continuing, Mr. Nithsdale said that the reply 
to Mr. Erith’s question was that the single-flow 
design was adopted as it worked in best with the 
existing lay-out, and higher steam temperatures 
were obtained by a single-flow boiler, as all the 
gases had to pass through the superheater. He 
thought the peak loads referred to by Mr. Rider 
could scarcely be more exacting than those in, 
say, a torpedo boat destroyer, in which the water 
tube boiler was an undoubted success. Some 
questions had been asked about the economiser, 
but it must not be forgotten that the temperature 
of the gases reaching a modern economiser were 
higher than formerly, which fact handicapped the 
design of this part. The curves given in Fig. 1 
had been criticised, but he had already pointed out 
in the paper that they could not be accepted as 
correct, without modification, for higher pressures 
than those for which they had been plotted. He 
was interested by Mr. Patchell’s references to 
other high pressure boilers, but would have liked 
some information as to the efficiencies obtained in 
them. In the installation under discussion 85 to 
86 per cent. efficiency had been reached at pressures 
of about 400 lb. Did such efficiencies obtain in 
boilers working at 1,200 lb. ? As to the fans, the 
main thing was ample reserve, and it would appear 
to be false economy to restrict auxiliaries. He 
would reply more fully in a written communication. 

The meeting then terminated with the announce- 
ment that an informal meeting would be held on 
Friday, April 4, at 7 p.m., when a discussion on 
“Smoke ”’ would be introduced by Mr. A. L. Stanton. 
The next general meeting would take place on 
Friday, April 25, at 6 p.m., when a paper on 
“* Machinery and Methods of Manufacture of Sheet 
Glass ” would be presented by Professor W. E: 8. 
Turner. 


THE LATE SIR VINCENT CAILLARD. 


WE regret to record the death of Sir Vincent Henry 
Pensalver Caillard, which occurred in Paris on Tuesday, 
March 18, at the age of 73. Sir Vincent had a dis- 
tinguished career as a military diplomatist and a 
financier, and played a great part in the development of 
more than one industry in which this country is 
interested. 

Caillard, who was born on October 23, 1856, was the 
son of a County Court Judge, and, on his mother’s side, 
was related to Lord Beaconsfield. He was educated at 
Eton and Woolwich, and received his commission in the 
Royal Engineers in 1875. He was appointed an 
Assistant Commissioner on the Montenegrin Boundary 
Commission in 1880, and joined the Silistria Bridge 
Commission in the same year, having previously served 
at the Berlin Conference which followed the Russo- 
Turkish War. He also served during the Egyptian 
campaign of 1882 and in the following year, owing to his 
knowledge of Near Eastern languages, was appointed 
English representative on, and alternate President of, 
the Ottoman Public Debt Administrative Council. 
While holding this position, he was largely responsible 
for the reorganisation and subsequent success of the 
silk, salt, and wine-growing industries of that country 
and for carrying through a soundly financed pro- 
gramme of railway construction. For these services 








he received a knighthood in 1896, as well as more 
than one high Turkish decoration. 

In 1898, he resigned his position in Turkey to join 
Sir Ernest Cassel in his Egyptian enterprises, and was 
largely responsible for financing the Assouan Dam 
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project. In 1900, Sir Vincent was appointed a director 


of Messrs. Vickers Sons and Maxim, now Messrs. 
Vickers Limited, for which post he was specially 
fitted by his diplomatic and financial experience. He 
remained on the board of this concern until 1927, 
during which time he was in control of their foreign 
operations. Early in 1914, he negotiated the re- 
construction of the Turkish fleet, dockyards and arsenals 
for the Vickers and Armstrong firms, and work on this 
contract had begun when war broke out. The imme- 
diate result, however, was that two first-class fighting 
ships, which had just beencompleted for the Ottoman 
Government, came into British hands. It was also 
chiefly due to his initiative and organising ability that 
the company with which he was connected was able 
to make an enormous contribution to the national 
output of munitions and other material during the 
war. 

In addition to his work with Messrs. Vickers, Sir 
Vincent was also a director of the Southern Railway, 
Messrs. The Metropolitan Carriage, Wagon and Fin- 
ance Company, Messrs. Beyer, Peacock and Company, 
and Wolseley Motors Limited. He also took an active 
part in the Federation of British Industries, of which 
he was the President in 1919. 








THE LATE MR. T. VON ZWEIGBERGK. 


WE learn. with regret, of the death of Mr. Thorsten 
von Zweigbergk, which occurred recently at Stockholm, 
after a long illness. He was closely associated with 
the development of electric traction in its early days, 
both in the United States and in this country. 

Mr. Zweigbergk was born at Lund, in Sweden, and 
obtained his engineering and electrical training under 
his uncle, Jonas Wenstrom, who may be termed the 
founder of the electrical-engineering industry in that 
country. As a young man, however, he emigrated 
to the United States, where, in 1894, he joined the 
staff of the Thomson-Houston Company (afterwards 
the General Electric Company) at Schenectady. At 
a later date, he became associated with Professor 
Sidney Short, whom he assisted to found and to 
develop the business of the Walker Electric Company. 
When this concern was absorbed by the Westinghouse 
interests in 1900, Professor Short, Mr. Zweigbergk, 
and the rest of the Walker Company’s engineers 
came to England, where they formed the nucleus of 
the staff of the Preston works of Messrs. Dick, Kerr 
and Company. At that time, the horse tramways of 
the country were being rapidly electrified and many 
new lines were being built. There was keen com- 
petition for the various contracts, and much difference 
of opinion regarding the details of the equipment that 
should be employed. One of the most interesting 
points which arose was in connection with the patents 
for the magnetic blow-outs used on the controllers. 
In the negotiations and litigation that took place 
between the rival claimants for the invention of this 
system, Mr. Zweigbergk played a leading part. Messrs. 
Dick, Kerr considered that they had a good case. 
At the same time, they did not forget the proverbial 
uncertainties of the law, and therefore took the wise 
course of designing another form of equipment should 
the legal decision go against them. This task was 
assigned to Zweigbergk, who, under high pressure, 
developed and perfected the metallic-shield blow-out, 
which, in practice, has since proved one of the best 
devices of its kind that has been invented. 

In 1904, on the death of Professor Short, Mr. Zweig- 
bergk was appointed chief designer of the traction 
department of Messrs. Dick, Kerr and Company. 
In this position he carried out a great deal of important 
work, perhaps the best known of which was the eiectri- 
fication of the Lancashire and Yorkshire Railway 
between Liverpool and Southport. This was the 
first section of main line in this country to be operated 
by electric traction, and the methods used and the 
results obtained have been made free use of in sub- 
sequent work. 








THE LATE COLONEL E. D. MALCOLM 
OF POLTALLOCH. 


CoLoNEL Epwarp Donatp Matcotm of Poltalloch, 
who died on Thursday, March 20, at the age of 93, 
was the last survivor of the small committee who 
met in London, on May 17, 1871, and founded the 
Society of Telegraph Engineers. At the same meeting, 
66 persons were elected as members. The present 
mem bersnip of its successor, the Institution of Electrical 
Engineers, is about 14,000. 

Colonel Malcolm, who was born on November 13, 
1837, had a distinguished military career, serving 
in Turkey from 1855 to the end of the Crimean War, 
as well as in the Indian Mutiny, where he took part 
in the relief of Lucknow. Subsequently, he saw service 
in the China War, in the course of which he was success- 





ful in obtaining a good steam coal from Japan (then 





a closed land) for the British Navy. After a period 
in Canada, where he was responsible for strengthening 
the fortifications of Quebec on the south side of the 
St. Lawrence, he became an instructor at the School 
of Military Engineering, Chatham, and specially 
devoted himself to the subject of submarine defence, 
in which electrical methods of signalling and control 
played a large part. This work brought him the 
appointment of Inspector of Submarine Defences at 
the War Office, where he developed an organisation, 
which was designed to enable all the important 
harbours to be defended by volunteers at a minimum 
of expense. For this work he was appointed a 
Companion of the Bath. After retiring from the 
active list, he continued his connection with this branch 
of military activities, as Honorary Colonel of the 
Clyde Submarine Mining Engineers, R.E. During 
the later part of his life, his time was fully cccupied 
with his duties as a landowner and as a County 
Councillor of Argyllshire. 








LETTER TO THE EDITOR. 


TRIALS OF A MARINE DIESEL ENGINE 
WITH BUCHI SUPERCHARGER. 


To THE EpiTor OF ENGINEERING. 


Str,—In my report on the trials of the port engine 
of the Maron, I concluded that the heat transmitted 
Ito the cooling surfaces of the turbo-charged engine 
was no greater than in the engines of the Cape York 
and Sycamore, which were not turbo-charged, when 
the former was developing a brake mean effective 
pressure about 50 per cent. greater than the latter. 
Messrs. Lister and Markham, in their letter of the 
Ist inst., appear to consider that the statement is 
hardly justified in view of the fact that the fuel cams 
of the Maron’s engine were not suitably retarded. 
I agree that if the fuel cams had been retarded the 
heat losses to the cylinders and pistons would have 
been slightly raised. When I stated, however, that 
“there was no opportunity to adjust the fuel cams to 
suit the lower speed,” I did not wish it to be inferred 
that the only adjustment necessary was to retard the 
cams. If time had permitted, the lift and the period 
of opening of the fuel valves would have received 
attention, with the object of reducing the quantity 
of blast air consumed and increasing, to a slight extent, 
the mechanical efficiency of the engine. 

The average maximum pressure in the cylinders 
during Trial 3 was 665 lb. per square inch, but I do 
not regard this as excessive, especially as the crank- 
shaft was designed for a maximum pressure of 700Ib. 
per square inch. I presume that Messrs. Lister and 
Markham are of opinion that the fuel cams should 
have been retarded in order to reduce the maximum 
pressure in the cylinders. With engines of the normal 
Diesel type, the maximum pressures would be reduced 
by retarding the injection, provided that no change 
was made in the blast-air pressure. The engine under 
consideration is, however, a turbo-charged engine, 
and the final compression pressure—and the available 
rise of pressure to the maximum permitted—is 
influenced by the pressure of the charging air. I have 
estimated that if, as the result of retarding the cams, 
the fuel consumption had been increased by 5 per 
cent., the compression pressure would have been 
increased by about 10 1b. per square inch. On the 
other hand, if the consumption had been reduced 
by 5 per cent., by modifying the fuel cams, the com- 
pression pressure would have been reduced by about 
10 lb. per square inch, so that the instant of opening 
the fuel valve could have been advanced slightly 
without exceeding the maximum pressure recorded 
inf Trial 3. There are other points influencing the 
rate of pressure rise during combustion which have 
a bearing on this question, but I would suggest that. 
in addition to the modifications I have outlined, it 
might have been an advantage to have advanced the 
fuel cams. I would, further, suggest that retarding 
the cams by a reasonable amount would have ha 
little influence on the maximum pressures reached in 
the cylinders, although it would have increased the 
fuel consumption. 
Yours faithfully, 

C. J. HAwkEs. 
Armstrong College, Newcastle-upon-Tyne. 
March 12, 1930. 





Farm Macutnery IN WESTERN CanapA.—The Depart- 
ment of Overseas Trade, 35, Old Queen-street, London, 
S.W.1, has drawn up a confidential report concerning 
the sales of farm tractors and threshing and ra 
threshing machines in Western Canada during 1929. 
Interested United Kingdom manufacturers who on 
to receive a copy of the report should apply to the 
Department at the address given above, quoting 
Reference No. A.X. 9172. 
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NOTES ON NEW BOOKS. 


Ir a foundry manager is content, as he should be, 
to be known as a foundryman, then the title of the 
compilation, Foundrymen’s Handbook (London : Penton 
Publishing Company, Limited, Caxton House, S8.W.1. 
Price 308. net) is justified. Otherwise, if the work is 
intended for the use of the ordinary man in the shops, 
it would appear to fall short of its aim by covering too 
wide a field. We make this comment so that both 
classes of men referred to may know what to expect 
on purchasing the book; we do not imply that it is 
useless to either. On the contrary, the amount of 
sound information contained in its 574 pages is enor- 
mous, and all that we desire to convey is that the working 
foundryman is likely to find in them material of which 
he can make no use, while the supervising foundryman 
is provided with some which he does not need. Apart 
from this, the book can be unhesitatingly commended. 
Starting in 1907 as a series of data sheets from The 
Foundry, it became the Foundrymen’s Handbook in 
1922, and has now reached this second edition, which 
event is signalised by the addition of some 77 per 
cent. more matter. Of this new matter, the section en- 
titled ‘‘ Lexicon of Technical Terms”’ deserves special 
mention. If knowledge is to be spread accurately, 
precise definition is essential. It is not every author 
that recognises this, and the 200 or so full and lucid 
definitions of technical terms in this book relating to 
the physical, chemical, and electrical properties of 
ferrous and non-ferrous metals should enable its 
possessor to keep abreast with current technical litera- 
ture. The section on “ Routine Analyses of Foundry 
Materials” is a treatise in itself, and perhaps would 
only appeal to the specialist. On the other hand, 
that on “‘ Care and Maintenance of Equipment ”’ is of 
a more directly workshop nature. Under the heading 
“ Miscellaneous Information ” there are, amongst other 
things, some excellent and well illustrated summaries 
of microphotographic work on metals. It may be as 
well to add that, as the book originally hails from the 
United States, British readers must not lose sight of 
the fact that the American gallon and ton standards 
used in the book, differ in quantity from the units 
to which they are accustomed. 





To engineers who through the stress of the times 





419 





and one beset with many pitfalls. Providing as it 
does the common ground on which the engineer and 
the financier meet, and on which each has to endeavour 
to obtain something of the perspective of the other, 
mining economics involves something more than a 
mere superficial knowledge of either business methods 
or sound technical principles in the outlay and working 
of a mine. In practice the adoption of a policy will 
usually be the outcome of a compromise between the 
projects of the engineer and the controlling body, 
the latter being in most cases influenced by financial 
considerations. Before a new mine can be brought 
to the producing stage a large number of factors have 
to be carefully weighed to obtain even an approximate 
estimate of the profits which may be expected. And 
although much naturally depends on the technical 
skill of the engineer who draws up the scheme, other 
factors outside his control are liable to turn the scale 
from success to failure if they are ignored. Compari- 
sons between coal mines and metal mines, whether at 
home or abroad, should not be made under any cir- 
cumstances; nevertheless, in considering the prin- 
ciples of mine economics the same generalities apply to 
both. Thus, a certain mineral deposit may be worked 
at a profit provided a large tonnage output is main- 
tained so as to distribute the overhead costs. But 
this large output probably involves heavy capital 
outlay for extensive plant. Whether this policy can 
be carried out depends upon the capital available; 
the engineer may be called upon to modify his scheme. 
Markets must be available and assured for the produce, 
and if these are at some distance the cost of transport 
must be carefully calculated. If the margin of profit 
per unit is small, a mistake in assuming a market where 
there is none, or failure to allow for the extra cost of 
transport to more distant markets, may make the 
difference between success and failure. In some cases 
due allowance may not have been made for the cost 
of disposing of waste material, or for coal cleaning 
or ore-dressing, as the case may be, which is necessary 
to bring the product up to marketable standard and 
to compete successfully with other producers. Such 
questions as these and many others are dealt with in 
a book recently published in France entitled L’ Industrie 
Miniére, by George Moreau (Paris: Gauthier Villars 
et Cie.; price 25 francs). The history of mining is one 
of contrasts: on the one hand, a large number of 





have not followed the evolution of steam-raising plant, 

and indeed to all who wish to be in touch with modern | 
practice, we suggest the perusal of alittle work entitled | 
The Modern Boiler House, by Henry S. Webster, | 
AM.LE.E. (London: The Draughtsman Publishing | 
Company, Limited, 96, St. George’s square, S.W.l1. | 
Price 2s. net). A subtitle ‘‘ With Special Reference to 
Power Station Practice,” indicates, of course, that the | 
work is chiefly concerned with large installations. 


Descriptions of boilers and auxiliaries for such plant | for caution. The work is an able exposition of the 


are given in a very clear way, without superfluous 


matter, and with the aid of illustrations which, though estimating the potential value of a mine at any period 
somewhat diagrammatic, are sufficiently intelligible. | of its existence. 


Without mentioning any particular section, it may be | 
said that the references to new apparatus and methods | 


steering a happy middle course of level-headed 


highly successful enterprises, on the other, a long 
list of failures—failures due to optimism, misguided 
policy and, unfortunately, still more due to dishonesty. 
It is no wonder, therefore, that those who have to do 
with mines should too often have become prejudiced 
and tend to extremists of optimism or pessimism— 
mostly the latter. M. Moreau succeeds in his book in 


reasonableness, emphasising withal the constant need 


manifold factors which have to be kept in mind when 





The business centre of Pittsburgh is situated in 


provided specially for the transport of the large hot 
metal mixers, between steelworks, which, of course, 
abound. Whatever may be thought of the bridges 
illustrated, one feels inclined to regret that, in a 
small area in which so many are crowded together, 
it has not so far been possible to get further away 
from the legacies of days when everything of the 
kind was considered a case by itself. The authors 
have collected together material which should certainly 
interest engineers engaged in city development work. 





LAUNCHES AND TRIAL TRIPS. 


* Reoistan.”—Cargo steamer for the Far Eastern 
trade ; triple-expansion engines working in conjunction 
with a Bauer-Wach low-pressure exhaust turbine. Trial 
trip, March 14. Main dimensions, 440 ft. 3 in. by 55 ft. 
by 31 ft. Built by Messrs. John Readhead and Sons, 
Limited, South Shields, for Messrs. F. C. Strick and 
Company, Limited, London. 


‘** BENEDICT.”—Cargo steamer ; triple-expansion 
engine. Trial trip, March 14. Main dimensions, 
405 ft. by 54 ft. by 37 ft. Built by Messrs. Cammell 
Laird and Company, Limited, Birkenhead, for Messrs. 
The Booth Steamship Company, Limited, Liverpool. 


‘“‘ Kampar.”’—Single - screw passenger motorship ; 
Sulzer-Diesel engine. Trial trip, March 14. Main 
dimensions, 165 ft. by 28 ft. 8 in. by 10 ft. Built by 
Messrs. The ‘‘ De Maas ”’ Shipbuilding Company, Slikker- 
veer, Holland, for The Royal Packet Company, Amster- 
dam. 


“Tarna.”—Ore-carrying steamer; triple-expansion 
engines. Launch, March 15. Main dimensions, 384 ft. 
by 52 ft. 3 in., by 28 ft. 3 in. Built by Messrs. John 
Readhead and Sons, Limited, South Shields, for Messrs. 
F. C. Strick and Company, Limited, London. 


‘* BELLo.”’—Single-screw oil-tank motorship; single- 
acting, two-stroke-cycle Wallsend-Sulzer Diesel engine 
supplied by Messrs. Wallsend Slipway and Engineering 
Company, Limited. Launch, March 17. Main dimen- 
sions, 420 ft. by 58 ft. 6 in. by 31 ft. 3 in. Built by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Wallsend, for Messrs. Berg, Torgersen A/S, Tonsberg, 
Norway. 


““Gizn Kripston.”—Steel screw trawler. Launch, 
March 18. Main dimensions, 140 ft. by 25 ft. by 14 ft. 
Built by Messrs. Cochrane and Sons, Limited, Selby, 
for owners at Grimsby. 


‘** THOROLD.”’—Single-screw motorship specially de 
signed for the carriage of newsprint paper on the Great 
Lakes; single-acting, two-cycle, four-cylinder Sulzer 
Diesel engine. Trial trip, March 19. Main dimensions, 
250 ft. by 43 ft. 9 in. by 23 ft. Built by Messrs, Earle’s 
Shipbuilding and Engineering Company, Limited, Hull, 
for Messrs. Quebec and Ontario Transportation Company, 
Limited, Montreal. 


‘* DELFSHAVEN.”’—Grain-carrying and general-cargo 
steamer ; uadruple-expansion engines. Trial trip, 
March 21, ain dimensions, 434 ft. 4 in. by 54 ft. 3 in. 
by 29 ft. 8 in. Built by Messrs. William Gray and 
Company, Limited, West Hartlepool, to the order of 
Messrs. N. V. Gebr. Van Uden’s Scheepvaarten Agentuur 
Maatschappij, Rotterdam, Holland. 


‘* DJEBEL-AURES.’’—Passenger and cargo steamer for 
Mediterranean service ; double-reduction geared Parsons 


show the author to be quite conversant with the latest | 
practice in his subject. |the fork between the Allegheny and Monongahela 


| rivers, and from high ground south of the latter it is 
| possible, under favourable conditions, to see more 
The second edition of Hisenhiilte, Taschenbuch fir | bridges and types of bridges probably than in any 
Kisenhultenleute, published by Messrs. Wilhelm Ernst | other city in the world. Within a relatively short 
und Sohn, of Berlin, W.8, Wilhelmstr 90, at 35 marks, | distance there are nine such structures over the 
was brought out in 1922 when, it is hardly necessary to | former river, and eight over the latter. Others cross 
recall, affairs in Germany were in a state of flux. | the Ohio, formed by the confluence of the two rivers 
The result was that it was quickly sold out, and that | named. In the county there are something like 
the third edition which took its place could not be 43 large structures of this type, besides hundreds of 
subjected to that thorough revision which would other- | others of lesser note over streams and ravines. The 
wise have been desirable. Though the delay, which variety of the large structures is very noteworthy, 
has occurred in publishing the fourth edition, which all types being represented, some of them by none 
's how sent us for review, is not specifically explained, too beautiful - designs. Pittsburgh, however, is an 
itis probably due to the fact that a number of new | industrial centre, and at one time had what would 
sections have had to be included, in order that the | probably be regarded now as a rather utilitarian 
information contained therein might be brought into | outlook, and certainly suffered like other cities all 
line with recent developments. These sections include | over the world from years when standards of art 
those dealing with the heat treatment of steel, high- | were not of the highest order. In recent years this 
speed tool steel, non-ferrous’ metals and welding | has been greatly changed, and we understand that 
technology, while those on the physical and chemical very successful effort has been made in Pittsburgh 
Esper tt s of iron, testing, the production of steel in to share in the general advance made in these matters. 
lemens- Martin and electric furnaces, foundry work | While such improvement embraces a variety of subjects 
and forging have also been thoroughly revised. The | besides the treatment of bridges, &c., these structures 





turbines. Trial trip, March 24. Main dimensions, 
length 336 ft., beam 44 ft. 9 in.; deadweight carrying 
capacity, 3,500 tons. Built by Messrs. Swan, Hunter, 
and Wigham Richardson, Limited, Newcastle-on-Tyne, for 
La Compagnie de Navigation Mixte, Marseilles, France. 








InstiTuTION oF Naval ARCHITECTS.—As previously 
announced in our columns, the annual meeting of the 
Institution of Naval Architects, will be held from April 
9 to 11, in the lecture hall of the Royal Society of Arts, 
John-street, Adelphi, London, W.C.2. The meeting 
will commence at 11 a.m., on the first day, when an 
address will be read by the president, Admiral Lord 
Wester Wemyss. The papers to be read and discussed 
are given below in the order in which they will be taken. 
* Safety of Life at Sea (1929 Conference),”’ by Sir West- 
cott S. Abell and Mr. A. J. Daniel; “‘ Some Materials 
used for Naval Engineering Purposes,’”” by Eng.-Capt. 
J. H. Harrison, R.N.; ‘‘ Recent Results Obtained in 
Service with the High-Pressure Steam Installation of 
the Holland-America Liner ‘ Statendam,’’’ by Dr. W. M. 
Meijer; ‘‘ Performance of Two Vessels with Electric 
Transmission Gear,’”’ by Mr. W. J. Belsey; “ On the 
Final State of a Gas Discharged from a Reservoir into 
a Space under Constant Pressure,” by Colonel F. Modugno 
R.I.N.; ‘‘ Notes on the Behaviour of Two Passenger 


Sasncter of the information given may be gathered 
ga tho impressive list of contributors. The whole 
field is covered, and though the book is not profusely 
illustrated, a satisfactory number of references are 
Siven to original work. The treatment is general 
rather than particular. British metallurgists who wish 
‘0 improve their knowledge of the German language 
= of the technology of their own profession cannot 
© better than use this book for both purposes. 





Probably less literature is devoted to the economics 


of mining than either to the technical or purely finan- 


cial aspect of the . Pp e 
only imp industry. Yet the subject is not 


ortant but is of considerable complexity, 


i i Vessels During a Voyage to and from Australia,” by 
ene ea Se ee er oe Dr. B. C. Laws; ‘“ Stability of a Vessel with a List,” by 


| ° . e 
jim @ volume entitled The Bridges of Fvasbwel, Alexander; “ Stress Distributions in Notched 
| published by the Craven Printing and Publishing olga their Application,” by Professor E. G. Coker, 
| Company, Noble-avenue, P ittsburgh, P Sry at the and Mr. G. P. Coleman; ‘‘ Causes and Prevention of 
price of 5 dols. This work, which is mainly pictorial, | Vibration in Motor Ships,” by Mr. R. Sulzer; “ Vibra- 
has been prepared by Mr. Joseph White, of the Depart- | tion of Ships,” by Dr. J. Lockwood Taylor; * Sea Trials 
ment of Public Works, Allegheny County, Pa., and | of Italian Flotilla Leaders,” by Lieut.-Colonel F. Dondona, 
Mr. M. W. Bernewitz, of the United States Bureau | R.I.N.; ‘‘ Experiments on the Resistance and Form of 


i i i i Towed Bi ,” by Mr. G. 8. Baker and Miss E. M. 
of Mines. The text is comparatively slight, but the aa ' wg? ship ae oBi owe stag sc, 


variety of the structures illustrated makes the work Comparisons of Mathematical Theory and Experimental 
of great interest, although general form seems to be Result,” by Mr. W. C. 8S. Wigley. The annual dinner 
the main interest of the authors. Many handsome | of the Institution will be held on April 9, at 7.30 p.m., 





bridges find place in these pages, which also embrace | in the Grand Hall of the Connaught Rooms, Great Queen- 
references to unusual developments such as bridges | street, London, W.C.2. 
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Ar a meeting in London last week, the Executive 
Councils of the engineering trade unions rejected the 
suggestion of the Engineering and Allied Employers 
National Federation that a joint deputation should be 
appointed to investigate working conditions and manu- 
facturing costs in foreign countries. An official report 
issued at the close of the conference stated that “the 
deputation from the unions which met the employers 
reported that the employers were not agreeable to the 
wages question being referred to arbitration, and further 
that the proposal of the employers was one that had 
never previously been made by them to the unions 
concerned. It had, therefore, been considered necessary 
to convene that day’s conference. This report was 
considered at length and ultimately adopted. The 
conference then gave consideration to the suggestion 
for a joint enquiry into the conditions of the industry 
in foreign countries, and by resolution decided not to 
accept the employers’ suggestion. It was further 
decided to instruct’ the deputation of the unions to 
approach the Government to set up an enquiry on the 
lines of the present investigations into the cotton and 
steel industries, and particularly to direct the attention 
of the Government to the statement made by the 
employers’ chairman, Sir Allan Smith, regarding wages 
and social services.”” The Electrical Trades Union and 
one of the smaller craft organisations, which have 
withdrawn from the Joint Wages Movement, were not, 
it is understood, represented at the conference. The 
United Pattern Makers’ Association are balloting for 
or against withdrawal. 


Bulletin No. 499 of the United States Bureau of 
Labour Statistics is a distinctly valuable historical 
volume, as in it is traced the whole history of wages in 
America from Colonial times up to 1928. The study is 
divided into two parts, one of which deals with the 
period prior to 1840, and the other covering the period 
from 1840 to 1928. For the period prior to 1840, the 
source material available was scattered, lacking in 
consecutiveness and seldom obtainable in modern 
statistical form. This part of the report is, there- 
fore, largely in text form and the basic information 
derived from a multitude of sources. The second part, 
which begins with the year 1840, is entirely statistical 
in presentation, and the source material is derived from 
the reports of the former United States Department of 
Labour and its successor, the Bureau of Labour Statis- 
tics of the present United States Department of Labour. 
Part I is necessarily more interesting historically than 
Part II, though the practical value of the latter is 
much higher. Of the earlier period, the compilers 
point out that more than wage figures alone are needed 
to tell the whole story. ‘* Methods of payment in the 
earliest periods are,” they say, ‘as important as the 
pay itself, and both must be interpreted in the light of 
customs, systems of labour, and working conditions 
peculiar to colonisation.” 


** Hence,”’ they proceed, ** the indenture and redemp- 
tion systems, which were an important factor in 
influencing workmen to emigrate to the colonies, are 
dealt with, although no wages, in the sense of regular 
money payments, were involved under those peculiar 
labour systems. It has also been necessary to go 
somewhat sketchily into the question of the various 
currencies in which wages were paid, since currency 
values varied with time and place. No attempt has 
been made, however, to do more than convert these 
values into the present American equivalent. No 
comparison with the present-day purchasing value 
of that American equivalent is undertaken. Where 
contemporary evidence has been obtained which is 
suggestive of living costs, and what the wages meant 
in terms of standards of living, it is used, but beyond 
that the report has not ventured.’’ The study has, 
nevertheless, been well worth while, and as a whole 
Bulletin No. 499 may, without exaggeration be 
described as an important contribution to the steadily 
growing volume of world wage statistics. 


According to the Manchester Guardian, the heads 
of the Government’s Eight Hours Bill so far as 
railwaymen are concerned are as follows :—*‘‘ The 
railway week shall be Monday to Saturday, but if 
work is done on a Sunday the hours of permissible 
overtime shall be reduced by the extent of the time 
worked on Sundays. A definition of railway work 
will be included, making it clear that this clause does 
not apply to shopmen or road transport workers. 
Nothing in this Act shall interfere with any law, 
custom, or agreement concerning the weekly rest day. 
Provision shall be made that nothing in the Bill shall 
affect any more favourable custom or agreement 
prevailing in any class of employment in regard to 
the method of paying hours daily or weekly, or to 
the method of computing such hours.” 
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ENGINEERING. 


The Ministry of Labour Gazette states that the decline 
in employment observed in the last week of January 
continued during February. The increase in the 
numbers unemployed occurred chiefly in the textile 
industries, particularly in the cotton, silk and artificial 
silk, and hosiery trades. The other principal industries 
in which unemployment increased included engineering, 
shipbuilding, motor vehicle and cycle manufacture, 
most of the metal trades, the furniture and- wood- 
working trades, paper making, the glass- bottle industry, 
the distributive trades, and dock and harbour service. 
On the other hand, there was some improvement in the 
clothing, lace, brick and tile, pottery, and iron and steel 
industries, and among painters in the building trade. 





Among the workpeople, numbering approximately 
12,100,000, insured against unemployment in Great 
Britain and Northern Ireland, the percentage un- 
employed in all industries taken together was 13-1 at 
February 24, 1930, as compared with 12-6 at January 
27, 1930, and 12-1 at February 25, 1929. The per- 
centage wholly unemployed at February 24, 1930, was 
10-0, as compared with 9-8 at January 27, 1930; 
while the percentage temporarily stopped was 3-1 as 
compared with 2-8. For males alone the percentage 
at February 24, 1930, was 13-8 and for females 11-2. 
At January 27, 1930, the corresponding percentages 
were 13-4 and 10-4. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during February resulted in a decrease of about 39,1001. 
in the weekly full-time wages of 433,000 workpeople, 
and in an increase of 8,200/. in those of 92,500 work- 
people. Nearly the whole of the reductions were the 
result of the operation of cost-of-living sliding scales. 
The principal scale concerned was that arranged for the 
building industry, under which wages were reduced in 
most towns in Great Britain, the reduction amounting 
to 4d. per hour for craftsmen and 4d. or 4d. per hour for 
labourers. The reductions applied to a number of 
other workpeople whose wages are regulated by those 
paid in the building industry, including quarrymen, 
furniture trade operatives, and local authority 
employees in various districts. Other workpeople 
whose wages were reduced in February included those 
employed in the textile making-up and packing industry 
at Manchester, and machine calico printers. There 
were also reductions in the minimum rates fixed under 
the Trade Boards Acts for workpeople employed in the 
cotton waste reclamation trade. 


The increases mainly affected workpeople in the metal 
group of industries. In the heavy steel industry, in the 
principal districts of England and Scotland, new agree- 
ments revising the basis rates of the lower-paid men at 
steel-melting plants, rolling mills, &c., resulted in 
increases of varying amounts in the wages of these 
workpeople. There were also increases, ranging from 
1} to 2 per cent. on basis rates, in the wage: of blast- 
furnace workers in Lincolnshire and Scotland aud of 
Siemens steel workers (except the lower-paid men) in 
South-West Wales, while tin-plate makers in South 
Wales and Monmouthshire received an_ increase 
amounting to 34 per cent. on basis rates. Other work- 
people whose wages were increased included coopers, 
men employed by electrical contractors in England and 
Wales, and workpeople employed in_ leather-belt 
manufacture. et 

The number of trade disputes involving stoppages of 
work, reported to the Ministry of Labour as beginning 
in February, was 32. In addition, 10 disputes which 
began before February were still in progress at the 


beginning of the month. The number of workpeople | 


involved in all disputes in February (including work- 
people thrown out of work at the establishments where 
the disputes occurred, but not themselves parties to the 
disputes) was about 9,300, and the aggregate duration 
of all disputes during the month was about 79,000 
working days. 





The Home Secretary announces that, after considera- 
tion of the recommendations made by the Departmental 
Committee, under the chairmanship of Sir Vivian 
Henderson, appointed by the late Home Secretary, 
Lord Brentford, to inquire into the strength and 
organisation of the Factory Inspectorate, the Govern- 
ment has decided on the following important changes :— 
(i) increase in the general inspection staff; (ii) amal- 
gamation of the men’s and women’s staffs; and (iii) 
strengthening of the technical branches (medical, 
engineering, electrical). The increases will be spread 
over a period of five years. The general inspection 
staff attached to the inspection divisions and districts 
will be raised in number (over the five-year period) 
from 180 to 243, the number of the superintending 
inspectors’ divisions from 10 to 11, and the number of 





inspection districts from 83 to 96. The additional] 
division will be formed in the South-East of England, 
where there has been in recent years a great development 
of industry. At the end of the five years the full staff 
(apart from the technical and special branches) will 
consist of 1 chief inspector, 3 deputy chief inspectors, 
11 superintending inspectors, 46 Class 1A inspectors, 
96 Class IB inspectors, and 90 Class II inspectors, 
Class II will continue to be regarded as a cadet or 
training grade, as heretofore. 





As a result of the amalgamation of the men’s and 
women’s staffs, the men and women inspectors will be 
recruited by the same examination, will be treated as 
one establishment with a single seniority list, and will 
generally speaking, perform the same duties. No 
fixed rule will be laid down as to the proportions in 
which men and women will be recruited for the inspec- 
torate ; but the Committee recommends that an estab- 
lishment consisting of 70 per cent. men and 30 per cent. 
women, with an adequate distribution of both men and 
women inspectors in the different grades, should be 
aimed at as corresponding to the needs of the Depart- 
ment, and the Government accepts this in principle. 
The technical branches will be substantially increased, 
the medical staff from 5 to 8, the electrical staff from 
5 to 12, and the engineering staff from 6 to 10. 





During the year 1930-31 it is proposed to appoint 
15 additional inspectors to the divisional and district 
staff, making, with 7 vacancies in the existing inspector- 
ate, a total of 22 new inspectors to be appointed this 
year. A competition for these vacancies will be held 
by the Civil Service Commissioners during the spring or 
summer, and is being advertised in the Press in the 
usual manner. In the technical branches, 2 medical, 
2 engineering, and 4 electrical inspectors will be added 
this year. Competitions for the medical and electrical 
posts will be held shortly. The additional engineering 
inspectors will be appointed from the existing general 
staff. 


| On March 17, 1930, the number of unemployed 
persons on the registers of Employment Exchanges in 
Great Britain was 1,621,800. Of these, 1,116,400 
were wholly unemployed, 412,400 were temporarily 
stopped, and 93,000 were persons normally in casual 





;employment; 1,178,900 were men, 38,700 boys, 
| 361,900 women, and 42,300 girls. Of 1,563,807 on 
| the registers on March 10, 1930, 1,084,725 were wholly 
| unemployed, 388,512 were temporarily stopped, and 
90,570 were persons normally in casual employment ; 
1,144,278 were men, 38,703 boys, 338,683 women, and 
42,143 girls. The number of unemployed persons on 
| March 18, 1929 was 1,182,454, of whom 931,781 were 
men, 32,446 boys, 187,476 women, and 30,751 girls. 





The first national agreement in the United States 
embodying the principle of the five-day week, has 
been negotiated by the United Association of Plumbers 
and Fitters. It provides for a five-day week, without 
wage reductions, in concerns producing automatic 
sprinklers. Over 300 branches of the Brotherhood of 
Painters and Decorators of America, in 22 States, are 
now operating five-day week agreements with 
employers; this represents 60 per cent. of the Union 
membership, working on the five-day basis. The 
printing trades are also making progress along these 
lines. One large weekly journal has extended the 
five-day week to its editorial, management and 
research departments, and its auditing and credit 
departments. Even the advertising department works 
‘on Saturdays only with a skeleton staff. Over half 
a million wage earners now have the five-day week in 
America. 








A conference of executive representatives of the 
unions comprising the National Federation of Building 
Trades Operatives, exhaustively discussed the national 
agreement last week, on a report by the Federation 
Executive. At the close of the meeting, it was stated 
that a committee had been appointed to negotiate 
with the employers and report further in due course. 
On the question of the sliding scale, certain instructions 
had been given. It was agreed that control of working 
hours should be maintained on a national basis, and 
that there should be a greater measure of local auto- 
nomy, such as the fixing of boundaries, working times, 
&e. “It was laid down,” the official statement 
continued, ‘that the national working rules should 
be maintained, and the unions’ negotiators were 
instructed on the question of hours as affecting the 
building trade workers as a consequence of the consider- 
able unemployment in the industry. The view was 
expressed that the time had arrived when the building 
trades must begin to advocate and try to approach a 
five-day week.” 
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GILLED TUBES FOR BOILER COMBUSTION CHAMBERS. 





Fig. 1. View or TusBrEs with BoILEerR IN OPERATION. Fig. 2. TuBEs AFTER Srx Montus’ SERVICE. 


GILLED TUBES FOR BOILER |means of air or — the oe of the a MECHANICAL DEGREE OF SAFETY 
| temperature may still occur, while, at times, the walls | * * 
COMBUSTION CHAMBERS. | tend to develop hot zones to which clinker adheres. | IN LARGE TURBO-GENERATORS. 

THE two figures above illustrate part of a boiler! Apart from other points of view, this may prove ob- | By H. Rick. 
combustion chamber fitted with gilled, or winged, | jectionable, since walls of this kind are apt to be} (pear advances have been made since the war in 
water-tubes on the system developed by Monsieur Jules | comparatively fragile. connection with the designing of large steam-turbine 
Deschamps, of 5 bis, Place Voltaire, Paris. The} The solution of the matter, according to Monsieur | ynits. Progress in this connection has been specially 
gilled rings which are fitted over the tubes, and of , Deschamps, lies in arranging that the walls shall be| notable in the case of two-pole turbo-generators for 
which the arrangement will be clear from the figures, | covered with a coating of non-conducting ashes. It is | 50 cycles, that is to say, of 3,000 r.p.m. machines. 
are described by the author as “ ailettes,’” which may | necessary, however, that the coating should be thin | Just after the war, a capacity of about 15,000 kv.-a. 
be translated as “little wings.” The purpose of the | and that any further ash that forms should fall away | was regarded as the highest limit for this class of plant, 
ailettes is to improve combustion and to allow of a | and not build up into a thick layer. This effect he | while at the present day capacities of 40,000 kv.-a. 

reduction in the size of the combustion chamber. | claims to obtain with his ailettes. The effect of his | and even more have been reached. 
The arrangement, the patent of which has been pur- | arrangement is illustrated by Fig. 1, which is repro-| Let us see to what cause this rapid increase in 
chased by the Société Francaise des Constructions | duced from a photograph taken through an inspection capacity of units must be ascribed. It can be said, 
Babcock et Wilcox, has been fitted to two 90,000-lb. | door when a boiler fitted with the device was in service. | jn the first place, that the actual impulse in this direc- 
Babcock and Wilcox boilers at Roubais, one of which | As will be clear, the uncovered, lower parts of the|tion arose from the tendency to equip large power 
has been in operation for something over six months | tubes are black, while the ailettes are radiant. The | stations with a small number of units but of very large 
and the other for four. effect of this glowing surface on combustion may be capacity, and from the fact that it is desirable, with 
The purpose of the gilled rings may, perhaps, best | compared to that of the hot fire-clay backing of an | a view to reducing the installation costs of steam tur- 
be explained by giving the argument put forward by | ordinary domestic gas-fire. As the flames are not! pines, to build machines running at 3,000 r.p.m. up 
Monsieur Deschamps himself. He points out that, | cooled by coming into contact with the shielded tubes, | to as large a capacity as possible. The construction 
to attain the high efficiencies which are now aimed at | the combustion chamber may be made considerably | of such generators was rendered possible owing to the 
in the best steam-boiler practice, it is necessary to|smaller. The surface of the water-wall in contact | steel manufacturers being able continually to improve 
Operate furnaces at a high temperature. This follows | with the flames is at a temperature about equal to the | the properties of the materials of rotor bodies supplied. 
both from the necessity of reducing the amount of air | fusion temperature of the ashes. wee | It is a well-known fact that it is the rotor that sets 
passing through the furnace, and so reducing the heat| The condition of the ailettes after service is illus-| a limit to the capacity of a plant for a given length 
lost in the chimney gases, and also from the necessity | trated in Fig. 2, which shows part of the wall of the | of unit, owing to the high mechanical stresses to which 





for obi lining perfect combustion and so eliminating | combustion chamber of a boiler which had been in | jt is subjected as a result of the increase in capacity. 
any loss of combustible matter in the ashes. The | operation for over six months. As will be seen, the | The length of unit depends upon the permissible value 
high temperature, however, introduces difficulties in| deposit of ashes is confined to the ailettes. It is | for the critical speed and upon the temperature rise, 


connection with the design of the furnace structure, | comparatively thin and does not build up and project | especially in the rotor windings. 

especially if it is desired to avoid making it,|into the furnace. The outer face of the deposit is} ‘The tendency has thus been to adopt as large dia- 
and consequently the whole boiler, of very large found to be fused to a certain extent, but the ashes meters as possible for large 3,000 r.p.m. units, and to 
dimensj 3. In high-temperature furnaces, the refrac- | on the sides of the wings and behind them are pow- | utilise fully the excellent properties of the materials 








tory surfaces are apt to be attacked by the clinker|dery and non-adherent. The ailettes are made from | available. The material generally used for single- 

which forms on them, and, as is well known, it has | Siemens-Martin steel and are welded; it is stated| piece rotors for large capacities is nickel-chromium 

become the practice to protect them by water tubes | that a thin protecting layer of ashes forms on them | steel. The figures given in Table I, on page 422, are 

arranged in front of them. | within a few hours of being put into service, so that | guaranteed for such material and, as a rule, are also 
Monsic ar Deschamps argues that, if bare water tubes | they are expected to last indefinitely. They project | attained. 

are used, they are, of necessity, relatively cold, so that, | about 1} in. from the tubes. The illustrations relate! When dealing with the question of safety, careful 





: it is desired to maintain a high temperature in the |to a boiler which has been adapted to Monsieur | designers base their calculations on the yield point, 
urnace, it is necessary to prevent the flames from | Deschamps’ system, and not to one specially built to | and only adopt for the stresses such values as still allow 





bears into direct contact with them. This end is jemploy it. In later installations, it is proposed to! for a good margin before the yield point is reached 
pace 4 att 1ined by constructing large combustion | place the tubes closer together and nearer to the wall. | at the overspeed that may be expected or is prescribed. 
mbers and confining the zone of combustion mainly | It is claimed that the arrangement allows of an increase | 

© the middle of the furnace. If, instead of using | in the output of a boiler without increasing the dimen-/ + Paper read before the Sectional Meeting of the 


Ser tabes, the situation is met by arranging the | sions of its furnace. More fuel may be burned in | World Power Conference, in Tokyo, October 29 to 
“ractory walls with internal cooling, carried out by | the furnace and perfect combustion obtained. | November 7, 1929. Abridged. 
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In such cases, the stresses should not exceed, under any 
conditions, 60 per cent. of the yield point. What 
has been published during recent years regarding large 
turbo-generators for 3,000 r.p.m., shows that these 
fundamental principles are adhered to, in general, 
and that station engineers can be confident as regards 
the reliability of large units of this class from a mecha- 
nical point of view. 

Unfortunately, however, various serious accidents 
to 3,000 r.p.m. turbo-rotors have been reported 
recently, i.e., during the last two years ; some of these 
have occurred at as early a stage as during the over- 
speed tests at the works in question, and others after 


TABLE I.—Properties of Nickel-Chromium Steel. 

Tensile strength 7,500 to 8,000 kg./em*. 
(47-6 to 50-8 tons per 
sq. in.). 

5,000 to 5,500 kg./em?. 
(31-7 to 34-9 tons per 
sq. in.), and even up to 
6,000 kg. /em?. (88-1 tons 
per sq. in.). 

Elongation on fivediameters 15 to 18 per cent. 

Toughness (notch test) 8 to 10 kgm. /em?. Referred 

to a standard rod 10 x 
10 x 60 mm., and to a 


Yield point... 





| form inside it. 


rotor segregated portions, cavities and blisters which, 
in the normal course of manufacture, occur mainly in 
the centre of the ingot and, consequently, of the rotor, 
it is necessary, in addition to cropping the ingot, 
to bore the rotor along its axis. This also presents 
the great advantage of permitting the examination 
of the inside of the rotor with an optical apparatus, 
with a view to detecting any flaws. 

Actually the stresses in the central part are, theo- 
retically, about doubled by this boring of the rotor 
body. This increase in the value of the stresses is, how- 
ever, justified, owing to its removing the uncertainty 
regarding the properties of the material in the central 
part of the rotor ; in fact, in the case of rotors without 
a central bore, local stresses, having much higher values 
may occur as a result of flaws and cavities inside the 
rotor body. 

The mode of variation of the stresses in a rotor body 
with radial winding slots, such as are alone employed 
at the present day for large outputs, is approxi- 
mately as shown in Fig. 1. In a general way, it is the 
peripheral tension in the central bore that has the 
highest value; there are, however, also rotor designs 
where the stresses at the base of the teeth have 





2-5-mm. notch. 


Fig.1. CURVE SHOWING THE VARIATION 
OF THE STRESSES IN A ROTOR BODY 
WITH CENTRAL BORE. 


Fig.2. DISC OF 920 Mm. (36-3') DIAMETER. 


equally high values. 
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the plant had been in operation, sometimes after 
a long period of service. I shall not deal with the cases 
where defective old designs were, perhaps, responsible 
for the accident, and shall assume that the majority 
of, if not all, the large high-speed generators had been 
manufactured according to the fundamental principles 
set forth above. It may be asked how it can happen 
that the bursting of such rotors can still occur, and, in 
fact, not only in isolated cases, but so repeatedly 
that the matter requires investigation. Faulty material 
may be suggested as the cause, and this is, no doubt, 
the case in individual instances. As, however, at the 
present day such great care is taken in connection with 
the testing of material and the examination of machine 
parts during manufacture, as recorded in technical 
publications, it seems that such a cause is out of the 
oe in the great majority of cases. Nevertheless, 
the cause of breakdowns would appear to reside in 
certain properties of the material. 

The manufacture of a large single-piece rotor is always 
a difficult operation for the steel works, as it necessitates 
much care and a far-reaching knowledge of the science 
of foundry work and forging. Many cases have 
occurred where the steel works have had to manufacture 
large rotors several times before they could be supplied 
to their clients. Even the casting of the necessary ingot, 
which, for forging reasons, has to be made of about 
double the weight of the complete rotor body in the 
rough, entails, in itself, sufficient difficulties, owing to 
segregation that may take place and cavities that may 
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| If we assume a raw material with a yield point of 
5,500 kg. /em.? (30-9 tons per square inch), the maximum 
| stress at, for instance, an overspeed of 25 per. cent. 
should, according to the above, not exceed 3,300 kg. /cm.? 
(20-9 tons per square inch) at the most, and at normal 
speed, 2,100 kg./cm.? (13-3 tons per square inch) at 
the most. Such stresses are now encountered daily 
in the case of large 3,000 r.p.m. rotors, and we can even 
gather from certain data published that still higher 
stresses are permissible. Certain firms allow, in the 
rotor material at 25 per cent. overspeed, stresses up 
to two-thirds of the yield point ; this would give, for 
6,000 kg./cm.? (38-1 tons per square inch) a stress at 
normal speed of more than 2,500 kg./cm.? (15-9 tons 
per square inch). As long as there are no other 
additional stresses there would be no objection to such 
high stresses, as, even with an increase in speed of 
25 per cent., a considerable degree of safety is ensured. 
It is not necessary, in the case of steam-turbine design, 
to reckon with high overspeeds, as in the case of water 
turbine design, since reliable rapid-closing emergency 
stop valves can be fitted. Additional stresses, due to 


of stresses alternating in direction and may possibly 
cause fatigue phenomena, are so small, generally of the 
order of magnitude less than 50 kg./cm.? (711 Ib. per 
square inch), that they do not come into question. 

It has also been found from tests carried out on 
discs partly cut out of rotor bodies, that the above 
calculated stresses did not in themselves constitute a 
danger for a rotor body. In the first test, a disc 
920 mm. (36-3 in.) in diameter with milled slots, such 
as would be employed for the windings of a stan- 
| dard rotor of this size, was subjected to overspeed 
| tests at increasing speeds, and the permanent elonga- 
tion was measured after each overspeed test. The 
| disc was of Siemens-Martin ingot steel, having the 
properties given in Table II. 

The values were determined, after the completion of 
| the test, for eight test pieces taken from the disc. 
| A material with a low yield point was chosen inten- 
tionally, in order to be sure to exceed the latter in the 
| tests, at least in the case of the inner peripheral 
| tension, and to obtain values for the permanent elonga- 
| tion which could be properly measured. 





| 
In order to remove from the completed | 





(1900.¢,) Ts 





bending tension in the rotor, which may take the form | 








Fig. 2 shows the shape of the disc and the results of 
the test. In spite of the fact that, at 4,700 r.p.m., the 
inner peripheral tension reached, theoretically, the 

TABLE II.—Properties of Disc Used in Overspeed Tests, 
Tensile strength 3,570 to max. 3,620 kg. /em?. 
(22:7 to 23-0 tons per 
sq. in.). 
Yield point... 1,980 to max. 2,075 kg. /em?, 
(12-6 to 13-2 tons per 
sq. in.). 
Elongation ts 25-7 to max. 31-8 per cent. 
tensile strength, the disc did not burst when a sharp 
notch was made in the bore in the plane of the maxi- 
mum stress and the speed was raised to 4,800 r.p.m. 
This can be explained by the fact that, as a result of 
the initial elongation, a strengthening of the material 
takes place and, at the same time, the innermost 
fibres are somewhat relieved of the stress. As, how- 
ever, there is a very great increase in tension just in 
the bore, the reduction in stress when the elongation 
starts is equally considerable and the outer fibres take 
the increase in tension. On the other hand, the disc 
became slightly oval and this took place also, in the 
same proportion, in the bore. It was not possible, with 
the driving motor available, to raise the speed until the 
disé burst. A second test was carried out on two 


Fig.3. DISC OF 708 Mm. (27-5") DIAMETER. 
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discs which had been cut out of a rotor with cavities 
in its interior, for which reason it had been rejected. 
The material was Siemens-Martin steel with a nominal 
tensile strength of 6,000 kg. per square centimetre 
(38-1 tons per square inch) and a yield point of 3,500 kg. 
per square centimetre (22-2 tons per square inch) with 
an elongation of 15 per cent. 

The values measured after completion of the test, on 
test pieces cut out of the discs, were, on an average, as 
given in Table ITI. 


TaBte III.—Tests of Material from Defective Disc. 














Tensile | Tons Yield Tons f 
—_ strength per point, per Elonga- 
kg./cm2.| sq. in. | kg./em2.| sq. in. tion. 
Tangential, 7 per cent. 
outer | 5,310 33-7 2,520 16-0 20-7 
Radial ..| 5,330 33°8 2,810 17°8 10-9 
Tangential, ; 
. inner | 3,870 24-5 3,310 21-0 0-83 














In spite of the bad quality of material, which was still 
further emphasised by pronounced Widmannstatten 
lines in the micro-section, one of the discs only 
burst at 6,900 r.p.m., while the second disc, which 
had a somewhat smaller cavity in the bore, still with- 
stood that speed. 

In the burst disc, the primary diametrical flaw 
passed straight through the cavity and was, at the same 
time, in the diameter of the highest stress. Although 
the breaking strength of this material in the bore was 
greatly exceeded in the case of these discs, it was only 
the one with the large cavity that burst. Even if we 
exclude the harmful effect of the cavity, this disc could 
still have burst, as the theoretical peripheral tension 
was already considerably higher than the nsile 
strength of material and the elongation figure ‘0 the 
interior was practically zero. It is, in fact, surprising 
that the dise did not burst earlier. 

From these results, it might be thought that the 
actual degree of safety of such rotors would be be} ond 
doubt and yet the accidents in the last year have 
demonstrated that this is not the case. 


After boring another rotor, which was of relatively 
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small dimensions, a clear longitudinal flaw was revealed, 
which ran approximately in a diametrical direction. 
When the rotor body was cut at this spot it was found 
that this flaw was most dangerous. The defect had 
the form of a diametrical flaw terminating in a very 
fine flaw which, nevertheless, still loosened the structure 
up to near the surface of the rotor. It was perfectly 
clear that this rotor would have split in half very soon. 
Although a defect of this nature in the rotor is of rare 
occurrence and, as a rule, would be discovered when 
first examining the bore, such cases of rotor splitting 
have been heard of in practice. 

This case led nearer to an explanation of the pos- 
sibility of the bursting of a large rotor, even when the 
so-called safety limit is not exceeded. Although an 
open flaw inside a rotor is certainly rare and traces of 
flaws in the inside are easily discovered, during the 
inspection of the bore by means of an optical apparatus 
asisdone by all reputable firms, in which case the 
rotor in question would be immediately rejected, it is 
quite possible that the heat-treatment process, intended 
for obtaining a high yield point, gives rise to unknown 
internal stresses in the rotor body which are added 
locally to the stresses in the material due to the normal 
operation of the plant. 

The occurrence of various accidents in recent times, 
which would otherwise remain unexplained, tends to 
support this assumption which is also confirmed by the 
steel works. The steel works have, for many years, been 
forced to push the heat treatment of such rotor bodies 
further and further, in order to meet the requirements 
of the different electrical manufacturers. The raising 
of the yield point could only be obtained by increasing 
the chromium content and by heat treating accordingly 
the chromium-nickel-steel alloy. Whereas a small addi- 
tion of chromium of about } per cent. would suffice to 
raise the yield point of the heat-treated rotor to 
4,000-4,500 kg. per square centimetre (25:4 to 28°7 
tons per square inch), with a tensible strength of about 


Taste IV.—Srresses IN LARGE Rotors. 


sufficiently high yield point only by making a suitable 
alloy with the material well annealed. Results are 
object is attainable with certainty. | 
liminary slots before annealing, they should afterwards 
be practically free of inner tension, and should afford 
a very high degree of safety. It is true that one would 
have to dispense with record figures of 5,000 kg. /cm.? | 





4,500 kg./cm.* (28-5 tons per square inch) at the most. 
There is, however, no reason to believe that the | 


of their large 3,000-r.p.m. units. The largest rotor 
of this series, with a diameter of rotor of 920 mm. 
(36-3 in.), can generate 45,000 kv.-a. with a width 


are very low. 
in the bore is 1,400 kg./em.? (8-89 tons per square 
inch) at 3,000 r.p.m. The tension increases, therefore, 
at an overspeed of 25 per cent., only to 2,180 kg./cm.? 
(13-9 tons per square inch), or not quite up to 50 per 
cent. of the yield point, if the latter is fixed at 4,500 
kg. /cm? (28-6 tons per square inch). - 
The tensile stresses are still lower at the base of the 
teeth. A maximum figure of 700 kg./cm.? (4-44 tons 
per square inch) is obtained here at normal speed. 
The stresses in the rotor end caps for an overspeed of 
25 per cent. are still below 50 per cent. of the yield 
point, and this with a thickness of wall of only 4 cm. 
Another point to be mentioned is the protection 
afforded for the insulating material, which is subjected 
to a surface pressure reduced by about one-third of its 
value for copper windings and only amounting to about 























In per cent. of 
aa Tons per pa ac Tons and the ae point, 
Wen bh nose inch. | ‘ uare inch. 500 
kg./cm2. pia kg./cm2. ne ae kg. /em?. 
Peripheral tension in the bore 1,580 | 10-3 2.470 15-7 55 
| | 
Tensile stress at the base of teeth .. ae er 820 | 5-2 1,280 9-6 28-5t 
| j | 
End caps* =, oe me Ne ry ..[ 2,400 | 12 | 3,750 23:8 58 
| } 
* The end caps here have a wall thickness of 5 cm. 
+ Of 6,500 kg./cm2. (41°3 tons per square inch) non-magnetic nickel-manganese steel. 
7,000 to 7,500 kg. per square centimetre (44-4 to 47°6| 120 kg./cm.? (1,707 lb. per square inch). In spite of 


tons per square inch), it was necessary to add quan- 
tities of chromium up to more than | per cent. in 
order to obtain a yield point of 5,000 to 6,000 kg. 
per square centimetre (31-7 to 38-1 tons per square 
iach). This increase in the quantity of chromium 
added was also to ensure deep penetration of the heat- 
treatment effect ; for the same purpose, the rotors were 
also provided with a few slots before the heat treat- 
ment. It is just this increase in the quantity of 
chromium added, in conjunction with the considerable 
raising of the yield point, through the heat-treatment 
process, that seems to have brought about the danger 
of bursting in the case of the rotor bodies in question ; 
during the many years when makers were content with 
ayield point of 4,000 to 4,500 kg. per square centimetre 
(44-4 to 47-6 tons per square inch), cases of bursting 
were hardly ever heard of. When steel works came to 
realise the dangerous situation, new means were 
devised to meet the position without sacrificing the 
fine record figures of 5,500 to 6,000 kg. per square 
centimetre (34-9 to 38-1 tons per square inch) for the 
yield point. The means were found in the substitution 
of chromium by molybdenum or in the addition of 
molybdenum. New difficulties were, however, experi- 
eneed in this connection, as the foundry process for 
steels alloyed in this way is considerably more delicate, 
im view of the fact that it is necessary to maintain a 
Perfectly fixed temperature during the process and the 
Ingots have to be cooled very carefully. If these points 
Were not complied with, these ingots would also often 
have fine flaws in their lower parts. 

More recently, an old process is being reverted to, 
whereby these drawbacks which, in themselves, 
tepresent the same danger as tension in the struc- 
ture, are removed. I refer to the so-called Harmet 
Process, or the production of pressed ingots. With 
this process, the steel is subjected to a very high com- 
Pression, acting on all sides, while it is still in the fluid 
condition in the mould. In this way, the dangerous 
ormation of cavities and flaws is prevented, while 


the fact that aluminium has only about 60 per cent. 
of the conductivity of copper and, as a result, the 
losses for the excitation of rotor increase accordingly, 
it is possible, by providing a good internal ventilation 
of rotor, to keep the temperature rise within standard 
figures, even for the above outputs. 

The figures given above for stresses are so low that 
it is possible, without danger, when: using aluminium 
windings, to adopt still. larger diameters of rotor ; 
such designs have been favoured by the Oecerlikon 
Company for some considerable time, and permit of 
outputs upto 60,000 kv.-a. at 3,000 r.p.m. for about 
the same width of core, without exceeding the degree 
of safety previously mentioned. The corresponding | 
figures for stresses are givenin Table IV. 

The approximate limiting value of diameter when 


way. The apparatus is illustrated diagrammatically 
in Fig. 8, from which its mode of operation can be 


already available which tend to show that such an | clearly seen. 


A number of breaking and notch tests, carried out 


If such rotors are provided with corresponding pre- | on test rings taken from both sides and from the core 


of the bore are, of course, indispensable in order to 
check the values given for strength of material and 
the uniformity of material. 

After the completion of the slots, itis very important 


to 6,000 kg./em.? (31-7 tons to 38-1 tons per square | to subject the rotor to extensive overspeed tests. At 
inch), and perhaps be content with a yield point of | the Oerlikon Works, these overspeed tests are carried 


out in the following way :— 
The rotor, having been run successively at increasing 


theoretical degree of safety would be smaller than | speeds, is measured each time with a precision micro- 
mentioned at the beginning. The solution of the | meter, in order to determine the permanent expansion. 
problem resides in the use of aluminium for rotor |The instrument in question can measure with an 
windings, as has been done by the Oerlikon Company | accuracy of 1/1,000 mm., and makes it possible to 
for more than 13 years, with the best results in the case | detect through the rapidly increasing permanent 


expansion any defective condition in the material, long 
before any danger arises (see Figs. 2 and 3). 
The speed is raised to such a value as to obtain with 


of iron core of 3m. The stresses in such a rotor| the rotor, before it is wound, the same stresses as 
For instance, the peripheral tension | would occur when it is in its completed condition at 


25 per cent. overspeed. It is highly advisable to repeat 
the inspection of the bore after the overspeed tests, 
and only then to proceed with the winding of the rotor. 
There is no object in carrying out severe overspeed 
tests with the completed rotor, without previously 
checking successively the latter with regard to per- 
manent expansion, as such tests do not give any data 
regarding any possible alterations in the rotor. On 
the other hand, a careful uniform heating of the rotor 
up to a temperature of 150 deg. to 200 deg. will be of 
advantage in order to be able to trace any lack of 
symmetry of the structure of the material or eccentric 
cavities, by observing any deformation. 

It has also been suggested that information could be 
obtained with regard to faults in the interior of the rotor 
by carrying out fine resistance measurements, especially 
at the points of the rotor subjected to the greatest 
stress in successive sections in a longitudinal direction. 
The question is: Would an axial flaw be revealed by 
this method? It is clear that this would not be the 
case, and yet these are just the most dangerous defects 
in a rotor. 

In spite of the burstings of various rotors which 
have taken place in recent years, the present position 
as regards manufacture of large high-speed generators 
is such that, if the materials are correctly chosen and 
properly handled, these generator rotors present an 
absolutely reliable degree of safety, such as has been 
usual up to now for smaller outputs, and has been 
generally adhered to. 








ATMOSPHERIC ACTION IN RELATION 
TO FATIGUE IN LEAD.* 


By Professor Brrnarp P. Haicu, M.B.E., D.Sc. and 
Briney Jones, M.Met. 


Ir is proposed to describe certain experiments in 
which test-pieces of lead and lead alloys were subjected 
to alternating stresses acting as direct pull and push, 
and to consider their bearing on the general theory of 
fatigue. The experiments were carried out in the Royal 
Naval College, Greenwich, and in the Research Depart- 
ment, Woolwich, and form part of an investigation 
initiated by the British Non-Ferrous Metals Research 


| Association. The immediate object of the investigation 


was to ascertain and improve the fatigue strength of 
lead alloys used as coverings for electric cables, and 





using aluminium for the rotor winding can be taken as 

about 1,100 mm. (43-3 in.), in which case, the peri- | 
pheral tension in the bore rises to about 1,800 kg./cm.? | 
(11-4 tons per square inch), the tensile strength at the | 
base of the teeth to 1,000 kg. /cm.? (6-35 tons per square | 


inch), and the tangential tension in the end caps to | 
2,700 kg./em.? (17-1 tons per square inch), which | 
necessitates, for such non-magnetic end caps, a yield 


| 


point of about 7,000 kg./cm.? (49-4 tons per square | 


inch), if we adhere to a maximum of 60 per cent. of the | 
yield point. 


| 
What has been said here for 3,000 r.p.m. generators | 
also applies, of course, to units running at 3,600 r.p.m. 


an important part of the work, bearing directly on this 
object, has already been published by Beckinsale and 
Waterhouse.t 

Fatigue in lead is of peculiar theoretical interest, on 
account of the plasticity of the metal and its property 
of softening under the influence of cold work. Accord- 
ing to a well-known hypothesis—that fatigue is due to 
excessive hardening and embrittlement caused by 
gradual accumulation of traces of cold-work done 
during the fatigue test—fatigue cracking might even 
be expected to be impossible in lead. The characteristic 
appearance of the fatigue fracture in lead is described 
by Beckinsale and Waterhouse as ‘“ intercrystalline,”’ 
but this description was based wholly on the external 


The use of aluminium windings, and consequently the 
reduction of stress, presents also such great advantages 
in the case of four-pole generators running at 1,500 
r.p.m. or 1,800 r.p.m. that the small drawback arising 
from the increased excitation entailed hardly comes 
into question. 

There still remains the question of the testing of 
materials and of machine parts. The first indispensable 
test is the careful examination of the bore of the rotor. 
The Oerlikon Company has devised, for this purpose, 
a special optical apparatus, by means of which it is 
‘possible to observe, at the same time, the whole peri- 
phery at once, without having to turn the mirror. All 
that is necessary is, therefore, to shift this apparatus 
slowly through the bore in order to be able to examine 





“egregation is also considerably reduced. 

he most important factor in connection with the 
manufacture of large rotor bodies, presenting a suffi- 
cently high degree of safety, appears to be to dis- 
Pense altogether with heat treatment and to obtain a 


appearance of cracked test-pieces—for example, as 
shown in their Fig. 15.t By etching the external 
surfaces of pieces with coarse grains, Beckinsale and 
Waterhouse proved conclusively that the cracks on 
the surface follow the boundaries between the grains. 
Nevertheless, it should be added that the direction of 
cracking in lead, as in other metals, is readily deflected 
by petty influences—e.g. by light scratches. | Weak 
metals, such as lead, have proved exceedingly instruc- 
tive in fatigue testing, on account of the opportunity 
they afford for testing large pieces with coarser and finer 





* Paper read before the Institute of Metals, London, 
on Thursday, March 12, 1930. Abridged. 
+ See ENGINEERING, vol. cxxv page 299 (1928). 





it over its whole length in a very simple and reliable 


t Loe. cit. page 335 
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structures that are readily studied with the naked eye. |lead allovs. In these metals, the inner zone of the 
It was by examining the faces of fractures of lead test- | fracture is discoloured in a remarkable way, although 
pieces that the present authors were first led to recog- the marginal zone remains bright. The discoloration 
nise an interesting feature that now appears to be| may be straw, brown, or blue, and often passes through 
characteristic of all fatigue fractures—-viz., the mode | the sequence, although it is more commonly dull grey— 
of fracture in the interior metal is quite different from | varying only in darkness. The appearance is such that 
that of the exterior. 
Figs. 2 and 3 show the faces of typical fatigue | 
fractures in lead pieces with coarse and fine grained | 
structures, respectively, and Fig. 4 shows the fracture | 
of a mild-steel piece broken in a Wohler fatigue test. 
In the lead piece with coarse structure, the inter- | 
crystalline type of fracture, described by Beckinsale | 
and Waterhouse, extends round the margin in a ring | 
with width approximately equal to that of one grain, | 
or at most two. Inside this ring the appearance of the | 
fracture is quite different, almost as if the metal might | 
have been melted. In the piece with fine-grained | 
structure, the marginal ring can still be traced, although | 
it is much thinner ; and it appears to include the same 
small number of grains in its width. The inner zone | 
of the fracture in the fine-grained metal is nearly flat, | 


with traces of those shell-like markings that are well | Fic. 2. 





Fie. 5. 


known as a characteristic of brittle fracture; but 
under a microscope, the appearance is nearly the same as | 
in the metal with coarse structure. In the mild-steel | 
fracture, the inner zone is similar to that found in the | 
fine-grained lead, but the marginal zone has quite a/| 
different appearance under a glass, being formed in cup | 
and cone manner as in a tensile test | 
In general, the marginal zone is usually formed by | 
shearing along the surface of a cup and cone, and | 
is intercrystalline only in exceptional cases-~in lead | 
and certain other metals. The inner zone varies little | 
in character when judged in relation to grain-size, | 
although, at first sight, it may appear very different | } 
in samples with coarser and finer structures. It is | 
believed that the inner zone reveals the fundamental | 
action of fatigue, and that the character of the marginal | Fie. 
ring is relatively unimportant. It is proposed to} 
consider certain observations that indicate that the it would be hard to avoid the impression that the depth 
inner zone of the fracture breaks before the crack | of colour reveals the successive stages of the progress 
appears on the surface. Hysteresis measurements, | of the crack. According to this interpretation, the 
such as may be made by thermocouples attached to | origin of the fatigue crack in lead, as in most other 
the pregame a fatigue ag 0 gaya that the | metals, lies always a below the surface of the 
process of fatigue is very gradual. In many cases, | test-piece. Even when the origin lies close to the 
arene sag 5 = gr metals, there yd oe — it is surrounded by the marginal zone of bright 
siderable internal heating accompanied by plastic | metal. 
flow and hardening during an early stage of the test:| In some cases, the discoloration terminates suddenly 
but this action is transient. In most cases, the internal | at a definite line, and the rest of the section, including 
heating ae rag wd # an nent rate during | ar _ broken open by bending, is found untarnished. 
some considerable time before fracture. | In other cases, the colour fades gradually across the 
When the range of stress used in the fatigue test is} part that is broken during the fatigue test. Comparing 
a large fraction of the tensile yield strength of the | different pieces of the same metal. broken with different 
a the ee ee — only a ag ote | — of — the eo area is always darker, 
the test-piece breaks, but when the range is relatively | and extends farther across the face of the fracture, in 
smaller, the crack extends farther through the section | pieces that have been broken with longer endurances 
before yield occurs and stops the machine. All these | and smaller ranges of stress. 
phenomena, which may be observed in any ductile | Two suggestions, tending to dispose of the colour 
metal broken by fatigue, appear to indicate that the | as unimportant, may be set aside as inadeuate: (1) 
ee: ye ng ae 7 not directly ppl | The — can hardly pation de <eper in 
atigue, but is only an indirect consequence e| any ordinary sense, as the heating observed in tests 
gradual ee of Peeve ee action that | with long endurance is usually only very slight and 
occurs within the meta ow the surface. much less than is observed in tensile tests which show 
Further evidence pointing in the same direction was | no discoloration; and (2) the colour is not due to 
obtained by studying the faces of fractures in lead and‘ accumulations of powdered debris worn from the faces 








by abrasion during the gradual growth of the crack. 
When samples with nearly the same elasticity are 
broken under the same range of stress and with nearly 
the same endurance, so that the conditions for abrasion 
are nearly alike, the faces are discoloured differently 
in different samples. Abrasive actions are indeed 
observed in other circumstances, and the appearance 
is then quite different. The discoloured matter adheres 
firmly and changes only very slowly when exposed 
to air in the laboratory. Pieces three years old show 
the yellow tint of litharge on the faces of the fracture, 
although not elsewhere. 

It was suggested that the discoloration and fatigue 
| are closely related and due to a conjoint action, in which 
chemical and mechanical processes together involve 
| oxidation of the metal. Two possibilities were con- 
sidered : (1) That the oxygen may have been initially 
|in solution in the metal; and (2) that it may have 
diffused through the metal from the atmosphere. In 
; 1917, in a paper* contributed to the Institute of 
| Metals, it was shown that the endurances and fatigue 
| limits of metals are reduced when chemical reagents, 
| and even water, act on their surfaces during the con- 











6. 


tinuance of a fatigue test, and that the weakening is 
due to a conjoint action that depends on the simul- 
taneous action of the chemical! and mechanical forces. 
Although corrosion prior to a fatigue test may appre- 
ciably reduce the endurance and fatigue limit, the effect 
is usually only light in comparison with that of simul- 
taneous action. The conjoint action has been observed 
also in practical experience, and, in certain cases, has 
been overcome by galvanising the surfaces of steel 
parts subject to vibration under water. As fatigue 
was regarded at the time as wholly mechanical in 
its nature, the conjoint action appeared to many almost 
incredible ; but it has been amply verified by indepen- 
dent investigation, and knowledge of its incidence has 
been greatly extended by the exceedingly thorough 
work carried out by D. J. MacAdam, junior, of the US. 
Naval Experimental Station, Annapolis. = 
In the 1917 paper, it was explained that the conjoint 
action had been observed in steels and other metals, a 
well as in the non-ferrous metals studied in greater 
detail; and that the fractures of steel pieces, tested in 
air, occasionally showed discolorations, suggesting that, 


in certain cases at least, the atmosphere surrounding 





* B. P. Haigh, ‘« Experiments on the Fatigue of Brasses,” 
see ENGINEERING, vol, civ, page 315 (1917). 
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the test-piece in an ordinary fatigue test might play 
the part of a chemical reagent, tending to accelerate 
fatigue and reduce the fatigue limit. In the discussion 
that followed the reading of this paper, Dr. W. Rosen- 
hain alvanced the interesting suggestion that, if this 
action occurred, it might be prevented by using a layer 
of oil or grease to exclude the air from the surface of 
the test piece. As the discoloration was particularly 
evident in lead and lead alloys, it was decided to put 
this suggestion to the test, although—-since the existence 
of the marginal zone round the fracture had been dis- 
covered in the interval—it now seemed harder to believe 
that air could diffuse through a layer of metal without 
causing fatigue and then commence an action at a 
sreater depth within the metal. 

Comparative tests were carried out on samples in 
air and on other samples immersed in a bath of oil—- 
Neutraline. In the case of pure lead, the tests in 
air gave results as follows : 
Semi-range of stress, tons per 


square inch ae 0-35 0-30 0-25 
Endurance, millions of cycles 1-30 2-10 5-60 


A sample tested under Neutraline remained unbroken 
after 11-7 million cycles at 0-25 ton per square inch, 
and still unbroken after 5-50 million cycles at 0-35, 
followed by 0-20 million cycles at 0-45 ton per square 
inch. At this high range of stress the surface of the 
test-piece was so roughened by plastic flow that. it 
seemed unreasonable to continue the test further. 

Tests were continued on a lead alloy containing 
0-40 per cent. tin and 0-15 per cent. cadmium, annealed 
for 1 hour at 250 deg. C. The results obtained in 
air were as follows : 


Semi-range of stress, tons per 


square inch See - 0-36 0-325 0-30 
Endurance, millions of cyeles 3-10 4-80 11-4 
unbroken 


A piece was tested in the same oil and remained un- 
broken after 11-36 million cycles with a semi-range 
of 0-36 ton per square inch. 

A further test was made with a sample containing 
0-075 per cent. bismuth—an element that has little 
influence on the fatigue limit, at least when present in 
such small proportion. The results obtained in air were 
as follows : 

Semi-range of stress, tons per square 

inch aes tee ae Be 0-35 0-275 
Endurance, millions of cycles 0-58 1-46 
A piece tested in Neutraline remained unbroken after 
9-0 million cycles at 0-35 ton per square inch. 

The conclusion reached at this stage appeared remark- 


able: None of the pieces tested under oi! had fractured, | 


although the ranges of stress employed were as great 
as could be used without causing excessive plastic 
strain and deformation. Pieces tested with equal or 
smaller ranges of stress in air, in the usual manner of 
testing, had broken with brief endurances, comparable 
with those recorded by Beckinsale and Waterhouse. 
It remained uncertain whether the oil had eliminated 
or only delayed fatigue. 

To ascertain whether the pieces that remained un- 
broken after the long tests in oil were partially frac- 
tured internally although no cracks were discernible 
on the surface, the pieces were bent by hand or pulled 
in a tensile machine: the results are seen in Figs. 5, 
and 6. The lead piece tested with different semi- 
ranges up to (45 ton per square inch was bent through 
a considerable angle before any crack appeared on 
the surface; but when the bending was continued 
further, a large number of shallow cracks broke through 
the surface from the interior. The tin-cadmium 
alloy tested at 0-36 ton per square inch showed a 
smaller number of cracks when extended by direct 
tension ; and the bismuth alloy tested at 0-35 showed 
4 great number, although the tensile test was stopped 
at an earlier stage when the cracks were only just 
appearing. In these pieces, which had been extruded 
and had fine-grained structures, the marginal zones 
observed when the fissures had opened were bright, as 
m ordinary fatigue tests. The inner parts of the 
shallow cracks were darkened as in fatigue tests in air. 

A notable feature of these tests is the large number 
of internal cracks produced with high ranges of stress. 
In fatigue testing in general, and particularly in lead, 
it is found that larger numbers of cracks are produced 
when the range of stress is greatly in excess of the fatigue 
limit, and smaller numbers when the range is only 
‘lightly greater than the fatigue limit. It is believed 
that this observation is in general agreement with the 
idea that the number of activated centres, from which 
cracks develop during the test, becomes greater when 
the range of stress is increased. According to this view, 
the oil baths did not necessarily raise the fatigue 
limit, although they greatly delayed the rate of fatigue. 
It is known that air dissolves in oil, and the results 
of the tests are interpreted as indicating that the oil- 
baths delayed the rate at which air reached the surface 
of the test -piece. 

Further tests were carried out on pieces protected by 
4 layer of Adcol solid grease, applied by dipping 





| 
| 


| 


| 





the test-piece in a vessel containing melted grease. 
A test-piece of the bismuth alloy treated in this 
manner and tested at 0-33 ton per squaré inch broke 
after 6-37 million cycles. It is inferred that the rate 
at which air diffuses through the thin layer of solid 
grease is faster than through the large bath of fluid 
oil. Still further tests were carried out with pieces 
of the same bismuth alloy immersed in a bath of distilled 
water. Two pieces were tested at 0-35 ton per square 
inch—the stress at which a test-piece in air had broken 
after only 0-58 million cycles—and it was found that 
the pieces in water broke at 6-9 million and 7-7 million. 
It appears that even distilled water delays the rate of 
fatigue in the lead alloy; and as the delay can hardly 
be attributed to difficulty of diffusion, it is inferred that 
solubility sets a limit to the rate at which air can enter 
the metal from the water. The discovery that water 
retards fatigue in lead, although it reduces the fatigue 
limit in many other metals, need not necessarily be 
regarded as conflicting with the view that both actions 
are due to air. In the case of lead, it appears that air 
enters the metal more readily from the atmosphere 
than from solution in water, whereas in other metals 
air enters readily from cold solutions, and only in 
exceptional cases from the atmosphere. 

To carry the investigation further, it was decided 
to adopt chemical means of removing air from the 
surface of the test-piece, instead of using a layer or 
bath of oil to delay its ingress. It was suggested that 
any acid that would attack lead would generate on its 
surface nascent hydrogen that might combine with any 
oxygen present. If no oxygen were left free to enter 
the metal, it might be found that fatigue would be 
eliminated in lead. Acetic acid was chosen for the test, 
being known toattack lead in a definite manner; and this 
particular choice was determined also by other considera- 
tions mentioned later. Two samples of pure lead, of 
a quality the fatigue limit in air of which was known 
to be 0-20 ton per square inch, were tested immersed 
in a bath of normal acetic acid. The first piece remained 
unbroken after 11-4 million cycles at 0-25 tons per 
square inch, and the second remained unbroken after 8-5 
million cycles at 0-35 ton per square inch. No greater 
stresses could be used without undue plastic strain and 
deformation of the test-piece. Although the surfaces 
were strained in a plastic manner and deeply corroded 
by the acid—so that the ranges of stress towards the 
end of the tests were appreciably higher than the nominal 
values—there was no sign of any cracking. The pieces 
were subsequently bent double by hand and no cracks 
were found. It is inferred that the chemical action had 
successfully eliminated oxygen and fatigue. 

The choice of acetic acid for this experiment was 
determined, in part, by the consideration that acetic 
acid and lead acetate are known to attack lead, provok- 
ing intercrystalline fracture. The fact that the pieces 
did not suffer in this way affords a striking demon- 
stration that fatigue is not directly related to the action 
that in other circumstances leads to intercrystalline 
fracture. It was suggested that the protective action 
of the acid might be partly mechanical, in the sense 
that the products of corrosion might perhaps clog 
the surface of the metal and so prevent the diffusion 
of oxygen into it. To investigate this idea, further 
tests were carried out on pieces the surfaces of which 
were only slightly moistened with a trickle of acetic 
acid supplied by a wick feed. It was expected that such 
a thin film of liquid would become saturated with air 
in solution, and that the chemical action of the acid 
on the metal would no longer suffce to eliminate the 
oxygen. The tests were carried out on samples of an 
alloy used in earlier tests, containing 0-075 per cent. 
bismuth and giving an endurance of 1-46 million 
cycles at 0-275 ton per square inch in air. The results 
obtained when the surfaces were only moistened with 
acetic acid are as follows : 


Semi-range of stress, ton per square 


inch a oi fas Eo 0-275 0-225 
Endurance, millions of cycles 1:05 18-68 
unbroken 


Thus it appears that the acid, in itself, has little if 
any influence upon the fatigue strength of the lead 
alloy when the film is thin enough to become saturated 
with air in solution, and that the products of corrosion 
do not succeed in clogging the surface of the metal to 
prevent diffusion. 

The choice of acetic acid for these experiments serves 
also to throw valuable light on the nature of the con- 
joint chemical and mechanical action which, in many 
other metals, reduces the fatigue limit when the surface 
of the test-piece is exposed to chemical action during 
the continuance of a fatigue test. In recent years, this 
conjoint action has been described as ‘corrosion 
fatigue’, and has been regarded as chemical only, 
in the sense that the surface is corroded or “‘ notched ” 
by the chemical action, which may indeed be accelerated 
by the state of stress in the metal. The action has been 
held to be mechanical, in the sense that the reduction 
of fatigue limit is attributed directly to stress con- 





centrations caused by notches formed by chemical 
attack. Although this view is quite contrary to 
evidence published in 1917—showing that corrosion 
prior to a fatigue test has an influence that is only 
slight in comparison with that of simultaneous chemical 
and mechanical action—many investigators appear to 
have regarded the action as one in which the weaken- 
ing is caused by deterioration of the surface. The 
fact that there was no such weakening in the present 
tests, in which the surface of the test-piece was deeply 
corroded and etched by the acetic acid contained in the 
bath surrounding the test-piece, and in which the acid 
used was one that is known to provoke intercrystalline 
failure in lead alloys, affords strong evidence that the 
term corrosion fatigue is no suitable description of 
an action that, in other metals, reduces the fatigue 
limit in ratios up to 4: 1 and more, although the sur- 
faces may be hardly attacked at all. 

Although the tests now described relate only to 
lead and lead alloys, there is much evidence to indicate 
that, in general, the conjoint chemical and mechanical 
action in question is due to foreign substances that 
diffuse through the metal and reach a depth at which 
they provoke the action that we call fatigue. 
Practical experience has shown that hard-drawn steel 
wires vibrating under water can be protected against 
fatigue, in some beneficial degree at least, by means 
of a layer of zinc applied by hot-galvanising, and 
it is believed that the success of this process depends 
on the use of a layer of zine thin enough to be wholly 
included in the marginal zone that has been described 
as breaking in a manner totally distinct from that 
observed in the interior of the metal. 








RAILWAY BRIDGE RECONSTRUC- 
TION.* 


Reconstruction of Liskeard Viaduct, and Scheme for 
Reconstruction of the Approach Spans of the Royal 
Albert Bridge, Saltash. 


By H. D. Smrru, M.Inst.C.E. 


Tue Liskeard viaduct was one of many timber 
viaducts constructed by Brunel in Devonshire and 
Cornwall. In 1882, new iron superstructures were 
substituted for those of timber in two of these viaducts, 
and, in 1895, a steel superstructure was provided for 
the Liskeard viaduct on the same general lines. In 
1925, the structure, which was then 30 years old, was 
badly corroded, and it became necessary. to reconstruct 
it again Service girders were employed to carry the 
superstructure and the heavy cranes used during the 
changing of the main girders. It was not considered 
prudent to use heavy cranes on the old main girders, 
for erecting the service girders, and an erecting-wagon 
was devised to do this work. Erection could only be 
undertaken on Sundays, when there wasan interval of 34 
hours between trains, and on each occasion the bridge 
was ready for traffic within this period. The service 
girders were first putinto place on Sunday, October 18, 
1925; the twelve spans were reconstructed, and the 
service girders were removed on Sunday, June 27, 1926. 
The reconstruction of each span usually occupied 3 
weeks, but could have been donein two weeks. Bitumen 
sheeting, used for waterproofing the new floor, was 
protected by concrete 1} in. thick. 

In the case of the Royal Albert bridge, the single-line 
approaches to the main spans are carried on 17 plate- 
girder spans, ranging in length from 70 ft. to 90 ft. 
and carried on masonry piers. To carry modern axle- 
loads, the cross girders of these were renewed in 1905. 
In 1912, it was apparent that the main girders must 
be renewed owing to corrosion near their bearings. 
There was not room between the main girders, which 
form the parapets, for a steam-crane to slew, and the 
old main girders were not strong enough to carry the 
heavy cranes necessary to remove them and place the 
new ones. It was important that the line should not be 
closed to traffic for more than a few hours. An 
erecting-girder was devised to carry the new main 
girders suspended one on each side, deposit them on 
the piers, pick up the old main girders and deposit 
them on the piers clear of the new, set the new girders 
in place, and, when the bridge was restored, carry the 
old main girders away clear of the bridge. The main 
spans are entered through cast-iron portals in which the 
ends of the main girders of the approach-spans are 
housed. Cranes were adopted to unload the new main 
girders from the wagon bringing them to the site, and to 
load the old ones, but it would be easy to dispense en- 
tirely with cranes where siding room could be provided, 
as the erecting-girder could do this work. The method 
of re-girdering employed should be most useful in 
erecting new superstructures of bridges and removing 
the old where time is of importance and scaffolding is 
not permissible. 





* Abstracts of papers read before the Institution of 





Civil Engineers on Tuesday, March 11, 1930. 
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Reconstruction of Approach Spans, Royal Albert 
Bridge, Saltash. 
By F. Grssons, B.A., B.A.1., Assoc.M. Inst.C.E. 

The work involved in the renewal of the original 
main girders of the approach spans of the Royal 
Albert bridge, Saltash, referred to in Mr. Smith’s paper, 
above, was divided into two stages. The first com- 
prised the reconstruction of the seven spans on the 
Devon side, and the second that of eight spans on the 
Cornwall side. The renewal of the girders was done 
on Sundays. The first span was dealt with in April, 
1928, and the last in January, 1929, the operations 
being suspended during August and September. 
The main girders for the Devon spans were unloaded 
and picked up by the erecting-girder at a special siding 
on the Devon side of the bridge, but as the transverse 
lifting-girders of the erecting-girder were too wide to 
pass through the portals of the main spans, the girders 
for the Cornish spans were unloaded on spans 18 and 19, 
which had previously been widened. 

Before the work of renewal was begun, the cross- 
sleepered permanent way was replaced by a temporary 
longitudinal-timbered road, resting on packings on 
the cross girders and placed so as to give the maximum 
possible clearance between the main girders of each 
span and the erecting-girder with its attachments 
when moving over the bridge. The determination of 
the best alignment was difficult, owing to the sharp 
curvature of the line on the approach-spans and the 
fact that the erecting-girder was about 90 ft. long 
between bogies. In the setting out of the positions of 
the new main girders, the spacing was standardised, 
bed-plate levels were corrected, and cross-girders were 
re-spaced and set square to the main girders. As the 
design of the erecting-girder provided for only vertical 
and transverse movements of the main girders, it was 
essential that it should be correctly placed on the span 
being dealt with. The reconstruction of the portal 
spans was complicated by the fact that longitudinal 
movement was necessary to move the girders out of or 
into their housings in the portal castings, and an 
additional pair of transverse girders was therefore set 
on rollers on the top of the erecting-girder, in order to 
accomplish this. 


Reconstruction of Kent and Leven Viaducts, Furness 

Section of the London, Midland and Scottish Railways. 
By J. Avexanpsr, M.Inst.C.E. 

The Kent and Leven viaducts over tidal estuaries 

of Morecambe Bay, each exceed 1,500 ft. in length. 














The original viaducts, constructed in 1856, consisted 
of main girders, supported by cast-iron hollow columns, 
10 in. in diameter, which went down about 15 ft. into 
thesand. The late Sir James Brunlees, Past-President 
Inst.C.E., was engineer for the original viaducts. A 
few years ago, frequent fractures of the columns began 
to take place about low-water level, and an analysis 
of the columns at the point of fracture showed no 
metallic iron remaining. The deterioration of the 
cast-iron is considered to be the result of the prolonged 
“wet and dry”’ action of sea-water. As the initial 
tidal velocity frequently exceeded 12 knots, and the 
working-time between tides for reconstructing the piers 
was never more than 4 hours, some rather unique 
features were introduced into the reconstruction work. 
A concrete apron to protect the bases of the piers was 
necessary, and various methods of preventing the green 
concrete in this from being washed away by the 
incoming tide were employed, including the introduc- 
tion of calcium chloride into the concrete. 








DIRECT MOTOR-DRIVEN RADIAL 
DRILLING MACHINE. 


CONSIDERABLE attention has been devoted in the 
last few years to the elimination of waste effort in the 
operation of machine tools, due to a fuller apprecia- 
tion of the fact that any needless strain imposed upon 
the operator is inimical to a sustained output of accu- 
rate work. The most important advance in this direc- 
tion has been. the centralisation of controls, although 
the introduction of the direct motor drive and change 
speed gear, by relieving the operator of the necessity 
for handling belts, has also had a beneficial effect from 
this point of view. When first introduced, the centrali- 
sation of controls often led to some of the less important 
motions being awkward to operate, but this point has 
been given careful attention in the latest machines, and 
an endeavour has also been made to render the manual 
controls as light as possible. The care devoted to these 
points is well brought out by the design of the radial drill 
illustrated in Figs. 1 and 2 on this page, this machine 
having been recently introduced by Messrs. William 
Asquith Limited, Highroad Well Works, Halifax. It 
may be mentioned, in addition, that a high mechanical 
efficiency has also been aimed at in the design, together 
with the maintenance of accuracy over a long period. 

The baseplate is of enclosed box form, instead of 
being recessed on the underside in the usual way, and, 





Fic. 2. 


with the addition of suitable ribbing, forms a rigid 
casting with exceptional resistance to twisting and 
bending stresses. It is provided with the usual T-slots, 
and drainage passages for directing the lubricant to 
the sump. As can be seen in Fig. 1, the pillar is 
stepped to give a larger diameter to the lower portion, 
and the arm bearing is of ample length. There is no 
separate sleeve, so that the number of points at which 
wear can take place is reduced to a minimum. | The 
arm itself is of deep section, and is effectively ribbed. 
The bearing is of the roller type, and this, in conjunction 
with the large bearing surface on the pillar, ensures 
that the arm can be swung round with a minimum of 
effort. The elevating motion will be referred to later, 
but it may be mentioned that the movement is effected 
through a screw and nut mechanism, the nut being long 
to allow for wear, and arranged so that the arm cannot 
fall in the unlikely event of the threads stripping. 
Provision is made to prevent the arm from being over- 
run at either end of its traverse. 

The main driving motor is mounted on the saddle on 
an adjustable bracket, which enables a standard 
horizontal motor to be used. Twelve spindle speeds 
are obtainable by the employment of a six-s . 
gear box, in conjunction with a double gear. The 
speeds are altered by means of the gate-change lever 
visible in Fig. 2 on the right of the saddle, in con} unction 
with a second lever for engaging the double gear. Four 
rates of feed are pode ig the particular feed required 
being obtained by a circular movement of the lever 
which can be seen below the hand-wheel in the same 
figure. The larger of the two hand wheels is employed 
for the rapid hand feed for the spindle, and to engage 
the power feed, it is only necessary to bring the a 
into contact with the work by means of this er 
When it is required to disengage the feed, the “we is 
rotated in the opposite direction. If, however, ees 
tools or facing cutters are being employed, with w a 
it is advisable to engage the power feed before the too 
actually comes into contact with the work, it yrs , 
engaged at any point by holding the star wheel shows ' 
and giving a sharp turn to the handwheel. A fine — 
feed is fitted, operated by means of the small horizon 


wheel visible below the change-feed lever, and an 
automatic depth stop is provided by means of which 
the feed is tripped at any desired depth. : 
The main motor can be reversed by movine % - 
starting switch, visible to the right of the dial i n pd 
through the gate with which it is provided. 1» - re 





switch also serves for controlling the motor for 
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and lowering the arm, which is of the vertical type/ to be variable, owing to the liability of weld metal to 


mounted on top of the column. 


A suitable interlock 


be porous. It was found, however, to serve a useful 


is provided to render it impossible to move the switch | function in comparisons of welds that had been given 


lever in such a way as to start the elevating-motor | a series of different heat-treatments. 


In view of the 


when the arm is locked. The traverse of the saddle | fact that a weld is essentially a casting, cooled at a 


along the arm is effected by hand, the small handwheel, 
visible in front of the star wheel in Fig. 2, being us2d 
for this purpose. To render the motion as light as 
possible, the saddle is carried on four adjustable _ball- 
bearing rollers, running on two widely-spaced guides 


on the top of the arm. The movement is effected | 
by a sprocket on the hand-wheel spindle, engaging | 


with a chain on the arm in the usual way. A saddle 


lock is provided, of which the engagement simultane- | 


ously locks the arm on the pillar. 

The drill spindle is provided with six splines machined 
from the solid, the splined ways being ground on all 
faces to ensure easy and accurate adjustment. The 
spindle is balanced by means of a compensating spring 
balance, similar to that fitted on earlier Asquith drills. 
The main driving gear shafts in the saddle are mounted 
on ball bearings, and are short in length and of large 
diameter. As in the case of the drill spindle, the splines 
are cut from the solid and accurately ground. The 
shafts are made from heat-treated alloy steel. The 
gears are of case-hardened nickel-chrome steel, and 
have profile-ground teeth. The main drive from the 
motor is through worm-gearing, the worm being of 
steel, hardened and ground, and the worm shaft being 
mounted on ball bearings. The worm wheel is of 
phosphor bronze, and the whole gear runs in an oil 
bath. If desired, the machine can be fitted with an 


auxiliary high-speed spindle for drilling small holes or | 
holes in soft materials. The auxiliary spindle is driven | 
from the main spindle end by hardened and ground | 


gearing, and is mounted in ball bearings. It is arranged 


torun at about four times the speed of the main spindle, | 


and gives the extra speed range without running the 
standard parts of the machine above normal speed. 


Means are provided for disengaging the auxiliary | 


spindle when not in use. 


The machine is made in eight sizes, the maximum | 
distance between the drill spindle and the axis of the | 
column ranging from 3 ft. 6 in. in the smallest size | 


to 9 ft. in the largest. It will be sufficient to give the 
leading dimensions of the smallest machine. In this, 
the total height above the surface of the table is 10 ft. ; 


the distance from the axis of the column to the end of | 


the arm is 5 ft. 3 in.; the maximum and minimum 
heights of the bottom of the spindle above the table are 
5 ft. lin. and 2 ft. 10 in. respectively ; and the clear- 
ances between the column and the drill, with the saddle 
in its innermost and outermost positions, are 4 in. and 
2 ft. 6 in., respectively. The base is 5 ft. 4 in. long by 
3ft.in width. Throughout the range of eight machines, 
the spindle is 1? in. in diameter, the vertical traverse 
is 14 in., and the spindle end is bored No. 5 morse 
taper. The spindle speeds vary from 550 r.p.m. to 
28 r.p.m., and the feeds from 120 cuts to 38 cuts per 
inch. The main motor is of 5 brake horse-power and 
runs at approximately 1,500 r.p.m., the elevating motor 
being of 3 brake horse-power and running at the same 
speed. All the machines are capable of drilling holes 
up to 2} in. in diameter in steel, and tapping up to 
2} in. Whitworth threads. 








THE STRENGTH AND DESIGN OF 
FUSION WELDS FOR UNFIRED 
PRESSURE VESSELS.* 


;rapid rate, and has received no mechanical work, 
| remarkably good Izod tests were obtained with high- 
| class welds, of both oxy-acetylene and metallic- 
|are types. Carbon-are welds gave distinctly poor 
| results. This form of test is looked upon as of great 
importance for welds. With welds showing, at the 
most, only 2 ft.-lb. or 3 ft.-lb. energy absorption, it is 
no wonder that objections are sometimes raised to a 
vessel being hammer-tested under hydrostatic pressure. 
The results ranged up to 37 ft.-lb. with the specimens 
only 8 mm. deep, in place of the usual 10 mm. 
Repeated Impact Tests.—With the machine used, 
butt-welded specimens that had had the surfaces 
machined level were alternately deflected by a hammer 
blow to a distance of #-in. on either side of the centre- 
line. The test was found to be especially good in 
picking out inferior welds. Acetylene welds, when 
judged by this test, were considerably improved by a 
normalising treatment. A conspicuous fact brought 
out was that with metallic-arc welds the best results, 


with one exception, were given when welding rods | 


designed to give good forging properties had been used. 
These welds were, under the microscope, free from 


contaminations and presumably contained less dissolved | 


oxygen than the remaining metallic-are welds. Only 
one oxy-acetylene weld was tested ; this showed results 


intermediate between the forging and non-forging | 
metallic-arc welds. With carbon-are welds the results | 


were distinctly poor. 

Bend Tests.—A very large number of tests was 
made. The results were divided into three groups: | 
(a) Acetylene welds; (6) metallic-arc welds made with 
the various forms of commercial welding rod, dis- 
crimination being made between the various classes | 
of covering on the rod; welds made by the carbon- | 
| are were added to this list; and (c) metallic-arc welds | 
made with welding rods giving good forging properties. | 
Many comparisons were made of the changes brought 
about by slight modifications in the manner of making | 
the weld, e.g., the operator was changed, or, with the | 
| same operator, the plate thickness was changed, the | 
| welding rod was slightly changed, or the weld was | 
compared with another that had been hammered during | 
| deposition of the metal. The samples, generally had | 
| the surfaces levelled before the test, and, as a result of | 
the test, were unbroken. The samples were bent to an 
inside diameter equal to the thickness of the plate, the | 
object being to make the test drastic, and with single | 
V welds the top of the V was put in tension. The fur- 
nace-cooled samples were maintained at the stipu- | 
lated temperature for one hour, and afterwards slowly 
cooled. All other heat-treatments were carried out for 
| 15 minutes. With the forge tests, the intention was 
usually to ascertain if the area could be reduced by | 
50 per cent. without cracks being formed. Occasionally 
the test was extended till the reduction of area was | 
greater. Where cracks are reported, they were probably | 
formed at an early stage. The temperature for the 
annealing treatment was chosen at 950 deg. C. with | 
the object of making the treatment drastic. No hard- | 
| and-fast deductions are possible, owing to variability 
| that occurs with changes in the conditions at the time 
| of welding. -The inferences to which the results tended | 
| to point were given in the report, and these distinctly | 
| favoured the better-class electrodes. A bending test, | 
taken alone, does not necessarily pick out the most | 





By L. W. Scuustsr. suitable type of weld for a pressure vessel. | 


(Concluded from page 396.) 
Part Il.—PuysicaL PROPERTIES OF WELD METAL. 


Tue subject-matter contained in this portion of the | 
paper is only dealt with briefly, as full details were given | 
in the report on the investigation previously referred to. | 
_ Analysis.—Wherever it was considered that useful | 
information would be obtained, analyses were made of | 
electrodes and the deposited weld metal; the results 
of these were found to be of great value in yielding 
data for conclusions. | 

Tensile Strength of Weld Metal.—A large number of | 


tensile tests were carried out with the object of deter- | 
mining the alteration of strength and ductility with | 
changes in the method of welding. With a 26-ton| 
boiler plate used for the shell and its maximum possible | 
Strength assumed to be only half this value, the actual | 
strength of weld metal, when subjected to a steady | 
tensile pull, is only of small importance compared with 
— factors. Tf the ductility of weld metal is below 
that of the plate, any increase in strength of sound 
weld met al, at the expense of its ductility, is to be looked 
upon as hizhly undesirable. With fillet welds especially, 
pa local stresses exist, and the greatest possible 
uctility is the most important requirement. 
tnd and Brinell Tests.—The Izod test is inclined 
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Variability of Welds.—There is a pronounced ten- | 
dency amongst engineers to treat all fusion welds | 


| under a single heading, irrespective of details of manu- | 


facture. Though at present there must always be a | 
certain variation in the quality of even a high-class | 
weld, that is no reason why no attempt should be 
made to determine the extent of that latitude, and to | 
design accordingly. So long as the user lays down no | 
standard for the methods of carrying out the work, 
he must expect to get variable results. Though the | 
attempt at classification is not easy owing to the number 
of variables, it was felt that they could be limited one 
by one, and a first effort in this direction has been made 
by a study of the results obtained with representative 
electrodes. The setting up of further or improved 
standards should result in the margin of 50 per cent. 
being reduced to a considerably lower figure. 
Electrodes.—As a weld in a pressure vessel is often 
subjected to severe conditions of service, the most 
suitable electrode is one capable of imparting properties 
most nearly approaching those of the plate, whilst 
being at the same time as fool-proof as possible. The 
toughness and ductility should clearly be as great 
as possible. The results to be obtained by use of 
representative electrodes were studied. Electrodes 
producing welds with good forging properties were 
in general found to give the best all-round test 
results, the principal cause of this being probably 





that the welds were less contaminated with oxygen. 
Electrodes should have good deoxidising properties, 
and the weld metal should be protected as far as 
possible from the atmosphere, both whilst it is 
passing along the arc and whilst it is cooling. 
Again, on account of its being so common for the 
operator to bend his electrode, especially when welding 
at the interior of a confined space, it is of great impor- 
tance that the covering on the rod should be highly 
plastic and should not crack when the rod is bent. 

Corrosion Tests.—These, in so far as they were carried 
out, pointed to the superiority of the better classes of 
electrodes with the welds subjected to acid attack. 
The carbon-arc welds tested gave inferior results to 
other forms of weld. Well-made acetylene welds 
showed up well on test. 

Metallurgical Examination of Welds.—Microscopic 
examination was found invaluable in throwing light 
on the causes of the difference between a good and a 
bad weld. It was also useful in a study of the changes 
in weld metal due to its being hammered during 
deposition. This work was too voluminous for publica- 
tion, but the chief points of interest were given in the 
report. The changes in structure which may be caused 
| by contamination of weld metal by the atmosphere were 
studied, and experimental welds were made in both 
oxygen and nitrogen. The macrostructure of welds was 
found useful in giving information on the method 
adopted in depositing the metal, on the exact position 
and shape of the weld metal, and on the amount of 
penetration of the metal into the plate. Sulphur prints 
also gave useful information. 

Metals, other than Mild Steel, used for Pressure 
Vessels.—The mechanical and metallurgical features 
of weld metal, deposited in various plates, other than 
steel, were determined where it was considered that 





| useful information could be obtained. Certain austeni- 


tic chrome-nickel steels and cast irons received the 
most attention, and a few examinations were made of 
copper and aluminium. 

Conclusion.—The manufacturer of fusion-welded 
vessels has been content, in the past, that all official 
regulations should be prohibitive, not constructive. 
For his craft to prosper his best hopes lie in the existence 
of regulations, conformity to which will enable a vessel 
to be recognised by an inspecting authority as being 
suitable for certification. By conformity to regulations, 
the adoption of high-class methods of construction, 
and the use of well-designed intermittent cover straps, 
there seems no reason why, in the near future. the 
construction of an unfired pressure -vessel should not 
be extended, with safety, to considerably larger 
sizes than are indicated in the tentative rules that are 
appended. This country has already the workmanship 
and material necessary for manufacturing vessels 
of equal or even better quality than are made abroad. 
Where it lacks is in methods of design and general 
technique. The labour and the money that have been 
freely expended in carrying out the investigation will 
have been well spent, if, as a result, a recognised and 
unbiassed public body places the fusion welding of 
pressure vessels for land practice on a sound engineering 


basis. 
APPENDIX. 


PROVISIONAL RuLEs ror Fuston-WELDED Non-FIRED 
PRESSURE VESSELS. 


A large number of tentative rules governing the 
construction of fusion-welded vessels have been framed. 
As the rules do not purport to cover requirements for 
vessel when in service, attention is particularly drawn 
to the necessity for a vessel to be so situated and so 
equipped with sight-holes that both sides of all welded 
seams are readily accessible for inspection; the 
construction should also be such that all plate thick- 
nesses can readily be gauged. A welded vessel should 
not be installed where the owner is unable, owing to 


| exigencies of service or other cause, to grant facilities for 


inspection and hydrostatic test. 
Amongst other important requirements are that a 
drain should be fitted at the bottommost point of a 


| pressure vessel, and that a relief valve should be 


mounted in an approved position, which in general will 
be on the vessel itself. 
The rules are as follows :— 


(1) Scope of Rules.—The rules apply to vessels con- 
taining air or non-corrosive gas at a temperature not 
exceeding 600 deg. F., more especially when the dia- 
meter does not exceed 36 in. For vessels with a 
diameter not exceeding 20 in., the rules do not apply 
when the working pressure is 30 lb. per square inch or 
less. 

(2) Method of Weiding.—The rules are applicable 
to vessels welded by the metallic-arc process with a 
flux-coated electrode or by the oxy-acetylene process. 

Note 1.—The rule excludes carbon-arc welding, 
but in special instances, where the design is approved, 
the carbon-arc process is permissible for the welding 
of flanges to tubes not less than ,-in. thick, and for the 
welding of dished ends to shell plates which are secured 








independently of the weld, and which are not less than 
2-in. thick. 

Note 2.—It is recommended, especially when the 
welding has been carried out by the carbon-are or 
acetylene process, that fusion-welded parts should be 
normalised in a muffle furnace. The temperature 
should be maintained for a quarter of an hour after 
the article has been heated uniformly. 

As an alternative, though less efiective, where serious 


damage from scaling or warping would result if it were | 


normalised, the article should be heated uniformly to 
a temperature of 650 deg. C. and then allowed to cool. 


Note. 3.—Mention of the more important properties | 


recommended for electrodes is made elsewhere in the 
report. 
(3) Strength of Joints.—The rated strength of a 


welded joint shall at no time exceed half the strength | the deviation from a straight line being only 0-02t | 


determined by tests on reasonably well-made joints, 
made to similar form and subjected to similar stresses. 

(4) Material.—The plate shall be of boiler-quality 
mild steel with a nominal breaking strength of 26 tons 
per square inch. The strength shall lie between the 
limit of 24 tons and 28 tons per square inch, but it 
shall be assumed that the strength of the plate when 
welded does not exceed 24 tons per square inch. 

(5) Plate Thickness.—The plate of a welded vessel 
exceeding 12 in. in diameter shall be not less than 
fs in. thick. 

(6) Factor of Safety.—The minimum factor of safety 
allowable on the rated strength of a welded joint shall 
be 4. 

(7) Hydrostatic Test.—(a) The vessels shall be sub- | 
jected to a hydrostatic test at not less than twice the 
working pressure, during which it shall be subjected 
to a hammer test ; the pressure shall then be reduced by 
more than 50 per cent. of its value, after which it shall 
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(10) Fillet Welds.—(a) With a fillet of a lap-welded 

joint the surface of contact in tension shall extend over 
| the full thickness tg of the plate. The surface of contact 
|in shear shall have a width not less than ¢; and pre- 
| ferably not less than 1} t, (see Fig. 12a). 
(b) A fillet of a lap-welded joint shall by preference 
| have aconvex profile. At no time shall the thickness at 
the throat be less than 0-69 times the plate thick- 
ness fy. 

Note.—The throat thickness is defined as the mini- 
mum depth of the weld (see Fig. 12h). Where the 
|two contact surfaces of a fillet are equal, the rule 
requires that the contour shall show no appreciable 
a minimum throat thickness of 0-69¢ is 


| concavity : 


| equivalent to the radius of the fillet being not less than | 


| 12¢, which gives an approximately straight contour, 


| (see Fig. 12c). 

| (c) With a fillet weld affixing a fitting to the wall of 
|a vessel or a pipe, the throat shall have a minimum 
| thickness of 0-58h, where h is the minimum height 
allowable for the surface of contact in shear. 

Note 1.—Where the two surfaces of contact of the | 
fillet are equal, this throat thickness is attained by a | 
| fillet with a concave profile and a radius equal to| 
2h, the deviation from a straight line being 0- 13¢. 

Note 2.—The value required for the dimension h | 
depends on the details of the design and manufacture | 


| 
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be again raised to the original value for three minutes. 
(6) The hammer test shall consist of the plate on 
both sides of all welds being struck sharp vibratory 





See Rule 712 (c), Note 7. 
Other ends not pernmussible 


blows with a hammer not less than 2 lb. in weight, 
the blows being struck 2 in. to 3 in. apart, and close 
up to the seam. The blows shall be applied as rapidly 
and heavily as possible, consistent with the metal 
not being indented or distorted. 

(c) When the factor of safety of the vessel exceeds 
4, the test pressure shall be 50 per cent. of the bursting 
pressure, calculated on the rated strength of the welded 
joints. 

(8) Stresses imparted by Flexible Ends.—-Where a 
joint or a portion of a joint, circular or longitudinal, 
is subjected to a bending action owing to the flexibility 
of an end, it shall be deemed that the strength of the 
joint is reduced by 10 per cent. 

This shall not apply to a longitudinal seam of which 
the ends are reinforced in an approved manner to 
resist bending stresses. 

(9) Lap-welded Joints.-(a) For a longitudinal seam, 
a lap weld with a single fillet shall at no time be per- 
mitted, and a lap weld with a double fillet shall only 
be permissible when neither of the’ plates exceeds 
$-in. in thickness. 

(6) For a circular seam or for affixing an end plate 
when the shell plate i: not constricted, i.e., turned in 
over the flange of the end plate, a lap-welded joint 
with a single fillet shall only be permitted when the 
thickness of the shell plate does not exceed }-in. 

(c) When a lap-welded joint has a double fillet, the 
width of the landing shall be 3¢ for a longitudinal joint, 
and not less than 3¢ for a circumferential joint, where 
t is the plate thickness, or with dissimilar plates the 
greater of the two thicknesses (see Fig. 12/). 

(qd) When a lap-welded joint has a double fillet 
the internal fillet shall be accessible for inspection. 
When there is no ready means for inspection it shall 
be assumed that the fillet is non-existent, and accord- 
ingly for a circumferential seam the joint shall be rated 
as if it had a single fillet only and for a longitudinal 
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(c) An end shall at no time be fixed by means of a 
corner weld, and, where a flanged end-plate is fixed 
by a butt joint, the flange shall form a continuous 
| line with the shell plate. 
| Note 1.—The term ‘corner weld” refers any 
| form of weld, where the flange forms an angle with the 
| shell plate: this is illustrated by Fig. 12d. Any similar 
| constructions without flanges, such as those shown by 
| the drawings Fig. 12e to 12e7, are also prohibited. ~ 

Note 2.—Several other undesirable forms of end 


are 
| constructed, e.g., those shown by Fig. 12f. These are 
|not permissible, nor is any form of flexible end, the 


| breathing of which imposes a direct hending stress on 
| the weld. 

{d) An end plate with reversed curvature shal! at no 
time be permitted. 

(e) The inside radius at a knuckle shall be not less than 
| four times the thickness of the end plate or not less 

than 1} in., whichever is the greater. 

(f) An end plate convex to the pressure shall be 
driven into the shell so that the end of the flange lies a 
| distance not less than one-and-a-half times its thick- 
| ness within the shell. 

(g) When a dished end of a thickness greater than 
that of the shell is affixed by a butt joint the end of the 
flange shall be reduced to the thickness of the shell for 
a length not less than twice its thickness (see Fig. 124), 

(13) Thickness of Dished Ends.—(a) With an end 


~ Permissible 






SeeRule12(c), Note 1. 


the heading of “Corner Welds” 





Fig. 12 See Rule 12 (c), 





(6), Note. 


of the joint. In general the total height for a branch 
tube should equal 3t, where ¢ is the thickness of the 
branch tube. 

(11) Butt-Welded Joints.—.(a) When the diameter of 
the vessel does not exceed 24 in., the strength of a 
butt joint with the plate welded at only one side shall 
be deemed to be reduced to half the strength of a butt 
joint with the plate welded at both sides. For larger 
diameters this form of construction shall at no time be 
permitted. 

(>) When the inside surface of a butt joint is not 
accessible for inspection, it shall be assumed that the 
plate is welded at one side only. 

(c) The edges of a plate jointed by a butt weld shall 
be bevelled, and the included angle of the weld metal 
shall be not less than 90 deg. for either a single or a 
double V weld. 

Note.—It is recommended that the total depth of 
reinforcement at the two surfaces of the plate should 
be not less than 25 per cent. of the plate thickness. 

(12) Design and Attachment of Dished Ends.—(a) A 
dished end-plate shall have an inside radius not greater 
than the internal diameter of the shell. The thickness | 
of metal shall be such that the working pressure or the 
allowable stress to comply with Rule 13 is not exceeded, 
but in no instance shall it be less than the thickness of | 
the shell, and for vessels exceeding 14 in. in diameter | 
the minimum thickness shal] be }-in. 

(6) When a dished end is flanged, the length of the | 
flange shall be not less than 14 in. for an end convex to | 
the pressure, nor less than 2 in. with the end concave. | 
The minimum length of the flange shall at no time be 
less than four times the thickness of the plate. An 
increase above these specified minimum values is | 
desirable (see Figs. 127 and 12#). 

Note.—When a dished end is affixed by a lap joint 
it is recommended that the end of the shell should be 
constricted, and that the degree of constriction be not 








seam it shall be prohibited. 


less than that shown by Figs. 12h and 12:. 
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concave to the pressure the working stress calculated 


rd shall be not more than 6,000 Ib. per 


by the formula 
square inch, irrespective of the general factor of safety 
adopted for the vessel. 

(6) With an end convex to the pressure, welded to 
the shell, the allowable pressure shall be not more than 
the bulging pressure p, calculated by Bach’s formula 


p= T 73,958-3, rw i divided by a nominal factor 
rL | ; 


of safety against bulging that is 25 per cent. higher than 
the desired factor of safety, the value of which is given 
in the Table below. 

In the event of r/t having a value lower than that 
given in the last column of the Table, the thickness of 
the end shall be such that the stress calculated by the 


formula ?” shall be not more than 5,000 Ib. per square 
ot 


979 


ale 


inch, irrespective of the general factor of safety adopted 
for the vessel. 

Yomi . | Lowest value of 
Nominal Factor of | 3% with which the 


Designed Factor | Safety against Bulg- | working pressure 


of Safety of | ing to be used for a | .pajl be determined 
Vessel. Welded Vessel with | “from Bach's 
Bach's Formula. Formula. 
Fe 53-6 
4-0 5-0 angi 
15 5-625 ‘os 
5.0 6-25 = 








AUSTRALIAN IMPORTS AND Exrorts.—According 10 
figures issued by the High Commissioner for Austra ‘of 
Australia House, Strand, London, W.C.2, the value - 
goods exported from the Commonwealth, during Vcc = 
ber, 1929, was 12,264,016. Imports during the sam 
month are worth 10,666,658/. 
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ZINC-BASE DIE-CASTING ALLOYS.* 
By R. Lancastsr, B.Sc., and J. G. Berry, B.Sc. 


In the die-casting industry, the zinc-base alloys in 
general use consist of either zinc hardened with copper 
and tin, or zinc hardened with copper and aluminium. 
The former series of alloys—namely, the zinc-base 
tin-copper hardened—have been in use for many 
years, but are limited in application because of their 
low tensile strength (8 to 10 tons per square inch) and 
their hot-shortness. The latter series, however, are 
of newer origin, and much less is known about them. 
They have greater tensile strength, but still exhibit, 
to a much smaller extent, hot-shortness, unless a small 
addition of magnesium is made to them. This addition 
of magnesium greatly assists in the manufacture of 
die-castings, which are required to be ejected from the 
die or mould immediately after solidification, in 
eonditions which render hot-shortness most mis- 
chievous. 

The authors have made up alloys containing 4 per 
cent. aluminium, 3 per cent. copper, and the remainder 





Fie. 1. Ma Assent. x 150. 





Fig. 3. Ma 0:2 per Cent. x 150. 


zinc, using metals of the highest degreee of purity, and 
the result of adding 0-1, 0:2 and 0-5 per cent. mag- 
nesium noted, in so far as indicated by the tensile 
strength and the amount of torque obtained. All the 
alloys were made in bulk—namely, 5 cwt. in a clean 
cast-iron pot, which had never been used for any other 
class of alloy—the object being to obtain results 
which were comparable with ordinary works practice. 
The test-pieces for the tensile tests were turned down 
from cylinders of 1.25 in. diam., cast by gravity in 
an iron mould. The torque tests were carried out 
on rods 6 in. long by 0-25 in. square, taken from the 
centre of cylinders cast as before. The measure of 
torque given is the angle through which the specimen 
is twisted to first signs of cracking. The rod is placed 
between two clamps, one of which can be rotated. 
A length of 4 in. is exposed between the clamps. It 
will be noted that, in each set of tests, skin effect is 
absent, since the test-pieces are machined or turned 
down to required dimensions, and, in consequence, 
lower results are to be expected all round. Tensile 
strength and torque tests of the alloys examined are 
given in Table I. 

It has been found in actual die-casting practice that 
the alloy above containing 0-1 per cent. magnesium, 
which has the greatest tensile strength and toughness 
in the cold, exhibits the least degree of hot-shortness, 


bd Paper read before the Institute of Metals, London 
on Thursday, March 13, 1930. Abridged. 
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and consequently is the easiest to eject from the die 
or mould without breaking. An examination of the 
structures of the four alloys under the microscope re- 
veals a profound alteration in the structure, with 








TABLE I, 
Tensile 
Alloy. Strength. eS 
Per cent. Tons per : 
° sq. Ag Degrees. 
4-0 Al, 3.Cu, rest Zn... ms ..| 18-51 | 198 
agar 2 og o as ae cy 270 
4 + 0-2 ,, z ~a| - ¥i-8e 90 
” ” + 0°5,, =e ae 10-76 95 











successive additions of magnesium. Photomicrographs, 
the specimens for all of which were etched with 2 per 
cent. alcoholic nitric acid, are shown indicating these 
changes. Fig. 1, shows the structure when magnesium 
is absent. The outstanding feature of these photo- 
micrographs is the occurrence of what appears to the 





Fie. 2. Me 0:1 per Cent. xX 150. 


Mea 0°5 per Cent. X 150. 
Figures REDUCED BY THREE-ELEVENTHS IN REPRODUCTION. 


Fie. 4. 


authors to be the § solid solution of the aluminium- 
zinc series, resulting from the addition of 0-1 per cent. 
magnesium, as indicated by the line on the right in 
Fig. 2. With the addition of 0-2 and 0-5 per cent. 
magnesium, the # solid solution disappears, as shown in 
Figs. 3 and 4. It would appear that the effect of the 
magnesium is to prevent the decomposition of the 6 
phase, and cause a decrease in the zinc-rich portion, 
which, being more fusible, would give rise to hot- 
shortness. At this stage the authors realise that the 
work carried out is inadequate to permit a definite 
statement to be made as to the constitutional changes 
which have taken place. 








THE Boarp or TRADE PaTEeNTS COMMITTEE.—The 
committee set up under the chairmanship of Sir Charles 
Sargant to consider whether any amendments in the 
Patents and Designs Acts, or any changes in Patent 
Office practice, are desirable, is continuing its weekly 
meetings at the Board of Trade for the purpose of hearing 
evidence from interested persons and associations. 
Twenty meetings of the committee have taken place, 
and, during the next few weeks, evidence will be taken 
from representatives of the Chartered Institute of Patent 
Agents, the Law Society, and a number of Chambers of 
Commerce. Any persons or associations who desire 


to submit any further suggestions, or to give evidence, 
should notify the secretary of the committee, Mr. R. W. 
Luce, Industrial Property Department, Board of Trade, 
25, Southampton Buildings, London, W.C.2, not later 


CATALOGUES. 


Lathe.—Messrs. Jones and Lamson Machine Company, 
19, Water-lane, London, E.C.4, have issued a folded 
| sheet illustrating their 4-in. bar lathe, showing the 
| positions of the turret slide for six operations and the 
| cutting tools used. 

Cutting Tools.—We have received from Messrs. The 
Rennie Tool Company, Limited, 23, Boundary-street- 
east, Manchester, circulars illustrating cutting tools for 
| lathes and planers, the tools being tipped with high- 
| speed steel cutting bits. 

Workshop Lighting.—A folder drawing attention to the 
economy of adequate lighting in workshops, and the need 
for well-devised schemes of lighting, has come to hand 
from Messrs. Benjamin Electric, Limited, Tariff-road, 
| Tottenham, London, N.17. 
|  Drag-Line Scrapers.—Messrs. John M. Henderson and 
| Company, Limited, Aberdeen, have issued an interesting 
| catalogue describing their cable drag scrapers for storing 
| and reclaiming coal, excavating sand or gravel, forming 
| dams or embankments, and similar work. 
| Blow-Down Valves.—A _ boiler blow-down valve 
| operated by a foot lever is described in a circular to 
| hand from Mr. O. N. Beck, 11, Queen Victoria-street, 
London, E.C.4. It is intended to facilitate the blowing 
down of the boiler for a few seconds at frequent intervals. 


Coal Cleaning.—Messrs. The Birtley Iron Company, 
Limited, Birtley, Co. Durham, have sent us a leaflet 
with general illustrations and brief particulars of three 
coal-cleaning and sizing plants with capacities from 
100 tons to 250 tons per hour. These plants have been 
constructed by the firm, and are now in successful 
operation. 

Motor Control.—An example of automatic control of 
the motors for ships’ steering-gear is described in a 
printed sheet issued by the makers, Messrs. Brookhirst 
Switchgear, Limited, Chester. The effect is to bring a 
battery automatically into action if the main line current 
fails, and to give visible and audible indications of the 
change. A similar automatic reserve is provided for the 
navigation and engine-room lights. 


Marine Oil Engines.—Messrs. Sulzer Brothers, 31, 
Bedford-square, London, W.C.1, have sent us a new 
catalogue of Diesel engines for barges, tugs, and small 
craft generally. They are of the two-stroke cycle type, 
| with from two to six cylinders in combination with 
reverse gear. The catalogue contains a good description 
| of the construction, with illustrations of the types of 
craft in which the engines have proved suitable. 

Oil Engines.—A catalogue of vertical oil engines, with 
one to four cylinders, developing 25 h.p. to 260 h.p., is 
to hand from Messrs. Petters, Limited, Yeovil. These 
engines are of the so-called Atomic-Diesel type, and 
operate on the two-stroke cycle with high-compression 
ignition. The fuel is injected, unmixed with air, by a 
positive pump. The catalogue description is very clear 
and complete, with indicator diagrams and ample 
illustrations. 

Temperature Measurement.—We have received cata- 
logues dealing with thermo-electric pyrometer stems 
| of ordinary, special and furnace types, temperature 
indicators and selector switches, electrical distance 
thermometers, compensating cables and cold junctions. 
All the catalogues contain useful explanatory matter 
and illustrations, as well as priced lists. The manu- 
facturers are Messrs. Siemens Brothers and Company, 
Limited, Woolwich, London, S.E,18, 

Automatic Regulators.—Messrs. British Automatic 
Regulators, Limited, Windsor House, Victoria-street, 
London, 8.W.1, have issued a catalogue describing 
their relay device for automatically operating any 
mechanical controls, such as wheels, levers, &c., which 
can ordinarily be operated by hand. The impulse is 
produced by any variation in the temperature, pressure, 
vacuum, humidity, water level, or other condition to be 
regulated. The explanation is clear and illustrations 
of the device are given. 

Steam Turbines.—The application of the steam turbine 
to factory drives is very well shown in a catalogue 
received from Messrs. Hick, Hargreaves and Company, 
Limited, Bolton. The catalogue contains illustrations 
and brief particulars of six installations constructed by 
the firm for various mills. The powers range from 
650 h.p. to 2,000 h.p. All employ rope drives, and in 
some there are reduction gears, electric-generator drives, 
line-shaft drives, surface and jet condensers, and extrac- 
tion of process steam at 60 lb. and at 30 Ib. per square 
inch, 

Electrical Apparatus.—We have received from Messrs. 
British Insulated Cables, Limited, Prescot, Lancs, several 
leaf catalogues, with particulars of unions for aerial 
cables, cables with rubber insulation and ebonite sheath 
for contact with acids, single-phase meters in 2}, 5, and 
10 ampere sizes, mistake-proof switch cut-outs, and 
multiple telephone cables for indoor use. A fully 
descriptive catalogue of alternating-current energy 
meters of the house-service, pre-payment, two-rate type, 
with instructions for fitting and maintenance, has als 
come to hand. 

Electrical Machinery.—Three new catalogues are to 
hand from Messrs. Metropolitan-Vickers Electrical 
Company, Limited, Trafford-park, Manchester. One 
describes the transformers, switchgear and station 
structures made for six large high-voltage installations in 
England, Scotland, South Africa, New Zealand and 
Russia. The second describes high-speed induction 
motors of 100 h.p. to 5,000 h.p., and the third deals with 
low and medium-speed motors of 100 h.p., to 11,000 h.p. 
In all cases, full information is given with a number of 
excellent illustrations. 
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‘* ENGINEERING ’’ ILLUSTRATED LIFTING AND HAULING APPLIANCES. 


PATENT RECORD. 
ELECTED ABSTRACTS OF RECENT PUBLISHED 


The number of views given in the Specification Drawings is stated 


of the communicators are given in italics. 


5, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 
The date of the advertisement of the 





the word “ Sealed ”’ is appended. 


Patent has been sealed, when j 
date of 


Any person may, at any time within two months from the 

the adverti. t of t pt of a Complete Specif 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


























ELECTRICAL APPARATUS. Yds WY 
319,502. R. C. Graseby, arene, Seton. | A =~ g KG, Y Z 
Electric Reciprocating Motors. (2 Figs.) ctober 3, - WN A R.2 N 
1928.—The invention relates to electric reciprocating TT ENA, SAY RW. KE L 
t VSS Zee AW SNCs 
mechanism of the kind comprising an electro-magnet, a | { --}-- 
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haa WAKXYKK CA REE 
PT MANIAC SWS 
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spring-controlled armature to move towards and away | 
from the electro-magnet, and a switch in the electro- | 
magnet circuit which is closed when the armature has | 
moved away from the electro-magnet and is opened by | 
movement of the armature towards the electro-magnet. | 
According to the invention, an electric reciprocat- | 
ing mechanism comprises an electro-magnet 2, a first | 
spring-controlled armature 4, a second spring-controlled | 
armature 14 having a portion which may be flexed in | 

















317,957. James and Fredk. Howard, Limited, 
Bedford, and W. H. Ashby, Bedford. Hoists. 
8 (1 Fig.) July 13, 1928.—The invention relates to opera- 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. | ting and controlling mechanism for hoists. According to 
the invention, the mechanism comprises a rotary member 
in each case; where none is mentioned, the Specification is not| A adapted to impart a rotary movement to the lifting 
illustrated. , | apparatus, a clutch member B co-operating with the 
Where inventions are communicated from abroad, the Names, &c.,| rotary member A, and an actuating member C adapted 
i - - ; to move the clutch member B into and out of engage- 

a and. | 5g may be obisined of the Patent Office Salee | ont with the rotary member A and, through the medium 
f of a friction drive, to impart a rotary movement to the 
yptance of a Complete | clutch member. The members A, B, C, together with 

Specification is, in each case, given after the abstract, unless the | the friction-drive device, are ‘preferably arranged co- 
axially about a shaft D, which is formed at one end 






the latter will be kept working and wet, so that the 
timber of which they are made will not dry up and 
warp. Owing to the shapes of the blocks, in proportion 
as the circulation increases and the level of the water 
rises to the level k?, the cross-sectional area of the 














gutters offered to the water entering the gutters d!, d? 
| increases much more rapidly than in mere proportion 
| with the rise of level. The gutters nearer the inlet, in 

consequence, do more and more work, and finally, when 


relation to the remainder, a pair of contacts 17, 18| with an external screw thread engaging an internally- | the circulation attains its normal maximum, the water 


Fig.1 











(319,502) 


in the electro-magnet circuit—one, 17, carried on the 
portion of the second armature 14 which may be flexed, 
and an operative connection between the two armatures 
to move the armature 14 against the spring to close the 
contacts 17, 18 on movement of the armature away from 
the electro-magnet, and to flex the part of the second 


armature 14 carrying a contact 17 in relation to the | 


remainder to open the contacts on movement of the 
armature towards the electro-magnet. The operative 
connection between the two armatures comprises an arm 
11 mounted on an extension of the armature 4 carrying 
a pair of spaced stops 12, 13, between which is disposed 
the end of the armature 14. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c, 


315,985. Morris Commercial Cars, Limited, 
Soho, Birmingham, and W. W. Hamill, Soho, 
Birmingham. Internal-Combustion Engines. (3 
Figs.) July 3, 1928.—The invention relates to the 
exhaust systems of internal-combustion engines. The 
extremity of the exhaust pipe a is enlarged in diameter 
to produce a truncated segment of a sphere 6 joined to 
the pipe proper by a reverse curve c, which may also 








(315,985) 


partake of a spherical characteristic, but in an opposite 
sense. The annular projection d surrounding the engine 
manifold port ¢ is, on its exterior, formed to a truncated 
spherical shape to match the interior of the exhaust pipe 
extremity 6, the internal diameter of the exhaust pipe a 
being slightly larger than the internal exit diameter of 
the exhaust projectiond. Encircling the flared extremity 
of the exhaust pipe a is a clamping member g, internally 


| threaded portion of the actuating member C, which is | level being approximately at k™, all the troughs are 
| preferably in the form of a cylindrical sleeve. In the | working at full efficiency.—(Sealed.) 
| preferred form, the rotary member A constitutes the | 

MISCELLANEOUS. 


| outer element of a conical friction coupling and is freely | 

rotatable about the shaft D. The clutch member | 317,624. R. K. Webster, Purley. Air-Heating 
forming, for example, the inner element of the friction | and Supply Systems. (3 Figs.) July 30, 1928.—The 
coupling may be keyed on to the shaft Din such amanner | invention relates to air-heating and supply systems, of 
that it rotates therewith, but is capable of relative | the kind in which an air compressor or blower 38 supplies 
movement in an axial direction. The actuating member | air to a pipe line 39 from which it is delivered to one 
C or sleeve, may be mounted in a bearing E secured to | 9 more discharge nozzles 7 past electric-heating means 
a framework F, and is adapted to be rotated either by | 34 usually accommodated in the nozzles, a valve 31 
minioant =~ p bag Droog > estgghg, ~ig etd - | being provided in the connection from the main pipe 

: : ? » lor example jj i x 

gearing, chain and sprocket wheels, or the like. (Sealed.) ES Ee Sie ee ee ae ae ee 


MINING, METALLURGY, AND METAL 
WORKING. 


320,033. John Moncrieff, Limited, Perth, and 
A. F. McNish, Perth. Glass Melting. (3 Figs.) June 1, 
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1928.—The invention has reference to paddle mechanism 
for circulating molten glass through the forehearth 
of a glass furnace. The invention consists in mounting | 
the paddle holder 6 on a horizontal fulcrum 7, which 38 i 
y reciprocated vertically to raise and lower the paddle ‘ 
| 207+ 
Fig.2 oF | a-At 
| hm. h Ty « 
@G 16 it i h 4 
| Fr is 
| : “|: Al 
| | aan it 
| y iy rR j | 
CL. ? | i 
| Si A .Y a 
Ww | ry + — 
| Ni { mai 4 | (sizez4) SS ~ — 27 
Ny % f ~ 
| INS L. Slag. | a 
| VY : Tie Pc tek required and, if desired, to regulate the quantity of 
| 7/ YN bite ; the air supplied. The invention consists in a switch 
N 55 : | 18, 19, 20 in the heater circuit, connected to the valve 31 
a | so that the valve is open when the switch is closed. The 





| switch 18, 19, 20 is closed by a spring 8 and the discharge 
| nozzle 7, when out of use, is supported in a cradle 6 con- 
J ae | nected with the switch and valve operating means so 
4 and to cause it to dip into the glass, whilst mechanism | that the switch is held open against the spring by the 
is — to rock yoni _ and fro so that it travels | weight of the nozzle. (Sealed.) | 
in one direction in the glass and returns when raised out amb 
of the glass. The fulcrum 7 is journalled in a slide 8 | ao. a? a rn S yore, &. ot 
, a ee Fy Aner < @ cam | Glands a Fig.) July 3 1928—The invention relates 
; 1e paddle holder 6 is oscillated about its fulcrum 7 | ¢5 hed’ olanc ps ranali oki 
. se Lagat: F | packed glands particularly applicable for packing 
by means of a crank pin 11, working in aslot 12. (Sealed.) piston-rods in el rte — Sites percussive tools. 
STEAM ENGINES, BOILERS, &c. | According to the invention, a packed gland comprises 
| an outer casing 11, an abutment 16, 17 at each end of the 
315,945. M. E. Gerard, Westminster, London, gland, a compressible packing element 12 also at each 
and L. G. Mouchel and Partners, Limited, West-| end, and yielding pressure-applying means 15 situated 
minster, London. Water-Cooling Towers. (6 Figs.) 
May 17, 1928.—The invention relates to water-cooling | 
towers. According to the invention, means are provided | 
for controlling the flow of the water from the distributing | 
troughs to the gutters so that when the circulation is | 
small a resistance to the movement of water is provided 
which decreases gradually in proportion when the circula- 
| tion increases, the proportional resistance becoming 
negligible when the circulation becomes normal. The 
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shell a of the water tower may or may not be circular. Sperry 
The water flows in at 6, wherefrom the water flows in CLAM ALL J 
radial troughs c, which, in their turn, feed gutters d in 2 i115 22 16 


the bottom of which are set nozzles e. Blocks of material, 
which may have various shapes, are inserted in the 
entrances of the gutters which they partly block. The | 
blocks decrease in size from the water inlet b towards | between the packing elements for compressing the latter 


the wall a of the tower. The water circulation is in the | each against its adjacent abutment. One of the abut- 
h projects into the 





direction of the arrow g, and when the circulation is very | ments is afforded by a sleeve 17 whic 


shaped to conform to the exterior of the exhaust pipe | small, the level of the water in the main trough will be 
extremity, a joint washer h being interposed between the | shown approximately by the line k!, and the amount 
face of the internal annulus d and the exhaust manifold | of water entering the gutters d!, d? will be very small, 
k. By this arrangement, the latter, when held in| and consequently water will be reaching the last trough 
position, is supported both internally and externally.— | 4°. But a sufficient quantity of water passes between 
(Sealed.) the blocks and the sides of all the gutters to ensure that 





casing and is adjustable from the outside towards and 
away from the other abutment 16 to vary the pressure 
applied to the packing elements. The sleeve 1 
threaded and may be screwed towards or away irom 
the abutment 16 from the outside to provide the re- 
quired adjustment. (Sealed.) 
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FRENCH AGRICULTURAL 
MACHINERY. 


Very considerable evidence of the effect. of 
labour shortage on the design of farm machinery 
was to be seen at the recent Paris Agricultural 
Machinery Exhibition, or Salon. French manu- 
facturers have to supply machinery suitable for 
agricultural operations carried out under a 
wide diversity of climatic conditions covering 
Altantic, Mediterranean and Alpine types, and 
the range of products to be dealt with resulted in 
a display of a variety that could not be found 
in any British show. There were 580 exhibitors. 

A material proportion of the land in France is 
cultivated by the small holder and increased 
efforts are being made to supply him with small- 
scale appliances of a modern type, at a price that 
he can afford. It cannot be said, therefore, that all 
the appliances were up to the highest standards 
in quality, but when the number of hours which 
an appliance can work per year is very limited, 
it is necessary either to take some risks, or to have 
an excessive amount of capital standing idle 
a large part of its time. There is, however, a 
good deal of contract ploughing done, some by 
co-operative societies, which, with the aid of steam 
ploughing and other tackle, can take on a block 
of grouped land. Where farmers can agree in 
this way for land in a compact area to be ploughed 
and cultivated by one concern, the matter can 
naturally be done cheaper and more expeditiously 
than otherwise. It is interesting to hear that the 
reputation of British steam ploughing tackle still 
stands very high. 

Some quite small tractors of the caterpillar type 
were on view. One make, the Primus, made by 
the Soc. Industrielle Agricole et Mecanique of 
Paris, with a driving motor giving 35 brake horse- 
power, has an overall width of 1-3 m. (about 
4 ft. 4 in.) for general work and 0-86 m. (2 ft. 10 in.) 
for work between vine rows. This and other 
examples illustrated the ingenuity which is being 
used to enable mechanical culture to be carried 
out in the restricted space allowable between 
vine rows. 

One trouble with ploughing with small tractors 
has been a tendency for the towed gear to lift, 
but the use of the Brabant type turnover-plough 
tends by its weight to counteract this. The 
carrying of the plough on a bar acting as a tail 
to the tractor, and not as a separately hauled 
appliance also helps to keep the gear down. Owing 
to the weight of the larger Brabant ploughs, 
mechanically operated gear is used to lift and turn 
them over; naturally when clogged up with wet 
soil this type of gear does not always work as 
sweetly on the field as when on show. 

It is being realised in France, as elsewhere, that 
& good deal of mineral nourishment lies below the 
spit normally cultivated, and therefore shoes to 
break up subsoil were in evidence on a number of 
stands. Disc cultivators seem to be popular, some 
of them being arranged in tandem rows. Several 
appliances illustrated incidentally the influence of 
the development of agriculture in Algeria and 
Morocco. The spread of vine culture in these 
countries is giving rise to serious apprehensions 
on the part of some wine growers in the south. 
The deep cultivators were of interest in this connec- 
tion, as a problem in parts of North Africa is the 
elimination of a wild scrubby palm that has deep 
Toots and requires deep ploughing and cultivation 
to clear it out. 

From the mechanical point of view, tackle hauled 
across the ground by a wire rope with an anchored 
Motive-power gear must have some advantages as 
compared with that towed by a moving tractor, 
which by means of weight or spuds must have 
enough hold on the ground to prevent slipping to 
an extent which can prevent effective haulage; 
further, a heavy tractor tends to undo the work of 
the tackle, which is to break up and aerate, and 
hot to consolidate the soil. The use of wire-rope 

lage for many operations relating to the land 
Talses problems in connection with anchorages. 
Acompany, “Treuils Pan,” of Boulevard Péreire, 

mis, has introduced a system of anchor plates 
which can be rapidly fixed. They are operated in 
Connection with a heavy haulage gear on wheels, 


which can either be worked by an oil engine placed 
on the frame or be belt-driven from a portable 
engine. The gearcan be used for pulling down trees, 
scrub clearing, cultivation on steep: slopes, the 
cleansing of ditches, reservoirs and canals, and 
clearing away of heavy stones. The anchorage is 
made of flat strips with cross pieces drilled for pins, 
which are driven in by sledge-hammers. 

A system of electric ploughing developed by 
Monsieur Estrade is ingenious. With normal haulage 
ploughing gear, the pull is limited by the coefficient 
of friction of the wheels of the gear sideways; 
with steam tackle, weight is provided by the boiler 
and engine, but where electric haulage is used in the 
ordinary way ballast is necessary to gain sufficient 
bite on the ground. Monsieur Estrade’s arrangement 
consists of deep cutting flanges on the wheels on the 
haulage side of the winding gear, the wire rope 
passing over a pulley at the end of a wish-bone lever, 
forming an arrangement analogous to that of a fishing 
rod; the lever is attached to a bell crank working 
against a piston and a bottle of compressed nitro- 
gen. The lever tends to swing upwards and the pull 
of the rope tends to pull it down, the downward pull 
having the effect of driving the deep radial flanges 
of the on-side wheels deep into the ground. The 
arrangement results in a comparatively light-weight 
gear, that can be hauled by horses or light tractor 
on to a field, and yet can give the same pull as a 
much heavier set of steam ploughing tackle. There 
are eight sets of the Estrade ploughing tackle 
regularly at work in France. It is handled by the 
Société Electro-Motoculture, of Carcassonne. 

The great problem of electric ploughing is to 
convey the current to the ploughing tackle. This 
is a much easier problem where many farmers are 
accustomed to co-operative working, and give-and- 
take, than in countries where, as with us, the possi- 
bilities of co-operative methods, but not their com- 
mercial results, are largely ignored by the farming 
community. Where a group of farmers agrees, it may 
pay to run a light high-tension line to a convenient 
centre, at which a portable combined transformer 
cabin and tool shed can be placed, from which 500-m. 
lengths of flexible cable can be run to the haulage 
gear. Quite a large acreage can be dealt with in 
this way; the light line can be left standing if 
desired. 

Several sets of normal weight-adhesion electric 
ploughing tackle are being operated in the north of 
France under the auspices of local electric power 
companies. These have been at work for some years, 
and following bad weather, they have frequently 
been operated at night with the aid of searchlights. 
At home, relatively, there are not so many large 
hedgeless stretches of arable land as there are on 
the Continent, but the progress of electric ploughing 
abroad cannot fail to be of interest in view of the 
spread of high-tension networks: in rural areas. 

A year or so ago a plough for smallholders 
which could be operated by one man was introduced. 
It had a light wire rope and winch drum on the 
plough handles, so that the use of a horse or pony 
was unnecessary; a novelty at the 1930 Show 
was an electric gear, on a sort of tinker’s barrow, 
arranged to be moved crossways to the ground to 
be ploughed. An electric motor fitted with a 
centrifugal clutch and slip-gear operates a small 
winding drum with a final guide pulley close to the 
ground. The barrow has spiked feet and an 
anchor spud, and the head of the plough can pass 
under one side of the framework, so that the 
maximum haul can be obtained ; a fork throw-out 
gear prevents over-running. The plough is hauled 
forward by the wire rope, the gear being started and 
stopped by pulling on a cord attached to ratchet 
in-and-out arrangement. At the end of each 
furrow, a horizontal slide is moved sideways and 
when the plough has moved sideways as far as the 
open frame allows, the barrow is moved a length 
and the process repeated. With the simplest 
arrangements the plough is moved back by hand, 
but gear can be supplied by which the implement 
can be hauled back. The apparatus has been 
designed by Monsieur Rigondeau, and is made by 
Messrs. Vignaud of Fontafie (Charente). 

French models of mowers and reapers generally 
seem to follow normal types, but an interesting small 





of Vesoul. An air-cooled two-stroke engine of 5 h.p. 
is placed in front of the axle and tends to balance the 
V knives and driving gear at the back ; the machine 
is steered like a lawn mower with two handles at the 
back. The centre of gravity is very low, so that the 
mower can be operated on steep slopes ; the normal 
average duty is 3,000 sq. metres (3,590 sq. yds.) 
per hour. 

The idea of using a light-weight motor to operate 
the cutting and other gear of horse-drawn imple- 
ments, which was mentioned in our report of the 
Paris show of last year, is certainly making progress. 
The Polymoteurs of 5 and 8 h.p., of Messrs. Dubois 
of Arnieres, which are made in two types, and weigh 
about 14 cwts., enable two young horses to handle 
reapers and binders with a wide cut, or other tackle 
that, usually requires a tractor, as the horses have 
only to pull the weight along and the motor does the 
cutting. An implement of this kind can get to work 
with the ground in a worse state than is usually 
worked on. The average horse or other towed 
implement uses the ground as a belt, and after 
heavy rains a considerably longer time must elapse 
before work can be started than when the drive is 
independent. The principle of a motor on a horse- 
drawn machine has also been adopted for a sulphuric 
acid sprayer for keeping down weeds, and also for 
a flax puller. 

A feature of the show was the number of planting 
machines on view intended not merely for potatoes, 
but also for other crops. Planting is back-aching 
heavy work, and anything which will relieve it would 
be welcomed by farmers. One make of potato 
planter was fitted with two ladder elevators ; the 
potatoes were lifted in cups from a hopper, guided 
if required by hand ; they were lowered in another 
set of cups to a slit cut in the ground by a plough 
arrangement and covered up by converging harrows. 
One type of planter had a revolving disc feed with 
an attachment for depositing artificial manure on 
each side of the potato. 

Many crops, under certain climatic conditions, 
do well when started off in a nursery or even under 
glass; therefore a machine that can plant young 
cabbages, tobacco, beets, and even miniature trees at 
definite intervals can be of material utility; two 
such machines were on view. One of these, made by 
Messrs. Bajac, has a large revolving split wheel with 
radial clips which open as the wheel faces the 
operator. The plants are placed by the operator 
in the clips which close automatically, and before 
the plant gets vertically downwards, it is released 
into a furrow-slot and closed at once by the coned 
faces of the split wheel; the plants are therefore 
placed at regular intervals. Another machine drops 
the plants down a shoot, the furrow being closed 
by the rims of two wheels set at an angle. A corre- 
sponding feature was the number of potato diggers 
of various types. An interesting machine was one 
that cuts off the tops of beetroots, raises the roots, 
cleans them, and deposits them in heaps. 

There are some crops which are better pulled 
than cut; one of these is flax. At one time the 
growing of this crop was-a flourishing business in 
the North of Ireland, but the large amount of 
labour required has tended to drive the business 
away, so that a machine that can pull it rapidly 
is of interest. The machine can be hauled by one 
horse, and the gear is operated by a small air- 
cooled engine ; two endless belts run parallel to one 
another converging and running up a slope. The 
flax is guided by a “V” between the two belts, 
which are faced with wood slats, and is gripped by 
the belts. The slope of these together with the 
motion of the machine along the ground pulls up 
the flax and deposits it on a table. It is claimed 
that the machine will cover 3-7 acres a day and 
do the work of 20 to 25 persons; it is made by 
Fernand Delanoé of Brionne. Another firm makes 
a machine for gathering beans on practically the 
same principle. 

In France quantities of maize are raised. A 
portable machine for maize stripping was very 
interesting to watch ; the cobs are placed on a slope 
with a series of revolving tubes with nibs which 
catch hold of the leaved envelope and wrench it 
off as the cob slides down. The smallest size deals 
with 2,500 cobs per hour, taking }-h.p., the largest 





motor mowing machine is made by Messrs. Dollé 


8,000, and takes 2-h.p. This machine, known as 
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“La Pirenee”’ is made by Dubert and Serre, of 
Paris. 

Extensive lands in many parts of France have 
been cultivated almost since the times of the Romans, 
and yet that country supplies about 75 per cent. 
of the foodstufis required by the population. One 
reason for this is the great interest taken in artificial 
manures and in machines to feed it on to the land. 
One large machine was on view for the mixing of 
such chemicals as superphosphates, sulphate of 
ammonia, sulphate of potash, etc. It is intended 
for dealers, large farms, or co-operative societies 
and is arranged with four hoppers feeding on to 
four belts each with a revolving spreader consisting 
of a number of pins arranged in star form. The 
four belts feed on to a common belt with a further 
spreader, the last belt feeding an elevator and sack 
filling arrangement. When the machine is suitably 
placed for economic feeding into the hoppers, two 
men can mix and fill up about 40 sacks per hour. 
Quite a number of different types of spreaders for 
general use were on view. An interesting machine is 
a blower-spreader for sulphur and other powders ; 
a fan blower is worked off the wheels and at the 
same time the powder is given a positive feed from 
the hopper. The powder is spread by means of two 
flattened spouts with rubber connecting tubes. 
This machine will spread from about 30 lb. to 100 lb. 
of powder per acre. 

The making of ensilage from grass in the green 
state was introduced about 60 years ago; it was, 
however, not a success at that time, for one reason 
because the study of bacteriology was in its infancy 
and farmers did not known how to control the 
processes which went on. In parts of the United 
States, where the winters are very hard, the making 
of ensilage has, in modern times, made enormous 
strides, and it has been stated that hundreds of 
thousands of silos are in use in that country to 
provide winter food. The makers of silos claim 
that in the process of drying a material proportion 
of the nutriment in the grass crop is lost and that 
the growing of root crops involves much more 
labour than the cutting of hay. At present it is 
possible to obtain bacteriological cultures by which 
crops gathered under different climatic conditions 
can be controlled inside the silo. There are two 
general systems of ensilage making used in France, 
the weighted system with a minimum of fermenta- 
tion, and the uncompressed. 

Silos on the weighted system are made by Messrs. 
Taddei, of Toulouse. The silos are made of cylin- 
drical shape in monolith concrete, with a series 
of large port holes which can be made air-tight. The 
crop, which is put through the port holes, is not cut 
up so that no power is required. It is compressed 
by a disc weight which can be operated by one man ; 
the air is kept from the crop and the carbonic 
acid formed tends to keep the vegetable matter in an 
inert state. One of the silos on this system has 
been made of a total height of about 65 ft. 

The making of ensilage on what has been termed 
the American system, involves the cutting up of the 
green crop into long chaff lengths; the material 
is then blown up into the top of a tall silo, it is 
not compressed and a material amount of fermenta- 
tion and heating takes place. There is, with this 
type of silo, a riser tube up which the cut-up green- 
stuff is blown and a shoot down which the material 
is shot through port holes when discharged for con- 
sumption. There are several systems of construc- 
tion for fermenting silos, sheet steel, mass concrete, 
factory cast segmental concrete, and special brick- 
work. The amount of acid set up by the fermen- 
tation tends to corroc\e normal steel ; to avoid which 
rust-resisting steel is being used. The same acids 
tend to attack normal concrete, therefore an acid- 
resisting surface is adopted, while special brickwork 
is necessary. 

The markers of silos say that good palatable 
feeding stuffs can be made from beetroot tops, maize 
tops and other matters which are not satisfactory 
when dried like hay, and that the stalks do not 
lose so much of their feeding value also that a 
cubic metre of ensilage contains as much nutriment 
for cattle as 6 to 7 cub. m. of hay. One advantage 
of ensilage-making is that bad weather does not 
materially interfere with the gathering, and the 
whole process of hay-making is eliminated. It is 
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possible to place water-storage tanks at the top of 
the silos. One maker has made American-type 
silos with a capacity of 300 cub. m. or 10,600 cub. ft. 
It is only comparatively recently that ensilage has 
been introduced into France as a substitute for root 
crops, but there must be already several hundred 
plants in use, so the process must be worthy of 
study by British farmers. 

Among the engine exhibits, there seemed to be 
an increase in the number of small units mounted 
on trolleys and also in the number of machines 
designed to use heavy oil. Two makes of petrol 
engines were arranged with air cooling, with fan- 
induced circulation round the cylinder heads. 
On a farm, men are often called away and may 
neglect to empty the water jackets of small engines, 
leading to trouble during frost. Suction gas plant 
employing wood seems to be.coming into favour 
again. Messrs. Fortin Fréres of Montereau showed 
a portable plant of this kind, made in sizes up to 





18 h.p. The French Government is very anxious 








to do something to render the country less dependent 
on foreign liquid fuel, and has done a good deal to 
encourage the use of suction-gas plant, using home- 
made charcoal and also raw wood, for lorries and 
tractors suitable for military purposes. The 
Ministry for the Colonies is also interested in the 
matter in view of the quantities of forest timber 
available in many parts of tropical Africa. There 
is no doubt that reliable gas generators, suitable 
for commercial vehicles, are now available. The 
experience of some British makers of commercial 
heavy vehicles is, however, that, at home, in the 
Dominions and in the Colonies, it is difficult to 
get the average driver to give that little modicum 
of interest and care necessary to make the use of 
such gas plant a success, although given such ree 
in many cases, very great economies can be obtain 
in the running costs of heavy vehicle transport. 
The supply of electricity to so many — 
villages in France has materially eased the diffieu ‘ 
question of water supply to farms, the labour © 
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hand pumping being both expensive and exhausting. 
The French Government, in its programme for 
1930, has earmarked a large sum for the water supply 
of villages. A reflex of this condition was seen in 
the large number of makers showing various types 
of elestrically-drivea punps, and it is interesting 
to note how types of plant up till recently used 
almost exclusively for large pumps have been adop- 
ted for pumping on the smallest scale. For deep- 
well work one maker, Pierre Mengin, of Montarges, 
showed compressed air plant for water raising. 
This system, however, cannot always be used as 
a long water column is necessary to give sufficient 
ditference in density to drive the water up. One 
firm uses an electrically-driven back-to-back double- 
Tam pump to operate a reciprocating pump down the 
well, the piston of the water motor below, with the 
aid of twin pipes, following the motion of the rams 
above, the pump is entirely enclosed, water columns 
teplacing the pump rods. Messrs. Réné Volet, of 
Paris, uses a byepass from the pump supply to 
Operate an injector below to raise the water to a 
point at which it can be sucked by a rotary pump 
above. A new system of the tubeless chain pump 
has a series of composition-flanged discs to catch the 
capillary film of water to be raised, in lieu of the 
“gzag stecl strip or spring spirals generally used for 
such work. 
: The previous two winters gave rise to serious 
Toubles owing to the heavy frosts, which affected 
hot merely pipework, but also the elevated tanks, so 
often placed in the roofs of farm buildings. To 
meet this danger, an old hydraulic system has been 
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der is placed in a frost-proof cellar, and the water 
is pumped in below against the pressure of the air 
inside. When the pressure increases beyond the 
required amount a piston-operated switch cuts off 
the current, to be re-started when the pressure falls 
below another limit; water is therefore available 
around the farm buildings without the use of an 
elevated tank. Several makers are supplying pumps, 
cylinders and relay gear for this duty. 

Since the war, encouraged by the Government, 
the farmers in France have made great efforts to 
modernise their methods in order to continue to 
supply the bulk of the foodstuffs required in France, 
despite the labour shortage. A visitor to the winter 
agricultural machinery show can hardly fail to 
admire the ingenuity which has been used in so 
many cases. Last year, however, owing to the 
surfeit of wheat from America, the bumper harvest 
in France and the great fall in potato prices, many 
French farmers were very severely hit, and some 
of those connected with agriculture are a little 
nervous lest the great disappointment resulting 
should tend to discourage many of those who are 
contemplating the modernisation of their plant and 
methods. 








CuromireRovus NickeL Iron OrnE.—The rapid expan- 
sion which is taking place in the production of chromium- 
nickel steels may help to solve the economic problem of 
utilising the chromiferous-nickel iron-ore deposits 
which occur in various parts of the world. According 
to the United States Bureau of Mines, the known reserves 
of this class of ore are very large, reaching 3,000 million 
tons in Cuba and 1,400 million tons in Celebes, Dutch 
East Indies. Other important deposits occur in Greece, 





Tevived ; instead of an elevated tank, a vertical cylin- 





the Gold Coast, Borneo, and the Philippines. 


| CIRCULATING WATER CULVERTS FOR 
' THE PORTISHEAD GENERATING 
STATION. 

THERE is much truth in the saying that the civil 
| engineer's part in the construction of modern power 
| stations is becoming equally important with that 
tof the electrical engineer. For while the latter is 
concerned with the design of the machinery and 
equipment, which enables electricity to be generated 
and controlled, and, in so doing, has to solve many 
difficult problems of arrangement and economy, 
from the handling of coal to the layout of switch- 
gear, the former is not only responsible for the 
buildings, which will house, and the foundations, 
which will carry this plant, but is called upon to 
undertake works, which are often not lacking in 
| intricacy, in order that it shall be possible to obtain 
those supplies of cooling water, on which efficient 
operation so greatly depends. Moreover, these 
| works, though not apparent to the eye, once the 
|station is running, require considerable ingenuity 
|if their layout is to be economical. In some in- 
‘stances they form one of the largest items in the 
total capital cost. 

These statements are well illustrated by the 
arrangements, which have had to be made at the 
generating station of the Bristol Corporation at 
Portishead, in order that adequate cooling water 
supplies may be drawn from the adjacent Severn 
estuary. It may be mentioned that the eventual 
capacity of the station as at present designed is 
340,000 kw., though the site is capable of de- 
velopment far beyond this figure. The first instal- 
ment of plant was described on page 654 of our 
issue of November 15, 1929, and consists of two 
20,550-kw. sets. Already, however, the station 
is being extended to receive two 50,000-kw. units, 
and a good deal of the work we are about 
to describe has been designed, so as to be capable 
of providing water, not only for this extension, 
but for all the plant, for which the station is 
at present designed. 

The extent of the culvert system, through which 
the circulating water is supplied, is shown on the 
plan Fig. 1, page 432, and in detail in Fig. 2. Itcon- 
sists, besides the culverts themselves, of four screen 
shafts to the north-east of the generating station, 
while two temporary working shafts were sunk at 
points near where the lines of the culverts cross 
Pier-road, as shown in Fig. 2, together with two 
| similar shafts on the foreshore just above the normal 
high-water mark. In addition,a considerable amount 
of rock cutting and dredging was necessary below 
low-water mark so as to form a deepened channel 
at the culvert mouths, This channel, which in- 
volved the removal of some 10,000 cub. yd. of 
rock, is indicated in Fig. 1, and is described later. 
Trenches were also formed below low-water mark 
at the outlets of the main culverts, in which 
special ends were placed and sealed to the latter. 
Branch culverts of varying diameters had also to 
be constructed, connecting each individual main 
culvert to the pump pits. These are shown in 
Figs. 3 and 4, on Plate XXX, and in more detail 
in Figs. 5 to 8 on the same plate. The arrange- 
ment allows any culvert to be used for either 
suction or discharge, the direction of flow being 
determined by a series of sluice valves. The culverts 
themselves have an internal diameter of 7 ft. 6 in., 
and a total length of 8,300 ft. overall. They are 
laid in pairs, the space between each culvert 
of a pair at the screen shafts being 25 ft., while 
each pair is separated by a mimimum distance 
of 60 ft. They then diverge until at the outlets 
each pair is 50 ft. apart and there is 150 ft. between 
the pairs. The outlets themselves are situated in 
the estuary of the River Severn, between Battery 
Point and Portishead Docks, at a distance of 
approximately 500 ft. seaward of high-water mark, 
and at such a level as will ensure ample cover 
over the top of the outlet at the lowest recorded 
tide. The consulting engineer for these works 
was Mr. Harley H. Dalrymple-Hay, M.Inst.C.E., 
of 11, Regent-street, Westminster. His resident 
engineer was Mr. G. M. Treharne Rees, A.M.Inst.C.E., 
while the principal contractors were Messrs. Charles 
Brand and Son, of Millbank House, Wood-street, 
London, §.W.1., their agent on the site being 
|Mr. F. N. G. Taylor, M.Inst.C.E. 
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After completion of the usual overland traverse 
survey, work was commenced by sinking the two 
temporary working shafts at the Pier-road 
site. Each shaft was placed midway between the 
line of a pair of culverts, and was sunk to a depth 
of approximately 140 ft. below ground level. 
These shafts, which were 12 ft. diameter, were 
lined with concrete, and were provided with 
electrically-operated lifts and emergency ladders 
for the men, the materials being dealt with by 
electric cranes, operating in the centre of the shaft. 
Near the bottoms of the shafts, cross headings 
were driven outwards, as shown in Figs. 9 to 12, 
on Plate XXX, to the centre lines of the culverts, 
where the excavation was enlarged and working 
chambers were built. These chambers were lined 
with 12-ft. diameter cast-iron tunnel lining, and were 
24 ft. long. They were built on the centre line of 
each culvert, as is also shown in Figs. 9 to 12. The 
culverts were then driven in both directions from 
these working chambers. In the meantime an 
overhead tubular gantry had been constructed along 
the shore to the foreshore working site, where 
working stages and compressor houses were built, 
the levels of the former being situated above the 
highest recorded tide level. The two temporary 
working shafts on the foreshore were then sunk, 
in the same way as has been described for those 
at Pier-road. These shafts, which were 58 ft. 
deep below ground level, were lined with 12-ft. 
diameter cast-iron lining, which was carried up 
14 ft. above shore level, so that the top was 3 ft. 
above the highest recorded tide. At the bottom 
of these shafts cross-headings were driven, and 
working chambers formed in the same way as 
those at the Pier-road shafts. 

Work was simultaneously commenced at the 
site of the screen house shafts. Here level 
plateaus were formed in the steeply sloping ground, 
and trenches 26 ft. deep were taken out for 
the walls of the lower portions of the screen houses. 
These walls, which are of concrete, faced with 
brindle brick, were then built, as shown in Figs. 
13 to 16, on Plate XXX. The dumpling between 
the walls was then removed down to the level of 
the screen house floors, from which level the 
screen shafts were subsequently sunk. The screen 
houses, of which there are two, are 46 ft. 6 in. 
long and 20 ft. wide internally. Each contains 
two screen shafts, the floors of both houses being 
at the same level. The shafts, which were sunk 
in pairs, have an internal diameter of 17 ft., and 
are lined with a minimum thickness of 18 in. 
of concrete with a brindle brick facing. This 
lining was built upwards in “lifts,” and hard red 
brick backing was used instead of concrete, where 
one lift was joined with the one immediately above. 
During construction all the necessary holes were 
left in the lining for the steelwork of the screens, 
ladders, guides and platforms, &c., which were 
built in after the culverts had been completed. 
Great care had to be taken during sinking to 
prevent operations in one shaft affecting the 
ground or structure of the closely adjacent shaft. 
A 15-ft. length of the first shaft was therefore 
excavated and lined before the second shaft was 
commenced, and this minimum lead of 15 ft. was 
maintained throughout. The circular section of 
the shafts was carried down in each case to a 
depth of 54 ft. Below this point the excavation 
was enlarged and a screen chamber built. Both 
the entrance and exit to this chamber were provided 
with a granite bell mouth, while the floors and walls 
were formed of concrete faced with brindle brick, 
hard red brick backing replacing the concrete in 
certain places, as in the case of the shafts. After 
this work had been completed, a pair of screens of 
the revolving band type were installed in each 
shaft, thus completely dividing the whole shaft 
and chamber transversely to the direction of flow. 
As will be seen in Figs. 13 and 16, on Plate XXX, 
the centre column between the screens is provided 
with granite cutwaters up to a height of 12 ft. The 
steelwork and screens in these shafts, together with 
the operating machinery, were supplied and erected 
by Messrs. Ledward and Beckett, of New Cross, 
London, 8.E.14. 

As already mentioned, the culverts themselves 
were driven in both directions from the working 
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chambers formed at the bottom of the four tem- 
porary working shafts and also from the four screen 
shafts and it is worthy of notice that at one period 
during the construction, work was being carried 
on at as many as 22 faces at the same time. 
The general method of construction was to excavate 
forward for a length of 15 ft. beyond the last length 
of completed tunnel, trimming out the rock to a 
minimum diameter of 10 ft. and then to build the 
lining for a length of 12 ft. This method was 
varied, however, in the harder rock where there 
was no danger of falls from the roof. At these 
places the excavation was carried forward for con- 
siderable lengths, the trimming and lining being 
done later. The lining of the culverts is shown in 
Fig. 17, on Plate XXX. It consists of 6 to 1 Portland 
cement concrete, faced with hard brindle bricks. 
A 6-in. sub drain was laid below the invert of the 
excavation, as shown in Fig. 18, and was provided 
with rodding pits at suitable intervals. On the 
completion of the culverts these drains were closed 
and the rodding pits filled, the lining of the culverts 
being then made good. 

Excavation was effected by the aid of explosives 
throughout the entire length of the culverts, 
except in positions adjacent to the pump pit and 
also where the cover of rock under the foreshore 
was less than 15 ft. thick. The work was carried 
out in free air except on the portions under the 
foreshore towards the outlet ends, where, on account 
of the fissured nature of the rock, large quanti- 
ties of sea water entered the excavation. In 
these places compressed air was employed. The 
details of this work are described later. In carry- 
ing out the tunnelling a great variety of strata 
were encountered. The screen shafts and culverts 
immediately below the power station were excavated 
in old red sandstone. This strata was found to 
be very badly fractured and lying in almost vertical 
seams, which were interspersed with bands of soft 
impervious shale of varying thicknesses. Con- 
siderable quantities of water were met in the 
sandstone, and pumping operations on a large scale 
were found to be necessary. Passing from the old red 
sandstone, the culverts next entered calcareous 
shales, and it was in this strata that the temporary 
working shafts near Pier-road were sunk. The 
shaft sinking and tunnelling in this strata was 
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carried out with little or no interference from water. 
Leaving the calcareous shales the culverts then 
entered a short length of strata composed of bands of 
shale and hard limestone. These strata was ‘also 
found to be lying at a steep angle, approaching 
nearly to the vertical, in a southerly direction. 
Shortly after passing Pier-road and under the hill, 
the culverts entered limestone strata. This proved 
to be very hard and of a marbled nature, and 
worked very “short.” It was in this strata that 
the excavation, as previously mentioned, was carried 
forward and the lining built in later. 

Shortly after passing the peak of the hill the 
culverts entered Pennant sandstone strata. Here 
the rock was still found to be pitched at a very steep 
angle which, however, sloped northwards. This 
strata was also fairly badly fractured and contained 
occasional bands of thin laminations of carbon. 
Passing out of the Pennant sandstone the culverts 
entered carboniferous shales. The angle at which 
the strata lay now became less acute and gradu- 
ally decreased, until near the outlets it was nearly 
horizontal. Seams of coal were struck with the 
attendant layers of fireclay in the carboniferous 
shales at the site of the foreshore working shafts, the 
clay being found on top of the coal seam. In the 
case of three of the culverts the coal seams passed 
through the site of the working chambers, making the 
construction of the latter a somewhat difficult 
operation, owing to the soft, loose nature of the 
ground. Passing from the carboniferous shales 
the culverts entered other formations, including 
red shales, a red sandstone conglomerate and various 
types of new red sandstone, the actual culvert 
outlets being situated in the latter strata. 

Owing to the fissured nature of the new red sand- 
stone towards the outer ends of the culverts and 
under the foreshore, large quantities of water entered 
the culvert headings. Work in free air was accord- 
ingly stopped at this position, and air locks were 
built at the place the excavation had then reached. 
This varied in each of the four culverts, but was 
approximately 200 ft. from the culvert end. The 
airlock chambers were formed by enlarging the 
heading and building in 12 ft. diameter cast-1ron 
tunnel lining for a length of 24 ft., which was 
sealed to the ground by a grouting of puddle clay. 
In this chamber, an airtight concrete headwall, 
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6ft. thick, was built, through which the air locks 
and various pipes passed. 

The muck lock was 15 ft. 9 in. long and 6 ft. 3 in. 
diameter, and was provided with built-up steel 
doors and the usual air controls. The emergency 
lock, which in each case was placed as high up as 
possible, was 10 ft. long and 5 ft. in diameter. 
The pipes passing through the walls consisted of a 
6-in. low-pressure air main, a 3-in. high-pressure 
air main for supplying the tools, a 14-in. water main, 
4 l}-in. speaking-tube, and two pipes, each 1} in. 
in diameter, for carrying the electric cables for 
lighting and shot-firing purposes. In addition, 
the usual pressure-gauge pipe was provided. A 
medical air lock was also built near the Pier-road 
site, in which men affected by the air pressure were 
treated. 

Upon completion of the air locks the driving of 
the culverts proceeded in the following manner: 

e rings of iron, 9 ft. in diameter, were put in 
Seawards from the air-lock, and beyond these, two 
lengths of standard culvert were built, so as to 
Provide a length of back :hunt for the wagons 
Temoving the spoil. A small heading was then 
driven forward in each culvert, with its floor at 
stage level. The dimensions of these headings 
Were 5 ft. 6 in. high, by 4 ft. 6 in. to 5 ft. 6 in. 
Wide, thus giving sufficient space to admit one 
Bo _these headings were advanced to within 

ft. of the terminations of the culverts proper 
= were then enlarged backward, four rings of iron 
ft. in ‘ameter being placed in position as lining, 
‘8 shown in Figs. 30 and 31 on page 433. The 





headings were next opened out for a distance of 
6 ft. 6 in. seawards of the end of the iron and a 
length of standard culvert built up. The extreme 
ends were subsequently further enlarged, so that 
a short length of brick work could be built on a 
vertical curve to give a gradient of 1 in 5 in the 
invert. At the end of this vertical curve a 3-ft. 
length of tunnel was built in granite, so as to form 
a meeting face or eye for the special culvert ends. 
A length of 12 ft. of standard culvert was then 
built shoreward from the four rings of iron. 

The method, by which the connection between 
the granite eyes and the culvert ends was made, is 
extremely ingenious and may next be described in 
detail. A heading marked No. 1 in Figs. 19 and 20, 
on Plate X XX, was first driven, the roof of which was 
15 in. above the level of the culvert axis, its total 
height and width at the landward end being about 
7 ft.3in. and 5 ft. respectively. This heading was 
carried out for a distance of 25 ft. with a level roof, 
but with the floor sloping upwards, so that there was 
a minimum head room of 5 ft. at the outerend. The 
course of this heading and the two on each side 
of it, which are about to be described, is shown 
in Figs. 25 to 29, on page 433. On completion, 
the floor of the heading was covered with a concrete 
bed, on which }-in. steel plates were laid to a dead- 
line grade of 1 in 5 and to exact levels, as shown in 
Fig. 21, on Plate XXX. A series of holes, 2 in. in 
diameter and 6 ft. long, were drilled horizontally in 
the rock at a level corresponding to the level of 
the dredged area, which, as mentioned above, had 
to be taken out round the ends of the culverts. The 
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positions of these holes are shown in Fig. 20, on Plate 
XXX. This was done so that during the dredging 
the rock round the culvert ends would be broken off 
at the correct level. The heading was then filled with 
old wood paving blocks, which were packed tight up 
to its roof. The headings marked No. 2 and 3, 
in Fig. 19, were next driven simultaneously on each 
side of the centre heading. These headings were 
5 ft. wide and were similar to the centre headings, 
except that an 18-in. trench was formed along the 
outer sides. 

The concrete bed and steel plates inserted 
in the centre heading were continued across the 
two side headings as far as the sides of the 18-in. 
trenches, except that the outer 8 ft. of each heading 
was excavated a further 18 in. and rendered over 
only. These side headings were then packed with 
old wood-paving blocks and sleepers were placed 
across the granite eye, the remaining spaces also 
being filled in with blocks. 

The four rings of the 9-ft. tunnel, which were 
mentioned above and are shown in Fig. 25, were 
next filled in with concrete to form a temporary 
bulkhead between the culverts proper and the cul- 
vert ends, as shown in Figs. 30 and 31. A 12-in. 
diameter pipe with a valve was laid in the bottom 
of this concrete and a l-in. tell-tale pipe with a 
valve was placed in the roof as indicated in Fig. 31. 
A watertight steel door was used to close the bulk- 
head, thus formed, on the seaward side. 

In the meantime, the small heading between the 
airlock chambers and this watertight door had 
been enlarged in 12-ft. lengths to the full size of 
the excavation for the culvert and the culvert 
lining had been built. On the completion of this 
work, the portion of the culverts through the 
working chambers at the bottom of the foreshore 
shafts were constructed, an opening being left of 
sufficient size for the removal of the airlocks. 

While the tunnelling work described above was 
proceeding, standard-gauge rail tracks were laid 
down the foreshore to points immediately above 
the headings, as shown in Figs. 25 to 29, and below 
low-water mark. The outer ends of these tracks were 
carried on piers giving a level track well above low- 
water spring tides, as shown in Fig. 39, on page 
436. When the watertight doors and headwalls at 
the outer ends of the tunnels had been completed, 
drilling operations were commenced from stages 
erected at the end of these foreshore tracks. Four- 
inch diameter holes, at 8-in. centres, were drilled 
down from the surface through the rock into the 
small headings, which, as previously mentioned, 
had been packed with wood blocks. The holes 
were drilled in rows, as shown in Fig. 26, so as to 
form lines of fracture, the reason for which will be 
apparent later. Single holes, at 3-ft. centres, were 
also drilled through the rock covering into the 





small headings. 

















In order to follow the sequence of operations, 
it is necessary here to say something about the 
rock cutting and dredging work, which was carried 
out to form a deepened channel at the culvert 
outlets. The shape of the dredged area, as shown 
in Fig. 1, was designed to suit the configuration of 
the ground, as well as the general direction and 
action of the currents. 
channel was taken out to a depth of 3 ft. below the 
invert of the actual outlets of ,the culverts, while 


slopes of 1 in 10 were formed at either end of the | 


dredged area. In order to allow this work to proceed 


before the tunnel operations had reached the outer | 
ends, a protective barrier of rock, 22 ft. 6 in. | 


wide, was left along the entire shoreward side of 
the dredged area. The dredging was carried out in 


two sections; first, the main area, and then the 


protective barrier, being removed. The depth of 
rock, which had to be removed, averaged about 


11 ft. to 12 ft., and was taken out in three lifts. , 
A single-ram rock breaker first went over the area | 
with a 20-in. diameter ram, the rock being broken | 


by punching holes at 3-ft. centres, and about 4 ft. 
deep. The looser rock was then removed by a 


bucket dredger, and the spoil carried out to an) 
area near Denny Isle, and dumped in the quick- | 


sands. This operation is shown in Fig. 40. Owing 
to the large rise and fall of the tides, and the 
strong reverse currents of the ebb and flood, the 
work was of an intermittent nature, and was also 
frequently interrupted by the weather, the site be- 
ing io to the prevailing westerly and northerly 
winds. 


Returning to the work at the culvert ends, upon | 
completion of the drilling operations, the rock | 


barrier was broken and dredged away. The rock 
covering over the small headings and between the 
lines of drilled holes was then broken by the rock 
breaker and dragged into the dredged area by a 
specially-constructed drag. This spoil was finally 
removed by the dredger. The rock, when broken 
by the rock breaker, fractured on the lines of the 
4-in. diameter holes, forming the sides of the 
trenches at the culvert outlets. 
of this rock covering, the wood paving blocks in 
the small headings floated up, leaving a trench at 
the end of that part of the culvert which was built 
in tunnel, and a concrete bed ready to receive the 
specially-constructed culvert ends. 


These culvert ends are shown in Figs. 21 to 24, on | 
Plate XXX, while illustrations of them in the dry | 


The main bed of the} 


On the removal | 
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dock of Messrs. Charles Hill & Sons at Bristol, | 


where they were constructed, and on the foreshore 
are given in Figs. 36 to 38, on page 435. They 
consist of a 4-in. steel shell, which was built into 
a cradle made up of two longitudinal girders, 
22 ft. 2% in. long, and six cross-girders. This shell 
was slightly enlarged at the outer end to allow a 
bell mouth to be formed, and a trunk 5 ft. in 
diameter was provided on the top to act as a 
manhole, through which the diver could obtain 


access to make the joints between the ends and the | 


culverts proper. The interior of the culvert for the 
greater part of its length is lined with three courses 
of brickwork. The lining at both extremities of 
the culvert ends, including the bell-mouth, is, 
however, carried out entirely in granite, as will be 
clear by reference to Fig. 21. 

The greenheart doors, with which the culvert 
ends are provided, are shown in detail in Figs. 
32 to 35, on page 434. These will be employed 
when de-watering -of the culvert is necessary, and 
close on to the granite faces of the culvert ends, 
which have been dressed to a true surface. When 
not in use they fold »ack into recesses formed in 
the rock. Each of these doors is 11 ft. high by 


5 ft. 6in, wide and is carried on substantial heel | 


posts. They are hinged on cast-iron pintles bearing 
on greenheart timbers. Behind the doors an iron 
grid with a removable centre piece is fixed across 
the opening to the culvert end so as to prevent 
the ingress of large detritus. 

Before leaving dry dock the space between the 
longitudinal girders and between the cross girders 
was filled with concrete, forming a solid bed under 
the cylinder of the culvert. The weight of each 
culvert end in dry dock, and ready for transport 
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the site of the trenches, a distance of approximately 


'9 miles, 6} miles of which was in the River Avon. 
| This operation was carried out by Messrs. T. R. 
| Brown and Son, of Bristol, who used two 300-ton 
barges which were securely lashed side by side, 
and were provided with suitable tackle and steam 
winches for slinging and lifting over the bows, 
which were especially strengthened for the purpose. 
Detachable heavy wire slings were also provided 
on each culvert end, and were fastened to the 
longitudinal girders. The dry dock was flooded, 
and the barges brought in so that the culvert end 
could be picked up and suspended close under the 
bows. It was transported in this position to the site 
of the trench. The actual lowering into the trench 
was carried out at high water at night, and required 
very careful calculations and handling of the craft. 
At high water the trenches are approximately 
500 ft. from the shore, and the depth of water 
through which the culvert had to be lowered was 
over 50 ft., while the clearance on each side of the 
trench was only 18 in. At the following low-water 
the weight of the culvert end was again taken, and 
with the help of specially-designed apparatus was 
adjusted to true line, so as to move up and touch the 
granite eye of the tunnel. The joint with the 
granite tunnel eye was caulked temporarily by the 
|diver, using wooden wedges and red-lead yarn. 
| Two 6-ft. extension pieces were then placed on the 
| manhole to bring it above low water level. At the 
| following low water the culvert end was de-watered 
by the 12-in. pipe through the watertight concrete 
headwall built near the tunnel end. The water- 


to Portishead, was calculated at 98 tons. The/| tight door in this headwall was next opened, granite 


ends were transported from Bristol Town Dock to 


closing stones put in the diver’s access manhole, 





and the permanent joint between the culvert end 
and granite eye of the tunnel completed. The 
concrete water-tight headwall, airlocks and airlock 
wall were then removed, and the culvert com- 
pleted through these positions. Finally, the access 
to the foreshore shaft was closed, and the culvert 
was filled with water and taken into use. 

We must thank Mr. H. Faraday Proctor, Chief 
Engineer and General Manager of the Bristol Cor- 
poration Electricity Department, for permission to 
describe this interesting piece of work, and Mr. 
Harley H. Dalrymple-Hay, the consulting engineer, 
and Mr. G. M. Treharne Rees, his resident engineer, 
for their assistance in the preparation of the article. 








Tue INSTITUTE oF METALS: Erratom.—When report- 
ing Mr. W. F. Brazener’s remarks upon the deoxidation 
of copper by means of phosphorus, on page 385 of our 
issue of March 21 last, we stated that Mr. Brazener had 
said that the percentage of oxygen, remaining 1 “4 
copper at end of the operation, might be as low as 0-00". 
This sentence should have read ‘“‘ The percentage 0! 
phosphorus remaining might be as low as 0 001. 





REPLACING THE Mip-Suip Section oF SS, “* CapILLat . 
The first stage of an extensive and intricate repair opera- 
tion was concluded on March 27 last when anew mid-ship 
portion, comprising the cargo-carrying compa! tment s. 
for the S.S. Cadillac, owned by Messrs. Anglo-American 


Oil Company, Limited, was successfully floated e pecs 
Hebburn-on-Tyne yard of Messrs. Palmers Shipbur< os 
and Iron Company, Limited. It is expected easel - 
vessel will arrive at Messrs. Palmers’ establishment 3! 


an early date, when she will be dry docked and cut ! ate 
three sections. -The floating of the old mid-ship — 
and the fitting of the new section will then be underta! - 
after which the necessary operation of connecting erg . 
new portion to the forward and after ends will be pt 
ceeded with and the vessel completed for sea. 
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ATOMIC NUCLEI AND THEIR 
STRUCTURE. 

On Saturday, March 22, at the Royal Institution, 
Sir Ernest Rutherford, P.R.S., delivered the third 
lecture of his course on the above subject. 

On the last occasion he had, he said, described 
Aston’s method of detecting isotopes by means of 
mass spectrographs, on which oxygen was repre- 
sented by @ single line. Following the lead of the 
chemist, this line had been taken as due to a pure 
element having, on the conventional scale, an 
atomic weight of 16. During the past two years | 
an entirely different method of detecting isotopes | 
had been introduced, which was of great interest, | 
power and delicacy, and afforded evidence that | 
oxygen was a mixture of three isotopes. The | 
method in question was based on the exami-| 
nation of the solar spectrum, as photographed at 
observatories situated at high altitudes. In these | 
spectra, absorption bands due to oxygen could be 
detected, the main distribution of which had long 
been known. Some two years since, however, 
Johnson and Gaique noticed, in addition to these 
strong main bands, a very faint, but distinct, 
system of bands which they attributed to an isotope 
of oxygen. The origin of this secondary set of | 
absorption bands could be illustrated by a mechani- 
cal analogy. Suppose, for example, we had two 
balls, each of weight 16, connected together by a 
spring. If the two were pulled apart and then 
released they would vibrate with a certain definite 
periodicity. If, however, one of the two had a 
weight of 18 instead of 16, the rate of vibration 
would be reduced. Now the oxygen absorption 
bands were attributed to a certain natural periodi- 
city, characteristic of the oxygen molecule, and hence, 
if in ay case this molecule were formed by the 
union of a normal atom having an atomic of weight 
16 with an isotope having an atomic weight of 18, 
the corresponding absorption band would be dis- 
placed from its normal position. Most of the oxygen | 
molecules in the atmosphere were normal, but 
the presence in the absorption spectrum of this 
secondary system of bands, indicated that about 
one atom in, say, 1,250 to 1,500, had an atomic 
weight of 18. Moreover, a third, and much feebler, 
system of bands had also been detected, which 
indicated that about one atom in, say, 4,000 to 
10,000, atoms of oxygen was an isotope having an 
atomic weight of 17. Hence, oxygen, as we knew it, | 
was not a pure element, but a mixture of three 
isotopes. The relative numbers of these was, 
however, so small that Aston was perfectly right in 
concluding, from his mass spectra, that the atomic 
weight of oxygen was 16, within an error of less than 
one part in 1,000. The new method was of great 
interest, but the speaker thought that it might 
never have been developed had not the existence 
of isotopes been already demonstrated in other 
ways. Calculation showed that the average weight | 
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This difference in the weight of the proton as it 


existed in hydrogen and in the nuclei of other 
atoms was ascribed to what was known as the 
packing effect. The protons and electrons in the 
nuclei were opposite charges of electricity, and were 
packed very closely together. Theory showed that 
this should involve a reduction of mass. If, 
however, we were able to extract a proton from a 
nucleus, we should find that it had a mass repre- 
sented by 1-008, or identical with that of the nu- 
cleus of hydrogen. The ultimate components of 
all atomic nuclei were thus of two kinds, protons 
and electrons, and from the number present we could 
deduce quantitatively the mass of every element 
and its resultant positive charge. For example, the 
atomic number of oxygen was 8, and its mass 16. 
The nucleus, therefore, contained 16 protons, but 
as the resultant charge on the nucleus was equal 
to the atomic number, in this case 8, there must 
also be, in the nucleus, eight electrons. Similarly, 


|the atomic number of radium was 88, and this 


represented the resultant positive charge of the 
nucleus. The atomic weight was 226, which was 
the number of protons present, each of which con- 
stituted a positive charge. Hence, to reduce the 
resultant charge to 88, there must also be in the 
nucleus 138 electrons. That electrons were present 
in the nucleus was evident from certain types of 
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radioactive transformation. In these, an electron 
was shot out at a very high velocity, and it was cer- 
tain that it came from the nucleus. 
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Whilst, as stated, the fundamental constituents | 


of all atomic nuclei were electrons and protons, 








these anomalous collisions there was conservation 
neither of energy nor of momentum. 

In order to gain some idea of the size of the 
nucleus, the speaker had bombarded the nuclei 
of different atoms with high-speed « particles. 
Unless the «-particles got very close to, or inside 
of, the nucleus, the scattering effect might be 
expected to be such as would be deduced from 
the assumption that the forces between projectile 
and target followed the inverse-square law. If, 
however, the «-particles did manage to get very 
close to, or inside of, the nucleus, anomalous scatter- 
ing might be expected. In these experiments on 
scattering, counts were made of the number of 
a-particles deflected through an angle of 135 deg. 
The closest approach of an «-particle to a nucleus 
would occur when the «-particle was sent straight 
back. Such a rebound would be equivalent to a 
deflection of the path of the particle through 180 
deg. It was, however, impracticable to work experi- 
mentally with so large an angle. The slower the 
speed of the «-particles, the greater was the likelihood 
of a deflection through a stated angle, and so long 
as the inverse-square law held, there was a definite 
relationship between the two. Some observations 
in which the target was silver foil were represented 
in Fig. 13. In this case, the dotted line represented 
the proportion of particles having different kinetic 
energies which would be scattered through an 
langle of 135 deg. if the inverse-square law held 
| good. It was evident that the points, representing 
ithe observed scattering agreed closely with this 


i 


| line. Hence none of the «-particles got inside of, or 





very close to, the nucleus of the silver atom, which 
| had thus been proved to have a radius of less than 
|20 x 10-8 cm. This represented the closest ap- 
| proach to the nuclear centre of the most energetic 
| of the a-particles used. 

' Quite similar results were obtained with all the 
| elements from copper to uranium. In this way, an 
' upper limit was found for the radius of the nuclei 
| of all these elements, and showed that, in all these 
| cases, the nuclear radius must be less than +525, of 
the radius of the atom as ordinarily understood. 
| With the lighter elements, still smaller values were 
'obtained. Thus the nuclei of both hydrogen and 
| helium had a radius not exceeding 4 x 10-"% cm, The 
| heavier the element, the greater the resultant positive 
| charge on the nucleus, and thus the greater the force 
| repelling an «-particle. For example, in the case of 
| uranium, the net positive charge on the nucleus was 
'92. When, however, we came to aluminium, the 
|muclear change was only 13; hence the «-particles 
|eould get much closer to the nuclear centre. In 
this case, there was evidence that the inverse-square 
‘law began to break down when the aluminium 
‘foil was bombarded with swift «-particles. This 
‘indicated that the nucleus had either been entered 
or very closely approached. Some observations with 
| magnesium foil were plotted in Fig. 14. Here it 


of the oxygen atom did not differ from 16 by more | it had also been proved that certain secondary | Would be seen that, as the energy of the «-particles 
than one part in 10,000, or by less than the limit units, the « particles, were generally employed in increased, with a consequent closer approach to the 
of error in chemical determinations. Hence, there nucleus building. These «-particles consisted of| nucleus of the magnesium atom, the number 
was no need for a change in the accepted values four protons closely packed together with two | scattered through an angle of 135 deg. fell to less 


of the atomic weights. 


electrons. The assembly constituted an extremely 


‘than half the normal value. The figure then rose 


The constitution of carbon had been investigated | stable unit which was identical with the nucleus | again rapidly as the distance of closest approach 


in a similar way by examining the Swan spectra | 
obtained when carbon was heated in an electric | 
vacuum furnace. The absorption bands, then | 
observed, showed that, in addition to carbon atoms | 
of the normal atomic weight 12, there were also | 
present, but in very small amounts, others of atomic | 
weight 13. 
_ An important point, which appeared to be estab- | 
lished, was that, within an error of less than 1 in| 
1,000, the atomic weight of every isotope was | 
Tepresented by a whole number. Thus the two | 
isotopes of chlorine were not merely 35 and 37, | 
but 35-00 and 37-00. Moreover, the same rule | 
held good with every pure element, with the solitary 
exception of hydrogen. Hence, we were led to 
conclude that some constituent of every element 
was a body having a mass represented by 1-000 
on the conventional scale. This fundamental 
unit, which formed part of every atomic nucleus, 
Was called the proton, and this proton was really 
nothing more than the nucleus of the hydrogen 
atom. Nevertheless, whilst the mass of the proton 
Was 1-000, that of the hydrogen nucleus was 1-008. 








of the helium atom. In radioactivity, the particles 
expelled were never protons, but, when positively 
charged, had a mass of four and carried two 
charges. Nevertheless, there was evidence that, 
in certain cases, atomic nuclei did contain protons 
and electrons not combined into these secondary 
units. Thus, if high-speed a-particles were fired 
through nitrogen, it occasionally happened that 
a collision occurred with the actual nucleus of a 
nitrogen atom, which, in certain very rare cases, 
so disturbed it that a proton was expelled at a 
very high speed. 

The tracks of these particles through super- 
saturated air could be photographed by means of 
the Wilson apparatus, and measurement of these 
photographs showed that, when « particles were 
shot through hydrogen, the rare nuclear collisions 
were of the perfectly elastic type, momentum 
and energy being perfectly conserved. When, 
however, nitrogen was bombarded, there were, as 
already mentioned, occasionally, but very rarely, 
collisions in which the nucleus was disrupted, 
with the consequent ejection of a proton, and in 


| was still further reduced. Similar anomalies were 


|found with all light elements, inclusive of both 


hydrogen and helium, and showed that, in these 
cases, the bombarding particles either got inside of 
| the atomic nucleus or at least got very close to it. 
| -From a study of such results, it appeared that, at 
‘very close approaches, the law of force between the 
atomic nucleus and the «-particle tended to change 
|from a repulsion to an attraction. An analogy was 
| provided by the case of two copper spheres unequally 
charged with, say, positive electricity. Suppose them 
to be originally at some distance apart and to be then 
brought gradually closer together. At the outset, 
the force between the two would be a repulsion, 
but when they were brought very close together, the 
force changed to an attraction owing to the induced 
charges. Similarly, if the pole of a weak magnet 
were brought near the similar pole of a strong 
magnet, the force between the two would change 
from a repulsion at a long distance to an attraction 
at very short ones. 

In the nucleus of an atom we had positive and 
negative charges, which had probably a certain 
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freedom of movement. As an «-particle approached |the above expression should be increased by the | oscillated about the classical value and was double 


such a nucleus, the negative charges would be 
attracted to it, and the positive charges repelled. | 
Attractive forces were thus introduced which might 
become very great at very short distances. 
An analogy to the expulsion of a proton from the | 
nitrogen atom was provided by the behaviour of a | 
set of magnetised needles arranged to float vertically 
in a bath of water above one pole of a strong electro- | 


: a | 5 
magnet. These needles took up definite geometric | mentary term was zero, but when ¢ was 45 deg. | properties. 
| 


configurations. Three arranged themselves at the 
corners of a triangle, four at the corners of a square, | 
whilst six gave a hexagonal figure; but with seven, | 
the arrangement consisted of one needle in the 
centre surrounded by the other six symmetrically 
disposed. If now a second strong magnetic pole 
(of opposite sign to that of the electro-magnet) 
were brought up slowly over the floating needles, 
they moved out a little, but retained their forma- 
tion with one at the centre, surrounded by the 
remaining six. If, however, the disturbing mag- 
netic pole was brought up very rapidly, the floating 
magnets had not time to adjust themselves to the 
new field, and one might then be shot out of the 
system. 

Similarly, when an «-particle approached very 
closely to the nucleus of a nitrogen atom, this 
nucleus was distorted, and, if the charges had not 
time to adjust themselves to the modified field, a 
proton might be expelled. It was possible, along 
this line, to account generally for the anomalies 
observed in curves representing the scattering of 
a-particles, At one time, it had been hoped to 
explain these by means of wave mechanics, but it 
turned out that this gave only the inverse-square| 
law. When any two colliding, but perfectly elastic, 
particles had the same mass, the two trajectories 
after the collision were rigidly at right angles to 
each other, and experiment proved that this law 
held good in collisions between «-particles and 
helium nuclei. Moreover, so long as the speed of 
the a-particles was low, the scattering was con- 
sistent with the inverse-square law. 

As the speed of the «-particles was increased, the 
scattering first fell below the normal value, but 
subsequently rose very rapidly as the nucleus was 
more and more closely approached. What happened 
at these high speeds was shown by the curve in 
Fig. 15, where the dotted line represented what the 
scattering would be if the inverse-square law held 
good throughout. With the slower particles, the 
points representing the observations lay on this 
line. Then as the speed rose they fell below it, but 
at still higher speeds the number scattered shot up 
as indicated. 

Special interest attached to the case in which a 
count was made of the number of «a-particles 
deflected through an angle of 45 deg. when the 
target was helium. The observations were repre- 
sented in Fig. 16. The angle of scattering lay 
between 40 deg. and 50 deg. The lower dotted line 
represented what the scattering should be if the 
inverse-square law held good, and if the helium 
nuclei could be regarded as perfectly elastic material 
particles. It would be seen that, in this case, the 
scattering, represented by the right-hand end of 
the curve, which corresponded to moderate speeds 
of the a-particles, was more than double the normal , 
value. 

This result had been deduced from purely mathe- 
matical considerations by Mr. Mott, on the modern 
view that the «-particles were not purely mechanical | 
masses but had associated with them a wave| 
system, which guided the path of the particles. | 
In a collision, the two wave systems associated | 


with each of the partners would interfere, and « the scattering (so long as the inverse-square law 
particles tended to go where there was a concen- | held good) was just twice as much as it would be | 


tration of this wave motion. 


cosec* ¢ + cosec* (= 


they collided. 


Mr. Mott had, however, shown that, when the | line corresponded to a ratio of unity. It would be 
problem was treated as one on wave mechanics, | seen that, for small angles of scattering, the ratio 





term 


2 cosect $ # cosect #(F -—¢ ) cos (2 » log tan ¢). 


In this expression, n = a , where E represented | 


the charge and V the velocity of the «-particle, 
When ¢ was 


whilst h was Planck’s constant. 


2 


this for ¢ = 45 deg. 

Electrons were also accompanied by wave 
systems, which should affect their scattering, but 
the electron differed from the «-particle in that 
it was, associated with a strong magnetic field, 
which disturbed matters, so that the scattering 
was not represented by the same law as was applica- 


equal to any odd multiple of —, this comple-| ble to a-particles, which had no appreciable magnetic 


Fig.15. 
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ELECTRICAL DYNAMOMETERS FOR 
TESTING INTERNAL-COMBUSTION 
ENGINES. 


Amone the many interesting exhibits at the Bir- 
mingham section of the British Industries Fair with 
which we were unable to deal in our general account 
of the exhibits, was that of Messrs. The Highfield 
Electrical Company, Limited, Faraday Works, Stoney 
Stanton-road, Coventry. This firm, it may be remem- 
bered, specialises in the design and construction of 
dynamometers for testing internal-combustion engines 
and motor-car parts, such as chassis, gear boxes, and 
back axles, and we now propose to describe the examples 
of this t of apparatus which formed part of the 
firm’s exhibit at the Fair. Two types of dynamometer 
equipment were shown, one known as the production 
type and the other as the research type. 

The latter is illustrated in Fig. 1 on page 446. As 
shown, the machine is of the enclosed-protected type, 
the armature being specially constructed to withstand 
high speeds up to 6,000 r.p.m. The four-pole yoke is 
arranged to rotate, being mounted in roller bearings, 
and being fitted with a steel torque arm and with an 
extension opposite the torque arm for ing the 
balance weights. The torque arm is rigidly connected 
to the steelyard by which the torque is weighed. A 
control desk, having an aluminium top on which a 
series of push buttons, speed-control handles and 
indicating lamps are mounted, forms part of the 
equipment. At the back of the desk, as shown in 
Fig. 1, is mounted an aluminium bracket carrying 
Circscale flush-type meters, one of which is calibrated 
to give the steelyard reading, while the other indicates 
the speed in revolutions per minute. The starting 
resistance, in the case of an installation in which 
the current generated is returned to the line, and the 
load-absorbing resistance, are mounted in a sheet-steel 
case and are composed of sheets of cupro-nickel elec- 
trically welded and insulated with mica. } 

The torque-measuring gear consists of two cast-iron 
pillars mounted on the bedplate as shown, the steelyard 
being carried by these pillars and being fitted with a 
travelling weight which is moved in either direction 
by a half nut engaging with a quick-pitch screw. 
To the travelling weight is fitted a pointer which 
moves over a graduated scale. The screw, just men- 
tioned, is driven by spur gearing from a small motor 
housed in an extension of the steelyard, and the 
motor is electrically connected to contact springs 
mounted at the top of the cast-iron pillar at the 
extreme end of the steelyard, in such a manner that 
if the latter falls the weight is moved back towards 
the pivot, and vice versa, so that a balance is auto- 
matically obtained. Above the steelyard, and parallel 
with it, are two steel bars which are adequately insul- 
‘ated and wound with resistance wire, the ends of 
| which are connected to a circuit containing the Circscale 
| meter on the control desk, previously mentioned. The 
'sliding weight carries a frictionless contact which 
| moves over the resistance wires on the bars, the arrange- 
‘ments being such that the instrument reading indicates 
ithe true position of the weight. The steelyard, it 
| may be mentioned, is sensitive to 2 oz. when stationary 
| and to }$ oz. when the machine is running. The speed 
|is indicated by means of a special magneto generator 
|mounted on the dynamometer shaft and connected 
‘to the other Cirescale instrument on the bracket 
| behind the control panel. 1 
| The apparatus is started and stopped by the push 
| buttons on the control panel, and other push buttons 
| are provided for cutting in or out increments of resist- 
ance for controlling the output and speed. A coarse 
and a fine shunt speed regulator, operated by hand- 





| were the partners in a collision merely perfectly | wheels, is also provided, and three coloured indicating 
According to the classical view, in which the |¢lastic material particles. The computed ratio 
two colliding nuclei were regarded as perfectly of the ew or quantum scattering to the classical 
elastic material particles, the number scattered | Scattering when helium was bombarded by 
through an angle g should be proportional to %-particles, had been plotted in- Fig. 17 for all 
T as tak es angles of deflection between 0 deg. and 90 deg., 

ey ¢)» where the TM /and for three different speeds of the «-particles, 
represented the scattering of the a-particles and | viz., 1-92 x 10° cm. per second; 1-0 x 10° cm. 
the second that of the helium nuclei with which | per second, and 0-5 x 10° cm. per second. The 
|abscisse represented the angle g and the base 


lamps show that current is on the plant, and that the 
plant is motoring or generating, respectively. In an- 
other form of research dynamometer, illustrated 
in Fig. 2, and used in conjunction with the control 
panel shown in Fig. 5 on page 439, two dynamos coupled 
in tandem are employed, the two machines being ag 
ranged so that they can be connected electrically in 
series or in parallel in order to give the widest possi!< 
range of speed and loading. 9 
In the production type of dynamometer the gee 
developed by the engine is returned in the form © 





electrical energy to the mains, thus greatly reducing 
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friction horse-power at any speed within the range 
can be seen at a glance from the direct-reading instru- 
ments provided. Moreover, running-in and testing 
are carried out consecutively with one setting, 
without the necessity for changing over from motor 
to dynamometer. In the running-in process, it has 
usually been necessary for the engine to be carefully 
watched by @ skilled man to prevent damage from 
over heating or seizing, but in the Highfield dynamo- 
meter this is avoided by the provision of automatic 
devices which bring the engine to rest before any 
damage can be done. 

The operation of the apparatus can best be followed 
by considering an actual testing programme, which can, 
however, be modified to suit individual requirements. 
For this, it should be explained, a series of lamp 
indications is employed in the operation of the equip- 
ment and these, it is stated, enable one unskilled man 
to attend to five or more installations. The same 
equipment can be used, without modification, for carry- 
ing out duration tests, determining power curves and 
petrol consumption, and for general tuning up, adjust- 
ment, &c. The series of operations is as follows: 


The engine is put on the stand, coupled up to the 
dynamometer and the starting button pressed, when a 








Fie. 5. 


red light appears on the control panel. The dynamo- 
meter then drives the engine slowly at first, and, as the 
engine becomes free, the speed gradually rises to a pre- 
determined limit, when a white light appears. The 
attendant then presses a button marked “ Run”, the 
white light is extinguished and the engine is driven at 
a higher speed. If it is perfectly free, the white light 
Te-appears. These two operations usually occupy 
about two hours, the horse-power absorbed being 
indicated at all stages. The engine throttle is then 
opened and the dynamometer delivers power to the 
mains. At this stage, the white and red lights are 
extinguished and a green light appears. The horse- 
power is indicated on the panel and the speed may 
be adjusted by a handwheel. When the maximum 
a is obtained at the maximum revolution, i.e., when 
pa engine has passed the test, a blue light appears and 
© attendant then closes the throttles or earths the 
magneto and presses a “stop” button, when the engine 
oa dynamometer come to rest. The green and blue 
. ts then go out and a yellow light appears, after 
W oo the engine is uncoupled and removed. 
ae not forming part of the standard equip- 
exhiti we may mention that the two dynamometers 
a _ were connected by a form of torsion dyna- 
is ona i in which the torsional deflection of a shaft 
this, © measure the horse-power transmitted. In 
an ® shaft mounted in a pair of pedestal bearings 
€s a spur wheel at each end and the wheels each 
toe With a wheel mounted on the end of the spindle 
small alternating -current generator. The alter- 


the operating costs. The power developed and the 
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mounted one in each of the pedestals, and the stator 
of one of them is arranged so that it can be rotated 
independently of the other for adjustment purposes. 
The alternator windings are connected in parallel with 
a plate-type rectifier, the direct-current output of 
which is measured by a Circscale milliameter. When 
the machine under test is running light and no power 
is being transmitted through the shaft, the adjustment 
of the two alternators is such that they are in exact 
phase opposition and no output is taken from either 
of them. When, however, a load is being transmitted 
through the shaft, the latter will be twisted, so that the 
phase difference between the alternators will be reduced 
and the resulting current, after rectification, will give 
a reading on the milliameter which is proportional 
to the twist of the shaft and therefore to the torque 
transmitted. 

In connection with the testing of gear boxes, back- 
axles, &c., the firm have devised an interesting form of 
noise-indicating apparatus, an example of which is 
illustrated in Figs. 3 and 4, page 446. The apparatus 
comprises an electromagnetic pick-up, shown in Fig. 3, a 
valve amplifier, illustrated in Fig. 4, and a Circscale 
instrument, the readings of which are proportional to the 
noise produced by the component under test. The pick- 








haters, which have exactly similar characteristics, are 


up arrangement comprises a heavy cast-iron bracket 
mounted on the machine bed, from which it is 
insulated by a thick rubber mat with rubber bushes 
for the holding-down bolts. The bracket carries a 
short arm, through the upper end of which is fitted 
a brass barrel which slides transversely and can be 
fixed in any position by means of a clamp operated 
by a small handwheel shown in Fig. 3. The arm 
itself can be swivelled on the bracket, so that the 
barrel can be set in the required position. At the 
end of the barrel is a chamber in which is fitted 
the electromagnetic ag This is a form of 
microphone, the diaphragm of which is connected 
to a steel contact needle which protrudes through 
a steel bush mounted in the face of a cap cover- 
ing the end of the barrel, the pick-up being mounted 
on a steel shaft passing through the barrel. The 
arrangements are such that the contact needle can 
be made to protrude through the steel bush or 
drawn back by means of a handwheel at the oppo- 
site end of the barrel, as will be understood on 
reference to Fig. 3. In practice, the barrel is pressed 
up against the side of the apparatus to be tested 
and clamped in position, the adjusting handle at 
the outer end of the barrel then being given a half 
turn to bring the needle into contact. The needle 
thus follows the vibrations of the apparatus under 
test, and the pick-up generates electromotive forces 
which are proportional to the amplitude and 
therefore to the noise. 

The electromotive forces thus generated are 
amplified in the equipment shown in Fig. 4, which 
consists of three valve-amplifying stages and incor- 
porates a battery eliminator supplying current to 
the valves from the mains. The output from the 
amplifier is supplied to a Circscale milliammeter 
on the control panel, on which the switch and 
variable rheostats for controlling the amplifier are 
also mounted, and the reading of this instrument is 
directly proportional to the noise produced by the 
apparatus under test. Since there is no standard 
of noise, the equipment can only be employed for 
comparison purposes, and the usual practice is to 

test, say, @ gear box, the characteristics of which are 
known to be satisfactory and record the indications 
obtained. Similar gear boxes tested under the same 
conditions would then be required to conform to this 
standard within certain pre-determined limits, as indi- 
cated by the readings of the milliammeter. Errors of 
judgment arising from the use of the ears alone in 
comparing the noise produced are thus avoided. 








HyGImenE ExHIsivIon AT ATHENS.—The Greek Medical 
Association proposes to arrange an exhibition of objects 
and plant connected with hygiene in the Zappeion Build- 
ing, Athens, from May 1 to July 31 next. ritish firms 
interested should’ communicate with Dr. Vlatianos, 
President of the Organising Committee, Panhellenic 
Health Conference, Odos Kriezotou No. 1, Athens, and 
also, in the first place, with the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, quoting 
Reference No. B. 6189. 


Tue InstTITUTE oF PATENTEES.—The March issue of 
The Inventor, the official journal of the Institute of 
Patentees, contains the annual report of the Institute 
for 1929. The technical and commercial departments 
and the search and legal departments of the Institute 
have steadily continued their work during the year 
under review. The fifth of the International Exhibi- 
tion of Inventions, which are organised annually by 
the Institute, was held in London last October. It was 
well attended, and the number of inquiries dealt with 
was higher than in previous years. The next exhibition 
will be. held at the Central Hall, Westminster, from 
October 1 to 11 next. The office of the Institute is at 
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THE NEW INTERNATIONAL ASSO- 
CIATION FOR TESTING MATERIALS. 


Since its formation at the Congress in Amsterdam 
in 1927, the New International Association for Testing 
Materials has made good progress. Not only has it 
secured a membership of well over 2,000, including 
representatives of many nations both in Europe and 
America, but considerable work has been done in 
careful preparation for the next International Con- 
gress which is to be held in Ziirich in September, 
1931. Experience of earlier Congresses has led the 
permanent committee of the New Association to 
decide that, at the Ziirich Congress, attention shall be 
concentrated upon a relatively small number of impor- 
tant questions, so that full time for the discussion of 
each of these shall be available. For this purpose, 
the Association, under the presidency of Professor 
Mesnager, of Paris, has been divided into four groups, 
namely, Group A, Metals (president, Dr. W. Rosen- 
hain, F.R.S., England); Group B, Non-Metallic 
Inorganic Materials (president, Professor M. Ros, 
Zirich); Group C, Organic Materials (president, 
Professor Roos-af-Hjelmsater, Stockholm) ; and Group 
D, Questions of General Importance (president, Dr. von 
Moellendorf, Berlin). Professor M. Ros, of Ziirich, is 
general secretary of the Association. Under each of the 
four groups, some five or six subjects for discussion 
have been selected, but this selection was a matter of 
considerable difficulty. A much longer list of subjects 
was first drawn up and distributed to the representa- 
tives of the Association in all the contributing 
countries. 

Each country was invited to select a prominent worker 
in each particular field to prepare an interim report 
giving an account of the present state of the subject. 
When these reports were received, they were found 
to constitute a mass of valuable technical and scientific 
information, and the permanent committee of the 
Association decided that they should be printed in the 
form of four separate volumes, dealing respectively 
with each of the four groups, and that this book of 
interim reports should be presented to every member 
of the International Association. 

On the basis of the interim reports, the permanent 
committee of the New International Association has 
selected, at a meeting held in Brussels in September 
last, the questions to be discussed at the Congress of 
Ziirich. These are :— 

For Group A:—Cast iron; Materials at high tem- 
perature; Fatigue; Notched-bar impact testing ; 
Progress of metallography. 

For Group B :—Natural stone; Portland cement ; 
Aluminous cement; Concrete, strength, elasticity and 
density ; Chemical effects on cement and concrete ; 
Ferro-concrete. 

For Group C :—Ageing of organic materials ; Timber ; 
Asphalt and bitumen; Fuel. 

For Group D:—Relations between elasticity and 
plasticity ; Toughness and brittleness from.the view 
point of general principles and methods of testing ; 
Determination of the grain size of loose granular 
material; Calibration and limits of error of testing 
machines. 

Representative workers in a number of contributing 
countries have now been invited to prepare congress 
reports on these questions. It is hoped that these 
congress reports will be printed and circulated well in, 
advance of the congress itself, so as to serve as a basis 
for a very thorough discussion, whilst the writers of 
the reports will, it is hoped, attend the congress not 
only to present their reports in abstract but to open 
the general discussion on the subject. In addition, 
contributions from others will be welcomed, both in 
writing prior to the congress and verbally during the 
congress. The resulting discussions, together with the 
reports, will be printed in the final book of the 








congress. 

In the absence of a British Association for Testing 
Materials, British participation in the work of the 
International Association has been secured by the 
formation of an Inter-Institution Committee, called 
the British Committee of the New International 
Association for Testing Materials, upon which most of 
the scientific and technical societies and institutions 
of this country who are concerned with materials are 
represented. The hon. secretary of this committee 
is Mr. G. C. Lloyd, of the Iron and Steel Institute, 
28, Victoria Street, London, S.W., and the British 
Delegate on the Permanent Committee of the Inter- 
national Association is Dr. W. Rosenhain, F.R.S. 
In view of the important work which the New Inter- 
national Association for Testing Materials is carrying 
out, it is hoped that a much larger British membership 
will be obtained in the near future. Membership, it 
may be mentioned, is open, without election or 
nomination, to anyone who is already a member of 
any recognised technical or scientific society in this 





39, Victoria-street, London, S.W.1. 


country. 
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NOTES ON NEW BOOKS. 

Aut teachers are familiar with the type of student who 
blithely inserts numerical values in a formula with a 
total disregard for the units employed. Such a pro- 
cedure amounts to an invitation to error, but hardly 
affords justification to those teachers who would have 
their students invariably deduce everything from first 
principles. The student is father to the draughts- 
man and designer, and the latter process is quite 
impracticable in dealing with the routine work of the 
drawing or design office. It may in fact be said that 
formule are as necessary to the engineer as a slide 
rule or table of logarithms, and it is a part of the 
teacher’s duty to accustom a student to their use. 
Most engineers have gradually accumulated a list of 
formule appertaining to their particular work, some 
of which date from their student days, and although 
we should not like to say that they could deduce any 
one of these on demand, they have at least known in the 
past how they were obtained, and have consequently 
a very clear idea of the units involved. In addition, 
they have probably made use of the formule so fre- 
quently that they sub-consciously avoid the usual 
mistakes. These considerations suggest that an 
unaccustomed formula should be employed with 
caution, but with this proviso, it would appear that a 
series of booklets, embodying the formule usually 
employed in the various branches of engineering, 
might well form a useful addition to the designers’ 
desk. Such a series has now been published by Messrs. 
Sir Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, W.C.2, under the title of Definitions and 
Formule ‘for Students. Each booklet in the series is 
published at 6d. net, the subjects so far covered being 
Applied Mechanics, by Mr. E. H. Lewitt; Heat 
Engines, by Mr. A. Rimmer; Practical Mathematics, 
by Mr. L. Toft; Marine Engineering, by Mr. E. 
Wood; and Electrical Engineering, by Mr. P. Kemp. 
It appears regrettable to us that the words “for 
students,” should have been incorporated in the title. 
In the wider meaning of the words, they might not be 
open to objection, but that this meaning is not intended 
is shown by reference to the author’s preface to the 
booklet on Applied Mechanics. Here we read the 
statement that a readily accessible list of formule 
has long been needed from which the student can 
refresh his memory before an examination, and to 
which the designer may quickly refer when a particular 
equation is required. As we have indicated, we take no 
particular exception to the latter part of this statement. 
We have said enough to show that we considered such 
books to be anything but suitable for text books, 
while it is not desirable that students should use them 
to cram before an examination. Time would be much 
better spent in going over lecture and other notes on the 
subject, and refreshing the memory on the usual formule 
by developing them from first principles, and by working 
out numerical examples. 





An elaborate mathematical treatise dealing with 
The Strength of Shafts in Vibration, has been pub- 
lished by Messrs. Crosby, Lockwood and Son, the price 
being 30s. net. The author is Captain J. Morris, B.A., 
sometime fellow of Corpus Christi College, Cambridge. 
The opening chapters deal with the theory of simple 
bending, Rayleigh’s reciprocal relationships being 
incidentally established. With this preliminary the 
critical speeds of simple shafts under various loadings 
are next discussed, with a minimum of hypotheses, and 
attention is drawn to the empirical character of Dun- 
kerley’s formula, which nevertheless leads generally, it 
is pointed out, to reliable results. An explanation of 
this is given in a latter chapter. Torsional vibrations 
are next considered, both in the simple case, and when 
there is gearing between the driver and follower. The 
author’s consistent avoidance of simplifying assump- 
tions has naturally resulted in somewhat complicated 
algebraic expressions. The volume concludes with a 
series of illustrative examples, in one of which the 
vibration problem is solved for the case of four engines 
driving two air screws by means of gearing. 





A work of over 200 pages on the Port of London has 
an interest for engineers, although the style may be 
intended to attract the average reader. Mr. A. G. 
Linney’s work The Peepshow of the Port of London, 
takes the reader by text and many photographs on 
a visit along the Thames treating this as the high- 
way, and visiting creeks, side streets, wet docks, 
garages, store-houses, and receiving offices. His 
manner is light and spacious and full of river-side 


history of the 1,000-years old Port. The meaning | },, 


and forgotten origin of old nomenclature are 


traced until we arrive at the modern features of 
Thames-side, its docks and warehouses, and the 
mercantile marine of the vast port of modern London. 
A reminder of the glories of the Thames shipbuilding 
period is a photograph of the chief actors at the 
attempted launching of the Great Eastern at Millwall 


in 1857, which was not accomplished until New Year's 
Day of the following year. A more striking reminder 
of time’s changes are two photographs of Chelsea Reach 
sixty years ago with Cremorne Gardens in the distance, 


power station on the outskirts of the old gardens. 
Surrey Docks, and Rotherhithe form pauses in the 


is purposely unburdened with statistics. Messrs. 
Sampson Low, Marston and Company, Limited, 
London, are the publishers of the book, and the price 
is 7s. 6d., net. 


It is one of the results of a modern successful motor- 
car that it is immediately dissected and served up 
piece-meal in popular handbooks, with or without the 
assistance of the makers. The Ford, in its earlier model, 
which was only superseded a couple of years ago, 
was one of the first cars to be ‘“‘ hand-booked,” and 
already the new Ford (Model A) is the subject of a 
comparatively large book by Victor W. Pagé, M.S.A.E., 
published here at 10s. 6d., net, by Chapman and Hall, 
Limited, London. Mr. Pagé is an experienced reviewer 
of motor mechanics and the author of a large treatise 
on motor repairs. The present work deals seriatim 
with the new Ford chassis, under the triple titles of 
“‘ Construction, Operation, and Repair.” There are 13 
chapters, each with a lengthy list of sectional head- 
ings and there is a good index to textual references. 
Some of the matter is of general interest, but the 
bulk is peculiar to the Ford. Diagrams and illustra- 
tions are given of various items and the methods of 
dealing with them in the garage. A certain amount of 
what might appear to be elementary and self-evident 
information and hints is unavoidable in books of this 
sort, but is not the less useful to hasty mechanics 
who are apt to overlook such obvious details as 
checking parts for fit and tightening holding-down and 
other bolts. Incidentally, the mind of the designers 
of the Ford may be studied in this analysis of their 
product, and from it one can gather inferentially 
something of the limits set the producer of a popular 
car, both as to its production in the factory and to 
fit it for its use and dissection by myriads of unskilled 
persons. The text, print, and paper of the book are 
good, and the Repairs Section, which deals with 
re-lining bearings and other work not fitted for the 
amateur, should help to raise the standard of repairs 
in trade garages. 





The object of a book bearing the title Overhead 
Power Lines, by Mr. W. Morecombe [London : Chapman 
and Hall; price 15s. net], is to present certain con- 
structional data regarding this class of work in an 
easily interpretable form, and to explain the elemen- 
tary features of their design in a way that will prove 
helpful to the beginner. As it is to be hoped that 
the near future will sce an increasing proportion of 
the electrical distribution of the country effected in this 
way, the book should meet the needs of the engineers 
who will come fresh to work of this kind, and if a 
greater knowledge of the factors involved results in a 
more economical construction, it will be all to the 
good. The complaint is often made that the rules 
of the Electricity Commissioners are too stringent, 
but, as Mr. Morecombe shows, there are now in use 
a superfluous number of designs for poles and pole 
fittings, a state of things which goes to prove that 
standardisation must be a preliminary to economy. 
The book begins with a discussion of such electrical 
considerations as first cost of conductors, voltage 
regulation, and energy loss in transmission. The 
properties of the conductors, and sag and strength 
calculations are then discussed, and there follows a 
chapter on conductor arrangement, clearances, and 
spacing. Insulators and insulator supports are next 
dealt with, while subsequent chapters are devoted 
to the design of various types of wooden, steel, and rein- 
forced-concrete poles. In conclusion, safety precau- 
tions are discussed, and the book ends with the inevitable 
reprint of the regulations. It is written in a manner 
likely to be of direct practical value; for example, 
we are given the position of the maximum stress in 
a steel tube, and the moment of resistance of 
the section and the bending moment are then 
worked out. Similarly, we are given full details of 
how the strength of arm bolt fixing should be deter- 
mined. The illustrations are entirely drawings and dia- 
grams. No photographs are reproduced, as the author 
thinks the information to be gleaned from them is not 
precise enough. We should say that the book would 
most useful as a guide, to act as a check on in- 
formation already acquired, or to serve as a basis for 
the acquirement of further knowledge. 





The electric apparatus used for starting and lighting 
is becoming such an increasingly important part of 


and its present appearance with the Lots-road electric’! 
Chapters and references to Blackwall, the Isle of Dogs, ' 


panorama-like unfolding of an interesting story, which 


construction should form the subject of one of the mono- 
graphs which are now being issued by M. Krayn, of 
| Berlin under the general heading of ‘“ Automobil- 


j technische Bibliothek.” The section under notice, 


which is entitled Lichtmaschine und Batterie, deals more 


and is written by Mr. A. Mattes and Dr. F. Trautmann. 
Its price is 15 marks. It begins with an historical 
account of the development of this equipment, which 
shows that, while in 1922 only 58 per cent. of the 
German commercial vehicles were equipped with elec- 
tric lighting, that percentage had risen to 100 in 1926. 
During the same period, the percentage of electric 
starters in use rose from 50 to 100 per cent. The 
best lay-out of the various parts of the apparatus is 
then discussed, and the design of the dynamos, batteries, 
&e., is considered in detail. German practice is 
exclusively dealt with. It should be added that two 
other volumes in the series deal with motor-car ignition 
and the current-consuming devices, respectively. The 
book under review is well printed and illustrated, but 
the price seems rather high, especially as it is only 
bound in paper covers. 





Compiled from official sources, the forty-sixth annual 
issue of The Year-Book of Scientific and Learned Societies 
of Great Britain and Ireland, contains a record of the 
work done in science, literature and art by numerous 
societies and government institutions during the session 
1928-1929. As was the case with former issues, the 
contents of the volume are divided into a number of 
sections in which are classified societies and associations 
devoted to the study of general science, astronomy, 
chemistry, geography, biology, mechanical science, 
agriculture, law, literature, medicine, and other 
subjects. In each case, the full name and postal 
address of the society or institution is given, together 
with the names of its officers, particulars regarding 
meetings, and information concerning membership and 
subscriptions. Lists of the publications issued by the 
societies and of the papers read during the 1928-1929 
session are alsoincluded. In addition, a good deal of in- 
formation regarding the history and objects of a number 
of the societies and institutions listed in the book is 
given. This section of the work might well be extended ; 
for instance, the date of foundation of many of the 
societies is given, but in a large number of cases even 
this information has apparently been withheld from 
the compilers of the work. The fact that some of the 
notices are more lengthy and complete than others is 
probably due to the greater or lesser initiative of the 
secretary of the society in question, who, of necessity, 
furnishes the information to the publishers. The 
volume is nicely printed and generally well turned out. 
Bound in its usual red cloth covers, the price of the 
work is 18s. net. The publishers are Messrs. Charles 
Griffin and Company, Limited, 42, Drury-lane, London, 
W.C.2. 





Under the title of Cambridge Five-Figure Tables, the 
Cambridge University Press has issued (price 3s. 6d. 
net) a new set of logarithmic and other tables which, 
in certain respects, are distinctly original. The authors 
are Messrs. F. G. Hall, M.A. and E. K. Rideal, M.A. 
The usual order of the logarithmic tables is re- 
versed, so that they run from 9,999 down to 1,000. 
By this device, and by an ingenious and very clear 
typographic arrangement, the need for subsidiary 
tables of proportional parts is, it is claimed, done away 
with. Thus the logarithms of successive numbers are 
placed below each other instead of side by side, as in 
the usual arrangement. Certainly most people find it 
much easier to subtract one number from another 
when, as in this case, the smaller is placed directly 
below the greater, and the innovation seems to have 
much to recommend it. A corresponding plan has been 
adopted for the tables of trigonometric functions, 
which start at 89 deg. 59min. Only thesines, tangents 
and their logarithms are tabulated, and the co-functions 
must thus be obtained from the complementary angle. 
A short table of values of e* and e~ is included, as well 
as a useful selection of standard integrals. As in all 
tables issued by the Cambridge University Press, the 
typography is excellent, and the figures, being of 
good size and style, are very legible. 








LaTHE-OPeRATING HanpBooK.—The very desirable 
ractice of supplying the fullest possible information 
to the user of machine tools is well exemplified in # 
booklet just issued by Messrs. Alfred Herbert, Limited, 
Coventry. This publication, Operator's Handbook for 
Combination Turret Lathes, is intended as a me 
guide to the installation, maintenance and operation of 
the firm’s well-known tools of this class. It is copiously 
illustrated with general and detail lettered figures, 7 
show the construction of the lathes very clearly, as wel 
as methods of erection, alignment, &c. In addition, 
numerous tool lay-outs for typical operations, ——- 
tion diagrams and capacity charts are given, while 

cutting-speed chart cad miilimetes to inch conversion 








the motor vehicle that it is proper that its design and 





tables add to its general usefulness. 


particularly with the lighting generators and batteries, . 
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LABOUR NOTES. 


Ix the course of some observations regarding the 
company which has been formed for the purpose of 
buying and shutting down redundant British ship- 
building yards, Mr. John Hill, the General Secretary 
of the Boiler Makers’ and Iron and Steel Shipbuilders’ 
Society, assumes that the intention is “ to close certain 
amall firms, which are real competitors and concentrate 
the work in the bigger firms.” ‘ Will this,” he asks, 
“help British shipbuilders in the world’s markets ? 
[am not yet asking if it will help the workers. That is 
not the first object of the new company, But I know 
that capitalist concentration is usually paid for by 
increased prices of the products. If the prices of British 
built ships are increased, will British shipowners buy 
here or abroad? Will foreign shipowners who are 
buying here now pay the higher prices or build in their 
own countries ? It may be, however, that the new 
company believes that big firms with all the latest 
plant and machinery going full swing will produce 
cheaper, sell cheaper and still make profits. But the 
fact remains that in this country, as in other countries, 
some of the biggest shipbuilding concerns have been 
the biggest failures.” 





It has been said, Mr. Hill goes on to say, that we 
are behind the Continent and America in respect of 
the use of plant and machines in shipbuilding. The 
truth is, in his opinion, that other countries have had 
to introduce machinery in order to make up for their 
lack of craftsmanship. ‘Shipbuilding cannot be 
standardised,” he declares, ‘‘ like the making of pins, 
matches, bricks, or even motor cars. It is an industry 
requiring a greater variety of craftsmanship than almost 
any other. It is agreed that we cannot standardise 
statesmen, lawyers, doctors, painters or musicians. 
This is equally true of craftsmen, although not so 
generally recognised. We can, and do, destroy crafts- 
manship by machinery, and the nation is the poorer 
and not the richer by this form of rationalisation.” 


At the end of February, 10,395 members of the 
Boiler Makers’ and Iron and Steel Shipbuilders’ Society 
were “signing the books,” as compared with 9,698 
at the end of January. The number of members in 
receipt of superannuation benefit was 4,564 as compared 
with 4,690 and the number in receipt of sick benefit 
2,595 as compared with 2,436. The expenses in February 
were 8,951/. 2s. 8d.; in January, when there were 
five weeks’ outlay, they were 11,1511. 5s. 04d. 





” Officials of the Mining Association and Miners’ 
Federation met in London last week for the purpose of 
discussing the question of working hours. An official 
report, issued at the close of the conference, stated that 
Mr. Evan Williams and Mr. W. A. Lee, the president 
and secretary of the Mining Association of Great 
Britain, had met Mr. Richards, Mr. Cook, and 
Mr. Richardson, representing the Miners’ Federation, 
to discuss the question of amendments to Part III, of 
the Coal Mines Bill, which deals with hours of work 
underground. The representatives of the Miners’ 
Federation had heard the views expressed by Mr. 
Williams and Mr. Lee on behalf of the Mining Associa- 
tion, and it was arranged that they should bring the 
matters in question before the executive committee 
of the Miners’ Federation for their consideration. 





The January issue of the Canadian Labour Gazette 
states that the Steel Company of Canada at Hamilton 
has introduced a new working schedule, under which 
the workers operate in three shifts of eight hours each 
and on a higher hourly rate of wages than formerly. 
The schedule which has been abandoned, divided the 
working day into two shifts of twelve hours each where 
furnace operation was continuous. The new policy 
will add 300,000 dols. a year to the pay roll. 





The Swedish Social Board, some time ago, undertook 
4 Special inquiry into the provisions of collective 
‘greemenis relating to holidays with pay. The results 
of the Investigation have now, the weekly official organ 
of the International Labour Office states, been published 
in the Official Report on Stoppages of Work, Collective 
— ments and Conciliation Proceedings in Sweden 
uring 192. According to the compilers, 2,617 of the 
‘greements in force at the end of 1928, affecting 398,866 
Workers, or 77-8 per cent. of all workers covered by 
“greemenits, contained provisions for holidays. At the 
= of 1920, when a similar inquiry was undertaken, 
821,333 workers, or 73-4 per cent. of the total then 
— by agreements, were entitled to a holiday 
ae their agreements. The principle of the holiday 
. . appeared to have been fairly generally accepted 

“hat date (at the middle of 1919 the corresponding 
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thus made additional progress in Swedish industry. 
Of the 100,000 workers covered by agreements, who, 
at the end of 1928, had no holiday fixed by agreement, 
the majority were to be found in seasonal industries 
such as lumbering and timber-floating, certain building 
trades and stone-cutting. Workers in glass factories 
(with a few exceptions) and deck and engine-room 
hands among seamen had no fixed holiday in 1928, 
but the agreements concluded during 1929 recognised 
this privilege. 

The length of the holiday varies considerably in 
different industries. For about 65 per cent. of the 
total number of workers entitled to a holiday, it was 
fixed at less than a week, generally four working days 
which is the rule in the large-scale industries, and this 
holiday is usually taken together ‘with midsummer 
day. A holiday of this length has been laid down in 
the agreements for the Central Swedish mines, for 
surface workers (underground workers have a week’s 
holiday), in the national agreements for iron works, 
engineering works, the building materials industry, the 
paper pulp industry, paper works, bookbinding factories, 
the textile industry and boot and shoe factories ; with 
a few exceptions, in the agreements for sawmills and 
furniture factories; and in the agreements for sugar 
factories and the match industry. In 1929 it was 
included in the shipping agreement in respect of deck 
and engine-room staff. In the national agreement for 
agriculture, workers paid by the hour are granted three 
days’ holiday, those paid by the year seven days. A 
week’s holiday is usual in large sections of the food 
industry, in clothing factories and tailoring shops, in 
the Telegraph Department for linesmen and workshop 
staff (two weeks for older men), in the.State Railways 
permanent way and works, and for stevedores. 





A holiday of two weeks is laid down in the agree- 
ments for the Northern mines, for printing works and 
for mates and engineer officers on ships. Telephone 
operators have a holiday varying, according to length 
of employment and age, between 16 and 24 days. On 
the private railways the permanent office staff has 
20 to 30 days, and the permanent operating staff 15 to 
20 days; the temporary staff has 6 to 15 days. The 
national agreement for dispensing chemists provides 
for a holiday of one month. As already stated, the 
length of the holiday may vary with the length of 
employment of the particular worker. This is, in fact, 
a common practice. For instance, in most municipal 
undertakings the holiday is eight days for the first 
five years of employment, ten days from the sixth to 
the eighth year, and subsequently twelve days. In 
several restaurants the staff are allowed eight days’ 
holiday after one year’s employment, fourteen days 
after two years, &c. As a rule, the agreements fix a 
minimum period of employment as a condition for 
obtaining a holiday at all. 





An agreement recently entered into by a Denver 
industrial undertaking and the International Associa- 
tion of Machinists contains this clause :—‘‘ There 
shall be three classifications of men, viz., journeymen, 
advanced apprentices and apprentices. A journeyman 
is a man who has had at least four’ years’ experience 
and passes a satisfactory examination. An advanced 
apprentice is a man with from two and up to four years’ 
experience, who can pass a satisfactory examination. 
An apprentice is a man with less than two years’ 
experience. There may be one apprentice employed 
in each shop, and one additional apprentice for each 
group of ten journeymen and advanced apprentices 
employed therein.”’ The only stipulation about the 
amount of permissible overtime appears to be that 
‘no employee shall be compelled to work more than 
four hours’ overtime in any one 24-hour period.” 


The annual report of the Chief Registrar of Friendly 
Societies, states that at the end of 1928 there were, in 
Great Britain, 567 trade unions, with 3,808,811 mem- 
bers—a decrease of 1] in the number of unions and of 
138,381 in the number of members as compared with the 
position at the end of 1927. Included in these figures 
are 86 employers’ associations—a decrease of five— 
with 43,946 members—a decrease of 198. During 
1928 the total funds of the unions increased from 
9,902,0731. to 10,816,7591. In the previous year, the 
increase was 1,257,205l. 


A Decree recently promulgated by the Soviet 
Union, provides that trade unions shall be entirely 
responsible financially for all economic, commercial 
and financial transactions carried out by them. It is 
laid down, however, that a union is responsible for 
the operations of a branch only when it has definitely 
assumed such responsibility. In the event of prose- 
cution, the following funds and properties are to be 





Percentage was estimated at only 43 per cent.), has 





considered exempt from seizure, confiscation, or seques- 





| 





tration :—strike funds, propaganda and educational 
funds, unemployment funds, and the building and equip- 
ment necessary for the regular working of the unions. 


Following their usual custom, the Netherland 
Federation of Metal Workers and the Catholic Associa- 
tion of Employers in the metal industry have compiled 
statistics of the hours worked by adults in the industry 
during the first half of 1929. The statistics show that 
84 per cent. worked 48 hours a week, 7 per cent. less than 
48 hours, and 9 per cent. more than 48 hours. The 
corresponding figures for the second half of 1928 were 
62 per cent., 8 per cent., and 30 per cent. ; during the 
first half of 1928, 61 per cent., 8 per cent., and 31 per 
cent. ; and during the second half of 1927, 61 per cent., 
9 per cent., and 30 per cent. During the last two 
years there has thus been a considerable increase in 
the number of workers whose hours do not exceed 48 
in the week. 





At a conference in Cleveland, Ohio, of the American 
Management Association, Miss E. H. Little, Assistant 
Supervisor of Industrial Relations in the United States 
Rubber Company, read a paper explaining the treat- 
ment by the company of long-time employees whose 
services were terminated as a result of the concentration 
of the company’s manufacturing activities in fewer 
plants. The paper stated that the United States 
Rubber Company was now paying a dismissal wage 
when, as a result of reorganisation, a factory was 
permanently closed or a process definitely discontinued. 
The dismissal wage was paid on the basis of one week’s 
pay for each year of employment to persons with 
fifteen years of service, and to those 45 years of age 
| with ten years of service. In the closing of four factories - 
| 502 persons had benefited, in amounts varying from 
| 125 dols. to 2,000 dols. Under modern methods of 
| conducting industrial enterprises, added the author, 
running a factory was no simple endeavour; but to 
shut it down permanently, in a well ordered and efficient 
manner, was a far more difficult task. 








On March 24, 1930, the number of persons on the 
registers of Empioyment Exchanges in Great Britain 
was 1,135,800 wholly unemployed, 407,400 temporarily 
stopped, and 95,600 normally in casual employment, 
making a total of 1,638,800. This was 17,042 more 
than a week before, and 505,944 more than a year 
before. The total on March 24, 1930, comprised 
1,183,700 men, 38,300 boys, 375,400 women, and 
41,400 girls. Almost the whole of the increase of 
19,412 in the number wholly unemployed on March 24 
was due to the operation of the Unemployment Insur- 
ance Act, 1930. Of 1,621,758 on the registers on 
March 17, 1930, 1,116,388 were wholly unemployed, 
412,386 were temporarily stopped, and 92,984 were 
persons normally in casual employment; 1,178,876 
were men, 38,746 boys, 361,877 women, and 42,259 
girls. The number of unemployed persons on the 
registers on March 25, 1929, was 1,132,856, of whom 
893,958 were men, 30,399 boys, 179,732 women, 





and 28,767 girls. 


The employers in the wool textile industry have 
now posted notices of a wages reduction on the lines 
of the Macmillan report. Lord Macmillan’s principal 
recommendation was, it will be recalled, a reduction 
of time workers’ earnings by 9} per cent., and a reduc- 
tion of piecework rates by 8} per cent. Mr. E. J. 
Martin, the Secretary of the employers’ organisation, 
stated, on Tuesday, that in addition to the returns 
from federated firms, a substantial number of replies 
had been received from non-federated firms, many of 
these concerns employing large numbers of operatives 
and considerable machinery, stating that they had 
posted the notices concurrently. 


By a large majority, the members of the Burnley 
Weavers’ Association have voted against the eight 
loom system, and as the employers are definitely 
committed to the introduction of it, the prospect 
of a stoppage of work seems to be highly probable. 
A Burnley manufacturer stated recently that in 
response to the questionnaire issued by the employers’ 
sub-committee, the members of the Burnley Manu- 
facturers’ Association had expressed themselves 
unanimously in favour of the enforcement of the system 
failing an agreement with operatives.. When asked 
if it was likely that the manufacturers would attempt 
to enforce the system if no agreement were reached, - 
the manufacturer said that they could hardly help 
themselves in the present depressed state of the 
industry. 








CALENDAR.—We have received a handsome monthly 
tear-off calendar from Messrs. Metropolitan-Vickers 
Electrical Company, Limited, Trafford Park, Manchester. 
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THE GRUNEWALD BRIGHT-ANNEALING PROCESS. 
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THE GRUNEWALD BRIGHT- 
ANNEALING PROCESS. 


In our account of the exhibits at the recent British 
Industries Fair, we mentioned a model of a Griinewald 
electric bright-annealing plant, which was being shown 
by Messrs. The General Electric Company, Limited, of 
Magnet House, Kingsway, London, W.C.2. This plant, 
of which the firm mentioned are concessionaires in this 
country, embodies a principle which is the result of 
an exhaustive investigation into the possibility of 
carrying out this form of treatment on rather simpler 
lines than have hitherto been usual. Its particular object 
is to meet the demand for products of precise composi- 
tion, which have been accurately heat-treated to give 
certain physical characteristics and have a finish 
which will satisfy the most careful examination. As 
is well known, the principal feature of the ordinary 
bright-annealing processes is the exclusion of atmos- 
pheric oxygen from the heated material by the use 
of pots fitted with covers or by the introduction of an 
inert gas which envelops the charge. Both these ex- 
pedients are expensive and inconvenient. 

In the Griinewaid process, however, the contact of 
atmospheric oxygen with the heated material is pre- 
vented by a simple and convenient method which will 
be described below. In making this statement, stress 
must be laid on the completeness with which the air 
is excluded from the metal under treatment. It 
may be added that, as electrical heating is used, the 
advantages which that system offers are also secured. 
Thus the temperature can be automatically controlled 
within very close limits, and the furnaces require no 
attention other than that which is necessary to load 
or unload them. As there is a definite relationship 
between the electrical input and the heat generated, it 
is possible to work to a time schedule, and thus to 
secure a fixed output of material per shift or per day. 
The process, we are informed, is particularly well 
adapted for the bright annealing of steel or copper 
strip or wire. 

Turning to details, the coils of strip or wire which 
are to be. annealed are stacked on a circular 
This base, as shown in Fig. 1, is suspended from a cover 
by four tension bars, one of which is detachable to 
facilitate the loading process. When loaded in this 
way, the material is ready for insertion in the annealing 
pot, and Fig. 2 shows a stack of cold-rolled hoop 
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iron prepared for this treatment. An exterior view of 
the pot with the cover clamped in position is given 
in Fig. 3. When this unit is placed in the furnace, the 
joint between the two parts is made by a rubber ring, 
so that an effective seal is obtained. This ring is 
surrounded by a narrow groove in which water cir- 
culates, so that it remains cool and can, experience 
shows, be used for long periods without deterioration. 
The furnace itself is of the ordinary muffle type and, 
as already mentioned, is electrically heated. In the 
case of the pattern for which the pot illustrated is 
suitable, it measures 750 mm. in diameter by 1,050 mm. 
high, and has an electrical loading of 50 kw., the maxi- 
mum temperature attained being 850 deg. C. 

As the temperature of the pot and its contents 
increases, most of the air contained in them is discharged 
through a valve in the cover, which is visible in Fig. 1. 
This expulsion is partly due to expansion and is partly 
caused by the vaporisation of the oil and grease on the 
surface of the charge. The result is that there is an 
almost entire absence of atmospheric oxygen in the pot 
when the charge reaches a temperature at which oxi- 
disation would ordinarily occur. When the maximum 
temperature is attained, the valve closes automatic- 
ally, and can then be screwed down as a precautionary 
measure to prevent any subsequent admission of air. 

When the charge has reached a uniform temperature 
throughout, the pot is removed from the furnace and 
placed in a “ contra-flow’’ recuperating trench, where 
it is allowed to cool gradually. In so doing, it gives up 
its heat to adjacent pots, which have been placed there 
as a preliminary to their insertion in the furnace, so 
that the total amount of heat used is economised. As 
will already have been gathered, the cooling of the 
material takes place in a partial vacuum, so that no 
oxidation can occur. When the pot is sufficiently cool 
it is lifted from the trench, and its contents, which are 
quite untarnished by the treatment, are removed. 

It may be noted that the annealing pot does not 
stand on the bottom of the furnace, but is suspended 
from the cover, and that, similarly, the weight of the 
charge is carried by the suspension bars. The pot can, 


base. | therefore, be made very thin, the result being that the 


volume to be heated is decreased and the current 
consumption per charge reduced, it is claimed, by 
some 15 to 20 per cent. Another feature of import- 
ance is that the seal, besides being water-cooled, is 
well out of the hot zone, and is also protected by a 








considerable thickness of insulating material. As 
regards heat economy, too, the use of the contra-flow 
system in the recuperating trench is an advantage, 
and, since it accelerates the cooling process, the time 
occupied by a complete cycle of operations is materially 
shortened. 

The pots can be used over and over again, and are not 
taken out of service until they cease to be air tight. 
Even when this occurs, moreover, it is only necessary 
to replace the faulty portion. The cover seldom 
requires renewal, and the concessionaires therefore 
claim that the cost of maintenance per unit of output 
is only a fraction of that necessary when heavy steel 
pots and covers are used. 








44,000-H.P. HYDRO-ELECTRIC PLANT 
ON THE CHURCHILL RIVER, CANADA. 


At Island Falls, on the Churchill River, a large 
hydro-electric power plant is now in process of con- 
struction, energy from which will be transmitted to the 
Flin Flon mine, being developed by the Hudson Bay 
Mining and Smelting Company, Limited, in northern 
Saskatchewan and Manitoba. The mine straddles 
the boundary line between the two provinces, opera- 
tions being carried on under the bed of the Flin Flon 
lake. Power from the new Island Falls plant is also 
to be transmitted to the Sherritt-Gordon mine, several 
miles farther north, in the neighbourhood of Cold Lake, 
Manitoba. The power plant itself is believed to be 
farther north than any other hydro-electric develop- 
ment in the Dominion, as will be evident from the 
fact that it is in north latitude 55 degrees 32 minutes. 
At the time work was decided upon, the site was 150 
miles from the nearest railway station, but since then 4 
branch line has been completed to the Flin Flon mine, 
and great quantities of material have been transported 
thence by caterpillar tractor train, a means of transport 
which is rapidly transforming industrial conditions @ 
Northern Canada.  - 

The drainage area of the Churchill River, which - 
in Alberta, is 114,500 square miles, the length 0 
the river being 1,325 miles, with a total fall of 1,380 
feet. The power plant now being built will have a” 
initial installed capacity of 44,500 h.p., with provision 
for a future extension to a total of 86,500 h.p. io 
14,000-h.p. vertical-shaft, single-runner turbines, 4 
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two 1,250-h.p. auxiliaries are now being installed, and 
provision is being made for installing three additional 
units, of 14,000 h.p. each, when the power demand 
warrants this step. The main unit will operate at 
163-6 r.p.m., and the head will be about 60 ft. The 
turbines will be directly connected to three 12,000- 
kv.-a., three-phase, 60-cycle generators. Power will be 
generated at 6,600 volts and stepped up to 110,000 volts 
for transmission to the Flin Flon and Sherritt Gordon 
The power house, situated on the right bank of the 
a” forms an integral part of the main dam. The 
atter is a gravity-type concrete structure with four 
oo rolled under-sluices, each 12 ft. wide by 24 ft. 
a a! 16 stop-log controlled spillway openings, 
pe > it. 6 in. wide. The combined discharge 
. ae of the under-sluices and spillway on top of the 
beng Gam is 95,000 cub. ft. per second. The top of the 
spill di elevation 128, flood-water level is 125, the 
- Way crest is at 109, the sill of the under-sluice gate 

at 55, the intake for the power-house main unit at 80, 


a gree b ver-h 
ad the tail-water varies ordinarily between elevation 
Pts 
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ConTROL Room. 


In addition to these structures, there is a concrete 
spillway dam about a mile south of the main dam. 
It will have 46 stop-log controlled openings, each 15 ft. 
6 in. wide, with the sill at elevation 112 and a discharge 
capacity of 100,000 cub. ft. per second. There will also 
be five earth-filled side dams. It will be noted that 
provision has been made for passing a flood about 
three times as great as that indicated by the high 
water mark. The designers felt that, owing to the com- 
plete absence of positive information on the river’s 
characteristics, it was prudent to be conservative. 

The power house superstructure is 200 ft. by 112 ft. 
in plan, and contains 1,460,000 cub. ft. The walls 
are built of concrete blocks, and for this p 
155,000 blocks were made at the site during the early 
summer of this year. The windows are double and 
wood sash is used throughout. The roof is of ordinary 
pitch and felt over 1}-in. of rock cork insulation resting 
on corrugated Asbestostransite. The roof is carried 
on steel purlins supported by steel trusses or I-beams 
which, in turn, rest on the concrete block walls. 

The generator room of the power house will be equip- 
ped with a 75-ton gantry crane, and 25-ton and 40-ton 
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cranes of the same type will be installed in the power 
house headworks and over the under-sluice gate, respec- 
tively. Power for construction purposes is obtained 
from a small temporary plant about 13 miles north-east 
of the Island Falls power site. A summer road, 72 miles 
long, and later a winter road 58 miles in length, were 
built between Flin Flon and the power site. In con- 
nection with the work of construction, it should be 
borne in mind that, owing to the high latitude at which 
work is being carried out, summer time represents 
17 hours of sunlight daily, in addition to five hours of 
twilight during which work is possible, whilst in winter 
lighting conditions are reversed. 








RECONSTRUCTION OF LOTS ROAD 
POWER STATION. 


' THE car mileage worked on the Underground Rail- 
ways of London has increased from 32,500,000 in 
1908 to 96,250,000 at present. The result is that 
it has been necessary to undertake an extensive 
programme of reconstruction at the Lots-road power 
station in Chelsea, from which most of the electrical 
energy required for the operation of these lines is 
derived. Some. account of this reconstruction was 
given in ENGINEERING, on page 394 of vol. cxxvii 
(1929), and we recently had the opportunity of in- 
specting the progress of the work, which it is hoped will 
be virtually completed during the coming autumn. 

It may be recalled that, when the station was opened 
in 1905, its equipment. consisted of 64 boilers, each 
with an output of 16,000 lb. of steam per hour at 
& pressure of 200 lb. per square inch and a temperature 
of 500 deg. F. These boilers supplied eight 6,000-kw. 
turbo-alternators, which, at the time of their erection, 
were the largest in the country. In 1915, a further 
set, with an output of 15,000-kw., was installed, and 
this was followed, in 1921 and 1925, respectively, by 
two other sets of the same capacity. At approximately 
the same dates, four boilers, each with a capacity of 
89,000 Ib. per hour, were added, this bank of eight 
supplying steam at a pressure of 290 Ib. and a 
temperature of 700 deg. F. In the latter year it was 
recognised, however, that further demands on the 
power house could only be met by replacing the 
whole of the original plant. As a corollary, therefore, 
it was decided to raise the steam pressure, to modernise 
the switchgear, to increase the voltage used on the 
Inotors operating the auxiliary plant, and to effect 
certain other alterations. 

As a preliminary to this general reconstruction, four 
| ¢ross-drum marine-type boilers, with an output of 
50,000 Ib. of steam each, and operating at 200 Ib. 
and 700 deg. F., were erected outside the western 
end of the main boiler house, while, up to date, 
| 16 of the original boilers have been removed in groups 
|of four, their place being taken by eight 50,000-lb. 
| boilers working under the new steam conditions. 
| Eight further boilers of the same output are now in 
| course of erection, and will take the place of a second 
| batch of 16 old boilers. These new boilers, which, 
| like those originally installed, were manufactured by 
| Messrs. Babcock and Wilcox, Limited, Farringdon- 
street, London, E.C.4, are also of the cross-drum 
|Marine type, and are fired by compartment-type 
|stokers. They are fitted with balanced-draught 
| equipment, integral superheaters, and a superposed 
| steel economiser. Eventually there will be 32 such 
| boilers, with an aggregate output of 1,100,000 Ib. 
| of steam per hour. 
| As regards the generating plant, three of the 6,000-kw. 
sets have already been removed, their place being 
| taken by an equal number of 15,000-kw. machines. 
| A further 15,000-kw. unit is now in course of erection, 
and will replace a fourth 6,000-kw. set. The two 
units which were erected in 1921 and 1925, respectively, 
| will be converted to the higher steam pressure, and, 
on the completion of the programme, nine 15,000-kw. 
sets will, therefore, be available, two of which will 
act as stand-bys. The turbines of all these sets were 
manufactured by Messrs. C. A. Parsons and Com- 
pany, Limited, Heaton Works, Newcastle-on-Tyne. In 
three cases, the alternators were supplied by Messrs. 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, the remainder being 
manufactured by Messrs. Parsons. These alternators 
are of the two-pole type and generate energy at 11,000 
volts and a frequency of 334 cycles, when running 
at 2,000 r.p.m. 

The original high-tension switchgear, which was 
manufactured by Messrs. British Thomson-Houston 
Company, Limited, of Rugby, was remotely operated 
from an open gallery along one side of the turbine 
room, both the machines and feeders being connected 
to a single "bus bar. The latter is now being dupli- 
cated, so that a ring *bus main will be available, 
and the old switches are being replaced by circuit- 
breakers of the most modern type with a rupturing 
capacity of 750,000 kv.-a. This equipment is also be- 
ing manufactured by Messrs. British Thomson-Houston 
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Company, Limited, and nearly half of what will ulti- 
mately be required has now been installed. Generator 
reactors are included in the system, together with an 
earthing system which allow the neutral point of one 
generator only to be earthed through an automatic 
switch. In accordance with modern practice, a new 
control room has been erected at the eastern end of the 
engine room. To accommodate this, an extra storey has 
been built over the original offices, and from it a good 
view is obtainable over the whole length of the engine 
room. The direct-current auxiliary board has been 
transferred to this control room, and is now in service 
in that position, and it is hoped shortly that the 
same will also be true of the remainder of the generator 
and feeder switches. When this transfer has been 
completed, the old control board will be dismantled. 
It may be added that an illuminated diagram will 
indicate what feeders are alive, and that a new 
telephone system is to be installed to give direct 
communication to all the substations and traffic 
controllers. A view of this control room is given in 
Fig. 2, on page 443. 
The motors driving the auxiliaries on the new 
turbo-generator sets are operated at 440 volts, the 
necessary energy being supplied from ’bus bars in 
the basement through transformers on the engine- 
room floor. Other alterations, necessitated by the 
reconstruction include the overhaul and renewal of 
the steelwork supporting the coal bunkers, and the 
erection of two partitions in the large bunker between 
the four original chimney stacks. This is intended to 
facilitate the operation of the station. The whole of 
the arrangements for handling the ashes by skips has 
been replaced by a water-sluicing system, which 
discharges into a sump in the yard at the west end of 
the power house. From this sump, the ashes are 
grabbed by a telpher crane, and can then either be 
passed through screens for sizing or discharged into 
barges lying in Chelsea Creek. All the new boilers 
will discharge direct into the new sluice, while, for the 
present, the ashes from the old boilers are being tipped 
intoit. The new boilers are supplied by one steam and 
two electrically-operated feed pumps, each of which 
has an output of 40,000 gallons per hour. The old 
boilers are also being supplied by a new electrically- 
driven pump with an output of 28,000 gallons per hour. 
The circulating-water system has been modernised by 
replacing the two original 5-ft. 6-in. intake pipe 
conduits by a 9-ft. conduit, which is laid 30 ft. below 
the river bed at the station end, and by erecting new 
screens. The intake and discharge orifices of the 
7-ft. 9-in. tunnel, which serves the older 15,000-kw. 
machines, have also been rebuilt and weirs have been 
constructed in the bed of Chelsea Creek, where a new 
outlet system has been arranged. Chlorinating plant 
has been installed for treating the circulating water, 
and each of the new machines is equipped with a 
Deptford rotary strainer to prevent the ingress of 
foreign matter into the condensers. Finally, it may 
be mentioned that four steel stacks, two of which are 
visible in Fig. 1, page 443, have been erected as an 
addition to the four brick chimneys which have for 
long been one of London’s landmarks, and that the 
lightning-conductor system on the latter has been 
completely renewed. 

The time taken to complete this transition from the 
old to the new has been longer than would otherwise 
have been the case, owing to the necessity for main- 
taining the supply. For the same reason, little room 
has been available in the power house for assembling 
the machinery and materials, and it has been necessary 
to store most of the equipment on a wharf on the far 
side of Chelsea Creek. From this site, it has been 
delivered to the stations by a 100-ft. jib crane, which 
can be seen on the left in Fig. 1, the work being facili- 
tated by the removal of a window in the boiler house. 

The ultimate result of this reconstruction will be 
that, within a year from now, the capacity of the 
station will have been raised from the original figure 
of 48,000 kw. to 105,000 kw. without it having been 
necessary to increase the site occupied, except to a very 
small extent. As space will also be available for two 
additional 15,000-kw. sets, the ultimate output may 
be regarded as 135,000 ky. In addition, it should also 
be possible to increase the operating efficiency—a field 
in which, it must be admitted, Lots-road has not so 
far played an outstanding part. According to the 
latest return of the Electricity Commissioners, in the 
year ending March 31, 1929, 337,631,262 kw.-hours 
were generated in the station at an average fuel 
consumption of 1-93 1b. per kilowatt-hour and a thermal 
efficiency of 14-4 per cent., the load factor being 
45-1 per cent. We understand, however, that the 
thermal efficiency of the new sets is about 22 per cent., 
and that the present figure for the station is 16-25 per 
cent., so that considerable further improvements are 
to be expected. In comparing these figures with those 
obtained elsewhere, moreover, it must be remembered 
that Lots-road is both a base-load and a peak-load 
station, #.e., it is entirely “‘ uninterconnected ” and runs 


to as little as 5,000 kw. for sometime. This being so, 


be isolated from London’s electrical system as a whole. 
Such isolation is the more to be deprecated, when 
the paramount importance of maintainirg the traffic 
services it supplies is remembered. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Pneumatic-Tube System.—The supply, delivery, and 
erection of a pneumatic-tube system at Newtown Market. 
The City Council of Johannesburg, South Africa ; 
April 26. (Ref. No. A.X. 9353.) 

Lathe—The supply and delivery of a high-speed 
sliding, surfacing and screw-cutting type of lathe, 
8-5-in. height of centres, The City of Cape Town 
Electricity Department; April 23. 
9354.) 


Water Meters.—The supply and delivery of 5,200 water 
meters. The City Council of Johannesburg, South 
Africa ; April 26. (Ref. No. A.X. 9355.) 


Miscellaneous Materials,—The supply of miscellaneous 
materials, including galvanised-iron buckets, iron and 
brass hinges, window fittings for coaches, abrasives, 
brushes, wooden tool handles, oxy-acetylene blow pipes, 
autogenous welding wire, welding flux, mineral acids, 

ure alcohol, ammonia, borax, liquid disinfectant, liquid 
insecticide, caustic soda and other chemicals, and 
petroleum jelly. Departmento de Almacenes y Mate- 
riales, State Railways, Alameda Station, Santiago, Chile ; 
May 7. (Ref. No. C.X. 3230.) 


, Turbo-Generators.—The supply and erection of two 
turbo-generators. The Copenhagen Lighting Depart- 
ment, Denmark ; May 12 (Ref. No. B.X. 6297.) 


Electric Cables.—The supply and delivery of lead- 
covered, double steel type armoured underground cables. 
The Municipality of Oradea Mare, Transylvania, Rou- 
mania, April 24. (Ref. No. B.X. 6298.) 

Jib Cranes.—We gave, on page 200 ante, particulars 
of a call for tenders, on the part of the South African 
Railways and Harbours Board, Johannesburg, for 11 
four-ton electrically-driven wharf jib cranes for Durban 
Harbour. We now learn that the closing date has been 
postponed from April 3 to May 1. (Ref. No. A. 9370.) 
Bar-Straightening Machine.—The supply and delivery 
of one meneipeignjoning. machine, reciprocating type. 
The Auckland Harbour Board, New Zealand; June 10. 
(Ref. No, A.X. 9371.) 

Locomotives.—The supply of two 3-ft. 6-in. gauge, 
class GE locomotives, 2-8-2—2-8-2 type, with steel 
fireboxes. The South African Railways and Harbours 
Board, Johannesburg; May 15. (Ref. No. A.X. 9372.) 
Marine Diesel Engines.—The supply and delivery of 
two marine Diesel units, complete with gears and acces- 
sories, suitable for the propulsion of two shallow-draught 
coal barges. Egyptian Ministry of Public Works, 
Cairo; April 15. (Ref. No. A.X. 9377.) 

Power Plant.—Required for the Haripur Central Jail 
Power Station, India, a power plant. The India Store 
Department; May 12. (Ref. Nos. B. 6231 and B. 6306.) 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—While many of the leading manufac- 
turers in the heavy machinery and general engineering 
trades find it impossible to subscribe to the doctrine of 
optimism that is advocated in certain quarters, there are 
undoubtedly signs of slightly greater activity in forward 
purchases of finished products. One notable instance 
applies to the production of seamless hollow-forged steel 
drums. Pre-war Sheffield gained unique experience in 
the forging of huge turbine drums for battleships, but 
with the post-war slump in battleship building, little work 
was available for plant of this type until drums of similar 
character were adopted for special engineering services. 


mercantile marine, oil-refining works, high-pressure steam 
services, and aircraft-testing plants. ne local concern 
has just booked orders for 74 drums and large supplies 
of electrical machinery for Continental use. This follows 


size. Another big engineering concern, operating in the 
Sheffield district, is to make 25 seamless drums for Stirling 
high-pressure boilers in connection with the super- 
power station of the Yorkshire Electric Power Company 
at Thornhill and the extension of the Sheffield Corpora- 
tion’s boiler installation. Months of work will thus be 
provided for many hundreds of operatives. Incidentally, 
the growing demand for large-scale plant and machinery 
pas, nt the provision of special transport facilities, 
which in turn call for the construction of railway wagons 
eapable of conveying exceptional and high-capacity 
oads. A further resultant demand is for weighing 
machines of record capacity. More orders are circulating 
for tramway and motor-omnibus steel and equipment. 
Sheffield Corporation is considering the placing of 
important contracts for renewals, repairs, and extensions, 








(Ref. No. A.X. | 


A big connection is now being developed with the | cliffe is:the senior partner in Evan Thomas, Radcliff 


throughout the 24 hours, while, though its average load | These contracts cover the supply of 800 tons of tramway 
factor is high, the load during the early morning falls 


rails and a considerable number of fish-plates and 
auxiliary fittings, in addition to manganese-steel points, 
| Varied conditiens are met with in the general steel 


it is a little unfortunate that a non-standard frequency | trades, but outputs, on the whole, are substantial 
has been perpetuated, as the station will continue to | Increased competition exists in tool-steel manufacture, 


|The lighter trades are good in parts. There is an 
improved demand for fine measuring instruments and 
| engineers’ tools. In raw and semi-finished materials 
| producers complain of the unwillingness of the big 
|}consumers to buy ahead. The bulk of the material 
|under delivery is for immediate consumption. This 
| especially applies to pig iron andscrap. Little movement 
is shown in ferro-alloys for special steel manufacture. 
| Quotations :—Siemens’ acid-steel billets, 97. 10s.; hard 
| basic-steel billets, 97. 2s. 6d. to 97. 12s. 6d. ; medium hard 
| basie-steel billets, 71. 12s. 6d. to 81. 2s. 6d. ; soft basic- 
po billets, 67. 10s.; Lincolnshire foundry pig iron, 
| 75s. ; Derbyshire foundry pig iron, 72s. 6d. ; Derbyshire 
| forge iron, 69s, 6d. ; crown iron bars, 11/.; iron hoops, 
| 127.; steel hoops, 9/7. 15s. to 101. ; soft wire rods, 8/. ; 
basic-steel scrap, 60s. 
| South Yorkshire Coal Trade.—The beneficial effect of 
| the increased subsidy has not been uniform. Pits that 
| apparently comprise a minority are doing better, but 
| in a large number of cases order books on export account 
are deficient, and there is a good deal of unsettlement in 
the market. Inland deliveries on industrial account 
are disappointing, but a somewhat better tone prevails 
| in washed descriptions. Business in house coal is patchy, 
jand with stccks in the ascendant, outputs are being 
|curtailed. Furnace and foundry coke are moderately 
active, though prices are on the easy side. Quotations :— 
| Best branch hand-picked, 26s. 6d. to 28s. ; Derbyshire 
| best brights, 21s. 9d. to 23s.; Derbyshire best house, 
| 20s. 6d. to 21s. 6d. ; screened house coal, 18s. 6d. to 20s. ; 
| screened house nuts, 16s. 6d. to 18s.; Yorkshire hards, 
| 15s. 6d. to 17s.; Derbyshire hards, 15s. 6d. to 17s. ; 
| rough slacks, 9s. to 10s. ; nutty slacks, 7s. 6d. to 8s. 6d, ; 
| smalls, 3s. to 5s. 








NOTES FROM THE SOUTH-WEST. 


| Carpirr, Wednesday. 
The Coal Trade.—Very unsatisfactory conditions 
remain in evidence in the coal trade. Stocks are 
| heavy, and the railway authorities are refusing to move 
coal from the pits except for boats in dock because 
the sidings are already congested with loaded wagons. 
The dock authorities are also refusing to allow unfixed 
vessels to dock because of the congestion already created 
by the many laid-up vessels tied up to the buoys. 
‘Demand for coal continues to be limited, and collieries 
are compelled to rely almost exclusively on_ their 
contract commitments to secure clearance of loaded 
wagons. Shipments are, however, insufficient to en- 
able sufficient empties to be returned to the pits to 
avoid temporary stoppages, which are becoming more 
'frequent. Practically all classes of coal are available 
at the minimum schedule prices, though in isolated cases 
individual collieries are hia to ask a small premium. 
| Buyers, unless tied to named coals, can, however, secure 
their requirements at the minima based on 20s. for best 
Admiralty large and 13s. 6d. for best bunker smalls. The 
only exception is washed dry duff, which has been 
rendered somewhat scarce by frequent stoppages at 
collieries producing dry classes. Shipments of coal as 
cargo foreign in the past week at 463,630 tons were 
24,000 tons less than in the preceding week, exports from 
Cardiff falling from 308,750 tons to 274,160 tons, and at 
Port Talbot from 45,100 tons to 39,920 tons, Newport, 
however, despatched 102,950 tons against 92,180 tons 
in the previous week, and Swansea 38,910 tons against 
38,240 tons. Clearances to Argentina fell from 47,050 
tons to 35,000 tons, and to France from 135,890 tons 
to 94,140 tons. Shipments to Italy also declined. 
Cardiff's Merchant Fleet.—Cardiff shipowners at present 
| control a larger fleet than at any period in the history 
| of the port. The members of the District Committee of 
'the Shipping Federation, numbering 89, control 319 
| vessels aggregating 1,166,879 gross tons, equivalent to a 
| deadweight capacity of 1,866,890 tons, which is 82,047 
tons deadweight more than was administered from the 
| City a year earlier. The largest fleet under one manage- 
| ment is that of 41 ships aggregating 200,903 gross tons, 
| under the direction of Foster, Hain and Read, Limited, 
followed by Sir W. R. Smith and Sons, Limited, with 
35 of 175,394 gross tons, while the third place is occupied 
| by Evan Thomas, Radcliffe and Company with 16 of 
| $4,152 gross tons, and the fourth by W. J. Tatem, 
Limited, with 16 of 72,098 gross tons. Mr. Daniel er 
ea 
Company, and Lord Glanely is the head of W. J. Tatem, 
Limited. 
Iron and Steel.—-Shipments of iron and steel_ goods 
last week totalled 25,383 tons, compared with 14,978 tons 








the recent completion of an order for 24 drums of similar |in the previous week. Tin-plate exports were raised from 


8,737 tons to 11,416 tons, black plates and sheets from 
1,126 tons to 2,611 tons, and other iron and steel goods 
from 1,469 tons to 7,834 tons, but those of galvanised 
sheets fell from 3,523 tons to 3,646 tons. 








THE Royat AERONAUTICAL Socrery.—At the _—" 
general meeting of the Royal Aeronautical Society. be d 
on March 25, the ballot papers for the election of the new 
Council and officers were examined. Colonel the Master 
of Sempill has been re-elected president, and the a 
Council includes Captain P. D. Acland, F rofessor 
Bairstow, Mr. M. L. Bramson, Major J. S. Buchanan, 
Mr. C. R. Fairey, Captain F, T. Hill, Mr. T. O. M. Sopw ish, 
and Mr. C. C. Walker. Major D. H. Kennedy has been 
re-elected honorary treasurer of the Society. 
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NOTES FROM THE NORTH. 


; GuasGow, Wednesday. 

Scottish Steel- Trade.—There has been little change in 
the state of the Scottish steel trade since the last report. 
The quietness in general trade is being felt by the steel- 
makers, and specifications are not very numerous at 
the moment, but many are of the opinion that when 
the budget uncertainty is past, conditions will gradually 
improve, although it is feared that extra burdens will 
have to be shouldered. The falling away in the ship- 
building tonnage figures for the first quarter of the year 
accounts for some of the quietness in the steel trade, 
and until there is an increase in the number of new con- 
tracts booked there seems little hope of any decided 
improvement. The export side of the business has 
also been very quiet during recent months, but by the 
middle of this month, shipping to Canadian ports should 
commence, and it is understood that quite a fair tonnage 
of material has already been booked. In the black-sheet 
trade the conditions are quite good as regards the lighter 
gauges for export, but the heavier sorts move very 
slowly indeed. Galvanised sheets are only moderately 
active at.the moment. Prices, generally, are unchanged 
and are as follow :—Boiler plates, 10/. 10s. per ton; 
ship plates, 87. 15s. per ton ; sections, 8/, 7s. 6d. per ton ; 
black sheets, } in., 92. per ton ; and galvanised corrugated 
sheets (No. 24 gauge), 127. 15s. per ton, all delivered 
at Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade a dull state still prevails, specifica- 
tions not being any more plentiful. The re-rollers of 
steel bars are likewise very quiet and the competition to 
fix up any orders on the market is as keen as ever. Prices 
are without change and are as follow :—‘‘ Crown ”’ bars, 
101. 5s. per ton for home delivery, and 9/. 15s. per ton 
for export; re-rolled steel bars, 7/. 12s. 6d. per ton for 
home delivery and for export. 


Scottish Pig-Iron Trade.—Quietness is very general 
throughout the Scottish pig-iron trade, and buyers 
do not seem disposed to come into the market at the 
present time for more than their current needs, It 
would seem as if they’ were waiting for something to 
happen. Prices are nominally without change and 
are as follow :—Hematite, 8ls. per ton, delivered at the 
steel works; foundry iron, No. 1, 80s. 6d. per ton, and 
No. 3, 78s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, March 29, amounted to 1,658 tons. 
Of that total 1,540 tons went overseas and 118 tons 
coastwise. During the corresponding week of last year 
804 tons went overseas and 27 tons coastwise, making a 
total shipment of 831 tons. 


Wages in the Iron Trade.—The following intimation has 
been made to Mr. James C. Bishop and Mr. Owen Coyle, 
joint secretaries of the Scottish Manufactured Iron 
Trade Conciliation and Arbitration Board, by Sir John 
M. MacLeod, Bart., C.A., Glasgow :—‘‘ In terms of the 
remit, I have examined the employers’ books for January 
and February, 1930, and I certify that the average net 
selling price brought out is 107. 9s. 9:07d. This means 
that there will be no change in the wages of the workmen 
in the trade.” 


Scottish Shipbuilding—There is to be noted a 
gradual falling off in activity in the shipbuilding yards 
of the country, and unless shipowners decide to place 
a number of fresh orders very soon there will be a large 
increase in the unemployed ranks. The new contracts 
reported during the past month only totalled nine, where- 
as the output figures were 30 vessels of 43,810 tons. 
ie details for the month and for the quarter are as 
under :—- 


March, 1930. Three Months, 1930. 
A — " 





Vessels. Tons. Vessels. Tons. 

The Clyde ... 16 36,477 43 115,571 

The Forth ... 6 6,155 8 8,940 

The Tay ee — — 1 8,000 
The Dee and 

Moray Firth 8 L178 13 2,008 

30 43,810 65 134,519 


The Clyde figures are poor, and in both the above instances 
are under the average, showing in some degree the 
prevailing state of the industry. There are rumours 
of at least one good contract coming to one of the Clyde 
yards, but, up to the present, there is no certainty of 
that, and even should this order mature it will only 
partly relieve the situation, which is now assuming 
serious proportions. 








British STANDARD SPECIFICATION FOR ALUMINIUM 
Conpuctors.—A specification recently issued by the 
British Engineering Standards Association, and desig- 
nated No. 215—1930, refers to hard-drawn aluminium 
and steel-cored aluminium conductors for overhead 
power transmission purposes. The publication is a 
fevision of the 1925 edition of the specification, and 
differs from its predecessor mainly in that the valué of 
the resistivity has been slightly altered in order to 
conform to the value recently adopted by the Inter- 
national Electrotechnical Commission. The tables given 
in the specification have been recalculated in accordance 
with the new value of the resistivity. Provision has 
also been made for certain of the mechanical tests 
to be carried out both before and after stranding. Slight 
Modifications have also been made in the galvanising 
test. Copies of the new specification may be obtained 
from the B.E.S,A. Publications Department, 28, Victoria- 


NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
7 p.m., Storey’s-gate, S.W.1. Informal Meeting. 
Discussion on ‘‘ Smoke,”’ by Mr. A. L. Stanton. South 
Wales Branch ; Tuesday, April 8, 6.30 p.m., Swansea. 
“Power Production—Past, Present and Future,” 
by Professor F. C. Lea. North Western Branch : Thurs- 
day, April 10, 7.15 p.m., Engineers’ Club, ‘Manchester. 
‘*The Economical’ Production and Distribution of 
Steam in Large Factories,’’ by Mr. F. Carnegie. 


JuniIorn INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ On Visiting Iceland 
and Other Places,” by Mr. W. M. Hurrell. Friday, 
April 11, 7.30 p.m. ‘‘ Gas in Japan and the Far East,” 
by Mr. W. T. Dunn, 


Royat Sanitary InstrruTe.—Saturday, April 5, 
10.30 a.m., Council Chamber, Plymouth. ‘“ Port 
Sanitation,” by Dr. P. B. P. Mellows, 

InsTITUTION OF MUNICIPAL AND CouNTY ENGINEERS.— 
Saturday, April 5, 10.30 a.m., Town Hall, Manchester. 
‘Town Planning in the Manchester Regional Area,” 
by Mr. D. T. Tansley. ‘‘-Road Construction in Man- 
chester,’”’ by Mr. H. C. Swindells. 

InstiTUTE oF British FounpRYMEN.—Lancashire 
Branch : Saturday, April 5, 4 p.m., College of Technology, 
Sackville-street, Manchester. Annual General Meeting. 
‘*Some Aspects of Foundry Service to Engineers,” by 
Mr. E, J. L. Howard and Mr. H. Milner. 

Roya Socrety or Arts.—Monday, April 7, 4.30 p.m., 
John-street, Adelphi, W.C.2. ‘“‘The Empire Canning 
Industry,”’ by Sir E. Jones. At 8 p.m., Thomas Gray 
Lecture. ‘‘ Aids to Navigation’’ (Lecture III), by 
Commander F. G. Cooper. 

Socrety oF ENGINEERS.—Monday, April 7, 5.30 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
‘Rural Electrification and Electro-Farming in Great 
Britain,” by Mr. R. Borlase Matthews. 

INSTITUTION OF THE RUBBER INDUSTRY.—Monday, 
April 7, 7.30 p.m, Institution of Mechanical Engineers, 
Storey’s-gate, S.W.1. ‘‘ Recent Developments in Bud- 

rafting and Seed Selection with Rubber in the Dutch 
East Indies,”’ by Mr. L. Lord. 


INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, April 8, 5.30 p.m., Royal Society of Arts, John-street, 
Adelphi, W.C.2. ‘‘Some Features of Modern Steam 
Operated Deep Hole Rotary Drilling Plant,’? by Mr. N. 
Matheson. 


INSTITUTION OF CiIvIL ENGINEERS.—Tuesday, April 8, 
6 p.m., Great George-street, S.W.1. ‘“‘The Rebuilding 
of the Bassein Bridges on the Bombay, Baroda and 
Central India Railway,” by Mr. B. B. Haskew. ‘“‘ The 
Reconstruction of the Attock Bridge across the River 
Indus on the North-Western Railway, India,’’ by 
Mr. W. T. Everall. Wednesday, April 9, 6 p.m. Informal 
Meeting. ‘‘ Recent Developments in Railway Per- 
manent Way Practice, with Particular Reference to the 
Use of Metal Sleepers,’”’ by Mr. S. T. Dutton. 


InsTITUTE OF MARINE ENGINEERS,—Tuesday, April 8, 
6.30 p.m., 85/88, The Minories, E.C.3. ‘‘ Recent 
Metallurgical Research in Relation to Marine Engineer- 
ing,” by Mr. 8S. L. Archbutt. Thursday, April 10, 
7 p.m. Junior Section: Kinematograph Film. ‘‘ The 
Manufacture and Operation of the Babcock and Wilcox 
Water-tube Boiler.” 


InstTiTuTION oF Navat ARcHITECTS.—Annual General 
Meeting, Wednesday, April 9, to Friday, April 11. Royal 
Society of Arts, John-street, Adelphi, W.C.2, Wednesday 
April 9, 11 a.m. Address by the President, Lord Wester 
Wemyss. ‘Safety of Life at Sea (1929 Conference),” 
by Sir W. S. Abell and Mr. A. J. Daniel. ‘‘ Some 
Materials used for Naval Engineering Purposes,” by 
Eng.-Capt. J. H. Harrison. At 7.30 p.m., Annual 
Dinner. Connaught Rooms, Great Queen-street, W.C. 2. 
Thursday, April 10, 10.30 am, ‘Recent Results 
Obtained in Service with the High Pressure Steam 
Installation of the Holland-America Liner Statendam, 
by Dr. W. M. Meijer. ‘Performance of Two Vessels 
with Electric Transmission Gear,’’ by Mr. W. J. Belsey. 
At 2.30 p.m. ‘‘ On the Final State of a Gas Discharged 
from a Reservoir into a Space under Constant Pressure,” 
by Colonel F. Modugno. ‘“‘ Notes on the Behaviour of 
Two Passenger Vessels During a Voyage to and from 
Australia,’ by Dr. B. C. Laws. ‘“‘ Stability of a vessel 
with a List,” by Mr. F. H. Alexander. “‘ Stress Dis- 
tributions in Notched Beams, and their Application,” by 
Professor E, G. Coker and Mr. G. P. Coleman. Friday, 
April 11, ll a.m. ‘‘ Causes and Prevention of Vibration 
in Motor Ships,” by Mr. R. Sulzer. ‘‘ Vibration of 
Ships,” by Dr. J. L. Taylor. ‘Sea Trials of Italian 
Flotilla Leaders,” by Lieut.-Col. F. Dondona. At3p.m., 
‘Experiments on the Resistance and Form of Towed 
Barges,”’ by Mr. G. 8. Baker and Miss E. M. Keary. “ Ship 
Wave Resistance—Some Further Comparisons of 
Mathematical Theory and Experimental Results,” by 
Mr. W. C. 8. Wigley. 

InstrTuTe or MetaLs.—Swansea Local Section : Thurs- 
day, April 10, 7 p.m., Thomas Café, High Street, Swansea. 
Annual General Meeting. London Local Section : Thurs- 
day, April 10, 7.30 p.m., Society of Motor Manufacturers 
and Traders, Limited, 83, Pall Mall, S.W.1. Annual 
General Meeting. Open discussion on ‘‘ The Solidifica- 
tion of Metals.’’ Sheffield Local Section: Friday, April 
11, 7.30 p.m., The University, St. Georges-square, 
Sheffield. Annual General Meeting. ‘‘ Refractories and 
their Uses,” by Mr. F. Russell. 


INSTITUTION OF ELECTRICAL ENGINEERS.—Thursday, 
April 10, 6 p.m., Victoria-embankment, W.C.2. “‘ Surge 


by Mr. S. W. Melsom, Mr. A. N. Arman and Mr. W. 

Bibby. 

INSTITUTION OF CHEMICAL ENGINEERS.—Friday, 
April 11, 7 p.m., College of Technology, Sackville-stveet, 
Manchester. Lecture. ‘‘The Fabrication of Acid- 
Resisting Steel Plant,’’ by Dr. W. H. Hatfield. 


Society oF CHEemicaL INpUsTRY; CHEMICAL ENGI- 
NEERING GRouP.—Friday, April 11, 8 p.m., Chemical 
Society, Burlington House, Piccadilly, W.1. General 
Discussion on ‘Asphalt as a Chemical Engineering 
Material.”’ (a) ‘“‘ The Principles of Manufacture of Mastic 
Asphalt,” by Mr. A. W. Attwooll. (b) ‘‘ Experience with 
some Applications of Mastic Asphalt in a Chemical 
Works,” by Mr. D. McDonald. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Sales of Cleveland pig-iron 
show some improvement, but demand has not expanded 
to the extent expected as a result of the recent price 
reduction. Output is still rather more than sufficient 
to meet current needs, but stocks are not inconveniently 
large, and there seems likelihood of early increase of re- 
quirements which inspires the hope that additions to stocks 
will cease shortly. Fairly substantial sales have been 
made to local users and to home customers at a distance, 
and enlargement of trade with Scotland is rather confi- 
dently looked for. There is also rather more business 
passing with overseas firms, Second-hands have little 
iron to offer, but are doing some export trade, chiefly 
with buyers in Denmark. Home consumers are dealing 
almost entirely direct with ironmasters. No. 1 grade of 
iron is 70s.; No. 3 g.m.b., 67s, 6d,; No. 4 foundry, 
66s. 6d.; and No. 4 forge, 66s. 


Hematite.—Stocks of East Coast hematite continue 
to increase rather rapidly and have reached proportions 
that are very disquieting. Demand is not improving, 
and quotations—already well below cost—are falling. 
Early curtailments of output by putting furnaces out 
of operation seem imminent, Second-hands, in their 
anxiety considerably to lighten their substantial holdings, 
do not hesitate to undersell makers, and the latter are 
prepared to entertain favourably offers at below the 
unremunerative figures generally named. Transactions 
are almost confined to sales of a few moderate parcels for 
home use. Export business is little heard of, comparative 
cheapness of Continental iron keeping hematite producers 
of this area out of foreign markets. Terms of contract 
for East Coast brands vary a good deal. Ordinary 
qualities are offered at 75s. 6d., and No. 1 is put at a 
premium of 6d. 

Foreign Ore.—There is virtually no activity in 
foreign ore. Consumers having extensive contracts 
made, and larger stocks than they care to carry, are off 
the market. The nominal price of best rubio remains at 
21s, 6d. c.i.f. Tees. 


Blast-Furnace Coke.—Durham blast-furnace coke is 
being pressed on the market. Supply is abundant and 
quotations are weak. Good medium qualities are on 
sale at 19s. 6d. delivered to local users. 


Manufactured Iron and Steel.—Sales of manufactured 
iron and steel are not heavy or numerous. One or two 
branches are not too well off for orders but most depart- 
ments have still quite a lot of work to execute, and aggre- 
gate tonnage output remains large. There is most activity 
at works producing shipbuilding, bridge building, and 
railway construction requisites. Quotations are steadily 
maintained. Common iron bars are 10/. 15s. ; best bars, 
1ll, 5s. ; double best bars, 111. 15s.; treble best bars, 
121. 5s.; iron rivets, 111, 10s.; packing (parallel), 8J. ; 
packing (tapered), 10/.; steel billets (soft), 67. 15s. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 28, 6d. ; steel rivets, 11/. 5s. ; steel ship plates, 81. 15s. ; 
steel angles, 8/. 7s. 6d.; steel joists, 8/. 10s.; heavy 
sections of steel rails, 8/. 10s. for parcels of 500 tons and 
over, and 9/. for smaller lots; fish plates, 12/. 10s. ; 
black sheets (No. 24 gauge), 9/. 158.; and galvanised 
corrugated sheets (No. 24 gauge), 12/7. 

Shipments of Iron and Steel.—Aggregate shipments of 
iron and steel from the Tees last month reached 80,991 
tons as against 65,591 tons in February. Of the 20,208 
tons of pig iron despatched last month, Scotland accepted 
8,713 tons; Denmark, 2,942 tons; France, 1,825 tons; 
Wales, 1,500 tons ; and Norway, 1,180 tons. The Union 
of South Africa was the chief importer of manufactured 
iron, taking 413 tons. Among the principal customers 
for steel were :—Argentina, 11,858 tons; India, 7,166 
tons; Australia, 4,260 tons; and the Union of South 
Africa, 3,170 tons, 








Tue Institete oF Marine ENGINEERS.—The annual 
report for 1929 of the Institute of Marine Engineers 
shows that the number of members on the roll was 3,217 
on December 31, 1929, as against 3,170 a year earlier. 
Ten papers were read at the various meetings held during 
the year, and the Denny Gold Medal was awarded to 
Mr. J. Harbottle, for his paper ‘“‘ The Opposed-Piston 
Oil Engine,” and the Institute’s Silver Medal to Mr. W. J. 
Muller, for his paper ‘“‘ Notes on the Lentz Standard 
Marine Engine as fitted in Ships of the Koninklijke 
Paketvaart Maatschappij.’’ The 1929 Lloyd’s Register 
Scholarship was awarded to Mr. G. A. Westlake. The 
examination for the scholarship was held in nine centres, 
the number of candidates being 15. Seven junior-section 
meetings, which were of a social character, took place 
during the year. These meetings are held for the 
benefit of the apprentice members of the Institute, 








street, London, 8.W.1, price 2s. 2d. post free. 


Investigations on Overhead Line and Cable Systems,” 


and are proving very successful. 
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situation, and to describe some measures which 
have already been taken with the object of miti- 
gating it. They show, however, that very much 
more remains to be done if the present connection, 
valuable as it is to both countries, is to be restored 
to its earlier strength and developed to the advantage 
which it seems able to yield. 

Of the circumstances which have brought about 
the present position some must. be recognised as 
having been beyond the control of the industries 
which are suffering from it. It took two years, as 
the report of Lord D’Abernon’s Mission records, to 
recover from the heavy fall in exports produced by 
the labour stoppages of 1926. More permanent 
still, the burden of post-war taxation arises from 
efforts to meet our obligations in full, and, as the 
report says, handicaps us in competition with 
countries which have treated their indebtedness by 
more expeditious methods. In some measure this 
handicap has been felt particularly in so much 
of the post-war development of this market—and 
it is a considerable part—which has related to 
new branches of work. While in some departments, 
particularly in old-established businesses, we 
have retained our original position, in new depart- 
ments of trade the Mission found that we had 
been completely outdistanced. In new forms of 
transport, similarly—aviation, road construction, 
domestic and commercial motor vehicles—others 
have taken the place that we might have held, 
as we have done in railroad construction and 
shipbuilding. The fact that the industries in 
question could not avoid some of these circumstances 
does not, however, alter their consequence, and 

the trade which has been lost must be recovered 

if the position is to be retrieved, or indeed is not 

to go from bad to worse. _In a sense, it is fortunate, 

therefore, that some essential causes seem evidently 

to be within the control of the industries. They 

have been alleged in almost every overseas report 

on markets in which trade has been lost, and the 

unanimity with which so many independent 

writers in entirely different markets put their 

fingers on the same point, raises a strong pre- 

sumption that it is a real blemish on British 

industrial administration. ‘In commenting on 
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so often to refer to these criticisms that there is 
no purpose in repeating the complaints once 
again. In substance they amount to the suggestion 
that British manufacturers are less willing than 
their competitors to adapt their goods and services 
to what is required by changed times and markets. 
If it is remembered that this country has a position 
second to none in the disposition of Argentines 
to deal with it, the extent to which some branches 
of trade have failed to use that and such other 
advantages as they possess in the market may 
perhaps be seen most strikingly by reference to 
motor vehicles and agricultural machinery. In the 
first six months of 1929, Argentina imported some 
51,000 motor vehicles, to a value of well over 
5,000,0001., and agricultural machinery on a 
similar scale. Yet it is estimated for 1928—and 
there is no reason to believe that the proportions 
have undergone any substantial alteration—that 
the United States alone supplied about 80 per cent. 
of the agricultural machinery and over 95 per cent. 
of the motor vehicles, the British share being 
just over 1 per cent. 

Argentina is a country of great developed wealth, 
a large part of which is due to its excellent railroad 
system. Nevertheless, with ten times the area of 
Great Britain it has not much greater mileage of 
railways, and its extremely defective road system, 
now to be amended, is hanging up not only the 
motor vehicle business for which its wealth and 
tastes make it peculiarly suitable, but the develop- 
ment of vast areas of land. Its population is only 
a fourth of that of Great Britain. It is not surprising 
that in these circumstances Lord D’Abernon’s 
Mission regards the present volume of commercial 
exchange as only a small proportion of the probable 
future, and looks forward to the rapid development 
of commerce in South America with greater confi- 
dence than it feels in any other part of the world. 
In some ways the market may have difficulties 
of its own. Its distance and the high cost of living 
and of travelling—even the sociable character of 
the Argentines themselves, and the desirability of 
paying prolonged and frequent visits—may call 
for larger expenses and outlay than every firm 
may be in a position to undertake. The prospects 
of the market, however, and the advantage to 
which British manufacturers could turn a suitable 
service, if they provided it, seems to make it 
desirable for any firm desiring fresh export business | 
to take the matter into serious consideration, | 
whether for individual action or for measures in | 
co-operation with other firms. The present is a | 
particularly opportune time, because, the initiative 
of the British Chamber of Commerce in Buenos 
Aires, a British Empire Trade Exhibition is to 
be held from February 18 to April 2 next in 
grounds in the centre of Buenos Aires placed at the 
disposal of a Committee by the Argentine Rural | 
Association. The demands for space are already 
so large that the organisers have had to provide 
buildings additional to those placed at their dis- | 
posal by the Argentine Rural Association. It is | 
ensured that practically every important British 
trade will be represented, including, of course, 
engineering of every kind. It is the first exhibition 
of its kind to be held in South America, and is 
being supported actively by the many British 
commercial and financial establishments in the 
Argentine. A London Committee has been formed 
at 5, Parliament Mansions, Orchard-street, Victoria- 
street, S.W.1. 

The competition which will be necessary in order 
to obtain and keep the trade that has been lost 
has at least one inducement. There seems to be 
much less doubt thar is usual in such enterprises 
as to there being a large and rapidly-growing 
market. British manufacturers, moreover, who 
are prepared to do their part in providing the 
necessary service will find that they are not without 
reason to expect a favoured reception. There is 
already estimated to be between 500,000,000/. and 
600,000,000/. of British money invested in the 
Argentine in financial loans and undertakings, 
railways and public utilities, land development, 
refrigerating works, and local industries, and 
British administration of such undertakings has 
met with high and continued appreciation. Great 
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|exist on questions of secondary importance, it is 


'Committee to answer some questions raised by 
| Sir T. Morison in a paper read to the Institution in 


provides for Argentine produce, is buying between 
two and three times as much from that country 
as it sells to it, and for the further development 
of her resources Argentina is looking for an increase 
in her exports to Great Britain, and in the provision 
of British capital. Both countries have, in fact, 
need of each other, as well as ground for confidence 
in their mutual dealings, and if British manu- 
facturers provide what is reasonably necessary by 
offering conditions and service equivalent to that 
of their competitors, there seems no reason to 
question that on the Argentine side means will 
be found for giving effect to their wish that the 
business should be reciprocal. As was announced 
a little while ago, a beginning on a significant scale 
was made last autumn in a treaty negotiated with 
the Economic Mission, providing for the reciprocal 
purchase to equivalent amounts (8,700,000/.) of 
Argentine produce and of British manufactures for 
the use of State departments. 





ENGINEERING TRAINING FOR 
ADMINISTRATIVE RANK. 


In his presidential address to the Institution of 
Civil Engineers in 1906, the late Sir A. B. W. 
Kennedy remarked that from the day his pupilage 
ends, to the last day of his engineering life, the 
engineer is always face to face with the fact that 
there are half-a-dozen ways of doing everything, 
and that the half-dozen ways are more or less 
equally good. All problems can be worked out to 
the same end in very different ways. If this is true 
of actual practice, it is no less true of engineering 
training. The successful engineers of to-day have 
gained their education and training in a great 
variety of ways, and no one would claim that 
any one particular system of training was suitable 
for every student. Not only do individuals differ 
in ability, aptitude, character and mental outlook, 
but each branch of engineering industry has its 
own particular problems, and schemes of training 
must, to some extent, be influenced by local condi- 
In every case, a compromise has to be made 
between the claims of theory and practice, while 
there are few in which financial considerations do 
not play some part. 

While considerable differences of opinion may 


generally admitted that to-day, the training of 
engineers for appointments such as_ technical 
assistants and assistant managers must, necessarily, 
require some five or six years, about half of which 
should be spent in a technical college or university. 
This view is reflected in the recently-issued Report 
of the Council of the North East Coast Institution 
of Engineers and Shipbuilders on ‘“ Engineering 
Training for Officers’ Rank,” a report which is the 
result of the attempt made by the Education 


1926, entitled ‘‘ How should an engineer be trained?” 
The enquiry was limited to the training of marine 
and mechanical engineers, shipbuilders and naval 
architects, while it is stated that ‘‘ Officers’ Rank ” 
in engineering denotes that the person possessing 
it has a reasonably broad acquaintance with the 
application of scientific principles to engineering, 
a certain amount of general scholarship, and some 
practical knowledge of all the trades or professions 
which are employed in engineering works.” Though 
admitting that it is not self-evident that scientific 
knowledge and scholarship give the engineer an 
increased potentiality of attaining position, of high 
responsibility in the profession, the committee 
regards the obtaining of a university degree in 
applied science as assuring a satisfactory standard 
of scholarship, and as the normal road to officers’ 
rank in the engineering profession. On_ this 
point, the Report is emphatic, and under modern 
conditions, few will probably disagree from the 
statement. 

If the young engineer is to obtain a degree, the 
question then arises as to whether he shall pass 
direct from school to college, or whether he shall 
obtain some preliminary experience in the works. 
On this point also, the views of the committee are 


is “ extremely desirable as a preliminary to enteriig 
the university that some experience of handling 
and fashioning actual materials and of seeing what 
engines and ships and their parts look like in 
different stages of their construction, should be 
acquired.” The advantages of the boy of 17 or 
18 years of age spending some time in the shops 
before proceeding to college were admirably 
summarised five years ago by Sir William Ellis, 
who said, “ Practical training is desirable, not only 
to familiarise ourselves in the use and output of 
various tools, the progress of manufacture, and the 
various uses of machinery, but also to enable us to 
understand the psychology of the workmen. This 
is more easily absorbed by the boy going directly 
from school into the works when, owing to his age, 
he is really an apprentice. The workmen teach him 
willingly, talk freely with him about their work and 
their domestic life, and such knowledge is invaluable 
to the boy in after life, when he is in a position of 
authority over large bodies of workmen. ; 
He is able to understand their point of view, and 
many troubles are avoided because of this fact. 
Many disputes are caused from lack of sympathy 
and understanding of the difficulties underlying the 
question.” 

The other side has often been stated, and some 
years ago, Professor Smithells, when speaking of 
the training of gas engineers, said that an early 
taste of the real business often fired a young man 
with impatience to go on with it, he often got a 
wrong view of the kind of knowledge that he would 
most need, and that the early impress of things 
practical would detach his interest for things 
intellectual. The more usual objection raised is 
that by going into the works direct from school, 
studious habits may be weakened, and knowledge 
acquired at school may be forgotten. The com- 
mittee, however, considers that knowledge acquired 
at school is not more likely to be forgotten in one 
or two years before entering the university than 
that acquired at the university is likely to be for- 
gotten within one or two years after leaving, but 
“in either case, knowledge so easily lost is not of 
much use to the engineer in his career.” A great 
deal will depend on the use the student makes of 
his leisure, for with the widespread system of 
evening classes, there is no difficulty in any youth 
carrying on his studies in mathematics and science 
while engaged in the works in the day time. 

In an appendix to the Report are given two 
outline schemes of training for special apprentices 
for the shipyard and engineering workshop, and in 
these it is pointed out that firms which accept the 
responsibility of training students must recognise 
that at hardly any period of training can a student 
apprentice be of economic value. Indeed, on the 
contrary, the more the method of training approaches 
the ideal of fitting the student for the post he is to 
occupy in the future, the greater will be the expense. 
In coming to their conclusions, the committee have 
been influenced by the replies received to a question- 
naire sent out to 38 firms in the district. Replies 
were received from 27 of these, and a summary of 
their replies is given. The Report concluded with 
a note on a system of concurrent works and college 
training developed at the University of Cincinnati, 
and now in operation in universities and high schools 
in over 300 American towns. This system arose 
through the breakdown of the old apprentice 
system, the inefficacy of university shops, and the 
increasing complexity of industrial organisation. 
It is more or less a development of the so-called 
sandwich system, and under it, students spend 
alternate fortnights in the works and at the college. 
the university professors being responsible for the 
work of the student, in both the one and the other. 
The development of the system suggests that 
companies have found it workable, and it is stated 
that “co-operative” students have turned out to 
be a more serious class of men than their prede- 
cessors, the works’ experience apparently having 4 
steadying influence. This is perhaps what might 
have been expected. 
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Britain, moreover, through the free market it 


no less clearly stated. At least one year’s practical 
training in the works is considered necessary, for it 


flights are being made to connect with the sailings of the 
mail steamers to Europe from Tandjong Priok. 
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COAL CLEANING. 


Ir has often been said that, in methods of using 
fuel, British custom has been notably more extrava- 
gant than that of other countries. If this be so,-an 
obvious reason, if not a sufficient excuse, is that 
British coal costs less than foreign, and economies 
that were worth while with a dearer material 
would not pay with a cheaper. A particular form 
of extravagance, which continental countries used 
to be much more active in avoiding than Great 
Britain, was the use of coal without separating it 
from the ash, and here again the apparent reason 
for the difference was that seams in this country 
were much freer from ash than those of continental 
deposits. The extent of the national and industrial 
loss which has been sustained through these causes 
has attracted attention for some time past, partly 
through the more general recognition of the need 
for every kind of thrift, and partly because the 
natural advantages which encouraged waste of fuel 
are visibly disappearing. The thicker and purer 
seams have been, or are being, worked out, and 
at the same time, users are beginning to know more 
exactly what they want, and are becoming increas- 
ingly more anxious to obtain it. 

In a paper by Dr. F. S. Sinnatt and Mr D. T. 
Davies on ‘‘Some Developments and Problems in 
Coal Cleaning,”’ read recently in Bristol at a joint 
meeting of the Society of Chemical Industry and 
the Institute of Fuel, some facts were given which 
indicate that the practice of cleaning coal has gone 
much farther in this country than may be generally 
recognised. Taking all-over figures for Great 
Britain, it appears that, in 1927, just over a fifth, 
and, in 1928, just over a quarter, of the total out- 
put of coal was washed or cleaned in some way. 
These figures, however, must understate the extent 
to which use is being made of cleaning processes 
where they are applicable, because a proportion 
of the total coal raised must, by reason of size or 
other circumstances, be unsuitable for cleaning pur- 
poses. It is said that, in certain of the coal areas, 
something like 90 per cent. of the coal suitable 
for cleaning is being treated. Methods of dry 
treatment, moreover, have come into practice 
during the last few years, and although even now 
they are being applied to only about a tenth of 
the coal that is being cleaned, the rate at which 
they have been adopted has shown an extraordinary 
and continuous increase. They began to be intro- 
duced about eight years ago, and, by the end of 
the first three years, were being applied to a million 
tons a year. At that date, pneumatic separators 
began to be introduced, and while the use of spiral 
separators has continued to increase quite steadily 
year by year, that of pneumatic separators has 
grown still more rapidly, until last year nearly 
7,000,000 tons were treated by dry cleaning. To 
a large extent, the adoption of cleaning processes 
has been assisted by the fact that large coal is 
ceasing to be demanded as an index of purity, 
and users are seeking coal in sizes more convenient 
for their respective purposes, and with more direct 
and conclusive evidence of freedom from ash. 

Nature, unfortunately, does not supply her raw 
materials to specification. Her customers have to 
be thankful to get them as they come, and few 
of them are found in so disorderly a variety of 
compositions as coal. It may be an exaggeration 
to say that every seam presents a fresh problem 
to those who have to deal with it, but it is certain 
that the number of such problems is so large that 
it will be long before practice will have established 
a settled choice of methods, by one or more of 
which any fresh seam may be treated. Even in 
the much more ancient art of ore dressing, it cannot 
be said that finality has been reached, and the 
newer practice of coal cleaning is still farther 
behind. The experience of the last few years gives 
reason for expecting that, under many circumstances, 
dry cleaning will be found a valuable addition to 
the means at disposal. It has the advantage over 
washing, not only that it does not introduce the 
difficulty of slimes, which are so troublesome in 
a, kinds of ore dressing, but also that it avoids 
aa an impurity in the shape of water 

ust be got rid of ultimately. It is, in fact, 
*ssentially a simpler method, to the extent of 
‘voiding the surface action between coal and 
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water, which, with fine materials, is a considerable 
factor in the separation, and it may well be that 
Dr. Sinnatt and his colleague are right in regarding 
its rapid growth during the last few years as the 
greatest modern development in coal cleaning. 
For some of the same reasons, Dr. Lessing’s remark- 
able process of wet washing is to be regarded as 
another fundamental step in the evolution of coal 
cleaning. It will be remembered that the object 
of this process was to subject the entire mass of coal 
under treatment to what was, in effect, a float and sink 
test in a calcium-chloride solution. It was found, 
as might have been expected, that the behaviour 
of the fines in such a process was greatly different 
to that of the small and larger coal, and prevented 
both a sharp separation of the ash and a satisfactory 
recovery of the calcium-chloride solution. Accord- 
ingly, in the Lessing process, the fines are entirely 
withdrawn from the coal by pneumatic means 
before the flotation begins, and, as a result, not only 
a sharp separation of coal from refuse is obtained, 
but also the calcium-chloride solution left in the 
pores is displaced with remarkable quickness and 
completeness by a current of water descending 
through the mass, so that the coal drains rapidly 
to a content of moisture as little as or less than 
it contained before treatment. 

Apart from the merits of the process as a whole, 
there seems little question but that the preliminary 
removal of the dust is likely to be a measure of 
considerable advantage when applied to some other 
processes of washing. So far, moreover, it has been 
found that the dust when removed can be burnt 
conveniently in pulverised-coal burners, and should 
be an economical fuel for the purpose of the colliery 
and adjoining works. Another line of investigation 
has been opened up at the Fuel Research Station 
by a method introduced by Messrs. Norton and 
Company, of Tividale, for improving the exactness 
of separation to be obtained by jig washers. Here 
again, it is hoped that experience with the new 
method may throw light on the physical mechanism 
of jig washing and the phenomena of settling, with 
possible advantage to future design and operation, 

These are among the most important of a con- 
siderable number of ways in which modern practice 
is coming to use coal of increased purity, even from 
seams that are not particularly pure in themselves. 
Doubtless a good deal has yet to be learnt about the 
effect of impurities before the full possible use can 
be made of purity. It is already realised, for 
instance, that apart from the percentage of ash, 
something turns on its melting point. Experience 
has shown, however, that this figure is not necessarily 
conclusive. Some refractory ashes may give more 
trouble by adhering to firebars or brickwork than 
others which melt more readily, but do not adhere. 
Nevertheless, good results have been obtained 
repeatedly by blending coals, so as to keep not only 
a low percentage of ash but also a high fusion point, 
and sometimes with more insistence on the fusion 
point than on the percentage. In his presidential 
address to the Institute of Fuel, Sir David: Milne 
Watson stigmatised coal ash as a bugbear in the 
use of coal from its earliest transport to its final 
disposal as clinker. However much may remain 
to be learned of the constitution of coals, enough 
is now known of the economies to be effected by 
using it freed as far as possible from ash to make it 
clear that the use of cleaned coal will come 
increasingly into practice. This tendency has been 
proceeding for some time past, and probably has 
entered on a reinforced strength with the demon- 
stration in the Lessing process that coal can be 
cleaned commercially down to the full limit of 
its inherent ash. The most immediate difficulty 
seems to be to express the qualities required in 
coal for given purposes in the general terms of 
a specification, which may be convenient alike 
for producer and consumer. Without such an 
inducement, consumers will less readily recognise 
how much the refined product is worth more than 
the crude, and unless an accurate value can be 
put on that difference neither side will know with 
certainty what course to take. 

It seems, therefore, that coal users, as well as 
coal producers, are thrown back once again on the 





need for selling coal to specification, and for defining 
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know what extra price can be allowed economically 
for cleaner coal and what extra quality can be 
given for it. A condition precedent to arriving at 
such specifications is that the question of closer 
sampling shall be brought to a decision. Considerable 
progress has been made in arriving at agreement 
on methods of analysis, but these, by themselves, 
will not go far enough if methods of sampling are 
still uncertain. With the emergence of low-tem- 
perature carbonisation into the commercial field, 
it has no longer the priority on the resources of 
the Fuel Research Station which has been allowed 
it uptonow. Doubtless there are plenty of subjects 
to take its place, and no doubt can be felt that a 
really satisfactory settlement of the question of 
sampling is a heavy task. It seems worth con- 
sidering, however, whether there is any which is 
more ripe for attack and more likely to lead to 
valuable practical results. 


NOTES. 


Wortp PowrR CONFERENCE, BERLIN: 
AND EXcuURSIONS. 


Wir the object of enabling delegates of the 
second plenary World Power Conference, in Berlin, 
to visit the modern German power stations and 
industrial works, the Managing Bureau and the 
Official Travel Bureau of the Conference have 
arranged a series of excursions and tours covering 
the whole of Germany. As already announced in 
our columns, the business meetings of the Conference 
will be held from June 16 to 25. Seven excursions 
have been planned, the first of which will embrace 
places of technical and general interest in Berlin 
and its environs ; some forty-one works in the neigh- 
bourhood of the capital are on the visiting list, 
including Messrs. Allgemeine Elektricititsgesell- 
schaft; A. Borsig G.m.b.H.; Siemens and Halske 
A.-G.; Junkers and Co.; and Mitteldeutsche 
Stahlwerke A.-G. The second excursion is from Ber- 
lin, westwards to the industrial regions of the Rhine 
and Westphalia, passing through Brunswick, the 
Harz Mountains, Goslar, Schierke, Wernigerode, 
Hanover, Essen, Rhenish-Westphalia and Cologne. 
The route of the third excursion will lie through 
central Germany to the south-west and Baden, 
via Cassel, Frankfort, Heidelberg, Carlsruhe, Stutt- 
gart, Freiburg and Bale. Excursion No. 4 will 
be to Bavaria and the south via the central German 
lignite-mining district. Nuremberg, Munich and 
eastern Bavaria will be visited. The fifth excursion 
will comprise south-east Germany, Saxony and 
Upper and Lower Silesia. The localities to be 
visited will include Leipzig, Dresden, Breslau, 
and Gleiwitz. The sixth excursion will be to north- 
east Germany, namely, Pomerania and East 
Prussia, passing through Stettin, Danzig, Marien- 
burg, Elbing, Allenstein and Ké6nigsberg. The 
seventh excursion will embrace northern Germany 
and the Hanseatic region, Liibeck, Kiel, Hamburg, 
Bremen and Bremenhaven. In the case of the 
last six excursions (No. 2 to No. 7), parties will 
leave Berlin by train on the morning of June 26. 
The durations of the tours vary from 6 to 9 days. 
Full particulars of any of the trips and visits 
may be obtained from the Offizielle Reisebiiro 
der Zweiten Weltkraft-Konferenz, Ingenieurhaus, 
Berlin. N.W.7, Germany. Applications to partici- 
pate in any of the tours should be in the hands 
of the Official Travel Bureau, at the above address, 
by April 15. 

THE CANADIAN ELEcTRICAL CopDE. 


In the latter part of 1927, as a result of nearly 
seven years’ work, the Canadian Engineering 
Standards Association issued Part I of an electrical 
code. This comprised rules covering the whole field 
of what is known as installation work, and has 
since been officially adopted by the provinces of 
Nova Scotia, Quebec, Ontario, Saskatchewan and 
British Columbia, while the leading municipalities 
in New Brunswick and the province of Alberta have 
also accorded it recognition. There can, therefore, be 
no doubt about its authoritativeness, nor that, in 
general, it meets the ideas of the electrical industry 
of the Dominion as regards standards of safety and 
good workmanship in this branch of electrical 
practice. It may be recalled that the position in 
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specifications more closely, so that each side may 


Canada in this respect was a little peculiar. As 








pointed out by Mr. A. 8. L. Barnes in an article 
which we published on page 815 of vol. cxxiv, of 
ENGINEERING (1927), electrical work in that country 
was for many years governed by a set of rules pre- 
pared by the Underwriters’ Laboratories of Chicago, 
in other words, by a foreign body. The disadvan- 
tages of such an arrangement, besides being obvious 
to the Canadians themselves, were the cause of much 
criticism in this country, where it was felt that 
British goods were not obtaining a fair chance in 
what should have been a profitable market. With 
the publication of the Canadian Code, however, 
approval of the apparatus used no longer depends 
on a fiat from Chicago, but is accorded by certain 
recognised laboratories in the Dominion itself. 
This procedure gave British electrical manufacturers 
the right of having their products approved in 
Canada for Canada, so that the only obstacle which 
now remains to the development of their business 
would seem to be a disinclination to comply with 
the requirements of the Code. An examination of 
the second edition of Part I of this document, which 
is obtainable from the Overseas Trade Department, 
indicates that such compliance should present no 
great difficulty. In the first place, it specifies only 
essential requirements and minimum standards, and, 
in this respect, may be distinguished from the rules 
of our own Institution of Electrical Engineers, which 
are not unjustly considered as formulating an ideal 
rather than as imposing a limit below which it would 
be dangerous to descend. The new edition makes no 
change in this way, for the revision consists of con- 
densation, expansion and re-arrangement, all of 
which have been found necessary in order that the 
Code may keep pace with recent developments in 
the electrical field. It is impossible to deal in 
detail with the various rules contained therein, 
but we note with interest that earthing is definitely 
extended to cover all portable apparatus, and that 
special stress is laid on this form of protection 
being specially efficient in damp situations. Earthing 
to both water and gas pipes is allowed, in contra- 
distinction to our rules, where the use of the latter 
is not permitted. In general, however, there is no 
great departure from what is recognised as good 
practice in this country, and the way of our manufac- 
turers, in supplying the Canadian market, will not 
be made more difficult by reason of this document. 


INTERNATIONAL CONGRESS FOR APPLIED 
MeEcuanics, STOCKHOLM. 

Some six years ago, an international congress, 
the object of which was to discuss various questions 
relating to applied mechanics, was organised by 
Dutch engineers and scientists and was held in 
Delft in April, 1924. The success of this meeting 
was such that it was decided to hold further con- 
gresses at intervals. An international committee, 
the members of which include Professors L. Bairstow, 
E. G. Coker, J. S. Ames, L. Prandtl, and G. I. 
Taylor, was formed, and, as a result of its delibera- 
tions, a second congress met in Ziirich in Septem- 
ber, 1926. The third congress of the series is to 
be held at Stockholm from August 24 to 29, when 
morning and afternoon sessions will take place in the 
Kungliga Tekniska Hégskolan (Royal Technical 
University), Valhallaviigen. Up till the present, 
some 300 persons have notified the Congress authori- 
ties of their intention of being present at the meet- 
ing, and numerous papers have been received. 
Authors of contributions are reminded that they 
should forward to Stockholm, by May 1 at the 
latest, a typewritten summary, not exceeding 300 
words in length, of their paper, in the language in 
which it is to be delivered. After the close of the 
sittings of the Congress, members are given the 
option of taking part in one of two excursions into 
picturesque Sweden. The first will commence on 
the morning of August 31 and will comprise visits to 
Dalarna, Falun, and Siljan, ending at Gothenburg 
on the morning of September 2. The second ex- 
cursion will commence in the evening of August 30, 
and Qstersund, Frésén, Are, Tiannforsen, and 
Trondhjem (Norway) will be visited. The party 
will return to Stockholm, arriving in the morning of 
September 3. Further particulars regarding the 
Congress and full information concerning the 
excursions may be obtained from the Secretary, 
Kongressens Informationsbyra, Kungliga Tekniska 
Hégskolan, Valhallaviigen, Stockholm, Sweden. 
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THE LATE PROFESSOR J. O. ARNOLD. 


Ture death of Professor John Oliver Arnold, 
D.Met., F.R.S., at Oxford, on March 27, after a 
long period of ill health, removes from the ranks of 
British scientists, a man of remarkable ability and 
achievements, who, in many respects, was a pioneer 
in the realm of scientific metallurgy. Since re- 
linquishing the Chair of Metallurgy at the University 
of Sheffield, in 1920, Professor Arnold had been living 
in retirement at Bowness-on-Windermere, West- 
morland. Probably the last honour paid to him was 
his election to an honorary vice-presidentship of 
the Iron and Steel Institute in 1925. His name 
thus appeared in company with those of Messrs. 
Percy C. Gilchrist and Alexander Pourcel, Professors 
H. Le Chatelier and Carl Benedicks, and other 
metallurgists of international renown. 

The son of the late Mr. David Nelson Arnold, 
M.I.Mech.E., who was general manager of the Mid- 
land Railway Carriage and Wagon Company, Limited, 
Birmingham, for many years, Prof. Arnold was born 
at Peterborough on December 29, 1858, and received 
his early education at King Edward VI’s Grammar 
School, Birmingham. With a naval career in view, 
he became a cadet in H.M.S. Conway, and subse- 
quently embarked on a voyage to India. Although 
he remained an enthusiastic yachtsman all his life, 
he decided to give up the sea as a profession, and, 
at the age of twenty, entered the engineering depart- 
ment of Messrs. Brown, Bayley and Dixon, Limited, 
Sheffield, where he ultimately became chief chemist 
and test master. He then proceeded to Leeds, and, 
after spending some time with the Farnley Iron 
Company, Limited, returned to Sheffield to take up 
the appointment of chemist and manager at the 
Spanish Steel Works, acting as the same time as 
consulting metallurgist and chemist. 

At the early age of thirty-one, he was appointed 
acting-professor of metallurgy at the Sheffield 
Technical School, now the Applied Science Depart- 
ment of Sheffield University. His predecessor was 
the late Professor William H. Greenwood, A.R.S.M. 
Promoted to the full professorship in 1890, and 
Dean of the Faculty of Metallurgy in 1917, Pro- 
fessor Arnold retired owing to ill-health in 1920, 
and was nominated Emeritus Professor. The value 
of his researches upon the physical chemistry of 
steel was recognised by the Royal Society in 1912, 
when he was elected a fellow of that body. 
Professor Arnold became a member of the Iron 
and Steel Institute in 1901, was awarded the Besse- 
mer Gold Medal in 1905, and was elected to the 
Council in 1915. In 1905, he accompanied the 
British Association to South Africa as special lec- 
turer on steel, and was President of the Sheffield 
Society of Engineers and Metallurgists from 1914 
to 1918. He was also a member of the Standing 
Committee on Metallurgy on the Advisory Council 
of the Privy Council. 

For a period extending over approximately thirty 
years, Professor Arnold regularly presented contri- 
butions at the meetings of the Iron and Steel 
Institute, and took part in the discussions on very 
numerous occasions. He wasa regular attendant at 
all the proceedings, and his invariable bonhomie en- 
livened them on many occasions. His keen sense of 
humour was, in fact, one of his foremost character- 
istics. He was held in great esteem by all his 
former students, many of whom have risen to 
important positions in academic and _ industrial 
spheres. Several of his students differed from him 
in later years, following upon their own independent 
investigations into metallography and allied subjects, 
but this had no effect upon their affection for their 
old teacher. Professor Arnold was twice awarded 
a Telford Premium by the Institution of Civil Engi- 
neers, first in 1887, for his paper ‘“‘ On the Influence 
of Chemical Composition on the Strength of 
Bessemer-Steel Tyres.” On the second occasion, 
in 1895, he also gained a gold medal for his 
researches upon “ The Influence of Carbon in Iron.” 
In 1898, he was awarded a premium by the 
Institution of Engineers and Shipbuilders in Scotland 
for his lecture on ‘“‘ The Internal Architecture of 
Metals.” 

Steel Works Analysis, Professor Arnold’s only 
publication in book form, the first edition of 
which was issued in 1891, is undoubtedly from the 





pen of a master. We have no hesitation in saying 








that a well-thumbed copy of this work is to be found 
in almost every steel-works laboratory throughout 
the world. Four editions have been published, 
Dr. F. Ibbotson, lecturer in metallurgical chemistry 
at Sheffield University, collaborating in the last 
two. Theoretical considerations and practical 
manipulations are dealt with side by side, and 
all the complex reactions taking place are explained 
in a lucid style. The preface to the original edition 
contains one or two instances of the Professor’s 
dry humour. 

The factor which caused Professor Arnold to come 
into prominence more than any other was his 
celebrated sub-carbide theory of hardening. The 
latter was advanced as an alternative to Osmond’s 
allotropic theory, which was first put forward in 
1890. Osmond’s hypothesis consisted of the 
following essentials:—Three distinct allotropic 
modifications were discernible in pure iron when 
heated up to, say, 1,000 deg. C., or when cooled, 
through the same temperature range. These were 
termed, respectively, alpha, beta, and gamma iron, 
and the recalescence points, which determined the 
end of one allotropic modification and the beginning 
of the next, were designated A,, A, and A;. Above 
Ar, (880 deg. C.), the iron was in the gamma con- 
dition; between Ar, and Ar, (750 deg. C.), the 
gamma condition was replaced by beta iron, and 
below Ar,, and at normal temperatures, the iron was 
in the alpha allotropic state. Osmond stated that 
hardened steel, in his opinion, owed its properties 
primarily to the presence of beta iron, which was 
hard and brittle at normal temperatures. His 
conclusion was that, when quenched from above 
Ar;, and in passing rapidly from the gamma to 
the alpha zone, some of the iron was retained in 
the hard beta form. He seems to have recognised, 
however, that carbon played an important part, 
in that, in the form of hardening carbon, it imparted 
stability to beta iron. Under ordinary quenching 
conditions it was fairly easy to retain the carbon 
in the form of hardening carbon and, consequently, 
the all-important hardening agent, beta iron, could 
be successfully preserved at ordinary temperatures. 

In energetic opposition to this hypothesis, 
Professor Arnold set out his sub-carbide theory in 
two able papers, first in 1894 and again in 1896. 
He.cast grave doubts on the existence of the allo- 
tropic modifications, and maintained that combined 
carbon, alone, was responsible for hardening by 
quenching. He showed that, above Ar;, a definite, 
though unstable, sub-carbide of iron existed which 
possessed a hardness equivalent to that of quartz. 
This was partially retained by very rapid cooling, 
thus imparting great hardness to quenched steels. 
After much research, he found that steels containing 
0-89 per cent. carbon were, after quenching, entirely 
composed of this sub-carbide, which was a definite 
chemical compound corresponding to the formula 
Fe,,C. These, he termed “saturated steels,” and 
micrographic examination of slowly-cooled speci- 
mens showed them to consist entirely of pearlite, 
which, he stated, corresponded to the formula 21 Fe 
+ Fe,C. In his opinion, the critical points observed 
by Osmond and others, and verified by himself, were 
not due to the existence of allotropic modifications. 
He maintained that Ac, marked the absorption of 
heat due to the combination of iron and carbon to 
form the normal cementite Fe,C. The intensity of 
the recalescence was proportional to the amount 
of Fe,C formed and to the area of pearlite in the 
microstructure. Ar, marked the faint evolution, and 
Ac, the faint absorption, of heat due, respectively, 
to the passage of iron from a plastic to a crystalline 
condition and vice-versa. Ac, marked the formation 
of a sub-carbide of iron. With regard to the A, 
and A, arrest-points, Professor Arnold contended 
that the so-called pure irons tested in various 
pyrometric laboratories had all contained a small 
proportion of carbon; he was, consequently, not 
satisfied with the A, and A, point obtained by the 
experimenters, as he considered that even a small 
percentage of carbon made its presence felt. His 
views changed somewhat with the passage of time. 
but for many years he steadfastly refused to believe 
that allotropy had anything to do with the A points. 
or with hardening by quenching. 

Both Osmond’s and Arnold’s theories attracted a 
great deal of attention, and, throughout the wor!d, 
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active research was undertaken to prove or disprove 
statements brought forward by the two great 
pioneers. As fresh facts came to light, however, 
each hypothesis, as originally advanced, became 
much modified, and a gradual merging was accom- 
plished. It is now generally accepted that harden- 
ing by quenching is partly due to allotropy and 
partly to carbon. Briefly summarised, a modern 
theory which has been fairly generally adopted, is 
essentially as follows :—The 
normal carbide held in solu- 
tion at high temperatures 
(above Ars) by the gamma 
iron is, after quenching, 
apparently retained in solu- 
tion in some form by the 
alpha iron finally produced. 
As cementite is soluble to 
only a very slight extent in 
alpha iron in the ordinary 
way, the intense strain set 
up by such an abnormal 
state of affairs causes 
quenched steel to be hard 
and brittle. Opinions still 
vary, but animated discus- 
sions on the existence of 
beta iron are a thing of the 
past. On the other hand, 
no one to-day doubts that 
when iron is at a tempera- 
ture above Ac, it is allo- 
tropically different from the 
same iron in the alpha state 
below <Ac,, or that such 
elements aS manganese and 
nickel tend to maintain the 
iron in the gamma _ state 
even after slow cooling. 

The one important thing 
to remember is that the 
controversy initiated by F. 
Osmond and J. O. Arnold 
gave a tremendous impetus 
to research and did much 
to place the science of 
metallography in the high 
position it now holds. Al- 
though the original question, 
i.e., the cause of hardening 
by quenching, has never 
been quite satisfactorily 
answered, the host of sci- 
entists engaged on_ this 
problem discovered many 
other highly important facts 
in the course of their ex- 
periments, thus adding much 
to our knowledge. In some 
respects, history repeated 
itself ; the alchemists of old 
never found the eagerly 
sought - after philosopher’s 
stone, but their researches 
brought ,to light many 
unknown elements which 
proved of the greatest utility 
to mankind. 

Professor Arnold was the 
author of papers of high 
practical value. His re- 
searches, in collaboration 
with Professor Read, into 
the complex carbides occur- 
Ting in chromium, vana- 
dium, tungsten and molyb- 
denum steels have gone far to increase the 
utility of these alloys. He was the first to 
describe the remarkable properties imparted to steel 
by introducing vanadium as a constituent. In 
1919, he received a Carnegie scholarship award of 
1001. towards the expenses of his high-speed steel 
researches carried out at Sheffield University. 

All through his life, Professor Arnold seemed averse 
from having the names of individuals introduced into 
metallographic nomenclature, and, in a paper read in 
1910, he “ pleaded earnestly with metallographists to 
abolish personal names for the constituents of 
steels.” He objected strongly to such terms as 
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troostite, sorbite, martensite and austenite, and 
went so far as to state that their existence, as sepa- 
rate and distinct constituents, was extremely doubt- 
ful. He preferred to use such somewhat cumbersome 
expressions as “‘ emulsified carbide,” “finely granu- 
lated carbide,” and ‘“‘ diffused carbide.’”? He con- 
sidered it unnecessary to supplement Dr. Sorby’s 
original nomenclature. Very few metallographists 
followed his example, and the terms involving per- 
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Tue Late Prorsssor J. O. ARNOLD. 


sonal names, to which he so strongly objected, now 
stand for very definite and clear-cut constituents. 
The late Dr, J. E. Stead once said that if it had not 
been for Professor Arnold’s well-known aversion 
from such nomenclature he would have liked to 
suggest that vanadium steels should be termed 
** Arnoldite ”’ steels. 

Professor Arnold was always an indefatigable 
supporter of the view that the chemical analysis 
of raw materials and finished products was an all-' 
important point in the production of good steel, 
and he was largely responsible for the development 











of steel-works laboratories. In 1889, the laboratories 
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attached to steel firms in Sheffield were in their 
infancy, and, in many cases, far too much reliance 
was placed on rough workshop tests. Professor 
Arnold, and his able assistants, set to work to adapt 
scientific methods of chemical analysis to the re- 
quirements of works practice. Rapid and accurate 
methods were devised, and the chemical laboratory 
gradually came. to be regarded as an indispensable 
adjunct to the steel-making plant. Pieces of 
chemical apparatus bearing 
the professor’s name testify 
to his activities in this 
sphere. Arnold’s bulbs, for 
instance, for the absorption 
of carbonic-acid gas in the 
estimation of carbon in 
steel by combustion, are ex- 
tensively used. Mechanical 
testing of materials also 
occupied his attention; the 
Arnold fatigue or vibratory 
test is well known. The 
difficulties experienced by 
steel-makers were naturally 
a matter of great interest to 
the Professor, and, when 
consulted, he was always 
ready and willing to give 
puzzled metallurgists the 
benefit of his knowledge and 
experience. Several papers 
read by him in the course 
of his career, the title of 
one of which was “ Forms 
in which Sulphides May 
Exist in Steel Ingots,” (in 
collaboration with G. R. 
Bolsover), showed that, while 
he delved deeply into the 
mysteries of theoretical me- 
tallurgy, his interest in cur- 
rent works practice remained 
keen. 

It has sometimes been 
said that Professor Arnold 
did not pay.enough atten- 
tion to non-ferrous metal- 
lurgy, and that he might 
have devoted more time, 
than he actually did to the 
teaching of that subject. 
He was undoubtedly a 
“* steel man ”’ first and last, 
to the almost complete ex- 
clusion of all else. Possibly 
the worst criticism that can 
be levelled against Profes- 
sor Arnold is that he was 
too dogmatic in his views 
and opinions. Be that as 
it may, we venture to state 
that he was no worse than 
other specialists. His con- 
viction that his argument 
was the right one was 
always very strong, but in 
no case did he dispute 
another’s theory without 
bringing into play a large 
amount of scientific evi- 
dence. He will long be 
remembered by those who 
knew him, and he will 
go down to history as a 
most genial personality and 
a “ big man” in every sense 
of the term. Professor Arnold is survived by his 
wife, two sons and a daughter, to whom the 
sympathy of all his friends will be extended. 








Tue InstITuTION oF ELEecTricaL ENGINEERS.—The 
summer meeting of the Meter and Instrument Section of 
The Institution of Electrical Engineers will, ‘this year, 
be held at Leamington Spa on May 24. A luncheon will 
be held at the Crown Hotel, High-street, Leamington, 
and the afternoon will be devoted to an excursion to 
Warwick, Guy’s Cliffe and Kenilworth. Members who 
intend to participate should inform the secretary of the 
Institution without delay. 
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Are Welding... Lincoln Prize Papers. Submitted to the 

American Society of Mechanical Engineers. Edited by 

Epwarp Pierce Hutse. London: McGraw-Hill Pub- 

lishing Company, Limited. [Price 25s. net.] 
WHENEVER a new process of manufacture is intro- 
duced a considerable time must elapse before its 
merits and the precautions to be taken to ensure 
completely successful work become generally 
known. Were it not for articles in the Technical 
Press and papers read before the various societies 
and institutions, the time taken to broadcast news 
of developments would be much greater even than 
it is to-day. Modern organisations, however, 
sometimes seek other means to give everybody 
who can in any way be interested, such news of the 
economic and other advantages of a new method 
of construction as to lead to early, complete and 
thorough investigation. This must have been what 
prompted the action of the Lincoln Electric Com- 
pany, of Cleveland, Ohio, U.S.A., when they handed 
over to the custody of the American Society of 
Mechanical Engineers a sum of 3,5001. to be offered 
as prizes for the three best papers, submitted in 
competition, on any phase of electric arc welding. 
The aim was to encourage improvements in the art 
of welding, to find new scope for the process, and to 
indicate the economic and other advantages to be 
obtained by its application. The money available 
was divided up to provide three prizes of 2,0001., 
1,000/., and 500/., and the Society set up a Com- 
mittee of Judges to make decisions regarding the 
awards. Altogether seventy-seven papers were 
sent in and now that the best papers have been pub- 
lished it is possible to see how impartially and 
thoroughly the papers were studied by the judges 
before the final decisions were made. The volume 
under consideration contains the three papers 
which received the valuable prizes, as well as two 
which were given Honourable Mention and two 
others of great merit relating to the application, of 
the process in the fabrication of steel buildings. 

The premier award was given to James W. Owens, 
Director of Welding of the Newport News Ship- 
building and Dry Dock Company, of Newport 
News, Va., U.S.A., for an exceptionally good paper 
on “ Arc-Welding—Its Fundamentals and Econo- 
mics.” In this valuable contribution to the litera- 
ture of the subject, the author shows beyond any 
question that the modern engineering world pos- 
sesses in arc welding a means of joining metal 
parts together and of effecting repairs in all sorts of 
metallic structures, which has economic and other 
advantages of enormous value to industry. As 
these can only be obtained by rigid adherence to 
certain well-established practices, he first of all 
deals with fundamental principles and then shows 
the means of their application. By the use of arc 
welding it is possible to obtain reduced costs of 
production and a product equally good as by any 
other means of joining together metals of the dimen- 
sions common to engineering plant and equipment. 
Savings in weight, and better joint efficiencies, are 
possible at less cost by the use of the process, which 
is also free from the noise associated with riveting. 
Experience has always shown that by the use of 
materials suitable for welding, properly designed 
joints and an efficient workshop organisation, arc- 
welded joints can be made with an efficiency equal 
to that obtained by riveting. Not only when the 
joint is subjected to tension does the are process 
show to advantage, for similar results are obtained 
in bending, compression, shear, shock and alternat- 
ing stress tests. Savings in weight are effected 
through the elimination of connecting angles, or 
their replacement by simple flat bars, and the use 
of a joint of high efficiency. The strength of a 
welded joint need be no factor in the determina- 
tion of the size of metal used in any structure, as 
is frequently the case when riveting is employed. 
Savings in the weights of actual constructions, 
details of which are given by Mr. Owens in his paper, 
work out at 15 per cent. in a roof truss of 52 ft. 
span, of 324 per cent. for a crane girder, of 10 per 
cent. for a condenser shell, and of 45 per cent. in 
the case of a valve chest and valve. Savings in 
labour in design, fabrication and assembly may be 
obtained by the use of the welding process if the 
articles are specifically designed for this means of 
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bringing the components into actual association. 
Not only are manufacturing costs reduced, but the 
designs suitable for welding are also such as entail 
the lowest upkeep charges. 

As a general rule, Mr. Owens does not favour 
composite joints, in which welding and riveting 
are both used, although he recognises and appreciates 
that they can be shown to be economical and in 
other ways desirable in such cases as the parts of a 
ship where a large number of assembly bolts are 
necessary to pull together surfaces which have to be 
joined. In such cases where only one fillet weld 
is used, he advocates the use of iron oxide paint on 
the plates as the fumes are Jess harmful to the 
welder than those of red lead, and there is a much 
less tendency to produce porous welds. After dis- 
cussing the stress set up in a structure through the 
welding of its parts, the author of the paper deals 
with the forms of joints and their dimensions for 
specific uses, giving very valuable information, and 
then goes on to consider workshop practice and 
such matters as the prevention of warping. 

A section of this paper is devoted to the descrip- 
tion of some outstanding examples of recent applica- 
tions of arc welding, dealing with the construction 
of a 90-mile pipe line supplying water from the 
Mokelumne River to Oakland and other towns east 
of San Francisco Bay ; with the construction of what 
he claims to be the sturdiest ship ever constructed, 
the coastguard cutter Northland ; with the welding of 
the bulkheads in the largest merchant ship built 
in the United States, the S.S. California ; and with 
the further application of welding in her sister ship 
the 8.8. Virginia, now under construction, to increase 
the deadweight carrying capacity and to reduce 
the cost of construction and maintenance. Finally, 
Mr. Owens considers the relative designs of a large 
freight ship if made by riveting or by welding. 
The designs were submitted to various authorities, 
such as the Naval Architect and the Hull Super- 
intendent of the Newport News Shipbuilding and 
Dry Dock Company, and the Chief Surveyor of the 
American Bureau of Shipping, to ensure that they 
were satisfactory, as far as meeting the views of 
constructors and surveyors were concerned. The 
comparison of the designs shows a calculated saving, 
with welding, in cost of about 4 per cent., an 
increase in carrying capacity of 5 per cent., and 
an increase in dividend earnings from 5 per cent. 
to 7-2 per cent. An appendix provides a wealth 
of information on all types of welded joints, details 
of a scheme to indicate types of welding on drawings, 
and a series of illustrations of miscellaneous applica- 
tions of the process. 

The second prize was awarded to Professor H. 
Dustin, Directeur du Laboratoire d’Essai des 
Matériaux, of Brussels, for his contribution on 
‘“* Fundamental Principles of Arc Welding.” This 
paper deals with a summary of the results of 
researches on arc welding, made by the author with 
a view to establishing rules for the rational cal- 
culation of welded joints, particularly in steel 
structural work. The results show how to obtain 
the greatest economy reasonably attainable in 
structures by welding, the savings that may be made 
in each joint and the actual action of welded 
structures under live loads, repeated and secondary 
stresses and their superiority over riveted structures 
in these respects. 

Commander H. E. Rossell, of the Construction 
Corps of the United States Navy, was given third 
place for his treatment of “ Electric Welding of 
Ships’ Bulkheads and Similar Plated Structures.” 
In this the author gives detailed information on 
tests to determine how deposited metal behaves 
when worked into plated structures, which are loaded 
to destruction, and discusses design and methods 
of construction to obtain full advantage of the 
welding process. The tests show that welded 
bulkheads may be used with substantial savings in 
weight and costs and improved tightness and 
stiffness, without sacrifice of strength or reliability. 

The other papers included in the volume are 
on “Theory and Application of the Base Plate 
Are Welded Rail Joint,” by Frank B. Walker, of 
the Eastern Massachusetts Street Railway Company, 
Boston, Mass., “‘ Stable Arc Welding on Long-Dist- 
ance Pipe Lines,” by B. K. Smith, ‘‘ Arc Welding as 
Applied to Construction Work at the Philadelphia 
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Navy Yard,” by M. M. Kennedy and F. H. Wieland, 
and “ Arc Welding of Duplicate Steel Structures,” 
by W. H. Himes. 

It can be truthfully said of this book that no 
more valuable contribution has ever before been 
made available to the electric arc welder or to the 
engineers in the many industries to which the 
process may be applied with reduction of costs of 
production. 





Elementary Structural Problems in Steel and Timber. 
By C. R. Youne, B.A.Se., New York: John 
Wiley and Sons, Inc. London: Chapman and Hall, 
Limited. [Price 17s. 6d. net.] 

Ir is now morethan a little difficult to produce a book 
upon the elements of structural design in steel and 
timber which shall present matter not already dealt 
with, but that such a book may be produced is 
evident on examining the pages of Professor Young’s 
collection of studies. Much greater attention is now 
paid to the details of structural work as a matter of 
precise design than was once the case, when the 
discretion of the designer was very largely relied 
upon. This discretion is still, in fact, applied in a 
great deal of work as carried out under pressure, 
but it is evident that correct and consistent practice 
is more likely to be attained by definite design than 
by the exercise of individual judgment. The culti- 
vation of this sense, however, useful as it still must 
be, should be much fostered by study of the many 
troublesome cases dealt with in this book and though 
the detailed application of analysis may not be 
resorted to in all instances, this collection of studies 
should be useful not to the student only, but to the 
man of experience who will be interested in the 
results reached by the author. The reader is 
presumed to be acquainted with fundamental 
principles, and though for convenience essential 
formule are given, no demonstrations are offered, 
but frequent references are made to writers of 
authority, showing the development of basic 
principles. 

Dealing first with tension members of steel, the 
author considers very fully the deductions to be 
made for rivet holes in parts under simple tension, 
and gives somewhat complicated diagrams based on 
experimental work carried out at Toranto, which 
should be useful. Steinman’s rule for rivet deduc- 
tions is referred to—this has the great advantage 
that it may be memorised, and applied mentally, 
and though giving excess allowances for some cases 
appears to be inclusive of the worst. It is to be 
admitted with respect to rivet hole deductions that 
practice was at one time very crude, till Moberlay’s 
classic investigations threw disturbing light upon 
the matter. Tension members attached by rivets in 
such a manner that there is eccentric loading are 
examined in great detail, with occasional startling 
results. It is probable, however, that in many of the 
cases considered, the effects of assumed eccentric 
loading are not really so serious, eccentricity being 
favourably modified by attachment to parts having 
some stiffness, in addition to which it is fairly cer- 
tain that extreme fibre stress on a minute area 
has not the same significance as stress uniform over 
the whole of a section. As studies forcing attention 
to questionable features of design, these examples 
are, nevertheless, of value. Detailed methods 
of examination are applied also to compression 
members and compression member details, followed 
by studies of beam design, in which the question of 
holes in the tension flange, as affecting strength, is 
dealt with by the usual, but somewhat doubtful, 
net moment of inertia method, and by an amendment 
of this advanced by the author. Neither method, it 
is suggested, has any great claim to finality. By 
such treatment it will be found that for the same 
bending moment, though the section of the solid 
compression flange is uniform, there may be locally 
a pronounced increment of stress vertically over the 
holes in the tension flange, so that a stress figure for 
the top flange having no holes shows a succession of 
“humps.” This can hardly be accepted as true, 
and is alone sufficient to throw doubt upon this 
procedure. More nearly it is probable that the 
stress in the top flange remains uniform, and that 
stress in the tension flange, at the holes, is gov erned 
by that obtaining in the neighbouring solid re 
Experimental work is needed. Box and plate = 
furnish many examples of detailed design, 1 hic 
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riveting, web thickness, stiffener spacing, lateral 
stiffness, and like matters are treated. Steel roof 
trusses receive attention, and also the details of a jib 
crane. In many of the authors’ studies of steel- 
work design, his very detailed procedure sets one 
wondering how it is that older structures with 
which, in design, there was no such attempt at 
precision, have stood up to their work so well as 
generally has been the case. 

The latter part of the book is devoted to the 
design of the details of timber structures. Tension 
and compression members are dealt with, and details 
of beams whether simple or trussed. Trestle 
construction is considered and the design of timber 
roofing. Throughout the book there are many 
exercises for the students’ use, with, at the end, 
correct solutions by which he may test the accuracy 
of his working. 


Hochwertiger Grauguss und die Physikalisch-Metallurgischen 
Grundlagen seiner Herstellung. By E. Prwowarsxy. 
Berlin: Julius Springer. [Price 42 marks. ] 

THE great progress of recent years in the production 
of iron castings with properties which would formerly 
have appeared altogether impossible has to some 
extent been dealt with in various textbooks. Pro- 
fessor Piwowarsky, who is well known for his 
original work in association with Oberhoffer and 
others at Aix-la-Chapelle, and for his frequent 
contributions to the Continental technical press, 
has here collected the most important records of 
recent investigations and practice. It is stated 
in the preface that all publications up to October, 
1928, have been considered, while it is noted that 
in several places the references bear the date 1929, 
evidencing that still later work has been taken 
into account. In addition, the author has made 
use of personal communications of unpublished 
work. The whole has been combined in a critical 
survey which shows the present state of knowledge, 
the results obtained by different investigators, 
and the theories advanced, being compared and 
discussed in a clear and comprehensive manner, 
while the gaps still existing, of which many are 
only too well aware, are pointed out with some 
possible lines for further attack. The book is 
specially intended for those who have been engaged 
in practice for some time. In dealing with the 
production of high quality cast iron, the author has 
purposely omitted references to the fact that certain 
processes or partial solutions of difficulties are 
covered by patent rights, although he has quoted 
from one patent specification to which reference is 
given. The bibliographical notes are a valuable 
feature. 

In the introductory chapter the thermodynamic 
basis of the equilibrium diagram and the phase 
tule is discussed, with its limitations, and a concise 
description given of the diagrams for the various 
systems of metals and alloys, with the types of 
crystals formed and the structures and dimensions 
of the space-lattices. This forms the foundation 
of much of the book, which is well illustrated with 
equilibrium diagrams, microphotographs and graphs. 
The occurrence of carbon, as graphite and in com- 
bination, in cast iron, with the solubility in liquid 
and solid iron, the effect of silicon, and the control 
of the structure are next discussed, a schedule 
being given of the analyses adopted by a South 
German engineering works, with the test results 
obtained and the purposes for which they are used. 
The influence of casting temperature and super- 
heating, and of sulphur, manganese, phosphorus 
and occluded gases are next dealt with, results 
being given to show that the chemical composition 
8 not decisive, leading to a discussion of heat treat- 
ment. ‘The principal physical and chemical pro- 
Perties of cast iron are discussed, including the resis- 
tance to wear in relation to machinability, and the 
Tesistance to corrosion. The author deals with the 
melting of cast iron in the cupola and the possibilities 
of improving the practice to meet modern require- 
ments, and also the use of the air furance and of the 
electric furnace, then discussing the special processes 
for the production of high-grade metal. The 
concluding chapters deal with the use of special 
elements, such as nickel, chromium, lead, &c., 
the growth of cast iron and its behaviour at high 
and low tem peratures. 


BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 1882 
and 1890, inquiries have been conducted by Board of 
Trade officials into a number of explosions. Reports 
of the investigations have been published recently, and 
of some of these we give brief summaries below. 
Explosion in Babcock and Wilcox Boiler of S.S. 
** King George V.”—The Clyde turbine steamer, King 
George V, built some four years ago, was originally fitted 
with Yarrow boilers supplying steam at 550-Ib. pressure 
and 750 deg. F. temperature. Owing to the over- 
heating of the superheaters, however, these boilers 
were removed, and in April, of last year, the ship was 
fitted with two Babcock and Wilcox marine-type 
boilers, working at the same pressure. On July 19, 
1929, when the vessel was on passage from Greenock 
to Campbeltown, a tube in the lowest row in the forward 
boiler burst, and subsequent examination showed that 
it had split for a length of over 7 in., allowing the 
contents of the boiler to be discharged into the fire 
space. When the explosion occurred, flame and smoke 
were driven into the stokehold through spaces between 
the fire doors and their frames, and some of the staff 
were injured, but not very severely. The Board of 
Trade inquiry into the accident forms the subject of 
Report No. 3031. It is a long report, giving full 
details of the construction of the boiler and of the 
evidence placed before the surveyors. The finding 
was to the effect that the accident was entirely due to 
overheating through shortness of water. While it is 
to be regretted that the accident should have occurred 
at all, the inquiry showed that there had been no 
negligence, and that, on the other hand, it may have 
been contributed to by some degree of over anxiety 
on the part of the staff, some members of which made 
a mistake in their reading of the water gauges. The 
boiler was fitted with two gauge glasses, placed towards 
the ends of the athwartships drum, and the trouble 
arose partly from the fact that the ship, more often 
than not, had a list, and that the list changed with the 
movement of the passengers. This change would 
cause the water to rise out of sight in one glass, and 
to disappear out of the other. Such conditions are, of 
course, not met with on shore, but inasmuch as in 
marine boilers it is required that water gauges should be 
so placed that water shows in the glass at the lowest safe 
level, the disappearance of the water in one glass should 
always arouse suspicions. The intermittent demand 
for steam caused by the frequent stopping and starting 
at various places, and the necessity of preventing water 
passing over into the superheaters and turbines, were 
factors tending to lead to rapid fluctuation of the 
water level. With further experience, it is probable 
the difficulty of maintaining the right amount of water 
has been overcome. As the gauge glasses are of an 
unusual type, the following description, taken from the 
Report, may be of interest. “The water gauges were 
designed to suit the high pressure and temperature, 
and consisted of a cast-steel body, suitably recessed 
on each side to take specially-prepared glass plates, 
§ in. thick, through which the water was visible. 
Between each glass plate and the steam and water, 
was interposed a sheet of mica, which prevented the 
plates being dissolved by the water and steam. The 
glasses and mica sheets were secured by bronze cover- 
plates. .... Safety devices were fitted in the steam 
and water ends, between the shut-off valves and the 
gauge, consisting of a bronze spring automatic valve 
in the steam end, and a bronze ball in the water end. 
In the event of a gauge glass breaking, the spring 
automatic valve was closed by the rush of steam, and 
the ball seated itself ona specially-prepared seat in 
the water end. The shut-off valves could then be 
closed by hand. Each water gauge was illuminated 
by an electric lamp, the light being deflected diagonally 
upwards by means of a grid placed between the lamp 
and the water gauge. With this form of illumination, 
the surface of the water in the glass showed as a brilliant 
light when viewed from the firing platform.” In his 
observations, the Engineer Surveyor Chief says: “A 
sustained and completely satisfactory test of the 
steam end of the water gauge mentioned in this case 
was prevented by the action of safety devices. Such 
fittings are best omitted from the steam ends of gauges, 
but there is no reason to suppose that the gauge was 
in any way defective and not in perfect working order.” 
Explosion of @ Cast-Iron Stop Valve.—Another 
instance of the danger of water in steam pipes is given 
in Report No. 3033, which deals with the explosion 
of a cast-iron boiler stop valve at the works of Messrs. 
J. Chadwick and Company, Limited, Oldham. In 
these works several Lancashire boilers supply steam 
at 160 Ib. pressure, the steam passing through super- 
heaters with vertical U-tubes placed at the rear of 
each boiler. Each boiler has a stop valve and between 
each superheater and the main steam pipe 1s & valve 
of the sluice-valve type. Owing to defects, the sluice 
valve on No. 3 boiler was replaced for the time by 





a distance piece and the boiler again used. On August 


2, 1929, the No. 3 boiler was shut off, fires drawn and 
the boiler emptied. During the following night a 
loud report was heard and the boiler room filled with 
steam. Examination showed that the body of No. 3 
boiler stop valve had been completely fractured above 
the valve seating. The design and material were good, 
and the only conclusion possible was that the accident 
was caused by condensed steam collecting in the super- 
heater and that this water from some cause was set in 
motion and, by the steam in the main steam pipe, was 
driven violently towards the boiler stop valve. With 
the replacement of the sluice valve the danger of the 
accident recurring was obviated. 

Explosion of a@ Tube in a Baker’s Oven.—Report 
No. 3032 deals with the explosion of a tube in asteam- 
heated baking oven in the confectionary department 
of Messrs. Selfridge and Company, Limited, London. 
The oven was a double-deck one with hermetically 
sealed solid-drawn steel water tubes 1,4,-in. exterior 
diameter, and 4 in. bore. Gas was used for heating 
the furnace into which the tube ends projected, and a 
thermostat was fitted to act as a safety device and to 
shut off the gas supply if the oven temperature rose 
above 500 deg. F. The failure of the tube occurred 
on June 8, 1929, after the bakers had ceased work, 
and it was shown to have been caused by overheating 
owing to the thermostat having failed to cut off the 
gas supply. It was further found that the thermostat 
had failed to function through a leaky control pipe. 
The explosion was rather severe. After the accident 
the defective tubes were renewed, the thermostat 
adjusted and additional instructions given to the staff. 








PrersonaL.—Messrs. The London Electric Firm, 
Brighton-road, South Croydon, Surrey, having experi- 
enced difficulty in the past owing to lack of accommoda- 
tion, are now doubling the size of their works.—The 
main machine shop of Messrs, Alfred Herbert, Limited, 
Coventry, at present consists of 23 bays and covers 
7-13 acres. Four new bays are about to be added, 
making the total area of the extended shop, 8-37 acres.— 
Mr. P. H. Hopkins has relinquished his position as 
director of Messrs. J. M. Wotherspoon and Company, 
Limited, 194-200, Bishopsgate, London, E.C.2.—The 
offices of the South African Federated Chamber of 
Industries have been removed from Barsdorf’s Building, 
78, Marshall-street, Johannesburg, to Assurance House, 
94, Main-street, Johannesburg.—The Earl of Cottenham 
has joined the staff of Messrs. Lancia (England), Limited 
as head of the experimental department.—Messrs. The 
A.T. Speedometer Company, Limited, have removed 
their works and offices from The Vale, Acton, to a new 
factory, known as Chronos Works, on the North Circular 
Road, London, N.W.2.—Messrs. Parson and Crosland 
Limited, River Plate House, South Place, London, E.C.2, 
have sold the assets and liabilities of their Birmingham 
branch to Messrs. C. C. and C. A. Parson, who will, 
in future, trade as Messrs. Parson Limited, White 
House, 111, New-street, Birmingham. Both Messrs. 
C. C. and C. A. Parson have severed their connection 
with Messrs. Parson and Crossland Limited.—The 
Chairman of the Electricity Commission, with the con- 
currence of the Minister of Transport and the other 
Commissioners, has appointed Sir John Reeve Brooke 
to be Vice-Chairman of the Commission, in place of 
Sir Harry Haward, who retired on March 31. 





Contracts.—Among other recent orders received by 
Messrs. Royce Limited, Trafford Park, Manchester, 
are the supply and erection of the steelwork of the large 
new building at Erith, Kent, of Messrs. British Fibroce- 
ment Works, Limited, and the supply and erection of 
the steelwork of the Cumberland-street substation of 
the Manchester Corporation Electricity Department.— 
Messrs. John Brown and Company, Limited, Atlas 
Works, Sheffield, have just received orders for a total of 
25 seamless hollow forged drums, required for Stirling 
high-pressure boilers in connection with the power 
station at Thornhill of the Yorkshire Electric Power 
Company, and the extension of the Sheffield Corporation 
boiler installation.—-Orders for Foster economisers, 
manufactured at the Wakefield Works of Messrs. E. 
Green and Son, Limited, for Messrs. Eco Power Limi- 
ted, 15, Lincolns Inn Fields, London, W.C.2, have been 
received for the Thornhill power station of the Yorkshire 
Electric Power Company, the Deptford West plant of the 
London Power Company, the Sheffield Corporation 
Electricity Department, the Shoreditch Electricity 
Department, the Torquay Electricity Works, and plants 
in Holland, France, and Uruguay._-A Gamewell fire-alarm 
system, manufactured by Messrs. Standard Telephones 
and Cables, Limited, Hendon, has recently. been installed 
in the works of Messrs. Morris Motors, Limited, Cowley.— 
Messrs. The English Electric Company, Limited, Queen’s 
House, Kingsway, London, W.C.2, are supplying 450 
hand-operated camshaft tramway-car controllers to the 
Glasgow Corporation; 94 maximum traction ty 
tramway-car trucks, fitted with roller bearings, to the 
Union Construction Company, for service on the London 
United Tramways; and three additional double-deck 
omnibus bodies, to seat 50 passengers, mounted on 
A.E.C. Regent chassis, to the Newcastle Corporation.— 
Messrs. The Westinghouse Brake and Saxby Signal 
Company, Limited, 82, York-road, King’s Cross, N.1, 
have received an order from Messrs. Metropolitan- 
Cammell Carriage, Wagon and Finance Company, 
Limited, Birmingham, for 150 vacuum-brake sets for 
wagons for the Buenos Aires and Pacific Railway, each 





set to comprise two Prestall vacuum-brake cylinders. 
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LETTER TO THE EDITOR. 
ACCELERATED CORROSION TESTS. 


To THE EpiTor oF ENGINEERING. 


Srr,—In the account of the recent meeting of the 
Institute of Metals which appears in your issue of 
March 28, I am reported as having said that I “ could 
not agree that an accelerated corrosion test, similar 
to the Brinell test for hardness, should be evolved.” 
Although the inaccuracy of this passage is fairly obvious, 
in order to avoid any misunderstanding I should be 
glad if you would give me the opportunity to correct 
it. Clearly, if an accelerated corrosion test, at all 
comparable with the Brinell test, could be evolved, 
then by all means it should be evolved, with all 
possible dispatch. Actually, in referring to a demand 
that had been made for an accelerated corrosion test 
on the lines indicated, I remarked that the demand 
implied an analogy between the two types of test that 
did not, in fact, exist. In a mechanical test, such as 
the Brinell test, one was dealing exclusively with 
intrinsic properties of the metal, whereas in a corrosion 
test the properties of the metal constituted only part 
of the problem; there one had to deal just as much 
with the properties of the medium in which it was 
placed. A number of factors entered into the corrosion 
process, many of which were external to the metal ; 
the slightest variation in any one of these might pro- 
foundly alter the results obtained. Nevertheless, in 
spite of the manifold difficulties, I agreed that any 
serious attempt to evolve an accelerated corrosion 
test was to be welcomed. 

I would only add, now, that too much should not be 
expected of any such test and, moreover, the greatest 
possible care should be exercised in interpreting 
the results obtained. 

Yours faithfully, 
W. H. J. Vernon. 
Chemical Research Laboratory, 
Teddington, Middlesex. 
April 1, 1930. 








ENGINEERING TRAINING AND 
EDUCATION. 


Prizes in the Science of Navigation.—In connection 
with the Thomas Gray Memorial Trust, the Council 
of the Royal Society of Arts offers a prize of 100/. to 
any person who may bring to its notice a valuable 
improvement in the science or practice of navigation, 
proposed or invented by himself in the years 1929 and 
1930. Competitors must forward their proofs of claim, 
on or before December 31 next, to the secretary of 
the Society, John-street, Adelphi, London, W.C.2. A 
further prize of 1001. will be awarded for an essay on 
“The Training of Apprentices and Cadets with a view 
to their becoming Efficient Officers in the Merchant 
Service.” Competitors must send in their essays, not 
later than December 31, to the secretary of the Society, 
from whom full particulars may be obtained. 








THE Iron anv Steet Instirute._-The annual 
meeting of the Iron and Steel Institute will be held on 
May 1, and 2 next, at the Institution of Civil Engineers, 
Great George-street, London, S.W.1, commencing each 
day at 10 a.m. On the first day Bessemer Gold Medals 
will be presented to Mr, Eugéne Schneider and to Dr. W. 
Rosenhain. The papers to be read and discussed, in 
the order in which they are to be presented, are as 
follows: ‘‘An Experimental Inquiry into the Inter- 
actions of Gases and Ore in the Blast-Furnace. Part IT. 
-—Carbon Deposition at 450 deg. C., and its Influence 
upon the Ore Reduction ; Equilibria between Gases and 
Ore at 650 deg. to 1,000 deg. C.,”” by Professor W. A. 
Bone and Messrs. L. Reeve and H. L. Saunders; 
** Developments in Fuel Economy at Skinningrove,”’ by 
Mr. F. Bainbridge; ‘‘ Single-Sheet or Thin-Pack Nor- 
malising, or Heat Treatment, versus Box-Annealing 
of Sheets,” by Mr. R. Whitfield; ‘‘ Tin and Sheet-Mill 
Rolls. Their Treatment, Performance, and Premature 
Failure in Service,”’ by Mr. E. Mort ; “‘ The Metallography 
of Some Ancient Egyptian Implements, by Sir H. C. H. 
Carpenter and Dr. J. M. Robertson; ‘ Chromium- 
Copper Structural Steels,’ by Mr. J. A. Jones; “‘ Some 
Alloys for Use at High Ternperatures. Nickel-Chromium 
and Complex Iron-Nickel-Chromium Alloys.” Part I, 
by Dr. W. Rosenhain and Mr. C. H. M. Jenkins. Part IT, 
by Messrs. C. H. M. Jenkins, H. J. Tapsell, C. R. Austin, 
and W. P. Rees ; ‘ Alloys of Iron Research. Part IX.— 
The Constitution of the Alloys of Iron and Silicon,”’ by 
Drs. J. L. Haughton and M. L. Becker; ‘‘ Carburising 
and Graphitising Reactions between Iron-Carbon 
Alloys, Carbon Monoxide and Carbon Dioxide,” by 
Dr. M. L. Becker; ‘‘ The Effect of Melting Conditions on 
the Microstructure and Mechanical Strength of Grey 
Cast Irons containing Various Amounts of Carbon and 
Silicon,” by Dr. A. L. Norbury and Mr. E. Morgan ; ‘‘ The 
Properties of Some Steels containing Chromium,” by 
Mr. A. R. Page and Dr. J. H. Partridge ; ‘‘ The History 
of the Cementation Process of Steel Manufacture,” by 
Mr. D. Brownlie and Baron de Laveleye; and ‘ The 
Corner Ghost in Steel Ingots,”” by Dr. S. Maita, Addi- 
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on May 6, at the Birmingham Chamber of Commerce, 
95, New-street, Birmingham, and on May 13, at 6.30 p.m., 
at the Royal Metal Exchange, Swansea, when a selection 
of the papers will be presented. The annual dinner of 
| the Institute will be held in the Grand Hall, Connaught 
Rooms, Great Queen-street, London, W.C.2, at 7 for 
7.30 p.m., on May 1. 


THe SMELTING OF MeRcuRY ORE IN RvussiA.— 
Mercury ore occurs in various parts of Russia, notably 
in the Ukraine, the Caucasus, Kokand, Turkestan, and 
in the Urals. The most important deposits are at Nikitov 
in the Ukraine, and these mines have been reorganised 
following upon the depression caused by the civil war. 
During the 1928-29 financial year the production of 
mercury metal in the Nikitov mines amounted to 130 
tons, compared with 4-6 tons in 1921, and 15 tons in 
1919. It is proposed to introduce modern equipment to 
smelt the hitherto unutilised scrap ore. 
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tional meetings of the Institute will be held at 7 p.m., |: 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Norz.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “ fine foreign” and “ standard ” metal, respectively. 
|lead are for English metal, whilst those for spelter are for virgin metal. : 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 
plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. 
bottle, the contents of which vary from 70 Ib. to 80 Ib. : 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horiz 
lines represent 11. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


The prices shown for 
Middlesbrough prices are plotted 


The pig-iron 
The price of quicksilver is per 


The price of tin-plates is per standard box, —> 
onta 


DIMENSIONS oF Nuts AND Botts.—A useful device 
which enables the dimensions and other particulars of 
bolts, nuts and washers to be obtained in a simple and 
convenient manner has been forwarded to us by Messrs. 
Société Anonyme Gilsoco, of La Croyére, Belgium. It 
consists of a stout cardboard envelope, open at each end, 
with a dimensioned drawing of a bolt, nut and washer 
printed on each side. In the centre of each ne 
line, a hole is punched through the cardboard forming the 
envelope, and through these holes dimensions — 
on a card sliding inside the envelope can be read. [ ? 
sliding card is moved until the required dimension }§ 
read for the diameter of the shank, and the other oe 
sions then appear in their appropriate positions. n 
addition to all the main dimensions, the area at the bott« o 
of the thread is shown, as well as the pitch of the ee , 
and the diameter of the tapping-size drill. The peng 
sions which appear on one side of the envelope ar Pe 
British Standard bolts, and those on the other side iC 
btandard bolts of l’Association Belge de Standardisation, 
with Whitworth threads in both cases. 
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| Timeworkers, skilled men, 107; semi-skilled, 107; 


TRANSFORMER BANK FOR HIGH-VOLTAGE TESTING. |Snty-ebilled, 975 end enckilled, 100. No figures yo 








given in the report for women workers, and it is 
| stated that the calculations are subject to certain 
| reservations. 

| The normal 48-hou:> week was exceeded by 41-6 per 
‘cent. of all the workers concerned; 27-2 per cent. 
| worked 48 hours, and 31-2 per cent. less than the 
/normal hours. Among the timeworkers, 11-3 per cent. 
| worked from 48 to 50 hours, 13°9 per cent. from 50 to 
| 52 hours, and 11-5 per cent. over 52 and up to 54 hours 
| a week. 

| Analysing the returns from the whole industry 
throughout the republic, the report includes an inter- 


: esting table detailing the average weekly hours, weekly 
earnings, hourly earnings, and agreed minimum rates 
(769 A) caiiieainaiaians for various sections of workers. From these statistics 


EQUIPMENT FOR ARTIFICIAL- 
LIGHTNING TESTS. 


Reports on cases of aircraft struck by lightning| of a needle gap as it has upon the insulator, and, in 
have, so far, afforded little opportunity for investi-| cases where the necessary correction for capacitance 
gating the conditions in order to reduce the risks| is not applied to the flash-over of the insulator, the 
involved. It is all the more desirable, therefore, to | needle gap will, therefore, give more consistent results | 


examine problems such as the fire risk, the effect 
of the hot exhaust from the engines on the path of 
the lightning, and the breakdown of the insulation 
of the ignition system, not only with a direct flash, 
but also when a strong electrostatic field collapses in 
the neighbourhood of the aircraft. The Ohio Insulator 
Company, of Barberton, Ohio, U.S., commenced 
such an investigation in their high-tension laboratories 
eight years ago, but they soon recognised that the 
equipment for indoor lightning tests on models would 
involve prohibitive expense. Three years ago they 
decided to add an outdoor testing ground to their 
laboratories, and have provided equipment for open-air 
experiments at potentials exceeding 3,000,000 volts. 
Last summer, a series of experiments was conducted 
for several weeks in the presence of representatives 
of the United States Forces, scientific institutions, 
including the Weather Bureau, and firms interested 
in the manufacture of aircraft and in air transport. 
A first account of the equipment was presented by 
Mr. A. O. Austin, chief engineer to the company, to the 
International High-Tension Congress held in Paris. 

The new buildings partly enclose a courtyard, the 
open front of which faces the testing ground, which 
is about 1,000 ft. long and 400 ft. wide. The field 
is sub-divided longitudinally by eight lines of tracks 
for moving heavy machinery, and transversely by 
more than 10 rows of steel pylons and wooden poles. 
The equipment, for both impact (artificial lightning) 
tests and tests at normal frequencies, comprises three 
760-kv. transformers of identical types, one 400-kv. 
transformer, a portable 10,000-kv.-a. 1,200-kw. oscil- 
lator, and several smaller oscillators, various generators 
for 1,000-kv.-a. and 60-30 cycles, a Poulsen-arc set and 
loading coil, four 150-cm. sphere gaps, one portable, 
and several smaller gaps, a large air condenser, a 
Dufour oscillograph, and a synchronous switch. 

The transformers are of the Allis-Chalmers shell type, 
and are mounted on porcelain-tile piers, the bushing of 
the highest-voltage transformer being 50 ft. above the 
ground. ‘They have been operated so as to develop a 
crest of well over 3,300,000 volts to earth; above 
2,000,000 volts, flash-overs from leads are, however, 
very difficult to prevent. In the multiple excitation, 
developed for this bank and explained by the accom- 
panying diagram, each transformer is energised by its 
own generator, which is driven by asynchronous motor, 
so that the transformers are easily kept in phase, and 
the combined kv.-a, output actually represents the sum 
ofall the transformer outputs. In cascade connection, 
the output would be limited either to that of the 
smallest transformer, or to that of the one most 
heavily loaded, but the multiple-excitation method 
§ives more than three times the output of the bank 
Operated in cascade. The regulation is very good, 
as the synchronous motors can be adjusted inde- 
pendently for phase relation and for operation at 
different voltages. The transformers may be earthed 
at the end or at any mid point, and can be operated 
in delta, open or closed, in Y, earthed or not earthed, 
T-connecied or in quarterphase. The generators being 
amie, the excitation is provided by storage 

Meries placed on balconies round each transformer. 
Ra the artificial-lightning tests, the transformers 
: arge the large air condenser. The master control 
age operated through a contact button, regulates 
: “! pe on the generators, so that, when the voltage 
Th up, the flash-over of the impulse gap takes place. 

© generotcr short-circuits an impedance a few per 


eo below the flash-over voltages of the impulse- 
+ Ste gap, Which thus discharges on this alternation. 

‘ry striking oscillograms of wave fronts, arcs and 

the “Overs on strings of insulators are reproduced in 
Paper. ‘The two indoor laboratories, one of which 


we select, and present in tabular form below, the 
highest and lowest figures of the average weekly 
hours worked, including overtime, and the average 
weekly earnings, including payment for overtime and 
family allowances. 

The inquiry conducted by the German Federal 
| Statistical Office has resulted in the publication of 
| details of wages and hours in the engineering and metal- 
working industries of the Republic which should prove 
of much value to students of industrial economics in 
this country. The fact that keen competition is experi- 
ENGINEERING WAGES AND HOURS | enced from the Continent, owing to the hours and 

IN GERMANY | wages ruling there, is always advanced in support of 
. arguments when the economic position of the engineer- 

THE general results of the inquiry into the wages | ing trade at home is discussed. These figures will serve 
and hours in the metal-working and engineering| to show to what extent the arguments, as applied to 
industries, conducted by the German Federal Statis- German competition, are sound. The report certainly 


also contains a 900-kv. transformer, serve for humidity 
and other special tests. Humidity, it is found or 
confirmed, has the same effect upon the arcing voltage 





than the sphere gap. 




















Branch of Industry. mma’ aaah Weekly Earnings. 
Engines and machinery : 
Highest ach pS .| Skilled men on time; 49 hours .| Skilled men on piece, 56-00 Rm, (22. 15s. 03d.). 


.| Women on time, 23-57 Rm. (11. 3s, 2d.). 


..| Skilled men on piece, 57-20 Rm. (22. 16s. 3d.). 
Unskilled men on time, 39-11 Rm. (11. 188. 5}d.). 


.| Unskilled men on time; 48 hours ..| Skilled men on piece, 58-86 Rm. (2/. 17s. 10}d.). 
.| Women on time, 24-92 Rm. (11. 4s. 6d.). 


Women on piece; 454 hours 


Lowest oe oe ua ee 
Boilers, heating apparatus, &c. :* 
Highest wa =a $¥ ..| Skilled men on time; 50 hours 
Lowest ag ae ee ..| Unskilled men on piece; 48} hours 
Vehicles and aircraft : 
Highest ee ee - 
.| Women on time; 43 hours .. 


Skilled men on piece, 54-97 Rm. (21. 14s. 0$d.). 


.| Unskilled men on time; 49} hours 
Unskilled men on time, 37-36 Rm. (11. 16s. 83d.). 


Lowest aw “s 
Railway rolling stock :* 
Highest <a es . 

.| Unskilled men on piece; 47 hours .. 


west PT oe 
Electrical apparatus : 


Highest ds .| Skilled men on time; 49} hours .| Skilled men on piece, 59-23 Rm. (2/. 188. 3d.). 

Lowest a4 “ oa ..| Women on time; 454 hours .| Women on time, 27-14 Rm. (11. 6s. 8}d.). 
Scientific and optical instruments : 

Highest ae we me ..| Unskilled men on time; 49 hours ..| Skilled men on piece, 60-60 Rm. (2. 19s. 7d.). 

Lowest + i“ ee ..| Women on piece; 454 hours -| Women on time, 26-22 Rm. (11. 5s. 94d.). 











* Details for women workers are omitted from these branches. 


tical Office in October, 1928, have now been published. | adds to the volume of authentic data on industrial 
Sectional reports, it will be recalled, dealing with Berlin | matters, the collection and analysis of which is essential 
and Rhineland-Westphalia, were summarised on page | before any reasonable conclusions can be arrived at. 

438 of our last volume and on page 146 ante, | 


Ss karin SUCTGh meets, ane comeeieed | COMMERCIAL DEVELOPMENT OF 


21-3 per cent. of all workers (omitting juveniles) | 

employed in the industries concerned, and 42-3 per| THE success which has attended the efforts of the 
cent. of those employed in the collective agreement areas | Qntario Department of Mines in connection with the 
from which details were taken. Skilled workmen | exploration of the James Bay slope, where important 
constituted about one-half (48-4 per cent.) of the whole ; | deposits of lignite, gypsum, china clay, silica sand, 
semi-skilled men, 21-7 per cent.; and unskilled men, | and other valuable non-metallic minerals have recently 
13-8 per cent.; while 16-1 per cent. were women. | been proved, is arousing much attention in the Domi- 
Payment by piecework predominated, only a little | nion, particularly in connection with the development 
over one-third of the total number of workers being | on a commercial scale of the fuel supply. Ontario has 
paid at time rates. Of this proportion, 72-7 per! hitherto been classed with Quebec as one of Canada’s 
cent. were unskilled men. | ‘acute fuel areas’? owing to the absence of coal. 
In the details which follow, we have repeated the Geological work in the vicinity of the Blacksmith 
method of presentation adopted in our previous sum-/ Rapids, 120 miles north of Cochrane, has, how- 
maries. Taking 1 Reichsmark (100 Reichspfennigs) ever, shown that the lignite deposits in that neigh- 
as equal to 11-8d., the average hourly earnings, | bourhood cover an area four times larger than was 
excluding overtime and family allowances of the various | at first estimated, and earlier forecasts of the quality 
classes of workers are as follows:—Timeworkers: | of the coal are now believed to have erred on the side 
skilled workmen, 107-4 rpf. (1s. 04d.) ; semi-skilled, | of caution. Indications, so far, are that the field will 
87-7 rpf. (10}d.); unskilled, 79-1 rpf. (9}d.); and cover upwards of two square miles, with an average 
women, 55-7 rpf. (64d.). Pieceworkers: skilled men, | thickness of about 20 ft. The quantity available is 
117-8 rpf. (1s. 2d.); semi-skilled, 107-9 rpf. (1s. 03d.) ; estimated to be between 40,000,000 and 60,000,000 tons, 
unskilled, 95-7 rpf. (11jd.); and women, 66-7 rpf. | and about 100 tons of the coal are being sent south for 
(73d.). These figures are well above the agreed hourly testing. Two shafts are to be sunk to the seams, 
rate for both time workers and pieceworkers and for and further development work pushed rapidly forward, 
all sections of workers. : ‘ |in the hope that fuel will be proved to be available 
Including payment for overtime and family allow- | which will materially assist in the extension of industry 
ances, the average weekly earnings of the workers, | in the northern areas. 

concerned are given as follows:—Timeworkers:| In Saskatchewan, furthermore, lignite is now assu- 
skilled men, 53-61 Rm. (21. 128, 84d.); semi-skilled, | ming a position of proved value, following the suc- 
43-74 Rm. (21. 3s.) ; unskilled, 39-19 Rm. (11. 18s. 64d.), | cessful adaptation of the Liirgi process by the Western 
and women, 25-58 Rm. (1l. 5s. 1}d.). Pieceworkers : | Dominion Collieries, Limited, of Winnipeg. This com- 
skilled men, 56-16 Rm. (2/. 15s. 2}d.); semi-skilled, | pany has employed considerable expenditure on the 
51-21 Rm. (2l. 10s. 4}d.); unskilled, 45-34 Rm. improvement of the older Government briquetting 
(21. 4s. 7d.); and women, 30-78 Rm. (11. 10s. 33d.). plant at Bienfait, near Estevan, Saskatchewan, and a 
Taking the average real wages in 1913-14 as 100, | much larger enterprise is expected to follow as soon 
those in October, 1928, are given the following values, as distribution of the product has begun on a com- 
these being the figures before any deductions are made mercial scale. In the meantime, the output of 
for wage tax or social insurance contributions:— briquettes has been sold for some months to come, 









































HIGH-POWER PLAIN 


CONSTRUCTED BY MESSRS. ALFRED HERBERT, LIMITED, ENGINEERS, COVENTRY. 
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the Provincial Government having undertaken to | 
use these in all Government buildings while the 
marketing campaign is being worked out. It may be 
remembered that the Lignite Utilisation Board estab- 
lished by the Dominion, Manitoba, and Saskatchewan | 
Governments spent over 1,000,000 dols. on experi- | 
mental work at Bienfait, their properties being taken 
over by the company in 1927. Preliminary tests in | 
1927 and 1928, in the presence of Dr. Hubman, the | 
inventor of the Liirgi process, proved successful, and | 
the erection of a new carbonising plant was begun, | 
production last year having reached a daily output of | 
100 tons. This is being increased as required to | 
200 tons, and it is expected that full-capacity | 

| 


production will soon be attained. 
| 








HIGH-POWER PLAIN MILLING 
MACHINE. 


THOUGH, on a cursory survey, it may seem that | 
the plain milling machine has developed to a point 
at which no further substantial improvement is possible, 
on examination of the tool now being imtroduced | 
by Messrs. Alfred Herbert, Limited, Coventry, and 
illustrated by Figs. 1 to 5 on this and the opposite 
pages, will show that a definite forward step has been | 
achieved in it, quite apart from that steady progress | 
in detail which characterises the firm’s products. | 
In this high-power milling machine, one feature at | 
least has a claim to be considered unique. We refer 
to the fact that it is possible to traverse the table | 
by power at a high speed while the spindle is at rest, | 
so reducing the time of a setting operation. The 
machine has a table with a working surface of 57 in. 
by 13} in., a longitudinal feed of 36 in., @ cross | 
traverse feed of 134in., and a vertical feed from the | 
centre of the spindle of from 1 in. to 22 in., all three | 
motions being automatic. For medium work, adrive 
of 10 h.p. is required. The controls are so arranged 
that, once the speed and feed have been set, operations 
which are accomplished very simply and certainly, | 
management during running is effected entirely from 
the front of the knee, such a grouping resulting in | 
marked handiness. 

A good general idea of the machine is given by Fig. 3. 
The column is deep from front to back, and so affords 
a substantial bedding for the heavy box casting 
which forms the overhanging arm. This is 10 in. 
by 8} in. in cross section, and is adjustable along 
a dovetail guide to which it is clamped by two large 
bolts drawing up the split top of the column casting ; 
it is adjusted by a rack and pinion motion. The 
arbor can be supported at three points. Atjtwo of these 
are parallel bearings for the arbor bushes, lined with 
white metal and adjustable for wear. The third 
point of support is provided by a bracket which 
can be clamped anywhere along the dovetail slide 


of the arm, and is fitted with two adjustable bronze | 64 in. The knee is of box form, and particular care has 
shoes in lieu of a complete bearing ; it is not shown | been taken in its design to ensure maximum strength 
in the figures. The distance from the centre of the| and stiffness. As shown in Fig. 3, the bearing on 
spindle to the underside of the overhanging arm is | the vertical slide of the column extends well above the 
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top of the saddle:slide, an arrangement which not only 
provides a long guide but ensures a correc 

of the clamping grip to the saddle loading. 
clamping is effected by moving the taper gib en 
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by means 
by a long steel lever. The gib grips along the whole | 
length of the slide, and, as it is completely surrounded | 
by the knee casting, all thrust is taken by solid metal. 

“Tho driving gear, the position of which is identified | 
by the cover in the centre of the column, forms a! 
separate unit which may be withdrawn as a whole. | 
Sixteen spindle speeds are provided ranging, in geo- 
metrical progression, from 16-5 to 427 r.p.m. All| 
speed changes are made by sliding gears of case- | 
hardened steel operated by the two levers and two 
cranks seen on the cover. The third crank, below 
the other two, reverses the direction of rotation of the | 
spindle. The feed gear box is seen below the driving | 
box. The arm brace, best seen in Fig. 1, is of particu- 
larly strong form. It is offset so that it is well out 
of the way, and large cutters can be removed from 
their arbors without disturbing it. As will be evident 
from the figure, the brace can be used on either 
side of the spindle, being bolted to the arbor bearing 
bracket. Itis, as a matter of fact, stiff enough to 
support this bracket efficiently, even when the over- 
hanging arm is withdrawn right back. The maximum 
distance between the face of the column and the arm | 
face is 27} in. 

Turning now to the moving parts of the machine, 
a beginning may be made with the drive. This, as 
shown in Fig. 3, for the standard machine, is a 
single-pulley drive. The pulley is 17$in. in diameter, 
taking a 4-in. double belt. It runs at 400 r.p.m. | 
Here it may be mentioned that the machine is | 


particularly suitable for driving by ‘an’ individual | there are 18, ranging from §-in. to 22} in. per minute, are | 
motor, which is attached to a bracket resting on the | independent of the spindle speeds. A view of the interior | 


| safety stops at each end of the travel. 


asthe hindi Susan 


457 





of arack and pinion, the latter being actuated | which run right through it, the ends being finished 


with the bracket carrying the feed screw. This screw 
does not rotate, is always in tension, and is not splined. 
The rotating nut is of phosphor bronze, and is driven 
by wide spur gearing of high-tensile steel. The thrust 
in both directions is taken on ball thrust bearings. 
The table is carried in the saddle on a dovetail slide. 
The saddle itself, which is 40 in. long for the standard 


' table, runs on a square-edged slide on the knee with a 


narrow central guide, against which is a taper gib. 
There is also a gib at each outer edgg, the saddle being 
clamped on both these edges by independent taper gibs 


‘operated by hand levers at the end of the saddle. 


The control of the various motions is best understood 
from Fig. 4. At the top of this are seen the table 


| stops, and below them is the stop-release lever. All 


the feeds have automatic stops in both directions. 
The longitudinal feed, in addition to the ordinary 


levers, while the long one behind the crank-handle 
wheel is the knee-clamping lever. Adjustable index 
discs, graduated in thousandths of an inch, are fitted 
to all motions. Metric screws and index discs can 
be fitted when required. The gears and bearings in the 
driving box are continuously flooded with oil by a force 
pump inside the column. A glass oil-level indicator is 
provided. The same pump also supplies oil to the feed 
gear box. The feed gears in the knee run in an oil bath, 
and the table and cross slide are oiled automatically 
from the inside. A tool lubricant pump does not form 
part of the normal equipment, but, when supplied, is 
driven by belt from the feed box. The tank is placed 
outside the column and the lubricant is returned to it 
from the saddle without the use of flexible pipes. 

A vertical] milling attachment to take the same cutters 
collets, &c., as the main spindle can be supplied. The 





front part of the attachment swivels on a graduated 


‘automatic stop, which can be overrun when required, | base. This attachment used on the plain milling 


has two automatic and dead stops, which also act as | machine forms a very efficient tool in cases where the 


has a safety stop at each end of its movement, and the 
vertical feed to the knee has a safety stop to throw it 


| out of action when the tableis at the bottom. Thefeeds 


are interlocked, so that conflicting feeds cannot be 
engaged at the same time. They are reversed by the 


wheel in the figure. The automatic feeds are operated by 
the firm’s dial feed motion. The feed is set by rotating 
a dial attached to a handwheel until the desired feed 
is opposite a fixed pointer. The feed changes, of which 














Fig. 5. 


foundation and connected to the base of the column. 
Power transmission, in this case, is by a totally-enclosed 
noiseless chain running in an oil bath. The motor is 
adjustable on the bracket for tensioning the chain. 
With this form of drive no additional floor space is 
needed, beyond what is required for the motions of 
the machine. This floor space, with the standard 
long table, is 8 ft. 6 in. by 8 ft. 6 in., and, with the 
special long table, is 8 ft. 6 in. by 11 ft. 6 in. Asan 
alternative, the necessary extra parts can be supplied 
to adapt the machine for electrical equipment fur- 
nished by the purchaser. Plain hand-operated control 
gear is used, as the motor can be started against no 
load and allowed to run continuously. Returning, 
however, to the belt drive, it will be seen that the 
belt is enclosed in a guard. This can be adjusted in 
an angular direction to suit the relative positions of 
the machine and line shafting. The pulley runs on 
ball bearings mounted on a fixed sleeve, and attached 
to it is a pulley for actuating the power quick- 
traverse motion though a separate belt to that of 
the feed gear. Both these belts are enclosed in a 
guard. The feed pulleys run on ball bearings. 
Starting and stopping the machine is effected by the 
long lever at the top of the column. The lever operates 
@ friction clutch. 

The spindle, which runs in bearings lined with white 
metal, lias the standardised nose, hardened both inter- 
nally and externally, and having a taper hole which 
renders it impossible for arbors or cutters to stick. 
Provision is made for securing large inserted-tooth 
cutters. It is bored through and is provided with two 
draw bolts, and an adaptor for taking arbors, cutters, 
collets, &c., with No. 11 Brown and Sharpe taper 
shanks. The table, as already stated, is 57 in. by 
13} in., but the machine can accommodate one of the 
same width but 75-in. long, for long work such as spline 
cutting, in which case the longitudinal feed is 54-in. 
instead of 36 in., and the saddle is correspondingly 





lengthened. Both tables have three g-in. Tee slots 


of the feed gear box is given in Fig. 5. The feed is 
transmitted from the feed-box to the table by strong 
shafts and steel gearing, the latter being hardened 
where necessary. No universal joints are used. The 
position of the transmission shaft will be clear 
from Fig. 3, this being the longer of the two vertical 
shafts. The shorter one actuates the quick power 
motion which gives a longitudinal traverse to the table 
of 150 in. per minute, independently of the feed or 
any other motions of the machine, being available 
when the spindle is at rest. When quick power motion 
is required for the vertical or cross movements of the 
table, the fastest ordinary feed is used, as this is rapid 
enough for these comparatively short travels. The 
longitudinal quick power motion is controlled by the 
vertical lever near the handwheel at the right of Fig. 4. 
This handwheel provides for manual longitudinal 
traverse. 

The hand wheel in the centre of Fig. 4 is for the cross 
traverse, and that at the left hand for the vertical motion. 
It should be noted that the latter has a crank handle. 
This is a safety attachment, the handle remaining 
stationary while the wheel is revolving. It is locked 
to the rim of the wheel when hand operation is required 
by means of a spring catch engaging with the holes 
shown. The automatic vertical feed is engaged and 
released by the same lever as the cross feed. This 
is seen near the left-hand top quarter of the centre 
handwheel. A dial and pointer indicating the feed 
required ensures an interlock between the two feeds. 
The horizontal lever on the right-hand of the wheel 
is also provided with a pointer and dial, and puts 
into operation the feed selected. The thrust of 
the screw of the automatic cross feed is taken on a 
double ball thrust bearing. The weight of the knee 
and table is also taken by a ball thrust bearing. The 
elevating screw is telescopic, enabling the full vertical 
travel of the table to be obtained without a hole having 
to be cut for it in the foundation. The levers seen 
on either side of the arm brace are saddle-clamping 


} 


The cross feed | amount of vertical milling undertaken does not warrant 
the installation of a vertical machine. 
table for use with this attachment has hand and 
| automatic feeds with an automatic stop. The edge 


vertical lever immediately to the right of the central hand | lubricant. 


The circular 


of the table is graduated and has an adjustable pointer. 
The base is formed as a pan to catch the cutting 








THE INFLUENCE OF GASES ON THE 
SOUNDNESS OF COPPER INGOTS.* 
By N. P. Atuen, M.Met. 


TuE following paper represents a further stage in 
the study of the influence of gases on copper under- 
taken by the British Non-Ferrous Metals Research 
Association, and carried out at the University College 
of Swansea under the direction of Professor C. A. 
Edwards. 

The present investigations were commenced in the 
| opinion that a study of the conditions governing the 
| liberation of dissolved gases from metals was required 
| to explain the discrepancies between different observers. 
| Prytherch found that the nature and distribution of the 
| blowholes in copper ingots depended upon the nature 
and concentration of the dissolved gas, the casting 
temperature, and the rate of cooling in'the mould. 
He was able to obtain marked improvement in the 
quality of his castings by processes designed to remove 
the dissolved gas from the molten metal, and his later 
experiments were directed towards securing @ more 
thorough control of the melting atmosphere. With 
the object of finding how far this control could be 
pushed to advantage, the author continued in this 
direction by carrying out small-scale experiments 
under as rigorous atmosphere control as was possible. 
| These experiments led to the conclusion that the effect 

of the dissolved gas alone was unimportant compared 
with its effect in the presence of oxygen. The influence 
| of sulphur was not investigated, as its action appeared 
| to be well understood. 

The majority of the experiments were carried out 
in a specially constructed electric furnace. It con- 
sisted essentially of a long upright silica tube, 36 in. 
long and 2 in. in internal diameter, wound with 
nichrome (and, later, with platinum tape), and mounted 
in a case which could be rotated about a horizontal 
axis. A crucible of graphite was supported within 
the silica furnace tube, on a silica or porcelain tube, 
and had screwed to its mouth a graphite funnel. This 
funnel communicated with a silica tube—referred to 
subsequently as the guide tube—which supported 
a steel mould. During melting, the furnace stood with 
the crucible upright. When it was desired to cast 
the metal, the furnace was simply rotated about 
the horizontal axis and the metal ran into the 
mould. The guide tube served to protect the sides 
of the furnace tube, and to guide the metal into the 
|mould, whilst a length of pressure tubing made it 
possible to keep the furnace in contact with any gas 
supply, or pressure-regulating system, throughout. 
The joints at the end of the furnace were made fast 
with a good quality vacuum wax, and it was possible 
to melt and cast the metal in any desired atmosphere. 
This furnace would melt about 200 grm. of copper, 
and was known as the rotating furnace. When it 
was desired to melt smaller quantities, the copper was 
held in a Battersea clay combustion boat, inside a 
long 1-in. silica tube, heated either electrically or in a 
small gas injector furnace, and, occasionally, larger 
melts were carried out in a gas injector furnace capable 
of melting up to 25 lb. of metal. In these melts, 
Salamander crucibles were always used. 

Throughout the research, the porosity of the cast 
metal was judged from determinations of its density. 
Those were made by Archimedes’ method on the whole 
ingot, except where otherwise stated, and using 
distilled water. Temperature corrections were made, 








* Paper read before the Institute of Metals, London, 
Wednesday, March 12, 1930. Abridged. 
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and the results are reported in each case as the density | 


of the metal at 0 deg. C., the density of water at 4 deg. C. | 
being taken as 1. | 

Simple Hydrogen Unsoundness.—Cathode copper | 
initially contains hydrogen. The hydrogen tends to | 
diffuse away when the metal is heated. This action 
can be shown by oxidising the surface of a piece of 
cathode copper until it is just black, and heating it | 
in an atmosphere of oxygen-free nitrogen. At about | 
900 deg. C., the oxide will be reduced, the surface of the | 
metal will resume a bright copper colour, and the mass 
willlose weight. Under ordinary conditions of heating, 
however, the hydrogen is not all lost in this way, and, 
just below the melting point, enough remains to pro- 
duce well-marked blisters. At the moment of melting, 
a lively effervescence may be produced by the escape 
of more hydrogen. This can readily be observed by 
me!ting the metal in a graphite boat in a horizontal 





tube furnace, and watching the metal through the open 
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Fig. 17. 


BILLET, SHOWING ARRANGEMENT OF BLOWHOLES. 


endofthe tube. Aftera few moments, the effervescence | 
ceases, and it might be presumed that all the hydrogen | 
has left the metal. This, however, is by no means the 
case. Ingots were made by just melting cathode cop- 
per in the rotating furnace, and allowing it to solidify 
slowly in the furnace. The ingots were unsound, 
showing that gas was present when freezing occurred. 
Now this gas did not appear to escape from the metal 
when the pressure in th» furnace was lowered. Melts 
were carried out at many pressures between 2 mm. of 
mercury and atmospher:c pressure, and in all cases, 
when the metal was only just melted, the ingot was 
unsound. If the temperature of the metal were raised 
some 60-70 deg. C. above the melting point, the 
results were entirely different. The ingots, cooled 
under exactly the same conditions as before, were 
then perfectly sound, and deeply piped. The densities 
were uniform and equal to that of roiled copper. 

It appeared, therefore, that though the cathode 
copper gave off gas on melting, a certain proportion 
remained, and caused an unsoundness which was 
more readily removed by raising the temperature than 
by lowering the pressure. Nevertheless, raising the 
temperature did not achieve a complete removal of 


PLANED AND EtcHED SECTION OF A PURE COPPER 


the gas, for if the metal were cast, instead of being 
allowed to cool slowly with the furnace, a very unsound 
ingot resulted. 

It seemed, therefore, that it was the difference in 
the rates of cooling that was responsible for the differ- 
ence in density between the cast and uncast ingots. 
This point was examined by a separate series of experi- 
ments. A furnace was made, consisting essentially 
of a spirally cut Silit heating tube, through which 
was passed a l-in. bore silica tube. Inside the 
tube was placed a graphite boat, in which the end of 
a long silica pyfometer tube was fitted, so that the 
pyrometer measured very closely the temperature of 
any metal in the boat. Sixty grammes of cathode 


copper were placed in the boat, and hydrogen was 
passed continuously through the tube. The current was 
switched on, until the pyrometer read 1,200 deg. C., 
after which the current was reduced, so that the tem- 
perature began to fall, and temperature readings were 


0-001 PER CENT. 0-002 PER CENT. 0-004 PER 
Fig. 20. Errect or VARYING AMOUNT 
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taken at intervals until the metal was 
solid. This was done for widely varying 
rates of cooling, the most rapid of which 
was obtained by shutting off the current 
entirely and moving the tube some 3 in. 
from the centre of the furnace, so that 
the part containing the boat was 
brought into comparatively cold sur- 

©. roundings. The densities of the result- 
ant ingots were then determined. Hydrogen was 
passed through the furnace throughout the experiment. 
Some of the cooling curves showed the arrest due to 
the freezing of the metal, but not all. Therefore the 
tate of cooling was expressed as the time taken in 


TaBLe IV.—Effect of Rate of Cooling on Density. 


ines 





Time of Cooling from 





Sample. | 1,110 deg. to 1,000 deg. C. | Density. 
| Minutes. | 
| 
BG | 22-0 8-92 
BP 15-0 8-91 
BD 12-0 8-78 
BN | 10-0 8-87 
BH 6-0 8-82 
BI | 4-7 8-84 
BJ 4-5 8-66 
BK 3°5 8-80 
BL Less than 0-5 6-38 


cooling from 1,100 deg. to 1,000 deg. C. The results 
are shown in Table IV. 

There was a decrease in density as the rate of cooling 
increased. The figures were somewhat irregular, but 





Fig.21. ARRANGEMENT OF BLOWHOLES 
IN CAST COPPER. 
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this was because the cavities were large and open to 
the surface, so that they became partially filled with 
water during the density determination. The cross. 
sections of the ingots showed the progressive increase 
in porosity with increasing rate of cooling much 
better. These results show indisputably that copper 
containing dissolved hydrogen casts less soundly the 
more quickly it freezes. . 
Removal of the Hydrogen from Melted Cathode Copper, 
—At this point, a certain number of attempts were 
made to produce large sound ingots by arranging 
that the metal should cool exceedingly slowly in the 
mould, but the method proved impracticably elaborate, 
and, in some cases, the metal froze perfectly solid for 
a while, and then swelled out with the formation of a 
blister of enormous size. Removal of the hydrogen 
remaining in cathode copper after melting was 
attempted by the two methods available at present— 
namely, melting under a reduced pressure, and treat- 
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Fic. 24. Cavity AssocIATED WITH OXIDE 
Eutectic IN CopreR MELTED IN STEAM. 





ment of the molten metal with a gas insoluble in it. 
All the experiments were carried out in the rotating 
furnace. 

In the first place, the furnace was kept evacuated by 
means of a single-stage Geryk pump throughout the 
experiment, which enabled a pressure of 1-2 mm. of 
mercury to be maintained at 1,150 deg. C., and the 
molten metal was held at this temperature for an 
hour or more, after which it was cast into a graphite 
mould. The ingots obtained were all sound, the metal 
being apparently gas-free, and it became of interest 
to know how far it was necessary to reduce the 
pressure in order to achieve this result. Accordingly, 
a series of melts was carried out at progressively 
decreasing pressures, but a variation was introduced 
in that the metal was cast in an iron mould instead of 
a graphite one. After the copper had been ins¢ rted, 
and all joints made secure, the furnace was pumped 
out to the required pressure, and heating was com- 
menced. As the pressure rose, the pump was brought 
into action now and again, so as to keep the furnace 
pressure constant within + 2 mm. of mercury. At 
pressures above 250 mm., the densities of the ingots 
produced were low and irregular, and the ingots were 
honeycombed with blowholes. As the pressure was 
reduced below 250 mm., the ingots became very '@ pidly 
| sounder, until at 60-mm. pressure the cavities ven 
|only 1 per cent. of the total volume. Thercaiter, 


| further improvement was slow, as the curve plotted 

in Fig. 13 shows. ” . 
For the treatment of the molten metal with an inert 

gas, the copper was melted in the normal 1’ -_ 





atmosphere under ordinary pressure, and when } 
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molten. carefully dried cylinder nitrogen was passed in 
at a constant rate for a time varying between 1 and 
30 minutes, in different heats, after which the gas 
stream was stopped, and the metal was cast. The 
results were remarkable. All the ingots were sound ; 
there was no gradual transition, such as might have 
been expected from an unsound ingot to a sound one 
as the length of the nitrogen treatment was increased. 
It sufficed merely to replace the gases in the furnace 
with nitrogen in order to get an ingot practically free 
from cavities of any sort, and the removal of the 
hydrogen dissolved in the copper appeared to be very 
rapid indeed. 

The Characteristics of Hydrogen Unsoundness.—It 
may now be remarked that, in all these experiments, 
the type of porosity met with in commercial copper 
ingots was never found. The porosity of commercial 
copper ingots consists of a large number of very 
minute holes, evenly distributed through the mass 
(though rather more noticeable in the centre), and so 
small that the polished surface needs to be etched 
before they are revealed. Fig. 17 on the opposite page, 
shows the characteristic appearance. The blowholes 
produced by hydrogen were invariably large trumpet- 
shaped cavities, running together at the centre of the 
ingot. Moreover, when the amount of porosity was 
reduced, either by decreasing the rate of cooling or 


Fig.26.__ APPARATUS FOR 
COLLECTION OF HYDROGEN. 
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by reducing the pressure under which the metal was 
melted, the reduction was accompanied, not by @ 
decrease in size of the holes, but by a decrease in their 
number. 

In addition to this, it is well established that, in the 
commercial casting of copper, other things being 
equal, the more quickly the metal is chilled the more 
dense is the casting, whereas it has been shown that 
when the unsoundness is due to the liberation of 
hydrogen bubbles, the reverse is thecase. Neither can 
the unsoundness of commercial ingots be removed 
by treatment of the metal with nitrogen with the ease 
with which the porosity due to dissolved hydrogen is 
removed. Several firms have attempted the nitrogen 
treatment for the improvement of copper castings, 
and while an improvement has been observed, it has 
been by no means as striking as that obtained in the 
present work. It was therefore concluded that the 
trouble experienced commercially was not due simply 
to the liberation of hydrogen bubbles. Nevertheless, 
it must be borne in mind that if copper containing 
sufficient hydrogen be cast porosity will result, and 
this will be the more serious the greater the amount of 
hydrogen present and the more severe the chilling of 
the metal. The harmful hydrogen can very readily 
be removed from such metal by treatment under re- 
duced pressure, or with inert gas. 

_ Experiments with Carbon Monoxide.—Simple libera- 
tion of dissolved hydrogen having been found incapable 
of producing porosity in copper ingots similar to that 
observed in practice, the cause of this porosity remained 
to be discovered. Since the rate of cooling has such a 
marked effect on the evolution of hydrogen, it was 
decided to chill-cast copper melted in carbon mon- 
oxide in the rotating furnace. Two melts were made, 
in which the copper was melted under the same con- 











ditions as had been used in the treatment of the metal 
with nitrogen. As soon as the metal was melted, dry 
cylinder carbon dioxide was passed slowly into the 
furnace. This reacted with the graphite crucible, 
producing a gas which analysed 96 per cent. of carbon 
monoxide, and after time had been allowed for the metal 
to saturate itself with this gas, the metal was chill- 
cast from 1,180 deg. C. Both ingots were very sound, 
and, on being cut across, polished and etched, showed 
no blowholes. The carbon monoxide, therefore, was 
either not dissolved by the metal, or else dissolved 
and not liberated on casting. It was possible that the 
very vigorous chilling involved by pouring so small a 
quantity of metal into a cold iron mould caused the 
metal to solidify too quickly to allow of the formation 
of bubbles of carbon monoxide. To test this point, 
the metal was next cast into a previously well-dried 
cylindrical Salamander crucible, to obtain a rather 
slower cooling. 

Except for this change, the details were exactly 
the same as in the two previous experiments. The 
gas was passed for 90 minutes, to allow complete 
saturation of the metal to take place, and the first 
result appeared to justify the reasoning given com- 
pletely, for the ingot had a risen surface, a low density, 
and, on sectioning, showed the large number of minute 
blowholes characteristic of the commercial ingot. 


Fug.27.__ PRODUCTION OF 
HYDROGEN BY REACTION OF 
STEAM WITH MOLTEN COPPER. 
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oxide was wrapped up in a piece of tinfoil and¥placed 
in the guide tube, so that the molten copper running 
into the mould would swamp the little packet. An 
ingot of low density resulted. It will be seen that, 
however it was introduced, whenever cuprous oxide 
was present in the metal on casting, the ingot was 
unsound. In all the above experiments, the atmo- 
sphere of the furnace was of carbon monoxide. This, 
however, was not essential. 

An interesting observation was that, when oxygen 
was added, the plain hydrogen type of unsoundness 
| was suppressed; 200 gm. of cathode copper were 

taken and melted in the closed furnace, under atmo- 
spheric pressure—that is to say, under the conditions 
which had previously resulted in very marked hydrogen- 
type unsoundness. The metal was cast into a pre- 
viously used (soiled with cuprous oxide) Salamander 
crucible, and the ingot was very unsound, but showed 
the innumerable small holes characteristic of the 
porosity produced when oxygen was added to “ de- 
gasified”” copper, rather than the larger cavities 
| associated with hydrogen. 

Amount of Oxygen. Required.—The amount of oxygen 
required to produce unsoundness in copper which 
would have cast soundly without it, was determined 
by adding progressively increasing quantities of pure 
cuprous oxide to the metal during casting. This was 
placed, wrapped in gold-leaf, in the guide tube, and the 
metal was melted under a pressure of 2-0 cm. mercury, 
all other conditions being carefully standardised. The 
quantity of gold, in which the cuprous oxide was 
wrapped, never exceeded 0-012 gm., which, being 
equivalent to only 0-006 per cent. of gold added to 
the copper, was considered to be negligible. The 
densities of the ingots were measured, and the ingots 
were then sectioned and photographed. Their appear- 
ance is shown in Fig. 20, and the densities are tabu- 
lated in Table X, below ; 0-002 per cent. of oxygen 
added was sufficient to cause a serious decrease in 
density. 

The type of unsoundness in these ingots was inter- 
| mediate between that due to hydrogen alone and that 

characteristic of the effect of oxygen. It may be that 
the lower pressure caused a modification of what may 
| be termed the oxygen-type of unsoundness, or that the 
small holes originated by the oxygen acted as nuclei 
' for the separation of small quantites of residual hydro- 
| gen, such as were insufficient to initiate bubbles for 
| themselves, but escaped when the preliminary diffi- 
| culty in the formation of a blowhole was overcome. 
| The latter explanation would account for the suppres- 


sion of the hydrogen-type of unsoundness when, at 
| 


TaBLe X.—LEffect of Varying the Amount of Oxygen 
Added, 


| 








esti Time (Hours) _——————s Ingot | Oxygen Added. | Density 
} = Per cent. of Ingot. 
The result was felt to be of some importance, ‘since = 
this was the first ingot showing an unsoundness similar | EK Nil | 8-98 
to that ocurring commercially, and the experiment was EN 0-001 8-93 
carefully repeated. The result, however, was exactly EO 0-002 | 8-64 
the reverse of that previously obtained, the ingot being | = oo is 
both piped and sound, having a density of 8-92. A| EL | 0-010 7-26 


third trial confirmed the second. It was thought that 
the low density of the first ingot might have been due | 
to an accidentally high sulphur content, but experi- 
ments with copper intentionally contaminated with 
sulphur gave this hypothesis no support. | 

Examination of the conditions then revealed the | 
fact that, whereas the sound ingots had both been cast | 
into clean, new Salamander crucibles, the unsound | 
ingot had been cast into a crucible which had held | 
molten copper before. The old crucibles had a coating | 
of copper on the inside surface; when the crucibles | 
were dried before being put into the furnace this was | 
converted to oxide, and this was the cause of the 
difference. For the sake of certainty, several more | 
heats were carried out under the same conditions, | 
sometimes using new crucibles, and sometimes old. | 
With one exception, all the ingots cast in old crucibles | 
were unsound, and all those case in new ones were 
sound. 

Addition of Cuprous Oride to the Cast Copper.—To | 
confirm the conclusion that it was copper oxide in the | 
dirty crucibles which caused the production of un- | 
sound ingots, three new Salamander crucibles were 
taken, painted internally with a paste of red copper 
oxide and water, and carefully dried. These were 
used as moulds in three heats, in which the arrange- 
ment of the furnace was the same as before. The 
ingots cast were all unsound. Two more lots of metal 
were now melted under the same conditions, with the 
exception that the guide tube and mould were not 
put in the furnace. The carbon monoxide treatment 
was continued for 1 hour, at the end of which the 
furnace was opened, the crucible taken out, and the 
metal was cast into a magnesia-dressed chill-mould. 
The surfaces of those ingots rose markedly, and the 
densities were low. Finally, 0-32 gm. of cuprous 











normal pressures, oxygen was added to copper con- 
taining hydrogen. The myriad tiny blowholes formed 
on the addition of oxygen would all act as nuclei for 
the separation of the hydrogen, which would thus 
distribute itself between these, instead of forming the 
comparatively few large holes in which it would have 
separated if left to itself. 

According to this view, it was possible that the 
action of the cuprous oxide was merely mechanical. 
The solid particles might have been acting as nuclei 
for the separation of residual hydrogen, unremoved 
by the treatment with carbon monoxide, in much 
the same way as sand, added to a superheated solution, 
will cause it to boil violently. This was tested by 
carrying out an experiment, similar to those in 
which cuprous oxide was added, with the difference 
that 0-040 gm. of previously dried light white 
Magnesia was substituted for the cuprous oxide. 
The hydrogen was removed from the cathode copper 

y passing nitrogen through the furnace for 15 
minutes. The ingot was perfectly sound (density, 
8-92). Hence it was concluded that the action of 
the added cuprous oxide was chemical rather than 
mechanical. 

Theory of the Action of Cuprous Oxide.—The dissocia- 
tion pressure of cuprous oxide at 1,150 deg. C. is 
exceedingly low (2-0 x 10-* cm. at 1,200 deg., Pilling 
and Bedworth), whilst, on the commercial scale, copper 
highly charged with cuprous oxide is found to cast 
relatively soundly. It is therefore unlikely that evolu- 
tion of oxygen gas can be the cause of the phenomenon. 
It is more probable that the cuprous oxide reacts with 
some impurity in the copper, with the production of 
an insoluble gas. Such impurities could be hydrogen. 
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Sulphur or carbon monoxide, acting according to the 
equations :—- 
i H, + Cu,O —- 2Cu + H,O 
(soluble in (supposed insoluble 
solid Cu) in solid Cu) 


(ii) Cu,S + 2Cu,0 — 6Cu + 80 


(solid) (insoluble in 
solid Cu) 
(iii) co + Cu,0 — 2Cu + co, 
(supposed soluble (suppoéged insoluble 
in solid Cu) in solid Cu) 


Of these, (ii) is always possible if sulphur is present 
in the copper, but it is unlikely that it accounts for the 
overpoling of copper, since the sulphur content of 
copper does not necessarily increase during over- 
poling. Moreover, the partner in the reaction with 
oxygen is probably a gas, since the unsoundness of 
the cast ingots is diminished, though not eliminated, 
by degasification treatments, such as pre-solidification 
and the nitrogen treatment, and since the work here 
reported gives no evidence whatever of the solubility 
of carbon monoxide, an explanation on the basis of 
the first equation seems the most probable. 

At first sight, it would seem somewhat strange to ac- 
count for the overpoling of copper by means of any of 
the above equations, in view of the fact that it is only 
when the removal of oxygen is approaching completion 
that the surface of the test ingot begins to rise. But 
it must be remembered that the amount of oxygen 
necessary is very small, and of the order of 0-002 per 
cent., whereas it is very unusual for an even seriously 
overpoled refinery ingot to contain less than 0-01 per 
cent. of oxygen. Now, supposing, for the moment, that 
the impurity is hydrogen, and that a reversible reaction 
of the type 

Cu,O + H, =~ 2Cu + H,O 

takes place in the molten copper. This reaction at any 
temperature would reach an equilibrium, and, accord- 
ing to the law of mass action, other things being equal, 
the greater the quantity of cuprous oxide in the copper 
the less would be the proportion of hydrogen. Re- 
ferring to the solubility figures of Sieverts and 
Krumbhaar, it may be found that the maximum 
quantity of hydrogen that can be retained by molten 
copper at 1,123 deg. C., and 760 mm. pressure is 
0-000608 per cent. by weight. This is the chemical 
equivalent of 0-004864 of oxygen, so that, as long as 
the molten copper retains 0-01 per cent. of oxygen, 
there is plenty of oxygen to combine with any hydrogen 
that is likely to be present. It may be concluded that 
the amount of steam that could be produced according 
to equation (i)—steam produced by this reaction being 
the gas forming the blowholes—would be determined 
by the amount of hydrogen in the metal. Since the 
amount of hydrogen rises as the oxygen content of the 
metal falls, the decrease in density of the cast ingots 
as poling proceeds naturally follows. 

It should be stated that, although the hydrogen and 
cuprous oxide in the copper will be in equilibrium 
with each other at the moment of casting, this equili- 
brium will be disturbed as the metal cools, and par- 
ticularly as solidification of the metal proceeds. During 
freezing, the primary crystallites of copper first put 
down will be free from oxygen. The residual liquid will 
accordingly become richer in oxygen, and the reversible 
reaction, 

Cu, O + H, — 2Cu+H,0 
will be urged in the direction of the upper arrow. 
Steam will, therefore, be liberated in the interstices 
between the primary dendrites, and in those places 
where the metal solidifies last. This arrangement of the 
blowholes can be seen in practically any coppe” ingot. 
Tt is illustrated diegrammaticaily in Fig 21, on page 
458. The liberation of steam half-way through the 
freezing process also explains the fact, not easily to be 
accounted for otherwise, that frequently an overpoled 
copper ingot crusts over first with a perfectly flat 
surface, which afterwards bulges and rises. Similar 
conditions could be shown to arise were the active 
impurity assumed to be sulphur or carbon monoxide, 
according to equations (ii) and (iii), instead of hydrogen. 
Subsequent work, however, showed that the hydrogen 
reaction (i) was the one which did, in fact, take place. 

Endeavours were made to determine the amount of 
hydrogen present analytically. The method employed, 
however, failed, as the author was able to convince 
himself that the amount of hydrogen present was less 
than 0-001 per cent., and the accuracy of the method 
was such that experimental error entirely clouded 
over any differences in hydrogen content which might 
exist between separate specimens. It was then 


thought that if hydrogen were the active impurity and | 


the reaction 

H, + Cu,O = 2Cu + H,O 
were in reality the cause of the unsoundness, it should 
be possible to oxidise copper, and produce hydrogen, 
by passing steam over the molten metal 
Accordingly, copper was melted in a fireclay boat, in 


first with hydrogen and then with steam generated 
from boiled-out oxygen-free water, without admitting 
any air into the furnace when the charge was made. 
The metal was melted in a stream of hydrogen and left 
molten for 20 minutes. This gave an oxygen-free 
sample of copper. The steam was then admitted to 
the furnace, and rapidly passed over the copper for 
a measured time, after which, in two of the heats, 
the tube was moved, so that the metal cooled rela- 
tively quickly, and, in the third, the metal was 
allowed to cool slowly with the furnace. Steam was 
passed until the metal was cold. The densities of the 
ingots are shown in Table XIX. 

The experiments showed that, when copper was melted 
in steam : (1) The copper was oxidised ; (2) the solidified 
metal was unsound if sufficiently quickly cooled. In 
order to demonstrate the production of hydrogen, the 
apparatus shown in Fig. 26, on page 459, was con- 
structed. In this, the metal was melted in a fireclay 
boat as usual, the air was swept out of the apparatus 
by means of an inert gas introduced at A, and steam, 


Fig.28. EFFECT OF TEMPERATURE (C.) ON 
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SECTION NEAR THE SURFACE OF THE 
INGOT SHOWN IN Fia. 24. 


Fic. 30. 


generated from distilled water, previously boiled for an 
hour, was passed rapidly through. The issuing steam 
was condensed, and any gaseous impurity it contained 
was collected in the burette B. At first nitrogen was 
used as the inert gas, and the hydrogen was collected 
over water, but later carbon dioxide was substituted, 
and the hydrogen was collected over caustic soda. 
This gave an appreciably better blank, but it was not 
found possible to reduce the blank below about 1} c.c. 











a closed-end silica tube, and a gas-supply system was | 24 c.c. of gas were obtained in 2 hours from 55-8 gm. 
made in such a way that the metal could be treated | of metal; the original content of oxygen was 0-010 per 


cent., and the final 0-087 per cent. The density of the 
ingot was 8-77. In another experiment, 46 c.c. of gas 
were obtained in 3} hours. This gas burnt explosively 
when mixed with air. The volume concentration of 
hydrogen in the issuing steam was about 0-005 per 
cent. The ingots produced were both slightly un. 
sound, although the metal was allowed to solidify 
slowly with the furnace. , 

The effect of temperature on the copper-steam re- 
action was determined by passing steam over copper 
at various temperatures, and measuring the amount 
of hydrogen produced. The mode of collection 
of the hydrogen was the same as used in the previous 
experiment, except that precautions were taken to 
secure a uniform temperature in the neighbourhood 
of the molten metal and, pyrometer, and, instead of 
heating the silica tube containing the copper with the 
furnace, the latter was heated first to 50 deg. C. above 
the required temperature, whilst the reaction tube 
was filled with pure steam, and the tube was then 
pushed into the furnace. When, in about 10 minutes, 
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the required temperature was reached by the metal, 
collection of gas was begun, and continued for 1 hour, 
after which the tube was withdrawn from the furnace. 
The collected gas was then transferred to a gas-analysis 
apparatus, exploded with excess of air, and the hydro- 
gen content calculated from the contraction. The 
densities and final oxygen contents of the ingots were 
determined. The results are plotted in Fig. 28, on 
this page. 


TABLE XIX. 





| | Oxygen Content 
Heat. Metal Gm. 


| Time of Steam 


} 
Oxygen Content | 
After. 
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| | 
| 
| before Admitting Density. Cooling. 
| Stain | Treatment. | | y | 
' ' | er 
IK 48-06 Nil | 2 hr. 35 min. a as 8-87 | Slow. 
IL | 57-65 | i ae os — 8-47 | Quick. 
IR 56-67 | 50 min. | 0-037 | 8-37 | + 





of gas collected in an hour when the steam was passed 
through the empty tube at 1,150 deg. C. This blank 
| was due to slight permeability of the silica tube. It 
|increased as time went on, and became very large 
| just before the tube failed by devitrification. 

The evolution of gas when copper was in the furnace 
is shown in Fig. 27, on page 459. It was slight, and of the 
same order as the blank when the metal was solid, but as 
; Soon as the melting point was passed, the rate of gas 
| evolution increased markedly, and gas continued to be 
| produced at uniform rate until the metal was cooled, 
‘when the evolution diminished. In one experiment, 











Microstructures.—All the ingots made from metal 
melt :d in steam and quickly cooled showed the presence 
of copper-copper oxide eutectic and holes. The holes 
were associated with the eutectic constituent, in the 
manner shown in Fig. 24, on page 459, taken from an 
ingot melted in hydrogen and then treated with steam. 
There was a gradation of oxygen content from the top 
to the bottom of suchingots. Fig. 30is reproduced — 
a photograph of the same ingot as that from whiel 
Fig. 24 was taken, at the top edge of the section. This 
gradation of oxygen content showed that the erst 
was not completed when that particular experimen 
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was concluded, and the appearance of the microsection 
suggested that the eutectic proportion of oxygen, at 
least, would have to be reached before the reaction 
would stop. Ingots melted in nitrogen showed the 
presence of oxide eutectic, Fig. 31, but no holes. 
Discussion of Results.—Experimental evidence was 
thus obtained showing that steam reacted with molten 
copper with the production of cuprous oxide and hydro- 
ven. The reaction was slow, but the speed increased 
withincreasing temperature. It was doubtful whether 
it proceeded in the solid state. The oxygen contents 
of the ingots were not perfectly satisfactory, not being 
so well under control as would be desired. This 


reaction was accompanied by a tendency of the copper | 


to become unsound when relatively quickly cooled. 
The unsoundness resembled that of commercial over- 
poled copper in the following particulars:—(1) It 
caused a fall in density of the same order—namely, 
to 8-3-8-7. (2) The holes were found in the grain boun- 


daries and between the arms of the dendrites, asso- | 


ciated with the Cu-Cu,0 eutectic. (3) It was produced 
in the presence of oxygen. (4) It was prevented by 
very slow cooling during solidification. (5) It was 
increased by increasing the temperature. It appeared 
probable that this reaction was the cause of suc 
unsoundness in copper ingots as could not be explained 
by the presence of sulphur, and a measurement of the 
equilibrium of the reaction was undertaken. 

The Equilibrium Between Molten Copper and Steam.— 
The measurement of the equilibrium constant of the 
reaction between molten copper and steam proved 
exceedingly difficult. Many false starts were made, 
and though a suitable apparatus was ultimately evolved, 
all the difficulties are not yet overcome, and consider- 


able modification of detail is to be expected in any | 
future work. Nevertheless, sufficient was done to | 


show that an accurate knowledge of this reaction is 
possible, and that the conditions anticipated in the 
theory of overpoling advanced above do, in fact, exist, 

The results of four experiments are plotted in 
Fig. 32. As the oxygen content of the copper decreased, 
the hydrogen content increased very markedly. 

The quantities of hydrogen look ridiculously small, 
but they are by no means negligible. Take the case 
of one of the ingots: This has an oxygen content 
about that of an ordinary ‘‘tough-pitch” ingot, 
namely, 0-050 per cent.; 100 gm. of the copper would 
have a volume of about 11-3 c.c., and would contain 
0-000041 gm. of hydrogen, or 0-455 c.c. of hydrogen 
at N.T.P. At the melting point of copper this would 
occupy 2-25 c.c., whether in the form of hydrogen or 
water vapour. Supposing, then, that all this gas 
appeared as cavities filled with steam in the solidified 
ingot, the density of the ingot would be 

100 

11-3 + 2-25 
which is less than the density of a good “ tough-pitch ” 
ingot (usually 8-4-8-6). In this connection, it may 
be mentioned that Hessenbruch has found hydrogen 
contents varying between 0-00001 and 0-00005 per 
cent. in refinery copper. Reference to Fig. 32 will 
now provide an explanation of the overpoling of copp2r. 
This curve connects the percentage of hydrogen which 
can be present in liquid copper at a given temperature 
and in a given furnace atmosphere, with the oxygen con- 
tent of the copper. For other temperatures and other 
compositions of the atmosphere, the values will be 
different, but the shape of the curve will be the same. 

While the oxygen content of the copper is above 
0-1 per cent., the amount of hydrogen is below 0-00002 
per cent.—a small quantity, incapable of causing serious 
unsoundness. The metal will contract on freezing, and 
ingots produced will have a sunken surface. But, as 
during poling, the oxygen content of the metal falls, 
the hydrogen content of the metal will rise gradually, 
and since, on casting the ingots, this hydrogen reacts 
with the oxygen to give steam, which forms blowholes, 
the cast ingots will become gradually less sound. The 
surface hollow will become less marked, until, even- 
tually, a point A will be reached, where the blowholes 
formed will be just sufficient to counteract the normal 
contraction of the metal on solidification and give an 
ingot with a level surface. Reducing the oxygen 
content of the metal beyond this point will now cause 
4 rapid increase of the hydrogen content of the metal, 
and, to double the quantity of hydrogen present, it 
will only be necessary to lower the oxygen content by 
about 0-02 percent. "Hence a very slight further poling 
beyond the point A will cause a marked increase in 
the porosity of the ingot ; the surface will rise and a 
the defects of overpoling will appear. 

The linking of the unsoundness of copper with the 
Presence of oxygen unites it with that of a variety of 
er metals and alloys in which the existence of 

lowholes, spongy places, and like defects has been 
Proved to be, or is suspected of being, connected 
with the contamination of the metal with dissolved 
oxygen or oxides. Steel, nickel, and bronze are 
examples. Moreover, blowhole phenomena in all 


= 7-4 (approx.), 


metals show certain general resemblances. In practi- 
cally all cases, the blowholes are less numerous in 
rapidly chilled metal than in metal cooled relatively 
slowly. The blowholes tend to congregate in those parts 
of the casting which solidify last, and pronounced 
overheating of the fluid metal prior to casting is 
liable to be deleterious. It is tempting, therefore, to 
conclude that the causes aresimilar, and that reaction 
in which oxygen participates are of primary importance 
in all cases. This speculation opens out a very wide | 
field of investigation in which the author hopes to be 
able to work in the future. 











ISOTOPES. 


Reviewine the problems of isotopes in three lec- 
| tures delivered at the Royal Institution in January 
and February, Dr. F. W. Aston stated that, according 
to the laws of Dalton, 1813, that all the atoms of the 
same element were equal to one another and equal 
|in weight, and of Prout, announced ten years later, 
| but going back to classical philosophy, that all atoms 
| were built up of some primordial element (probably 
| hydrogen), the atomic weights should all be whole 
{numbers. The most exact analytical work of the past 
| century did not support that view, and, in 1906, the 
|elements ionium and thorium were actually found to 
| have the same chemical properties, though differing in 
|mass. Similar studies of radioactive transmutations 
| by different workers led to Soddy’s rule that a radio- 
| active element losing one a particle would go back 
two places in the periodic table of the elements, and 
losing one 8 particle, would go up one place. Thus 
|isotopes, i.e., elements of the same position in the 
periodic table, might be chemically identical, though 





of different mass. That was proved conclusively for 
lead which, prepared from uranium ores, gave the 
atomic weight 206, and prepared from thorium ores gave 
208, whilst ordinary lead had the atomic weight 207-2. 
This, however, held only for radioactive elements, and 
all attempts to break up elements which, like ordinary 
lead, might be mixtures of isotopes, into their constit- 
uents, failed until J. J. Thomson succeeded, by the aid 
of his positive-ray analysis. By ing a stream of 
highly-charged particles through a cathode tube of 
very fine bore (Kanalstrahlen or positive rays) and 
exposing them to the action of electric and magnetic 
fields at right angles to one another, he separated the 
particles of different mass, and therefore different 
velocity, into a parabolic streak. He then found that 
the inert gas neon, atomic weight 20-2, gave a strong 
streak, corresponding to mass 20, and a faint streak 
close to it, corresponding to mass 22, and neon was 
declared to consist of two isotopes, Ne®® with a little 
Ne”, 

This revolutionary conclusion, though confirmed 
for several other elements, required thorough proof. 
Dr. Aston tried, before the war, to separate chlorine 
into its constituents by adsorbing it by charcoal and 
submitting the adsorbed gas to fractional distillation. 
There was no trace of separation. Diffusion through 
pipeclay, however, gave, after months of continuous 
experiments, an indication that the lighter constituent 
did diffuse more rapidly. The positive-ray analysis 
parabola method, therefore, held the field. In order to 
increase the possible accuracy of measurements, Dr. 
Aston replaced the fine cathode tube by two slits (only 
0-02 mm. wide, much finer than the cathode tubes) and 
bent the ribbon-stream of particles first downwards 
by the electric field, and then upwards by the magnetic 
field, so that a total deflection of 180 deg. was obtained. 
The streak, received on an almost horizontal photo- 
graphic plate, resembled an optical spectrum, with 
a nearly linear distribution according to mass, at a 
very much increased resolution. The two slits 


vacuum was maintained in the space between them 
to avoid collisions with the residual gas, and contact 
between the particles and non-metallic bodies was 
also prevented, lest the particles should be electrically 
charged by friction before they struck the plate. 
The lines on the plate were lens-shaped and slightly 
curved. By later improvements of this mass spectro- 
graph of 1924, the accuracy of measurements was 


| raised to 1 in 10,000. The electric field plates, of 


brass, which were curved and located 1-25 mm. apart ; 
the core of the magnet was rectangular, 15 cm. by 
5 cm., and the pole pieces formed part of the inner 
fitting. The field could be increased to 24,000 gauss. 

Meanwhile, other methods had been tried. The 
apparatus first used were only applicable to the study 
of gaseous compounds. Specks of solid alkali salts 
were then placed on the slit and the vapours analysed 
by the parabola method ; in this way an isotope of mass 
6 of lithium 7 was discovered. In 1918, Dempster, of 
Chicago, modified the-method of Classen, of Hamburg, 
for the determination of the e/m ratio. Slow particles 
passing through a slit were accelerated to constant 
velocity by high potentials, bent by a magnetic field 
into a semi-circle and received on an electrometer 
plate. This method, and another by Dr. Aston and 
G. P. Thomson, using mixtures of a salt and graphite, 
were very limited in range, and the principle of the 
last method was not clear. J. L. Costa, of Paris, 
modified the mass spectrograph of Aston. All electric 
discharge tubes gave heterogeneous rays; in his own 
mass spectrograph, Dr. Aston aimed at keeping particles 
of the same mass, though not of the same velocity, 
together. Accurate measurements on the plates, he 
explained, were facilitated by series of reference lines, 
such as carbon, mass 12, CH, 13, CH,, 14, CH,, 15 
and CH,, 16, which should coincide with oxygen 16. 
The position of the mass line on the screen or plate, 
due to the electric field, depended upon mv*/e. If 
a particle picked up two electrons e, the effect would be 
the same as if the mass m of the particle were halved. 
Some elements could pick up several electrons ; 
mercury as many as 6. Thus, if a new line of mass a 
were discovered, a search was made for new lines a/2, 
a/3, &c., and the measurements were thus checked. 
Exact measurements were only possible on lines close 
toone another. In the absence of convenient reference 
lines, coincidence or nearness could be produced, on 
the same plate or on two plates, by altering the electric 
field while keeping the magnetic field constant. Thus 
the line C 12 should coincide at 320 volts, with O 16 
at 260 volts. One of the devices used by Dr. Aston for 
these measurements was a modification of Poynting’s 
tilting-plate micrometer. 

Such measurements were more and more confirming 
the whole-number rule. How then were isotopes 
possible? Atoms were supposed to be built up of 
protons (nuclei of mass 1) and electrons of mass 1/1840. 
In computing the total mass, the electrons might be 
neglected. All the protons were concentrated in the 
nucleus, together with some electrons, and there were, 
further, the outer planetary electrons. If the nucleus 
contained 6 protons of mass 6, and charge +6, and 
there were 3 electrons (—3), two inner ones in the 
nucleus and one outer electron, this would be an 
element of net charge 3 and mass 6. An element with 
7 protons and 4 electrons (2 inner, 2 outer) would 
again have the net charge 7 — 4 = 3, with the mass 7, 
and would be an isotope of the other, of mass 6. Thus 
the number of possible isotopes, depending upon the 
difference between the numbers of protons and elec- 
trons, seemed to be unlimited. Elements of the 
same atomic weights, like argon 39-88 and calcium 
40°1, were called isobares. ‘he atomic (or ordinal) 
number indicated the resultant nuclear charge, as 
well as the number of outer (planetary) electrons, 
hydrogen 1, helium 2, lithium 3, &c. 

Now there was one element, and only one, viz., 
hydrogen, consisting of one proton and one outer (no 
inner) electron. If four protons were brought sufii- 
ciently close to one another to form a helium nucleus, 
energy must be lost by radiation, owing to the inter- 
ference of the electromagnetic fields. There was an 
apparent loss of mass in the synthetic packing of the 
nucleus, whilst the distances outside were too great to 
affect the mass relations. Dr. Aston arrived at this 
conclusion from his determinations of the mass of the 
helium atom. On the scale H = I, helium was found 
to be 4, but modern chemistry based its atomic weights 
on oxygen = 16, and then hydrogen had the atomic 
weight 1-00778, whilst the atomic weight of helium 
was 4, and not 4:03. This nuclear contraction, called 
by Dr. Aston the packing fraction, expressed, in 

per 10,000, the actual divergence from the ideal whole- 
number rule referred to oxygen = 16. The packing 
fractions were, so far, all positive, and varied from 77-8 
for hydrogen, to 5:4 for helium, 20 for lithium, zero for 
fluorine, and 0-2 for neon; the only known case of a 
negative packing fraction was that of phosphorus, 
—5-6. When the packing fractions were plotted against 





(flattened tubes) were placed 20 cm. apart, a very high 





the atomic masses, most elements fell on a hyperbola, 
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but certain elements, of even atomic numbers (He, | edges of which are ground to the same spherical 
C, O, A), did not conform to the hyperbola. The losses | radius as the outer race, and are thus held in position 
of energy involved in the formation of the heavy | by the concave surface of the housing. 
elements with many electrons would, according to| The bearing shown in Fig. 3 is designed to prevent 
Rutherford, be so enormous that the nucleus would | longitudinal movement of the shaft, say, at the driving 
form a sink, rather than a store of energy, and there | end, where movement of a bevel wheel must not occur. 
were many other anomalies. Why, for instance, had | Its construction, generally, is that of the free type, but 
elements of odd atomic numbers never more than two | both the inner and outer races are modified to carry a 
isotopes, whilst even-number elements had many | ring of balls which takes up the thrust in either direc- 
(oxygen three, sulphur three, tin eleven, xenon nine, | tion. The tracks in which the balls run are specially 
mercury six, and arsenic none), and why were even- | formed in order to ensure that thrust loads only are 
number elements so vastly more abundant on the | taken by the balls, the whole of the journal load being 
earth ? Why, also, were elements of masses 2, 3, 5/| carried on the rollers. It should be noted that in 
and some others unknown, and why, again, were there | neither type of bearing are there shoulders or flanges 
never less than two protons to one electron ? |on the shaft. The form of the housing is shown in 
Nature did not appear to separate isotopes, except | Fig. 2. It is, of course, a complete ring, assembly 
in the cases of the radioactive leads, and possibly of | and adjustment of the races being possible by the use 
boron. Dr. Aston has recently investigated the mass | of the split sleeves. The covers, on the other hand, are 
spectra of the isotopic leads, and he appears now to work | split, and the bearing is rendered oil-tight and dust- 
alone in the field of mass-spectra research. Other | proof by a packing ring situated in a groove in the part 
methods of separation, to which he briefly referred in | surrounding the shaft. 
conclusion, have been applied by various investigators | 
with some success, and modern wave mechanics might | 
elucidate nuclear synthesis. Chemical separation | 
was not promising, because it had to deal with vast)  sqfezy Nut.—Messrs. Kraberhall, Inc., Philadelphia, 
numbers of atoms and could only give average results. | U.S,A., have sent us a card illustrating their pin safety 
That argon (atomic weight 39-88) and potassium | nut for use in place of lock nuts, &c. 
(39-10), and nickel (58-7) and cobalt (58-97) were}  flectric Motors.—A concise and clear priced list of 
apparently in the wrong order in the periodic table, | alternating-current motors ranging from 1 h.p. to 100 
was explained by the proportions of their heavier iso- | h.p. is to hand from Messrs. Brook Motors, Limited, 
topes. The optical spectra of isotopes had first been | Huddersfield. 
regarded as identical. Later research, however, had| lectrie Fittings.—A list of electric fittings and insu- 
revealed the expected small differences. By fractional | lators, specially designed for use on cranes and in mines, 
distillation of mercury in a vacuum and condensation | is to hand from Messrs. Alfred Wiseman, Limited, Glover- 
of the vapour on glass cooled by liquid air, Brénsted | §tTeet, Birmingham. 
and Hevesy had obtained a light fraction of relative | __Water Valves.—Messrs. Ismailia Valve Company, 17, 


density 099934 and a heavy fraction of density | Victoria-street, London, S.W.1, have sent us a new illus- 
1-00023, the density of the original mercury being | trated catalogue of tide-flaps, penstocks, stop valves, 
represented by 1, but it had been a colossal work. | — A Ne: OE Pe ee: RR ee a 
| Aluminium Alloy.—A pamphlet describing the pro- 
|perties and uses of Alpax (R.H.), a modified alu- 
| minium-silicon alloy for sand castings, is to hand from 


LARGE ROLLER-BEARING PLUMMER 
BLOCKS. a Rowland Hill and Sons, Limited, King-street, 
| Coventry. 


In view of the interest aroused by the discussion | 


on lineshaft bearings recently reported in these columns, | BSc geoiige —— ee ee 


the modern example of a large roller-bearing plummer | Machine Company, 19, Water-lane, London, E.C.4. 
block shown in Figs. 1 to 3 on this page, has distinct | These lathes are designed for the rapid production of 
illustrative value. The bearing, which is made in both | repetition work. 

thefree and locating types, is made by Messrs. Ransomes | Aluminium Machine Parts.—A booklet describing and 
and Marles Bearing Company, Limited, Newark-on- | illustrating the parts of textile machinery which may 
Trent. It is suitable for a shaft 9} in. in diameter, | advantageously be made of aluminium is to hand from 
and both types are shown in the figures. The example | Messrs. The British Aluminium Company, Limited, 
shown in Fig. 1 is a non-locating bearing—that is, | Adelaide House, King William-street, London, E.C.4. 
the shaft is free to move in a longitudinal direction | Floor Construction.—A circular to hand from Messrs. 
without disturbing the bearing, should expansion | The Ironite Company, Limited, 11, Old Quecn-street, 
occur due to increase of temperature. There are London, 8.W.1, describes the special concrete they supply 
two rings of rollers running side by side between for workshop and similar floors. It may be laid on old 
hardened and ground inner and outer races The or new concrete, and is said to be unaffected by water and 


width of the inner race is considerably greater than . : 

Pye General Machinery.—Messrs. The Skoda Company, of 
that of the rollers, and it is held securely on the shaft | p : tet Rend 
by © aplit cont sleeve p up by nut bearing rague, have sent us a further issue of their Review, 


illustrating heavy machine roducts, including air 
against a washer on the race. It is this additional width prac colliery ining onginna, tnebo.generatora, 
which gives axial freedom of movement to the shaft. 


hydraulic turbines, rolling mills, overhead travelling 
The outer race is constructed with a spherical outer 


cranes, &c. 
periphery, so that angular misalignment in the shaft,| Pressure Gauges.—A new list of pressure gauges to 
which may occur unobserved from, say, settlement of | hand from Messrs. S. A. Daniell, Limited, Edward-street, 
the pillows or foundations on which the plummer blocks | P@™@de, Birmingham, gives illustrations, descriptions, 
are carried, or from distortion in any other plane, and prices for the following t ressure, vacuum, 
is automatically compensated for. The rollers and 
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Oil Engines.—A very full description of the Polar. 
Diesel oil engine, with illustrations of several engines up 
to 4,000 h.p., appears in the technical journal issued by 
Messrs. Atlas Diesel Company, Limited, New Oxford 
House, Hart-street, London, W.C.1. An account is also 
given of the mechanical methods used in the Dutch 
State-owned coal mines. 

Coal Cleaning.—A plant for dry-cleaning coal, con- 
structed by Messrs. The Woodall-Duckham Vertical 
Retort and Oven Construction Company (1920), Limited, 
Allington House, Victoria-street, London, 8.W.1, is 
described in a catalogue to hand from that firm. The 
plant, which is enclosed to prevent air pollution, is made 
in sizes to deal with 50 tons to 300 tons per hour. 

Utilisation of Coke—A number of boilers for heating 
and supplying hot water for houses and offices are shown in 
the current issue of the journal of the British Commercial 
Gas Association, 28, Grosvenor-gardens, London, S.W.1. 
The object is to make known the advantages of gas 
coke for this kind of boiler, as the firing may be carried 
out at long intervals and very little smoke is produced. 


Temperature Recorder.—Messrs. The Integra Company, 
Limited, 183, Broad-street, Birmingham, who are the 
agents for Messrs. Leeds and Northrup Company, Phila- 
delphia, U.S.A., have sent us a catalogue describing an 
instrument for measuring and recording the temperature 
in the windings of an electric generator. The instrument 
may be set to operate an alarm at a given temperature. 

Pulverised-Fuel Firing.—A series of six leaflets has 
been issued by Messrs. Gasified Pulverised Fuel (G.P.F.), 
Limited, 4-5, Norfolk-street, Strand, London, W.C.2, 
describing their system of pulverising and firing coal with 
reference to central-heating systems, Lancashire boilers, 
marine boilers, collieries, metallurgical works, and power 
stations. Line drawings and descriptive text are given in 
each case. 

Electric Locomotives.—Detailed descriptions of electric 
locomotives built for the Spanish Northern Railways, 
and Diesel-electric coaches for the Appenzell Mountain 
railway, Switzerland, are given in recent issues of the 
Oerlikon Bulletin. The electrical components in both 
cases were made at the Oerlikon works in Switzerland, 
the bulletins being issued from the firm’s London office, 
at 28, Essex-street, Strand, W.C.2. 

Fans.—Several leaf catalogues are to hand from Messrs. 
De Bothezat Impeller Company, Inc., 1922, Park- 
avenue, New York City, U.S.A., dealing with various 
types of fans. Among them is a bifurcator fan, which 
is inserted in a pipe line or duct, the line being bifurcated 
on two sides of the fan, leaving a space for a belt pulley 
or motor. A reprint of a paper on the dynamic signifi- 
cance of static pressure is also enclosed. 

Electric Trolley ’Buses.—A catalogue of electric trolley 
*buses is to hand from Messrs. The English Electric 
Company, Limited, Queen’s-house, Kingsway, London, 
W.C.2, illustrating four-wheel and six-wheel types with 
single or double decks, and giving separate illustrations 
of chassis, motors and coachwork. A leaf catalogue 
dealing with a compressed-air controller for these "buses, 
operated by pedal, has also come to hand. 

Boilermaking.—Messrs. Joseph Adamson and Company, 
Hyde, Cheshire, have published an interesting booklet 
commemorating the 55th annive of the founding 
of the firm, and giving some excellent illustrations of their 
workshops, plant and products. The latter include 
dished and flanged boiler ends, tube plates, riveted 
and welded vessels, boilers, and a variety of cranes. 
Most of these are on a large scale, and constitute ex- 
amples of high-class work. 

Submarine Cables.—Messrs. Siemens Brothers and 
Company, Limited, Woolwich, London, 8.E.18, have 
issued an interesting booklet describing the construction 
and properties of loaded submarine cables for telephony 
and telegraphy. Both coil and continuous! y-load 
types are described, and a short mathematical treatise 
on telephonic and telegraphic transmission is adde 
as an appendix. There are several maps showing 
the positions of existing cables. 
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FIRES IN STEAMSHIP BUNKER AND 
CARGO COAL. 


AutHoues the liability of coal in stores to spontaneous 
heating and combustion is well known, its causes are 
not yet completely understood. Every year it occa- 
sions fires on ships, with consequent damage and some- 
times loss of life, and the Board of Trade makes such 
inquiry as is possible into all accidents of this kind oc- 
curring on British ships. Nevertheless, the codes that 
have been drawn up in the light of the results of such 
inquiries do not seem to have reduced the annual 
number of the accidents to a satisfactory extent, and, 
in the middle of 1925, the Fuel Research Division of the 
Department of Scientific and Industrial Research was 
asked to assist the Board of Trade in its investigations 
into the matter. Asa result, the Division has carried 
out, in collaboration with the Board of Trade, aninquiry 
into the circumstances, as far as they could be ascer- 
tained, of every outbreak of fire on a British ship in the 
three years 1925-28. The plan of the investigation was 
drawn up by Dr. F. 8. Sinnatt, the Assistant Director of 
Fuel Research, and the investigation was carried out by 
Engineer Captain J. Fraser Shaw, the Chief Engineer 
of the Fuel Research Station, and Dr. J. G. King, 
its Chief Chemist, with the help of members of the staff 
of the station. An analysis was made of the informa- 
tion given in each instance by the local Board of 
Trade Surveyor, in reply to a questionnaire drawn up 
by Dr. Sinnatt, and, where practicable, an officer of 
the station accompanied the Board of Trade Engineer 
Surveyor on his inspection of ships on which fires had 
been reported. A report has now been published, 
describing the results of the inquiry.* 

The investigation involved inquiries into 336 out- 
breaks of fire reported on 272 vessels between the end 
of June, 1925, and the end of May, 1928, showing an 
average of 112 fires a year, which was only two less than 
had been reported in the complete year 1919-20, during 
which the Board of Trade had made particular in- 
quiry on the subject. In four instances during the 
period of the present investigation, the vessel became 
a total loss, and in one instance 3 persons were 
killed and 11 injured. 

The considerable amount of work that had already 
been done on the subject, though it had left some parts 
of it obscure, was sufficient to indicate a number of 
phenomena that might be associated with fires caused 
by the spontaneous heating of coal in store, and the 
report gives a short summary of these. Freshly- 
mined coal, or surfaces freshly exposed to the atmo- 
sphere by breakage, liberate inflammable hydrocarbon 
gases, which have been estimated as varying in amount 
according to the type of coal from half the volume of 
the coal, for bituminous coals, up to five times its volume 
for steam coal and anthracite. For such coal when 
stored, therefore, surface ventilation is indispensable 
to avoid the accumulation of inflammable and ex- 
plosive gases. Spontaneous heating is a separate 
result, which arises, to a relatively small extent, from 
the direct adsorption of atmospheric oxygen from the 
air on fresh coal surfaces, and, to a much larger extent, 
from the breakdown of the loose combinations so formed 
and the evolution of moisture and oxygen compounds 
of the carbon in the coal. These effects begin at a tem- 
perature as low as 80 deg. F. To such extent as the 
heat is not dissipated to the surroundings as rapidly 
as it is evolved, it raises the temperature of the coal, 
and, with the rise of temperature, it accelerates the 
process of chemical oxidation, until, at about 440 
deg. F'., the coal ignites, and will continue to burn so 
long as the access of air is sufficient. All types of coal, 
except anthracite, are liable to this oxidation, though 
in widely different degrees. Slow oxidation, however, 
produced by weathering, decreases the tendency to 
spontaneous heating. Some chemical changes that 
occur on oxidation have been suggested as offering a 
means of classifying coals from the chemical point 
of view in respect of their liability to spontaneous 
heating, though the size and temperature of the 
coal may quite outweigh the effect of its chemical 
composition. 

The influence of moisture has not yet been de- 
termined with any certainty, but does not seem likely 
to be large. That of the presence of pyrites, though it 
has been definitely established to be less important 
than direct oxidation of the coal, may be an additive 
factor, which, in some circumstances, can have 
considerable importance. When finely divided, for 
instance, the increase in the rate of oxidation with rise 
in temperature is more rapid in its neighbourhood, 
Owing to its low specific heat, and will assist the action 
which is going on in the coal substance. Among the 
physical factors, the most important are size, tempera- 
ture, and extent of exposure to oxygen. An exhaus- 
tive investigation was made, in 1896, by a Royal Com- 
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mission of New South Wales, of which Sir Richard 
Threlfall was Chairman, which dealt largely with 
coal cargoes in sailing ships. The fires in these, 
which were presumably attributable only to true spon- 
taneous combustion, were found to have originated 
in the fine coal collected under the hacthways. The 
liability of coals to produce fines lies, other things being 
equal, with their friability, and it happens that coals 
of high oxygen content, which from chemical reasons 
tend to be self-heating, are as a rule particularly 
friable. In some coals, too, the oxidation of pyrites 
may tend to disintegrate the coal substance and pro- 
duce dust. The increase in the rate at which oxygen 
is adsorbed as the temperature rises is not uniform for 
all coals, but it is said that the rate of reaction is 
roughly doubled for each 18 to 27 deg. F. rise. The 
effect of ventilation varies according to its extent. 
Where there is none, the proportion of oxygen in the 
voids of the coal is reduced continuously by adsorption, 
and with it the rate of oxidation, so that the coal 
cannot self-heat to a dangerous extent. If, on the 
other hand, the ventilation is sufficient to carry off all 
the heat developed by oxidation as rapidly as it is pro- 
duced, the storage is still safe. Between these limits 
there is usually some temperature particularly favour- 
able to rise of temperature, which may occur locally 
and dangerously through small leaks. The effect of 
moisture depends on the thoroughness with which the 
coalis wetted. If it is wetted thoroughly, the water 
both reduces the surface exposed to oxidation, and, 
by causing the fine coal to pack, either prevents 
or retards the diffusion of air. Partial wetting, 
however, may so direct the ventilation as to increase 
the heating of coal which is not reached by the 
water. 

The results described in the present report, while 
they do not appear to modify the views explained above 
of the causes of spontaneous combustion, do a great 
deal to illustrate and define the manner in which they 
operate. Of the 336 fires reported during the period 
of observation, no information, or no sufficient informa- 
tion, could be obtained in regard to 26 of them. The 
remaining 310 fires occurred on 246 ships, 20 of the 
fires in coal cargoes, and 280 in bunker coal. In six 
ships, fires recurred in the same position on separate 
voyages. A remarkable result of the whole enquiry 
was to show that, in 86 per cent. of the reported fires, 
one or more causes other than liability to spontaneous 
combustion were present, and without any such special 
liability would have been capable of giving rise to the 
overheating and fire. The remaining 14 per cent. 
included those for which no specific cause could be 
found, as well as those that could be explained by a 
special liability of the coal to spontaneous heating. 
This percentage, therefore, represented the maximum 
of the fires observed during the inquiry which could 
not have been avoided completely by known and 
practicable precautions. This overall conclusion 
suggested that over four-fifths of the fires could have 
been prevented by known and practicable means. 

By far the most frequent cause was the overheating 
of bunker walls, which, by itself, was responsible for 
45 per cent. of the cases, in addition to being present 
in another 20 per cent., where one or more other causes 
were detected. The danger of this direct heating of 
bunker walls has been recognised in all previous 
investigations, but up till now its magnitude does not 
seem to have been pointed out. Fires induced by it 
occurred most often in the ’tween decks and lower side 
bunkers. The tween decks bunkers received consider- 
able heat, radiated under their floors from the top of 
the boilers immediately below them, as well as from 
round the funnel casing, and elsewhere. The lower 
side bunkers, which often contain coal reserved for the 
return voyage and subjected to prolonged heating, are 
heated from the bulkheads of the boiler or engine 
room, the space between the boilers and bulkhead 
varying from a few inches to about 2 ft., and in the 
engine room steam-driven dynamos, steam valves and 
pipes are often within a few inches of the bunker wall. 
In the cross bunkers, a recess is often provided to 
accommodate a donkey boiler. The next most con- 
siderable cause appears to be the loading of fresh coal 
into a bunker from which the last supply had not 
been worked out. This was the only apparent cause 
of 8 per cent. of the fires, and was present in combina- 
tion with one or more other causes in a further 13 per 
cent. It has been recognised in previous investiga- 
tions as a probable cause, and incidents are quoted 
from the circumstances of several fires which point 
very strongly to its influence. Asa tentative explana- 
tion, it is suggested that the older coal may have been 
heated to some extent by oxidation, and though safe 
in the free ventilating conditions of an almost empty 
bunker, may have accumulated its heat dangerously 
when covered up by the fresh coal. Air leakage was 
the only apparent cause of 6 per cent. of the fires, 
and was present, with other causes, in a further 12 
per cent. The total air admitted by leakage would, 
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as a rule, have been insufficient to cause dangerous 


heating if it had been distributed uniformly over the 
mass of the coal. A particular danger appeared to 
arise from all leaks when they were so situated that 
the air flow passed through only a small part of the 
coal, and therefore caused a rapid rise of temperature 
in it. 

In the absence of information as to the total number 
of sailings with each type of coal, it was impossible to 
estimate which gave rise to fires most often. By 
classifying the reported fires in which no contributory 
cause could be found to aid the coal’s natural disposition 
to spontaneous heating, some useful information was 
obtained. In particular, it was found that, of the 45 
fires ascribed to spontaneous combustion (which in 
the detailed table appear to be only 42 or 41), German 
or Silesian coal, or brown coal, caused 16, a number of 
them within a few days of loading. The peculiar 
susceptibility of these coals to spontaneous heating 
was indicated further by the fact that several of these 
fires occurred in stores of briquettes, where the freedom 
of air circulation was much greater than in coal contain- 
ing fines, whereas anthracite briquettes, which were 
carried in considerable quantities, gave rise to no case 
of fire at all. Among these 45 cases, moreover, 17 
were in the hold, and 10 of these cargoes consisted of 
brown or Silesian coal. These coals, accordingly, seem 
to stand in a class by themselves in respect of their 
susceptibility to spontaneous heating. Of the others, 
Yorkshire, United States, and South African coals 
appeared to be the most susceptible. 

The recommendations followed closely the facts 
described in the earlier part of the report, and their 
effect is summarised below. In loading, means must 
be taken to avoid unnecessary breakage, notably 
by reducing to a minimum the height from which 
the coal has to drop, and trimming devices must be 
provided which will distribute the fine coal mechanically 
all over the pile, instead of letting it be concentrated 
in one part. Wherever the bunker wall is subjected to 
heat, a screen, preferably of metal, should be con- 
structed some inches away from it to induce a natural 
circulation in the enclosed space. For the side bunkers 
in boiler rooms, the screen should be carried over the 
boiler and deflect a current of hot air rising from the 
boiler top. Steam pipes, valves, &c., resting on 
bulkheads or bunker plates should be effectively 
insulated, and boilers and steam pipes well lagged 
with insulating material, especially when near bunkers. 
To prevent external heating of the coal in ’tween 
decks and bridge-space bunkers, air casings should be 
erected under the saddleback and round the funnel 
casing, with ample outlet at the upper deck for the 
heated air. The funnel hatches should consist of 
open gratings, where this can be done safely, or screw 
down ventilators, so as to use the cooling effect of air 
circulation. All coal in the heated zone should be 
worked out at the beginning of each voyage, as indeed 
is said now to be done to some extent. 

Every wooden bulkhead erected in the cross bunker 
immediately forward of the boiler room, if provided 
at all, should be constructed of two layers of thin 
planks, the joints of which do not coincide, instead of 
thick planks and battens. The whole should be pasted 
over with impervious material, such as brattice cloth. 
The ends of ’tween decks bunkers, if temporary, should 
be constructed similarly. Any wooden tunnels and 
passages with wooden doors or wooden cross-divisions 
passing from the boiler room through the cross bunker 
to the forward hold should always be of air-tight 
construction, and, when permanent, should be made 
of metal. All bunker walls giving on to the engine or 
boiler rooms should be inspected periodically, and 
faults, such as bad seams, worn out plates or holes 
drilled for various purposes, should be repaired im- 
mediately when necessary. Bunker doors should be 
made and kept airtight. If pipes passing through 
the coal are surrounded by casings, the space between 
the pipe and the casing should be packed, so as to 
prevent induction of air down it. 

All bunkers, except *tween decks and lower side 
bunkers, should be fitted with two ventilators, so 
trimmed or arranged that one acts as a down take 
and the other as an up take, and so spaced that they 
draw air from all parts of the pea surface. The 
surface of the coal should always be so trimmed that 
there is a free passage of air everywhere, without 
pockets being left in which gases can accumulate. 
No wall or partition should be constructed between 
a pair of ventilators for closing off any part of the 
coal space from them. These precautions are par- 
ticularly called for in cargo spaces adapted temporarily 
for carrying coal cargoes. Coal should not be carried 
in holds below the roof of which ventilators are trunked, 
as such an arrangement causes a flow of air through 
the coal. The best recommendation is not yet clear 
in regard to the lower side bunker. If it is ventilated, 
the interconnecting hatches must be airtight, and 
if not, the hatches must be left open and the hatchways 
cleared of coal to permit the escape of inflammable 





gases. 
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PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

— of Specifications may be obtained at the Patent Office Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 

the uniform price of 18. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “ Sealed’ is appended. 

Any person may, at any time within two months from the date of 

advertisement of the pt of a Complete Specificati 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


320,878. A. H. R. Fedden, Bristol, L. F. G. 
Butler, Bristol, and The Bristol Aeroplane 
Company, Limited, Bristol. Internal-Combustion 
Engines. (4 Figs.) July 23, 1928.—On a fixed radial 
cylinder engine, the magnetos, fuel and oil pumps, and 
other accessories are mounted on a housing 12 attached 
to an annular induction chamber so as to be removable 














independently or as a unit with the housing. Two 
magnetos 15 are attached to the housing 12 by bolts 24, 
and are driven from an extension 22 of the main shaft 
through bevel pinions 27, 26. Skew gearing 36, 
drives a shaft 34, to which are coupled by dogs 33, 21 
a lubricating-oil pump 16 and a petrol pump; when 
a petrol pump is not required, a cover is provided for 
the dog 21. A shaft 40 drives impulse-generators for 
synchronising gunfire with propeller rotation, or a 
speed indicator, which instruments are interchangeable. 
An inertia or hand starter is also mounted on the 
housing 12, coaxial with the main shaft 22. A detachable 
oil filter 17, is mounted in a recess in the housing 12. 
{Accepted November 6, 1929.) 

322,097. R. A. Lister & Company, Limited 
Dursley, and A. F. Sanders, Dursley. Internal- 
Combustion Engines. (4 Figs.) November 29, 1928- 
—tThe invention relates to compression-ignition internal- 
combustion engines of the kind having an operative 














(322.097) 


clearance volume which is suitable for normal running 
and which can be reduced to increase the compression 
pressures to facilitate starting from cold. According to 
the invention, the operative clearance volume is in the 
form of two chambers, 7, 10, interconnected by a rela- 
tively narrow “A8§pa 9 which can be closed by a valve 
12 to reduce the clearance volume, only the chamber 7 
then being in direct communication with the cylinder 
barrel.—( Accepted December 4, 1929.) 


MINING, METALLURGY, AND METAL 
WORKING. 
321,459. J. H. Holman, Camborne, and A. T. 


Holman, Camborne. Rock Drills. (2 Figs.) 
August 11, 1928.—The primary object of the invention 











is to improve the distributing valve whereby the 


the admission of fluid to the cylinder is controlled by 
a floating plate valve with a seat on one or both sides 
extending completely around it, the power fluid being 
supplied to the outer margin of the valve. The valve 
may have an axial extension whereby it slides on a 
sleeve surrounding the twist bar. The cylinder 10 
has a hammer piston 11 reciprocating therein upon 
a twist bar provided with ratchet mechanism 13. 
A water tube 51 is provided. The fluid supply 16 
communicates with a chamber 17 housing the valve 15, 
which is of less diameter than the chamber. The 
valve engages opposed seats 18, 19, controlling annular 
ports 21, of passages 22, 23 connected to the cylinder 
ends. Pressure release valves 32, 33 are arranged in 
rear valve chambers, and alternately put the cylinder 
ends into communication with outlet passages 35, 36. 
The auxiliary valves are closed by fluid pressure 
controlled by the main valve and are opened by com- 
pression. An annular cavity is provided to balance 
the valve which, constructed as shown, has an annular 
extension 45 which slides upon a sleeve 50 surrounding 
the twist bar, and has its rear end put to exhaust, or 
alternately to exhaust and pressure, to balance the 
valve. The main exhaust 48 is controlled by the piston. 
The main vaive is reversed by compression in the 
cylinder ends on the wage overrunning the auxiliary 
exhaust passages, and by the release. (Accepted Nov- 
ember 20, 1929.) 

321,529. Wellman Seaver Rolling Mill Co., Ltd., 
Westminster, London, and S. Smith, Westminster, 
London. Manufacture of Metal Tubes. (2 Figs.) 
October 19, 1928.—The invention has relation to the 
manufacture of metal tubes in drawing apparatus of the 
push-bench type, in which the drawing down of the billet 
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is effected by passes between rolls. According to the 
invention, sets of rolls, each consisting of two or more 
freely-mounted rolls 15, are arrangedin close proximity, 
the sets being mounted with the axes of the rolls of one 
set at an angle to those of the adjacent or other sets. 
A plurality of sets of rolls is mounted on a carrier or 
housing 13 to constitute a unit, and such a unitis adapted 
to be mounted in the drawing portion of the bench 11 
in such a manner that it can be removed. (Accepted 
October 20, 1929.) 

MOTOR ROAD VEHICLES. 


318,390. British Timken, Limited, Aston, Bir- 
mingham, and P. C. Austin, Aston, Birmingham. 
Wheel Hubs. (6 Figs.) September 1, 1928.—The inven- 
tion relates to taper-roller bearings for wheel hubs. 
According to the invention, a taper-roller bearing for 








(218,390) 


wheel hubs comprises a central conical inner race 4, 
taper rollers 3 around the inner race, and an outer conical 
race or cup unit forming an end part 5 of the hub, 





driving fluid is admitted alternately to opposite ends 
of the main cylinder. According to the invention, 


separate from, but adapted to be engaged with, the hub 
barrel 1, and to which the spokes 8 connecting the hub 





to the rim of the wheel are designed to be directly attached. 
For the attachment of the spokes 8 or a wheel disc to 
the separate outer race 5, the latter may carry an integral 
flange or extension 7. (Accepted September 11, 1929.) 


PUMPS. 


315,952. T.W.Nichols,London. Rotary Pumps. 
(2 Figs.) May 24, 1928.—The invention relates to 
rotary pumps of the type in which a star or tooth-wheel 
rotor can be revolved'eccentrically within a cylindrical 
casing and in mesh with a ring of teeth, there being 
interposed between the rotor and the ring, at a position 
opposite the point of mesh, a crescent, the concavity of 
which coincides with an arc of the circle of revolution 
of the tips of the lobes of the star rotor and the convexity 
with an arc of the circle of revolution of the inwardly- 
directed tips of the teeth of the ring rotor. According 
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a web 5 of a sleeve 6 forming the hub of the rotor, and 
fixed bearing bushes 7 are arranged between the bottom 
of the teeth la and the sleeve 6 and have contact 
with the sides of the web 5 and the ends of the sleeve. 
The teeth run in a track, and these teeth and the teeth 
10 of the ring 2 have wide peripheral surfaces of contact 
with the pump casing and the crescent-shaped block 3. 
According to a further feature of the invention, the ring 
2 is formed of two similar-sized annular members 9 
connected by bars which constitute the teeth, this ring 
being mounted with its annular members rotatable in 
annular recesses 11 of the side walls of the casing of the 
pump.—( Accepted July 31, 1929.) 


MISCELLANEOUS. 


320,618. The Gas Light and Coke Company, 
Westminster, London, and F. Sp , Westmin- 
ster, London. Metallic Jointing Means. (14 Figs.) 
July 12, 1928.—The invention relates to soft metallic 
means for use in jointing riveted, bolted or other seams, 
and is more particularly intended for use in connection 
with tank and boiler work. According to the inven- 
tion, the material of the jointing means consists of soft 
metal strip or soft metallic alloy strip 1 of a variable 
thickness throughout its width. The thicker or thickest 
part may be at the centre or at the edges. The material 
used as jointing means should, however, in accordance 
with the invention, be of such a nature that it can be 
deformed or squeezed under a riveting, bolting or 
equivalent action. When such action is effected, 
however, the jointing means exudes slightly from or 
towards the edge or edges of the seam, and any exuded 
portions of the jointing material can be removed, if 
necessary, by a chisel, knife or by a cold set, putty knife 
or other equivalent appliance as by caulking, fullering, 
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pointing or striking, the removal also acting to close the 
joint more or less between the outer edge or edges of the 
jointing material and the part or surfaces between which 
the jointing material is interposed. The jointing means 1 
may, in its width, be plano-convex, bi-convex, plano- 
concave, bi-concave, corrugated on one side or both 
sides, with or without staggering of the corrugations, 
serrated on one side or pa sides, with or without 
staggering of the serrations, or the strip jointing moons 
may be of a form similar to that of crepe paper anc/or 
it may be dented on one side or on both sides with or 
without staggering of the dents. The material of any 
form or nature, however, should be of a variable thickness 
throughout its width, the centre being thicker than at 
the edges, except in the case of the bi-concave form, in 
which case the jointing means is thicker at the edges than 








at the centre. (Sealed.) 
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LATERAL EXTENSOMETERS. 
By Proressor E. G. Coker, F.R.S. 


Tux modern theory of the elasticity of isotropic 
materials makes use of a number of physical con- 
stants, all of which are definitely related to Young’s 


Modulus E and Poisson’s ratio 7 = = the latter of 


which is sometimes known as the “‘stretch-squeeze ” 
ratio. Hence, if E and. y are known for any isotropic 
material the stress analysis expressed in terms of 
any other physical constants can be easily trans- 
formed. This necessity frequently arises in engineer- 
ing calculations, since most mathematicians prefer 


to use Lamé’s constant and the rigidity modulus p | 
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in their analyses on account of the simplicity which 
these give to the fundamental equations of stress 
and strain, while engineers, on account of the 
comparative ease of laboratory measurements of 
the constants E and », prefer their calculations to be 
in terms of these latter, when the need arises. As is 
well known, many simple engineering calculations 
of stress do not involve either of these physical 
constants directly, but when strains are to be dealt 
with the values of both these stress moduli are 
usually required. 

Probably no subject has received more experi- 
mental attention from engineers than the measure- 
ment of Young’s Modulus over a very wide range 
of conditions, and many instruments have been 
devised for this purpose, of which the well known 
Ewing extensometers are typical of this country, 
and those of the Marten’s type on the Continent. 
Apparatus for determining y are relatively few in 
number, and the earlier types appear to have been 
devised more for solving physical problems than 
for purely engineering investigations. 

An early form of apparatus* devised by the 
writer for the measurement of the lateral contrac- 
tion of metal rods under tension stress, consisted of 
a pair of light parallel rods connected together by a 
flexible plate fulerum with set screws for fastening 
to the specimen at comparatively small and equal 
distances from this plate, so that the magnified 
movement of the outer ends of these rods could be 
used to turn a pivoted mirror, and so deflect a beam 
of light proportionally to the lateral contraction of 





* “A Laboratory Apparatus for Measuring the Lateral 


Strain in Tension and Compression Members, with Some 
> wera to the Measurement of the Elastic Constants 
ot Metals.”’ 


Proceedings of the Royal Society of Edinburgh, 


1905. 


the specimen. This instrument proved to be useful 
in an engineering laboratory, and incidentally also 
for a geological problem* then engaging a good deal 
of attention, viz., the amount of cubical compression 
and distortion suffered by the rocks of the polar 
regions of the earth in past times due to glacial 
pressure. For this problem, accurate values of the 
bulk modulus D = } E/(1 — 2n) and the rigidity 
modulus p = C = 4 E/(1 + ») were required. 
Somewhat later, a further use for this kind of 














that, at some other point B, a known pure tension 
or compression stress § is ensured, then measure- 
ments of the lateral contractions at A can be cali- 
brated in terms of the known stress S and lateral 
change at B, without reference to any physical 
constants whatever, and every point of the stressed 
plate may be explored in this way. 

This kind of exploration is very useful for metals, 
and more especially so at the free edges of the 
member such as at the notch in Fig. 1 where the 
stress Q vanishes, and the stress P is along the 
boundary and can be measured in order to-find the 
effect which the notch has in altering the distribution 
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extensometer was found of an entirely different 
kind, depending upon the fact that when a plate, 
such as the notched tension member shown in 
Fig. 1, is under plane stress, the lateral contraction 
at any point A of it is proportional to the sum of the 
principal stresses P and Q at that point. The direc- 
tions of these stresses are shown in the figure, and 
if, as is usually convenient, the member is so shaped 
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* “An Investigation into the Elastic Constants of 
Rocks, More Especially with Reference to Cubical Com- 
pressibility,”’ by F. D. Adams and E. G. Coker. Proceed- 





ings of the Carnegie Institution of Washington, 1906. 
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at the edge. For a fairly thin plate, the theory of 
such measurements is, therefore, very simple, and 
it is merely a question of devising an extensometer 
capable of measuring the lateral changes with 
sufficient accuracy. An important point, which 
simplifies the problem immensely, is that a very 
accurate measurement of the thickness of the 
member under no load is not necessary, since it is: 
only the exact change in thickness due to load which 
is the essential requirement. If, for example, 
the member of Fig. 1 is of steel 0-5 in. thick, with 
an E = 3 x 10’, in Ib. and inch units, and n = 0-25, 
then a stress of 10,000 lb. per square inch at the 
notch will produce a lateral change of 1/24,000 in.,. 
and if this stress is to be measured to an accuracy 
of 5 per cent. the instrument must be capable of 
measuring a difference of 1/480,000 in., a task not 
beyond a simple measuring apparatus for differences, 
but much more difficult in machines for absolute 
measurements like those of Whitworth and his 
successors in this field. Their success, apart from 
workmanship, was probably due to the simple and 
massive machines they produced, whereas in 
apparatus of the kind to be described it seems almost 
impossible to go too far in the other direction. 

In transparent materials usually employed in 
photo-elastic work, the task is much easier. Thus 
with nitro-cellulose with an E = 360,000, in lb. 
and inch units, and an 7 == 0-4, a difference of 
1/480,000 in. corresponds to a stress of 7-5 Ib. per 
square inch on a plate 0-25 in. thick. 

An early lateral extensometer described by Dr. 
Scoble and the writer* weighed but a few ounces, 





* “The Distribution of Stress due to a Rivet in a 
Plate ’’ by Professor E. G. Coker and Dr. W. A. Scoble... 
Transactions of the Institute of Naval Architects. 
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and most of this weight was due to the horse-shoe | a radius r at any height z, and that, in addition, 
frame on which the extensometer was fixed in order | it shall also be capable of movement in the vertical 
to obtain measurements at any point of a com-| plane touching the circle at the point A along any 
paratively wide bar. The essential features of a| path AB in that plane and inclined at an angle 6 to 
somewhat later form are shown in Fig. 2 in sec- | the tangent AC of this circle. In addition, it is con- 
tional elevation, Fig. 3 in plan, and in Fig. 4 a partial | venient to be able to vary the radius r of the main 
end view, in which A is a horse-shoe frame, one leg | circle for adjustment purposes. All these motions 
of which carries a needle B sliding ina casing C with can be obtained quite easily by mounting the 
its outer end bearing against the short arm of a bell- | extensometer on a compound slide rest pivoted to 
crank lever D, the outer end of which latter controls|a block which can, under control, slide along a 
the angular position of a mirror E pivoted to a light | cylindrical pillar, and also turn round this latter. — 
frame F. The other leg of the horse-shoe carries| The general arrangement of this mounting can be 


a similar needle G which is moved axially by a/ understood from Figs. 2, 3, 4 and 7, which show an | 
micrometer screw H. This latter is used mainly | extensometer carried on the upper slide by a three- | 


for adjustment purposes. It can also be used for | point suspension consisting of a pair of light spring 
calibrating the deflection of the mirror, but this is| plates P and an axial tail rod T with a ball end 
rarely necessary, as the calibration is more simply | fitting into a spherical seating. The position of 
ascertained by reading the deflection due to a known | this upper slide is controlled by a micrometer 
simple stress. An essential requirement of such a| shown on the extreme left hand of Fig. 7, and 
fragile instrument is that the forces produced in the | bearing against a “‘slave ’’ micrometer introduced 
instrument shall be minute, and thus the chief | to allow of the main one being set to a zero reading 





line, and, as this is not convenient, the whole of 
the multiplying gear of the extensometer is arranged 
so that it can be rotated in its bearing in the horse. 
shoe frame from the position in which it is shown 
in order to bring the path of the light spot into a 
vertical plane. This adjustment is carried out here 
for moderate angles by a vernier V, Fig. 4, attached 
to the extensometer frame F, and set by a sector 
scale K on the horse-shoe, graduated to agree with 
the corresponding main scale. 

As may be surmised, such a delicate instrument 
requires skill in use, but experience has shown that 
anyone really capable of scientific experimental work 
at all can acquire this in a brief period. 

A point often neglected is that it is very necessary 
to keep the moving parts of the mechanism free 
from the fine dust which is now always found 
floating in the air of large towns near busy roads, 
owing to the traffic. In London, for example, the 
moving parts of an extensometer in use usually 
require dismounting for cleaning about once a fort. 
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control is exerted by a light spring I, and in this 


Fic. 8. 


| anywhere over a considerable range. End distance | night, and special care is also necessary to avoid 


early form the tension of this spring was ali | pieces can be introduced between these to extend | local changes of temperature in the instrument. 


important. 

Later experience has shown that a still better 
control is given by the addition of a second spring J, 
operating directly on the needle B, as shown, in 
diagram form, in Fig. 5, where the spring strengths 
are proportioned in such a manner that the pressure 
of the needle on the specimen is as uniform as 
possible over its whole range of action. 

In early work with this form of instrument, the 
horse-shoe frame was attached to the specimen by 
some simple form of clip extemporised for the 
purpose, but more elaborate arrangements soon 
became necessary as problems became more intri- 
cate. The form of mounting, therefore, went 
through a certain amount of evolution, the stages 
of which are not necessary to describe here, but the 
present form, although possibly not the final one, 
can be simply described in principle with the aid of 
Fig. 6, in which the main axis of movement is the 
vertical line OZ, forming the central axis of a pillar 
mounted on a slab capable of movement along the 
perpendicular axes OX and OY. It is convenient 
to provide a mounting such that the extensometer 
needles, represented here by the point A, shall be 
capable of moving in a circle round the axis OZ at 





ithe range. The lower cross slide is chiefly used | In passing, it may be noted that a recent form of 
'to bring the main plane of the extensometer into | roller extensometer,* has been designed by Pro- 
‘coincidence with the central plane of the plate | fessor E. H. Lamb, in which, for lateral measure- 
|under examination, and this is accomplished by | ments, a test bar of circular cross section is used, 
| adjusting a line R, Fig. 3, on the back of the horse- | and contact is made by flat surfaces, one of which 
'shoe to coincide with a line on a scale supported | is a moving block controlled by a spring, and its 
from the main slide as shown in Fig. 7. The| motion actuates small rollers carrying mirrors 
vertical adjustment of the extensometer is accom- | for recording the lateral strain. 

plished in a similar manner to the main slide, by | An accessory apparatus, which greatly facilitates 
a micrometer mounted in a channel-shaped block | measurement and avoids laborious computations of 
sliding on the pillar and bearing against a observations, is a cylindrical drum recorder shown 
‘slave’? micrometer mounted on another block | at the right hand of Fig. 8, capable of turning on 
| between the two arms of the channel and capable | a vertical spindle and adjustable in height, so that 
of being locked by a friction grip in any position. | some definite horizontal line on a sheet of squared 
The plane-bearing surfaces formed between the two | paper can be brought to the same height as the 
blocks mounted on the pillar then allow sliding | centre of the mirror, and so serve as a datum line. 
‘motion in any definite azimuthal plane passing| All the readings of the instrument are then pro- 
through the axial line OZ, Fig. 6. This, however, | jected on the drum for future reference. Usually 
does not complete all the adjustments which it is | it is convenient when exploring some section of a 
found convenient to have, for it will be readily seen | model which may, for example, be taken as 1 in. in 
from the photograph, reproduced in Fig. 7, where the | length, to divide it into say twenty parts. To avoid 
extensometer has been tilted through a considerable | the well-known difficulty in most testing machines 
angle to the horizontal position, that the spot of light | _ 
reflected from the mirror FE, Figs. 2, 3 and 4, will 








* «< Roller Extensometers for Longitudinal and Lateral 


| move ina line inclined at an equal angle to a vertical | Strains.”” See ENGINEERING, vol. cxix, page 207 (1925). 
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of starting from a zero load, some definite small 
load may be applied and the lateral strain readings 
taken at each interval of ,', in., and recorded on 
vertical lines of the squared paper, say | in. apart. 
The lower curve on the drum through these points 
gives the lateral strain along this line due to the 
load, together with a measure of the initial local 
inequalities of the plate, which latter are usually 
of the same order. These observations are then 
repeated for a higher load, and the vertical distances 
between the two curves, subject to tangential 
errors, is a measure of the sum of the principal 
stresses (P + Q) at each point, taken as an aver- 
age across the thickness of the model, and these 
values can be read off with sufficient accuracy by 
the aid of a scale reading to ;35 in. These 
distances are expressible in terms of stress, when the 
lateral extension is obtained from a tension or 
compression member under load cut from the same 
plate, or, if the specimen admits of this, at some 
point of it under a known simple stress. It may 
be noted that it is usually necessary to move the 
drum recorder parallel to the movement’ of the 
extensometer in order to keep the spot of light 
in focus, and this is easily accomplished by a 
cross slide of a simple character, as indicated in 
the illustration, Fig. 8. As the contact areas of 
the needles are usually extremely small, it is not 
incorrect to say that such measurements are, for 
all practical purposes, point measurements. The 
same tension or compression calibrating member is 
used to find the value of the stress difference (P — Q) 


at the corresponding points in the field of view | 
of a transparent member, and the magnified stress | 


image of a specimen, say 1 in. square, for example, 
can, if required, be enlarged to give a field of view 
of, say a square of 5 ft. side, even in a small room, 
so that a point of it can be identified with great 
accuracy for the measurement of (P—Q). These 
latter measurements can, therefore, be regarded 
as point measurements to at least the same order 
of accuracy as the (P + Q) measurements across 
the thickness of the plate. The directions of both 
stresses are also easily obtained, and, therefore, 
the stress at a point of a plane member can be 
ascertained in any transparent plate form of an 
elastic body of the single boundary type, without 
reference to any theory, beyond the simple elements 
described here. 








THE RADIO RESEARCH BOARD. 


THE most remarkable among the many wonders 
of wireless communication is the extent to which 
practice has moved ahead of theory. In some 
measure, doubtless, this was stimulated by the war. 
The times were not opportune for examining any 
questions of pure science that could be postponed, 
and, on the other hand, were clamorous for any new 
developments of practice that might be useful for 
naval and military purposes. Without question, 
also, applications of wireless were favoured by the 
coincidence that, on the retirement of Lord Fisher, 
in May of 1915, he was succeeded as First Sea Lord 
by one of the pioneers of wireless methods, Sir 
Henry Jackson. To what direct uses wireless came 
thus to be applied may be illustrated by the opening 
incidents of the battle of Jutland, which was fought 
during Admiral Jackson’s term of service as First 
Sea Lord. Sir Henry had always had a constant 
faith in the value of wireless methods, and, when it 
was of the most urgent importance to learn whether 
the German High Sea Fleet was really coming out 
or not, he obtained the final evidence that it was 
from an observation made by a radio direction- 
finding station that a German battleship had changed | 
its bearing by 5 degrees. 

Nevertheless, the work of those days was con- 
ducted under grave disadvantages through the 
absence of general knowledge. The mechanism, 
both of the propagation of waves and of the atmos- 
Pheric disturbances that obscured their signals 
at unforeseen times from unknown directions, were 
lmperfectly understood, and no coherent theory 

ad been evolved to replace the use of empirical 


methods, limited in scope and in certainty. When, 
therefore, 


= of Scientific and Industrial Research were 
ormulated after the war, it was recognised that they 
must include much fundamental work in regard to 


the research programmes of the Depart- | - 


radio communications, and, in 1920, the Radio 
Research Board was established for this purpose 
under the chairmanship of Sir Henry Jackson. 
Hitherto, the work of this Board has been summarised 
in a section of the Department’s Annual Report, 
but the published results of the Board’s work are 
attracting so much attention that it is now thought 
desirable to issue an annual report as a separate 
publication. The first of these reports has just 
been published,* and includes a review of the Board’s 
whole work since its establishment. 

For the whole of this period, the work was con- 
ducted under the chairmanship of Sir Henry Jackson, 
who retired and subsequently died later last year. 
Having regard to the many obscure phenomena that 
had to be explained, the period was fruitful in 
results, obtained through an enormous volume of ob- 
servations, often unintelligibly conflicting, which had 
to be made and interpreted. The success, moreover, 
was the more remarkable by reason of the small 
size of the scientific staff by whom it was obtained, 
the whole budget of radio research last year having 
been little over 11,0007. An essential factor in this 
fertility was the enthusiasm and inspiration to be 
ascribed to the Chairman. Himself a pioneer 
research worker of eminence and originality, and 
maintaining his own experimental work side by 
side with his supervision of the Board’s operations, 
he appears to have possessed to an unusual extent the 
aptitude for fusing his individual work in that of 
his staff, and was consistently free from any desire 
to claim personal credit for the results attained. 

The main groups of problems selected at the 
| outset for investigation related, respectively, to the 
| propagation of waves, atmospherics, directional 
wireless, and thermionic valves. Committees on 
these were instituted and have continued to advise 
the Board on the programmes to be undertaken 
and to analyse the results obtained. To these 
committees others have been added on apparatus, 
radio-frequency standards and precision measure- 
ments, and the interference of transmitting stations. 
The work has been carried on with the co-operation 
of many Government and University establishments, 
and, in several instances, with that of the British 
Broadcasting Corporation, but in the main it is 
now centralised at the new Radio Research Station 
at Slough and the National Physical Laboratory, 
with a motor van equipped as a travelling laboratory, 

In various ways the Radio Research Boards 
formed recently in Australia and New Zealand are 
co-operating with the Board and adopting their 
methods, and both the Watheroo Magnetic Obser- 
vatory in Western Australia and the Indian Institute 
of Science at Bangalore are taking part in obser- 
vations on the direction of arrival of atmospherics. 
Active co-operation is also being maintained with 
foreign countries, both for the investigation of 
problems in regard to the propagation of waves and 
radio direction-finding, for which transmissions are 
required at ranges that cannot be arranged within 
this country, and for the international testing of 
radio standards, a matter of supreme and increasing 
importance with the constant increase of trans- 
missions to be accommodated. The report notes 
the high esteem in which the work of British investi- 
gators is held in the deliberations of the Union 
Radio Scientifique Internationale. Dr. D. W. 
Dye, of the National Physical Laboratory, and Mr. 
R. A. Watson Watt, the Superintendent of the 
Radio Research Station at Slough, acted at the last 
assembly of the Union as Chairmen of the Commis- 
sions dealing, respectively, with Radio Standards and 
with the Study of Atmospherics, and many of the 
proposals adopted by the Union for international 
action were put forward by the British National 
Committee. Active co-operative work is also going 
on in various parts of Germany and elsewhere, in 
the observation of atmospherics according to the 


| methods and with apparatus developed at Slough. 


The Board’s work in the study of wave propa- 
gation began very simply. A number of selected 
observing stations in Great Britain were provided 
with apparatus designed for determining the signal 
strength of long-wave stations at medium distances. 





* Department of Scientific and Industrial Research. 
Report of the Radio Research Board for the Period ended 
March 31, 1929. H.M. Stationery Office. Price 3s. 6d. 


The analysis of the results so obtained showed 
surprising variations in the strength of signals 
received during daylight hours, and among the 
hypotheses by which it seemed possible to explain 
them was that of interference arising from differences 
of path and phase between a down-coming wave 
and a wave travelling along the surface of the 
ground. Observations, on these and other lines 
were followed up in various directions, but the 
chief discovery lay in a series of experiments 
by Professor E. V. Appleton, whereby conditions 
were produced experimentally which could be 
explained completely by the help of the Heaviside 
layer. This region is that part of the upper 
atmosphere which, on Heaviside’s hypothesis, is 
ionised by the action of the sun’s rays, so that 
waves rising upwards in it are deviated by some 
form of refraction or reflection, and return back 
to the earth’s surface along a downward path, 
while waves propagated near the surface proceed 
along great circles without undergoing refraction 
or reflection. In Professor Appleton’s experiments, 
waves were generated by a transmitter which 
was subject to a small continuous change of 
frequency, and it was found that the waves which 
had travelled by way of the ground and by way 
of the upper atmosphere showed interference 
maxima and minima with each other, as would 
have been expected had one been bent round and 
the other proceeded direct. From the number of 
interference fringes so obtained, which were 
observed either directly by a galvanometer or 
photographically, the difference between the paths 
of the direct and the down-coming waves was deter- 
mined, and the height of the layer calculated. In 
this way the waves in question were shown experi- 
mentally for the first time to behave as required 
by the Heaviside hypothesis, and the methods 
adopted were found, further, to allow the detailed 
study of the effects of the layer on radio waves, 
the characteristics of down-coming waves, their 
effects in causing the fading of signals, and similar 
matters. Among numerous other results obtained 
in this way, consistent variations in the Heavi- 
side layer at different times and places were 
determined. In particular, it was found that 
simultaneous observations made at London, Cam- 
bridge and Peterborough gave close agreement in 
the height of the layer at each station, and the 
effect of solar radiation on the approach of dawn 
was recorded simultaneously at all three stations. 
Other subjects studied with positive results were 
the conductivity of the ground, attenuation of 
wireless waves over land, and night effect. The 
present main objective is to extend to short and 
ultra-short waves (down to 5 m.) the methods 
that have been applied up till now on long and 








net. 





medium waves. 

No part of the Board’s work has involved more 
voluminous observations than that relating to radio 
direction-finding. As recently as the date of the 
Board’s formation, widely different opinions were 
held about the practical value of direction-finders, 
many authorities considering that the variable 
errors to which they were subject made it unsafe to 
place reliance on the bearings obtained. The result 
of the ten years’ work covered by the report has 
been to clear up these differences of opinion. It 
has been possible to define the conditions under 
which wireless direction-findings can be regarded 
as reliable, and, in addition to this knowledge of 
the conditions in which the usual systems can be 
employed with confidence, further investigation 
has developed, and is developing, devices that are 
practically free from errors. How great the work 
involved has been may be imagined from the fact 
that the number of observations accepted as satis- 
factory and submitted to analysis and correlation 
was about 250,000. The result has been to show 
that, in particular for the purpose of marine 
navigation, the use of direction-finders of the 
ordinary types is a valuable safeguard. Curiously, 
however, the type which is most likely to give the 
best results is that of Adcock, which was invented 
in 1919, and appears thereafter to have been wholly 
neglected, until experiments began again to be 
made with it at Slough in 1926. It has been 
shown clearly that the variations of bearings on 
the ordinary type of direction-finder are due to 
a horizontal polarised component of the down-coming 
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waves. The Adcock system is based on the same 


principle as the other types, except that it employs | 


either a pair of spaced aerials arranged to rotate 
about a central vertical axis, or four fixed aerials, 
when, for sensitivity, the system is too large to be 
conveniently rotatable, means being provided in 
either case for balancing off the horizontal com- 
ponents of the down-coming waves. Work is in 
progress to develop a direction-finder of the Adcock 
type which will be substantially free from night 
variations. 

An alternative to the usual forms of direction- 
finder, in which the directional part of the system 
is in the receiving rod, is the rotating-loop beacon, 
in which the directional element is in a transmitter. 
On this system, a vertical closed-loop transmitter 
is rotated at a uniform speed of one revolution 
per minute, so passing through maximum and 
minimum values every 15 seconds, and a character- 
istic signal is emitted each time the plane of the 
coil is perpendicular to the meridian, which is 
taken to be the N. point. An observer at a distant 
station starts an accurate stop-watch as he hears 
this signal, and listens through an ordinary wireless 
receiver, in which he will hear a minimum or zero 
once every half minute, when the plane of the 
transmitting loop is at right angles to the great 
circle joining transmitter and receiver. The bearing 
can thus be calculated from the reading of the 
stop-watch at the minimum, and the position of 
a receiving station can be fixed by bearings from 
two or more beacons. The system has the advan- 
tage not only of cheapness, as compared with a 
direction-finder, but also of being at the disposal 
of any number of ships at the same time. Its 
order of accuracy and liability to error is about 
the same as that of a  direction-finder, and 
endeavours are now being made to construct a 
beacon on the Adcock system, from which errors 
due to down-coming waves, whether from the 
Heaviside layer or from aircraft, may be excluded. 

In addition to its practical uses, the development 
of direction-finding apparatus has been pursued 
as an aid to the study of the propagation of waves 
and allied subjects. An important example of 
such an application is seen in a direct-reading 
instantaneous direction-finder, which has also been 
used with great effect in the investigation of atmo- 
spherics. This is a form of cathode-ray direction- 
finder which, originally introduced by the Western 
Electric Company as a low-voltage oscillograph, 
has been developed at Slough into a powerful 
implement of radio research as well as probably 
of practical direction-finding. In this instrument, 
a hot filament projects electrons down the inside 
of a fine platinum tube on to a phosphorescent 
screen, a trace of argon retained in the tube serving 
to prevent the jet of electrons from spreading. 
Two pairs of identical metal deflecting plates are 
arranged to right and left and above and below 
the electron jet. Two identical and identically 
tuned frame aerials are arranged to resolve the 
direction of arrival of a signal into two rectangular 
components with independent instantaneous volt- 
ages, which are amplified equally by identical 
amplifier systems, and then applied to the two 
sets of deflecting plates in the oscillograph. The 
beam of the oscillograph thus describes on the 
screen a luminous line corresponding with the 
resultant instantaneous voltage, and reads directly 
on a compass dial on the oscillograph screen the 
direction of arrival of the incoming signal. 

With such an installation, bearings can be read 
within 1 deg. on signals from ordinary coastal 
beacons at distances cf 200 miles. Apart from the 
convenience of visual instead of aural reading, the 
instrument has the special advantage of giving 
instantaneous readings, enabling bearings to be 
obtained in a portion of a second. In preventing 
collisions or in finding positions on beacons, 
it can thus use signals so narrow and so widely 
spaced as to offer no appreciable interference 
with traffic in the same wave band, and actual 
directional determinations can be made on simul- 
taneous signals from different directions even when 
the signals are on the same wave-length. The 
technique thus developed, giving as it does a visual 
representation of the relative amplitudes and phases 
of the two voltages applied to the matched amplifiers, 


|is being used in the detailed visual study of many 
propagation phenomena. The power and sensitive- | 
ness of the method may be judged from the fact | 


that stable matched amplifiers are produced in 
which amplifications of the order of 5,000,000, or 
more, overall can be matched to within one-half per 
cent. and the phase displacement in passing through 
the amplifiers to within half a degree in phase angle. 

All the difficulties found in investigating the 
propagation of waves are present in the study of 
atmospherics, with others peculiar to themselves. 
When the Committee on the subject started work, 
information as to the nature and origin of atmos- 
pherics was entirely absent. They were phenomena 
proceeding from an unknown source in an unknown 
direction, working intermittently at unforeseeable 
times, and conveying unintelligible information in 
an unknown way. They were well recognised as 
a plague of radio working, and large numbers of 
attempts had been made to eliminate them by 
special circuit arrangements, all of them unsuccessful 
to a greater or less extent. It was decided, therefore, 
that the Board’s work should be concentrated on 
the fundamental study of the nature and origin 
of atmospherics, and for that purpose both a new 
technique had to be developed and a vast amount 
of data to be accumulated. At an early stage, the 
use of aural observations on the arrival of atmos- 
pherics was replaced by an automatic pen-writing 
recorder, which was used in conjunction with a clock- 
driven direction-finding loop, and four of these 


recorders have been running for nearly four years | 


at Aldershot, Lerwick, Aboukir, and Bangalore. 

At the Slough station, a 7-ft. cubical chart room has 
been made with galvanised-iron walls, on to which 
the lines of latitude and longitude of an inscribed 
globe were projected, and for each recording station a 
protractor was calculated and plotted. Each direc- 
tion shown by the recorder readings could thus be 
laid off along the iron chart room walls by threads 
stretched with little magnets, and at each hour of 
the day for each month the predominant source of 
atmospherics for the whole world was shown by the 
point on the cube at which the directions of arrival, 
met. These origins, moreover, when plotted for 
season and time of day showed a regular course of 
the predominant source of atmospherics across the 
world. While these results thus disclosed a regu- 
larity in the main stream of atmospherics, of which 
use has been made, they do not show the directions 
of the individual disturbances, and the cathode- 
ray oscillograph, referred to above in its probable 
application as a direction finder, has been applied 
not only to indicate the path of individual atmos- 


pherics, but also to determine their wave form or | 
Over 50,000 | 
of these forms of atmospherics have been observed | 


variation of electric force with time. 


in tropical countries as well as in Great Britain, and 
considerable information has been collected and is 
being examined connecting it with meteorological 
data. A type of radio-telegraphic spectrometer has 
been worked out at Slough for investigating the 
mean distribution of energy among the various 
frequencies in commercial use, and arrangements 
are now in progress for the very general adoption of 
this instrument in a world network for the study of 
atmospheric disturbances to be set up by the Union 
Radio Scientifique Internationale. 

The above are examples of some of the more 
important work that has been done in the period 
under notice. The detail involved in both the 
development of technique and the accumulation 
of data is obviously greater than can be described 
in any short notice. Two observations are necessary, 
however, to complete the outline of the present 
account. The subject matter of radio research 
is essentially one of international interest, and the 
present report shows both that it is being so regarded, 
and that the British Empire is taking the part in 
international co-operation which is appropriate to 
its geographical and economic circumstances. The 
progress, again, in the accuracy with which radio 
quantities can be measured, due primarily to the 
work of the National Physical Laboratory, has been 
extraordinarily high. When the Board was estabrished, 
the frequency of a wireless wave could be measured 
to something under 1 part in 5,000, but, at the present 
time, the apparatus worked out at Teddington 
gives an accuracy of | part in 100,000. The applica- 


| tion of the Schering bridge to radio frequencies has 
similarly made a considerable increase in the accy- 
racy with which the many kinds of electric quantities 
such as current, resistance, capacity, &c., can be 
measured. The mutual international calibration 
of standards is being pursued steadily, and a 
high standard has been shown to be attained. 
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THE unwatering gates are, as already stated. of 
timber, in order to reduce as much as possible 
the need for inspection and maintenance, such as 
painting, &c. These gates cannot, of course. be 
unwatered in position. As it will only be necessary 
to operate them normally once a year, when the 
gates of the lock chamber they protect are inspected, 
&e., no operating machines are furnished, and the 
gates will be worked by nearby capstans on the 
lock side. The timber gates are built to the same sill 
angle as the service gates, and anchorage, hinge and 
pintle details are identical. The bearing castings in 
the hollow quoins are similar to those of the steel 
gates having timber end bearings. The gates, as 
shown in the typical 44-ft. leaf illustrated in Figs. 
376 to 379, Plate XX XI, and the view reproduced 
in Fig. 384, page 469, consist of a number of super- 
posed timbers of very large section, held together 
by vertical through bolts, and keyed together 
by means of dowels and keys in the horizontal 
plane. The lower timbers are reinforced on the 
up stream side by heavy stiffeners over the central 
length, adding to the total thickness very con- 
|siderably. The main timbers are 48 ft. 7} in. 
| long finished, and when it is stated that some of them 
' are as much as 45-in. by 38-in. in cross-section, it will 

be readily understood that some difficulty was 
experienced in securing baulks of the combined 
size and quality regarded as essential. In fact, 
although it is known that suitable timber existed 
in Canada, it was impossible to procure it in the 
Dominion, because of the difficulty of getting it 
out, often, of course, the deciding factor in the 
utilisation of forestry resources. The supplies were 
‘consequently obtained from Oregon, the wood 
being Douglas Fir. The largest individual pieces 
received at the Port Weller shops, where these 
gates were made by the Department, were 51 ft. 
9 in. long by 46 in. wide by 40 in. thick. 

As may be imagined, the preparation of such 
timbers presented many problems, which, however, 
were solved satisfactorily. Finishing to size was 
a difficulty, owing to the length. A second-hand 
24-in. by 48-in. planer was purchased, and rebuilt 
to 48-in. by 48-in., with a table 60 ft. long. Run- 
ways were fitted overhead, and large trunnion 
' castings were fixed to both ends of the baulks. By 
| means of chain pulleys from the runways and these 
trunnions, it was possible to handle the timbers 
‘and turn them over for planing a fresh side. Final 
finishing was by hand. Keys and dowels were all 
\carefully hand-fitted. Fig. 385 shows some of the 
large timbers being prepared in the shops at Port 

Weller. 

The large built-up girders in the lower part of a 
leaf were as much as 63-in. thick, by 28}-in. high. 
They were constructed of a 45-in. by 28}-in. timber, 
stiffened by one 18-in. thick in the centre on the 
‘upstream side, as stated. The stiffeners vary 1 
length, with position, taper slightly, as shown In 
Fig. 379, towards the ends, and at the extremities 
are fitted with strong shoes, keyed into the main 
member, to take up longitudinal shear. These 
are shown by the details, Figs. 380 and 381. For 
‘the same purpose a number of diagonal vertical 
' keys of lignum vite, 2} in. by 6 in., are fitted between 
the two members, and also dowels extending across 
the joint. Shear is resisted across the horizontal 
_joint between timbers by 4-in. by 4-in. keys, 15 in. 
‘long, and opposite these 4-in. diam. dowels, pro- 
jecting 2 in. into each face, as in Figs. 382 nd pi 
Keys and dowels are alternately on the back an¢ 
‘front of the leaf. The timbers are held tozether 
|by 16 vertical through bolts, 2} in. in diameter. 
Four additional bolts run through the lower timbers. 
| There are also on both faces, near the ends, vertical 
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channel stiffeners of 12-in. section. At each corner 
of the gate is a steel cap, and diagonal braces 
extend across the leaf from these, on both sides. 
At th quoin end these caps are fitted to take the 
heel casting and the hinge pin. The quoin end is 
rounded to a 20}-in. radius. The mitre end is 
ed accurately to bevel. The quoin end was 
eft } in. full, and the mitre end 4 in. full, for 
finishing to final dimensions on the site. : 





LARGE TIMBERS BEING PREPARED AT THE Port WELLER SHOPS. 





In order to counteract buoyancy the leaves are 
fitted with racks formed of vertical Z bars, in which 
are placed cast-iron blocks. Additional counter- 
weight is provided in the gate for Lock No. 1 
by making the footwalk, on the top, of concrete 
decking carried on concrete piers bolted to the 
timber work. In the other gates the top of the 
leaf for a height of 3 ft. 1} in. is made of solid concrete, 








No. 1. 


lifting eyes. Trough-shaped steel fenders, with 
sides at an angle of 45 deg., are provided on the 
down stream sides. In the recess vertical fenders 
keep the projecting parts of the gate from contact 
with the wall. The timber gates are furnished with 
an eve and link near the mitre end so that they 
can be fastened back to eyes in the recesses. Tension 
eye bars extending from bolts on the inside face of 
the gates when closed and designed to be coupled to 
eye bolts on the sill, were used to hold the gates 
tight against the sill when water was first admitted 
to the adjacent reaches of the canal. 

The gates were erected against temporary timber 
framing placed close to the gate position. The 
bottom timbers were laid on horizontal 12-in. by 12-in. 
timbers, provided at the outer end with keyed 
blocks to form a jacking shoe. When the leaf was 
ready, it was moved back over its pintle by jacks 
set against this shoe, and when in position, was 
lowered by eight 35-ton jacks. 

All designing work connected with the gates 
and their operating machinery was, under the 
supervision of Mr. Alex. J. Grant, Engineer-in- 
Charge, in the hands of Mr. F. E. Sterns, M.E.L.C., 
Designing Engineer, who formerly assisted in the 
corresponding work on the Panama Canal. Mr. 
Sterns is a Canadian, coming from Prince Edward 
Island. His principal assistants were Mr. M. B. 
Atkinson, M.E.I.C., and Mr. O. W. Ross on the lock 
gates; Mr. J. B. McAndrew, A.M.E.I.C., and Mr. 
W. T. Porter on the operating machinery; and 
Mr. L. P. Rundle on the electrical equipment. The 
contract for all the steel gates was let in June, 1926, 
to the Steel Gates Company, Limited, formed for 





built in removable sections, to give access to the 


the purpose, various parts being sublet to others. 
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Among the latter the Hamilton Bridge Works 
secured most of the structural steelwork, and the 
Montreal Locomotive Works castings and forgings. 

Trial machines were first installed at Lock No. 1. 
These sets were supplied by the Dominion Bridge 
Co., Montreal. All the gate machines for the other 
locks were supplied by the Montreal Locomotive 
Works, which sublet the motors both for these and 
for the valve-operating machines, which contract 
they also secured, to the Harland Engineering 
Company of Canada, Limited. The motors, including 
those for the capstans, and wire rope fenders, were 

. built for the latter firm at the parent company’s 
works at Alloa, Scotland. This sub-contract 
embraced 127 motors of 45 h.p., and 76 motors of 
12 h.p. Limit switches were supplied by the 
Cutler-Hammer Company of Milwaukee. The 
lock valves, &c, will be described later. 

During 1929 the Hamilton Bridge Company, 
sub-contractors for the fabricated structural steel 
work, completed and delivered all material. The 
Montreal Locomotive Works completed their 
sub-contract for all castings and forgings. At 
Locks Nos. 1, 2 and 3 all gates were fully completed 
at the end of last November, and in that month and 
December an operating force was trained preparatory 


to placing these locks in commission in April of this | 


year. At the twin locks a small amount of work 
still had to be done at the close of the year, but at 
Lock No. 7 the work was complete. At the guard 
gates the leaves were finished in October, and 
during this last winter they have held up water on 
the south side, while the reach to the north to 
Lock No. 7 has been again unwatered. At Lock 
No, 8 the gates were completed and in use in July 
last. 

The erection of the eight spare gate leaves was 
carried out in Lock No. 2. When completed they 
were fitted with two water escape pipes and one air 
inlet pipe, connected with the air chamber, through 
the air trunk. The leaves were then filled with water 
sufficient to overcome their buoyancy. The lock 
was then filled with water to a height reaching to 
the top girder of the 35 ft. 6 in. gates handled first, 
and air at 40 lb. pressure was forced into the air 


chamber of each leaf, driving the water ballast out. | 


When the leaves floated they were towed clear of the 
erection pedestals and by continuing the emptying 
process, were gradually turned over on the side 
into an horizontal position. The lock was then 
filled high enough to handle the 44 ft. leaves in the 
same way and the process was repeated for the 
82 ft. spares, the latter requiring the water level to 
be raised 18 in. above the normal. Subsequently 
the gates were towed to the gate yard, and located 
over their berthing pedestals and sunk on to them. 
The water in the gate yard was then lowered. These 
operations are illustrated by Figs. 386 to 389, on 
Plate XXXII. Fig. 388 shows some of the spares 
standing in the lock chamber, and one leaf afloat ; 
Fig. 387 shows one of the 82-ft. leaves being turned 
over. Fig. 386 shows the 35 ft. 6 in. and the 44-ft. 
leaves in charge of the tug, and Fig. 389 shows the 
leaves resting on their pedestals in the gate yard 
where they are stored. 








ATOMIC NUCLEI AND THEIR 
STRUCTURE. 


On Saturday, March 29, Sir Ernest Rutherford, 
P.R.S., delivered, at the Royal Institution, the 
concluding lecture of his course on the above 
subject. 

In his previous lectures he had, he said, tried to 
explain the quantitative properties of atomic nuclei, 
pointing out that the .tomic number was equal to 
the resultant positive change, the nuclei being, in 
the ultimate, built up of protons and electrons, 
with the former in excess. In the case of the lighter 
elements, it had been possible to estimate the size 
of the nuclei from the scattering of « particles, 
but with the heavier atoms, the method gave 
merely an upper limit. The atom itself was an 
extraordinarily loose structure, only a minute 
fraction of the total volume being occupied by 
matter, if such it might be called, whilst the re- 
mainder was empty space. The density of the 
nucleus was extraordinary. That of uranium, for 
example, contai ;ed 238 protons, and had a radius 
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of the order of 10-12cm. Hence its specific gravity forces were attractive, otherwise the system could 
was about 10'4, or enormously in excess even of not hold together. The «-particles enclosed were 
that of the dark companion of Sirius which astro- in constant motion, and were reflected without 
nomers credited with a specific gravity of about loss of momentum or energy when they came 
60,000. ,against the inner wall of the barrier. As they 

The scattering experiments, described earlier in | moved, their potentials varied, and, as indicated 
the course of lectures, indicated that the uranium | at A, one might at times climb nearly to the top 
nucleus had a radius of less than 3-4 x 10-!2 em.|of the barrier, though it could not quite reach 
Another method of estimating the size of this,|the summit. On the older theory, therefore, no 
nucleus was based on the hypothesis that the escape of an «-particle was possible. According 
a-particle expelled by uranium was equivalent to the newer wave mechanics, however, there was 
merely to a material particle, and acquired its always a chance that the barrier might be pene- 
velocity from the repulsive force due to its own | trated, and this chance was the greater the higher 
two positive charges and the 90 remaining in the the potential of the «-particle concerned. Hence, 
nucleus. On this hypothesis, calculation indicated if an a-particle reached the position represented 
that the radius of the nucleus must be more than! by A, calculation showed that it would have a 
60 x 10-12 cm. minute, but not always negligible, chance of being 

The two estimates were, therefore, mutually able to leak through, as indicated by the dotted 
inconsistent, and this paradox had led to the line. The inner diameter of the spherical barrier 

was nearly equivalent to the wave-length of the 
let disturbance accompanying the «-particles, as calcu- 
Fig. 78. lated by de Broglie’s formula. 

This possibility of the leakage of a wave system 
was precisely analogous to what occurred in the 
total reflection of light from the hypotenuse of 
a right-angled prism. According to the classical 
theory, although practically the whole of the 
light incident on the inner surface of the hypotenuse 
at more than a certain critical angle was reflected, 
a minute fraction always got through, and this 
theoretical conclusion had been confirmed by 
| experiment. In the case of radioactivity, the 
- |a-particle which leaked through the potential 
s| “ENGINEERING | barrier escaped with the energy it had at the 
g | point of penetration. Moreover, the higher the 

= speed of the «-particle emitted, the greater was 
7 the rate of the radioactive disintegration. Thus 
Fig. 20 uranium emitted only relatively slow «-particles, 

— and had accordingly a very long life. The fastest 
URAN-RADIUM FAMILY were those shot out by RaC, of which the half 
Rat! | period was only one-millionth of a second. In 
iL every case, out of N atoms of a radioactive element, 
j the number breaking up per second was equal 
;to XN, where A was known as the transformation 
|constant. A relationship between ) and the speed 
of the a-particle emitted had been worked out 
PRAA | by Gamow and Houtermans on the principles of 
| | wave mechanics. The expression found was com- 
plicated, but was approximately of the form 
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f log = a+ bE, 

/ |where E represented the energy of the «-particle 
expelled and @ and b were constants. This formula 
4 was in very fair accord with an empirical expression 
fi framed to represent the relationship between ) and 
é 7 /7UMiceg) the range in air of the «-particles, as measured in 
ftcayh Experiment —— the experiments of Geiger and Nuttall. The two for- 
4 ( —) mulz, and the experimental results, were plotted in 
0'*s6 — oe 330 Fig. 20. The radius of the uranium nucleus, as 
(e008) el ‘deduced by these newer methods, was about 10-’ 
} cm., or approximately a third of the upper . 
i -particles. It 
development of a new theory of the constitution ee — =~ — we pe 
of the nucleus, based on wave mechanics. The onan pt ote A 4 a. q-particles in thie 
essential point of this newer view was that a moving case. The height found for the potential barrier 

particle of any kind, whether electron, proton, pis 30 000,000 volts 
tt pecticts, - eee pre eee we bison During the past three years, Aston had developed 
iri a “ont wri oy ailinadag : rding ®other and more delicate method of measuring, 
as accompanied by a system of waves. Accordin a ‘ 
to de Broglie the sie A of the aa by mass-spectrography, the relative oe pte 
was given by ‘the tehelion > elements. By this newer method, he could detect 
: differences of saqwoth. on the scale of oxygen = 16. 

Aw OV’ Some of his results were tabulated below :— 
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where A was Planck’s constant, m the mass, and Taste I. 


















V the velocity of the particle. According to this | | a Sc 
—'e* Mass Mi - : 
formula, therefore, the wave-length diminished  yjement.| 0 = 16. | Blement. Git. |/Blement. 0 = 16. 
if either m or V, or both, were increased. In the | | z e 
. . ay 7 | e Ean 
case of electrons, the presence of the wave system a es . 19-0000 || xx78 | 73 926 
had been demonstrated experimentally by showing je 4-00216 ||| Ne2o | 20-0004 || Br7? | 78.928 
that moving electrons could be diffracted. The 3 a po io os 39.996 
mathematician disregarded the particles entirely, B10 10-0135 cas | 34-983 | kre? | 
: i . F k 4 3 Bll 11-0110 A3s 35-976 cr’ 
and based his calculations wholly on the accom | 3 bp S| Janae krss | 3 
panying wave systems. | = 14-008 Aso | 39-971 || Krée | 85-8 
A model of the nucleus which had proved} 0 16-000 As 74-934 || 1 | aoe 














useful was represented in Fig. 18. The a-particles ; : me a 
were regarded as shut up in a spherical shell, |The deviation of an atomic weight from a W ao : 
which was surrounded by a “ potential barrier.” | number divided by the atomic weight in open 
The potential in this barrier diminished as the | was known as the packing fraction, and hac prs 
distance from the mid-point increased, somewhat | plotted in Fig. 21. The full-line curve = 7 
as represented in Fig. 19. Inside this barrier, the upper part of the figure represented, not the packing 
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fraction, but the total deviation from the whole 
number rule. These deviations were of very great 
importance, since, according to the theory of rela- 
tivity. there was a direct relationship between 
mass and energy. Thus, if Am represented, in 
grammes, the loss of mass due to the packing effect, 
then the accompanying loss of energy was Am x c? 
ergs, Where c denoted the velocity of light in centi- 
metres per second. A free proton had, on the con- 
ventional scale, a relative mass of 1-0072. Hence, 
if a gramme of free protons was packed into a 
nucleus in which the relative mass of each was 
unity, the operation must have involved a dissipa- 
tion of energy equal to 0-0072 x c? ergs. From 
this result it might be calculated that the packing 
of a single proton into a nucleus involved a dissipa- 
tion of energy equal to that acquired by an electron 
in a fall through 6-7 million volts. This was nearly 
the maximum energy associated with any known 
a particle. 

The «-particle was built up of four protons and 
two electrons, and the relative loss of mass was 
0-029. Hence, the energy lost in the formation 
of an « particle was equivalent to about 27,000,000 
electron volts, and to take it apart a similar amount 
of energy would have to be supplied. If the protons 
in the uranium nucleus were free, the energy 


unstable. Starting with the lighter elements, this ‘THE JUNKERS HEAVY-OIL AERO 
stage was reached just before the element argon. ENGINE 
Up to this stage, the number of electrons in the) 7 fia a ay! ae 
nucleus increased by 2 with each addition of anj 4 ws ee . ben countries — _ . 
article, but, on adding the last « particle required enemies Sarto Dest conmrererens aay Sane Sep 
% pa > , ? p qu | past to evolve a satisfactory heavy-oil engine for pro- 
to form the argon nucleus, two electrons, additional | pelling these machines. The advantages of substituting 
to those incorporated into the « particle, entered | such engines for those operating on light fuels are 
at the same time, and it was this that ensured the | well known, and include the reduction of fire risks 
stability of the argon atom. Argon thus formed a| and operating costs, as well as an increase in the 
new starting point of stable elements, but, as before, | T@dius of action and cargo-carrying capacity. On 
the stability diminished also in this series with each | the other hand, the technical obstacles — Rael 
addition of an « particle, and would disappear just come are very considerable and comprise the difficulty 
, .. | Of securing complete combustion in the very short 
before the element zinc was reached. Here, again, time available in a high-speed engine, while the 
however, the breakdown predicted by theory was higher pressures employed militate against the use of a 
avoided by suddenly introducing into the nucleus | light construction. That very appreciable progress has 
another couple of electrons in addition to those | been made, however, is shown by the development. of 
incorporated into the last « particle added. the Packard and Attendr engines in the United States, 
Hence the curve representing the stability of the the Beardmore and Sunbeam in England, and the 


elements, instead of being continuous, like the full- Ju»kers in Germany. These engines vary widely in 
line curve in Fig. 21, consisted of a succession of type, although they all operate on the airless-injection 
intersecting curves, such as were indicated in Fig. 22 vena Oe ay too enely So penny Sanne eee 

: eo aie &.<<. will find its appropriate réle, or whether one particular 


The theoretical discussion, some of the results of type will fulfill all the normal requirements to the 
which were represented in this figure, was of great exclusion of the others. Generally speaking, the makers 
interest, but, as already stated, the analysis held good of these engines are somewhat reticent about publishing 
only for nuclei built up wholly of « particles. particulars, as the designs are stillin the experimental 

In every atomic nucleus, the « particles must be stage, but through the courtesy of Messrs. Junkers- 
regarded as having the same quantum number. motorenbau G.m.b.H., of Dessau, we are able to give 








liberated in the formation of this nucleus would 
have amounted to about 1,400 million electron- 
volts. Hence, on this basis, the uranium nucleus | 
could not be a source of energy, as it was known to | 
be. It followed, accordingly, that the protons | 
were not free in this nucleus, which was probably | 
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built up of 59 «-particles, two free protons, and | 
28 electrons, in addition to those incorporated into 
the aforesaid « particles. 

Referring again to Fig. 21, it would be seen that, 
for the first half of the full-line curve, the defect 
from the whole-number rule increased as the atomic 
weight increased. Hence, along this section of 
the curve, more energy had been dissipated in 
forming the heavier atoms. To disintegrate these, 
therefore, with the consequent formation of a lighter 
element, energy would have to be supplied. In the 
second half of the curve, on the other hand, the 
heavier the element the less the departure from the | 
whole-number rule, and hence the transformation | 
of one element to another of less atomic weight 
would in this region be exothermic, and the trans- 
formation of one element into a lighter one would 
therefore be accompanied by a liberation of energy. 
Hence, it was not a mere accident that radio- | 
active elements were of high atomic weight. 
The above considerations would seem to indicate | 


that all the elements lying to the right of the | 





radioactive, whereas this was not the case. 

he problem here involved had been discussed 
mathematically with considerable success, though 
it had been necessary to simplify matters by con- 
sidering solely the stability of those nuclei which 
could be regarded as built up entirely of « particles, 
and of which the atomic weights were accordingly 
all divisible by 4. The model used in framing the 
mathematical theory was analogous to the case of a 
drop of water having inside it a few molecules 
Which were prevented from escaping by the surface 
tension, 

Starting with a nucleus containing, say, three 
particles, the force inside the nucleus was at 
first an attraction. As additional « particles were 
added to form elements of higher atomic weight, the 
attractive force diminished and would ultimately 
change to a repulsion. Hence, nuclei containing 
more than a certain number of « particles would be | 











Any free electrons in a nucleus had to live in the the following details of the heavy-oil aero engine they 


same cage, and. from statistical considerati have recently had under test. This engine incorpo- 
a ose ’ y — nsiderations, | rates the valveless opposed-piston two-cycle arrange- 


must have the same energy as the « particles’ ment* associated with the name of the firm, and is 
enclosed with them. Since the electron was therefore of quite exceptional interest. 

extremely light, it had to move very fast in order to In the first Junkers engines, a single crankshaft was 
satisfy this condition, and, from de Broglie’s formula, |employed, the pistons remote from the shaft being 
coupled by long side rods, but when the firm began, 
in 1914, -to consider the possibility of constructing 
such engines for high-speed operation, although they 
retained the two-cycle double-acting principle, they 
also decided to employ gearing between the crank- 
shafts, thus enabling the side rods, which create large 
| out-of-balance forces at high speeds, to be eliminated, 
| and the space occupied by the cylinders to be reduced 
|to a minimum. The arrangement employed is shown 
|in Fig. 3, Plate XX XIII. 

<e | The adoption of this two-shaft design, and air- 
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© Stable less injection through several nozzles and with 
© Unstable intensive turbulent scavenging through large inlet 
- © Jonised and exhaust ports, enabled the fuel consumption 
2070 (2010.0) w See to be reduced from 175 gm. to 159 gm. (0-°385 Ib. 
— i aaaaii to 0-350 lb.) per horse-power hour, and were, in 


lian —_ ee tf eos fact, the important features in the early Junkers 
its wave number must be very different from that o heavy-oil aero-engines. It may also be mentioned 


the a particles with which it was associated. A that the first engine of this class to be built was 
difficulty then arose as to how both kinds of particles of the horizontal type, the proposal being to install 
managed to live in the same cage, but physicists it in the wing of a large aeroplane. It had five cylin- 
were now feeling their way to a solution of this ders, 50 mm. (14% in.) in diameter, a stroke of 2 x 
problem. When nuclei did not consist solely of | 120 mm. (2 x 44% in.), and ran at 2,400 r.p.m. Tests 
« particles, the resultant charge might be an odd —— made _ oa pie a at 
number, and it was then a little uncertain whether | PC 28V1ng SIX cylinders, Showed eae enouee eeevee 
the edited eleat ld be elt ead able, further improvements in detail were necessary. 
ee ee deen tenner again The chief difficulties were caused by the high com- 
All theories 80 far brought forward must be | bustion pressures, and by the necessity of injecting 
regarded as tentative, but we were dimly beginning | and atomising the fuel at those pressures in the shortest 
to comprehend what possibilities were open to a possible time. An extended examination of these 
nucleus. Thus, the upper full-line curve in Fig. 21 | problems was necessary before effective solutions 
indicated that elements of greater atomic weight could be obtained. In the meantime, the pres- 
than uranium would be highly exothermic and , S¥te of war-time —— led to the ys . 
. SERIES ae : F a compromise, in which a low-compression two-cycle 
— rg nt ~ oe and _— pore engine, fitted with direct injection and external 
SARE: SHINN me Chee Sie wee so: mg Se ignition and using benzol, or a mixture of benzol and 
much of them had survived the 2,000 million years | jight oil, as a fuel, was employed. This engine was 
- so which had elapsed since the earth was separated pearly ready for use when the Armistice was declared, 
rom the sun. and it had to be destroyed under the provisions of the 
It was worthy of note that, whilst uranium expelled | Treaty of Versailles. It had six cylinders, each 115 mm. 
an « particle, it was a proton which was driven out | (44 in.) in diameter, with a stroke of 2 x 150 mm. 
when light elements were bombarded. Since, (5% in.), and ran at 1,800 r.p.m. Its —— yon 
however, a free proton had an atomic weight of | 459 brake horse-power, and its weight was 750 kg. 
1:0072. whilst that of tl 1 neue wee. wale | Scavenging was effected by a turbo-blower. The 
pinilhanectapy deo pg a0 mILY> | valuable experience gained with this engine was 
energy equal +o some 6-7 millions electron-volts | ytiJised five or six years later, when the conditions 
must be supplied in order to expel one proton. | again became favourable for investigating the heavy- 
No such change of mass occurred on the expulsion | oj] aeroengine. Although, at that time, petro] engines 
of an « particle, which, therefore, escaped much | with an output of 400 h.p. to 500 h.p., and weighing 
more easily from a radioactive atom. 1 kg. per horse-power, had been used successfully in 
practice, the weight of the stationary Junkers engine 
forming the basis of the experiments was 30 kg. per 
Great WestTeRN Ramway Goops Wacons.—In | horse-power. On the other hand, the horse-power per 
consequence of the increased demand, 100 special wagons | litre of swept volume in the two-cycle engine was 
are to be built at the Swindon Works of the Great Western | 21, so that the performance equalled, if it did not exceed, 
Railway Company, for the conveyance of new Motor cars | that of the best foreign petrol engine, and its speed was 
from manufacturers’ works at Birmingham and Oxford to | 54 Jess than that of the high-speed type in the latter 

all parts of the country and to the docks for export. ga * Bae (00-800 h.p. bh il 
A further 50 covered containers and 25 insulated con- class. In fact, in 1925, a 700- -P- REBVY-OM sero 
engine was successfully constructed, the weight of 


tainers, for the conveyance of meat and other perishable > ‘ 
goods, are to be ordered. It is gratifying to note that | which was only one-twentieth that of the stationary 


the tonnage carried in containers during 1929 showed | type. 
the large increase of 211 per cent., compared with the | — 
previous year’s total. At the present time, the Company 
has 518 containers in daily use. 











* See Zeitschrift des Vereins Deutscher Ingenicure, 
vol. lxix, No. 44 (1925). 
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This engine, which is illustrated in Figs. 1 and 10, 
Plates XXXIII and XXXIV, differed considerably 
from that constructed during the war. In the first 
place, it was of the vertical type, while, as shown in 
Fig. 1, the cylinder block and gear case were a single 
casting, in order to secure strength and accuracy in the 
assembly of the cylinders and gearing. At that time, 
the production of a large casting which would be rigid, 
gas-tight and free from blow holes and corrosion, was a 


|are also affected by it. In general, it may be said 


|shorter the connections, the more satisfactory are | 


difficult problem for the light-metals industry, though, | 


as the result of close co-operation between all concerned, 
a satisfactory solution has since been obtained. In 
fact, castings for six or more cylinders can now be 
produced on mass-production lines of excellent quality 
in all respects. 

The first engine of this type is shown on the test 
bed in Fig. 10, the figure also illustrating the trial of a 
strut suspension, which has proved of great advantage 
in aeroplane work. Three months after it had been 
placed in service, this engine gave an output of 830 h.p. 
during a half-hour run, the speed being 1,200 r.p.m. 
and the mean pressure 8-3 atm. (122 lb. per square in.). 
The weight of the engine complete was 930 kg., or 
1-1 kg. per horse-power. The use of five cylinders, 
however, had the disadvantage that the torque on the 
gearing was somewhat irregular, with the result that, 
within a year, it was replaced by a six-cylinder design, 
the dimensions of which were slightly reduced in 
proportion, the cylinder diameter being 120 mm. 
(44) in.), compared with 140 mm. (5} in.). 

Reference may now be made to the detailed 
researches which were undertaken on two special 
single-cylinder engines, with a view to solving certain 
problems connected with operation and weight. To 
obtain as high an output per cylinder as_ possible, 
attempts were made to maintain the working volume 
of the cylinder at a maximum in combination with the 
most effective scavenging. Fig. 7, Plate XX XIII, is an 
indicator diagram of a two-cycle engine, the cycle of 
operations shown being the result of the simultaneous 
movement of both pistons, while Fig. 8, on the same 
Plate, shows the hypothetical diagrams for the two 
ends of the cylinder. In a high-speed engine, it is 
particularly important that the gases should be fully 
expanded. This can, however, be effected on a two- 
shaft engine by slightly advancing the crank on the 
exhaust side, as indicated on the left in Fig. 8. This 
not only enables the exhaust to be opened earlier, 
but the scavenging ports to be closed correspondingly 
later, ¢.e., after the exhaust ports have closed. The 
result is that the cylinder is filled with fresh air at 
scavenging pressure. 

On the single-cylinder test engines, the dimensions 
of the admission and exhaust passages, the exhaust and 
admission lead, the angle of the scavenging port, and 
also the scavenging pressure were altered systemati- 
cally, and the effect on the combustion, the fuel 
consumption, and the maximum output were measured. 
Fig. 5, Plate XX XIII, indicates the results obtained 
by varying the port angle, and shows the effect of 
turbulent scavenging on the combustion. An increased 
output of 10 per cent. was, in fact, obtained simply 


by altering the port angle, as shown in Fig. 6. The 
correct dimensioning of the port-openings, and 


adjustment of the air flow permitted the scavenging 
pressure at full load to be reduced to 0-2 atmosphere 
without affecting the combustion. 

Hand-in-hand with the investigations which were 
made with a view to improving the air supply, steps 
were taken to ensure that the combustion should be 
as complete as possible. The only difficulty in bringing 
each minute particle of fuel into contact with the air 
necessary for its combustion lies in the shortness of the 
time available. The entire operation of injection and 
atomisation, which is controlled by the pump, has 
to be effected in about com and must be 


repeated 25 times per second in each cylinder. 


sec., 
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also paid to the method of driving this blower. As 
its speed was seven times that of the engine, consider. 
able power was necessary to accelerate the rotor. A 


the conditions regarding pressures for a given short | coupling, which acted as a slipping clutch, was therefore 


injection time. As the fuel required by each cylinder | 
was supplied through four nozzles by two pumps, 


arranged between the crank and blower shafts, to 
prevent the acceleration at starting, and during rapid 


which were placed as close as possible to the point | changes in speed, from being too high. As suitably 
|of delivery, the result was that small pumps and | designed springs were incorporated in this clutch, no 


short connections could be used. The latter not 
only reduced the friction loss, but avoided late injection 





through the nozzles, such as may easily occur when long | working speed range. 


dangerous oscillations could take place between the 
rotating parts of the engine and the rotor within the 
This clutch is incorporated in 


pipes are used owing to the conditions existing in | the driving gear on the crankshaft. 





the fuel column. The injection pressure on the 
pump installation was measured in the nozzle pipes 
and plotted against the speed at different rates of | 
supply. 





Temperature control and heat transmission are other 
problems which present difficulties in a heavy-oil aero 
engine, and were also the subject of exhaustive investiga- 


|tion. The results showed that it was essential that the 


In normal operation, two pumps were used for the | design should be modified, in order that the heat should 


supply of each cylinder, though neither worked at | 
its full capacity, even when the engine was running | 
on full load. The pressures obtained were not, | 
therefore, particularly high, and are often exceeded in 





be removed in the most efficient way. To investigate 
the temperature gradient in the moving piston, one of 
the single-cylinder engines, mentioned above, was fitted 
with thermo-electric. measuring devices. In this way, 


stationary engines when the pipes are long. The success | jt was possible to measure the temperature simul- 
of these investigations into ways of improving the | taneously at ten points on the piston, at speeds up to 
scavenging and injection is illustrated by the high out- | 1,200r.p.m. Constantan-steel couples were used for this 
put and low fuel consumption obtained. In both these | purpose, connection to the indicating apparatus being 
respects, it is stated, the heavy-oil aero engine has | made by flexible steel wires. ; 


proved to be in no way inferior to the best stationary | 
Diesel engine. The effect of the speed is primarily | 


Turning now to the general design of the engine, the 
advantages of the single-piece type of cast housing 


noticeable in the changes it causes in the scavenging | were fully utilised for counteracting the forces set up 


pressure and the power required for this operation. 


| during running. The total cross-sections provided in 


_ Considerable interest attaches to the developments | the three principal directions gave ample strength. If 
in the construction of the fuel pump, which have | the vertical unit constituting each cylinder is first con- 
been the principal factor in making the Diesel aero |sidered, the forces generated by the two pistons are 


engine possible. 
plied more and more closely with the conditions o 
high speed and light construction, it departed more 
widely from the usual types. 


It had to meet the ments for the external supports. 


As the design of this pump com- | transmitted through the main bearing to the vertical 
| continuous cross wall of the housing. 


Strong eye bolts 
are provided at each end of the engine, to form attach- 
The cross walls, 


demand that it should correctly supply the smallest | ~hich run from front to back, provide transverse 


quantities of fuel against the maximum 
which meant that there must be no leakage of oil, | 


outwards, or of air inwards, that the inertia of the|{) be made as compact as possible 


moving parts should be a minimum, since the period | 
of useful stroke only lasted ian sec., that the | 
weight and space occupied by the whole pump should 
be as small as possible, and that it should be easily | 
operated and adjusted. The means adopted to fulfil | 
these conditions were to make the construction of the | 
few parts used as simple as possible, and to produce | 





pressure, ' stiffness in the horizontal plane, and also enable the 


crankpit, cooling water, scavenging and exhaust spaces 
Fig. 9, Plate 
XXXIV, illustrates one of the crankshafts and its 
bearings, as well as the transmission gearing. For 
reasons of stiffness and weight, the housing is also made 
as compact as possible in the longitudinal direction. 
This is reflected in the length available for the crank- 
shaft bearings, which are of the roller type, and have 
worked well in practice. The same applies to the 


them with as great a precision as modern workshop | £¢aring and its bearings. 


methods would allow. Special materials, which would | 


be capable of withstanding the highest pressures, and | subject of exhaustive investigation. 


The dynamical stresses on the gearing were also the 
It is now realised 


8 | ie ag a e 
be resistant to wear, were also necessary. The only | that it is impossible to keep the wide speed range of an 


valves are in the leads to the atomisers, and these are of | aero engine entirely free from critical speeds. 


| 


the simplest form. Regulation of the fuel supply is 


The 


|only thing that can be done is, by suitable means, to 


effected by turning the plunger in relation to the liner. | make the vibratory forces so small that they are no 


. | 
All the pumps on any one engine are connected by a! longer a source of danger. 
If one set of | was whether the two-shaft system was more dangerous, 


rod, and can be adjusted by the pilot. 


An important question 


pumps is cut out, the engine can still be run satisfac- | from the point of view of vibration, than the single 


torily. 

In constructing the fuel pump, Messrs. Junkers 
made use of their experience with stationary engines. 
The turbo-scavenging pump employed was, however 
entirely new, both as regards design and construction, 
though, as far as possible, the data published on the 
charging compressor used on one type of large military 
aeroplane were utilised. The arguments which, even 
up till the present time, have been advanced against 
the turbo-blower have generally been directed to its 


| shaft. 





behaviour at low speeds. As is well known, the 
pressure of the turbo-blower decreases as the square 
of the speed, so that if the engine and blower are 
directly coupled, the efficiency at starting is very low, 
and the conditions are quite unsuitable for service 
in flight. It is, however, apt to be overlooked that 


| the resistance to the passage of the scavenging air also 


The | 


method of effecting this was as follows: The Junkers | 


nozzle injects a solid stream of fuel in the form of a 
fan, with an apex angle of about 120 deg. This fan 
is as evenly distributed over the flat combustion 
chamber as it would be in still air. Distribution is 
much more complete, however, if several nozzles 
round the periphery of the space are used, and is 
rendered still more efficient by inclinirig or crossing the 
planes of the individual fans. An important factor in 
complete combustion is the degree of atomisation. 
If the individual particles are too large, they burn too 
slowly, while if they are too fine, the fuel spray is 
deficient in penetrating power, and does not extend 
sufficiently far into the space. With a given arrange- 
ment, the degree of atomisation is determined by the 
size of the nozzle opening; the smaller the nozzle 
opening the finer the atomisation. 

It was therefore decided to determine the injection 
pressure which would give a short injection time, 
in conjunction with good atomisation. 
out of the pump nozzles and connections depends, 
to a large extent, on this pressure, while the re- 


decreases with the square of the speed. The Junkers 
turbo-blower has, it is understood, proved quite 
satisfactory in practice, good acceleration being 
obtained from it at starting. 

To make the construction as simple as possible, it 


| was necessary to obtain a scavenging pressure of 


about 0-2 atmosphere in one stage. This meant that 


the peripheral speed of the rotor had to be about | 


200 m. per second, so that considerable centrifugal 
force was set up. The ratio of yield point to specific 
weight of the material used in the runner had, 
therefore, to be as high as possible. Investigations 


|showed that Duralumin and Elektron were about 
| equally good in this respect, but the fact that it could 


The lay- | 


be easily worked led to the former material being 
chosen for the purpose. Considerable improvements 
were made in the design of the rotor during the tests. 
Initially, wheels with the blades riveted to the hub 
were used, but, later, the wheel was produced from the 
solid, a very light and rigid design being thereby 
secured. The output and working conditions obtained 
with this single-stage blower were satisfactory. It 
may be added that, recently, considerable further 
development in the design of the single-stage high-speed 


liability and life of the whole of the injection devices | turbo-blower has taken place. Special attention was 








It appears, however, that while there is a 
greater possibility that vibration will be generated, 
as far as can at present be ascertained this will not 
occur to any dangerous extent. The essential elements 
in the balancing arrangements adopted are shown 
in Fig. 4, Plate XX XIII. 

The simplest type of vibration, in which the masses 
of both crankshafts oscillate in the contrary sense to 
the large mass of the propeller, can easily be investi- 
gated. In this case, either the fundamental with 
one node, or a harmonic with two nodes, may occur. 
In addition, only one oscillation of the two crank- 
shafts in opposition is possible. This is generated 
by differences in the torques of the upper and lower 
shafts, which result from the angular displacement 
necessary to give the lead. As regards the values of 
the vibratory forces, reliance is now often placed 
on measurements made on the running engine by 
means of torsionmeters, and a special device for this 
purpose was designed by Messrs. Junkers, in 1925, in 
connection with the development of an oscillation 
damper for aero-engines. Owing to the somewhat 
complicated measurements necessary on the two-shaft 
engine, it was essential to observe the movement ot 
the upper and lower shafts at both ends simultaneously. 
Figs. 10 and 11, Plate XXXIV, show the arrangement 
of the torsionmeters used for this purpose. The design 
of this instrument enables oscillations with frequencies 
up to 15,000 per minute to be registered. 

The main casing of the engine consists of a cast 
silicon-aluminium alloy, in order that rigidity may be 
maintained between the cylinders and the driving 
gear in all three planes. The two crankshafts run in 
roller bearings, as already stated, and the thrust 
bearings are mounted at the centre of the casting. The 
two end-walls of the crankcase are not, therefore, 
subjected to thrust. os 

The pistons are connected by rods of the ordinary 
type to the two shafts, which, as already explained, 
are coupled together by gearing. The gudgeon Pi 
bearings are lubricated by special lubricators, —— 
have worked well owing to the relatively sm 
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MULTI-CYLINDER HEAVY-OIL AERO ENGINE. 


CONSTRUCTED 


BY MESSRS. 


JUNKERSMOTORENBAU G.m.3.H., ENGINEERS, DESSAU, GERMANY. 


Fie. 1. CyLinpER BiLock or Five-CyLInDER ENGINE. 
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Fig 4 ..BALANCING SYSTEM OF TWO 
SHAFT ENGINE. 
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Fie. 2. 


Fig.5. EFFECT OF TURBULENT SCAVENGING 


ON COMBUSTION. 
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movement involved. The pins are of relatively large 
diameter and are fixed in the piston, in contradistinction 
to the more usual floating type. The propeller is 
supported in a combined thrust and roller bearing. 

The cylinders are provided with inlet ports for the 
scavenging air at the lower end, and with exhaust ports 
atthe upperend. The former are arranged tangentially, 
as shown in Fig. 6, Plate XX XIII, so that the fresh 
air passes upwards with a turbulent motion. The 
single-stage scavenging pump is placed at the rear 
end of the crankcase, and is driven from the lower 
crankshaft through a slipping clutch. 

Each cylinder is fitted with four fuel nozzles, through 
which the fuel is injected in a finely atomised condition 
direct into the hot central core of the combustion air 
without coming into contact with the cool walls. 
Owing to the turbulence, the air carries the fuel in 
suspension, and distributes it evenly over the com- 
bustion chamber. The nozzles are fixed to the cylinder 
in such a way that they can easily be dismantled. 
The nozzle passages are expanded into a cone, so 
that they can easily be cleaned when the needle has 
been removed. If one nozzle should become choked, 
as is only likely to occur if the fuel conditions are 
very bad, the engine will continue to run, since there 
are four nozzles per cylinder. Even if the injection 
to one cylinder entirely fails, it is stated that the 
engine can still be run, the vibration not being suffi- 
ciently great to prevent its operation. 

The fuel pumps, each of which supplies two nozzles, 
are arranged directly in front of the admission ports 
on both sides of the cylinder, as shown in Figs. 2 and 11. 
This enables the pipe connections to be kept short and 
the pipe friction to be reduced to a minimum. The 
pumps are operated through gearing from the crank- 
shafts. As each set of pumps can supply the fuel 
requirements of the engine on full load, the latter will 
continue to run even if one set is completely shut down. 
The pumps are all regulated from a central position by a 
single lever. The water and lubricating-oil pumps, 
which are arranged at the rear end of the crank-case, 
as shown in Fig. 2, are similar to those usually employed 
in aero work. Forced lubrication is provided on the 
engine, the supply being directed through horizontal 
pipes in the crankcase. The big-end bearings receive 
oil through the crankshaft. Great care has naturally 
been taken to ensure adequate lubrication and cooling 
of the gearing. 

The engine is mounted on the aeroplane by a simple 
arrangement of struts, which are connected to four 
points on the fuselage, as shown in Fig. 12. These 
struts are connected directly to the eye bolts of the 
housing. In this way, the engine housing virtually 
becomes a part of the structure of the aeroplane and 
adds a minimum of weight to the latter. The brackets 
at the lower end of the crankcase serve mainly for 
the attachment of the fairing. The fuel pumps and 
nozzles are accessible on both sides, while the gear 
for controlling the engine from the pilot’s cockpit is 
very simple. Two levers, which can be operated 
Separately or together, are used to control the output, 
on a third lever is provided for starting the engine 
ha compressed air. The engine will start easily from 
. “ cold. Special arrangements for priming the pumps 
the not ‘Tequired, as the latter themselves exhaust all 

; air automatically during the first few revolutions, 
when the engine is being started on compressed air. 

Fig. 2 shows. the engine ready to be mounted in the 
Seroplane. Its maximum output on the first test flight, 








which was made early last year, was 650 h.p. with the 
fuel pumps working on a reduced stroke, so that it is 
considered possible that this output will be obtained 
even at altitudes of from 3,000 m. to 3,500 m. (9,900 
to 11,600 ft.) without any shortage of scavenging 
air. The crankshaft speed, at 700 h.p., was 1,600 r.p.m., 
and the speed of the propeller 1,130 r.p.m. The fuel- 
consumption curves show that the best results are 
obtained in flight with an engine speed of about 
1,500 r.p.m., the consumption at this speed being from 
165 grm. to 170 grm. (0-363 Ib. to 0-374 lb.) per horse- 
power-hour. The weight of the engine complete is 
840 kg. (1,852 lb.). The engine was tested in a 
Junkers G24 machine, the weight of which was 
about 2,700 kg., giving a load of 7-5 kg. (16-53 Ib.) 
per effective engine horse-power. 








PORTABLE BELT CONVEYOR FOR 
CONTRACTORS’ WORK. 


ALTHOUGH hoists are generally employed in this 
country for handling materials in connection with con- 
structional work, it was evident, from the number of 
portable belt conveyors exhibited at the recent Leipzig 
Fair, that German contractors make considerable use 
of appliances of this type. A typical conveyor, shown 
at the Fair by Messrs. Allgemeine Transportanlagen 
Gesellschaft, of Leipzig, is illustrated on this page. 
It is intended for dealing with concrete, broken stone, 
sand &c., or even with such materials as coal, coke or 
corn, and is manufactured in five sizes, the total lengths 
of the conveyor in the largest and smallest sizes being 
26 m. and 8 m. (65 ft. 7 in. and 25 ft. 8 in.), 
respectively. 

The frame of the conveyor is built up of light plating, 
tubes, and angle-iron sections. As will be clear from 
the figure, it isin two parts, a triangular rear portion and 
a hinged front extension. The rear portion rests on skids 
at the back, and is carried on a pair of large wheels with 
wide treads at the front. The front extension is 
pivoted in line with the small cable pulley, which can 
be seen in the figure just forward of the main upright, 
and the outer end can be raised or lowered by altering 
the angle of the two tubular supporting struts. These 
are pivoted at the lower end, and are joined by a cross 
link atthe top. The crosslink can be moved backwards 
or forwards by the cables shown, which are connected 
to a hand winch mounted near the middle of the bottom 
member, and visible in the figure. The conveyor belt 
is driven by a single-cylinder horizontal Deutz engine 
mounted above the axle between the two wheels. The 
drive from this engine is by belt on to a countershaft, 
and thence by spur gearing toa drum. The underside 
of the conveyor belt is directed on to the drum by two 
wide pulleys, one of which can be seen behind the drum 
in the figure. 

The conveyor belt consists of four-ply duck, with 
a rubber covering, and is 450 mm. (17? in.) wide. 
It is carried on idle pulleys which run in plain bearings, 
and is kept in tension by an adjustable pulley at the 
upper end. The bearings of this pulley are carried 
on a cast-iron slide which is traversed by a nut and 
screw motion. The space between the bearers for 
the idle pulleys is filled in with sheeting to protect the 
underside of the belt on its return run. 

This conveyor can be driven either by an internal- 
combustion engine, as described above, or an electric 
motor of the ventilated type, with adequate protection 
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against dust and the weather, since the equipment is 
largely used in the open air. When the drive is 
effected in the former way, the conveyor can be arranged 
to be self-transporting, the same engine being used for 
both purposes, and in this case only one man is required 
to look after it. Its output largely depends on the lift 
required and the skill of the personnel, and may be as 
high as 30 tons per hour. 

We understand that conveyors of this type are now 
being largely used in constructional work in Germany 
for handling bricks, mortar, and concrete. The 
largest size is the most suitable for this purpose, 
as it can deliver to a height of 7-1 m. (23 ft.). Its 
efficiency can be increased by combining it with one or 
more short auxiliary conveyors, on to which a concrete 
mixer can discharge, or a hopper can be arranged over 
its lower end, into which any required material can 
be delivered. When it is desired to fill railway wagons 
or lorries with sand or gravel which have been stored 
in heaps, the makers suggest the use of one of their 
portable bucket elevators, which are mounted on a 
carriage similar to the conveyor and can discharge 
into a chute the lower end of which is attached to the 
hopper on the conveyor itself. The combination, it is 
claimed, forms a very flexible arrangement, and leads 
to a great savin~ in time and labour. 








SOME MATERIALS USED FOR NAVAL- 
ENGINEERING PURPOSES.* 


By Engineer-Captain J. Horpz Harrison, R.N. 


Durine the last ten years, experience in H.M. Navy 
has been almost exclusively with water-tube boilers, 
and steam is now generated by oil fuel in almost every 
fighting ship. The material which has to be more 
frequently renewed than any other is brickwork. The 
weight of brickwork in a boiler is from one-sixth to 
one-eighth of the total weight of the complete boiler. 
Brick defects are not usually serious. They can be 
made good while the periodical cleaning is being carried 
out, but should serious defects occur when steaming, 
speed must be reduced. Boiler bricks and bonding 
material should not fuse below 3,000 deg. F. Some 
trouble has been experienced with bonding material, 
but a good fireclay well mixed with crushed firebrick 
in the proportion 1:1 has given satisfactory service. 
Taking the average annual bill for firebricks and fireclay, 
and dividing this by the cost of brickwork in one 
boiler, it is shown that, on the average, each water- 
tube boiler has to have the brickwork completely 
renewed every three years. There is an urgent need 
for a lighter and more refractory firebrick. 

Boiler Tubes.—After brickwork, the most important 
parts of a water-tube boiler that develop defects are the 
tubes. Since 1919, some 2,100 boilers have been examined 
for wear and waste by, amongst other methods, 
removing sample tubes and cutting them longitudinally. 
Defects necessitating the re-tubing of boilers have been 
mainly :—1. Internal corrosion. 90 per cent. of the 
renewals are due to this cause. 2. External corrosion. 
9 per cent. renewed for this reason. 3. Distortion of 
tubes. 4. Cracking of tubes or tube plates. 

Steel from which a boiler tube is manufactured should 
have the following qualities :—It must be capable of 
withstanding severe punishment during manufacture 





* Paper read before the Institution of Naval Architects, 
London, on Wednesday, April 9, 1930. Abridged. 
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and also when being rolled into a tube plate and belled. 
It must have resistant qualities against corrosion in 
such media as furnace gases and water. It must give 
good service when subjected to considerable heat 
stresses. It should also take a high finish and be 
quite free from cracks and flaws of any kind. Until 
recently, all Admiralty tubes were manufactured from 
‘blown ” or “ wild ”’ steel ingots, but within the last 
few years tubes have been made from what has been 
called non-segregated steel. For many years this 
was considered to be commercially impracticable, but 
the tubes from this steel have a finish equal to tubes 
from wild ingots. The tubes from non-segregated 
steel have not been in service long enough yet to 
enable a comparison to be made, but there is abundant 
evidence that defects due to internal corrosion are less 
liable to occur if tubes are made of steel containing as 
few inclusions as possible. It appears to be doubtful 
whether the blow-holes in wild ingots weld satisfac- 
torily, and even if they do there is evidence that the 
inclusions in the steel where the blow-holes have existed 
sometimes lead to rapid corrosion. 

An examination of a large number of sulphur prints 
taken from billets from which tubes have been drawn 
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show that the inclusions are very unevenly dis- | 
tributed in’wild ‘steel. Examination of a section of 
a billet shows that the outer space may contain as 
little as 0-05 per cent. of carbon, although the average | 
carbon content is 0-10 per cent. to 0-15 per cent. | 
Boiler tubes for naval boilers of the small-tube typ: 
are made from 0-116 in. to 0-156 in. thick, but the | 
maximum is now usually 0-128 in. The thicker and | 
larger tubes are used for fire rows. The thickness is 
arrived at by calculating the total stress to which the | 
tube is subjected by heat and fluid pressure, and by 
experience. This calculation shows that the total 
stress is about 3-1 tons per square inch for a tube 
0-05 in. thick and 1-75 in. in diameter, working at a | 
pressure of 250 lb. per square inch when the heat | 
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respects the same as that generally used for boiler 
tubes. No reason is seen, at present, to fear that super- 
heater tubes will have to be renewed before the 
generator tubes. For some years in America, a low- 
| carbon steel containing a small percentage of copper 
| has been popular. The qualities claimed include a 
high resistance to corrosion. A shore boiler has been 
partially re-tubed with this material, and other experi- 
ments are in progress, but it is too early to make a 
statement about it. It should be remarked that the 
general opinion appears to be that such a steel will 
show little superior power to resist corrosion over that 
now in use. 

Heat-Resisting Steels.—Materials subjected to stress 
at high temperatures (i.e., over 1,000 deg. F.) have been 
used in boilers for supporting superheater tubes. 
Among others, the materials given in Table I have 
been used, and reports have been received stating that on 
close examination they are in a satisfactory condition. 
There is no evidence of twisting, burning, or corrosion. 

Samples of materials proposed by contractors, the 
behaviour of which at high temperatures is not known, 
have to be forwarded to the Admiralty for test before 
permission is given to incorporate them in naval 
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Condensers.—In 1920, Engineer Lieutenant-Com- 
mander G. B. Allen, R.N., read a paper before the 
Institute of Metals on “Service Experience with 
Condensers.”’ Speaking of condenser tubes, he summed 
up the situation as follows :—‘‘ With every precaution 
taken during manufacture and with the adoption of any 
known preventative or protective process, it must be 
admitted that freedom from deterioration cannot be 
guaranteed ; and it appears that complete immunity, 
or at least a guaranteed life, can only be obtained by 
the employment of an alloy other than a simple brass,” 
A considerable amount of further research work has 
been carried out since the date of that paper, and, 
although the subject is undoubtedly better understood, 
it cannot be said that condenser troubles are now a 
thing of the past. Since 1918, the reports made to the 
Admiralty of cases of failure of condenser tubes show 
an average of 50 per annum, assuming that each defect 
reported counts as one (although several tubes may be 
referred to). In Figs. 2 to 7, on this page, the more 
common types of condensers fitted are given, and the 
total failures per annum with all types since 1918 are 
given in Table IT. 





By far the largest percentages of failures have 
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TYPE A. 


Co 
to portion shaded. 
Number of Vessels, 3. 








TYPE B. 


Number of Failures, 85. 
Number of Vessels, 12. 








TYPE C. 
Number of Failures, 338. 
tu shaded portion. 
Number of Vessels, 27. 
(2015.8) 





TYPE D. 
Number of Failures, 75. 
Tubes affected particularly 
inv shaded portion. 
Namber of Vessels, 4. 





TYPE E. 
Number of Failures, 305. 
Failures slightly more marked, 
uv portions shaded. 
Number of Vessels, 203. 





TYPE F. 


Number of Failures, 132. 
Tubes affected pruwipally 
in portion shaded. 

Number of Vessels. 20. 
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transmitted per square foot of surface per second is | machinery. When it has been necessary to know the { occurred on foreign stations, and, making allowances for 


30 B.Th.U. In Fig. 1, 
shown indicating the fluid, heat, and combined | 
stresses plotted against the thickness of the tube. | 
The observations relate to a fire-row tube, 1-75 in. 
external diameter and of varying thickness, when 
passing heat at the rate of 30 B.Th.U. per square foot 
per second, the working pressure of the boiler being 
250 lb. per square inch. From the curves it is seen 
that the ideal theoretical wall thickness is about 
0-08 in. for the conditions stated. Experience has 
shown in past years that boilers require re-tubing once | 
during a life of, say, twenty years. 

Aword should be said about tube expanding or rolling. 
Only two or three turns of the expander should be given 
after the tube is bearing on the plate. The danger of 
over-rolling cannot be toc strongly emphasised. Exces- 
sive rolling overstrains tLe tube material and makes it 
more susceptible to corrosion at the point where 
corrosion is most objectionable. Many examples have 
been found of patches of internal corrosion limited to 
the area of tube that has been rolled. Over-rolling | 
makes the tube plate brittle, and cracks between | 
tube-plate holes are occasionally discovered, un- 
doubtedly due to over-rolling. It is quite possible that 
tube distortion has been caused by irregular and severe 
rolling, although direct evidence of this is lacking. 

Sample superheater tubes taken from H.M.S.S. 


Rodney and Nelson were recently examined. These 
ships have been in commission since 1927. After cutting | 
the tubes were found to be in excellent condition. The 
steel from which they were manufactured contained 
the normal 0-1-0-15 per cent. C. and was in other 


ture, the aid of the National Physical Laboratory has 
been requested, but Mr. H. J. Tapsell, who has con- 
ducted this research, is of the opinion that four to five 
months are required to obtain a satisfactory value of 
limiting creep stress at one temperature. Dr. W. H. 
Hatfield stated in the Edward de Mille Campbell 
Memorial Lecture, October 10, 1928, that he had heard 
the view expressed that an engineer would be in a 


TABLE I,—Heat- Resisting Alloys. 


! | 


14-0 | 


(1) Cronite 0-6-0-7 1-0 60-0 
(2) ERA .. ..| 0-2-0°3 3-0 16-0 6:5 
(3) Wiggins metal | — — 20-0 80-0 


| 





position to design adequately, with resultant suitable 
factors of safety, if he were in possession of the data 
concerning the stresses below which the rate of creep 
would not exceed 0-000001 per inch per hour. It is 
not considered that the opinion of a layman is conclusive 
as to the time or method to be employed to determine 
limiting creep stress, but, from an engineer’s point of 
view, it is desirable that at least a close approximation 
should be obtained as quickly as possible. If the 
limiting creep stress can be obtained to within 0-25 ton 
per square inch this should be an approximation 
sufficiently near. It has not been the usual custom of 
designers, in the past, to stress a material to a point 
too near the yield. 


4 





Carbon, |Mangancee.| Chromium.| Nickel. | 


| 








on this page, curves are | limiting creep stress of a material at a certain tempera- {the numbers of ships on each station, the highest 


percentages of failures have been reported from the 
West Indian, China, and African Stations, showing 
undoubtedly that sea-water temperature is an avtive 
factor. It is evident that the design of the condenser 
is important ; Type E, Fig. 6, appears to be the best. 
It should be stated that the tube surface per horse- 
power is approximately the same in all cases. Defects 
have occurred at all positions of the tubes, but 


TaBLE II.—Failures Reported in Condensers. 














Number | | Number Number 
ri of fy | ws Year. a. 
Year. | pailures | YT | Failures - | Failures 

Reported. | Reported. Reported. 
1918 51 1922 72 1926 45 
1919 53 | ~—«:1923 39 1927 | 45 
1920 48 | 1924 | 37 1928 60 
1921 43 1925 | 38 1929 48 








principally as indicated by shading in the sketches. 
It should be observed that, in Type A condenser, the 
large number of defects reported is probably due to 
the use of war-time material, which, besides being of 
lower grade, did not have such rigorous inspection as 
now possible and necessary. To enable members to 
realise the nature and type of defects reported, the 
exact figures for 1926-27 have been analysed, and are as 
follows :— 

Total tubes in all condensers, 2,892,400. Total tube 
failures reported, 157. 
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Causes : Per cent. 
End action corrosion at inlet end ... aaa 29-4 
Local pitting ... oh nas ‘ii ses 19-8 
Obstructions... ree ae aa oat 3°2 
Steam impingement... Sas fee oes 10-8 
External damage to tubes ... aed ay 2°5 
Crushed ends ae nas ae aes 2-5 
Splitting aes aes ose oa aaa 6-4 
General corrosion ... ‘iat oe eee 19-7 
Insufficient information reported to assess 

causes rae ie cas +P 5-7 
100-0 


Only twelve failures were reported from warships 
operating in home waters. The actual ratio of failures 
to total tubes fitted is small, but one tube failure out of 
nearly 60,000 tubes fitted may put a ship out of 
action for a time. Practically all the failures reported 
have been of tubes manufactured from Admiralty brass. 
The specified composition is: Copper, 70 per cent. ; 
tin, | per cent. minimum ; zinc, remainder. A number 
of alloys have been manufactured into condenser tubes, 
and coated brass tubes have also been fitted, but, until 
extensive experience on service has been gained, it has 
now been decided that a mixture containing 70 per 
cent. copper and 30 per cent. nickel or Monel shall be 
used. Difficulty was experienced at first in obtaining 
tubes of other material than Admiralty mixture with 
the high standard of finish that had been obtained. 
Manufacturers have now succeeded in producing tubes 
of copper-nickel the finish of which is equal to any 
previously obtained. 

Materials that have been tried or are now under trial 
are : Stainless steel, Staybrite steel, Monel, aluminium 
brass, Melloid, chromium coated (0-0005 to 0-001 of 
1 in. of chromium on Admiralty brass tubes), Corronil, 
synthetic Monel, copper nickel, 80-20, copper nickel, 
70—30, brass, Admiralty mixture, and Silveroid. The 
only tubes that have stood up on service.without showing 
signs of corrosion at all, up to the present, are aluminium 
brass, 70-30 copper-nickel and Silveroid. Care must be 
exercised in speaking of trials.of condenser tubes, as cases 
are known of Admiralty-brass tubes that have shown no 
signs of deterioration for over twelve years, and, with 
the exception of Admiralty-mixture brass, none of the 
above has been fitted in ships for much longer than 
five years. Chromium-coated brass tubes have only 
just completed one year’s trial, and the coating has 
been found to be removed in places. Aluminium 
brass has not been in use long enough, or in sufficiently 
varying types of ships, to assume that it will give good 
service under all conditions. Solid packing, in lieu of 
linen gromets, has been tried with success. 

Originally condenser doors were of gunmetal, but 
were replaced by cast iron with a view to resisting tube 
corro:'mn. Recently cast-iron end doors and water- 
boxes “ive been replaced by cast and mild steel. 
Cast-st. 1 doors are necessarily thick and there is a 
fair margin of strength. With a view to reduction of 
weight, while retaining strength and a measure of 
resilience, doors were built up of boiler-plates and 
angles. Corrosion proved rapid on built-up doors on 
service, and as the doors were only 3 in. to % in. thick, 
some form of protective coating was found to be 
necessary. Rubber was first tried, but peeled off 
the outlet end. Doors were re-coated and then vul- 
canised. This was done by clamping two doors 
together and filling with steam. The rubber coat may 
be either hard or soft. Hard rubber is liable to crack, 
but resists the action of oil. The results reported to 
date appear to warrant the experiment being continued, 
and several processes of rubbering doors are now 
under trial in different ships of the Fleet. 

Turbines—Impulse blades of non-ferrous alloys 
have been badly eroded, but alloy steels, having a 
yield of from 25 to 30 tons per square inch, have shown 
no signs of erosion, although defects have developed 
due to shrouding and broken blades. The fracture of 
steel blades has resulted in a careful examination of the 
material without evidence being discovered that the 
material has been faulty. No signs of cracks or flaws 
have been detected, but the possibility of blades being 
built into a turbine in which there are incipient cracks 
has led to inspection methods being devised to prevent 
defective material being used. So far, the Admiralty 
have not specified that any particular inspection 
(such as the magnetic) shall be adopted, although it 
1s considered that should steel blades be increasingly 
employed and the material now used be accepted as 
standard, more stringent inspection will have to be 
adopted. Impulse blading is now almost exclusively 
made of the combined type. The Admiralty specify 
that the blading and shrouding are to be of the same 
material, but recent experience has, in some cases, 
shown that the shrouding strips crack at the holes when 
riveted, and, in consequence, a steel of the same compo- 
sition as the blades, except that the carbon content is 
lower, has been allowed for the shrouding. 

— holes in the shrouding are now drilled. It has 
° thought that steel-blade failures have been due to 
4ck of shrouding support, since there is invariably some 
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| 
vibration ; cases have been reported of blades fracturing 
where the shrouding is cut to allow for expansion. 
| Several arrangements have been tried in order to 
| provide continuous support all round the blades 
| while still allowing for expansion of the shrouding. 
| A number of cases have been reported of impulse- 
| blading shrouding working loose, owing to excessive 
| Vibration or defective workmanship in riveting the 
| blades to the shrouding. When such defects have been 
| detected in time, an efficient repair has been effected by 
re-riveting the blades. The material of which the 
blades have been manufactured has shown no signs of 
deterioration by so re-riveting. The properties of a 
number of alloys have been examined in order to obtain 
a material not soft enough to erode, yet sufficiently 
resilient to withstand any vibration to which it may 
be subjected. At present, the Admiralty specify that 
certain turbine stages must have blades of A.T.V. or 
other approved material. A list of materials recently 
used for turbine blading is given in Table III. 


Taste III.—Materials for Turbine Blades. 





Nature of Material. | 
| 


Stage in which Used. 





Monel wi ats os ..| High-pressure and astern. 

Hadfield’s A.T.V. = ..| High-pressure and astern. 

Firth’s F.G. - 2s 5 -| High-pressure, low-pressure 
| __ and astern. 

Firth’s F.M. ..| High-pressure, cruising and 
| astern. 

Firth’s Stainless. . a ..| Astern. 

Phosphor-bronze me <a 


Brass Da 34 All reaction. 


| In all stages. 





Phosphor-bronze, manganese copper, and brass blad- 
ing were formerly tested for tensile strength by 
forming test-pieces from the finished blading sections. 
It is now specified that tests should be taken from the 
material before it is drawn, as it was found to be 
difficult to obtain test-pieces from certain sections that 
would indicate the quality of the finished blade. 
Precautions are necessary to ensure that only electro- 
lytic copper is used for the above, and that the zinc 
for brass is 99-75 per cent. pure. It appears to be 
desirable to consider a hardness test for blades in order 
to avoid defects due to improper final drawing. The 
last passes should be of limited severity, in order to 
avoid excessive hardness at the edges, which, eventually, 
results in cracks. Brass blading has to be annealed at 
an approved temperature. 

For impulse turbines, nozzle vanes of 3} per cent. 
nickel steel have been reported defective. In addition 
to the vanes corroding and eroding on service, difficulty 
has been experienced in casting the vanes in the boxes. 
Nozzle control valves of Stainless steel have not been 
entirely satisfactory. Valve pintles have seized in the 
guides, and valve spindles have seized in the backs of 
the valves and corroded at the glands. It appears to be 
advisable to use different metals for valves and seats. 
The following materials are used for nozzle vanes: 
Firth’s F.M.; Hadfield’s A.T.V. in cast-iron boxes ; 
Hadfield’s A.T.V. in phosphor-bronze boxes ; Hadfield’s 
A.T.V. nickel-plated and cast in phosphor-bronze 
boxes; Firth’s Staybrite; nickel steel; copper for 
astern turbines and gunmetal for astern turbines. 

Heavy-Oil Engines.—Some of the materials used in 
heavy-oil engines are as follows :—(1) For castings, 
steel ; (2) for pistons, ‘‘ Y ” alloy ; (3) for piston rings, 
cast iron (B.E.S.A. specification) ; (4) for valves, steel 
“ Quickstep’ or E.R.A.; (5) for liners, steel; (6) for 
jackets, Staybrite, mild steel; and (7) for crankshafts, 
steel. Materials (1) and (2) will be referred to later. 
The experience with (3) and (5) has led to an investiga- 
tion which has indicated that if excessive wear of (3) 
is to be avoided the following points require careful 
attention: (a) Clearance between ring and bottom of 
groove. (b)Sideclearance ofring groove. (c) Accuracy 
of fitting of ring in groove. (d) The-finish of (5). As 
regards (4) it has been found possible, as a result of 
trials, to replace water-cooled valves by uncooled valves, 
of the materials shown, up to certain powers. Trials 
lasting 1,500 hours on service showed that uncooled 
valves of E.R.A. and Quickstep gave as good ser- 
vice as cooled valves. There is little to choose 
between the two steels. Some trouble has been experi- 
enced with Staybrite jackets, and those originally 
fitted are being replaced by mild steel. In the present 
design, the sheet steel from which the jackets are made 
is welded, and, so far, we do not appear to have a 
suitable material. Rapid corrosion on the cooling- 
water side has necessitated frequent renewals. Crank- 
shafts are manufactured from a mild steel having an 
ultimate tensile stress of from 28-32 tons per square 
inch. All cranks are forged to their correct angles 
and not twisted. 

Steel Castings.—A considerable amount of research 
work has been undertaken to investigate the causes of 
failures in steel castings. Admiralty experience in 
recent years has been that the defects which have 
resulted in the rejection of steel castings comprise 





blow-holes; ‘* draws,’’ “ pulls,” ‘“‘ tears,” ‘ hot-tears,’ 





475 


generally at flanges or changes of section; porosity 
under pressure tests; contraction cracks; sand 
inclusions ; scabbing; and failure on physical tests. 
The majority of the troubles have been blow-holes, 
draws, pulls and tears, and porosity under pressure 
tests. The application of X-ray examination has been 
particularly helpful and has revealed defects that 
otherwise could not be ascertained without destroying 
the casting. 

Admiralty specifications state that approval is to 
be obtained before contractions or defects in steel 
castings are repaired by welding. Castings subjected 
to stress may only be welded when it is necessary for 
producing sound jointing surfaces and where no loss of 
strength is involved. The application of X-ray 
examination has led to the distrust of the patching of 
surface defects, since it has revealed the fact that such 
defects are frequently of a more deep-seated nature 
than visual examination indicates. X-ray examination, 
at present, cannot be said to have arrived at the state 
when radiographs can in all cases be correctly inter- 
preted, but the results of the work now being carried 
out at Woolwich for the Admiralty appear to promise 
that, in the near future, this method will be increasingly 
used. The number of firms in England from whom it 
can be confidently expected that a large intricate steel 
casting can be obtained that will be in every way 
satisfactory is not large, but it is considered that they 
can be relied upon to produce castings that are as good 
as, if not superior to, any that can be produced on the 
Continent or in America. 

Steel Forgings.—The list of alloy steels used for 
special purposes is a long one and grows longer each 
year. Stainless steels for turbine blades and stop- 
valves, and heat-resisting steels for boilers and valves 
are mentioned elsewhere. Important alloy steels have 
been used having an ultimate tensile strength up to 
70 tons per squareinch. The addition of small amounts 
of molybdenum and/or tungsten has given materials 
having excellent qualities, but the difficulties of manu- 
facturing in the masses required, and the variations on 
test, have compelled the general adoption of such 
materials, except for small parts, to be cautiously 
attempted ; indeed, at the moment, the distrust of very 
high-tensile alloy steels on account of the lack of homo- 
geneity of these alloys has almost resulted in a return 
to a low-carbon steel even at the expense of greatly 
increased weight. A steel having ultimate strength of 
34-38 tons per square inch has been used for propeller 
shafting, enabling a saving of an average of 7-10 per 
cent. in weight to be effected over the previously used 
28-32-ton steel. Steel liners are now used for heavy-oil 
engines, containing 0-7 per cent. to 0-75 per cent. of 
carbon and 0-4 per cent. to 0-8 per cent. of manganese. 

For special forgings, sulphur prints are required. 
Izod tests are required and, in some cases, a Brinell 
hardness is specified. In cases of doubtful material, 
and where cracks or “‘ inclusions ”’ are suspected, macro- 
prints and micro-photographs are taken. Before work 
is commenced on important forgings, it is specified that 
the proposed method of working down from the ingot 
is to be submitted for approval. This is to ensure that 
the correct top and bottom discards will be removed 
at the proper stage, and that the material will be 
gradually and uniformly forged in order that the 
sectional area of the finished forging bears a certain 
ratio to that of the ingot. Ingots may be hammered, 
pressed, or rolled, the latter only if the overseer is 
satisfied that the dimensions are such that the material 
is sufficiently worked in all directions. 

Cast Iron.—The Admiralty Specification for cast irons 
has recently been revised and brought into line with 
current practice. The valuable assistance of the British 
Cast Iron Research Association has been freely given 
in revising this specification. The revision has resulted 
in a higher ultimate tensile strength being specified for 
the best class cast iron, and the test-pieces are now 
made and tested on the lines of the latest B.E.S.A. 
specification for this material. Experience has been 
obtained at dockyards with cast iron for repairs con- 
taining a percentage of nickel, and satisfactory results 
have been achieved. 

Aluminium.—Ten years ago, light alloys were practi- 
cally unused for the machinery of warships, apart from 
coastal motor boats, &c., but to-day tons of light alloys 
are used in a cruiser. Admiralty policy is that any 
composition that can be shown to have given good 
service is tried, and contractors have been encouraged to 
put forward proposals for the use of aluminium alloys. 
A saving in weight has been effected in consequence. 
Amongst the uses to which aluminium alloys not highly 
stressed have been put are hand-wheels and small 
fittings generally, that although singly not important, 
are so numerous that the saving of even a small per- 
centage of weight per item makes the total considerable. 
Modified alloys containing 10-13 per cent. silicon have 
given good service and have been used for pump barrels. 
One aluminium alloy that has given eminently satis- 
factory results on the whole for oil-engine pistons is the 





well-known “ Y.” The original chemical composition 
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has been practically retained, but improvements have 
been made in the treatment. An ultimate tensile 
strength of 18 tons per square inch, with 2 percent. 
elongation on 2 in., has been specified andfcan}be 
commercially obtained. An actual test reported 
recently gave 22 tons per square inch with an elongation 
of 12 per cent., but, of course, this was exceptional. 
The defect which aluminium alloys have of corroding 
rapidly when in contact with sea-water has limited the 
use of this material on ships. Apart from alloys that 
have been treated in some manner (such as by the 
anodic process) the ‘““Y” and some modified silicon- 
aluminium alloys have resisted corrosion better than 
any others. 

Bolts, &c.—Steel bolts for securing pressure parts 
have failed in a large number of instances. Sound 
bolts removed after some service have been found to 
have an Izod value as low as 1} ft.-lb. There is no 
direct evidence that the material from which the 
bolts were manufactured did not pass the specified 
tests, and there is evidence to show that there has been 
deterioration in service. Orders have, therefore, been 
issued that bolts are to be examined periodically and a 
percentage withdrawn and tested. It appears to be 
desirable that more attention should be paid to the 
material from which bolts are made if they secure 
important pressure parts. The material from which 
bolts or highly stressed parts of heavy-oil engines are 
made is specified to be of 34 per cent. nickel steel. A 
heat-treated bolt known as “* Hitensile ” has been used 
for sizes up to § in. diameter, and it is anticipated that 
this material will give satisfactory service. It is the 
intention of the Admiralty to adopt the B.E.S.A. 
standard dimensions for bolt-heads and nuts. Non- 
ferrous bolts in contact w th sea-water should contain 
not less than 1 per cent. of tin and not more than 
1 per cent. of iron, and should be of rolled or forged 
material. 

A copper-silicon alloy, known as P.M.G., containing 
from 3 to 4 per cent. of silicon, has been put forward as a 
substitute for Admiralty gunmetal. The properties of a 
number of copper-silicon alloys have been investigated 
recently, and experience with the above has shown that 
excellent castings can be made of it, and it has a higher 
ultimate strength at 400 deg. F. than gunmetal. This 
material, in the forged or rolled state, has shown a high 
ultimate strength and yield. Investigations so far 
carried out do not warrant the wholesale substitution of 
P.M.G. for gunmetal for parts subjected to fluid 
pressure or exposed to the action of sea-water, but, 
should the claims made for it be substantiated, the use 


of it may result in a saving in both price and weight. | effective use of modern high-speed tool steels necessarily 
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REVERSING GEAR FOR PLANING 
MACHINES. 


Tue makers of large machine tools with reciprocating 
action, such as the planing machine, have found a 
useful and, it may almost be said, a necessary ally 
in electrical engineers, for it is to the latter that the 
machine-tool makers look to help them in their 
difficulties in the reversal and acceleration of the heavy 
moving masses which the increasing size of modern 
planing machines involve. The electrical industry has 
generally met the demand effectively, but, it must be 
admitted that the solution to the problem has some- 
times involved the use of rather complicated electrical 
apparatus. It has fallen to a French firm, Messrs. 
Etablissements Charles Berthiez, 44, Rue Lafayette, 
Paris, to introduce what is believed to be a new 
factor into the problem, with resultant increase in the 
cutting and return speeds and decrease in the power 
demands. We illustrate the equipment by Figs. 
1 to 8, on this and the opposite pages, and on 


a comparatively small reversible motor to move the 
table both on the cutting and return strokes, and 
providing the power necessary for the cut by a heavier 
motor running in one direction only and used only 
during the cut. A brief consideration of the inherent 
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involves either higher cutting speeds or heavier cuts, 
or both, which, in turn, involves an increase in power. 
The heavier motors thus required have normally 
to be stopped with some suddenness and braked at 
the end of the cutting stroke, and the arrested masses 
have then got to be set moving again in the opposite 
direction and their motion accelerated as quickly 
as possible. The new application reduces the size 
of the reversing parts to a minimum, while permitting 
as much power as is required to be added on the 
cutting stroke. 

An open-side planing machine embodying the gear 
is shown in Figs. 5 to 8, and will only be referred to 
at the moment to illustrate the difference in cutting 
and return speeds obtainable, further comment being 
reserved until the principles of operation have been 
explained by reference to an example of the principle 
as applied to what was formerly belt-driven machine. 
The machine shown in Figs. 5 to 8 has a table 4 ft. 
11 in. wide, with a travel of 13 ft. 1 in., and will accommo- 
date work 5 ft. 11 in. wide by 4 ft. 1l in. high. The 
cutting speed may be set at 29-8 ft., 49-5 ft. or 99 ft. 
per minute, while the return speed is always 196 ft. per 
minute. The main drive motor is of 25 h.p. 

Referring now to the other example, shown in a 
somewhat diagrammatic manner in Figs. 1 to 4, this 
has a geared main, or cutting, drive, but the reversing 
return motion is effected by fast and loose pulleys 
driven from a countershaft which, in its turn, is driven 
by the motor. This arrangement provides for a motor 
running constantly in one direction, but is not so 
economical in power as that having a separate reversible 
motor, as the driving motor is also used for the return 
stroke. It is, however, interesting as embodying 
a greater proportion of control of a mechanical nature, 
but it should be understood that the figures represent 
an ordinary belt-driven planing machine which has 
been converted to work on the new system, 
when a machine is designed from the first with 
separate motors, the arrangement is simpler. It may 
be added that, in the example illustrated in Figs. ] to 4 
the motor was of 20 h.p. This was used for cutting, 
and less than 4 h.p. was absorbed by the return. 
The automatic control of the reciprocating motion 1s 
effected by stops on the table, each of which has two 
tripping motions. These stops are indicated at 
a and 6 in Fig. 4, the former effecting the reversal at 
the end of the cutting stroke and starting the return 
stroke, and the latter arresting the drive at the end 
of the return stroke and starting the cutting stroke. 
Both these stops throw over a lever c, the end of hich 
is coupled to a cam-grooved slide actuating the belt- 
transfer forks on the fast and loose pulleys which 
effect reversal. This portion of the gear is best made 








disabilities of the planing machine per se, will make 
clear the rationale of Messrs. Berthiez’ system. <A 
planing machine, as a rule, only works intermittently 
—that is, the return stroke is ineffective, so that a 
reduction of the time expended in this idle stroke 
means an increase of efficiency. Again, to make 


out in Fig. 2. 

The stops a and b carry attachments for coupling 
and uncoupling the geared drive during the cutting 
stroke. These are lettered d and e, and, as will be 
recognised, are adjustable. It is scarcely necessary 
to follow the tripping action through all the motions, 
but it may be said that, in addition to moving the 
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Fig. 5. ELectricAL REVERSING GEAR. 


lever c, movement of the lever system g on the same 
fulcrum is effected, the stops a, d and 6, e coming 
into contact with the rollers mounted on the various 
levers. The small bell-crank lever f is provided to 
permit the stop 6 to pass by without moving the lever 
g- The movement of the lever g, when effected, is trans- 
ferred by a system of levers and rods to the other side 
of the machine, in order to move a dog clutch along 
the main driving shaft. This mechanism can be 
traced without difficulty if the three general figures are 
studied together. Motion is given to the table from 
the main shaft by a train of spur wheels and pinions 
and a rack. 

The main shaft is driven from both ends, viz., by 
the pulleys of the reversing system at one end, and 
by a spur wheel geared with the motor at the other. 
This spur wheel is integral both with the driving pulley 
to the countershaft and half the dog clutch above re- 
ferred to, the other half of the clutch being keyed to 
the main shaft. When the clutch is disengaged, the spur 
wheel, which is always in mesh with the motor gear, 
rides freely on the shaft and the table drive is through 
the reverse gear. When it is engaged the drive is 
direct from the motor, as well as by the larger of the 
two fast pulleys on the reverse system, by way of 
the countershaft. In this condition, the belt of this 
pulley is slipping slightly, due to difference in diameter 
between it and the countershaft driving pulley. This 
arrangement ensures a smooth engagement of the 
clutch which is also facilitated by a spring dashpot 
on one of the connecting rods of the clutch gear 
Operated by the stops. 

; Returning to a consideration of the machine shown 
in Figs. 5 to 8. This machine has a separate motor 
for the return stroke, so that the stop devices on the 
table operate electrical gear and not a mechanical 
belt-changing apparatus. A general view of the 
machine, as set up in the erecting shops of Messrs. 
Berthiez, is given in Fig. 7, and from this it will be 
clear that the overhanging arm carries two saddles 
with angular adjustment. On the same vertical slide 
4s the arm is mounted a side cutting tool, which can 
also be set at an angle. These features are also 
clearly shown in Fig. 8, but the chief point of interest 








is, perhaps, in the lower part of the figure. On the 
left is seen the stop device, the attachment on the 
table operating a switch carried on a bracket on the 
side of the bedplate. On the right hand is the gear 
for operating the feed to all three tools, the motion 
being transmitted through a vertical shaft. To 
prevent any bending moment on this shaft, the feed 
gear boxes run on vertical guide rods. 

The upper part of Fig. 5 shows the main driving 
motor operating through a belt drive and a three- 
speed gear box. This motor is of the flange type and 
is bolted to a face along which it can be moved for the 
purpose of tightening the belt. At the lower part, on 
the left-hand side, is shown the drive to the feed gear, 
with an adjustable crank device. On the right hand 
is seen the reversing switch for the return motor, while 
in the centre the two round covers indicate the posi- 
tions of the reversing motor and the main driving 
shaft, respectively. The massive construction of the 
column, bed, and overhanging arm are well shown in 
Fig. 6, the way in which the arm is rigidly supported 
against thrust by a triangular bracket running on a 
separate slide being particularly noteworthy. The 
small motor-generator set on the top of the column is 
for the purpose of energising the magnet which 
operates the dog clutch. A motor-generator set was 
used in this case, as only three-phase current was 
available. The magnet effects the engagement of 
the clutch only, which is done very smoothly, and 
not otherwise concerned with the drive. 

It may be pointed out that as the photographs from 
which our illustrations were prepared were taken in 
the erecting shops, the wiring shown is of a temporary 


|nature, and would be suitably protected when the 


machine is permanently installed. 








Statistics RELATING TO TinN.—The 1930 edition of 
Tin-World Statistics is now ready. The book is more 
comprehensive than last year’s edition, and an effort has 
been made to include all statistics relevant to a con- 
sidered study of the tin industry. The book may be 
obtained, price 2s, 6d., post free, from Messrs. Anglo- 
Oriental Mining Corporation, Limited, Anglorient House, 
31 and 33, Bishopsgate, London, E.C.2. 





Fic. 6. Bracket SupPoRTING OVERHANGING ARM. 


ABNORMAL PRESSURES IN EXPLO- 
SION-PROOF ELECTRICAL EQUIP- 
MENT. 


In a report on abnormal pressures in explosion- 
proof compartments of electrical mining machinery, 
which has been published by the United States Bureau 
of Mines, Mr. E. J. Gleim gives some typical examples 
of the results obtained during investigations into the 
ability of this type of equipment to operate in a gassy 
mine without igniting explosive atmospheres. 

Under a given set of conditions, the pressure generated 
inside an alternating-current motor varied from 2-5 Ib. 
to 100 lb. per square inch, with a normal 8-6 per cent. 
mixture of Pittsburgh natural gas. The machine 
comprised three compartments containing the motor, 
fuses, and controller, respectively. These were con- 
nected by a passage through which the conductors ran, 
the portion between the motor and controller being 
almost full. The explosions took place in the motor, 
and the pressures were recorded at the bottom of the 
controller compartment. The explanation given is 
that the opening was too small to permit the propa- 
gation of flame in every case. The low pressures, there- 
fore, simply represented the compression caused by the 
explosion, while the higher values were registered when 
the mixture was ignited. When the passages between 
the motor and other compartments were completely 
closed, the pressures generated in the controller ranged 
from 5 lb. to 7 lb. per square inch. On the other hand, 
when ignition took place at the top and bottom of the 
controller, pressures of 259 lb. per square inch and 
75-5 lb. per square inch, respectively, were recorded in 
the fuse compartment. Closing the passage between 
these two portions, and thus isolating all the com- 
partments from each other, however, resulted in a 
reduction of the maximum pressure to 7 lb. per square 
inch. 

A second case is mentioned to show the effect of 
a combination of factors on the results obtained. A 
35-h.p. squirrel-cage induction motor was fitted with 
a fan for cooling both the stator and rotor. The air 
passages in the latter were six in number, with a cross- 
sectional area of less than 2 sq. in., and there were 
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PORTS 


RETURNS OF IRON AND STEEL IMPORTED 
AND COASTWISE FOR THE FIVE MONTHS 


OF MIDDLESBROUGH AND STOCKTON. 


FROM HOLLAND, BELGIUM, FRANCE, NORWAY, SWEDEN, FINLAND, INDIA, GERMANY, 


ENDING MARCH 31, 1930, AS COMPARED 
1913-1914 AND 1928-1929. 
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five passages over the stator, with an average cross- 
sectional area of 11 sq. in. and two smaller passages, 
with an area of about 5 sq. in. These passages were 
114 in. long, the gap between the stator and rotor being 
0-027 in. A pressure of 210 Ib. per square inch was 
measured at one end of the running rotor when ignition 
occurred at the other. With the rotor stationary, this 
pressure was reduced to 60 lb. per square inch, owing, it 
was presumed, to a reduction in the turbulence. This 
was proved by removing the fan, when the pressure 
with the rotor running fell from 210 lb. to 140 Ib. 
per square inch. The latter pressure was further 
reduced to 89 lb. per square inch by cutting down the 
free space between the end shields and the stator and 
rotor. 

These examples bear out the theory that pressure- 
heaping in communicating enclosures may be prevented 
by enlarging or closing the interconnecting passages. 
In the case just mentioned, any reduction in the space 
occupied by the rotor or stator would have meant that 
the desired horse-power could not be obtained without 
undue heating, and the length of the air gap had, of 
course, to be short. The elimination of the fan was 
an additional handicap, so that while the pressures were 
reduced, the method of effecting this reacted detri- 
mentaliy on the efficiency of the motor. In the 
majority of cases investigated, in fact, it would have 
been impossible to increase the size of the passages 
without radical and expensive changes in the design. 
Although the pressures mentioned are rated by the 
Bureau of Mines as excessive, they caused no damage. 
Indeed, pressures up to 308 lb. per square inch have 
been recorded without harmful results, while, on the 
other hand, considerably lower pressures have caused 
destruction of the castings. In this connection, it is 
remarked that, if the partitions are arranged so that they 
do not form pockets connected by narrow passages, 
pressures exceeding 100 1b. per square inch are not likely 
to be generated. The United States Bureau of Mines 
has therefore come to regard anything more than 
150 lb. per square inch as exceeding the limit of safety. 








THE Roya InstiTuTION.—At a general meeting of 
the members of the Royal Institution held recently, it 
was announced that Mr. J. B. S. Haldane had been 
elected Fullerian Professor of physiology in succession 
to Mr. J. 8S. Huxley. It was further announced that 
the Friday evening discourses, after Easter, would 
commence on May 2, when Mr. H. E. Wimperis would 
lecture on “‘ A Study of the Phenomenon of Spin in Aero- 
planes.” Successive discourses would probably be 
= by Professor J. Garstang, Dr. C. M. Yonge, Mr. R. S. 

vhipple, Sir H. C. Harold Carpenter, and Professor H. 
Clay. 


TRiaLs oF H.M. TorPepo-BoaTt DrsTROYER “ARROW.” 
—The sea trials of H.M. Torpedo-boat Destroyer Arrow 
were completed recently. The vessel, which is one of 
eight of the Acasta class, has been built by Messrs. 
Vickers-Armstrongs Limited, Barrow-in-Furness. We 
understand that a number of these destroyers have 
undergone their trials and that the results obtained 
are so uniform that those recorded on H.M.S. Arrow 
may be taken as representative of the class. The speed 
obtained, at the designed displacement, was 36-7 knots, 
with a shaft horse-power of 34,119. No attempt was 
made to exceed the designed shaft horse-power of 34,000 
as the Admiralty trials are required to represent service 
conditions, and forcing is not permitted. The design 
of the machinery in all the vessels which have completed 
their trials is identical, and the weight of that in H.M.S. 
Arrow is 465 tons. In considering the figures quoted 
above, it should be borne in mind that the speed and 
powers given are those which were maintained during a 
6-hour trial; furthermore, we are informed that these 
could be maintained for a period which is limited only by 
the bunker capacity. The fact that the fuel-oil consump- 
tion during the trial stood at the low figure of 0-81 Ib. 
per shaft-horse-power per hour is of additional interest, 
and when the endurance factor is taken into account it 





TENDERS. 

WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Steel or Concrete Lighting Poles—The supply of 
250 35-ft. and 1,000 30-ft. steel lighting poles, complete 
with cap finials, &c. Alternative tenders for approved 
concrete poles will be considered. The City of Johannes- 
burg, South Africa; May 1. (Ref. No. A.X. 9390.) 

Boiler and Radiators.—The supply of a boiler and 
radiators for the central heating of an institution in 
Antwerp. The Antwerp Municipal Authorities, Belgium. 
(Ref. No. B.X. 6311.) 

Cables and Junction Boxes.—The supply and delivery 
of cables and junction boxes. The Antwerp Munici- 
pality, Belgium; April 28. (Ref. No. B.X. 6312.) 

Steam-Raising Plant.—The supply and erection of 
two water-tube boilers, together with integral super- 
heaters, mechanical stokers and accessories. The 
Municipality of Bulawayo, Rhodesia; June 13. (Ref. 
No. A.X. 9405.) 

Stone-Grinding Machine.—The supply and delivery 
of one grinding machine capable of a daily production of 
10,000 kg. of powdered stone from hard limestone. 
A firm in Sarajevo, Yugoslavia; April 15 (if possible). 
(Ref. No. A.X. 9406.) 

Waterworks Plant.——The supply and installation of 
pumping machinery, filters, and an artesian well for 
the waterworks at Samanoud, Gharbieh Province. The 
Egyptian Ministry of the Interior, Cairo ; May 20. 
(Ref. No. A.X. 9395.) 

Street-Cleaning Vehicles..-The supply of two street- 
sweeping machines and one refuse-collecting machine. 
The City Council of Johannesburg, South Africa ; 
May 15. (Ref. No. A.X. 9396.) 

Fruit-Juice Extraction Machinery.—A firm in Asuncion, 
Paraguay, desires to receive catalogues and prices from 
United Kingdom manufacturers of machinery for the 
extraction of orange and lemon juice. (Ref. No. B.X. 
6315.) 

Weighing Machines.—The supply of weighing machines, 
counter scales and Beranger balances. The Physical 
Department, Ministry of Public Works, Cairo, Egypt ; 
June 2. (Ref. No. B.X. 6317.) 

Boiler-Tubes.—The supply of 3,800 charcoal-iron, or, 
alternatively, anti-corrosive steel boiler tubes, 26,900 steel 
boiler tubes, and 1,614 steel superheater flue tubes. 
The South African Railways and Harbours Board, 
Johannesburg; May 1. (Ref. No, A.X. 9407.) 

Incinerator and Drying Press.—The supply and erec- 
tion of an incinerator and drying press. The Main 
Drainage Department, Egyptian Ministry of Public 
Works; June 8. (Ref. No. A.X. 9409.) 

Water-Softening and Oil-Eliminating Plant.—The 
supply and erection at site of one combined oil eliminator 
and make-up water softener plant, and one recording- 
type water meter to record the output of the oil elimina- 
tor and water softener plant. The India Store Depart- 
ment (Engineering Branch), Simla; May 1. (Ref. No. 
A.X. 9412). 

Pumping Plant.—The supply and erection of two 
vertical-shaft low-lift centrifugal pumps, two horizontal- 
shaft multi-stage high-lift centrifugal pumps, hand- 
operated overhead travelling crane, piping, valves, 
switchgear, &c. Alteratively, gear-driven triple-throw- 
ram pumps may be submitted. The India Store Depart- 
ment, Simla; May 26. (Ref. No. A.X. 9416.) 

Turbo-Alternator.—The supply and delivery of one 
5,000-kw. turbo-alternator complete with condensing 
plant, &c., engine-room crane, switchgear and trans- 
formers. The Municipality of Bulawayo, Rhodesia ; 
June 13. (Ref. No. B.X. 6321.) 

Furniture and Fittings—A contract for the erection of 
a new town hall has been let by a municipality in the 
British West Indies. Openings may exist for the supply 
of electric-light fittings, electrically-operated clocks, 
office furniture, &c. (Ref. No. C.X. 3242.) 

Aerial Cable-—The supply and delivery of 12 months’ 
requirements of triple-braided, hard-drawn copper aerial 
cable. The State Electricity Commission of Victoria, 





will be seen that the figures quoted are highly satisfactory. 





Australia; May, 19. (Ref. No, B.X. 6325.) 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market is steady and 
firm. Output is not fully absorbed, but stocks are not 
uncomfortably large, and additions to quantities lying at 
producers’ yards are now small. Signs are not altogether 
absent that requirements may shortly be such as at least 
to stop stocks increasing. Sales of Cleveland pig to 
meet early requirements have expanded recently, but 
customers are almost as disinclined as ever to negotiate 
for extensive forward supplies, and the total volume of 
trade passing is still much below that expected at 
this season of the year. Makers have done fairly sub- 
stantial direct business with local and other home 
consumers, and have sold a few parcels to users in 
Scotland. Second hands do not possess a great deal 
of Cleveland pig, but report rather more inquiry from 
overseas, and have arranged one or two export contracts. 
No. 1 grade of iron is 70s.; No. 3 g.m.b., 67s. 64, ; 
No. 4 foundry, 66s. 6d. ; and No. 4 forge, 66s. 

Hematite.—Conditions in the East Coast hematite 
department continue unsatisfactory and discouraging. 
The statistical situation is very disquieting, and indeed, 
heavy and rapidly increasing stocks threaten to necessi- 
tate early curtailment of output. Home transactions 
are few and small, and export business is little heard of, 
continued comparative cheapness of Continental hematite 
keeping products of this area out of foreign markets. 
Producers here are keen sellers and are quite ready to 
accept orders at figures well below cost so as to keep 
furnaces in blast. Merchants have still large holdings 
and readily grant price concessions to secure contracts. 
Quotations are irregular, but sellers’ prices are no more 
than the equivalent of ordinary East Coast brands 
at 75s. 

Blast-Furnacemen’s Wages.—The average net selling 
price of No. 3 Cleveland pig-iron for January, February, 
and March has this week been certified at 68s. 11-68d., 
or a little over 8d. above the figure for the previous 
quarter. Under sliding-scale arrangements, North-east 
Coast blast-furnacemen’s wages are advanced by 0°75 
per cent. for the current quarter, 7.e., from 14 per cent. 
to 14-75 per cent. above the standard. 

Foreign Ore.—There is no activity in foreign ore. 
Consumers are well stocked and bought, and are off 
the market. Nominally best rubio is 21s. 6d. c.i.f. Tees. 


Manufactured Iron and Steel.—Manufactured : iron 
departments keep busy. One or two branches of the 
steel trade are not too well off for work and plant is 
irregularly employed, but aggregate output remains 
heavy. Quotations, all round, are steady. Common iron 
bars are 101. 15s.; best bars, 11/. 5s. ; double best bars, 
112. 15s. ; treble best bars, 12/. 5s. ; iron rivets, 11/. 10s. ; 
packing (parallel), 8/.; packing (tapered), 10/.; steel 
billets (soft), 62. 15s. ; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 8l. 2s. 6d.; steel rivets, 110. 5s. ; 
steel ship plates, 8/. 15s. ; steel angles, 8/. 7s. 6d. ; steel 
joists, 8/. 10s.; heavy sections of steel rails, 8/. 10s. 5 
fish plates, 12/7. 10s. ; black sheets (No. 24 gauge), 91. 15s. ; 
and galvanised corrugated sheets (No. 24 gauge), 12/. 

Imports to the Tees.—The returns, shown in the above 
table of iron and steel imported from Holland, Belgium, 
France, Norway, Sweden, Finland, India, Germany, and 
coastwise for the five months ending March 31 last, as 
compared with those for the same months a year ago and 
those for the corresponding pre-war period of 1913-1914, 
give the aggregate total for the past five months at 65,499 
tons, comprising 4,935 tons of pig-iron, 45,551 tons o! 
crude sheet bars, billets, blooms and slabs, and 15,013 
tons of plates, bars, angles, rails, sheets, and joists. The 
aggregate unloadings for the same months a year ago 
reached 75,473 tons, comprising 17,320 tons of pig-iron. 
42,123 tons of crude sheet bars, &c., and 16,030 tons o! 
plates, &c. For the corresponding pre-war period the 
total material unshipped amounted to 31,266 tons. 
comprising 54 tons of pig-iron, 19,970 tons of crude 
sheet bars, &c., and 11,242 tons of plates, &c. 








LectuRE oN REFUSE Disposat.—The next public 
lecture organised by the Chadwick Lecture Trust will take 
place at the Royal Sanitary Institute, 90, Buckingham 
Palace-road, London, 8.W.1, at 8 p.m., on May 15. The 
lecturer is Mr. Edward Willis, and his subject will be 
“The Collection and Disposal of Refuse.” Admission 





to the lecture is free, and no tickets are required. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—The trend of events in the local steel 
and engineering trades is somewhat difficult to gauge, 
awing to the variable nature of existing conditions. 
Buyers of raw and semi-finished materials are adopting 
a cautious attitude, and are content to purchase sufficient 
quantities to cover immediate requirements. Despite 
the unsettled condition of the market, a steady rate of 
production is being maintained at the bulk steel furnaces. 
Much of this plant is working at full capacity. A sus- 
tained pressure on output is reported from Lincolnshire. 
The demand for foundry iron has not been maintained, 
while ferro alloys remain depressed. Steelmaking hema- 
tites are active, and there is an expanding call for con- 
structional steel. Latest quotations are as follow: 
Siemens acid, 92. 10s.; hard basic-steel billets, 97. 2s. 6d. 
to 91. 12s. 6d.; medium hard basic, 7/. 12s. 6d. to 
gl. 2s. 6d. ; soft basic, 67. 10s. ; Lincolnshire foundry pig 
iron, 758. 6d.; Derbyshire foundry pig iron, 73s. 6d. ; | 
Derbyshire forge iron, 69s. 6d. ; crown iron bars, 111. ; 
iron hoops, 12/. ; steel hoops, 9/. 15s. to 101. ; soft wire 
rods. 8/., basic-steel scrap, 60s. Manufacturers generally 
are concerned at the new Australian import prohibitions 
and restrictions, for Sheffield does a good business with 
the Commonwealth in a large variety of products which 
come under the latter. Railway rolling-stock manufac- 
turers are experiencing difficulty in booking fresh orders, 
but there is a better demand for ship steel, forgings and 
castings. Makers of tramway rails, points and crossings 
are doing fairly well, and have received contracts from 
British and Colonial tramway undertakings. The recently 
increased output of special steels has been more than | 
maintained. Despite keen competition from the Con- 
tinent, orders for tool steel have been booked locally. 
The season in farm and garden equipment is expected 


NOTES FROM THE SOUTH-WEST. 


CarpiFrr, Wednesday. 


The Coal Trade.—Thousands of wagons are standing in 
the railway sidings and at the docks laden with coal which 
the collieries are unable to dispose of. Stocking space is 
full, with the result that stoppages at pits throughout the 
coalfield are numerous, and becoming of longer duration 
and also more frequent. The position is so acute that the 
railway authorities will not move coal from the collieries 
except for vessels in dock ready to load, The docks are 
also congested with idle shipping as no fewer than 
84 vessels, representing a deadweight capacity of 
450,000 tons, are laid-up. This has caused the dock 
authorities to refuse to allow vessels to enter the docks, 


unless they are already chartered, so as not to impede the | 


movement of vessels loading and discharging. A fair 
volume of coal is, however, being shipped on account of 
old contracts, but new business is so quiet that the 
prospects for the future are indeed gloomy. Stocks 
abroad are heavy as a result of the accumulation of 
supplies in the early part of the year, in anticipation of a 
severe winter, which did not materialise. The demand 
for bunkers has also dwindled to negligible proportions, 
on account of the withdrawal of vessels to carry 4,000,000 
tons from trading, because of the unremunerative level 
of freights throughout the world. The strongest sections 
of a quiet and discouraging market are Black Vein and 
Western Valley Monmouthshire large coals and dry 
duffs. The former are fairly well stemmed on account 
of the Egyptian and Italian State Railway contracts 
concluded at the beginning of the year, while duffs 


have becéme scarce and difficult on account of the lessened 


production of drylarge. Even so, practically all classes 
of coal can be bought at the schedule of minimum prices 
based on 20s. per ton f.o.b. for best Admiralty large and 
13s. 6d. for best bunker smalls. Shipments as cargo 





to be better than was at first anticipated, and more 
orders are in circulation. Electrical apparatus is an | 
active line. Patchy conditions obtain in the tool | 
trades. There is a good demand for engineers’ and | 
mechanics’ tools, but saws, files and rasps show no | 
improvement. 


South Yorkshire Coal Trade.—Despite the fact that |" 


prices generally tend in a downward direction, the gross 
demand shows little, if any, improvement. The demand 
for industrial fuel continues much on the same lines, and 
no expansion is anticipated until after the Easter holidays. 
Bunkering requirements are limited. The falling-off in | 
house coal continues, and stocks at sidings are consider- | 
able. The call for coke for central heating is not sub- 
stantial, and for works purposes, the demand is below 
normal. The position of furnace and foundry sorts is 
not satisfactory, both on home and export account, 
while gas coke is firm at prices ranging from 21s. to 25s. 
Latest quotations are as follow: best branch hand- 
picked, 26s, 6d. to 28s.; Derbyshire best brights, 21s. 
to 23s.; Derbyshire best house, 20s. 6d. to 21s. 6d. ; | 
screened house coal, 18s. 6d. to 20s. ; screened house nuts, | 
l6s. 6d. to 18s.; Yorkshire hards, 15s. 6d. to 17s. ; | 
Derbyshire hards, 15s. 6d. to 17s. ; rough slacks, 9s. to | 
10s. ; nutty slacks, 7s. 6d. to 8s. 6d. ; smalls, 3s. to 5s. | 
| 


NOTES FROM THE NORTH. | 
Giascow, Wednesday. 


Scottish Steel Trade.—There has been little in the way | 
of improvement in the Scottish steel trade during the | 











foreign in the past week amounted to 476,280 tons 
which was 13,000 tons more than in the preceding week, 
when the aggregate was the smallest for the year. At 
Cardiff, clearances were raised by 20,000 tons to 293,630 
tons, and at Port Talbot by 15,000 tons to 55,260 tons, but 
at Newport reduced by 11,000 tons to 91,660 tons, at 
Swansea by 9,000 tons to 29,630 tons, and at Llanelly 
by 1,500 tons to 6,100 tons. Shipments to France fell 
from 133,000 tons to 120,000 tons, and to Italy from 
94,000 tons to 74,000 tons, but to Argentina 
increased from 35,000 tons to 55,000 tons and to Brazil 


from 37,000 tons to 62,000 tons. 


Tron and Steel.—Exports of iron and steel goods in the 
past week totalled 16,445 tons compared with 25,383 
tons in the preceding week, shipments of tin-plates and 
terne-plates falling from 11,416 tons to 9,504 tons, black- 
plates and sheets from 2,611 tons to 313 tons, galvanised 
sheets from 3,523 tons to 2,034 tons and other iron and 
steel goods from 7,834 tons to 4,595 tons. 








SmMoKkE ABATEMENT CONFERENCE.—A_ public con- 
ference on byelaws under Section 5 of the Public Health, 
(Smoke Abatement) Act, 1926, will be held at 3.30 p.m. 
on May 2 next, at the London offices of the National 
Smoke Abatement Society, 71, Eccleston-square, 8.W.1. 


The discussion will be opened by a paper to be read | 


Mr. C. J. Allpass, L.C.C. Local authorities are 


invited to appoint representatives. 


ContrActs.—Among recent contracts for 8.M.S. lifts, 
placed with Messrs. Smith, Major and Stevens, Limited, 


were | 


past week, and generally speaking, plant is only partially | Bolan-street, Battersea Bridge-road, London, S.W.1], 
employed. Deliveries to the shipyards are fair, but are 17 repeat orders and 27 new orders from factories, 
the forward outlook is far from reassuring on account of | railways, banks, industrial firms, and private individuals 
the scarcity of contracts for new tonnage, and as the | in all parts of the United Kingdom, in New Zealand, 
present demand eases off, a decided quietness is certain, | and in the Federated Malay States.—Messrs. The “ De 
unless shipowners come to the rescue. This is not very | Maas” Shipbuilding Company, Slikkerveer, Holland, 
likely until the overseas markets become busier. Black | have received an order to build a 2,300-ton steel lighter 
sheet makers continue to do quite a good trade in light fora German firm.—Messrs. Cammell Laird and Company, 
sheets, but the demand for the heavier gauges is extremely | Limited, Birkenhead, have received an order from the 
poor at present. For galvanised qualities, the demand | London Midland and Scottish Railway Company for 


is fair. Prices are unchanged, and are as follow :— 
Boiler plates, 107. 10s. per ton; ship plates, 8/. 15s. 
per ton; sections, 8/. 7s. 6d. per ton; black sheets, | 
t in., 91. per ton; and galvanised corrugated sheets | 
_ 24 gauge), 127. 15s. per ton, all delivered at Glasgow | 
stations, 


Malleable-Iron Trade.—In the west of Scotland 
malleable-iron trade the demand is, perhaps, a shade 
better, but there is, nevertheless, no sign of any marked 
improvement yet. The re-rollers of steel bars are quiet, 
and business is very slow, this being largely caused by | 
severe competition from Continental producers. Prices 
are without change, and are as follow :—‘ Crown ”’ bars, 
10. 5s, per ton. for home delivery, and 9. 15s. per ton 
for export; re-rolled steel bars, 7/. 12s. 6d. per ton for 
home delivery and for export. 





Scottish Pig-Iron Trade——A dull tone continues in | 
the Scottish pig-iron trade, and the demand falls far | 
short of output. Not only are home consumers ordering | 
sparingly, but requisitions from overseas are also on the | 
small side. Prices remain unaltered and the following | 
are the current market quotations :—Hematite, 81s. per | 
ton, delivered at the steel works; foundry iron No. ], | 
80s. Gd. per ton; and No. 3, 78s. per ton, both on trucks | 
at makers’ yards, 


_ Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, April 5, amounted to 440 tons. | 


pe the total, 430 tons went overseas and 10 tons coast- 
rise. 


figures 
making a total shipment of 827 tons. 





During the corresponding week of last year, the | and discovered in 1927. : ; J 
were 727 tons overseas and 100 tons coastwise, | being actively pursued in the district known as The | Melbourne to Adelaide service will also shortly he 
| Granites, situated 66 miles south-east of Tanami. 


three cargo vessels for their Goole and Continental ser- 
vices. Two of the ships will be fitted with triple- 
expansion engines, and one with machinery of the 
Lentz type.—The Central Electricity Board has placed 
contracts for 132-kv. and 33-kv. overhead transmission 


| lines with three London firms, namely, Messrs. Enfield 


Cable Works, Limited; Messrs. Watsham’s, Limited ; 
and Messrs. W. T. Henley’s Telegraph Works Company, 
Limited. 


THE MINERAL WEALTH OF CENTRAL AUSTRALIA.—The 
completion of the railway from the south to Alice 
Springs, Central Australia, has reawakened interest 
in that portion of the Commonwealth. Central Australia, 
which, prior to February, 1927, was the southern portion 
of the Northern Territory, has an area of 236,500 sq.miles, 
and a population of 565 white persons and 4,684 aborigines 
and half-castes. It is considered to be rich in minerals, 
and now that railway communication has been secured 
and special rates for ores conceded, the gradual develop- 
ment of the country should follow. Mica is found in 
the Hart’s Range district, and already the output of 
this material has increased from 25,000 lb. in the year 
ending June, 1928, to 45,000 Ib. in that ending June 30, 
1929. The Wolfram mines at Hatches Creek and Wau- 
chope Creek, which had been idle for some considerable 
time, have now been reopened. Furthermore, a company 
has recently been’ formed to develop the deposits of 

otassium nitrate, situated at the western end of the 
MacDonnell range, about 120 miles from Alice Springs, 
Prospecting for gold is also 





JUNIOR INSTITUTION OF ENGINEERS.—To-night, 7.30 
p.m., 39, Victoria-street, S.W.1. ‘‘ Gas in Japan and the 
Far East,” by Mr. W. T. Dunn. 

Soctety or CHemicaL InpuUsTRY: CHEMICAL ENGI- 
NEERING GRovup.—To-night, 8 p.m., Chemical Society, 
Burlington House, Piccadilly, W.1. General Discussion 
on “Asphalt as a Chemical Engineering Material.” 
(a) ‘* The Principles of Manufacture of Mastic Asphalt,” 
by Mr. A. W. Attwooll. (6) ‘‘ Experience with Some 
Applications of Mastic Asphalt in a Chemical Works,” 
by Mr. D. McDonald. 

NortTH oF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Associates and Students’ 
Section : Saturday, April 12, 3 p.m., Neville Hall, New- 
castle-upon-Tyne. Discussion on ‘“‘The Duties of a 
Deputy,” by Mr. R. White. 


INSTITUTION OF ELECTRICAL ENGINEERS.—North- 
Eastern Centre: Monday, April 14, 7 p.m., Armstrong 
College, Newcastle-upon-Tyne. Annual General Meeting. 
“The Heat Pump—aAn Economical Method of Producing 
Low-Grade Heat from Electricity,” by Mr. " v 


G. 


Haldane. North Midland Centre: Tuesday, April 15, 
7 p.m., Hotel Metropole, Leeds. Annual General Meet- 
ing. 

Royat METEOROLOGICAL Socrety. — Wednesday, 


April 16, 5 p.m., 49, Cromwell-road, South Kensington, 
8.W.15. ‘The Electric Field of Overhead Thunder- 
clouds,”’ by Dr. S. K. Banerji, read by Dr. G. C. Simpson. 
“The Great Siberian Meteor and the Waves, Seismic 
and Aerial, which it Produced,” by Dr. F. J. W. Whipple. 

INSTITUTION OF CiIviL ENGINEERS. —~ Wednesday, 
April 16, 6.30 p.m., Great George street, S.W.1, Students’ 
Meeting. ‘‘ Weymouth: Bincleaves Firing Station ; 
Repairing and Strengthening of Reinforced-Concrete 
Pier,”’ by Mr. P. A. Scott. 


INSTITUTION OF MECHANICAL ENGINEERS.— York- 
shire Branch: Thursday, April 17, 7.30 p.m. Hotel 
Metropole, Leeds. ‘‘ Transfer Mechanisms,’’ by Mr. 


A. H. Gledhill. 











PaPER MANUFACTURE IN TASMANIA.—A_ wood pulp 
jand paper-making industry is being established at 
| Burnie on the north-west coast of Tasmania by the regis- 
tration, under the Victorian Companies Act, of the con- 
|eern known as Messrs. Paper Makers Limited. The 
| Surrey Hills forests, a freehold property of about 123,000 
| acres, and a 160-acre site at Burnie are to be purchased. 
! It is stated that several of the leading daily newspapers 
| in Australia are financially interested in the new concern 
| and have entered into agreements under which they will 
| be supplied with paper for 15 years. We understand, 
| however, that subsequent developments are largely 
| dependent upon the passage by the Federal Parliament 
| of the Bounty Bill, which would grant a bounty of 41. 
|on each ton of paper manufactured. Burnie is a deep- 
| water port, and the district is provided with ample 
| supplies of fresh water. Cheap electricity is also avail- 
| able and the railway facilities are good. 

| Minera Propuction or New Sourn Wates.— 
| Owing to the stoppage of work in the northern coalfield, 
|the 1929 output of coal from the New South Wales 
mines, namely, 7,617,736 tons, was 1,830,461 tons 
below that for the previous year. The collieries in 
southern and western New South Wales, on the other 
hand, have been active throughout the year, and the 
output of each of these districts was considerably greater 
than was the case in 1928. Preliminary figures show that 
the production of silver, lead, and zine during 1929 will 
have a total value of about 3,860,000/, an increase of 
250,000/ over the figures for 1928. The production of tin 
has declined somewhat, but that of copper has trebled, 
z.e., from 55 tons in 1928 to upwards of 175 tons in 
1929. The output of Portland cement reached the 
high record figure of 433,965 tons during 1929, an 
increase of as much as 25,000 tons over the previous 





year’s total. Renewed activity is being shown in 
wolfram and scheelite mining. 
Crvm AviaTION IN AUSTRALIA.—-The fact that 








Australia lends itself particularly well to the development 
of aviation is abundantly shown by figures issued recently 
by the Commonwealth Department of Civil Aviation. 
| The air routes flown regularly total upwards of 7,000 
; miles, and form an unbroken chain around the island, 
| with the exception of a short link between Daly Waters, 
North Australia, and Wyndham, Kimberley Division, 
| in the extreme north of Western Australia. The statistics 
| before us show that more than 3,250,000 miles were 
| flown in 1929, compared with 1-6 millions in 1928, 
| §82,000 in 1926, and 127,500 in 1922. The passengers 
| carried totalled 92,744 in 1929, an increase of more 
| than 100 per cent. over the 1928 total. In addition, 
| the freight and the number of letters carried aggregated 
| 2,361,900 lb. and 394,170, respectively, in 1929, compared 
with 1,638,200 lb. and 308,883 in 1928. At the present 
time there are 87 public aerodromes and 112 landing 
| grounds on the Commonwealth, and it is stated that 
|the number of these facilities will be considerably 
|increased during 1930. Among other new services 
| it is proposed shortly to open a route along the Murray 
|river valley; another from Mildura, an important 
air port in Victoria, to Port Augusta in South Australia ; 
|a third from Cootamundra to Dubbo and Narromine, 
| New South Wales; and a fourth from Brisbane to 
| Townsville and Cairns in North Queensland. A direct 


} 
| 
| 





inaugurated, 





[APRIL II, 1930. 




















a 


Seem Gs 


a AS ALANE\ 





_— —e ? ee ee ee & ~, er 


eT ee teh 


* 
rm, 


; 


gv 























(QL abog vas ‘uoydrsasagy 407) 


‘SIUVd ‘SHAUNIONG ‘ZHIHLYUd SATYVHO SINAWASSITAVLY ‘SUSSAN Ad CGALIAULSNOD 


‘HATHA ONILLOO LNAGNAdaGNI HLIM UNIHOVA YNINVId daadS-HDIH 








APRIL II, 1930. ! 





ENGINEERING. 481 








ENGINEERING. 


Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 





TELEGRAPHIO } ‘“ ENGINEERING,” WESTRAND, 
ADDRESS LONDON. 
TELEPHONE NuMBER—TEMPLE BAR 3663 


(2 lines). 


SUBSCRIPTIONS, HOME AND FOREIGN. 

“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months, payable in 
advance :— 








For the United Kingdom £3 5 0 
For Canada— 
Thin paper copies ..............c.ccs00- £218 6 
Thick paper copies...............s0s000 £3 3 0 
. For all other places abroad— 
Thin paper COpies ................cceseee £3 3 0 
Thick paper copies £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the ayent’s name and address. 





When foreign subscriptions are sent by Post Office 

Orders, advice should be sent to the Publisher. 
ADVERTISEMENT RATES. 

The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tendors, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 


Advertisements intended for insertion in the 
current week’s issue must be delivered not later 
than First Post on Thursday. In uence 
of the necessity of going to press early with a 
portion of the edition, alterations for s i 
advertisements should be received 10 days 
previous to the day of publication. 


All accounts are payable to “ ENGINEERING,” Ltd. 
Cheques should be crossed “The Nationa: Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne ; Sydney ; 
Brisbane, Perth. Angus and Robertson, Limited, Sydney, 
W. T. Willmett and Company, Townsville, North 
Queensland. W. C. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victo 














ria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CanaDA, Toronto, 2, Ont.: Wm. Dawson Subscription Service, 
Limited, 91-93, Queen-street, East. 

DENMARK, Copenhagen: Kaat-Jensen and Company, Vester 
Farimagsgade 22. 

EDINBURGH : John Menzies and Company, Limited, Rose-street. 

FRANCE, Paris: Ricour, Chevillet et Cie., 22, Rue de la Banque. 

GERMANY: Hermann Fromm, Liitzowstrasse, 84, Berlin, W.35. 

GLascow : William Love, 221, Argyle-street. John Menzies and 
Company, Limited, West Nile-street. 

HOLLAND, Rotterdam : H. A. Kramer and Son, Limited. 

Inp1A, Calcutta : Thacker, Spink and Company. 

Bombay: Thacker and Company, Limited. 

ItALY: U. Hoepli, Milan, Anonima Libraria Italiana, Torino 
and any post office. 

Japan, Tokio: Maruzen Company, Limited, and all branches. 

LIVERPOOL: Mrs. Taytor, Landing Stages. 

MANCHESTER : John Heywood, Limited, 143, Deansgate. 
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| have been erected over 144 miles, and 47-8 miles 
- |of line are in operation. Contracts for these 
| lines were let late in December, 1927, or early in 
| 1928, while those for the sub-stations and their 
|equipment, which form an integral part of the 
| Scheme, were given out’ in the latter year. It is 
‘announced that the scheme will be formally 
|inaugurated on the last day of the present month. 
% es : _. | This may also be termed a satisfactory result. 
|In South-East England, on the other hand, only 
NATIONAL ELECTRICITY SUPPLY. | 183-25 miles of wayleaves have been obtained, 
In the now historic Weir report on electricity | though 547-5 miles of main transmission line 
supply it was estimated that by 1940 the annual | are involved, while tower foundations have been 
consumption of electricity per head of population | sunk over 81-3 miles and towers erected for 61-3 
in this country would have risen to 500 kw.-hr., | miles. Just over 10 miles of line are in operation. 
and the recommendation was made that to ensure | The result is that, though contracts for a good deal 
the average price falling from the level then ruling |of the equipment were also let early in 1928, 
to 1d. per kw.-hr., the number of generating stations | progress Jags. The mileage of wayleaves that has 
in operation should be drastically reduced, and that | been obtained in the other areas, for which schemes 
the remainder should be interconnected by a system | have been adopted, is small, and the work that has 
of transmission lines. It is common knowledge that | actually been carried out is infinitesimal. In brief, 
the Central Electricity Board was established to | while the approximate total mileage of primary line 
carry out this reorganisation, and the second annual | in the five schemes is 1,880-77, only 611-35 miles 
report* of that body, for the year ended Decem- | of wayleaves have been obtained. It is impossible 
ber 31, 1929, which was published last week, affords | to tell whether the Board are satisfied or dissatisfied 
an opportunity of ascertaining the progress that is.| with this position, though we notice that they pay 
being made towards its consummation. 'a tribute to the “ helpful and public spirit in which 
The position is, however, complicated by the|the majority of landowners are recognising the 
fact that, in spite of industrial depression, the | need of facilitating” the work and make no 
consumption of electricity is increasing at a higher | mention of that other spirit, which is neither 
rate than was anticipated. The result has been | helpful nor in the public interest, to whose extra- 
to induce a spirit of optimism in those who support | ordinary manifestations we drew. attention not long 
the new policy, and at the same time to encourage | ago. It may be added that up to now the policy 
those who oppose it. The latter are, in fact, able | that has been adopted has been one of tact and 
to argue that quite as satisfactory development | conciliation, and considering the future, this is only 
would have followed the continuance of the old | right and proper. On the other hand, diplomacy 
system, since only a small part of the grid is as has its limits. It may well be, therefore, that some 
yet in operation. They may be reminded, however, | change will be necessary if development is not to be 
that for the same reason progress has mainly taken unduly delayed, or if irritation at inability to 
place in areas where a supply was already available, obtain a supply is not to be caused. 
and that it is therefore conceivable that it will be| A further difficulty, of which mention is made, is 
accelerated when the new system is at work. | that of obtaining sites for transforming stations, 
Until it is at work, however, it will be impossible especially in the dense inner London area. These 
to say what the effect on prices will be, or, what | stations can often not be accommodated at the 
is even more important, how the consumption of | generating stations, as the site is already built up, 
electricity will be influenced. In this connection an | and suitable alternative land is not easy to secure. 
important factor is the progress that is being made | This is a consideration, which must also constantly 
with the construction of the grid. be borne in mind, if construction is not to be held up, 
On the latter point the report affords some useful | and it may be that here, too, some change of policy 
information. It appears, in spite of the some- | will be necessary. 
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brief mention may be made. During their considera” 
tion of the Mid-East England scheme, the Board found 
a consensus of opinion against stating extensions 
of generating plant in advance, and the schedule 
in which these were laid down was, therefore, deleted. 
This is a policy to which, on the score of flexibility, 
we have given our support in the past, and we hope 
it will be continued. In addition, the stations at 
Chesterfield and Keighley were removed from the 
selected list. In North-East England the most 
difficult question, as will have already been gathered, 
was that of frequency standardisation. In fact, 
there were those who held that frequency changers 
should be installed or, alternatively, that the work 
should be carried out in five or six years, instead of 
in the thirteen years contemplated by the Com- 
missioners. After full consideration it was decided 
that standardisation should be effected at an acceler- 
ated rate, and that the Unemployment Grants 
Committee should be asked for financial assistance 
to enable this to bedone. Again, we must agree that 
this was the right policy. That such an important 
area as the North-East Coast should be left out of the 
national scheme, or allowed to operate at a non- 
standard frequency, is unthinkable, while if a 
change is to be made, the quicker it takes place 
the better. We also note with interest that it is 
proposed to divert some of the lines in this area, 
so that they shall be less exposed to salt-laden winds 
from the sea, 

As regards technical matters, satisfactory results 
are being obtained with the steel-aluminium con- 
ductors. Sample towers have been tested to 
destruction, so as to determine their margin of 
safety, and careful investigations into the electrical 
and mechanical properties of the insulators have 
also been made. The insulators used at the tension 
points on the Forth crossing, where the working 
tension is 20,000 lb., consist of three chains in 
parallel, the electro-mechanical type test on these 
being 50,000 lb. and the breaking load 60,000 Ib. 
Twelve units are used in series op each string, 
and the complete insulator has guaranteed minima 
wet and dry flash-over values of 400-kv. and 510-kv. 
respectively. It has now been decided that distance 
protective systems shall be employed on the longer 
lines, the use of current balance protection being 
limited to sections not exceeding 10 miles in length, 
This policy has been adopted with a view to 
eliminating the economic and _ technical dis- 
advantages of pilot systems and the operating 
troubles caused by using non-discriminative appara- 
tus. This forms an interesting new departure in 
British practice and may lead to some uneasy 
moments for those concerned in supervision and 
maintenance. The main transformers are insulated 
to withstand induced test voltages of 208 kv. to 
earth and 360 kv. between phases. Ratio control 
gear, which can be operated with the transformers 
on load, will be connected to the high-voltage 
windings, the range of this control being + 10 per 
cent. Cooling will be by oil and air, the fans used for 
the latter purpose being brought into action auto- 
matically, when the temperature exceeds a pre- 
determined maximum. A summator meter for 
measuring the algebraic sum of the demands on 
the generators and the associated grid transformers 
has been developed. This consists of a number of 
auxiliary elements, each of which is connected to 
special commutating devices on energy meters of the 
ordinary type. The readings of these auxiliary ele- 
ments correspond exactly with those of their appro- 
priate energy meters. The summator proper consists 


of two parts, a series of small dials giving the total | 


kilowatt hours recorded by all the individual meters 
and larger dials, on which the maximum demand in 
kilowatts is aggregated. A standard clock dial is also 
incorporated. Similar instruments are to be used for 
determining the power factor and, in addition, there 
will be an attachment for recording the maximum 
demand during each half hour of operation. The 
power factors will be obtained from the records of 
the maximum kilowatt and reactive component 
demands. 

As regards field work, the concrete ball type of 
tower foundation has been largely used in Scotland 
with a view to economising time and labour, the 
maximum rate attained being 5 miles of line per 
week. The sub-stations are of the types that 





have already been described, except that at Aber- 
nethy a special insulation transformer is being 
connected between the grid and the lines of the 
Grampian Electricity Supply Company. In South- 
East England, a 10-mile section of the line between 
Bedford and Little Barford has been put into 
operation at 33 kv., while the cable system between 
St. Pancras and Hornsey via Islington has also 
been made alive. On the Brighton-Worthing line 
spun reinforced concrete supports are being used. 
Negotiations are well advanced for a crossing of the 
Thames east of Barking. This will require towers 
over 500 ft. high the main span being 3,000 ft. 
In London a large amount of cable will be used, 
and the excavations for this have presented dif- 
culties. The underground interconnectors between 
Eltham and Deptford, and Wimbledon and Batter- 
sea will work at 132 kv., the cables, like a proportion 
of those operating at 66 kv., being of the oil-filled 
type. Armour-clad switchgear working at the 
latter voltage will also be used for the first time. 
In Central England painted steel containing copper 
will be employed in the construction of the towers, 
in order to compare its corrosion-resisting properties 
with those of galvanised steel. The 132-kv. line 
_to the Clarence Dock station at Liverpool will be 
carried on gantries built over the Leeds and Liver- 
pool Canal. 

As regards frequency standardisation in Central 
| Scotland, a 20,000-kw. 50-cycle turbo-alternator 
| has been installed in the Yoker station of the Clyde 
| Valley Electrical Power Company, and one of the 
| 25,000-kw. 25-cycle sets at Dalmarnock is being re- 
|wound. On the consumers’ side, 26,093 h.p. of 
|motors and 21,405 kw. of converting plant have 
| been changed over. In Central England, 3,416 h.p. 
'of motors have been similarly converted, and in 
North-West England orders have been placed for 
| two 12,500-kw. 50-cycle generating sets. 

The information we have given above indicates 
that from the technical point of view the grid 
displays both courage and novelty. Its designers 
| have not allowed themselves to be hampered by 
tradition and, what is equally satisfactory, the 
|manufacturers have responded to the unusual 
| claims made upon them. Though it is perhaps 
|too much to expect that this policy will be un- 
| accompanied by difficulties, it is to be hoped that 
in the long run it will be amply justified. 
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THE GROWING SCARCITY OF STU- 
DENTS OF NAVAL ARCHITECTURE. 


In view of the long and continuous endeavours 
which have been jointly made in educational and 
professional circles to meet training requirements 
for the various branches of the engineering pro- 
fession, and in view of the generous financial 
support and encouragement given by industry 
towards educational opportunities, the present 
marked diminution in numbers of young men 
studying shipbuilding and marine engineering at 
our technical schools, and Universities, is to be 
regretted not only from the industrial, but from the 
national, point of view. 

Attention was directed to this matter by Mr. A. T. 
| Wall in his recent paper read before the Institute 
|of Marine Engineers on “‘ The Advantages to the 


‘ 





/Shipowners of Closer Co-operation between the | 


| Naval Architect and the Marine Engineer.” From 
|the statistics of attendance, it is evident that 
| there has been in recent years a serious depletion 
in enrolments in the particular courses of study 
mentioned. This is in contrast to the general 
increase which has taken place in the courses of 
study in other engineering branches, civil, mechanical 
and electrical, and more especially in contrast with 
the very marked increase in other faculties. It is clear 
that the activity of any industry must be reflected 
in some measure in the recruitment of apprentices, 
and in consequence there is to be expected a fluctua- 
tion in the numbers of student enrolments in some 
correspondence with the periods of variation in indus- 
trial activity. So far as the shipbuilding industry 
is concerned, however, the correspondence of this 
fluctuation with trade is not clearly evidenced in 
any short period of survey and from the pre-war 
time records of one of our prominent shipbuilding 
centres, the numbers of students attending the 














higher technical courses were actually above normal 
in the dull times of trade. This relation was by no 
means paradoxical, as the reason may be advanced 
that in the dull periods of trade a greater number 
of students are free to avail themselves of educa- 
tional opportunities. The abnormally high influx of 
technical students immediately after the war tended 
to level up the almost total absence of students in 
the sessions during the war. The drop which we 
are now considering has been very rapid ; it began in 
1923 and has been so severe that there has been 
created a considerable outstanding balance or lee- 
way in numbers of trained men. 

Before going further into the matter we would 
refer to the paper delivered at the opening of the 
1926 session to the North-East Coast Institution of 
Engineers and Shipbuilders by Sir Theodore Mori- 
son, on the subject, “ How Should an Engineer be 
Trained ?”’ In this paper the suggestion was made, 
and acted on, to form a special education committee 
to examine and report generally on the training of 
engineers, taking account of industrial practice and 
requirements for training, and to advise on the 
best means of embodying and correlating these 
requirements in the prescribed courses of study. 
The pamphlet, entitled “‘ Engineering Training for 
Officers’ Rank,” which has been published by the 
Committee, was dealt with by us in a leading article 
last week. We draw attention to it on the present 
occasion as being of the greatest use in formulating 
any views on the present crisis, and we earnestly 
recommend its perusal to all young men intending 
to enter the profession of engineering. 

On our present subject of the lack of entrants 
for naval architecture and marine engineering, the 
following remarks from Mr. Wall’s paper well state 
the present position :—‘‘In any case, indications 
are that a University training is not sought after so 
much as it was, say, twenty to twenty-five years ago. 
There are, as is well known, quite a number of 
scholarships offered by different bodies to appren- 
tices from shipbuilding and marine engineering 
works, and these scholarships are tenable at various 
Universities where there are courses in marine 
engineering and naval architecture. The position 
has become so acute to-day that it is hardly possible 
to obtain candidates for these scholarships. This 
is probably due to more than one reason, but un- 
doubtedly due to the fact that apprentices find that 
after completing their University course it is difficult 
for them to obtain positions, particularly against 
the competition of their fellow apprentices who, 
during the three or four years’ University life, have 
been doing practical work, with the result that they 
are looked upon by the employers as being of more 
value to them than those who have been cut off 
from practical work during their University courses. 
This may be an unpleasant truth, but it has to be 
examined and faced. There probably is another 
reason in that young men in these days will not 
bother to study in order to compete for scholarships. 
The Universities also have made the matter more 
difficult in making the courses four years instead of 
three, as formerly, and: the author is of the opinion 


| that most young men look upon four years as too 


great a time for them to be absent from the practical 
side of their business, because, although the ultimate 
gain of a University training should go without 
saying, it certainly does not show any immediate 
reward after the university course is finished, espect- 
ally as compared with their colleagues who have 
remained in the works during that time. There 1s 
also the added difficulty that although University 
courses are now for four years, the scholarships are 
only for three years.” 

While these remarks give some particular reasons 
in explanation of the state of affairs, there are 
probably other factors also at work. As already 
suggested the matter is clearly partly attribut- 
able to the present severe conditions prevailing 1m 
the shipbuilding and allied trades. This simple ex- 
planation, however, illustrates an erroneous assump- 
tion which students are likely to make, and is apt to 
lead to a policy of laissez faire. The severe competl- 
tion in shipbuilding has brought to public notice 
the processes of reconstruction which are being made 
within several commercial groups of the industry. 
and it is probable that to some possible students 
rationalisation methods may seem to be connected 
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with a limitation in the number of entrants to the 
profession and industries concerned. Such an idea 
is, however, a short-sighted one. Certainly, the con- 
ditions of the industry to-day may not offer imme- 
diate and lucrative prospects, but this should not 
have such a serious effect on the attitude of youth 
as to turn many away from entering the profession. 
To the eager and enthusiastic, the view should be 
taken that better prospects will necessarily follow and 
will reveal themselves in due time. The severity of 
the competition in the important industry of ship- 
building will result in efficiency of method and intense 
application from all those engaged in it. The in- 
dustry must, however, have the necessary recruit- 
ment of young men, and the prospects of the highly- 
trained man should improve with more intensive 
methods. From the employer’s side, no discourage- 
ment is or will ever be made to young men to come 
forward. We, therefore, advance the plea to all 
likely entrants to regard the present difficulties, as 
temporary. 

The growing and multiplying fields of research in 
shipbuilding, engineering, and the allied trades, and 
the numerous and various positions for experts, 
inspectors, and supervisors, not to mention the 
possibilities of careers in many new branches 
not so directly connected with the trades, but 
of scientific importance, will always cause a 
demand for men of high technical attainments 
and expert knowledge. If the true cause of the 
scarcity of students lies, as we fear it does, in the 
attitude of the young men themselves, then we are 
sure that the best remedy will be the stirring of 
youthful ambition, and with this intent we would 
further point to the higher positions in adminis- 
trative control and responsibility which may be 
reached. These positions are best filled by men who 
have demonstrated their value, not necessarily in 
any specialised channel, but by their general aptitude, 
personal qualifications, and, as the most necessary 
adjunct to meet modern conditions, their high 
standard of knowledge based on a thorough technical 
training. 


ELECTRICAL DECK MACHINERY. 


From the earliest days of commercial steam ships 
until the introduction of the marine oil engine, the 
auxiliary machinery on board a vessel was usually 
operated by steam. The crew had, through long 
years, become accustomed to its use and working, 
while the designers spared nothing to obtain 
robust construction, freedom from the troubles 
that might be caused by salt water, waves breaking 
over the decks, heavy gales, and the ever-moist 
atmosphere. Reliability in action at all times was 
necessary, and not only was it obtained, but it was 
accompanied by a flexibility in working that was 
a further great advantage. With the arrival of 
the motor vessel, naval architects had to consider 
other means of operation, and electric driving came 
under review as a possibility. As in many other 
cases of the adoption of electric motors for new 
purposes, all the problems that had to be met could 
not be solved immediately. Experience showed that 
the ordinary electric motor, such as was commonly 
used on shore, was entirely unsuited to this new 
sphere of application ; the insulation would not 
stand up to the conditions, and heavy seas intro- 
duced designers to a new standard of watertight- 
ness requirement. Stronger construction than was 
commonly suited to land service had also to be intro- 
duced, and the bearings had to be provided with 
glands which would stand sea water. Another great 
trouble was internal sweating caused through mak- 
ing the motors watertight. The difficulties were 
many, but had only to be understood for changes in 
construction to be introduced to eliminate them. 
Progress followed, and electric motors equal in 
reliability to the older steam appliances became 
available. Even then all the advantages of the 
old steam-driven windlasses had not been provided 
by the competing type of equipment. The flexibility 
of working possible with a throttle-controlled steam 
windlass is remarkable, and early electric types 
were sadly deficient in this respect ; jerky pulls were 
their characteristic, which caused trouble and at 
times led to rope breakages. Great advances have 

n made since then, and electrically-driven deck 
machinery which is reliable and flexible in operation 








can now be obtained and, indeed, is in operation 
throughout the world. 

A ship’s windlass is used mainly to lift anchors, 
to house them with safety and to warp the ship when 
in harbour. It is fortunate that all these duties 
demand the same characteristics, and thus may be 
performed by a single motor. The type to be 
chosen must be capable of exerting a very heavy 
pull at a slow speed to break anchor, and to haul the 
anchor into the hawse pipe. It must also be possible 
torun the motor quickly on lighter loads. Warping 
also needs heavy pulls at a very slow speed, but high 
speeds are required for hauling in slack ropes quickly. 
The motors for almost every small windlass equip- 
ment are mounted on deck, and there is a general 
tendency to adopt the same arrangement with the 
larger units, to avoid the necessity of providing 
for a mechanical drive through the deck. Control 
gears, unless of the simple drum type, are almost 
always placed below the deck to give them pro- 
tection from the weather. The control device is, 
perhaps, the most important item in electric 
windlass design to ensure flexibility of working, and 
this was the main theme discussed by Mr. A. Read, 
in a paper on “ Ships’ Electric Deck Auxiliaries,” 
| which he presented to the North-East Coast Institu- 
‘tion of Engineers and Shipbuilders on Friday, 
| April 4. 
| Simple drum controllers, he stated, had dis- 
| advantages for marine purposes. One great draw- 
|back to their use was that, although high speeds 
were possible of attainment with light ropes, it was 
| not possible to rotate the warp end slowly without 
any load. Another trouble was that if the warp 
| was pulling at a slow speed with a load on, and 
| the rope was slacked off momentarily, the motor 
| rapidly speeded up, only to be pulled up suddenly 
/when the rope was again tightened, causing rapid 
| wear on the hawser. Such drum-type controllers 
| were usually provided with overload protection, 
| which stopped the motor, and applied the 
| brakes on a serious overload. This had the 
|disadvantage that the pull at the warp end ceased 
‘and the operator had to return the controller to 
| the “‘ off” position before he could again strain on 
|the ropes, an operation in which time was lost. 
Certain parts of this series of disadvantages were 
overcome by the use of a second contactor drum, 
enabling the first step to be arranged for a lesser pull. 
Contactor control was a definite advance on the 
drum type and could be successfully used with 
the largest sizes of motors. An outstanding ad- 
vantage was the freedom from the burning of 
barrel contacts, a common feature in drum control 
experience. Creeping speed possibilities could be 
utilised to get the anchor into the hawse pipe without 
shock. Series resistances were used for the purpose 
and proved highly satisfactory. Contactor gear, 
however, was not ideal, because it did not provide 
good regulation of the pull at low speeds, and was 
inefficient on the earlier steps of the control, because 
the current consumption was proportional to the 
| torque, irrespective of the speed of pull. 
| Engineers set out to get over the troubles experi- 
| enced with the ordinary land types of control gear 
jand to design equipments suited specifically to 
| marine conditions. Of these, there are three main 
'types: Ward-Leonard control, constant-current 
| control and booster control. The characteristics 
| of the torque-speed curve given by a steam engine, 
| which are ideal for the purpose, can be very closely 

approached with the Ward-Leonard system. It 
consists, in its simplest form, of three machines, 
a main driving motor and two others arranged 
as a motor-generator, the motor being driven 
'from the line supply and the generator supplying 
| current to the main motor at a voltage controlled 
' by a potentiometer regulator. Almost any speed 
| may thus be obtained for the windlass, or for a 
| capstan or warping winch, to which it may equally 
well be applied. Reversal is possible, and such 
refinements as negative series windings on the 
generator, self-exciting coils and other field com- 
binations, can be made according to the character- 
istics desired. Stalling on overload was obtainable 
in the same way as with a steam engine. The only 
disadvantages the system possessed were the space 
the equipment took up and its very high cost. 
Similar advantages to those possessed by the Ward. 














Leonard system could be claimed for constant-current 
control, which was obtained by the use of special 
types of generators and connections. A few years: 
ago, a modified form of the Ward-Leonard system 
was introduced by Messrs. Clarke Chapman and 
Company, known as booster control, which makes: 
use of a very small motor-generator, in addition to: 
the main motor, which is simply an ordinary type of 
machine, except for the one feature, that the wind- 
ings are modified to suit a varying voltage. The 
line supply is taken to the main motor through the 
armature of the generator component of the motor- 
generator set, the motor of which is shunt-wound 
and takes its supply from the line. Actually, the 
small generator acts as a reversible booster, enabling 
a voltage from zero to a value double that of the 
line voltage to be supplied to the main motor. All 
the necessary speed regulation was obtained with 
this equipment, but to ensure that protection was 
afforded, as well as light-load speeds much higher 
than the normal full speed, other windings were intro- 
duced. These consisted of a series winding on the 
main motor to give it a series characteristic and a 
negative series one on the small generator to make 
the voltage fall as the load increased. Further, a self- 
exciting field was provided for the generator. By 
the combination of these windings, an input voltage 
for the main motor was obtained which decreased 
as the load increased and, assisted by the series 
characteristic of the main motor, enabled a constant- 
power speed-load curve to be obtained through a 
very large range of speeds. By different combina- 
tions of the windings almost any characteristic, it 
was claimed for the system, could be obtained, stall- 
ing at 50 per cent. overload being a frequent require- 
ment for windlasses and capstans. The motor- 
generator was usually half the size of that com- 
monly used with the Ward-Leonard system, as the 
main motor was designed to use a high voltage and 
the generator had to be designed to carry the 
current at that pressure, but only to develop a 
small voltage at full load and about 80 per cent. 
of the line voltage at light load. It was contended 
that a windlass equipment controlled in this way 
only cost from 10 to 15 per cent. more than an 
ordinary contactor-controlled unit. The extra cost 
was justified, it was thought, by the saving in 
warping ropes. Booster control has also been success- 
fully applied to electric winches, with results superior 
to those obtained with contactor control. 

As it was exceedingly difficult to secure absolute 
water-tightness for a deck auxiliary, which had on 
occasion to be exposed to the very worst conditions 
of weather, deck winches being at times com- 
pletely submerged, it was desirable that sumps 
should be introduced, so that any water entering 
the machine could be drained away at intervals by 
the opening of a suitable plug. These sumps also 
served the useful purpose of collecting moisture 
due to condensation. This sweating was caused 
through the expansion of the air inside the machine 
on heating up causing a gradual leakage outwards, 
the place of the lost air on cooling being taken by 
moist air drawn in at night when the moisture 
deposits. When sumps were used, the moisture ran 
down the sides and was discharged. Experiments 
made with a large winch motor had shown that as 
much as a pint of water could be condensed in 
the machine in a week, when the difference in day 
and night air temperature was great and the out- 
side atmosphere was damp. Ventilators, one placed 
on the highest point on the winch and the other 
near the deck, which were small in size and only 
opened when the machine was running, had proved 
useful in creating air circulation and reducing 
sweating, but the possibility of their not being 
closed before going to sea and the consequent 
danger of flooding had deterred many shipowners 
from installing them. Mica and micanite were 
found to be the only reliable insulating materials 
to withstand seagoing conditions. 








EayptiAN MARKET FOR ACCUMULATORS AND Bat- 
TERIES.—A confidential report regarding the market for 
accumulators and batteries in Egypt has been prepared 
by the Department of Overseas Trade. Interested 
United Kingdom firms may secure a copy of the report 
upon application to the Department, at 35, Old Queen- 
street, London, S.W.1, quoting Reference No. B.X. 
6163. 
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INTERNATIONAL ELECTROTECHNICAL COMMISSION. 


LARGELY due to the efforts of Colonel R. E. Cromp- 
ton, the International Electrotechnical Commission 
was founded in 1906.to deal with the standardisation 
and rating of electrical machinery, apparatus and 
equipment, nomenclature, symbols and other cog- 
nate matters. Lord Kelvin was the first president, 
and at the preliminary meeting, which was held 
in London, fourteen countries were represented. 
The work of this body is conducted by international 
advisory committees, who are appointed to pre- 
pare recommendations for ratification by the 
Plenary Assembly. At present there are fifteen 
such committees, which are dealing with the follow- 
ing subjects: Nomenclature, Rating of Electrical 
Machinery, Symbols, Steam Turbines, Aluminium, 
Voltages including Tests on High-Voltage Insulators, 
Electric-Traction Equipment, Insulating Oils, Over- 
head Lines, Radio Valves, Measuring Instruments, 
the Rating of Rivers, Tests for Shellac, the Rating 
of Oil Switches and Internal-Combustion Engines. 
These committees will report to the Plenary Meeting 
which is to be held in Scandinavia during July, 
the opening meeting being in Copenhagen, the 
technical meetings in Stockholm and the closing 
Plenary Session and Council Meeting in Oslo. We 
understand that the British delegation will include 
representatives of Government Departments, of the 
Institutions of Civil and Electrical Engineers, the 
Electricity Commissioners, and the Central Electricity 
Board, as well as of manufacturing research and 
supply organisations. Delegates from the Domi- 
nions will also be present. In addition to the more 
formal work, the Scandinavian National Committee 
are making arrangements for the visitors to inspect 
some of the hydro-electric and other plants. 


LARGE SUBMARINES. 


In an article in ENGINEERING, vol. cxvilii, 
page 837 (1924), Dr. G. Flamm, Professor of 
Naval Architecture at Charlottenburg, pointed 


out that attempts to increase the stability of 
submarines by lowering the position of the centre 
of gravity, or by raising the position of the centre 
of buoyancy, were accompanied by serious dis- 
advantages. In the first case, the weights required 
to compensate for the installation of artillery and 
armour on the upper deck would involve a large 
increase in the displacement. In the alternative 
plan, the provision of the necessary air chambers 
also involved an uneconomic increase of weight, 
since the space inside them could not be used 
for any effective purpose. He proposed, therefore, 
to attain the desired end by modifying the shape 
of the boat, giving it a cross section based on three 
ares of circles, each subtending a side of an 
equilateral triangle. This proposal forms the 
subject of a detailed discussion by a Spanish naval 
architect, Senor C. Prester, in a paper published 
last June in the Revista General de Marina. The 
author calculates weights and stabilities for the 
ordinary type of cross section, and for the suggested 
Flamm model, and concludes that the latter is 
really the inferior of the two. Full details of the 
author’s argument will be found in the paper 
cited, 
THE WATER SupPPiy or PERTH, 
WESTERN AUSTRALIA. 


The Metropolitan Water Supply, Sewerage, and 
Drainage Department of Western Australia is 
administered by the Minister for Water Supply 
of the State Government, and the area governed 
includes the cities of Werth and Fremantle and the 
neighbouring districts of Claremont, Guildford, and 
Armadale. The estimated population served is 
207,000. The output of water for the year ending 
June 30, 1929, according to the annual report of the 
Department, was 3,174,499,000 gallons, a consider- 
able increase over the total for the previous year. 
The maximum daily consumption during the 
year was 19,327,180 gallons, which occurred on 
February 13, 1929, and the average daily output, 
8,697,257 gallons. The increase in the water 
output is partly due to the completion of a 
portion of the Hills water supply scheme. Church- 
man’s Brook reservoir, which has a capacity of 
485,000,000 gallons, and is situated some 18 





miles south-east of Perth, was completed in 
June, 1928, and was drawn upon, during the 
period from December, 1928, to the close of the 
financial year, to the extent of 600 million gallons. 
Work in connection with the construction of the 
Canning reservoir, which is in the vicinity of that 
at Churchman’s Brook, and forms the second 
main portion of the Hills scheme, is proceeding. 
All the preliminary surveys of the site and trial 
boreholes had been completed by the end of the 
year under review, and the contract drawings and 
specifications were being prepared. The design 
provides for a dam 1,390 ft. long and 187 ft. high, 
which will contain some 250,000 cub. yards of 
concrete, and will impound 12,000 million gallons 
of water. The total length of sewers under the 
jurisdiction of the Department now amounts to 
187 miles, and the population served to 99,658. 
During the year covered by the report, 13-78 miles 
of new sewers were laid, and the Perth septic 
tanks were called upon to deal with an additional 
76 million gallons of sewage, making a total 
of 764 million gallons. As regards storm-water 
drainage, the total length of drains under the 
control of the Department now amounts to 20-1 
miles, some 840 ft. of 54-in. pipe having becn laid 
during the year under review. Both the sewers 
and the drains were maintained in good condition, 
and relatively large quantities of silt were removed 
from the pipes. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 


Tue Spring Meeting of the Institution of Naval 
Architects opened in London on Wednesday last, 
in the lecture hall of the Royal Society of Arts, 
John-street, Adelphi, W.C.2. The programme 
included 13 papers, eight of which have been read 
and discussed at morning and afternoon sessions 
on Wednesday and Thursday. The remaining 
papers are being dealt with to-day. The annual 
dinner was held in the Connaught Rooms, on 
Wednesday evening, and a brief account of it 
will be found below. Following our usual practice, 
we propose to deal in this issue with the proceedings 
of Wednesday, leaving the subsequent proceedings 
to be dealt with in the following numbers of EnGr- 
NEERING. The chair was taken at the opening 
meeting by the President, Admiral of the Fleet 
the Right Hon. Lord Wester Wemyss, and the 
first item on the agenda was the Annual Report 
of the Council, which was read by the Secretary, 
Mr. R. W. Dana. 


REPORT OF THE COUNCIL. 


The report first mentioned the fact that the mem- 
bership showed a slight reduction as compared with 
the previous year, the respective figures for the total 
membership being 2,750 and 2,727, and the falling- 
off being due entirely to a diminution in the number 
of students, although all other classes of members 
had increased. The Council, however, were consi- 
dering what steps could be taken to encourage 
student candidates to come forward in larger 
numbers. It was proposed, for instance, to circu- 
late lists of candidates who have graduated and are 
seeking employment. Reference was made to the 
losses sustained by the Institution from the deaths of 
Admiral Sir Henry Jackson, Sir Alexander Gracie, 
Sir William Rowan Thomson, General E. Ferretti, 
and Sir Vincent Caillard, which had occurred during 
the year. After referring to the satisfactory 
financial position of the Institution, as set out in the 
Statement of Receipts and Expenditure appended 
to the report, a reference was made to the proposed 
alteration to the rules governing the election of 
candidates to meet the case of designers or construc- 
tors of aircraft or of important auxiliary machinery 
for ships, which would be submitted to members at 
the session to be held this (Friday) morning. If 
approved, the alterations would be submitted to the 
Privy Council for leave to amend the Charter accor- 
dingly. 

In referring to the Summer Meeting, held in 
Italy last September, the report stated that the 
Council desired to place on record their high apprecia- 


private firms, and citizens for the welcome extended 
to the members on that occasion. This year’s 
Summer Meeting, it was stated, would be held in 
Liverpool, from July 14 to July 18. The report 
contained a brief reference to the research work 
carried out in the William Froude National Tank, at 
Teddington, and shipbuilding and shipowning firms 
and others interested in increasing ship efficiency 
and solving new problems in design and construc- 
tion were invited to support the Research Tank 
Fund, which needed increased contributions to en- 
able it to deal adequately with the work in hand 
and projected. TheSecretary also announced that 
the Government had decided to construct a new tank 
at Teddington, by the side of the existing tank. 
After referring to the representation of the Insti- 
tution at the Centenary Celebrations of the Ecole 
Centrale in Paris, and at the Japanese World Congress 
of Engineering, in Tokyo, a list of the Institution’s 
representatives on other bodies in this country was 
given, followed by particulars of the awards of the 
Institution’s Gold Medal and Premium, the National 
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Certificates in Naval Architecture, and the various 
scholarships administered by the Institution. 


ELECTION OF OFFICERS. 


The report having been duly adopted, the 
Chairman called upon the Secretary to read the 
names of officers elected to serve for the following 
year. These were: President, Admiral of the Fleet 
The Rt. Hon. Lord Wester Wemyss; Vice-Presi- 
dents, Mr. J. Foster King, Sir Thomas Bell, Engineer 
Vice-Admiral Sir George G. Goodwin, Mr. Andrew 
Laing, Sir E. T. d’Eyncourt, Sir Westcott S. Abell, 
Mr. W. J. Luke, The Rt. Hon. Lord Weir, Sir William 
J. Berry, Mr. James Brown, Mr. Summers Hunter, 
Engineer Vice-Admiral Sir Robert B. Dixon, Pro- 
fessor P. A. Hillhouse, Sir J. E. Thornycroft, and 
Mr. H. Ruck-Keene ; and Treasurer, Mr. Francis 
Henderson. These names having been approved by 
the meeting, the Secretary announced the result of 
the ballot for the election of officers, as follows: 
Vice-President, Professor J. J. Welch ; Members of 
Council, Messrs. J. L. Adam, E. L. Attwood, John 
Austin, J. T. Batey, Sterry B. Freeman, and A. W. 
Johns, Engineer-Captain W. Onyon, and Messrs. A. 
W. Sampson, H. G. Williams, and H. E. Yarrow ; 
Associate Members of Council, Vice-Admiral Sir 
Ernle Chatfield, Messrs. Robert Clark and A. C. F. 
Henderson, and Sir Charles Sanders. 


PRESIDENTIAL ADDRESS. 


The next item on the agenda was the presentation 
of the Institution Gold Medal to Mr. John Johnson 
for his paper on “The Propulsion of Ships by 
Modern Steam Machinery,” and a Premium to 
Lieut.-Col. F. Dondona, R.I.N., for his paper on 
“* Sea Trials of Italian Destroyers.”’ These presenta- 
tions having been made, the President proceeded 
to deliver his address. In the course of this he 
remarked that the shipbuilding industry was 
dependent for its prosperity on the orders received 
from shipping companies, who, in turn, were largely 
dependent upon trade conditions for their own pros- 
perity and expansion. At first sight, he continued, 
the tonnage figures for shipbuilding work completed 
and commenced during the past year led to the hope 
that the improvement in the industry noted a year 
ago would be maintained, but the present situation 
hardly bore that out. While the tonnage built in 
1929 was satisfactory in comparison with the years 
immediately preceding, it must be borne in mind 
that many of the orders represented by this tonnage 
had been taken at very unremunerative prices, and 
also that the shipyards contained a considerable 
excess of plant and material for which it was now 
difficult to find employment. Furthermore, the 
recent fall in treights had put shipowners into such 
a position that the placing of large orders in the 
immediate future could not be relied upon. Early 
this year, the President continued, freights had 
fallen to below the pre-war level, although working 
costs had risen to about 70 per cent. above the pre- 
war figure. The large amount of idle tonnage laid 
up in our ports was a significant proof that no 
profitable employment could be found for those 
redundant vessels. We had to face keen foreign 





tion of the many manifestations of Italian goodwill, 
and their gratitude to the Italian Government, 





competition, some of which arose from the fact that 
our competitors had bought obsolete British v: ssels 
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at very low rates, and had been able to run them 
successfully}with foreign crews whose rates of pay 
and standard of living were far below those obtaining 
in British ships. It was, he thought, a short-sighted 
policy for shipowners to dispose of their old ships 
in this way, instead of having them broken up in 
British yards, and thus clearing the way for the 
construction of larger and better vessels when the 
economic conditions improved. 

The plan to reduce the excess shipyard plants by 
eliminating those least likely to conduce to the 
welfare of the industry was an interesting and prac- 
tical experiment in rationalisation, which, coming, 
as it did from the industry itself, might be carried 
out without inflicting undue hardship on those 
establishments which had to be eliminated. In the 
United States, after the close of the war, many 
large and well-staffed shipyards were rapidly closed 
down and the staffs transferred to other fields of 
activity. The resilience of American industry was 
a characteristic feature of that country, and we 
might with advantage endeavour to bring more 
elasticity into the conditions governing our own 
industrial relations. 

The Navy Estimates for the current year contained 
no provision for new construction, this decision 
having been made in consequence of the Naval 
Conference. It appeared that the high hopes of 
those who called the Conference had not been realised, 
and we had to face a situation fraught with grave 
possibilities for our future as a maritime power. Our 
naval defences had been reduced year by year while 
our overseas possessions and responsibilities had 
continued to grow, so that they were now greater 
than they had ever been in our history. He, there- 
fore, hoped that the inevitable reaction towards a 
fuller realisation of our naval requirements would 
set in before our national resources in men, money 
and material had been irretrievably lost. The 
address concluded with an appreciative reference to 
the summer meeting in Italy last year, particular 
mention being made of the high standard attained 
by shipbuilding and engineering in that country. 


SArety oF LIFE AT SEA. 


The Chairman then called upon Sir Westcott S. 
Abell to read the paper on “‘ Safety of Life at Sea 
(1929 Conference),”’ of which Sir Westcott and Mr. 
A. J. Daniel were joint authors. This paper is re- 
printed, in abridged form, on page 489 of this issue. 

In opening the discussion, Sir Archibald Denny 
mentioned that, in 1913, Professor Welch had just 
completed his work on his method of comparative 
calculation, and the Committee had not had time to 
apply these curves in calculations to existing ships. 
There was a great lack, at that time, of accurate 
information as to how far it was possible to carry 
out ideals. Only Germany had official regulations, 
and even those were optional. It has been shown 
that the curve “B” given in the diagram accom- 
panying the paper, based on the work of the 1914 
Convention, was altogether too severe. It would be 
noted that it differed in form from curve “ C,” drawn 
up by the Departmental Committee on Safety, and no 
doubt it was arrived at, to some extent, by following 
the German curves. The play of varying interests 
led to the acceptance of the ‘“‘B” curve, but it 
might be noted that the 1914 Committee was ham- 
pered by previous decisions, and their conclusions 
could not be tested immediately owing to the out- 
break of war. Referring to the various subdivisions 
given under the heading of ‘‘ Construction ” in the 
paper, the speaker said that these subdivisions had 
stood the test of experience and investigation and 
remained practically unaltered. Referring next to 
the work of the 1929 Committee, he said that 
an admirable series of reports had been produced 
leading to practicable and logical results, such as 
the new curve “A.” They had begun by taking 
the number of passengers carried as a basis, but had 
soon concluded that results arrived at in this way 
would be destructive to the type of cargo vessel 
carrying only a few passengers. The final results 
arrived at were based on specific volume. Continu- 
Ing, the speaker expressed regret that the Welch 
method of comparative calculation was not accepted 
as the international standard. It had been objected 
that it was not geometrically accurate, but the 
primary requisite was orderly subdivision, arrived 





at as simply as possible. He ventured to predict 
that, in the end, the so-called more accurate methods 
would only be used when it was found that they 
would produce wider spacing. 

Mr. L. Woollard said that the regulations agreed 
upon at the recent international conference were ‘not 
directly applicable to warships, but were none the 
less of considerable interest to warship designers. 
In effect, warship subdivision had to be such that 
a ship would float after sustaining damage greater 
than that contemplated in the report. The most 
important difference between war and merchant 
vessels lay in the extent of the longitudinal sub- 
division by bulkheads and decks, such subdivision 
being regarded as of great value in all classes of 
warships. It was necessary to provide watertight 
boundaries for magazines and so on, such as were 
not required in merchant vessels. In conclusion, the 
speaker said that the original report of the Com- 
mittee was very lengthy, and its very completeness 
rendered it difficult to follow. The paper was there- 
fore of special value as an admirable summary. 

Sir John Biles mentioned that he had been asso- 
ciated with the 1914 Conference, but not with that 
in 1929, and he therefore viewed the work of the 
latter with special interest. This was largely con- 
cerned with subdivision, and although this aspect 
had been in evidence at the earlier conference, time 
had not allowed a full investigation to be made. He 
noted one feature characterising the later conference 
was that relating to the relative importance of 
saving life at sea by subdivision and the necessity 
of earning dividends for shipowners, and it appeared 
difficult to secure an effective compromise between 
these two issues. The question arose as to what 
was the greatest amount of subdivision that a vessel 
could have and yet be a practical working proposi- 
tion. In this respect, experience appeared to be a 
criterion of doubtful value, as some ships in practice 
had much more than others. The whole question 
was very difficult so long as international agreement 
did not exist, but on the implementation of such 
agreement, an arbitrarily chosen amount of security 
could be given so long as all nations agreed to give 
the same amount. It would appear that, from the 
passengers’ point of view, not quite enough safety 
was provided by the rules, and it might be noted that 
passengers were not, in general, represented on 
conferences dealing with the matter. Personally, 
his work had been most closely associated with the 
provision of life-saving appliances at sea, and he 
might recall that the origin of the 1914 committee 
was the loss of the Titanic, when it was found that 
the subdivision was insufficient and that the boats 
did not serve their purpose. The decision was 
reached at that time that the boat accommodation 
should be sufficient for all the persons carried on the 
vessel, but the later view was that the appliances 
should be readily available and adequate, and to 
some extent might take the form of rafts, which 
were steadily gaining in favour. Life rafts were 
always strongly recommended by sailors, and they 
may be said to have won their point. He was 
interested in the question of the size of boats, and 
might mention that a 17-ton boat was built and 
tested at Portsmouth to carry 150 persons. The 
Board of Trade, however, refused to agree to the 
carrying of such boats on liners, although it would 
now appear that they had been won over. 

Prof. P. A. Hillhouse said that he would like to refer 
to one small point only, that of the relation between 
the passenger and machinery ratios. The committee 
had examined many ships, and had found that the 
ratio of 2 to 1 agreed fairly well with practice. 
It might be questioned, however, whether practice 
was correct in this respect. It appeared as though 
the formula for the ratio given in the paper was 
based entirely on existing vessels, and it might be 
questioned whether many of the ships examined were 
really satisfactorily subdivided. 

Mr. J. Foster King was of opinion that the point 
raised by the previous speaker was not of great 
importance, as the main object was to differentiate 
between cargo boats carrying a limited number of 
passengers and exclusively passenger boats. He 
was surprised to find, on reading the paper, that the 
1914 curve has been lowered. Efforts to combine 
practice with this curve resulted in great difficulties, 
He trusted that, as the work developed in the future, 





rigidity in detail would not be reintroduced. He 
thought that they would realise the wisdom of 
having a permanent committee of technical experts 
taking the whole subject under review, so that naval 
architects, in future, would not have to spend a por- 
tion of their time in evading regulations. 

Mr. A. T. Wall said that it was a matter for sat- 
isfaction that international agreement had been 
reached, as the practice existing in this country for 
many years of enforcing rules which did not apply 
to important foreign shipping countries was greatly 
to our disadvantage. It might be noted that many 
shipowners having their vessels built abroad insisted 
on the Board of Trade standard, and the latter were 
to be congratulated on agreeing to give the necessary 
certifying letters. He regarded the establishment 
of the curve “‘A” as an important step, as the 
curve “ B” had been a source of trouble. He noted 
that the curves only covered vessels up to 900 ft. 
in length, and presumed that they could be easily 
extended to cover longer vessels now contemplated. 
The question of flexibility in the application of the 
rules was most important, and he trusted that this, 
having been secured, would be retained. The proposal 
made by the previous speaker to create a permanent 
Committee was a most valuable one, as such a body 
would enable naval architects to put forward sug- 
gestions, instead of having to abide by the letter of 
the rules. He noted that no standard of stability 
had been laid down, and would like to inquire who 
would decide when this was sufficient. The attempt 
made in America to evolve a stability formula had 
led to impracticable results, as the formula evolved 
was unusable. He thought, however, that the 
standardisation of stability would prove exceedingly 
difficult. 

Mr. J. H. Narbeth said that the British delegates 
to the international conference were to be congratu- 
lated on having convinced other nations of the value 
of our standards. The agreement placed everybody 
on a better footing, and was to the advantage of 
passengers. He would like to ask, however, to what 
extent the conference accepted the British regulations 
with regard to fire protection. 

Replying to the discussion, Mr. A. J. Daniel said, 
in answer to Sir Archibald Denny, that it was pro- 
posed to adhere to the Welch method, but the mem- 
bers of the Committee would be pleased to consider 
more direct methods if these were suggested. It 
might be pointed out that there was no absolutely 
correct method, and that the Welch method gave 
the best results in some cases, and alternative 
methods in others. In general, the British delegates 
at the conference desired to have the Welch method 
adopted internationally, but the German and Italian 
delegates, in particular, pressed for more direct 
methods. With regard to the points raised by 
Professor Hillhouse, the permeability of the engine 
space was a debatable question. Some figures pro- 
duced at the conference showed a permeability of 
95 per cent., while many authorities were of opinion 
that a permeability of 80 per cent. was unobtainable. 
In regard to Sir John Biles’ remarks concerning 
boats, the existing changed attitude marked a con- 
siderable departure from the views held at the old 
convention, and it had not been found possible in 
practice to put on sufficient boats to carry all per- 
sons that the vessel could carry by measurement 
rules. With regard to the size of boats, a large num- 
ber of seamen disliked the large boat, and it might be 
said that, although the engineer could build the boat 
and arrange tor it to be lowered, it might not be 
possible to get it away from the side of the vessel. 
In reply to Mr. Narbeth, he would say that there was 
no departure from the British practice with regard 
to fire fighting. 

Sir W. S. Abell, who also replied to the discussion, 
said that he would like to challenge the statement 
that naval architects had sacrificed safety to divi- 
dends. The question of economics involved in the 
suggestion never arose at the conference, and he 
was satisfied that not only was a good standard of 
safety embodied in the new regulations, but that 
it was better than any previous standard. With 
regard to the boat questfon, there was a very general 
feeling at the conference that the solution of the sub- 
division problem was more awkward than that of 
getting people away from the ship. 

At the conclusion of the meeting, a hearty vote 








on the proposal of the chairman. 


MATERIALS USED FoR NAVAL ENGINEERING 
PURPOSES. 


At the adjourned meeting, held on Wednesday 
afternoon, the paper entitled, ‘““Some Materials 
Used for Naval Engineering Purposes” was read 
by the author, Engineer-Captain J. Hope-Harrison, 
R.N. This contribution will be found on page 473 
of the present issue. 

The discussion was opened by Dr. W. H. Hatfield, 
who thought that the decision of the Admiralty 
to employ non-segregated steel for boiler tubes 
was a sound one. On the other hand, rimming 
steel might possess one or two advantages for this 
class of work. He was rather surprised that so 
much stress had been placed by the author on 
A.T.V. steel for turbine blades. He felt that 
Captain Harrison would be the first to agree that 
a much greater quantity i.e., over 1,000 tons of 
Firth’s stainless steel was at present being employed 
successfully in the form of turbine blades. Insuffi- 
cient time had elapsed for a dogmatic opinion to 
be expressed regarding any particular material. 
When speaking of steel forgings, Captain Harrison 
had said that, at the moment, the distrust of very 
high-tensile alloy steels, on account of the lack of 
homogeneity of these alloys, had almost resulted 
in a return to a low carbon steel, even at the expense 
of greatly increased weight. Surely, continued 
Dr. Hatfield, there was something wrong with that 
statement. Armour plate, gun-tubes, and various 
shells, for instance, were made of alloy steels, and 
had been found to be very satisfactory as regards 
reliability. It was, he thought, a very retrograde 
step to contemplate a return to dead-mild steel. 

In his reference to steel castings, Captain Harrison 
had stressed the importance of X-ray examination. 
The industry recognised that it had a useful tool in 
X-ray apparatus, but he himself predicted that 
if this method of testing were too generally adopted, 
it would merely bring home to the Admiralty, and 
to others, that castings were inferior to forgings. 
This was all that there was to be said. The author 
had also stated that, so far, it could not be said that 
a satisfactory stainless steel had given good service 
in contact with packing and sea water. Possibly 
he was referring to the straight chromium stainless 
steels, and he himself would like to know if Captain 
Harrison had tried the chromium-nickel stainless 
steels. Moreover, he would like to know what 
kind of packing was referred to. In his remarks 
regarding heavy-oil engines, the author had stated 
that some trouble had been experienced with 
Staybrite jackets, and that those originally fitted 
were being replaced by mild steel. Captain Harrison 
had, in his opinion, not given full enough details on 
this matter. He ought to have said that the 
Staybrite steel used had been perfectly satisfactory 
until a modification of the method of manufacture 
had been introduced, involving excessive cold- 
working of the material. After the cold-working 
operation, steps had not been taken to remove its 
effects ; hence the unsatisfactory behaviour of the 
resultant material. In conclusion, he wished to 
emphasise that, in a scientific paper, the use of such 
terms as A.T.V. and P.M.G. was to be deprecated. 
It would be much more satisfactory to give the 
composition and complete mechanical characteris- 
tics, and, in cases in which these were of importance, 
the physical characteristics of each alloy dealt with. 
He suggested, therefore, that an appendix giving 
this information should be added to the paper. 

Mr. Richard Allen said that the author had 
stated that a number of cases had been reported 
of impulse blading shrouding working loose, owing 
to excessive vibration or defective workmanship 
in riveting the blades to the shrouding. He himself 
regretted the introduction of the words “ defective 
workmanship,” and thought that defective design 
met the case more fairly. The best blade, in his 
opinion, was one made from stainless iron. This 
material was more ductile than stainless steel, and 
stood up in a satisfactory manner to the vibrations. 
Captain Harrison had said that a considerable 
amount of research work had been undertaken to 
investigate the causes of failures in steel castings. 
He felt that the manufacturers who had to provide 
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steel castings to meet the requirement of high- 
pressure steam and high superheat would be very 
glad to have the results of these researches sub- 
mitted to them. He regretted to have to admit 
that little progress had been made with steel castings 
during the past five years. The author had made 
some reference to cast iron, but he had omitted to 
mention Perlit iron which, in his own opinion, 
constituted one of the great advances made in 
cast-iron metallurgy since the war. 

Mr. Harold E. Yarrow said that though the type of 
machinery in many modern vessels of the mercantile 
marine was not dissimilar from the type of machinery 
used in the Navy, it should be borne in mind that 
the conditions were very different. For instance, 
the rating of the boilers in a warship would be 
from three to four times as large as in similar 
boilers adopted in many passenger liners, and 
although a warship might not be steaming at 
full power for very lengthy periods, it nevertheless 
was frequently steaming at powers which corre- 
sponded to a much higher boiler rating than was 
adopted in a liner. Captain Harrison had referred 
to the renewal of brickwork in the Navy, but, in 
the case of low-rated boilers, repairs to brickwork 
were not excessive. The low cost of brickwork 
repairs was not only brought about by the low 
rating of the boilers but it was possible to keep the 
brickwork cool from the outside by arranging the 
air ducts, that were led to the furnace, in close 
proximity to the brickwork, thereby not only 
helping to keep the brickwork cool, but also still 
further to heat the air for combustion. 

Again, in the Navy, one day a warship would be 
steaming at full power and the next day perhaps 
would not be under steam at all. The brickwork 
would be undergoing differences of temperature 
which were much more severe than in the case of a 
merchant vessel, which was steaming steadily at a 
low rating for long periods. There was one 
important improvement that had been recently 
introduced in water-tube boiler construction ; 
this was the adoption of forged drums which were 
now obtainable on a commercial basis, and, with 
the high pressures now demanded, dispensed with 
riveted joints. He would like to ask Captain 
Harrison if he had yet come across any satisfactory 
heat-resisting steel superheater tube that would 
stand, say, a temperature of 1,000 deg. F., and 
which could be satisfactorily expanded into a 
tube plate. 

Engineer-Captain W. Onyon recalled that H.M.S. 
Dreadnought, which had been commissioned in 
1907, had 18 water-tube boilers. The condenser 
tubes in this vessel had been made of Admiralty 
mixture and had given no trouble at all. On the 
other hand similar tubes on H.M.S. Orion had 
given great trouble. It was difficult to ascertain 
the reason why the tubes had proved a success in 
one ship and a failure in another. Tubes of the 
Melloid alloy, mentioned by Captain Harrison, had 
given good service. Such tubes had recently been 
put into a ship of the Kent class, namely, H.M.S. 
Cornwall. These tubes had been in this ship for 
three years and only one had failed. With regard 
to the list given by the author of materials which 
had been tried for condenser tubes, he would like to 
know which of these had been used for the main 
condensers of H.M. ships and which for the auxiliary 
condensers. 

In the course of his remarks, Engineer-Com- 
mander H.B. Tostevin said that Captain Harrison 
had mentioned that if had been found possible, 
as a result of tests with various materials, to 
replace water-cooled valves by uncooled valves 
in various types of Diesel engines. When valves 
had to be water-cooled it was necessary to provide 
them with some form of flexible connections. 
If, therefore, uncooled valves could be used it 
should be regarded as an important development 
in Diesel engine practice. He noted that, in the 
author’s opinion, Y-alloy oil-engine pistons had 
given such satisfactory service that the results 
had been characterised as “ eminently satisfactory.” 
The next speaker, Engineer Rear-Admiral A. E. 
Hyne, thought in the case of some castings of valves 
the moulder was given a very difficult task indeed. 
He should be asked to collaborate with the designer 
jn the matter of various flanges and connections 
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within the casting. Mr. Hamilton Martin, who 
spoke next, considered that heat-resisting steels 
should not only be tested at the temperature 
but also in the particular atmosphere in which 
they would be expected to work. The last speaker, 
Engineer Rear-Admiral M. Rundle, drew attention 
to the aluminium-brass condenser-tube alloy. This 
material corroded when first put into service, but 
a highly protective film of aluminium oxide was 
formed on its surface which successfully resisted 
further attack. Captain Harrison had said that 
this material had not been in use long enough to 
ensure that it would give good service under all 
conditions. It was nevertheless hoped that this 
alloy would fulfil all that was expected of it. 

In a brief reply, Captain Harrison said that, 
in answer to Dr. Hatfield’s remark, he had used 
the term stainless steel in a general sense, meaning 
a steel which was claimed to resist corrosion. He 
disagreed from Mr. Allen, and considered that 
progress had indeed been made in the production 
of steel castings during the past five years. He 
could further amplify Captain Onyon’s statement 
regarding the absence of condenser-tube trouble 
in various ships. The Queen Elizabeth, for instance, 
experienced no trouble from this source from the 
day she left for the Dardenelles until she returned. 
A number of the alloys listed as having been tried 
for condenser tubes had been employed both in 
main and in auxiliary condensers; at any rate, 
Monel metal had been used in main condensers. 
In answer to Commander Tostevin, he wished to 
emphasise that the test results obtained on Y-alloy 
were likely to be repeated. Shortly it would be 
exceptional not to secure an ultimate tensile 
strength of 20 tons per square inch, and an elonga- 
tion on 2 in. of 4 per cent. 


ANNUAL DINNER. 


The annual dinner, which, as already stated, was 
held in the Connaught Rooms on Wednesday 
evening, was attended by over 600 members and 
guests, Lord Wester Wemyss occupying the chair. 
In responding to the toast of “‘ The Navy and the 
Mercantile Marine,” proposed by the Chairman, 
the Rt. Hon. Earl Inchcape remarked that it had 
seemed at one time as if the motorship might 
render obsolete all other means of propulsion, but 
the turbo-electric drive, with its economies in fuel 
consumption and space occupied, now promised a 
new and long lease of life to steam plant. He also 
referred to the valuable aid of the experimental 
tank in ship design, and remarked that gratitude 
was due to the Lord Privy Seal for his decision to 
provide funds for the construction of a second tank 
at Teddington. Vice-Admiral Sir Herbert W. 
Richmond replied to the toast on behalf of the 
Royal Navy. The toast of “The Institution of 
Naval Architects ” was proposed by Sir Frederick C. 
Bowring, J.P., and, in replying, the Chairman 
thanked all the previous speakers for their appre- 
ciative references to the work of the naval architect. 


(To be continued.) 








Tue MancHEsTeR Sure CANAL.—Opened for traffic 
in 1894, the Manchester Ship Canal is some 36 miles in 
length, and extends from Eastham on the river Mersey, 
about 8 miles south of Birkenhead, to the Manchester 
Docks. The total tonnage of toll-paying sea-borne and 
barge merchandise traffic utilising the Canal during pa 
year ending December 31, 1929, was 6,558,589, and the 
receipts from all sources aggregated 1,528, 7841. pred 
pared with the previous year’s totals, these figures ho 
increases of 301,694 tons, and 11,706l. reapectivey: 
According to the report of the directors of the Cana 
Company for 1929, reductions were made in the oom 
pany’s charges on and after October 1, 1929, in — 
quence of the provisions of the Local Government Act, 
1929, Against these reductions there is a saving = 
local rates arising under the de-rating provisions 0! nr 
Act. The expenditure in the working of the Ship om 
showed a decrease of 17,340/., as compared with 192 ; 
The principal decreases occurred under the heads < 
dredging and maintenance, and traffic expenses. | I a 3 
turning to the new works carried out and plant ee 
during the year covered by the report, we note wy ~ , 
bridges have been reconstructed, namely the road | ri si 
over the Shropshire Union Canal at Ellesmere I ort, = 
the railway bridges at Norton and Moore, carry pan Bre 
company’s railway between Warrington and Rune = 
Furthermore, four additional 2}-ton movable elec : 
cranes have been provided for the extended North toed 
at Ellesmere Port Docks, and extensions of the raw 
and siding accommodation at these docks are in progress: 
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LETTER TO THE EDITOR 


BOILER PEAK LOADS. 
To THE Eprror oF ENGINEERING. 


Sir,—With reference to the report on the discussion 
on Mr. Nithsdale’s paper, ‘“‘ The Design and Results of 
a 600-lb.-per-square-inch Boiler Installation,” which 
report appears in your issue of March 28, may I point 
out that the précis of my remarks, given on page 417, 
rather alters the ideas I endeavoured to convey. 

| referred to a statement made by a well-known 
lecturer on the variable-pressure system of thermal 
storage. In a paper recently read in South Wales, 
he stated that, in order to meet an instantaneous peak 
of 140,000 lb. per hour, boilers of that rated capacity 
would have to be installed. I pointed out that this 
reasoning appeared to be faulty, and that the careful 
consideration of allowable pressure drop and water 
content of the boiler system—such instantaneous 
peaks, of course, require very little steam to satisfy 
them—would allow the capital expenditure in boiler 
plant to be more closely related to the mean than 
to the maximum evaporation, where such maximum 
was of very short duration. I instanced an example 
of a battery of Lancashire boilers meeting instantaneous 
peaks of 120,000 lb. per hour, although the rated 
capacity of the battery was 60,000/70,000 lb. per 
hour only. The pressure drop to produce the small 
amount of steam to meet this peak is, of course, a 
function of the water content. 

The précis of my remarks, as given in your issue of 
March 28, almost suggests that I recommended the 
Lancashire boiler for rolling-mill and similar loads, 
whereas I simply emphasised the fact that, with such 
boilers, it was possible to relate capital expenditure 
to the mean and not to the maximum evaporation 
required. 

The present trend of water-tube boiler design 
ignores the vital aspect of water content. This may 
be permissible—but certainly not essential or desirable 
—in the development of a highly efficient unit to 
operate under central-station or similar conditions, 
in which fires may be rapidly adjusted to meet varying 
conditions, but quite along wrong lines for rolling-mill 
and colliery loads. The high water content of the 
shell-type boiler must be retained in such units, in 
order that the fullest commercial efficiency—as against 
thermal efficiency—may be obtained. This vital 
aspect of steam generation in steel works and collieries 
is made evident when waste-heat boilers are installed 
to displace Lancashire boilers of similar evaporative 
capacity. The reduced water content causes a greater 
pressure drop to meet peaks, and much trouble and 
some disappointment has occurred. 

There are still many steel works and collieries 
with large numbers of Lancashire boilers installed, 
with the resulting high cost of stoking and ash handling, 
and these will not be displaced until the water-tube 
boiler designers and builders enable the engineer to 
relate his boiler heating-surface requirements more 
closely to his mean load than to his peak load. By 
peak load is meant the instantaneous peak set up 
when an ingot enters the rolling mill, or two or more 
reciprocating winders synchronise on a colliery plant. 
Probably no field offers such scope for economy as the 
elimination of large batteries of Lancashire boilers 
and the installation of single units. That further 
progress has not been made is due to the disregard 
of the vital importance of water content. 

Feed-water accumulators, carefully designed to 
keep pressure drop within allowable limits, will, in 
my opinion, form an integral part of water-tube 
or shell boilers of the Economic, or return-tube type, 
where the duty is such as to justify the installation 
of the latter type. Only by this means can the higher 
efficiencies and greater flexibility of these units be 
utilised on rapidly varying loads such as have been 
discussed. 

Yours truly, 
G. E. Her, 
Assoc.M.Inst.C.E., M.I.Mech.E. 
Gower Chambers, 
Gower-street, Swansea. 








April 7, 1930. 
; Wikecess EqQuipMENT IN GREECE.—The Greek Islands 
— to be linked up with Athens and the mainland 
rd Wireless telephone and telegraph services, for which 
the Greek Government has ordered equipment from 


MMesara, Marconi’s Wireless Telegraph Company, Limited, 
Marconi House, Strand, W.C.2. Three Marconi stations 
for duplex telephony and high-speed telegraphy are to be 
erected, one in or near Athens, with duplicate plant, 
the Second on the island of Crete, and the third on the 
island of Chios. A similar Marconi station, but working 
on telegraphy only, is also to be installed to exchange 
Messages with ships. The equipment of this station 
will include a wireless direction-finder for the assistance 
of navigation. 


SMOKE ABATEMENT RESEARCH IN| 
SHEFFIELD. 


THE passing of the Smoke Abatement Act of 1926 
led to increased interest, on the part both of public 
authorities and industrial undertakings, in the methods | 
available, or suggested, for preventing the emission of 
smoke. The problems which have to be solved to | 
bring about this desirable state of things are not easy, 
and probably in no branch of industry are they more | 
complicated than in that which is concerned with the | 
production of steel. The complication is partly due 
to the necessity for selecting some process which, while 
it will be efficient in operation, will not add unduly to | 
the costs of production. 

This question has for some time been under con- | 
sideration by a Smoke Abatement Research Committee | 


representing the various branches of the steel trade in | 
Sheffield, who, after considering it from its legal and | 


steamer ; 


LAUNCHES AND TRIAL TRIPS. 


‘‘ WELCOMBE.”’—Grain-carrying and _ general-cargo 
quadruple-expansion engines. Trial trip, 
March 26. Main dimensions, 434 ft. 9 in. by 55 ft. by 
28 ft. Built by Messrs. William Gray and Company, 
Limited, West Hartlepool, for Messrs. Pyman Bros., 
Limited, London. 

‘*Musa.”’—Single-screw passenger and fruit-carrying 


| turbo-electric steamer for service between Central 


America, the West Indies, and Europe; propelling 
machinery supplied by Messrs. The British Thomson- 
Houston Company, Limited, Rugby, comprising a turbo- 


|alternator supplying alternating current to a three- 


phase enclosed, synchronous propelling motor, designed 
to develop 7,000 s.h.p. with a propeller speed of 120 
r.p.m. Launch, March 29. Gross tonnage 6,000. Built 
by Messrs. Workman Clark (1928) Limited, Belfast, for 
Messrs. Elders and Fyffes, Limited, London. 

‘** DEEMORE.”’—Single-screw steam tug for service on 
the river Mersey; triple-expansion engine. Launch, 
April 2. Main dimensions, 100 ft. by 24 ft. 6 in. by 


general aspects, decided on the wise course of collecting | 12 ft. 6 in. Built by Messrs. Cammell Laird and Com- 
and collating any information which might be in the | pany, Limited, Birkenhead, to the order of Messrs. 


possession of individual manufacturers in the district. 
As, for many reasons, it was desirable that this work 
should be carried out by an independent authority, 
Messrs. F. J. Bailey and E. C. Evans were placed at 
the disposal of the Research Committee by the National 
Federation of Iron and Steel Manufacturers. The 
manufacturers concerned fully co-operated with these 
investigators, and it soon became evident that, if a 
practical solution could be obtained, the former would 
be only too eager to make use of it. 

In a report which has now been issued, Messrs. 
Bailey and Evans state that the conditions essential 
for the manufacture of Sheffield products have been 
obtained in the past by use of simple coal-fired 
furnaces. These furnaces, however, are not economical 
in fuel consumption and are apt to smoke heavily. 
These defects have been minimised by the introduction 
of secondary air, which, though it reduces, does not 
altogether eliminate the smoke; by firing of the 
furnaces at shorter intervals ; and, above all, by using 
producer gas instead of coal. The latter makes it 
possible to supply the necessary fuel continuously and 
uniformly. Control is easier, but it is necessary to 
maintain the pressure and quality of the gas within 
close limits if the surfaces of special steels are not to 
suffer. Moreover, furnaces fired in this way are 
uneconomical when the production is intermittent. 
Coke-oven gas has also been used, but its application 
has been restricted on the score of price, and further 
development work in adapting the furnaces to its 
employment is necessary. 

It has been suggested that smoke might be eliminated 
by treating the exit gases, but no satisfactory practical 
method of effecting this has been discovered. Equipment 
for this purpose would have to be cheap and simple, 
and to interfere as little as possible with the operation 
of the furnace. Care and skill in firing can also do 
a great deal towards the mitigation of smoke. It is 
added that much research and investigation is being 
carried out by individual firms into this question, 
and that it is hoped that, as a result, a progressive 
reduction in smoke emission will be obtained. 








Roap-ConstRUCTION PLANT IN CuINA.—Information 
supplied by H.M. Consul at Foochow forms the basis of 
a memorandum, on the subject of road construction in 
the Province of Fukien, China, issued by the Department | 
of Overseas Trade, 35, Old Queen-street, London, S.W.1. 
Firms in the United Kingdom, who may desire to receive 
a copy of the memorandum, should apply to the Depart- 
ment quoting Reference No. A.X.9200. 





PERSONAL.—Messrs. The Brightside Foundry and 
Engineering Company, Limited, Sheffield, have recently 
acquired from Messrs. Universal Dryers Company, 
Limited, Barnsley, the sole manufacturing and selling 
rights for Great Britain of the Universal coal dryer. A 
special department dealing with this machine has. been 
inaugurated under the control of Mr. R. V. Farnham.— 
Owing to the need for increased accommodation, Messrs. 
Metropolitan-Vickers Electrical Company, Limited, 
have had to take new premises in Birmingham. ~As from 
April 14, the address of the Birmingham office of the 
company will be Wellington House, 39, Bennett’s-hill. 
New premises have also been built for the London | 
district meter staff of the company, and correspondence 
concerned with meters, instruments and relays should 
now be addressed to Gorst-road, Park Royal-road, N.W. 
10.—Mr. F. W. Macaulay, who recently relinquished 
the position of chief engineer to the Birmingham Corpora- 
tion Waterworks, has joined the firm of Messrs. Rofe and 
Raffety, 208, Abbey House, 8, Victoria-street, London, 








S.W.1.—The London office of Messrs. Daniel Adamson 
and Company, Limited, has been removed from Queen 
Anne’s Chambers, Broadway, S.W.1, to Craven House, 
16, Northumberland-avenue, W.C.2.—Mr. G. D. Burton 
has been appointed managing director of the Earl of 
Dudley’s Round Oak Works, Limited, Brierley-hill, 
Staffs, in succession to the late Mr. J. W. Trowsdale.— 
Sir Gerald E. C. Chadwick-Healey has accepted the 
invitation to preside at the eighty-second anniversary 
festival of the Royal Metal Trades Pension and Benevo- 





lent Society. The date of the Festival will be published 
in due course. 


Furness, Withy and Company, Limited, Liverpool. 

“ ConsBRo.’’—Steel screw trawler. Launch, April 2. 
Main dimensions, 145 ft. 3 in. by 24 ft. by 14 ft. Built 
by Messrs. Cochrane and Sons, Limited, Selby, for 
owners at Grimsby. 

‘* PRINCE RoBERT.’’—Twin-screw passenger and cargo 
steamer for service between Vancouver and Skagway, 
Alaska, in summer, and Stewart in winter; single- 
reduction geared turbines of the Parsons type. 
Launch, April 3. Main dimensions, 384 ft. 6 in, by 57 ft. 
by 20 ft. 2in. Built to the order of Canadian National 
Steamships, Montreal, by Messrs. Cammell Laird and 
Company, Limited, Birkenhead. 

“Tuscan Srtar.’’—Twin-screw refrigerated cargo 
motorship; Sulzer-type Diesel engines. Trial trip, 
April 3. Refrigerated space, 600,000 cub. ft. Built 
by Messrs. Palmer’s Shipbuilding and Iron Company, 
Limited, Hebburn-on-Tyne, for The Blue Star Line 
(1920), Limited, London. 

‘“*Marcam ABBEY.”—Cargo steamer ; triple-expansion 
engines. ‘Trial trip, April 3. Main dimensions, 315 ft. 
8 in. by 44 ft. by 23 ft. 2in. Built by Messrs. William 
Gray and Company, Limited, West Hartlepool, to the 
order of Messrs. Frederick Jones and Company, Cardiff. 








ENGINEERING TRAINING AND 
EDUCATION. 


Demonstrations in Photo-Micrography.—A series of 
eight practical demonstrations in photo-micrography 
will be given at the Chelsea Polytechnic, Manresa- 
road, London, S8.W.3, on Monday evenings, from 
7.30 to 9.30, commencing on May 5. At these 
demonstrations special attention will be given to 
metallography, but the course will also be arranged 
to suit the requirements of students in geology, botany, 
and other subjects. Students joining the course, the 
fee for which is 5s., should possess an elementary 
knowledge of photographic manipulation. 








THe MarkinG or Imported BoLts anD Nuts,—The 
Standing Committee (General Merchandise), appointed 
by the Board of Trade, have reported on their inquiry 
as to whether imported bolts, nuts, rivets, set screws, 
coach screws, and studs should be required to bear an 
indication of origin. The report is obtainable from H.M, 
Stationery Office, Adastral House, Kingsway, London, 
W.C.2, price 2d. 

PoweEeR ComPaNy’s PENSION SCHEME.—The pensions 
and life-insurance scheme which the Lancashire Electric 
Power Company, Limited, have recently completed 
for the benefit of their employees, forms a model which 
seems worthy of adoption by other similar undertakings, 


| The scheme is contributory and is open to all employees 


on the present permanent staff, between the ages of 18 
and 65, provided not less than 75 per cent. of their 
number participate. All future employees must join 
the scheme. The weekly contributions payable by the 
staff vary with the salaries received, the balance necessary 
to meet the total annual cost being provided by the 
company. Pensions will begin at the age of 65 and will 
be based on the aggregate amount paid by the company 
and the employee, while an employee who was in the 
service of the company on March 31, 1929 and remains in 
their service until the pensionable age, will also be entitled 
to a pension at half the standard rate for each year of 
service prior to April 1, 1930. Pensions may be supple- 
mented by paying increased contributions, and, in the 
event of retirement before 65, may be given at a reduced 
rate, depending on the number of contributions paid. 
Should an employee leave the service of the company, 
he will have the option of receiving a refund of his contri- 
butions or a pension at the age of 65, based on his own 
contributions to that date or tc the date of his retirement. 
In the two latter cases, he will also, under certain condi- 
tions, be entitled to the benefit of the contributions 
paid by the company up to the date of his retirement. 
In the event of death while in service or on pension, a 
life-insurance benefit will be payable, together with the 
whole of the employee’s contributions in the former case, 
or any balance remaining in the latter case. If total or 


permanent disablement occurs prior to the age of 60, the 


sum payable as life insurance will be distributed in 


monthly instalments. Other benefits by way of widows’ 
pension or, in the case of female employees, marriage 
dowry, are also available. 








488 





ENGINEERING. 


[APRIL II, 1930. 








LABOUR NOTES. 


Lorp MacmILian, who has retired from the office of 
independent chairman of the shipbuilding industry’s 
conciliation organisation on his appointment as a 
Lord of Appeal, was entertained to luncheon last week 
by the Shipbuilding Employers’ Federation and the 
Shipyard Trade Unions. Warm tributes were paid 
by representatives of both sides to the services he had 
rendered to the industry. His work, it was stated, 
had assisted in no small degree to promote peace in 
it during the two years in which he had held the office. 
As a souvenir of his association with the industry as 
the first chairman of its conciliation organisation, he 
was presented, on behalf of both parties, with a gold 
cigarette-case. 


A conference of trade union representatives con- 
cerned with the organisation of women workers is to 
be held in Transport House, London, on May 16, under 
the auspices of the General Council of the Trades 
Union Congress, to discuss methods of recruiting women 
and girls as trade unionists. The conference is the 
outcome of a suggestion put before the General Council 
by the Women’s Group of the Council. It is proposed 
that it shall give special attention to the question of 
organising women, and consider methods whereby the 
General Council can most usefully assist the unions in 
their work. In addition, it is felt that an exchange of 
opinions with regard to methods now in vogue will be 
helpful. Affiliated unions have been asked to appoint 
one or two delegates, preferably women. Official 
resolutions are not desired, but any information which 
unions can give, based on their own experience, will, 
it is intimated, be welcome. 


A scholarship is offered by the Governing Council of 
Ruskin College, Oxford, for women actively engaged 
in trade union, co-operative, labour party, or similar 
work. It will be tenable at Ruskin College for the 
College year beginning on September 29 next and 
ending on July 4, 1931, and will be of the value of 
1601.—125l., College fees, inclusive of board, lodging 
and tuition, and 35/. for the student’s personal expenses. 
The Scholarship will be awarded as a result of an 
examination to be held locally on Saturday, May 31. 
Candidates must be above the age of 20. 


An editorial note in Man and Metal, the organ of the 
Iron and Steel Trades Confederation, discusses the 
question of unemployment. According to the writer 
of it, the increase of unemployment is puzzling large 
numbers of men who appear to have believed that by 
some magical process, as soon as Labour got into office, 
the number of registered unemployed would rapidly 
decrease to vanishing point, “‘ not realising, of course, 
that there are many other factors to be taken into 
account.’’ One of these other factors is, he says, the 
rationalisation of industry. Industry is reorganising 
itself, using its most efficient plant and closing down 
its most inefficient. That, it is pointed out, is throwing 
numbers out of work. ‘* Labour,” the writer proceeds, 
“has amended the Unemployment Insurance Act by 
taking out disqualifications for receiving unemploy- 
ment pay. This leads large numbers to register who 
would not otherwise do so, but it is obvious that it 
does not increase the number of unemployed. They 
were merely not registered, though they were out of 
work. The administration is more sympathetic now 
than it has been, and people are getting unemployment 
pay who have previously got poor-law relief. The 
numbers in receipt of poor law relief have been reduced, 
but the numbers get‘ing unemployment pay have been 
increased.” 


‘There is also a suspicion,” the contributor of the 
editorial note goes on to say, ‘‘ that the employers by 
closing works are using their power of throwing men 
out of work in the hope of bringing pressure to bear on 
the Chancellor of the Exchequer, and there are some 
very suspicious circumstances in this connection.”” But 
if any employers believe that they can successfully 
bring pressure upon Mr. Sowden “* by inflicting injury 
on the workers of the country or by votes of censure in 
the House of Commons they are living under 
a delusion. The Chancellor himself has said so most 
emphatically.” ‘‘ If these suspicions are correct,” 
Man and Metal’s contributor concludes, ‘* we can expect 
to see a considerable decrease in unemployment after 
the Budget is announced on April 14.” 





The Geneva official organ, Industrial and Labour 
Information, states that in preparation for the second 
stage of the discussion on Hours of Work of Salaried 
Employees, which will take place this year at the 
fourteenth session of the International Labour Con- 
ference, the International Labour Office has published 


a “‘ Blue Report” embodying the replies received from 
Governments to the questionnaire prepared last year 
as a result of the first stage of the discussion. Twenty- 
nine Governments sent their replies in time for inclu- 
sion in the report; later replies will be published in a 
supplementary report. An analysis of the 29 replies 
shows that 18 of the Governments, including those of 
France, Germany and Italy, are definitely in favour 
of a draft convention for regulating internationally the 
hours of work of salaried employees, though some 
reservations are made as regards the precise scope of 
such a convention. Of the remaining 11 Govern- 
ents, six express a preference for dealing with the 
subject only by a recommendation, while five (including 
|Great Britain and Japan) are not in favour of any 
|immediate international action by way of positive 
'regulation at this session of the conference. The 
| general contention of the latter group is that the 
subject is not yet ripe for practical and effective 
international action. 





In the light of these replies, the International 
Labour Office has appended to the report definite 
proposals for submission to the conference. These 
proposals, which represent an endeavour to arrive at 
the greatest common measure of agreement shown by 
the replies, take the form of a draft convention and two 
recommendations. The proposed draft convention 
provides for the limitation of hours of work in commer- 
cial or trading establishments and offices to 48 in the 
week. Provision is suggested whereby this maximum, 
though based on an eight-hour day, may be so arranged 
that employees may work up to 10 hours on certain 
days of the week. Provision is also made for con- 
siderable elasticity in the application of the draft 
convention—provision, for example, for exemptions in 
certain cases, for the making up of lost time, for 
occupations which are inherently intermittent, &c. 





On March 31 the number of persons on the registers 
of Employment Exchanges in Great Britain was 
1,144,800 wholly unemployed, 436,600 temporarily 
stopped, and 96,100 normally in casual employment, 
making a total of 1,677,500. This was 38,701 more 
than a week before. The increase in the number 
wholly unemployed on/March 31 was due, it is officially 
stated, to the operation of the Unemployment Insur- 
|ance Act, 1930. 


eee 





According to a writer in the New York State Depart- 
ment of Labour’s Industrial Bulletin, the policy of 
New York State in regulating the working hours of 
women in certain occupations only is in contrast with 
the policy of many other states, such as California and 
Pennsylvania, where the hours of all women are limited 
with only a few specified exceptions. California has a 
straight 48-hour law, which applies to all women, 
except graduate nurses in hospitals and women em- 
ployed in fruit, fish or vegetable canning or drying 
establishments during the periods necessary to save 
products from spoiling. Pennsylvania permits longer 
hours—10 hours a day and 54 hours a week—but the 
law extends to all women except nurses in hospitals 
and women working in private homes, farming and 
canning of fruit and vegetable products. These states 
exempt comparatively few women from the hour law. 
New York, on the other hand, regulates the hours of 
only about a third of its women. The census of 
1920 showed 1,135,295 women gainfully employed in 
New York State. Of these, only 363,965, or 32 per 
cent., were covered by the hour law, while 771,330, 
or 68 per cent. were employed in unregulated occupa- 
tions. 


The Frankfurt correspondent of the J'imes states 
that in view of the heavy losses suffered in recent years 
by the Stahlwerk Becker A.G., of Willich, near Krefeld, 
in the Rhineland, the managers have been for some 
time considering the question of closing down the works 
completely. In order to enable the company to carry 
on, the employees themselves proposed an all-round 
reduction in wages of 15 per cent. The company 
accepted this proposal, and agreed,to continue operating 
the works for a further 12 months until March 31, 1931. 
However, the various trade unions of the metal- 
workers were unable to sanction the arrangement, as 
some of them insisted on strict adherence to the basis 
| of the wage tariff, fearing that this case might be used 
| as a precedent by the employers of other enterprises in 
| the future. The syndicate, which has acquired the 
| majority of shares of the Becker Steelworks, has there- 
| fore decided to file a petition with the president of the 
administrative district of Diisseldorf for the complete 
closing of the works, so that the singular situation arises 
of an agreement, reached between employers and em- 
ployees of a concern by mutual sacrifice, being annulled 
and 2,000 employees and workers thrown out of work 
as a result of the attitude of the trade unions. 





Mr. William Green, president of the American Federa- 
tion of Labour, last week told the sub-committee of the 
Senate Commerce Committee, which is investigating the 
employment problem, that the number of unemployed 
workers in the United States was 3,700,000. Roughly, 
he said, one of four in the ranks of Labour was idle, and 
pay rolls in February were at least 80,000,000/. less 
than usual. He estimated the total decline in wages 
during the last three months at 100,000,000/. Since 
October unemployment had increased from 11 per 
cent. to 20 per cent., and the situation during the winter 
had been a record-breaker. The increased use of 
machinery was responsible for much of the industrial 
distress. ‘‘ You must either provide work with public 
funds,” Mr. Green declared, ‘‘ or start the dole as in 
England. If something is not done you will have 
revolution on your hands.” 





Some time ago, the Annual General Council Meeting 
of the General Federation of Trade Unions instructed 
the Management Committee ‘‘ to make an inquiry into 
the effect of taxes upon prices, and the reaction 
of taxation upon unemployment, and eport to the 
affiliated societies.”” The Committee’s report has now 
been circulated and proves to be an extremely inter- 
esting document. In their conclusions, the Com- 
mittee say that all men, particularly all engaged in 
industry, should realise that whatever social improve- 
ments are effected have to be paid for by efforts; that 
it is foolish to expect that social improvements for 
many millions can continuously be paid for by exactions 
from the wealth of a few thousands; that, however, 
desirable it may be to secure fairer distributions of 
wealth, it is fatal to national prosperity to eat up that 
capital which is necessary to finance present and future 
production. The fact that 497 persons control more 
than a million pounds each may sometimes, it is pointed 
out, be misleading. Viewed as an isolated fact, it 
excites resentment which is justifiable, at least to the 
extent that any portion of their holdings is withheld 
from production. It would be interesting, if it were 
possible, the Committee think, to discriminate between 
that which is invested in production and that which lies 
idle, and to determine how much of the tax upon the 
former ultimately finds its way to the back of the 
producer. 





‘It is frequently said, ” the report continues, “ and 
as frequently believed, when discussing taxes on 
capital, that the national wealth of Great Britain is 
greater to-day than it was before the war. This error 
arises from the practice of confusing wealth and 
money. It cannot be too emphatically stated that 
money is not wealth, though it is often used to express 
ideas of wealth. That money is not in itself wealth 
has quite recently been demonstrated by the dis- 
appearance of the Hatry millions. Material wealth 
consists of natural resources and exchangeable com- 
modities, and it would be difficult if not impossible, to 
prove that the former have increased since 1914. The 
areas and natural resources of the British Isles are 
strictly limited. It is impossible to enlarge the former 
and difficult to increase the latter. There is coal in 
abundance, iron in considerable quantity, but neither 
cotton, wool nor wheat sufficient to meet manufacturing 
or consumption needs. When measuring the suffici- 
ency or insufficiency of real wealth regard must always 
be had to the number and requirements of the people. 
If this is done, it will be seen that those who speak of 
increased wealth and sufficiencies of wealth are over- 
looking many vital factors. When they measure by 
money they neglect the fact that the value of money 
depends upon the useful and saleable goods which lie 
behindit, and that toincreaseit artificially is to decrease 
its value. When they advise the workmen that all his 
insurance, pensions, housing and education expendi- 
tures can be extracted from capital without endangering 
his industrial existence they badly mislead him. 1 he 
truth is that all these things and others, such as holidays , 
with pay for municipal workers, have to be earned by the 
cotton operative, the wool worker, the engineer, the 
shipwright, and even the agricultural labourer. It ° 
the industry of these and others similarly engese 
which produces that wealth out of which the costs 0 
social improvements are met. If strict social justice 
was meted out, these actual producers should be the 
first, and not the last to enjoy whatever good ee 
their efforts make possible.” ‘‘ It is important, a 
report concludes, ‘‘ that the workers of Britain sho , 
realise where the burden of all taxation ultimately 
falls, and to what extent it prevents the accumulation 
of that capital which is necessary to maintain an¢ 
expand that industry by which they live. 








AUSTRALIAN SHALE AND Coat-Ort INDUSTRY. fe 
association, the object of which is to establish the = 
and coal-oil industry in the Commonwealth of aa ree 
was recently constituted in Sydney, N.S.W. It ! 


reported that the erection of a distillation plant in the 





Western district of New South Wales is contemplated. 
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SAFETY OF LIFE AT SEA.* 
By Sir W.S. ABett, K.B.E., M.Eng., and A. J. DANIEL. 
Tug unanimous agreementreached at theInternational 
Conference of 1929 marks an important and historic 
step in regard to matters connected with the Safety of 
Life at Sea. The Convention signed by the delegates 
to this Conference, to come into force on July 31, 1931, 
contains proposed rules and principles for International 
observance under the heads (1) Construction of 
Passenger Ships. (2) Life-saving Equipment of All 
Ships. (3) Radio-telegraphy. (4) Navigation. (5) 
Safety Certificates. In addition, some special recom- 
mendations are made in respect of these proposals. 
The purpose of this paper is to deal with some of the 
more important technical features of the Convention, 
particularly in regard to the regulations for construc- 
tion and life-saving appliances. Under the heading of 
Construction are included (a) The standards of sub- 
division. (6) The criterion of service. (c) Special 
geometrical rules. (d) Determination of floodable 
Jength. (e) Maintenance of subdivision, and (f) Pro- 


vision of sufficient stability ; while lite-saving appliances | 


include (a) General principles. (b) The equipment of 
boats and other appliances, and (c) The towage and 
jaunching of boats. 


CURVES OF FACTORS OF SUBDIVISION 
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| information is to be furnished to the ship’s staff to ensure 
| proper stability under service conditions. The Con- 
| ference recognised that, at present, it is not practicable 
to lay down stability regulations, but recommended 
| the various Governments to study and exchange infor- 
| mation on this important matter. 
| Floodable length is defined as the maximum portion 
of the length of the ship, having its centre at a particular 
point, which can be flooded without the margin line 
being immersed, using the figures for the permeability 
of various spaces, which are detailed later. The margin 
line is taken as 3 in. below the upper surface of the 
bulkhead deck at the side of the ship. Calculations for 
floodable length are not defined in detail, but must be 
such as will take into account the form, draught, and 
other characteristics. It was recognised that the 
approximate methods devised by the Bulkhead Com- 
mittee might be used, but that if desired, direct 
calculations made from the actual lines of the vessel 
should be permitted. It was realised that there were 
peculiar changes in the above-water form, which might 
appreciably affect the floodable length in way of a 
critical compartment such as cruiser stern .and so 
| forth, and which it was difficult to take into account 
| by approximate methods. 
| In order that the floodable length can be calculated 
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Construction.—The requirements for the subdivision 
are made compulsory for passenger ships which proceed 
more than 20 miles from the nearestland. (A passenger 
ship being defined as a ship which carries more than 12 
passengers.) This is a distinct increase from the 
Convention of 1913, where the distance from land was 
200 miles. While this compulsion applies to the 
number and positions of bulkheads, an administration 
may for sufficient cause permit relaxation from certain 
other requirements, particularly in regard to the 
regulations for openings in bulkheads and sides of the 
ship, for the construction of the double bottom, and 
for the pumping arrangements, so long as, at any part 
of the voyage, the vessel is not more than 200 miles 
from land. These rules are to be applied compulsorily 
to ships whose keeps are laid on or after July 1, 1931. 
All other vessels are deemed to be existing ships, but 
an administration has authority to improve subdivision 
where it is practicable and reasonable. It is recognised 
that for such traffic as the Pilgrim Trade, where large 
numbers of unberthed passengers are carried on special 
occasions, it would be impracticable to enforce full 
compliance with the regulations. Exemption is per- 
missible so long as the best provision possible is made 
for subdivision, and provided the various maritime 
countries concerned in the particular trade are in 
agreement. 

The regulations which determine the degree of sub- 
division applicable to a ship give effect to the general 
Principles that :— 

(1) The subdivision should be as efficient as possible, 
having regard to the nature of the intended service. 

(2) The degree of subdivision should increase as the 
passenger service increases. 

(3) The degree of subdivision should be relatively 
greater, the greater the length of the ship. 

For the first time it is required definitely that every 
new passenger ship is to be inclined, and the elements 
of its stability determined. In addition, the necessary 





I * Paper read before the Institution of Naval Architects, 
-ondon, on Wednesday, April 9, 1930. Abridged. 


it is necessary to have some figure of the amount of 
water which may enter a particular space. Such 
figure must necessarily be an average one, since, for 
example, holds may contain very varied classes of 
cargoes, with widely different permeabilities, the 
permeability being the percentage of the volume of 
a space which can be occupied by water. Much atten- 
tion has been given to the physical side of this question, 
and the basic figures which are now generally acceptable 
are as follows :— 





(1) Cargo, coal and store spaces... aa saa Oe 
(2) Passenger and crew spaces ... was vee ©6996 
(3) Double bottoms and empty spaces cone ae 
(4) Machinery spaces :— 
(a) Steamships as aac ies cos 0 
(6) Motorships ae “ts “es ve §=85 


If the whole of the compartment is occupied by 
cargo the permeability is 60, but allowance has to be 
made for the double bottom, which has a permeability 
of 95. The effect of the double bottom is to raise the 
permeability from 60 to 63. This average figure of 63 
is sufficiently accurate, since the percentage of 
the total space occupied by the double bottom is 
nearly constant. For a cargo space including double 
bottom, therefore, the permeability would be 60 + 3 = 
63. If now a particular part (a) of the total volume 
(v) be allocated to passengers and crew at 95, the 
permeability would be increased by an amount 
a (95 — 60) , representing the percentage increase caused 
by the change of the volume (a) from the permeability 
of 60 to 95. The permeability of a cargo space is thus 
60 + 3, without passenger or crew spaces and, 
60 +34 35 @ Shen a volume (a) is devoted to pas- 
senger accommodation. 

If the machinery space of steamships was entirely 
devoted to machinery, the permeability would be taken 





| 
as 80, including double bottom, but if a part (a) of the | 
volume (v) is given to passengers and a part (c) to and B, instead of B and C. 


cargo, then the permeability following the same 
argument as before would be :— 


95 . ion 
s0 +2 (95 — 80) (80 60) 
v v 
or 
15 2 — 1-3 
ey 2? By oe ets 
v v v 


There are, however, certain difficulties in the allow- 
ances for both cargo and passenger spaces when 
situated in the machinery compartment, and the 
formula was finally modified to read :— 

o22 


80 + 12-5 
v 


The same considerations apply to motorships, except 

that 85 is substituted for 80 and the formula becomes :— 
85 + 12-5 @—°) 
= 

In certain parts containing, for example, oil fuel and 
water tanks, it is difficult to express an average figure 
for permeability, and these must be considered on 
their merits, adhering to the basic figures given above. 
In making the allowance, regard must be paid to the 
fact that such tanks are probably full when the ship is 
at the load-line, when the permeability would be 0, 
and that when they are partially full the ship will have 
lightened, and will have more reserve buoyancy. 
Consequently it is a matter for careful consideration as 
to the actual value to be taken for such spaces. Calcula- 
tion is facilitated in several respects, and accuracy 
not measurably affected, by assuming that the per- 
meability determined as above is constant for three 
sections of the length of the ship, viz. :—(a) The 
portion forward of the machinery space; (5) the 
machinery space itself; and (c) the portion abaft the 
machinery space. Determination of floodable length— 
particularly when direct calculations are used—is also 
helped by assuming an even value of 70 throughout the 
ship in the first instance, this figure being about midway 
between 63 and 85. The floodable length for other 
permeabilities is sufficiently nearly proportional to the 
reciprocal of the permeability--or in other words, 
within certain limits, the floodable length multiplied by 
permeability is constant. . 

The maximum spacing between the boundary bulk- 
heads of a particular compartment must depend on 
(a) the floodable length at the centre of the length of 
compartment determined for, and (b) the average mean 
permeability appropriate to the nature of the space. 
from this is obtained (c) the permissible length, which 
is some fraction (or ‘‘ factor of subdivision”’ as it is 
called) of the floodable length. The ‘‘ factor of sub- 
division ” is defined by 

(1) two standard curves A and B giving the factor 
as ordinate on a base of length—the curve A relating 
to ships primarily engaged in the carriage of cargo, 
and the B curve to ships primarily engaged in the 
carriage of passengers ; and 

(2) a ‘“‘ Criterion of Service,”’ expressed as a numeral, 
which indicates the degree to which the ship departs 
from a primarily cargo ship and approaches a primarily 
passenger ship. 

The Criterion Numeral for curve A is arranged to be 
23, and for curve B to be 123—hence the differences 
between an actual criterion numeral and 23 gives the 
required percentage difference of the factors shown by 
the curves A and B for the particular length of ship. 

The history of the development of the curves of 
subdivision of factors is shown in the accompanying 
diagram. The Conference of 1913 laid down two 
curves B and C, the latter being for ships primarily 
engaged in the carriage of passengers, and the former 
(B) being applicable to ships engaged in a mixed cargo 
and passenger service.* The Conference broke up, 
however, without defining exactly what was meant by 
‘“mixed ’’ service, and without determining the Criterion 
of Service, which would indicate the position of a 
particular ship in regard to Curve B and C. These 
matters were under discussion by a special committee, 
which had to suspend its discussions indefinitely in 
July, 1914. The curves B and C were produced at a . 
time when the only regulations in existence for standards 
of subdivision were the suggestions of Sir Edward 
Harland’s Committee of 1890, which had as a maximum 
requirement that passenger vessels over 425 ft. long 
should be capable of floating with any two adjacent 
compartments open to the sea, and the optional 
regulations of the See-berufsgenossenschaft printed in 
1896. The diagram shows in detail the German 
regulations, and also shows the 1913 Convention curve 
C practically passed through the maximum require- 
ments of these regulations, and was extended beyond 
about 600 ft. length of vessel up to 900 ft. length. 
|The curve therefore distinctly increased previous 
requirements for the majority of vessels. Since its 
conception in 1913, it has been examined on many 








* The 1929 Conference called these two curves A 
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occasions and by many authorities. Table I shows 
for the Curve C and for the factors of subdivision of 
1-00, 0-50, and 0-33, the various views as to the 
lengths of ships for which any individual compartment, 
any pair of adjacent compartments, and any three 
adjacent compartments should be capable of being 
open to the sea. 





TABLE I. 

| Bulkhead Informal 
» 1913 M :. . A } 1929 
Factor. : Committee, | Committee,| .. 7" "* 

| Convention. 3919 1915. | 1920-1924. Convention, 

| | 
Curve C. Curve C. Curve C. Curve B 

1-00 259 259 260 260 
0-50 489 489 495 451 
0-33 | 899 800 940 793 


The tendency of both the Bulkhead Committee and 
the 1929 Convention has been to increase the require- 
ments for primarily passenger vessels of the greater 
lengths. In general, however, the 1913 curve C has 
been found to be acceptable, particularly since the 1929 
Convention provides that where the general factor of 
subdivision is less than 0-40, the subdivision of a 
critical machinery compartment may, on reasoned 
grounds, be allowed to be governed by a factor not 
exceeding 0-40. The curve B has not, however, had 
such a successful reception, since it was laid down by 
the Convention of 1913. From its appearance, its 
character is entirely different from that of C, with 
which it coincides at about 900 ft. length. Neither 
does it appear to have any relation to the previous 
German subdivision rules, nor could it be regarded as 
definite, since the ‘‘ mixed’ type of service had not 
then been explained. 

When the British Board of Trade, in 1915, began to 
give effect to the findings of the Convention by adopting 
curve B as a requirement for all passenger vessels, it was 
soon found that for the large majority of vessels, 
carrying moderate numbers of passengers, the condi- 
tions were too onerous. The question was discussed 
informally at Washington in 1920, when for vessels 
between 400 ft. and 600 ft. length it was suggested that 
curve B should be appreciably modified, as shown in 
the diagram. The purpose was to allow ordinary cargo 
ships to carry moderate numbers of passengers, and to 
have a cargo-hold 80 ft. long in a reasonable position 
in the ship when loaded to the usual cargo load-line. 
The Board of Trade appointed in 1920 an Informal 
Committee, whose reports are published, to consider 
the position. This committee sat from 1920 to 1924. 
They suggested that the 1913 curve B, while probably 
correct for a certain type of mixed passenger and cargo 
vessel, yet was not applicable to cargo vessels carrying 
a moderate number of passengers, and that, in associa- 
tion with the Criterion of Service, which they had 
devised, the curve A proposed by them would be 
equitable. 








applicable, because shipowners in the long run have to 
pay for their ships, and if a passenger trade is not 
remunerative relative to a cargo trade, it will not be 
continued indefinitely. The return from passenger 
traffic has ultimately to be compared with that resulting 
from ordinary cargoes, and the passenger has to provide 
as much revenue for the capacity occupied as would be 
furnished by the same volume of cargo. Although this 
conclusion appears somewhat obvious, it took much 
investigation on the part of the Informal Committee, 
1920-1924, to establish, Up to that time many 
suggestions for a Criterion of Service had been made, 
such as, e.g., the mean permeability of the whole of the 
spaces measured for gross tonnage—but they all 
appeared inequitable in some respects when applied to 
actual ships. 

A fair assumption for a large composite fleet, such as 
the British Mercantile Marine, covering all sea trades 


in the order of priority of passenger service, there will | 
be but little difference in the result, and a numerical | 
criterion of service, or more shortly the Criterion | 
Numeral, should give the same grading of vessels as 
shown in that list—otherwise inequality of treatment 
will arise. From this view it would follow that the 
Criterion Numeral would have two main factors, 
. and =a where : is the relation of the volume 
occupied by passengers to the total volume and : is 
the corresponding relation for the machinery space. 
It might be suggested that a third factor giving the 
relation of the cargo space to the total volume should 
also be included. This is, however, unnecessary, since 
both P and M, the only other two factors concerned, 
are included. 

Three special points require consideration. It is 
obviously not correct to regard the machinery ratio 
as of equal weight with the passenger ratio. It cer- 
tainly has an important bearing on the question—but 
passenger carrying is the more important. For the 
first approximation the Criterion Numeral might 
M iy ); 


vo a v 
where ais greater than 1 and where K is some numerical 
constant depending on the scales selected for the 
standard curves of factors of subdivision. Examination 
of many ships showed fortunately, that the simple 
value of a = 2 agreed very fairly with practice, and 
this simplified the formula to K ( = + 2 : 

Clearly, the first idea of the volume would be that 
which was suitable in the first instance for the carriage 
of cargo—that is, it must be an enclosed volume 
protectedfrom thesea. The addition of superstructures 
above deck is not necessarily freight-earning space for 


therefore be written in the form K ( 





This curve A was of the same general character in 
regard to length as the 1913 curve C ; it was practically | 
“hyperbolic.” It would allow ordinary cargo vessels 
possessing the numbers of bulkheads specified by the | 
classification societies—provided such bulkheads were | 
properly spaced—to obtain a certificate for a moderate | 
number of passengers when immersed to the cargo | 
load-line. Certain other investigations also indicated | 
that approximately the factor of subdivision was about 
the same for a given number of passengers, due regard 
being paid to the length of the ship. This certainly 
indicated an improvement in equality of treatment 
which was imperative, if cheap oversea travel was te 
have been possible. The new A curve was adopted 
by the Convention of 1929. It requires a factor of 
1-0 for vessels of 450 ft. long, 0-65 at 600 ft. length, 
and 0-45 at 900 ft. length. 

It will be seen that the factor of unity is required by 
the A curve at 430 ft. length, whereas for the new B 
curve it occurs at 260 ft. length. Special provisions 
are therefore made for vessels lying within these limits. 
The general requirement is that the factor of sub- 
division shall not be less than 1-0. It is recognised, 
however, that certain small vessels having a moderate 
number of passengers may require some relaxation, 
authority for which is given in the Convention. 

The purpose of the Criterion of Service is to determine 
the extent to which a ship departs from a cargo ship 
carrying few passengers, towards a ship primarily 
engaged in the carriage of passengers. 
carried largely by reducing the cargo capacity, and 


ordinary cargo. Moreover, as superstructures do not 
add to the safety of the ship in the form of increased 
or more efficient subdivision, the inclusion of such 
spaces in the volume would produce less subdivision 
for more passengers carried. It is obvious that that 
part of the ship which is properly subdivided by bulk- 
heads, that is the part below the bulkhead deck, is 
the proper one to take when it is realised that the 
purpose of the criterion is to increase subdivision as 
the passenger function becomes more important. The 
volume V, of which the transfer of space from cargo to 
passengers and to machinery measures the change of 
passenger function, must therefore be, in the first 
instance, the volume of the ship be low the bulkhead 
deck. 

The value of V being measured only to the bulkhead 
deck does not take into account cases where passengers 
are carried entirely above deck. Such ships would 
only have the subdivision appropriate to a cargo vessel 
unless the volume V be modified or qualified in regard 
to the numbers of passengers carried. There is also 
another phase of the question which requires safe- 
guarding, and that is in regard to possible overcrowding 
of the spaces alloted to passengers below the bulkhead 
deck. The Informal Committee devised what was 
called a “specific volume’’ per passenger, which is 
used to supplement the Criterion Numeral in such 
cases as are mentioned above, it being obvious that 
in both these cases the passenger function of the ship is | 


Passengers are | increased. Examination showed that this volume per 


passenger was greater the greater the length of the ship, 


where speed is important, by utilising more of the cargo | and that its average value in cubic feet, as derived 





space to increase the space and weight for machinery 
and fuel. 
measure of the passenger-carrying function of a vessel | 
could be made by calculating the extent to which cargo | 
space was taken up for passengers and for increased | 


It would therefore appear that a direct | of the length in feet. When the volume occupied by 


from a number of actual ships, was approximately 0-6 | 


the number of passengers assessed at this specific 
volume exceeded the space allocated to passengers 
below the bulkhead deck, then the increased volume 


machinery. Some expression therefore, indicating the | should be substituted in the formula. But that in 
percentage of the volume occupied by passengers and | itself is not sufficient for comparing ship and ship; | I 
machinery, might thus be regarded as indicating the what virtually occurs is to make the ship relatively of | certain minimum distance, or if any part 
extent to which a ship had departed from a cargo |larger volume below the bulkhead deck, and conse- 
carrier. Such an expression should be generally! quently for equity the volume of the ship should be 





increased by the difference between the total passenger 
specific volume and the volume allocated to passengers 
below the bulkhead deck. 

When P,= 0°6L x number of passengers, was creater 
than P, the formula was modified to K ( ee . . 
The scale for the curves A and B was adjusted so that 
the difference in the value of the numeral between 
A and B was 100, when K was taken as 72. The 
numeral for curve A was 23, and for C 123. For an 
ordinary cargo vessel without passengers, the machinery 





| space ratio _- = 0-2; the numeral would be 72 x 


| V 
|0-2 = 14-4. If passengers were carried above deck 
| occupying a specific volume of 74 per cent. of V, the 
| numeral would be 

| 59 (O:2V +0-15V)_ 2. 0-35 
72 (' V+0-075v. ) ‘~ * 1-076 





= 72x0-326= 23-4 


is that the passenger service is based on economic | fi : ive 
considerations. If a number of representative vessels | requiring just more than the minimum standard of 
taken at random be arranged by competent judges | subdivision. 


Sp eg 
For a large passenger ship pa might be as much as 
0-6, the value of P about the same figure, while P, — P 
might be 0-1 V, giving a criterion numeral of :— 
2 (Sa 1:8 
‘ 


ore en ee ) lias 


| i.e., practically the full criterion value of 123. These 
| views as to the Criterion of Service were accepted by 
| the Conference of 1929 with a slight amendment 


permitting the specific volume for certain cases to be 
between 0-6 L and 0-4 L, according to the volume of 
the passenger accommodation above the bulkhead 
deck. Denoting the criterion numeral by C, the 
72(M + 2P,) 
> . which 
7+ 5 -?P 
will apply where P, is greater than P. 

Where P, is equal to or less than P the formula 

» , 

al t= It will be seen that 
the number of passengers carried by an ordinary cargo 
type of ship, while being more than 12, will certainly 
be such as to occupy a total specific volume of about 
0-07 V when the criterion value for curve A is reached. 
With a specific volume per passenger of 0-6 L, the 
numbers carried above deck for curve A subdivision in 


L? ; 
, which 
1,000 


for a 500-ft. length means 250 passengers. This should 
encourage the ordinary cargo shipowner to conform 
with the minimum subdivision of the Convention as far 
as is possible, seeing that if it be desired a reasonable 
number of passengers can be carried without important 
structural alteration. 

Special Rules for Subdivision—In the consideration 
of a series of hold spaces throughout which the same 
factor of subdivision applies, it is sometimes desirable 
that the length of an individual compartment may 
exceed the permissible length, 7.e., the floodable length 
multiplied by the factor of subdivision. Such a 
procedure would be equitable, provided the spaces 
have the same permeability, and provided the com- 
bined length of the particular compartment and each 
of the adjacent compartments does not exceed twice 
the “permissible” length or the floodable length, 
whichever is the less. Where the adjacent compart- 
ments have different permeabilities, or are governed by 
different factors of subdivision, their combined lengths 
are to be adjusted proportionately. 

There is common agreement that additional protec- 
tion is desirable at the forward end, and this is met in 
the new Convention by a requirement that in addition 
to the collision bulkhead, one of the main transverse 
bulkheads shall be situated at a distance from the 
forward perpendicular, which is not greater than the 
permissible length. 

Recesses are permitted in a main bulkhead without 
special compensation, as long as any parts of such 
recesses lie between two vertical surfaces situated 
one-fifth the breadth of the ship from the shell plating. 
This distance is to be measured inwards at right angles 
to the centre line from the intersection of the shell 
plating with the deepest load-line. Recesses which 
exceed these transverse limits are regarded as steps. 

Steps are permitted as long as the combined length 
of the two main compartments adjacent to the stepped 
bulkhead does not exceed 90 per cent. of the flooda ble 
length. Alternatively, additional subdivision may be 
fitted in the neighbourhood of the step to give the 
same measure of safety as would be afforded by a plane 
bulkhead. Where bulkheads are recessed or stepped, 
equivalent plane bulkheads are to be used in deter- 
mining the subdivision of the ship. In order to 


formula may be written C; = 


becomes C, = 72 


an ordinary ship will be approximately 


|minimise the chances that two bulkheads may be 
| damaged at the same time, it is laid down that if two 


bulkheads (or equivalent plane bulkheads in the case 
of recesses or steps) are nearer each other than 4 
of a stepped 


| bulkhead is nearer another bulkhead than such distance, 
‘only one of these bulkheads shall be deemed to form 
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rt of the subdivision requirements. This minimum 
distance is laid down as 10 ft. plus 2 per cent. of the 
length of the ship, or, say, 20 ft. in a 500-ft. ship. 
Credit, in the form of increase in permissible length 
may be taken for internal subdivision within a main 


compartment if, after a length of side damage equal | 


provisions are laid down for ships which do not go 
more than 200 miles from the nearest land, and an 
administration may, if it considers that the route 


| and the conditions of the voyage are such as to render 
| the application of the requirements unreasonable or 


unnecessary, exempt from the requirements individual 


to the minimum distance between bulkheads given | ships or classes of ships which, in the course of their 
above, it can be shown that the whole compartment is | voyage, do not go more than 20 miles from the nearest 
not flooded, and provided that the effective buoyancy | land. The Convention applies only to voyages between 


assumed for the undamaged side is not more than that | 
remaining on the damaged side. 

The Convention of 1929 did not lay down any | 
scheme of allowances for watertight decks, inner skins, | 
longitudinal bulkheads (watertight or non-watertight). 
It provided that such arrangements should only be 
permitted as long as the safety of the ship was not in | 
any way diminished, particularly in view of the possible 
heeling effect which might occur with such structural 
arrangements after damage. In short, the general 
opinion of the Conference was that in the interests of 
safety longtitudinal subdivision should be discouraged 
as much as possible. 

Maintenance of Subdivision.—It is required that 
subdivision bulkheads, whether transverse or longitu- 
dinal, shall be so constructed that they shall be capable 
of supporting, with a proper margin of resistance, the 
pressure due to a head of water up to the margin line 
in way of each bulkhead. Their construction shall be 
to the satisfaction of the administration. It will be 
remembered that at the request of the 1912-1915 
Bulkhead Committee, the Board of Trade authorised 
the construction of experimental bulkheads with a 
view to formulating rules and tables for the construc- 
tion of bulkheads. The results of tests and the rules 
framed as a result of these investigations were published 
in the first report of that committee. These rules, 
with certain modifications recommended by the 
Informal Bulkhead Committee, are now accepted in 
common practice in this country. The present 
Convention makes some slight alterations in the rules 
for water testing to conform to modern practice. 

No great change has been made in the regulations 
regarding openings in bulkheads. The desirability of 
reducing the number of openings, where permissible, 
was emphasised. Considerable discussion arose as to 
the practicability of dispensing with bulkhead doors 
in low-down positions in the machinery spaces, and, as 
a result, the Convention provides that sills of such doors 
must be located as high up as practicable. As a slight 
concession from existing practice, hinged watertight 
doors may be fitted in bulkheads dividing cargo ’tween 
deck spaces in levels in which side cargo doors are 
permitted under the regulations. These doors, of 
course, must be closed before a voyage commences, and 
be kept closed during the voyage. 

The Informal Bulkhead Committee recommended for 
international consideration the prohibition of opening- 
type side-scuttles below the margin line. As a result 
of considerable discussion on this important matter, 
it was finally agreed that, although for practical 
reasons opening-type side-scuttles below the margin 
line must be permitted, the present rules for the official 
control over the opening and closing of such side- 
scuttles should be strengthened. The 1929 Convention 
therefore, requires the types of side-scuttles below the 
margin line to be governed by the positions of their 
sills in relation to two sheer lines 12 ft. apart and 
parallel to the bulkhead deck at side, the lowest point 
of the lower sheer line being one-fortieth the ship’s 
breadth above the deepest subdivision load-line. 
These sheer lines define a zone 12 ft. in depth within 
which opening-type side-scuttles with locking arrange- 
ments may be fitted, and below which those of a non- 
opening type only are permitted. Above this zone 
side-scuttles of an ordinary opening type are allowed. 
Some relaxation is given to the present rules by allowing 
the locking of side-scuttles below a certain height to be 
governed by the actual draught on leaving port, one 
= additional draught being allowed in tropical 
waters. 

Regulations relating to pumping arrangements were 
not included in the 1914 Convention, and although 
those in the present Convention are in considerable 
detail, they will not affect present British practice to 
any appreciable extent. Apart from dealing with the | 
inevitable small quantities of loose water under ordinary 
Service conditions, an efficient pumping system may 
Prove of great value in keeping a ship afloat after a 
main compartment has been accidentally flooded, by 
keeping under control subsequent and consequential 
leakage into other compartments. 

The new Regulations make provision for this by | 
requiring a suitable distribution of efficient pumps and | 
hecessary connections, and, in addition, an emergency | 
pumping system which can be brought into operation | 


— event of the ordinary pumps being put out of | 
ion. 


Life-Saving Appliances.—The rules and regulations | 
4s regards life-saving appliances apply generally to all | 
Passenger ships on international voyages, but special | 


| weighs more than 20 tons. 


countries and not to the domestic coasting trade. It 
applies to all new passenger ships whose keels are laid 
on or after July 1, 1931; but as regards existing ships, 
the administration of the country to which such ships 
belong shall consider the arrangements with a view to 
securing, as far as practicable and reasonable, com- 
pliance with the general principles not later than 


| July 1, 1931. Special provision is also made for the 


case of vessels carrying on international voyages large 
numbers of unberthed passengers in special trades, e.g., 
the pilgrim trade. 

The Convention of 1914 stated as a fundamental 
principle (Article 40): ‘The number and arrange- 
ment of the boats depends upon the total number of 
persons which the ship is intended to carry.” The 
present Convention, however, adopting the principle 
that the number and arrangement of the boats must 
be determined by the capacity of the ship itself to carry 
boats that can be made available, replaced this Article 
by a new one: “ The general principles governing the 
provision of life-boats and buoyant apparatus are that 
they shall be readily available in case of emergency and 
shall be adequate.”’ These principles of availability and 
adequacy are the keynote of the regulations laid down 
for the equipment of life-saving appliances. 

The number of sets of davits, 7.e., launching stations, 
with which a ship can be provided is dependent on its 
length, in accordance with the same scale as was 
adopted by the 1914 Convention, provision being made 
(when it is neither reasonable nor practicable to fit the 
number of davits required by the rule) for the provision 
of a smaller number of sets of davits under exceptional 
conditions. The rules require that, in the first place, an 
open lifeboat having rigid sides (Class I) is to be attached 
to each of the davits; and if these are insufficient, 
another boat may be placed under one or more of the 
first line of boats, and if when this line is complete the 
accommodation is still insufficient, other boats shall 
be stowed inboard. As many of these inboard boats 
as possible shall be capable of being launched on either 
side of the ship. The boats not attached to davits 
may be of either of the standard types defined in the 
Regulations. Normally, new vessels will be required, 
as at present, to carry boats for all persons on board ; 
but, on certain special voyages, where large numbers 
of emigrants are carried, power is given to substitute 
life-rafts for some of the inboard boats, if the adminis- 
tration is of opinion that the rafts will be more readily 
available and otherwise more satisfactory in case of 
emergency, and provided the total capacity of the 
boats shall be at least the minimum capacity required 
in the table. This minimum capacity is such that in 
the North Atlantic Trade, and in most others, accom- 


modation will be provided for all in boats. In ships | 


on short international voyages, it is not always practic- 
able to carry, or even to launch in emergency, the 
number of boats that may be necessary to take all 
hands, and accordingly the principles of availability 
and adequacy are met by making provision for the 


greatest number of readily available life-boats which, | 
together with buoyant apparatus, shall provide accom- | 


modation for all, the number of launching stations and 
minimum aggregate capacity of the life-boats being 
specified in the table previously mentioned. In 
addition to the life-boats and life-rafts, where permitted, 
light buoyant apparatus shall be carried sufficient for 
25 per cent. of the persons on board on international 
voyages, and 10 per cent. of the persons on board on 
short international voyages. The first is, of course, 
the present practice on British ships, but the latter is 
a new requirement. 

The present tendency is to provide large life-boats, 
and although in this country the maximum carrying 
capacity of a life-boat has been hitherto limited to 
90 persons, the latest German liners, Bremen and 
Europa, carry boats capable of carrying 140 persons 
or more, each boat weighing, when fully equipped, 
something like 19 tons. 
such large boats has been necessarily limited, and the 
present Convention has laid it down that no boat shall 
be approved which, when fully equipped and laden, 
Further, in view of the 
difficulty of propelling and handling large boats with 
oars alone, it is provided that the boats carrying 100 
persons or more shall be propelled by motors. The 
1914 Convention limited the number of motor boats 
that might be carried. As, however, the modern 
motor life-boat is considered to be much more reliable 
than it was in 1914, the Convention no longer places 
any limitation on their number, and when more than 
a certain number of life-boats is carried requires one 





Actual sea experience with | 


or more motor boats. Where the number of life-boats 
is greater than 11, one of them must be fitted with a 
wireless telegraphy installation ; where the number is 
more than 13, one must be a motor, and where the 
number is more than 19, two must be motor boats. 
These motor life-boats are to be fitted with a wireless 
telegraphy installation and a searchlight. 

Life-boats may be stowed one above the other on 
suitable skids; or, subject to such conditions as the 
authority may impose, one boat may be stowed within 
another, but in the latter event, if the inner boat 
requires lifting before being launched, it will be neces- 
sary to provide mechanical power appliances for lifting. 
Any boats carried additional to the boats under davits, 
and life-rafts where permitted, must be so stowed 
that as large a number as possible may be launched 
jon either side of the ship, and so secured that they 
may have a chance to float free if the ship should 
founder before there may be time to launch them. 
Where more than one boat is served by the same set 
| of davits, if the falls are of rope, separate falls must 
be provided to serve each boat, but if wire falls are 
used with mechanical power appliances for recovering 
them, separate falls need not be provided. This does 
| sway with the risk of falls fouling whilst being recovered, 
| and increases the ready availability of the boats. To 
| provide against the risk of the power failing in an 
|emergency, efficient hand gear must be fitted, in 
addition to the mechanical power appliances. In other 
respects, the requirements are generally the same as 
in the present rules of the Board of Trade. All ships 
| are required to carry an approved form of line-throwing 
apparatus. 











THE HIGH-PRESSURE STEAM IN- 
STALLATION ON THE HOLLAND- 
AMERICA LINER ‘ STATENDAM.’’* 

By Dr. W. M. MEER. 


Tue propelling machinery on the Holland-America 
liner Statendam consists of two sets of Parsons turbines, 
each comprising a high, an intermediate, and a low-pres- 
sure unit working on separate pinions, which mesh into 
a common gear-wheel driving the propeller shafting. 
Steam is generated in five Babcock and Wilcox water- 
tube boilers, with a sixth in reserve. It was originally 
intended to run the boilers at 400 lb. gauge pressure, 
and a margin of 30 lb. was allowed between this 
pressure and the safety-valve setting, in order to pre- 
vent the valves blowing off when the engines were 
temporarily slowed down. The boilers were con- 
sequently constructed for a pressure of 430 lb. gauge. 
| Experience has shown that there is no real need for such 
|a large margin between the working pressure and safety 
valve load. It has therefore been possible to raise the 
normal working pressure to 420 Ib., leaving onlya margin 
of 10 lb. between this pressure and the load on the safety 
valves. This gives a steam pressure of 395 Ib. to 
400 Ib. per square inch at the manceuvring valves. The 
total steam temperature at the high-pressure manceuv- 
ting valve was designed to he 650 deg. F., but in practice 
the average is about 635 deg. F. 

The turbines are arranged for two-point bleeding. 
| Steam bled at these two stages is primarily used for 
| feed heating in two-stage surface heaters, while from 
| the high-pressure bleeding point steam is also extracted 
|for ship’s heating and galley requirements, and for 
|evaporating fresh water for make-up feed purposes. 











| The guiding principle in designing the various heat and 
| power-consuming auxiliaries has been that steam should 
|only be used as a heat-transferring medium in 
|cases where the total heat content, including the 
latent heat, could be made completely effective for 
the purpose contemplated and that for purposes where 
it would not be possible to utilise the latent heat 
of steam, electrical energy generated by Diesel engines 
should have preference. Further, where steam is used 
it should be bled from the main turbines at a stage 
which would meet the pressure and temperature re- 
quirements of each particular application. This 
principle naturally leads to the use of the electric 
drive on all the engine-room and deck auxiliaries, and 
to the adoption of steam for all heating purposes. For 
practical reasons, a few exceptions had to be made, 
but it may perhaps he possible to avoid these on a 
second installation, and thus obtain a higher overall 
efficiency. All drains from heating ranges had, of 
course, to be provided with efficient steam traps to 
ensure that the latent heat of the steam was effectively 
absorbed. The drains, which thus contain only water 
and no steam, are led to the feed tank, where they are 
mixed with the feed-water delivered by the main air 
pumps. By careful adherence to this principle it 
was possible to bleed the maximum amount of steam 
from the main turbines for the purpose of feed-heating 
and it is interesting to note that it has been possible 
to bleed as much as 37 per cent. of the total quantity 





* Paper read before the Institution of Naval Archi- 
tects, London, on Thursday, April 10, 1930. Abridged. 
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ELECTRIC-OIL HEAT-STORAGE EQUIPMENT. 


CONSTRUCTED BY MESSRS. BROWNS DRYERS, LIMITED, MANCHESTER. 














Fie. 1. 


Total heat content of feed- 268-2 B.Th.U. per lb. 
water _— 
To be added in boiler 1,062-8 B.Th.U. per lb. 
of steam. 
Fuel consumed in 23-35 hours 
145 tons at 18,400 B.Th.U. 

__ 210,400 (1,831 — 268-2) 
145 x 2,240 x 18,400: 23-35 
= 87-38 per cent. 
145 x 2,240 
210,400 x 23-35 

Evaporation ratio = 15-1. 

CO, average over five boilers, 12-4 per cent. 
O, average over five boilers, 5-1 per cent. 
CO average over five boilers, 0 per cent. 
Funnel temperature: 280 deg. F. 


Boiler efficiency : x 100 


Fuel per lb. of steam : = 0-06611 1b. 


This high value for the boiler efficiency may be 


explained by the low temperature of the flue gases | 
and by the circumstance that the radiation losses are | 


exceptionally low owing to the trunks which convey 
the combustion air on its way down from the air- 
heaters to the burners forming an air-jacket which 
extends over the full width and height of the boiler 
backs. The air thus absorbs all radiant heat from the 
boiler backs and returns it to the furnace. In addition 
the heat radiated from the boiler fronts, sides, and 
tops warms the surrounding atmospheric air most 


of which is trapped by the forced-draught fans and is | 


thus returned to the furnaces. 

_ Although the low fuel consumption for all purposes 
18 Important on the 8.8. Statendam, it would naturally 
have a relatively greater influence on the overall 


running expenses of a high-powered vessel; and the | 


differences between the running costs-on such a vessel 
and those obtained with medium-pressure turbines 
and steam-driven auxiliaries may amount to as much as 
] per cent. or even 2 per cent. per annum on the total 
capital outlay for the ship. 








AN ELECTRIC-OIL HEAT-STORAGE 
SYSTEM. 


A METHOD of improving the load factor of electric 
generating plants, which is coming into increasing 
prominence, is to store the surplus energy, which is 
available during the night and at other times of light 
load, in the form of heat. This is usually done by 
raising the temperature of water, which is contained 
in a lagged tank, This has the advantage that the 
pondons is utilisable, either in the factory or the 
tome, for washing or in other ways. When, however, 
't is desired to use the energy for room heating 


~ industrial purposes, the water may well be 
gh by some other medium such as oil. This 
'$ done in the electric-oil heat-storage system, which 


has been devised by Messrs. Browns Dryers, Limited, | 














Fie. 2. 


of 17, Victoria Buildings, Deansgate, Manchester, and 
was exhibited by them at the British Industries Fair 


; at Birmingham. 


The main difference between it and the ordinary 
water storage system is the greater maximum tempera- 
ture at which storage is effected. The oil is contained 
in a specially lagged tank, a view of which is given in 
Fig. 1, and is heated by elements wound on porcelain 
supports, which are immersed directly in the oil, to a 
temperature of about 550 deg. F. The usual thermo- 
stat is provided, so that this temperature is not 
exceeded. A further point of interest is that the 
pressure inside the tank does not exceed that of the 


|atmosphere. As such systems are generally arranged 


for supply by off-peak current, a time switch or relay 
is provided to open and close the circuit at the appro- 
priate times. When the equipment is used as part of a 
central heating system, the hot oil is withdrawn from 
the top of a tank to a calorifier, through which it is 
circulated back to the bottom of the tank. In the 
|ecalorifier water is heated for supply to the heating 
|system in the ordinary way. The flow of oil is con- 
trolled by valves, the operation of which depends on 
thermostats placed in the hot water systems, and it can 
| be accelerated by a pump, which is controlled in the 
|same way. During the night, when the heat required is 
less than in the daytime, the necessary adjustments 
may be made by a circulation controller of the double- 
flow type, an illustration. of which is given in Fig. 2. 
One side of this device contains an electrically operated 
valve, which may be remote controlled either manually 
or by a time clock, while the other contains a second 
valve, which is set by hand to regulate the amount 
of water that may flow during the night. Both valves 
are fully open during the daytime. 

The system has, we understand, received a wide 
application in the impregnating plants, which are 
employed for withdrawing the air from the coils that 
form an important part of much electrical equipment 
and then flooding them with compound or varnish, so as 
|to increase and maintain their insulating properties. 
'In this case the oil is used directly for heating the 
vacuum tank, a humidity gauge being provided to show 
when all the moisture has been extracted, so that the 
compound or varnish can be admitted under pressure. 

It is claimed for the system that it can deal at atmo- 
spheric pressure with five to ten times as much usuable 
heat as when water is employed. This is due to the 
fact that the range of usable heat of water is only 
20 deg. F., between 180 and 200 deg., after which it 
begins to “steam off.” The oil used, however, has a 
range of 400 deg. F., from 180 to 580 deg., so that 
though its specific heat is only a little more than half 
that of water it has a useful margin ten times as great. 
In addition, as a less weight of oil is required and its 
specific heat is lower, less time is necessary to heat it 
to the same temperature. 





BOILER EXPLOSION INQUIRIES. 


In accordance with the Boiler Explosions Acts, 1882 
and 1890, inquiries have been conducted by Board of 
Trade officials into a number of explosions. Reports 
of the investigations have been published recently, and 
of some of these we give brief summaries below. 


Failures of Steam Pipes and Stop Valves in Ships.— 
Three recent inquiries, Nos. 3026, 3024, and 3029 deal 
with failures in steam pipe fittings in the 8.S. Carnar- 
vonshire, Rimutaka, and Pensilva respectively. One 
of the operations on board ship which has to be done 
with the greatest possible care is that of connecting up 
boilers under steam. That the necessary precautions 
are usually taken is shown by the infrequency with 
which accidents occur. The danger through the presence 
of water in the steam pipes is well known and designers 
pay particular attention to the draining arrangements. 
The likelihood of water collecting is sometimes in- 
creased by the alteration in the trim and list of a ship 
while lying at anchor, but this should only lead to still 
greater care being taken. An instance of the disastrous 
effects of water in the pipes is given in the report on 
the accident in S.S. Carnarvonshire, which occurred 
while the ship was lying off Shanghai on May 9, 1929. 
The ship was being prepared for sea, and the four 
boilers were being connected by the fourth engineer. 
He had already connected the two after boilers, and 
apparently was about to open the main stop valve 
of the port forward boiler when with a dull report the 
valve chest burst, allowing steam to escape violently 
from the three boilers. The fourth engineer unfortu- 
nately lost his life. Examination led to the discovery 
that the drain cock under the stop valve was still 
closed while no evidence was forthcoming that the 
drains on the pipes had been opened either while the 
ship was lying at anchor or while the boilers were being 
connected. The only conclusion therefore, was that 
the explosion was entirely due to water hammer. In 
the third case, that of the S.S. Pensilva, it was also 
a stop valve which fractured. When discovered, the 
fracture had already extended about two-thirds of the 
circumference of the branch to which the main steam 
pipe was connected, but it was possible to effect repairs, 
and thus enable the vessel to leave Dakar for England. 
At Cardiff the whole steam pipe arrangement was dis- 
mantled for inspection, when it was found that the 
sleeve of one of the expansion joints on the steam 
pipe was seized in position and was then useless so far 
as acting as an expansion joint. The sleeve, of steel, 
was indced found to be pitted to a depth of 3 in., 
while the gland was seized on the sleeve by an accumu- 
lation of rust. In both Carnarvonshire, and Pensilva, 
the stop valves were of cast iron and were of good 
design and material. Report No. 3024 refers to the 
fracture of the copper steam pipe next to the stop valve 
of the port engine in S8.S. Rimutaka while the vessel 
was on voyage from Monte Videa to Las Palmas. 
“Trouble had been experienced on several occasions 
with this steam pipe,’ says the report, “ apparently 
from concentration of stress due to vibration and 
expansion, and where such is the case a modification of 
the arrangement is the only sure method of preventing 
failure.” 

Explosions of Steam-Heated Bakers’ Ovens.—During 
1928 the Board of Trade held no fewer than seven 
inquiries into explosions, which occurred in bakers’ 
ovens, in which the heat of the furnace is transmitted 
to the cooking spaces by hermetically sealed iron or 
steel tubes containing small quantities of distilled 
water. Reports Nos. 3019, 3023, 3025, 3027 and 3028 
deal with five further similar accidents which occurred 
during the months March to July last year. A 
common arrangement of a steam-heated oven includes 
a double-decked oven with three sets of slightly 
inclined tubes incorporated in the floor of the lower 
oven and in the ceilings of both upper and lower ovens. 
Sometimes the tubes are solid-drawn steel tubes, 
sometimes welded wrought-iron tubes. The exterior 
diameters vary from 1; in. to 18 in., while the thick- 
ness is generally a } in. or over. Only a few inches 
of each tube project into the furnace space and nearly 
all the failures appear to be caused by overheating, 
due either to the deterioration of the brickwork of the 
furnace allowing too great a length of tube to be 
heated, or to the fire not being properly regulated. 
Printed instructions are generally issued by the makers, 
and the ovens are fitted with thermometers by which 
the baker can tell the heat of the oven. Two of the 
ovens referred to in the reports were insured with the 
National Boiler and General Insurance Company, 
Limited, but the others were not insured. 








THe Tractor INpustRY IN IRELAND.—A _ short 
memorandum regarding the development of the tractor 
industry in the Irish Free State has been prepared by 
the Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1. United Kingdom firms desirous of 
receiving a copy of the memorandum should communicate 
with the Department at the address given, quoting 
Reference No. 9171. 
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THE CORROSION OF LEAD. 


For the most part, lead offers a trustworthy resistance 
to corrosion, and is among the most esteemed materials 


stances of practice, its surface is exposed to the effect 
of moist oxygen containing a little carbon dioxide, | 
which converts the oxide first formed into a protective 
film of basic lead carbonate (a mixture of lead carbonate 
and hydrate), insoluble in further quantities of the 
same medium. If the carbon dioxide is present in 
insufficient quantity, the lead oxide not converted 
into carbonate is dissolved, and if it is present in excess 
the film of lead carbonate is converted into soluble | 
bicarbonate, the process continuing in either case | 
and setting up corrosion. With natural waters, the 
carbon dioxide is present partly as dissolved gas and | 
partly as alkaline carbonate, forming with the dissolved 
gas a loosely combined bicarbonate, which readily | 
attacks the surface of the lead and coats it with the | 
protective film of basic lead carbonate. With soft 
waters the small amount of alkalinity may sometimes 
be neutralised by acid elaborated by micro-organisms, 
and the acid water will then dissolve the lead and set up 
corrosion. The exact reactions that occur when lead 
is exposed to air and rainwater, as on a roof, have 
not yet been studied, but as a fact the metal is per- 
manent in those conditions, and in some way therefore 
a protective film must have been set up. 

While, therefore, lead can be trusted to resist corro- 
sion in most conditions of practice, it may sometimes 
fail, but it fails so relatively seldom that the risk | 
is not recognised as generally as it should be. In| 
particular, such failure has been caused by contact 
with cement and mortar, timber, or soil, and in conse- 
quence of a number of instances of the corrosion of 
lead through one or other of these causes having been | 
brought to the notice of the Building Research Station, | 
a study has been made there of the existing literature | 
on the subject, and has been supplemented by experi- 
mental work to provide necessary information on certain 
points. The results of this investigation have been | 
embodied in two reports by Mr. F. L. Brady, which | 
give, respectively, an account of the literature, experi- 
ments, and conclusions, and a summary, for use in 
practice, of the conditions under which corrosion 
occurs and the measures by which it can be prevented.* 

Apart from its use as a roofing material, lead is 
currently employed in building for damp courses, 
water pipes and cisterns, and in glazing and plumbing. 
In some other applications, such as when it is used as 
a sheathing for suspended telephone cables, corrosion 
has been shown to be accelerated through brittleness, 
set up by alternating stresses and fatigue. Such 
effects are not often found in building practice, and up 
till now, none have been reported to the Building Re- 
search Station. They may, however, be apprehended in 
special circumstances, such as in buildings subjected | 
to severe vibrations, or in lead pipes embrittled by the 
prolonged application of water-hammer. 

The corrosive action of cements and mortars in the | 
presence of water, oxygen and carbon dioxide, appears 
to depend on their content of free lime, which acts 
partly by absorbing carbon dioxide, and so preventing 
the formation of a protective film of basic carbonate, 
and partly as a solvent of the film, exposing a fresh 
surface for further attack. Accordingly, aluminous 
cement, which differs from Portland cement in con- | 











| 
through which the pipe passes being closed with a| Factory Heating.—Messrs. Carrier-Ross_ Engineering 


coating of cement mortar. Although, experimentally, 
Portland cement held in suspension, and saturated 


solutions of lime, attack lead with similar rapidity, 
for the purpose. The reason is that in most circum- | 


cement mortar, on account of its lower permeability 
and the consequently slower penetration of carbon 
dioxide, is found more injurious to lead than lime 
mortars. Lime mortar is, therefore, to be preferred 
to Portland cement for bedding lead damp courses, 
pipes or electrical conduits. It must be remembered, 
however, that in walls which are very thick or away 


| from circulating air, even lime mortar may remain 
’ 


uncarbonated for hundreds of years. The addition 
of pozzolanas in the cement, though probably bene- 
ficial, will not be sufficient to abolish corrosion, and 


/no substantial advantage has been found from the 


addition of sodium silicate. Generally, where concretes 
and mortars have to be used in contact with lead, 
aluminous cement is to be preferred. The extent to 
which the substitution of alloys for lead will remedy 
corrosion has still to be determined. 

The timber which most commonly causes corrosion 
of lead is oak, the attack being caused presumably 
by the acid substances that may be formed in this 
and, to a less extent, other timber. The process of 


corrosion between lead and timber is apparently | 


analogous to that by which white lead (basic lead 
carbonate) is made from lead strip, acetic acid, and 
moist oak bark, in which the lead hydroxide formed by 
the action of moist air on the lead strip is converted 


‘into normal lead acetate, which dissolves more lead 


hydroxide to form basic acetate. Carbon dioxide, 
produced by the fermentation of the moist oak bark, 
converts the basic acetate into normal acetate, which 


| dissolves more hydroxide, so enabling the attack on 


the lead strip to proceed. The action of the minute 


traces of organic acid present in timber in contact with | 


lead is sufficient similarly to dissolve the protective 
film of basic carbonate and maintain a progressive 
corrosion. A striking instance of such action is quoted 


'from the experience of the British Museum, where 


lead medallions on slips of cardboard in oak museum 
cases were badly corroded, though not even in contact 
with the oak. Experiments at the Research Station 
showed that fairly well seasoned oak, kept dry, exerted 
no appreciable corrosive effect on lead in two months, 
but under moist conditions corroded it rapidly. The 
effect of teak was much the same as that of oak, and 
that of soft woods was similar but much less energetic. 
If the timber is seasoned and kept dry no action will 
occur, and the use of such timber and the laying of 


lead so that moisture cannot creep in between it and | 


the wood is the first and a sufficient line of defence, 
so long as it can be maintained. No satisfactory 
surface coating has yet been found to prevent corrosive 
action in the presence of moisture, and in such circum- 


stances the most trustworthy precaution is to use a | 


layer of felt impregnated with bitumen. 


The corrosion of buried lead pipes may apparently | 


occur with any kind of soil, but the combination of the 


necessary conditions is so rare that the general adoption | 


of precautions would not be justified. It would, 
nevertheless, be desirable where, as with peaty soil, 
the ground is likely to contain acids capable of attacking 
lead, or with made ground containing ashes or otherwise 
likely to yield soluble salts, or decaying vegetable refuse, 
or with soil which in previous experience has been 
shown to be corrosive. The most certain method is 


|Company, Limited, 101, Regent-street, London, W.. 
| have sent us a catalogue illustrating the action of their 
| Carrier-York heater units and system designed to circu- 
| late warm air at floor level for factory heating. 


Machine Tools.—Messrs. The United Machine Tool 
Company, Limited, 14, Holborn-hall, Grays Inn-road, 
London, W.C.1, have issued catalogues dealing with 
their Schentoff thread-milling machines and large hori- 
| zontal boring machines, giving full descriptive particulars, 

Boiler Circulator.—Messrs. Owens Boiler Circulator, 
Limited, 22, Surrey-street, Strand, London, W.C.1, 
have issued a catalogue describing their circulator as 
applied to Lancashire boilers, and showing test charts 
|indicating the improved steam production which it 
effects. 

Power-Factor Compensator.—A new catalogue issued 
by Messrs. The English Electric Company, Limited, 
Queen’s-house, Kingsway, London, W.C.2, illustrates 
and describes a power-factor compensator applicable 
to all makes of slip-ring induction motors of 200 h.p, 
to 2,500 h.p. 

Chain Drives.—Messrs. The Coventry Chain Company, 
Limited, Coventry, have issued a catalogue of roller 
chains and wheels for the camshaft and auxiliary 
drives of motor-car engines. It gives very full working 
information and line drawings showing the application 
| of the chains. 

Marine Oil Engines.—Messrs. Sulzer Brothers, 31, 
| Bedford-square, London, W.C.1, have issued a list of 
| ships in service or under construction propelled by Sulzer- 
| Diesel two-stroke oil engines, with brief particulars of 
| the machinery and a few illustrations. The list includes 
187 ships of 3,000 tons and over. 


Factory Heaters.—Messrs. The British Trane Company, 
| 26, Rosebery-avenue, London, E.C.1, have issued a 
| further catalogue of their unit heaters for workshops or 
| large rooms. These heaters are in the form of cabinets 
| fixed overhead and supplying warm air at the floor level ; 
| steam or hot water may be used as the heating agent. 


Tubular Constructions.—Messrs. Accles and Pollock, 
Limited, Oldbury, Birmingham, have issued a pamphlet 
dealing specially with the application of weldless steel 
tubes in the construction of wheels, frames, railings, 
brackets, &c., illustrating many examples. Tubes can 
now be supplied in stainless and other special steels. 

Wireless Equipment for Aircraft.—Messrs. Alfred 
Graham and Company, Limited, Slough, Bucks., have 
issued a catalogue describing several types of wireless 
equipment for aircraft, including a small receiving set 
for light aeroplanes and an aerodrome installation capable 
of transmitting and receiving over a distance of 300 miles. 

Electric Power Transmission.—The Central Scotland 
system of high-tension overhead lines serving an area 
including Dundee, Edinburgh and Glasgow, has now been 
nearly completed by the main contractors, Messrs. 
British Insulated Cables, Limited, Prescot, Lancs., 
who have issued a pamphlet describing the work, with 
| many striking illustrations. 

Réntgen-Ray Apparatus.—A catalogue of high-tension 
transformers for the production of X-rays is to hand 
from Messrs. Watson and Sons _ (Electro-Medical), 
Limited, 43, Parker-street, Kingsway, London, W.C.2. 
It contains illustrations, working particulars and prices 
| for a considerable range of transformers, and also notes 
on rectification, testing, rating, &c. 
| Hardness Tester.—Messrs. Edward G. Herbert, 
| Limited, Levenshulme, Manchester, have issued a 
| catalogue describing the construction and action of 
| their pendulum hardness tester and its method of appli- 
‘cation. A diagram is given showing the hardness of 
| saw blades at the various temperatures created by the 
friction of cutting at various speeds. 
| Grain Machinery.—A wide variety of machines for 
| treating seed and grain is shown in a catalogue to hand 


taining no free lime, shows little or no progressive | probably to pack the exterior of the pipe spirally with | ; Messrs. Robert Boby, Limited, Bury St. Edmunds 
a > ? ° 


attack on lead, and old cement or mortar, the lime | 


strips of felt impregnated with bitumen. Another 


The main operations covered are cleaning, grading, polish- 


of which has been thoroughly carbonated by the carbon | method is to lay the pipe in some substance that inhibits | ing, sorting, conveying and elevating. In addition to 


dioxide in the air, is equally inert. Compo pipe, which | 
is coated superficially with tin, offers a greater resis- | 
tance than lead, and it is thought possible that similar | 
or even greater adventage may be found in some of 
the ternary lead alloys now under investigation. 

As against corrosive action by cement or mortar 
on lead in damp courses, an advisable practice is to 
provide the lead with a protective coating, made for | 
instance of a suitable grade of bitumen, or in the alter- 
native to use a compound damp course, composed 
of alternate layers of lead sheet and felt impregnated 
with bitumen. The precaution is specially desirable 
in thick masonry or brick walls, especially if cement 
mortar is used, as the cacbonation of the lime may 
not penetrate into the interior for many years, during 
which, if the conditions are damp, injurious or even 
destructive corrosion may go on. For lead pipes 
carried through walls, a common and advisable precau- 
tion is to wrap the pipe with a sleeve of bitumen felt 
before packing round with mortar. Alternatively, 
the pipe may be packed loosely with lumps of old 
lime mortar, or, if more convenient, surrounded by a 
dry chalk paste tamped round it, the ends of the hole 





* Department of Scientific and Industrial Research : 
Building Research. Technical Paper No. 8. The Corro- 
sion of Lead in Buildings. By F. L. Brady, M.Sc., A.I.C. 
Bulletin No. 6. The Prevention of Corrosion of Lead in 
Buildings. By F. L. Brady, M.Sc., A.1.C, H.M, Stationery 
Office. [Price ls. and 4d. net.] 


corrosion, such as chalk, limestone, or old well-car- 
bonated lime mortar. 








CATALOGUES. 


Oil Engines.—Messrs. Marshall Sons and Company, 
Limited, Gainsborough, have issued further leaf cata- 
logues illustrating their two-stroke oil engines from 
8 h.p. to 25 h.p. in stationary and portable types; an 
oil-engined road roller is also dealt with. 


Ship-Repair Work.—Messrs. The Memphis Engineering | & 


Repair Company, Tennessee, U.S.A., recently completed 
the overhaul and partial re-equipment of a dredger 
built some thirty years ago. A description of the work, 
by Mr. H. 8S. Gladfelter, issued in the form of a 4 pp. leaflet 
contains some interesting matter. 

Worm Reducing Gear.—Messrs. David Brown and 
Sons (Huddersfield), Limited, Huddersfield, have issued 
four sheets of technical data relating to their worm 
reducing gear units. A brief specification is given for 
each of the three arrangements, viz., standard, inverted 
and vertical. The standard ratios are 7}, 10, 15, 20, and 
30 to 1. 


/machines for all the usual grains, there are special 
| machines for dealing with soya beans, clover seed, and 
| coffee beans. 

Instruments for Ships.—Messrs. Siemens Brothers and 
|Company, Limited, Woolwich, London, S.E.18, have 
| sent us catalogues of a number of instruments specially 
constructed for use on shipboard, including electrical 
thermometer and pyrometer outfits, wireless apparatus, 
a wireless direction finder, an auto-alarm device, 4 
short-wave transmitter and receiver, and a list of 
telegraphs, telephones, helm indicators, torsion meters, 
re. 


Power Transmission.—We have received three circulars 
from Mr. Henry Lindsay, 47, Queen’s-road, Bradford, 
describing a belt-shifting gear, a square section plaited 
hemp driving rope to run in the standard grooves made 
for circular ropes and a speed varying device of the 
vee-belt type. Dimensions and working information 
are given. The driving ropes are made by Messrs. 
The Lancashire Mill Rope and Twine Company, 
Limited, Stockport. 

Steam Turbines.—A catalogue containing a fully- 
detailed description of the Richardsons-Westgarth Brown- 
Boveri steam turbine is to hand from Messrs. Richardsons 


Tool Stecls.—Messrs. Edgar Allen and Company, | Westgarth and Company, Limited, Hartlepool. ‘The 


Limited, Sheffield, have issued a new pamphlet 
describing the uses and treatment of tool steels known 
as ‘‘ intermediate ’’—that is, midway in cost between 
high-speed and carbon steels. The object of the 
pamphlet is to define the special sphere of work in which 
these intermediate steels are the most economical to 
use, with proper reference to the material to be worked 


first section is a general account of the steam turbine 
describing the impulse, reaction and combined types. 
The second section deals, in detail, with the turbine 
as constructed at Hartlepool, its development, perlor- 
mance, field of application, and constructional d tails. 
The catalogue refers in particular to turbines of over 
500 kw. taking steam direct from boilers and exhausting 





as well as to the kind of tool. 


into a condenser. 
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THE SYDNEY HARBOUR BRIDGE. 


‘'RAFFIC conditions in Sydney, New South Wales, 
do not differ in essence from those with which the 
inhabitants of London and other large towns in this 
country are familiar, but they are exacerbated by 
the fact that both the city itself and the surrounding 
districts are cut up by the world-famous harbour 
and its confluent streams. The area of the city is 
700 square miles, of which 140 square miles are 
park-land, and its inhabitants number 1,300,000, 
more than half of whom reside on the south side of 


ENGINEERING. 


earlier report. As will be gathered from Fig. 1, 
the site of this bridge will allow both classes of 
traffic to use the most direct route, while, as it is 
of the single-span type, the construction of piers 
in the fairway has been unnecessary, and there 
will therefore be no interference with the shipping 
facilities of the port. 

The erection of the bridge approaches was begun 
in July, 1923, and details of their construction have 





495 


the crown and 187 ft. 9 in. at the end posts, the top 
of the arch being 437 ft. 6 in. above meansea level. 
Each truss is divided into 28 panels with a single 
system of bracing, the two trusses being also 
braced by systems of laterals in the planes of the 
upper and lower chords. The lower chord varies in 
depth from 48 in. at the crown to 99 in. at the hinges, 
and is 11 ft. wide overall, the cross-sectional areas 
being 1,060 sq. in. at the crown and 2,700 sq. in. 
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the harbour, owing to lack of transport facilities | 
across that waterway. At the existing rate of| 
growth this population will be doubled in twenty- | 
five years. The disadvantages of the position have | 

recognised for some time, and as long ago as | 
1915 a report by Dr. J. J. C. Bradfield led to the 
Passing of an Act authorising the construction of 
new and the improvement and electrification of the 
existing suburban railways. A necessary corollary | 
tothis (velopment was the building of a high-level 


bridge across the harbour. This form of communi- | 
cation, which was at the same time wisely arranged | 
to carry road traffic, was preferred by Dr. Bradfield 

way, which had been recommended in an ! 
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ASSEMBLING First MeMBER OF LOWER CHORD ON East BEARING. 


at each end, the total length of the structure being 
3,770 ft. On the southern side one of the spans is 
238 ft. long, the other four measuring 174 ft. 6 in. 
On the northern bank the spans are on a radius of 
1,423 ft., the lengths of the eastern and western 
trusses being 173 ft. 2 in. and 161 ft. 6% in. respec- 
tively. The main span consists of two silicon steel 
arch trusses, which are spaced 98 ft. 6 in. apart, 
centre to centre, and are set in vertical planes with 
a span of 1,650 ft. and a rise of 350 ft. from the 
centre of the bearings to the centre of the lower chord 
at the crown. The depth of each truss is 60 ft. at 


* See ENGINEERING, vol. cxxv, page 467 (1928). 


already been published in Enernrertne.* Work on | at the main bearings, respectively. The top chord 
the bridge proper was started in January, 1925. | is 40 in. deep and 11 ft. wide, except in each end 
It consists of a two-hinged arch with five steel spans 


panel where it tapers from 40 in. to 66 in. so that 
| Sufficient depth could be provided at the end posts 
| for the erection of the anchorage connections. The 
progress already made in the construction of the 
bridge will be clear from the illustrations given in 
Figs. 13 and 14, Plate XXXVI, which were taken 
| at the end of January of the present year. 
| As regards design, the arch thrust is transferred 
| from the lower chord to concrete skewbacks through 
steel bearings,* each of which has a bearing surface 
|of 504 sq. ft. The pressure on these skewbacks 
under maximum thrust is 600 lb. per square inch, 
‘and they transmit it to a solid sandstone founda- 
tion, the pressure on which is about 200 lb. per 
square inch. The granite-faced abutments are 
hollow reinforced-concrete chambers with a face 
width of 223 ft. They are 162 ft. long at the 
| ground level and are stiffened inside by concrete 
walls. The two pylons, which surmount these abut- 
ments will measure 84 ft. by 46 ft. at the base and 

62 ft. by 28 ft. at the summit, and will also be of 
| hollow reinforced-concrete construction with granite 

faces. Each pylon will be pierced by an arch, 
through which the outer railway track and one 
footway pass, and their tops will be 285 ft. above 
mean sea level. 

As regards erection, the work involved may be 
| divided into two portions: the erection of the 
ten approach spans and the erection of the main 
|arch. The former presented no problems of undue 
| magnitude, and has to some extent been dealt 
with in the article already cited.+ The steel work 
on the approach spans having been completed, the 
25-ton cranes used in their construction were 
‘employed to lay down the steel decks through the 
‘abutments, and to erect steel ramps, the upper 
' surface of which corresponded to the level and plane 
of the top chord of the arch. These ramps are 
visible in Figs. 5 and 6, Plate XX XV, and were used 
| to support the creeper cranes for erecting the main 
larch. One of these creeper cranes, each of which 
' weighs 605 tons and can lift 122 tons, is shown in 
position on the steel ramp in Figs. 5 and 6. The 
25-ton cranes were not moved forward, but have 
been left in position, so that they can be used sub- 
sequently for dismantling the creeper cranes and 
erecting the deck of the main arch span. 

Figs. 7 and 8, Plate XXXVI, show the method 
that is being adopted for constructing the main 
span. As will be seen, cantilevering out from each 
shore is employed, the half-arches on each side being 
secured by a cable anchorage. This anchorage is 
attached to the tops of the end posts, and passes 
over a steel saddle on the rear wall of the 
abutment, the cables being arranged in eight rows 
of sixteen. One of these saddles is illustrated in 
Fig. 16, Plate XX XVII. The cables are then led 
through a concrete saddle at the mouth of a 
cable tunnel. This saddle, as shown in Fig. 17, 
Plate XXXVII, encloses thirty-two rows of four 
pipes each. A view inside the tunnel itself is given 
in Fig. 3, on page 496. The cables are laid in 
grooves in corrugated steel sheeting, which is borne 
, on the concrete lining. This tunnel is inclined at 
| 45 deg. to the vertical, as will be clear from Fig. 7, 
on Plate XXXVI. It is arranged to form a loop, 
which encloses a mass of solid sandstone, the weight 
of which resists the upward pull of the cables. 

Each cable forming the anchorage is 2-76 in. in 
diameter, and approximately 1,200 ft. long. It is 
made up of 217 wires, the central wire being 0-2 in., 
and the remainder 0-16 in. in diameter. Its 
ultimate strength is 360 tons, the final load to be 
carried being 125 tons. After being threaded 
into position through the tunnel, and the two 
saddles, the free ends of the cables were laid over 














* See ENGINEERING, vol. cxxiii, page 619 (1927). 
t loc. cit. 
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the front wall of the abutment. The cibles were 
prepared for attachment by cutting to the correct 
length and fitting with a cast-steel socket, one of 
which is shown in Fig. 4, above. This connection 
was made by first passing the cable through the 
socket, and then opening up and cleaning the wires. 
Some of the wires were next bent over at the ends, 
and the socket was forced upwards on the cable, 
until the opened wires filled its bell-shaped mouth. 
The whole was then heated with a blow-lamp, and 
a filling, consisting of 86 per cent. lead, 11 per cent. 
antimony and 3 per cent. tin, poured in. When 


this filling had solidified, the socket was capable of | 


withstanding the same load as the cable itself. 


All this work was carried out in sheds, which were 


erected on a cross girder at the abutment end of 
the cantilever. 

In the meantime, the end post, along with a short 
section of the lower chord, had been set up on its 
bearings and strutted out from the abutment 
tower is shown in Fig. 2 on page 495. As soon as 
this had been done the temporary anchorage, con- 
sisting of eight cables, was attached to the top of 
the end post at joint 29 (Fig. 8). The details of the 
joint, which are shown in Figs. 19 to 22, on page 
497, were specially modified, to suit the anchor- 


9 


- 


age connections. The end post: is cut off along the | 


The | 


plane of the lower flange of the top chord. 
latter is a tapered member measuring 40} in. deep 
over the flange angles at joint 27, and 664 in. deep 
at joint 29. 
to allow a pin hole 27 in. in diameter to be pro- 
vided for the connection of the final anchorage. 
Owing to the splay of the cables and the excessive 
tension on the top cross member of the portal 
during erection, the lateral gusset plates were con- 


tinued over the whole breadth of the inner half | 


HARBOUR 


ANCHORAGE TUNNEL. 


This increase in depth was necessary | 


J. C. BRADFIELD, M.INST.C.E., 











top chord and end post was made by riveting 
through the lateral gusset plates to cleats on the 
end post webs, and to counteract the moment, 
which was thus set up on the connections, the gussets 


/were strapped to the webs of the top chord by | 


plates which passed through slots in the flange some 
distance in front of the joint. 

The temporary anchorage, which consisted of a 
raking strut and the eight cables, was connected to 
the end post by four built-up brackets on the shore 
face of the latter. These brackets, of which there 
was one to each web on the post, were roughly 
triangular in shape and had a rolled joist at their 
}extremities. Each 
10-in. pins for connecting the raking strut as 
illustrated in Figs. 20 and 21, page 497. These pins 
were 3 ft. 4 in. long. The outer pair of brackets 
were also bored to receive two 9-in pins, which were 
4 ft. 34% in. long and were set vertically one over the 
other and some distance above the raking strut 
pins. The connection brackets were secured to the 
|flange of the end post by fitted bolts and were 
| strapped to the end post webs by means of plates 
| which passed through slots in this flange. These 
| brackets will be removed when the erection of the 
| cantilevers is completed. 

The cables were connected to the 9-in. pins by 
means of U bolts, which passed round the pin and 
| through the flange of the cast-steel sockets, as shown 
jin Fig. 18, Plate XXXVII. These U-bolts were 
3 in. in diameter and 8 ft. 6 in. long from the 
| end of the bolt to the centre of the pin and were 
| threaded to take special forged nuts. These nuts, 
}as indicated in Fig. 22, on page 497, were seated 
on bronze washers, with a spherical dish, which 
porte born on the rear flange of the socket. The 
U bolts were kept in position on the 9-in. pins by 


top chord member, instead of being riveted to the | cast-iron collars, which were shaped to the splay of 


flange on the sides only, as was done in the case 
of the ordinary top chord joints. 


These gusset} on both ends of the 9-in. pins. 


| the cables while a strong keep plate was provided 


The temporary 


plates are of the same thickness as the flange | anchorage cable connection was disposed symmetri- 
plates of the main body of the top chord member | cally round the outer web of the end post, thus 


to which they are spliced. 


As it was impracticable | enabling the cables themselves to be erected clear 


to carry the vertical gusset plates for the end|of the ramp structure, which supports the creeper 


post and diagonal through the slots in the flange | crane. 


It also permitted the links for the connection 


ofjthe top chord, they were interrupted at the level | of the final anchorage to be erected. As soon as the 


ofthe lower flange. The connections between the | cables for the latter were attached and tensioned, the 
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bracket was bored to receive | 
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Fia. 4. CABLE SOCKETS. 


eight temporary cables and their pins were removed. 
It may be added that these cables were attached at a 
stress of 100,000 Ib. per square inch, thus straining 
the steelwork back against the raking strut. As at 
this stage the stress required to balance the arch 
was only small, any excess was taken up in the 
raking struts, the object of which was to allow the 
temporary cables to be heavily tensioned, and thus to 
render the structure more capable of withstanding 
the lateral action of the wind and the unsymmetrical 
loads set up as the jib of the crane traversed across 
the structure. 

When the work just described had been completed 
the heavy members forming the first panel of the 
arch were brought within the reach of the creeper 
crane by a floating Titan crane, which is illustrated 
in Fig. 5, Plate XXXV. The creeper crane was then 
moved into position at the tops of the end posts and 
used to erect the first panel and the cross girder 
which was hoisted to the next lifting position on that 
panel. The crane was next moved on to the first 
panel clear of the ramp structure, which was re- 
moved, while the temporary anchorage was also 
replaced by the final anchorage. ; 

This final anchorage, the construction of which will 
be clear from Figs. 9 to 12, Plate XXXVI, consists 
of 128 cables. These are arranged in eight horizontal 


‘rows of sixteen at the end post, their ends being 


provided with sockets similar to those already de- 
scribed. Instead of the U bolts, however, two 
straight bolts per cable are used. These are fitted 
with a special thread, nuts and spherical seated 
washers and pass through the socket flange on either 
side of a pin. This is 11 in. in diameter and is 
grooved to allow the passage of the bolts. At the rear 
of this pin the bolts pass through a rectangular forged 
steel saddle, beyond which they project a sufficient 
distance to allow the nuts to be slackened back 
when the cables have to be removed. ‘These pins 
bear on large fan-shaped steel link plates, which 
were built up in the shops. There are five of these 
plates to each anchorage, and they are conne: ted to 


the top chord by two pins, each of which is 27 in. in 
diameter and 6 ft. 1 in. long. These pins pass 
through holes in the webs of the top chord, which 
at this place are suitably reinforced by pin plates 


and tapered to provide sufficient depth at tie pip 
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FINAL ANCHORAGE CONNECTION AT JOINT 29, 






































holes. The weight of the link plates was taken by 
the joist on the end of the end post bracket. A 
view of the final anchorage connection is given in 
Fig. 23 on page 497, which shows a number of 
cables tensioned to take the load of the arch. 

(T'o be continued.) 








CHAPTERS IN NAVAL AND MARINE 
ENGINEERING HISTORY.—II. 


By ENGINEER CapTatn Epa@ar C. Situ, 
O.B.E., R.N. 

Tue work of Fulton and of Bell, referred to in the 
previous article, definitely marked the inauguration 
of the use of steam boats on the rivers of America 
and Europe, respectively. This was an innovation 
for which the world had been prepared in the 
previous century by the increased use of machinery, 
and there were many engineers ready to try their 
hand at making marine engines and boilers. From 
the Hudson and the Clyde, the new means of 
transport spread to the St. Lawrence, the Mississippi, 
the great Lakes, the Mersey, the Thames, the Seine 
and the Rhine, and even to India and to Batavia. 
Perhaps the most extensive collection of facts 
concerning early steam boat enterprises is contained 
in Preble’s Chronological History of the Origin and 
Development of Steam Navigation, published in 
Philadelphia in 1883. For 25 years, Admiral Preble, 
of the United States Navy, collected notes on the 
subject, and his book is a veritable storehouse of 
information. From such figures as are given by 
him and.others, it appears that, by 1819, about 100 
steam vessels had been constructed in the United 
States, while, in 1820, the British Empire possessed 
43 vessels, of the total tonnage of 7,240 tons. 
Twenty years later, the tonnage belonging to the 
United Kingdom was 95,807 tons, while that of 
the United States was 200,000 tons. Of the latter, 
only about 4,000 tons was registered for foreign 
trading. While Great Britain was building up a 
fleet of steam vessels suitable for trading in any 
waters, American constructors were mainly engaged 
with river craft, and it has been said that almost 
every venture made with American steamers upon 
the ocean during the 30 years succeeding the 
Clermont’s first trip on the Hudson, proved unpro- 
fitable. Many accounts were published of the fine 
river boats built in America, and the palatial vessels 
now running on the lakes and rivers in the New 
World are the results of the specialisation of a 
century. 

If the American shipbuilders and marine engineers 
found full scope for their skill in meeting the 
demands of inland transport, it was otherwise in 
this country. Our geographical position, no less 
than the needs of our far-flung Empire and our 
great overseas trade, naturally led to the building 
of vessels fit for work in the open sea, and it is with 
the development of such ships that we are mainly 
concerned. In this article, it is proposed to review 
some of the work of the two decades preceding the 
establishment of Transatlantic steam navigation, 
but, before proceeding further, it should, perhaps, be 
pointed out that, though steam navigation became 
of increasing importance, for many years steam 
tonnage was small in comparison with sailing ton- 
nage, and long after the advent of the steam ship, 
our sailing tonnage continued to increase. The rela- 
tive and approximate figures in 1840 were: steam 
vessels, 95,000 tons and sailing vessels, 3,000,000 
tons; in 1849, steam vessels, 170,000 tons and sailing 
vessels, 3,000,000 tons; in 1866, steam vessels, 
747,000 tons and sailing vessels, 4,705,000 tons; in 
1871,steam vessels, 1,290,000 tons and sailing vessels, 
4,343,000 tons. Until the adoption of the compound 
steam engine, the sailing ship remained the most 
economical means for carrying large cargoes long 
distances, and under favourable circumstances, the 
splendid clipper ships could outdistance the finest 
steam ships. Our steam tonnage, however, was 
equal to our sailing tonnage in the eighties, and 
each succeeding decade has been marked by a rapid 
decline of sailing tonnage, until, to-day, the construc- 
tion of sailing vessels of any considerable size has 
ceased. It may be that the marine engineer has 


destroyed much of the romance of the sea, but he 
has certainly diminished the dangers and delays of 
sea transport. 
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Among the best known of marine engineers in this 
country in the first half of the nineteenth century 
were Robert Napier, David Napier, Scott, Sinclair, | 
Caird and Tod of the Clyde; Fawcett, Bury and 
Forrester of Liverpool; and the Maudslays, Field, | 
Miller, Barnes, Seaward, Rennie and Penn of the 
Thames. The historic firms of Boulton and Watt | 
and the Butterley Iron Works, Derbyshire, also built 
marine engines, and these firms, together with that | 
of Maudslay, Sons and Field, were at one time | 
considered the only ones of sufficient reputation to | 
execute Government contracts. The early experi- | 
mental steam boats had engines of various designs | 
bearing little resemblance to the ordinary land engine | 
of Watt, but not many years passed before the beam 
engine was modified by having beams placed on 
either side of the cylinder and crank instead of over- | 
head, and, known as the side-lever engine. this type | 
was familiar to every sea-going engineer. It was} 
in its day the standard type, and as well known as | 
was the vertical triple-expansion engine of more | 
recent times. Every maker constructed them and | 
the first cross-Channel vessels, the first naval | 
steam vessels, the first steam fighting ships, and the | 
earliest ships of the General Steam Navigation 
Company, the Peninsular and Oriental Steam Navi- | 
gation Company, and the Cunard Company all had 
side-lever engines. Onastone plinth in the grounds 
of Dumbarton Castle is to be seen the single-cylinder 
side-lever engine made in 1823 by Robert Napier 
for the Leven. This engine was of only 33 nominal 
horse-power, but nearly forty years later Napier 
was constructing engines of a similar type for the 
last paddle-wheel vessel of the Cunard Company, 
S.8. Scotia, the engines having two cylinders 100 in. 
in diameter and a 12 ft. stroke. Supplied with 
steam at 20-lb. pressure, these engines developed 
4,900 indicated horse-power. American engineers, for 
many of their river boats, used engines with overhead 
beams, but they also constructed side-lever engines, 
some fine specimens being found in the ships of the 
Collins Line, which attempted to wrest the supre- 
macy of the Atlantic from the Cunard Company. 

At first, steam pressures were very low, little 
above atmospheric pressure, and the boilers were 
simply great rectangular boxes with square furnaces 
and long winding flues, of such a size that a man 
could pass through them. They were sometimes | 
made of iron, sometimes of copper and, of course, | 
were nearly always worked with salt-water feed. | 

A steam vessel which may be taken as repre- | 
senting the best practice of the day was H.M.S. | 
Lightning, built at Deptford in 1823 and engined | 
by Maudslays. She was 126 ft. long, 22} ft. wide and | 
of 296 tons. Her engines, of 100 nominal horse-power, 
had two cylinders 40} in diameter and a 4-ft. stroke. 
During her career, which extended till 1872, she had 
four sets of boilers but retained the original engines, 
and of these there is a sectional model by Henry 
Maudslay in the Naval Museum at Greenwich. Her 
original flue boilers carried but 2 to 3 lb. pressure. 
To the Lightning belongs the distinction of being 
the first steam vessel in the Britain Navy to take 
part in naval warfare, and the first for the command | 
of which a commission was granted. | 

We hear of her in 1824 accompanying bomb | 
vessels to Algiers ; the following year she was being | 
fitted out as a yacht ; on December 4, 1827, the Duke | 








of Clarence signed the commission of Lieutenant | 
G. Evans for her command, and a few years later | 
she is referred to in Punch when recording an | 
incident connected with the crossing to Ostend of a | 


royal personage. Punch then printed the lines : | 


“Though Canute could not check the wave | 
When rapidly the tide was heightening 
Victoria her orders gave | 
And at her bidding stopped the Lightning.” | 


In a picture of an incident in the Baltic Campaign, 

the Lightning is seen leading the Edinburgh, 

Hogue, Amphion, Alban, Blenheim and Ajax, to the | 
attack on Bomarsund, and towards the end of her | 
career she was lent to the Royal Society for deep-sea 

dredging. Our interest in the vessel is not lessened | 
by the existence of a letter from her engineer, written 
in 1826, to Simon Goodrich of Portsmouth. This | 
letter, which recalls the constant anxiety of the early | 
sea-going engineers regarding the density of the) 


| water and their method of testing by boiling, is 





probably the earliest letter extant from any en ineer 
of a steam vessel in the Navy. From what has 
been said of Maudslay, whose name in the letter is 
spelt Mosely, and of the trip to Algiers, the refer. 
ences will be understood. The letter is from John 
Chapender ; it covers three pages of foolscap and it 
is given here in full. 


DEPTFORD, August 1, 1826, 
H.M. Steam Vessel Lightuing, 

Sir,—I should have wrote to you before of our 
arrivel at Deptford but been so bussey imployed in 
towing ships about that I have had not a hour since 
I left Cronstead in Rusia we left it on the 1 of July 
in company with the Glouester 74 after beatin and 
towing her at time we was ten days and nights before 
we made Copheagen after working that time my 
water in the boilers did not exceed the tempeture 
216 Deg. by my blowing some water from the boilers 
several time a day. We took our departure from 
Copheagen on the 13th inst. and thén whent into a 
port in Norway in a gale of wind on the 17 Inst at 
this place Biggs Departed on 19 Inst this life and 
was buried their the tempeture of the water in the 
boilers did not excead 216 Deg. took our departure 
from Egersound in Norway on the 21 Inst and made 
Sheerness on the 24 Inst which made our runing 
better then two hundred miles in four and twentey 
hours when We came to Sheerness we run to Chatham 
and then towed a 74 from Sheerness to near Chatham 
left Sheerness for Deptford on the 24 Inst and then 
the next day towed a ship from Woowich to the 
Nore and then back to Deptford to morrow we towes 
a barge from this to the Downs or near Portsmouth 
with the Embasadore things that his goine out in 
the Ganges and then return back to Deptford imme- 
dently Sir the tempeture of the warter in the North 
sea his 214 and the tempeture in my boilers did not 
excead 218 so that I never put my fire out nearly the 
ole of the voage and when I took my man hole of the 
boilers of was as clean as a pair of new ones my Engins 
his in as good repair as when I left England the main 
pipe joint under the boilers give away but I repaird 
that so that it his as tite as ever but my front plates 
round the fire doors his gitin bad and my Cluch on 
the paddle Wheels his git lose by been in such evey 
seas. Mr. Mosely have been on board and it give him 
grate pleasure to see the Engins in so good a state 
after such a long journey Sir I hope that you will send 
to the Board to know if I am to have the boat or 
know as we belong to your department for I have had 
know time to see them or write to them I hope that 
you will do me that favour and let me know Sir as 
soon as posable or some Recompence for bring home 
the Vessel as I am at Deptford I have two or three 
places to go to if the don give me the situation. 
I have had charge of the Engins from the 4 of June 
when we left Cronstead to look for the Duke I have 
had a fertigen time of it Algers was nothing to compair 
to this Journey. 

Sir, 


I remeins your 
most humble and 
Obedgent Servent, 
JoHN CHAPENDER, Acting Engineer 
of H.M. Ship Lightning. 
The original copy of this letter is preserved at 
the Science Museum with the Goodrich papers, 
of which more will be said later. It is accompanied 
by another letter dated November 8, 1826, acknow- 
ledging with gratitude his appointment ; but 
Chapender evidently did not give satisfaction for, 
in Goodrich’s notebooks are found the entries :— 
5.5.27.—Sat. at Dyd. Writing about Chapender. 
7.5.27.—Send on report for the removal of Chapender 
from the Lightning. 
11.5.27.—-Further explanation about Chapender. 
7.6.27.—Recommend Jenman for lst Engineer of the 
Lightning. 
From the Lightning we now turn to the Enter- 
prize, the vessel by which it was hoped to establish 
steam communication with India. Meetings of 


| officials and merchants had been held in London 


in 1822 and in Calcutta in 1823, to consider the 
project, and the Government of India had offered 
20,000 rupees to any British subject who would 
permanently establish steam communication either 
via the Cape or the Red Sea before the end of 
1826. Funds being forthcoming, the Enterprize, 
then on the stocks of Gordon and Company, 
Deptford, was purchased and Lieuteannt Bo H 
Johnston, R.N. (1787-1851), one of the chief 
promoters, was chosen to command her. _The 
Enterprize was 122 ft. long on the keel, 27 ft. 
beam, and 479 tons burden, and into her Maudslay 
fitted one large copper flue boiler and a two-cylinder 


side-lever engine, with cylinders 43 in. diameter 
and 4-ft. stroke, driving paddle wheels 20 ft. in 
diameter. Gear was supplied for holding the wheels 
when the ship was under sail. In the engine — 
were brine pumps for discharging water from te 
boilers and “refrigerators” for heating the 


incoming feed water by the outgoing brine. 
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of the coal was carried in iron tanks which, when 
emptied. could be filled with sea water to ensure 
a proper immersion of the paddle wheels. The 
vessel cost about 43,0001. 

Though often referred to, no full account of the 
voyage has been published, but in the Field 

rs, presented a few years ago to the Library 

papers, pre - ag \ 
of the Science Museum by Miss Gertrude Field, 
a granddaughter of Joshua Field, are a copy of 
Lieutenant Johnston’s log up to the time that 
the vessel arrived at the Cape, and a letter written 
from Calcutta to Henry Maudslay by William Ash, 
the engineer of the ship. 

Leaving Falmouth on August 16, 1825, with 
17 passengers and a small quantity of cargo, 
the ship reached Cape Town on October 13, and 
Calcutta on December 7. Though she did not 
fulfil the conditions necessary to obtain the 
reward. the Enterprize was purchased by the 
Indian Government, who employed her in running 
despatches between Calcutta and Rangoon, and 
we hear of her again when the mail service to 
India via Alexandria and Suez had been started. 
The log is too long to be reproduced, but one or 
two extracts will help to illustrate the problems 
that confronted the commanding officer. During 
his two months’ voyage to the Cape, Lieutenant 
Johnston had many anxieties and difficulties to 
contend with, some of which arose from the 
distribution of coal in tanks in various parts of 
the ship. For days together the ship must have 
been like a collier, but both passengers and crew 
bore “with these disagreeables with much con- 
sideration.” The first entry reads :—- 

Tuesday, August 16, 1825.—Draught of water 
forward 15 ft., aft 15 ft. 3 in. At 7.30 cast off from 
Mooring Buoy and proceeded down Channel. 9.30 
passed the Lizard Light. Engines going 22 strokes. 
Temperature 224 deg. Speed 6$ miles per hour. Light 
breezes from the north-west. 

On August 27 the ship, with the aid of steam 
and sail, had got as far as the Canaries, and on 
that day the fires were worked down, the engines 
stopped, seven paddle boards aside were taken off. 
the wheels were locked, and the vessel proceeded 
under sail. The following days Lieutenant Johnston 
records :— 

August 28.—The engines have been continually at 
work since the 16th inst. at noon, a period of 11 
days, during which time the water has only been 
blown off once, and then more as a measure of pre- 
caution than of necessity. The engineers and the 
stokers have been much fatigued and, to-day being 
Sunday, as we are, I trust, fairly in the Trade, I have 
desired everything connected with the engineer’s 
department to stand over till to-morrow. I have 
invited the chief engineer, Mr. Ash, to dine with me, 
as | wish to give him as much consequence as possible 
in the eyes of those who are placed under him. 

August 29, a.m.—Opened the boiler found all the 
water had not blown off, and incrustation on the 
bridges and on the chimney casing, of and about the 
thickness of a half-sovereign is the only deposit in 
the boiler. This is confined to the bridges and to 
the sides of the fireplaces as low down as the bars ; 


below the bars the copper is bright. The stokers 
are employed cleaning it off with sharp-edged tools, 
which cut the copper and which, unless much care 
is taken, must injure it considerably. I find that a 


— blow of a smooth-faced hammer will remove 
the incrustation more quickly, the concussion having 


the effect of detaching it in large flakes. Ash objects 
to this mode from an idea that the repeated blows 
will expand the copper and start the rivets. This 
I do not think will be the case, as the blow required 


's not t think more than a force of 2 pound on a 
Square inch of surface. The water remaining in the 
bottom of the boiler contains a considerable quantity 
of magnesia, and is more turbid than what was 


itlivered by the refrigerator at the last moment. 
a rs about the engines lifting the covers of the 
% inders and adjusting the pistons. Sweep cleaning 
- flue found the flue had wept very much, Saved 
on cow dung to plaster the bridges, &c. I have 
gn | the coal tanks, and I find the consumption 
_ been considerable. . I think certainly 
. 7 more than one-third of the whole quantity of 
oe 8 has been expended, and I shall be tenacious of 
sail? {8° Steam when I can go 5 or 6 knots with 
: — being cleaned, the boilers were again lighted, 
pe with the expenditure of an extraordinary 
oe of labour in transporting coal, steam was 
aintained and the engines used off and on till 


- ship reached the island of St. Thomas on 
ge 17. From that time till the arrival 
the Cape the entries are much shorter, and 


tefer mainly to the navigation of the ship. The 


Oetuber 12, 7 p.m.—Lit the fires, furled the sails, 
and set on steam. At midnight hove to off Table 
Mountain bearing S.E. 

October 13.—At daylight 30 miles off. Hoisted the 
anchors from the fore hatchway, and got them over 
the sides. Got the cables up and stood into Table Bay. 

Received a salute from the Castle and anchored in 

5 fathoms, 

To the Jetter of Ash to Henry Maudslay there is 
no date, but it was evidently written some time after 
the vessel had been taken over by the Indian 
Government. He referred to the breaking of the 
brass bolts in the boiler, to trouble with the discharge 
pipe and cock, to broken spindles, to valves out 
of order, to repairs of the ‘‘ Fregerator,”’ “‘ but after 
all these trifles we have done very well and to 
satisfaction, as now it is said from good authority 
that the vessel has showed herself by her great 
services.” Ash also had something to say of the 
little Diana, which had been used in the Burmese 
campaign of 1824, adding “the engineer, Mr. 
Darwood, that came with her has lost his leg by 
getting under one of the beams in a seaway, but is 
about as well as he can with an assistant but talks 
of coming to England,” and further on says “ The 
Falcon Steam Vessel that the Enterprize was not to 
be compared with in England has arrived here after 
about 4 months passage now they have her engines 
out and made a vessel for cargo of her. The Engines 
are now lying on shore.” 

At the time the Enterprize made her voyage, there 
were many shipping companies owning steam 
vessels, and others which were concerned only 
with such vessels. Of the latter, two of the best 
known were the City of Dublin Steam Packet 
Company, of Liverpool, and the General Steam 
Navigation Company of London, which, in 1826, 
sent a vessel as far as Lisbon. The Admiralty had 
also acquired other steamers beside the Lightning 
and Comet, and by 1830 the names of about 
a dozen appeared in the Navy List. To some of 
these fell the task of first carrying mails overseas, 
and the service inaugurated by the Navy was the 
first regular series of long-distance overseas voyages 
made under steam. 

Mails had been sent to France by steam boat since 
1821, but, up till 1830, letters for more distant 
countries were carried by sailing packets, the ter- 
minal port for which was Falmouth. For more than 
a century, and until after the Napoleonic wars, these 
sailing packets were managed by the Post Office. 
A year or two after peace was declared, however, 
the service was taken over by the Admiralty, the 
vessels forming an admirable training ground 
for seamen. Not only to Spain, but also to 
Malta, the Ionian Islands, West Indies and North 
America were the packets sent, and Falmouth, in 
those days, held a position much the same as 
Southampton holds to-day. It was in connection 
with the conveyance of mails that the oft-quoted 
minute of Lord Melville, the First Lord of the 
Admiralty, was written. In 1828, Mr. Hay, of the 
Colonial Department, had asked that a steamer 
might carry the mails from Malta to Corfu. To this, 
Lord Melville, replying in a minute written by 
himself, ‘regretted the inability of my Lords 
Commissioners to comply with the request of the 
Jolonial Department, as they felt it their bounden 
duty, upon national and professional grounds, to 
discourage, to the utmost of their ability, the employ- 
ment of steam vessels, as they considered that the 
introduction of steam was calculated to strike a 
fatal blow to the naval supremacy of the Empire ; 
and to concede to the request preferred would be 
simply to let in the thin end of the wedge, and would 
unquestionably lead to similar demands being made 
upon the Admiralty from other departments.” 

It is probable that the official view reflected the 

general opinion of sea-faring folk, for at that time 

we owned but 293 steam vessels as against some 

20,000 sailing vessels. Steam boats, however, had 

proved themselves so much faster on short journeys 

and maintained so much greater regularity that, in 

1830, it was decided to send letters to the Mediter- 

ranean by steam, and it thus fell to the lot of the 

Navy to inaugurate the long-distance overseas 

steam mail service. The first vessel to be put on 

the run was H.M.S. Meteor, of 296 tons, and 100 

N.H.P., and her departure from Falmouth on 
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of steam navigation. Sailing ships had taken 
three months to do the round voyage to Corfu and 
back, but this time was speedily reduced by the 
Meteor, and her consorts, and, in 1831, H.M.S. Mes- 
senger performed the outward and homeward 
passages in 31 days. The vessels first employed 
were the Echo, African, Carron, Confiance and 
Columbia, which had all been built in the Royal 
Dockyards, and to these were added the larger 
vessels Hermes, Messenger and Firebrand, the 
two former ot which had been built at Blackwall 
for the General Steam Navigation Company, as 
the George IV and Duke of York. These two were 
considerably larger than any of the others, being 
of 733 tons. The engines of the vessels were 
constructed either by Boulton and Watt, the 
Butterley Iron Works, or Maudslays. The boilers 
were the rectangular flue type, of iron or copper, 
and all the vessels had side-lever engines. Though 
few seafaring engineers of those times left any 
account of their experiences, thanks to Dinnen, 
who for five years was chief engineer of the African, 
we have an excellent review of the practice of the 
time, while one of the commanding officers of the 
day, Lieut. Robert Otway, published an Hlementary 
Treatise on Steam—as Applicable to the Purposes of 
Navigation. The third edition of Otway’s book 
appeared in 1837; Dinnen published his memoir 
on marine boilers in 1838, and both are invaluable 
to the student of engineering history. Though 
Otway says he found the engineers he met “ almost 
invariably solicitous to evade, by technicality of 
language, imparting information on the subject ; 
and, in fine, to use every endeavour to make a 
mystery of the whole operations of the engine room,” 
his book is full of practical details relating to the 
construction and manipulation of the engines. He 
touches on many things ; isa believer in higher pres- 
sures ; recommends that the Royal Dockyards should 
undertake the repair of engines and boilers; and 
argues that if the Government want the right men 
they will have to start a training school for engineers. 
He tells his brother officers that, though they 
should be acquainted with the principles of the 
machinery, it is no place of theirs to superintend 
the engine room or to crawl through a boiler, “all 
that is required is common place prudence and 
attention, and neither too implicit confidence in 
those immediately attendant on the engines, nor 
too rash an application of steam for the mere 
purpose of showing off, by an acceleration of speed, 
or the very censurable competition with a rival 
steamer.” The boilers he regards as ‘the fountain 
head from which all benefit is derived,’’ but he 
complains that vessels running mails were not 
allowed proper time to clean the boilers, and the 
commanding officers sometimes fell under censure. 
In another passage, when speaking of the work 
to be done in the engine room on arriving in harbour, 
he gives some good advice to his brother officers 
as regards their attitude towards the chiet engineer, 
remarking “furthermore, by showing this deference 
and mark ot respect to that officer it serves as an 
example to the men on board who will the more 
readily look up to him as their superior in every 
point of view.” 

Dinnen’s paper is naturally more concerned with 
the purely technical side of the subject, and it 
may be recalled that, at a time when it was supposed 
that the Mediterranean was much salter than the 
ocean, Dinnen, by blowing down a portion of the 
water in the boilers of the African every two hours, 

kept them practically clean and free from marine 
deposit, ‘‘a circumstance without precedence.” 

The boilers of the African were of copper and the 

leakage of salt water into the flues gave Dinnen 

far more trouble than incrustation. Even then 

he saw that “‘ nothing but the use of distilled water 
will ever thoroughly obviate the evils to which 

marine boilers are subject on very long voyages.” 

He says nothing of those above him, but in speaking 

of economy of fuel, he remarks: ‘‘ Stokers consult 

their own convenience ; and as long as they keep 

plenty of steam flying off to waste they are seldom 

called to account; as to myself I have found the 

greatest difficulty in obliging them to keep their 

fires uniformly.” 

The Navy maintained the mail service by means 








last two entries read :— 


February 5, 1830, marks an epoch in the history 


of the vessels we have named, until 1837, when a 
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contract was made with the Peninsular Steam 
Navigation Company, and, on September, 1837, the 
Iberia, of 400 tons, built by Curling and Young, and 


Hence we write 





discussion, a value of 25,000 will be adopted in|} The evaluation of the formulas (3), (5) and (6) 
what follows. 


is represented in the accompanying diagram. The 
relation assumed between the revolutions of the low- 





4 : 
engined by Miller and Barnes, sailed for Gibraltar, H= > DL _ - D} me : pressure turbine and the horse-power per shaft is 
calling at several ports in Spain. ; “wr ; 6,000 5 : : 275,000 
With the extension of the contract to other ports | Therefore, if each pinion is loaded to its fall N, = Ja,’ 


in the Mediterranean, the activities of the company 
increased, and under the title ‘‘ Peninsular and 
Oriental Steam Navigation Company” it has 
ever since carried on and extended the work begun 
by the Royal Navy. If it were possible to continue 
the story of the extension of the mail service to 
the East, reference would have to be made to the 
use of the overland route, the navigation of the 
Red Sea, first by the Hugh Lindsay, then by the 
Enterprize and the Atlanta, till we come to the 
Berenice, which Robert Napier supplied to the 
Indian Government. This vessel may be regarded 
as Napier’s finest piece of work prior to his con- 
struction of the first vessels of the Cunard Fleet. 
Built in 1836, the Berenice was 170 ft. long by 28-8 ft. 
broad and of 646 tons, with engines of 250 N.H.P. 
An account of her voyage to India is given in the 
life of Napier. She left Falmouth on March 16, 
1837, and reached Bombay on June 13. She was 
under steam 63 days, but was detained no less 
than 25 days coaling at various ports. Her average 
speed for the whole voyage was 8 knots, and it was 
largely her success which led to the co-operation, 
two years later, of Napier with Cunard. Some 
particulars of the Berenice’s voyage are given 








below :— 

se . . i | Coal | Sickel 

Passages. Distance. | Expended.| Speed. 

Miles. | Tons. Knots. 

Falmouth to Santa Cruz 1,510 | 128 10 
Santa Cruz to Mayo aS, 896 87 11 
Mayo to Fernando Po ee 2,284 190 93 
Fernando Po to Table Bay 2,269 220 10 
Table Bay to Port Louis .. 2,488 313 10 
Port Louis to Bombay 2,612 170 | 10 





The Berenice, unlike the Enterprize, found coal- 
ing stations available. Notwithstanding this, her 
voyage was a notable one, and it marked the limit 
of achievement by steam until a year later, when 
the grand project of Transatlantic steam navigation 
was shown to be practicable by the famous Great 
Western. 


THE DESIGN OF SINGLE-REDUCTION 
GEARING FOR COMPOUND TUR- 
BINES. 








By Ricuarp GARDNER. 

THE following notes refer to the usual arrange- | 
ment of geared steam turbines, such as are used in 
high-powered destroyers or flotilla leaders, in 
which the reduction of weight to a minimum, 
combined with the maximum loading of the power 
elements, is a primary consideration. 

The turbines are designed to run at the highest 
possible rate of revolution. The speed of the 
low-pressure turbine is limited by considerations 
concerning leaving losses and blade stresses. 
Generally, the limitation to the revolutions of the 
high-pressure turbine is fixed by the load on the 
pinion teeth, and not by any considerationsconnected 
with the turbine itself. The problem is, then, to 
determine the revolutions of the high-pressure 
turbine in such a way that each pinion shall be 
loaded to its full capacity. 

Table of Notation Employed. 


| | 








Gear High- Low- 

Wheel. Pressure | Pressure 

Pinion. Pinion. 
Shaft horse-power .. H,, a. | H, 
Revolutions per minute Ny N, a 
Pitch-circle diameter (in.) .. D, D, 


Tooth face width (in.) . ‘| 


| 


Referring to a note by the author, published 
in ENGINEERING, vol. exv, page 512 (1923), we shall 
take for the power capacity of a pinion, 


Ni D?L 


n° alent 


In the above article, the value derived for the 
constant was 28,000, but in the light of later 





experience and for the class of work now under 


capacity we shall have, using the notation given in 
the accompanying table, 


_ (No Do)? L 


— (NoDo)* 1 
25,000 (1) 


H, N,i = H, N,} 


since 


N, D, = N, D, = Ny Do (2) 
It was also shown in the same article that if 


the maximum tooth deflection is 0-001 in., then, 


ni 


L\5 
(>) = 780,000 


from which 


Nis 
Ht 


L 
D™ 15-1 





Strictly, the substitution of the constant 25,000 


for 28,000 should require that the constant 
780,000 be replaced by 25,000? + 1,000 = 625,000, 
and the constant 15-1 by 


5/°625,000 = 14-43. 
As, however, 0-001 in. is quite a safe value of 


the deflection and, moreover, the dimension L is 
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somewhat indefinite, due to the usual practice of 
chamfering off the ends of the pinion teeth, it 
will be in order to take, 
1 
L Nib 
p= 


15 
This restriction applies only to the smaller of the 
two pinions in single-reduction gearing. We have, 
therefore : 

L 


-=] 
D, ' 


sy 
Ny 


Hy’ 


(3) 


The remaining datum is 


H, + H, = H, (4) 


It will be convenient to solve these equations in 


From (1), 


terms of Nj. 
N 
H, = H, (3 


1 


)* 


Hence, substituting for H, in (4), we find, 
H, 1 


‘ 1+ (Ht) 


(5) 


To eliminate L and D, multiply together the 
left-hand sides of (1), (2) and (3), and equate the 
result to the product of the right-hand sides. 


We then obtain. 


3 _ (No Do!® Ny 
H,N,' = "25,000 x 15 x ae 
or, 
5,000 «as 
(No Do)? = a3 Hy Ny’, 
or, 


Ny Dy = 11:85 (H, N,})'. (6) 
0 0 1 1 





the constant being suitable for a fast \ arship 
| having turbines using high-pressure superheated 
steam. 

The chart is useful in the following way: Take, 
for example, the case of a set of 20,000 h.p. with 
the propeller making 350 r.p.m. and the speed 
of the high-pressure turbine being 3,500 revolutions, 
Then, by the above formula, the revolutions of 
the low-pressure turbine will be, 





275,000 _ 1 945. 
./20,000 
From the chart we read off, 
H, re : = 
Fi, = 9°4035, 5 = 4-28, Ny Dy = 33,600, 


Hence the high-pressure pinion must transmit 
0-4035 x 20,000 = 8,070 h.p., 
and the low-pressure pinion 11,930 h.p. 
The diameters of the gears are 
33,600 


o = 350 = 96 in. 
oe 
D, = 3,500 = 9-6 in 
33,600 
Dz = 7,945 = 17+*3 in 


and the face width is 4-28 x 9-6= 41 in, to 
which something should be added to compensate 
for the loss of width due to tooth-end chamfering. 

Again, suppose that for a set of 40,000 shaft 
horse-power per shaft the propeller revolutions 
are to be 325, and that the largest gear wheel 
that can be accommodated is 114 in. diameter. 
In this case 

Ny Dy = 325 x 114 = 37,000. 
/Then, from the chart, the revolutions of the 
high-pressure turbine cannot exceed 2,500. 

It is interesting to notice that the foregoing 
equations can be solved so as to express N in 
terms of Ny Do. 

Writing (6) in the form 
and multiplying this by equation (5), we obtain, 
| 


(No Do)? = ( 
(No Dy)! = 484) js 
(a 


Ny 
which, by transposition, gives a quadratic in 


Ho 


N,¥, viz. :— 
| n,? — 2BN,! — 2BN, =0, 
where F 
2B= ey 
484 Hy N,° 


and the solution is, 








ni = B+ VB? + 2BN,} 
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| Brassey's Naval and Shipping Annual, 1930. Edited 
by CommanDER CHas. N. RoBINsoN, R.N., an 
H. M. Ross. London: William Clowes and Sons, 


Limited. [Price 25s. net.] 

Tus well-known publication, which was age" 
introduced by Lord Brassey in 1886, as a means 0 
bringing together a large amount of information on 
naval subjects, which up till then had been obtain- 
able only from sundry, and very often foreign, 
sources, is again in able hands. The essays appearing 
in this issue on naval and mercantile subjects ar 
of much value, either from the points of vend 
which they uphold, or as illustrating some sta 

of the present stage of development. Tlie —_ 
tions in armaments, which may ultimately — 
from the International Naval Conference, — 
has been sitting in London, makes the — 
Statistical Tables of special interest at t'!s tim 


| 
| 
| 
| 
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and, should the pacifists have entire success, the 
annual will be valuable, in future years, because 
of its statistics of the strength of naval weapons in 
1930. 

Past editors of Brassey were usually fortunate in 
securing writers with special knowledge of their 
subjects, and the new ones have not been less 
fortunate: various naval authorities discuss the 
necessity for adequate protection to suit the 
geographical position of their particular state, the 
endeavour to secure parity with the varying condi- 
tions and how retrenchment has been forced on all 
sides by the tremendous cost of upkeep. When 


one reads the convincing arguments set forth by | 


Captain Alfred C. Dewar for Great Britain, Captain 
R. de Courton for Italy, Lieutenant Louis Guichard 
for France and Lieutenant-Commander Mateo 
Mille for Spain, each representing the protective 
needs of his own country, the extreme difficulty of 
finding a suitable basis for comparative strength is 
realised, and it may well be thought that so long 
as those protective weapons exist (which can also 
be turned into aggressive weapons on occasion) 


any common basis will be almost impossible. , 
We held a preponderance of naval strength in the | 


past, and in view of the doubtful balance at present, 


many of our experts view our present position in | 


the light of tempting providence: the editorial which 
appears in Brassey on the reductions which have 
taken place in Great Britain since 1927, and particu- 
larly since the Macdonald regime in 1929, does not 
make good reading for those who feel that ample 
strength is necessary for our wide empire. Any 
reductions must be decided with great caution, and 
the evidence carefully scrutinised before being 
applied, especially such evidence as that supplied by 
the American Naval Correspondent, W. B. Shearer, 
in 1924. 

From all the arguments put forward by the 
various experts, it would appear that many funda- 


mentals must be decided before naval reductions | 


can properly be discussed: these subjects are for 





| 
| Femarks in striking fashion. The article by Major on the other hand, that he would not have cared 
|P. L. Holmes on “ Marine Aviation” shows the to write for publication with the unreserved inti- 
great developments which are taking place in this | macy which this diary often shows, and again, his 
military arm, and the latest device, viz., an aircraft | public may have been in the habit of expecting 
which can be folded on to the deck of a submarine | more massive productions from him. Whatever 
is of more than ordinary interest. |the reason that it did not appear at the time, 

The Mercantile Section of Brassey is equally |it seems clear, however, that it has not lost by 
interesting, and the statistical tables and data keeping. It has all the interest claimed for it at 
provided by Mr. J. P. Taylor, Viator, and Mr. L.|the Centenary celebration of the Institution, and 
Isserlis, show from many aspects the present | something more, which might not have been appar- 
standing of the world’s mercantile marine fleets. | ent at the earlier date. Like so much else that has 
The latest figures show that the tonnage of steamers | been written of the early engineers, it includes a 
is still more than eight times that of motor vessels, | personal picture of the author and those of whom he 
and that in spite of the depression in industry, the | writes, which might have been less attractive to their 
world’s tonnage has increased by 20 per cent. since | contemporaries than it is likely to be to their 
1920. Mr. Cuthbert Maughan’s essay on “‘ Merchant | grandchildren. The conditions in which Telford’s 
Shipping ”’ policy is full of interest in its particular | works were executed and Southey’s journey per- 
sphere, and contains strong arguments in favour of | formed are less familiar to us than they were to 
rationalisation. Sir Chas. J. O. Sanders’ article on | readers of their time. What the Journal discloses 
load lines is a resume of the work done by the | in regard to its writer and his persons comes to-day, 
committee of which he is chairman: all designers | moreover, a little more unexpectedly than it would 
must hope that its report, which is now being|then. In any case, there is no need to apologise 
considered internationally, will be adopted by all | for finding this Journal a natural, unaffected and 
parties ; also that the reduced load lines which | instructive description of matters with much 


have been successfully used by the U.S.A. for | 
| tankers will be embodied in the final drafts. 

The description of the South Wales ports by 
Mr. Chas. S. Page is a clear account of the steps 
| which have brought about the popularity and high 
| efficiency of those ports. The author shows that 
|the Railways Act of 1921 had far-reaching effects 
|on their development. The short article by Mr. K. 
| Miyasaki, on the developments of Japanese shipping, 
,is of particular interest in showing how the industry 
was, and still is, fostered by State assistance. 

In his review of mercantile marine machinery, 
Mr. R. J. Butler remarks upon the bewildering 
array of schemes which are now at the disposal of 
shipowners—he estimates that there are now more 
than a hundred major combinations available. It 
is suggested by him that owners would save builders 
|@ considerable amount of useless work and expense 


the lawyer, rather than the strategist, and perhaps ‘if they would decide, before asking tenders, the 
the most outstanding item is the question of the | type of engine they intended adopting, instead of ask- 
freedom of the seas in war time. Diplomacy and | ing for numerous alternatives. Mr. Butler predicts 
law are great forces, and it might fairly be argued | that boiler pressures not exceeding 400 Ib. are likely 
that the present efforts to reduce naval armaments to be adopted for future turbine steamers of high 
will not get to the root of the subject. For instance, 'speed. He also gives some statistics of fuel con- 
it is thought by many that the use of submarines | sumption for geared turbine and _ turbo-electric 
should be abolished, but it is apparent that the | driven vessels, which suggest that the latter are about 
destruction of life caused by them would be trifling | 9 per cent. less efficient and, of course, the initial 
compared with the use of poison gas and, no | cost is considerably greater. 
effective attempt has been made to abolish its use| Mr. W. H. Clapham’s review of notable merchant 
so far. A great many points such as these are dealt | ships of the year is in the well-known style of the 
with in a very convincing manner by Captain Alfred | writer. If any criticism might be made of his 
Dewar. | work, it might be suggested as superfluous to state 
One can imagine the feeling of distrust which may | the dimensions of the French liner Cyrnos (a vessel 
pervade naval conferences from the casual disputes | With the Maier form of hull) in both metric and 
the remarks | English measure in a British publication. The 
by Commander Mateo Mille are interesting in this jannual has the usual number of illustrations of 
respect, when he states “the attitude of Spain at | Outstanding vessels of the year, and the number of 
the Conference of 1924 is well known: she withdrew | Silhouettes of ships profiles has been increased. 
from it because she considered her rights were being | The latter do not convey much to the serious student 
tampered with, and she has not changed her attitude | of marine affairs, and as some of them are repetitions 
since then.” In the same way, Lieutenant Guichard of others in the same book, a judicious thinning 


which are reported from time to time : 


| interest to engineers, and to many other people too. 

This is not, indeed, the first time that parts of it 
have appeared. When the industrious Samuel Smiles 
wrote his Lives of the Engineers he included in his 
account of Telford an abstract of some of this 
Journal from a copy lent to him by Mr. Rawlinson. 
Dr. Smiles, however, fell into a misapprehension 
as to the relation between Southey and Telford, 
describing Telford as a friend of Southey’s, who 
persuaded him to go on the tour in question. The 
Journal makes it clear that, on the contrary, they 
had never seen each other before they met at the 
rendezvous in Edinburgh where the journey began, 
and Southey’s first observation is that through 
Telford’s intelligence, frankness, kindness and 
hilarity they were on cordial terms in five minutes. 
So they remained for the whole of the strenuous 
six weeks and more for which the tour lasted, and 
when they parted at last at Longtown, Southey 
found it painful to think “ how little likely it is 
that I shall ever see much of him again—how 
certain that I shall never see so much.” Whether 
they did meet much or not in later days, the friend- 
ship formed during the journey certainly continued 
undiminished, and it does not take much reading 
between the lines of the present text to see that 
part at least of it arose from the intelligent admira- 
tion with which the “journalist ’’ followed the 
engineer’s works, and the readiness with which 
Telford directed Southey’s attention to what was best 
worth observing. To some extent, indeed, Southey 
may have had some of the detail from John Rickman, 
ja mutual friend, who was afterwards Telford’s 
| biographer. Rickman was Secretary to the Com- 
| missioners for the Caledonian Canal, and probably 
arranged this tour, he and Telford undertaking 
it for official purposes. From him Southey might 
have learnt some of the large number of particulars 
of the costs of individual works which the Journal 
records. Much, however, of the information must 
'have come from Telford, and it may be assumed 








States that “the energy of the French at Geneva 
neither obstructs nor combats the energy with 
which they are endeavouring to provide adequate 
means for defending themselves against insult or 
surprise.” 

Apart from numbers of vessels, the question of 
finding a suitable formula for the fighting power of 
a ship is one which still causes considerable discus- 
sion. The 1924 Conference attempted to define it 
in terms of displacement and number and size of 
guns, but this has not been accepted as satisfactory. 
Lieutenant Guichard states, ‘‘ French naval opinion 
has been much moved by the new German battle- 
ship : this vessel, with her speed of 26 knots and her 
armament of six 1]-in. guns has more combatant 
power than cruisers built under the limitations of 
the Washington Treaty.’’ Much sympathy is shown 
for such views in technical circles, for, with the 
improved materials which are constantly being 
Produced, it is felt that displacement and the 
number of guns and their bore can only form a 
momentary basis of strength. A perusal of the 
article by “ Artillerist” in Brassey on ‘“ Modern 
Guns and their Development,” bears out these 


_would not be harmful. fairly that Southey’s technical statements, as far as 
| r pas Sianeli tees ee | they go, have Telford’s authority behind them, orthat 
| Journal of a Tour in Scotland in . y RoBERtT : . i 

\““Sourmey. With an Introduction and Notes by of one or other of his assistants, who accompanied 


| Herrorv, M.A. Litt.D., F.B.A. London: John | the party during some of the tour. In particular, 
| Murray. [Price 10s. 6d. net.] _John Gibb, the resident engineer on a number of 
| Tue manuscript of this Journal was bought by the | Telford’s harbour works, and John Mitchell, the 
late Sir Robert Rawlinson from the Rev. Mr. Southey | general superintendent of the Highland roads, 
in 1864, and presented in 1885 to the Library of the | evidently did their best for their intelligent, unas- 
Institution of Civil Engineers. Its exhibition at | suming, and distinguished fellow traveller, and 
the Centenary celebration of the Institution drew | Southey’s account of them, particularly of Mitchell, 
attention to its interest not only as an account of |is an admirable description of the class of men 
the social and industrial conditions of the time by | through whose aid it is intelligible that the great 
an acute observer and accomplished writer, but also | engineering works of the beginning of last century 
as a description of some of Telford’s great. works | were carried through. 

at the time at which they were being made. The The trip in question ran from Edinburgh through 
Journal was accordingly submitted to Mr. John Stirling, Perthshire, Dundee, Aberdeen, Nairn and 
Murray, and a proposal from him to publish it | Inverness into Sutherland and Caithness, and back 
with an Introduction and a few Notes-by Professor | from Inverness by the Caledonian Canal to Fort 
Herford was accepted. What view would have/| William, Ballachulish, Inverary and Glasgow to 
been taken of it if it had been published when it was | Longtown, near the Border, whence Telford went 
first written cannot well be conjectured. Southey, ‘off to Edinburgh and Southey to Keswick. In 
indeed, was a professional author, and it may be | 1803 two commissions had been appointed in 
that it did not appear then because he thought it| pursuance of reports and recommendations by 
unlikely to be of general interest. It is possible, Telford, to deal respectively with the canals and 
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Fig.3. TEST OF A STEEL TUBE !"DIA. 'Ui¢ BORE. 
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I (1904.c) 


| It is no bad thing that the Journal exhibits so 
| clearly the tax on the energy of active men which 
Me. 1. | was levied by the state of communications at the 

_ beginning of the mechanical era. It is still better 

with the roads, bridges and harbours of Scotland, | that against this background it shows in many 
and in particular of the Highlands. The conditions | different ways the new spirit in engineering of 
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of communications in Scotland at that time were | which Telford was a pioneer. As this spirit em- 
almost unbelievably bad, and by the date of this | bodies itself in the narration, it seems to amount to 
tour of inspection many of the remedial works |the substitution of mastery for makeshifts, and 
projected by Telford were completed, and most of | the book is full of instances in which Telford’s practi- 
them were in progress. The journey, therefore, cal genius and uncompromising engineering con- 
took the travellers practically foot by foot over the | science asserts themselves. One of the first bridges 
ground, exhibiting both the worst and the best,|the party examined was the famous bridge of 


and Southey was zealous in noting all that could be | Dunkeld, with five arches, each the span of the five | 
seen. In parts, notably in Perthshire, nothing had | middle arches of Westminster Bridge, in addition | 


been done, and travelling was a slow and dangerous | to two on land. Here Telford did the whole of the 
adventure. Elsewhere, as, for instance, on the road | work on dry land, the former bed of the river Tay, 
to Loch Katrine, roads would be described as good | which the Braan had filled up with gravel, and it 
when, in fact, what was meant was that they were|was not till the work was completed that the 
just practicable for a coach with difficulty and often | original bed was cleared and the Tay readmitted. 
danger. The bridges of General Wade, whose |The descriptions at more than one place of the 
roads the rhyme celebrates, were poorly made; / plan on which Telford made his roads shows him 
that over the Tay was on very insecure founda-|as apparently even more exacting than Macadam, 


tions, which the party examined in the bed of the | and withal keenly alive to the need for keeping a| 
river, and that over the Spey had been built with | road in good order after it has been made. He} 


° . . . . . . - . | 
an exaggerated rise, and had serious cracks in| insisted, for instance, that its limits must always | 
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Fig. 4. 


a pit in it to serve as the foundation of the sea 
lock. The reader is taken over roads, bridges 
and harbour works in great variety, both as to their 
circumstances and the conditions in which they were 
viewed, and will find the account of engineering 
as well as of social interest. The party went over 
Robert Owen’s establishment at New Lanark, 
and Southey, who by now had long dropped his 
early belief in the practical virtues of socialism, 
couples an appreciative account of Owen system 
with some keen criticism. 








THE HUGGENBERGER TENSO- 


two of the arches. The sort of thing, too, that 
was apt to be found in road making was illustrated 
at Banff, where the stones were found in such heaps 
and sizes that no carriage would go over them if 
it could avoid them, and in some places turf was 
being cut from the sides and laid in the middle of 
the road, to make mud in wet weather and dust in 
dry. Wade’s own roads followed the old horse- 
tracks up and down hill, when they could as well 
have run level along the valley. Even in a town 
like Dundee, close to stone quarries, the roads were 
not flagged, though they were in Arbroath, not 
far off. 





be defined, if only by lines of turf, so as to avoid | METER. 

any excuse if the contractor did not maintain it.| we jjustrate on this page a very simple yet sensitive 
Telford was always alive to the advantage of rail | and accurate strainmeter, designed and made by Dr. 
roads, and in even a comparatively small harbour | Huggenberger, of Zurich, and which, under the name 
works at Bernie an iron rail road is carried from} of the Huggenberger tensometer, is being introduced 
pier to pier as required. The largest of the many| into this country by Messrs. T. C. Howden, & Co., : 
works inspected was the Caledonian Canal, much | 5 and 7, Fleet-street, Birmingham. Three ey area 
of it already completed and open. Here the enter- | instrument are made, one of i pe eee Angee 


eS . . for use in the laboratory. It magnifies the actual 
prise was faced at the outset with the difficulty of | strains by 1,200; so Ppt ememmasanis 8% 


a bottom so soft that it could be pierced with an} be made on a gauge length of as little as } in. The 
iron rod to a depth of 60 ft. Telford accordingly | instrument dncnteored Py Fig. 1, with which strains 


made a foundation of earth and stones, which he | are magnified by 1,000, whilst well suited to laboratory 


‘left to settle for twelve months, and then sank | requirements, is sufficiently robust: for service in the 
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field, and has already been much employed for the 


measurement of strains in bridges. In many cases, 
however, this high magnifying power is more than is 
needed in field work, and a third pattern, in which the 
magnification is three-hundredfold, has accordingly 
been produced. The high magnifications above referred 
to are obtained by a simple system of compound 
levers, the arrangement of which is shown diagram- 
matically in Fig. 2. The frame of the instrument is 
represented by A. It is provided at B with a foot 
terminating in a knife edge as shown. At the other 
end is a movable lever C which is pivoted on the 
frame at D, and can oscillate slightly about its mean 
position, the travel being limited by the pin E, which 
engages loosely with a notch in the frame as shown. 
The foot of C is also knife-edged, and the distance 
between B and C constitutes the gauge length. Any 
relative motion of the knife edges is reproduced on a 
magnified scale by the pin F, near the top of the lever 
C. This is connected by the bridge piece G to a 
pin H on the index arm, which is pivoted to the main 
frame at I. It will be seen that the two pins H and F 
engage with angular notches cut in the bridge piece, 
which is pulled down on to the pins by the spring 
J, thus ensuring an absence of lost motion, not only 
at the pins H and F, and at the bearing of the 
movable lever C, but also at the index pivot I. The 
lower end of the index moves over the graduated arc 
shown, reproducing there the relative motion of the 
two knife edges, magnified in the ratio of 1,000 to 1. 
In the case of the instrument represented in Fig. 1, 
the distance between the knife edges is 1 in, Means 
are provided for adjusting the pointer to zero. This 
is not shown in the diagram, but, as will be seen in 
Fig. 1, the upper part of the frame is jointed, and by 
slacking the milled head shown, the top portion can be 
tilted so as to bring the pointer to zero. This done, 
the joint is re-clamped by a turn of the milled head. 
Included with the instrument are a variety of fittings 
for clamping it to the work. These are sufficient to 
cover all usual requirements. One arrangement is 
shown in Fig. 4. After the strainmeter is fixed in 
position, the two knife edges are driven into the metal 
by taps from a very light hammer which forms part 
of the equipment supplied. In field work it is necessary 
to clear away all paint, grease and dirt from the 
surface before attaching the tensometer. 

Provision is made for measurements over longer 
gauge lengths by clamping an extension to the frame, 
as illustrated in Fig. 4. Here it will be seen that, with 
the extension piece in place, the knife edge corresponding 
to B, in Fig. 2, stands clear of the surface of the work. 
The standard gauge lengths provided for, are 2 in., 4 in., 
and 8 in., but, if desired, special extension bars to 
give a gauge length up to as much as 40 in. can be 
furnished. The special virtue of the tensometer is, 
however, that it provides for the accurate measurement 
of strains on very short gauge lengths. Large strains 
are often very local, and measurements made on 
long gauge lengths will necessarily underrate these. 
An excellent example of the sensitiveness and accuracy, 
of the instrument illustrated is provided by Fig. 3, 
which shows the strains measured on a steel tube, 
the gauge length being just 1 in. The regularity of 
the plotted points is noteworthy, and the attainment 
of the limit of proportionality is very clearly marked. 








BRIDGE RECONSTRUCTION IN INDIA. 


The Rebuilding of the Bassein Bridges on the Bombay, 
Baroda and Central India Railway. 
By B. B. Hasxew, M.Inst.C.E. 

Tue old bridges were built across the two channels 
of the Bassein creek, 30 miles north of Bombay Island, 
the south channel being crossed by 69 spans, and the 
north channel by 25 spans carried on piers 62 ft. 6 in. 
between centres. The old bridges were built in 1864 
and strengthened in 1896, but had to be renewed 
owing to increasing loads and demands of traffic. The 
new bridges consist of two 5-ft. 6-in. gauge tracks 
carried on separate mild-steel plate-girder deck-spans, 
supported on piers consisting of a row of six cast-iron 
cylinders, 9 ft. apart, and braced together between high 
and low water. The piers of the new bridges are kept 
in line with the old ones, but 120 ft. to the east, so as 
to avoid the stone pitching which had been placed 
round the old piers. The westernmost cylinder of each 
plier is 2ft. Gin. in diameter, with a 4-ft. 6-in. diameter 
screw, each of the other five being 3 ft. in diameter, 
with a 5-ft. 8-in. diameter blade. The creek is tidal, 
with a range of 15 ft. In the north channel, the 
average depth of water, at high tide, is 31 ft. and the 
greatest 40-5 ft. In the south channel the corre- 
Hendin depths are 23 ft. and 33 ft., respectively. 
“ee indicated that the bed of the creek consists of 
: and sand overlying, at various depths, a thick bed 

very hard compressed silt overlying rock. In the 
north channel, this hard stratum is reached at an 
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channel at an average depth of 57 ft. for the northern 
half and 40 ft. for the southern half. It was decided 
to found on this stratum, and this entailed nearly 
25,000 lin. ft. of screwing. 

Screwing was done off a pair of barges fitted with two 
cranes, two capstans, and water-jet plant, and so 
moored that the work of screwing in two piers could 
be carried out at the same time and completed before 
the barges had to be moved. In the north bridge, 
5,046 lin. ft. of screwing was done at an average speed 
of 48 min. per foot, including building up the cylinders 
and moving the screwing-barges. In the south bridge, 
19,944 lin. ft. of screwing was done at an average speed 
of 33 min. 6 sec. per foot. Great difficulty was experi- 
enced in this bridge, for, at certain depths, penetration 
could not be obtained by the usual method. The 
average rate of penetration in these cases was 27 hours 
3 min. per foot of penetration. In order to overcome 
this difficulty, the author improvised an auxiliary 
device by which the cylinders were forced down in these 
difficult strata at the rate of 1 hour 25 min. per foot. 
The total amount of screwing done with this auxiliary 
device was 554-62 lin. ft. As screwing was completed, 
the cylinders were filled with cement concrete and then 
fitted with a mild-steel cap, on which was placed a mild- 
steel stool and bearing-girder. This was followed by 
the erection of the main spans which were floated out, 
a pair at a time, from a jetty on to two barges and 
placed in position on a falling tide. 





The Reconstruction of the Attock Bridge across the River 
Indus on the North-Western Railway, India. 


By W. T. Everatt, 0.B.E., Assoc.M.Inst.C.E. 


THE original bridge was erected in 1883, to form a 
link between the Punjab and the North West Frontier 
Province. It carries the North Western Railway main 
line and the Grand Trunk Road, and connects Delhi 
and other distant cities of India with Afghanistan and 
Central Asia. As originally built, it consisted of five 
spans with parallel chords and double-web systems. 
The original trestle piers are of wrought iron, the 
height from low water to rail-level being 139 ft. The 
trestle which supported the adjacent ends of the 308-ft. 
spans was founded on a rocky island in mid-stream. 
The spans had become too weak for modern loads, 
and, in 1921, temporary means were adopted to make 
the bridge serviceable under the existing traffic until 
a reconstruction scheme could be carried out. The 
reconstruction scheme, which was carried out under 
traffic, included the remodelling of the 257-ft. land 
spans, each being converted into a continuous girder 
by the addition of a central pier, and the replacing of 
each of the two 308-ft. river spans by a modern struc- 
ture seated on new piers encasing the old trestle piers 
and suitable for a double-track bridge at a future date. 

New main piers Nos. 1, 2, 3 and 4 were constructed 
around the existing trestles, and three intermediate 
piers A, B, and C under each of the 257-ft. spans. The 
foundation for the island pier situated in mid-stream 
was constructed on rock, a large portion of which is 
always submerged, and this work was carried out by 
means of a cofferdam made with two rows of steel 
sheet piling driven into the rock and concrete placed 
in the space between the sheet piles. This work was 
carried out with great difficulty as the river is very 
swift, even in the dry season, and is subject to rapid 
rises at short notice. 

By the addition of a central pier, the chord stresses 
of the three 257-ft. land spars were reduced to the 
permissible value under the increased loading, and 
the web system was remodelled to suit the redistribution 
of stress. Direct staging, of standard interchangeable 
type, was erected under the spans to relieve the main 
girders of dead-load deflection and live-load stress in 
the bays where the strengthening was carried out. 
During operations on the main girders, the rail-bearers 
were replaced by duplicated joist stringers, and each 
intermediate rail cross girder was strengthened by an 
auxiliary girder below it. Upper and lower lateral 
bracings were also added, and the highway was 
resurfaced with bonded concrete, 4} in. thick, above the 
top of the trough-plates. 

The new 304-ft. spans, Nos. 3 and 4, were erected by 
building out as cantilevers from the piers towards the 
centres of the span. The anchor arms for the left half 
of new span No. 3, and the right half of new span 
No. 4, were provided by the old spans Nos. 2 and 5, 
respectively, while the right half of span No. 3, and 
the left half of span No. 4, were erected so that one 
half balanced the other as far as possible during 
erection. The new girders are spaced at 28 ft. between 
centres, and were erected outside the old ones spaced 
at 18 ft. between centres. The new panel-lengths 
were arranged to enable the new top floor-beams to 
be threaded between the old work. In this way, the 
new main girders were completely erected as a framed 
structure before the old spans were interfered with. 
Upon completion of the new main girders, the old 
spans were raised jacks, operated from the new 





average depth of 24 ft. below the bed, and in the south 





girders, sufficiently to remove about half their dead- 
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load deflection. Working from the ends of the spans 
towards the centres, the old rail-stringers were removed 
and new ones were erected on the new girders. After 
the railway floors had been dealt with, the old top 
chords and web systems were removed. The old 
roadway, complete with bottom booms, was. raised 
about 4 ft., in sections, and a ramp was provided at 
each end to pass traffic. The steelwork, including 
troughing, was then erected, and a 14-ft. width of 
new road was concreted underneath the old roadway, 
which was then removed. Finally, the concreting of 
the new roadway was completed. During the summer 
of 1928, when pier-construction was in full swing and 
the staging was completely erected under the 257-ft. 
spans, warnings were received that an unprecedented 
flood was imminent. It was decided to dismantle the 
staging, as it would have endangered the old bridge and 
traffic passing over it. All necessary staging was 
re-erected when the material for the new 304-ft. spans 
arrived. The erection of these spans was then pushed 
forward, and all substructure and false work were 
removed by the end of March, 1929. 








ELECTRICAL DEVELOPMENT AT 
KINGSTON-ON-THAMES. 


THE present position of electricity supply in that part 
of outer London of which Kingston-on-Thames is the 
centre is of considerable interest. The Royal Borough 
itself is served by a station within its own boundaries, 
from which a supply is also given to Walton-on-Thames. 
The adjacent borough of Twickenham is supplied by a 
privately-owned undertaking, from which energy is also 
transmitted to Teddington, Hampton, Hampton Wick, 
East Molesey, Esher, Claygate, Ham and Weybridge. 
Surbiton obtains its requirements partly from the 
latter undertaking and partly from its own plant. 
None of these stations has been selected under the 
South-East England scheme, though Kingston is 
to work under temporary arrangements. Negotia- 
tions are in progress for the purchase of the Twicken- 
ham undertaking by the local authority, and for 
the closer working of the station in that borough 
and the one in Kingston, so that the whole area 
served can be more economically supplied. The latter 
arrangement must, of course, be subject to modification 
when a supply from the “grid” is available, but, in the 
meantime, there is a good deal to be said for dealing 
with what is potentially a rich electrical area on 
co-operative lines. Finally, the increasing demand for 
electricity in the area served by Kingston has necessi- 
tated the installation of a 3,750-kw. turbo-alternator 
and auxiliary plant, which was formally inaugurated by 
Sir John and Lady Brooke on Wednesday, April 9. 

The history of electricity supply in Kingston dates 
back to 1893, the plant, at that date, consisting of one 
25 kw., two 50 kw., and one 100-kw. sets, all of which 
were of the Belliss-Siemens high-speed type. Excitation 
was provided separately by two 17-kw. Belliss-Siemens 
machines. Energy was generated at a pressure of 2,100 
volts and a frequency of 77, the voltage at the consumers’ 
terminals being 105. Steam was obtained from three 
multi-tubular boilers, with an output,of 5,000 lb. per 
hour. Shortly afterwards, two 38-kw: sets, generating 
at 1,000 volts, were added for arc, lighting purposes, 
and a 15-kw. set-driven by a Robey gas engine, was 
installed for use during the day time. The annual 
output, at this time, was 128,267 kw.-hr. From time 
to time, further steam-raising and generating-plant 
extensions were made, while, in 1913, two 270-kw. 
M.A.N.-Siemens Diesel sets were installed. The 
increased demand during the later part of the war 
necessitated the addition of two 1,000-kw. Brush- 
Ljungstrém units-generating three-phase current at 
3,300 volts and 50 cycles, and two 21,000-lb. Stirling 
boilers. Two 1,000-kw. frequency changers were also 
installed to enable the single-phase system to be sup- 
plied from the three-phase plant, while work was 
started on converting and modernising the distribu- 
tion system. A further extension, in the form of a 
2,000-kw. Brush-Ljungstrém unit, and a 30,000-lb. 
Vickers horizontal-tube boiler was carried out in 1923. 
This boiler is equipped with an Illinois stoker, and 
supplies steam at a pressure of 2251b. per square inch 
and a temperature of 650 deg. F. 

The latest extension consists of a Stirling five- 
drum water-tube boiler, with integral superheater 
and a Green’s tri-tube economiser. “¥t has a heating 
surface of 9,773 sq. ft. and supplies 50,000 lb. of 
steam per hour at a pressure of 225 lb. per square 
inch and a temperature of 750 deg. F. The econo- 
miser has a heating surface of 4,536 sq. ft. Feed 
water is supplied from a Weir turbo feed pump, with an 
output of 6,000 gallons per hour, the exhaust from 
which is led into a 3,000-gallon hot well. The tem- 
perature of the water at the economiser inlet is 
150 deg. F., and its outlet temperature is 268 deg. F. 
The boiler is fired by two enclosed-type Babcock 
stokers, the total grate area being 252 sq.ft. These 
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| 
stokers are electrically driven, through four-speed | axle through a heavy roller chain are seen in the figure 
mechanical gearing, and are fed by a Jenkins’ screw | on each side of the box. A second roller-chain drive is 


conveyor. The boilers operate under balanced draught. 

The turbine is of the Brush-Ljungstrém type, and is 
coupled to two alterators with an aggregate output of 
3,750 kw. at 3,300 volts and 50 cycles, when running at 
3,000 r.p.m. The condenser is of the two-flow surface 
type, and is capable of maintaining a vacuum of 28-5 in. 
with the barometer at 30 in., and a circulating-water 
temperature of 65 deg. F. Air is extracted by a 
Brush-Delas ejector of the two-stage type, and the 
condensate by a Pervac extraction pump. Cooling 
water is supplied by an electrically-driven centrifugal 
pump of Messrs. Mather and Platt’s manufacture, 
which has an output of 3,750 gallons per minute against 
a total head of 30 ft. The switchgear for the new set 
was supplied by Messrs. The General Electric Company, 
Limited, and is contained in a sheet-steel cubicle 
partitioned off with moulded stonework divisions, while 
the ’bus bars are enclosed in chambers of the same 
material. Control is effected mechanically from the 
switchboard gallery. Energy is stepped up to 11,000 
volts by three 800-kv.-a. transformers for transmission 
to Walton-on-Thames through duplicate feeders. At 
the latter place, it is stepped down to 3,300 volts, 
control being effected by a G.E.C. truck-type switch- 
board. For local distribution, a number of kiosk sub- 
stations are in use, from which a supply is given at 
415/240 volts. 

The extensions we have described were designed by 
Mr. T. A. Kingham, Borough Electrical Engineer, and 
it may be added that the output at the end of March, 
1930, was 8,000,000 kw.-hr., the number of consumers 
being 6,500. 








12-TON PETROL LOCOMOTIVE. 


THE utility of the internal-combustion engine loco- | 


motive for short-distance work is so widely recognised 
that it is not surprising to find that it is being 
employed to an increasing extent, and the 12-ton petrol 
locomotive illustrated in Figs. 1 to 6, on page 510, 
forms a good example of modern practice in this direc- 
tion. The locomotive, which was made by Messrs. James 
and Frederick Howard, Limited, Britannia Iron Works, 
Bedford, is well suited not only for heavy contractors’ 


work, but for the shunting of wagons on main-line | 


sidings. Its general appearance is clearly seen from 
Fig. 1, while some of the main dimensions are given 
in Fig. 2. The standard gauge of 4 ft. 8} in. is 
adopted, but the frame and axles can be made to suit 
any gauge up to 5 ft. 6 in. 
speed of 1,250 r.p.m., develops 61 brake horse-power. 


The torque is transmitted through a three-speed gear- | 
box, which gives speeds of 3-24, 7-1 and 11-15 m.p.h., | 


the gross loads hauled on the level at these speeds being 
298, tons, 128tons, and 77 tons,respectively, theadhesion 
being taken at 520 lb. per ton and the rolling resistance 
at 20 1b. perton. These are for normal working condi- 
tions, but, in favourable circumstances, the loads may 
be somewhat exceeded, or if less loads are hauled the 
speeds may be increased by 25 per cent. by accelerat- 
ing the engine. On gradients of | in 30, the gross loads 
hauled at the three speedsstated above are, respectively, 
53 tons, 17 tons and 7 tons. 

The engine is situated over the front pair of driving 


The engine, at a normal | 


taken from the front to the back axle, so that all four 
wheels are positively driven. 

A characteristic feature of the design is the chain- 
adjustment device embodied in the axle boxes. This 
is shown in Figs. 4, 5 and 6, which are almost self- 
explanatory. The axle roller bearings are carried 
eccentrically in a circular casting, which can be rotated 
as desired, and locked in position by a set screw through 
one of the arc of holes at the top of it. As the par- 
ticular hole required can easily be identified on the 
axle boxes on both sides, the axles can be kept in line 
and perfectly parallel with each other. End move- 
ment is prevented by a crossbar. The front axle 
boxes are provided with an adjustable spring device 
for neutralising shocks on the driving chains. This 
can be made out in Fig. 2, which figure also shows the 
small chain drive to the engine from the removable 
starting handle situated below the main frame bars. 

The engine, radiator and gear-box are carried 
as a self-contained unit on a built-up rolled-steel 


frame, which is securely riveted together and attached | 


to the main frame. This latter is constructed entirely 
of rolled-steel members. A brake is fitted to each of 
the four wheels, and is operated by a handwheel and 
screw gear. Sanding gear is also provided for all the 
wheels. The fuel tank is situated in the cab, above 
and in front of the gear-box. The fuel is supplied to 
the carburettor by gravity feed. All the hand controls, 
viz., those for the accelerator, throttle valve and mag- 
neto, are arranged within easy reach of the driver. 


|The running cost of the locomotive, it is stated, is, 


just under one farthing per ton-mile, with petrol at 
1s. 4d. per gallon. This figure includes interest on the 


| capital cost, 10 per cent. depreciation, and insurance, 


as well as driver’s wages, repairs and renewals, petrol, 

| and engine and other lubricating oil. An actual running 
time of 44 hours per week for 50 working weeks per 
annum is assumed, loaded wagons being hauled for 
25 hours per week, the remainder of the time being 
spent in hauling empty wagons, loading, unloading, 
&c. The maximum gradient is taken at 1 in 60, and 
| the gross load 96 tons at an average speed of 9 m.p.h. 








SEWAGE TREATMENT BY STREAM- 
FLOW AERATION. 


A FEw years ago, the State of Iowa resolved to take 
mandatory action in order to secure the abatement of 
the nuisance caused by the discharge of industrial 
wastes into Lime Creek. Messrs. Decker and Sons, 
| of Mason City, one of the packing-house firms called 
| upon to comply with the new regulations within a 
| certain period, agreed, in March, 1927, with the Engi- 
| neering Experiment Station of Iowa State College 
| upon an experimental investigation as to the means 
| of meeting the requirements, either by a modification 
| of the present activated-sludge plant, or by some other 

process. The new process worked out is described in 
| Reprint No. 1248 from the United States Public Health 
| Reports by Messrs. Harry N. Jenks and Max Levine, 
| sanitary engineer and bacteriologist, respectively, of 
| the College mentioned, under the title The Treatment 
| of Sewage by Stream-Flow Aeration | price 5 cents]. 


wheels, its position being indicated by the dotted out- | 
line of the flywheel in Fig. 2. The dotted structure to | 


is situated in the cab. The engine is of the six-cylinder | This contact is easily obtained in the trickling filter, 
type, with cylinders 100 mm. in diameter by 140 mm. | and there is, at the same time, a certain biologic zonal 
stroke. The cylinders are cast in one piece and have a | Segregation. The active purifying agents form a thin, 
single detachable head. The crankcase is of aluminium, | fairly stationary, jelly film on the filter grains, and 
and the connecting rods are made from Duralumin | the decomposition products drain downwards into the 
stampings, with phosphor-bronze shells at the big ends | lower portions of the filter, where they meet organisms 
lined with white metal. The valves are all on one side of | Which promote fermentation. Thus, the authors of 
the cylinder block. The inlet valves are of 3 per cent. | this pamphlet argue, each zone 18 largely washed 
nickel steel and the exhaust valves of stainless steel. | free of the end products resulting in that zone, so that 


For the aerobic treatment of sewage, intimate | 
the right of this in the same figure is the gear-box which | Contact between the sewage and oxygen is essential. 





The camshaft is driven by a Hans Renold silent 
chain. Lubrication is effected by a gear-type oil pump. 
The engine was made by Messrs. W. H. Dorman and 
Company, Limited, Stafford. The drive is transmitted 
to the gearbox shaft through a spring clutch operated 
by a pedal at the driving position, and by bevel gearing 
of the spiral type. 

A section of the gear box is given in Fig. 3. This 
figure, however, shows the gear as arranged for a 
narrow-gauge locomotive. The disposition of the gears 
will be clear from the figure, but it may be pointed out 
that all three speeds are available in either the forward 
or reverse directions. All the gear changes are effected 
by a single hand lever working in an external gate. 
It is impossible for two sets of gears to be in engagement 
at the same time or for the gears to jump out whilst at 
work. A safety stop is provided to prevent the reverse 
gear being accidentally used. All the gear wheels are 
mounted on splined shafts and, as will be seen from 
Fig. 3, ball or roller bearings are used throughout. 
The gear-box casing is made dust-proof and damp- 
proof, and all the gears and shafts run in oil. The 

procket wheels which transmit the drive to the front 


| these end products do not interfere with the biologic 
| activity. In the activated-sludge process, such a zonal 
| segregation is prevented by the circulation of the 
| activated sludge through the sewage, and, when air 
'is bubbled through sewage, the efficiency of the 
| surface-film contact is lost. Conditions are more 
favourable when sewage is discharged into rivers for 
| self-purification. There is, in flowing water, an 
| orderly sequence of stages of oxidation accomplished 
| by different groups of organisms adapted to their 
environments. The reaction rate is slower than in 
artificial processes, but the oxygen absorption through 
surface re-aeration is continuous and on an enormous 
seale, whilst aeration by compressed air can only be 
periodical and is wasteful. 

These considerations suggested a process of stream- 
flow re-aeration, making use of the investigations, by 
Streete and Phelps, of the natural purification of the 
Ohio River. These investigations led to the formula 
K =cV“/H?®, where K was the rate of re-aeration, V the 
velocity of the stream in feet per second, H the mean 
depth of flow in feet, and c and n were factors depend- 
ing upon the stream and flow conditions. The stream- 





flow plant should consist of a biochemical oxidation 
zone, t.e., a tank through which the main body of the 
sewage flowed, and aseparate re-aeration zone embodied 
in a paved surface adjacent to, or above, the tank for 
an independent and concomitant recirculation of the 
organic waste. The sewage withdrawn from the oxidis- 
ing zone tank was discharged on to the re-aeration 
surface, over the slope of which it passed, and was then 
returned to the tank. From the formula, it wouid be 
seen that the depth H should be small and, in practice, 
should not exceed half an inch or 1 in. ; a slope of }-in. 
per foot would give a rate of flow of more than 2 ft. per 
second. The tanks need not be deep; forsmall plants, 
depths of 4 ft. to 6 ft. would be sufficient. In the experi- 
mental plant, the process is worked in two stages, with 
several aeration units and two settling tanks. In the 
primary stage, the primary sewage is kept in the two 
units for periods of 14 and 34 hours, respectively, and 
| then passes into a settling tank. After re-aeration, the 
primary sludge is returned to the primary stage, and 
the excess is removed without allowing it to enter the 
secondary stage. From the primary-settling tank, the 
secondary sludge is returned to the secondary stage for 
|afurther aeration period of 7 hours and allowed to 
| settle in the secondary tank. The complex circulation 
| requires a good deal of pumping, but the pumping is 
|all against very small heads. The results of this 
| biologic stage treatment of milk and other packing- 
| house waste were satisfactory, but further experience 
| will be required before the cost of operation can be 
| discussed. 


} 











FACILITIES FOR TRAINING WOMEN AS ENGINEERS,— 
The Women’s Engineering Society, 46, Kensington- 
court, London, W.8, have issued a pamphlet with the 
| above title, containing a list of the various educational 
| institutions in the country at which women may receive 
| training in engineering subjects. Some useful general 
| information regarding preliminary education, the type 
| of training provided in the various technical colleges, 
| &e., and the kind of posts that will afterwards be available 
is also given, together with the name of the engineering 


institutions which admit women members. 


THE OFFICERS’ (MERCHANT Navy) FEDERATION.— 
Incorporated in May, 1928, The Officers’ (Merchant 
| Navy) Federation, Limited, represents over 10,000 certi- 
ficated officers of the British Mercantile Marine. It is 
| stated, in the Federation’s annual report for 1929, that 
| the Council is devoting its attention mainly to the pre- 
|liminary work of organisation, establishment and 
| development. Among other activities, the Federation 
| has been deputed by the China Coast Officers’ Guild, and 
| the Marine Engineers’ Guild of China, both of which 
| organisations are members of the Federation, to co- 
operate on their behalf with the London representatives 
| of owners who have shipping interests in the Far East, 
| in representing to the Imperial Government the absolute 
| necessity for maintaining adequate protective measures 
| against piracy in the China Seas. During the year under 
| review, an inordinate number of fires occurred in coal- 
| carrying vessels; in the majority of cases these arose 
in cargoes despatched from the United Kingdom to 
Australia, an unusual trade brought about by the coal 
stoppage in New South Wales. As a result of investiga- 
| tion on the part of the Federation, several constructive 
| proposals for the introduction of preventive measures 
| have been submitted to the Government Department 
| and other interests concerned. The offices of the Federa- 
| tion are at 23, Leadenhall-street, London, E.C.3. 








THE GREAT WESTERN Ports.—A descriptive handbook 
| of a docks system contains much of interest both to the 
| manufacturer and to the engineer. The former turns 
to the pages dealing with the economics of the port or 
| ports, and takes note of such questions as accessibility, 
accommodation, and transport facilities, while the latter 
rapidly becomes immersed in the descriptions and the 
illustrations given embracing port works, and the pro- 
jected alterations and improvements which always con- 
stitute a feature of a modern docks system. While much 
space in the 1930 edition of Great Western Ports is 
devoted to dock rates, charges, dues, dock accommodation. 
and other information of a commercial nature, engineers 
will find many items of interest in the descriptions given 
of improvements carried out in recent years at the ports 
of Cardiff, Swansea, Newport, Barry, Port Talbot, and 
Penarth. The Great Western Railway Company has 
made rapid progress with their arrangements for the 
alteration or, where necessary, the reconstruction of coal 
hoists to deal with 20-ton capacity wagons. At the 
present time, the number of 20-ton wagons working 
between the collieries and the South Wales ports 18 
| upwards of 2,000, and there are 50 hoists capable of 
| shipping coal from these wagons at the various ports. 
In order to afford facilities for the lifting of heavy 
machinery, &c., a large floating crane, having a liiting 
capacity of 125 tons, has recently been purchased by 
the Company. This crane is available for use at any of the 
South Wales ports. Additional sidings, roads, sheds, 
cranage equipment and other works and appliances }* 
of late, considerably improved the efficiency of the various 
docks. The handbook of the ports of the Great W« —— 
Railway is produced and published by Mr. H. M. Appleby, 
and is obtainable on application to the chief docks manayet, 
Cardiff. It is well illustrated, and contains many maps — 
plans, and descriptions, not only of the South Wales 
harbours and docks, but also of Plymouth, Fishgit', 
Weymouth, and other ports. 
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APRIL 18, 1930. 
NOTES ON NEW BOOKS. 

A COMPILATION likely to be of very considerable 
value, for purposes of reference, to all who are 
connected in any way with electrical distribution has 
been prepared by Cable Research, a body formed by 
certain of the cable-making companies for the purpose 
of joint research and interchange of information. The 
work is entitled Rules, Regulations, and Specifications 
affecting the Supply and Distribution of Electricity 
(Commercial Secretaries, Limited, Imperial House, 
Kingsway, London, W.C.2, price 21s. net]. The book 
contains all the more important rules, regulations, 
and specifications governing the utilisation of the 
cables and conductors required for the transmis- 
sion and distribution of electrical energy, including 
the various enactments covering electricity supply 
from 1882 onwards, the regulations of the Electricity 
Commissioners on the same subject, as well as those 
issued by the Ministry of Transport for electric tram- 
ways, and by the Home Office for mines and factories. In 
addition, the regulations of the Institution of Electrical 
Engineers for wiring buildings and for the electrical 
equipment of ships, and Lloyd’s rules for electric fittings 
are to be found. Finally, it contains the British 
Standard Specifications dealing with wires, cables and 
fittings, and a selection from the British Standard 
Glossary of Electrical Terms, issued by the same body. 
It is, of course, almost impossible to comment on 
such a book. We can only say that both in quantity 
and quality it seems good value for the money. There 
is a certain amount of repetition, and the rules of the 
London County Council for the electrical equipment of 
theatres and places of public resort are omitted. The 
book has neither index nor page headings, so that 
reference is difficult. A point which such a work 
brings out is that the Institution of Electrical Engi- 
neers and Lloyd’s do not always agree. 





Under the title Seven-Place Natural Tables, Messrs. 
Chapman and Hall have issued, at 12s. 6d. net, a 
series of tables specially compiled to meet the needs 
ofthe surveyor. The author is Mr. H. C. Ives, who has 
undertaken the work, in part, because the increasing use 
of calculating machines has made it, in many cases, 
more convenient to use tables of natural functions, 
rather than their logarithms. In addition to the 
ordinary trigonometric functions, there are tables for 
the reduction of stadia readings and another giving 
minutes in decimals of a degree, and there are others 
for enabling the surveyor to determine his position by 
astronomical observations. There is also an excellent 
selection of trigonometric formule, and a series of 
appendices, which explain in detail the checking in 
the field of surveying instruments. Notes on curve 
ranging form another section, and there is also a clearly 
written appendix on the determination of latitudes, 
azimuth and longitude. The work is excellently printed 
and well bound in a limp cover. 





The book on Warmewirtschaft im Eisenbahnwesen, 
by Dr. Ing. F. Landsberg (Dresden and Leipzig: 
Theodor Steinkopt, price 13 marks), forms volume VII 
of the Wérmelehre und Warmewirtschaft in Einzeldar- 
stellungen, which may be translated monographs on heat 
energy and heat economy, edited by Professor Pfitzner. 
Other volumes of tho series deal with the principles of 
heat transfer, and with heat economy in textile works, 
in the metallurgy of iron, &c. The general importance 
of railway systems and their working is certainly 
sufficiently important to call for a special monograph, 
particularly in a country like Germany, where, in 1927, 
the aggregate length of the State railways amounted to 
52,404 km., and that of private railways to 3,712 km., 
Dr. Landsberg takes a very broad view of his subject 
in its bearing upon the general economy of the country. 
Thus he discusses, in the first sections, the full resources 
of the Reich, conditions of supply and purchase, grading, 
transport and storage before coming to locomotive, 
power and fuel. Of the 20,000 million kw.-hours 
produced in Germany in 1925, the railways required 
425 million kw.-hours of which 150 million were pur- 
chased for electric traction, and 183 million kw.-hours 
Were generated in railway plants. Steam locomotives 
Seveunted for the equivalent of 275 million kw.-hours. 
fn view of the experiments proceeding with pulverised 
uel and brown-coal coke firing ; an appendix describes 
the best methods of storing pulverised fuel to prevent 
enente. Only safety lamps should be used, and 

unkers should not be entered except with special 
Precautions. Fires are best extinguished by means of 
pi or carbon dioxide, and not by water. Other 
“a deal with power and heat for stations and 

"way shops, with sleeper impregnation, and with 
profitable train length, seasonal traffic variations, &c. 
a Volume will be found instructive by engineers 

all interested in railways and their economy. 





Any new book dealing with a subject which has 
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of its merits as compared with those which have gon> 
before. Without offering much that is new, it may 
still justify itself by methods of presentation and clear- 
ness of explanatory matter. This may be at once 
conceded in the case of Experimental Building Science, 
by Messrs. Manson and Drury; published by the Cam- 
bridge University Press (price 18s. net.). It is a book 
primarily for students, but may also be found useful 
by others who may need occasionally to refresh their 
memories. The opening sections relate to the funda- 
mentals of structural work by simple forms of exposi- 
tion. A considerable space is devoted to the study 
of forces that are non-coplanar, such as may occur in 
scaffolding, cranes and derrick towers, to which struc- 
tures the principles evolved are usefully applied in 
considerable detail, graphical methods being largely 
employed. The flexure of beams is also treated in an 
intelligible manner, and cases of beams with fixed ends, 
and simple cases of continuity are also dealt with. Rivet- 
ing and riveted connections receive attention, and con- 
struction in reinforced concrete, masonry, and timber 
are considered. Strength in compression of the various 
structural materials, with the study of long columns 
and columns eccentrically loaded, is also given space. 
The writers advocate throughout the book a reference 
to simple experimental work, with the idea, undoubtedly 
sound, that nothing else will so firmly establish the 
facts of constructive art. A close study of executed 
works, and of their behaviour in use, is wisely recom- 
mended as an extension of the experimental method. 
The book, though having limitations, is not too limited 
in scope, so that it makes an excellent introduction to 
the studies indicated, and is easy to read. The various 
computations are well displayed and the numerous 
figures clearly drawn. 





There is, perhaps, none of the crafts which needs 
so good a knowledge of the geometry of solids, and skill 
in the application of such knowledge, as the art of 
the staircase builder and handrail expert, unless it 
be the setting out of ashlar courses for the strict 
skew arch, or the cut stone work at the base of a shaft 
rising from the crown of a tunnel. The last named 
problems are, however, now seldom met with in modern 
practice, while in staircase and handrail work, to make 
a wholly satisfactory job, the lines must still be meticu- 
lously true to ensure a pleasing result, the arbitrament 
of the critical eye demanding this. The study is com- 
plicated and is treated in a masterly manner by 
Mr. John S. Dowsett, who is head of the Woodworking 
Trades Department at the L.C.C. School of Building, 
in his recently-issued treatise on Stairbuilding and 
Handrailing, published by the Library Press, Limited, 
at 30s. net. Only one having a very intimate know- 
ledge of the work could possibly deal with it in so 
thorough and informing a way, though needing the 
closest attention on the part of the student in order 
to profit by the instructions given. The study is, 
indeed, intricate; even the initial size of the rough 
material from which a handrail wreath, or curved 
junction piece, is to be cut, is a problem in itself. The 
get up of the book is excellent ; a credit both to the 
author and the publisher. The text is very clear and 
the numerous diagrams by line and half-tone blocks, 
with many folding plates, are of the best. It is sug- 
gested that the author might, with advantage to the 
reader, give in the index a reference to the definitions 
of the various trade terms used in the text, as to the 
learner not already familiar with such technicalities, 
the difficulty of the various problems is considerably 
enhanced by their strangeness. 





In Massenermittlung, Massenverteilung und Kosten 
den Erdarbeiten, Professor Wilhelm Miiller mainly deals 
with the subject matter of his lectures to civil-engineer- 
ing students. His methods are, presumably, those 
adopted by the practising engineers of Germany, and as 
such are worthy of respect, but one doubts if they would 
altogether appeal to British engineers. He first extends 
Goering’s method of graphical determination of volumes 
from the contoured plans, and then deals with the sub- 
division of the material to be shifted according to the 
length of haul, after which he settles down to a detailed 
analysis of haulage costs by man-power, horse-traction, 
and steam and oil-engine locomotives. The thorough- 
ness with which even comparatively minor factors are 
examined, such as, for example, the expenditure of 
lubricant, the running costs of various types of power- 
shovels, and the influence of size of tip-wagon, is a 
feature that will appeal strongly to British readers, who 
will, nevertheless, be difficult to convince of the value 
of reducing all these factors to a combined formula. 
They will, however, find both the actual data, and the 
manner in which it is presented, of very great use, and 
will most probably wish that the author had expanded 
his book by at least 100 per cent., as the ground he has 
covered in his 93 pages is very great, and in an 
endeavour to make his proposals of general application 





already been adequately treated calls for consideration 


he is regrettably abstruse. The book is published by 
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Wilhelm Ernst & Sohn, Berlin, at 7-50 marks, at 
which price it is not dear even for the data alone, for 
the engineer who has much costing of earth-works to do. 


The recommendation of standards for the manufac- 
ture of accurately interchangeable engineering parts is a 
matter calling for continuous attention. In the case of 
screw threads, standardisation is especially important, 
both to the user and to the manufacturer, on account 
of the large number of independent variables comprised 
in a screw thread, as well as of the enormous quantities 
in which threaded products are used over practically the 
whole range of mechanical construction. The United 
States Bureau of Standards National Screw Thread 
Commission’s third Report, recently issued, contains a 
complete exposition of its latest reeommendations with 
regard to American screw threads. The present report, 
Report of the National Screw Thread Commission 
(Revised 1928). Bureau of Standards, No. 89, Washing- 
ton, D.C. (Price 50 cents.), embodies the Commission’s 
previous report of 1924, and retains the same admirable 
arrangement of the subject matter into separate sections, 
each of which contains all the specifications as regards 
thread form, classification, tolerances, dimensions 
and gauging relative to a particular type of product. 
In the revision of their earlier work, the Commission 
has paid special attention to the requirements of the 
automobile and aeronautical industries, with a resulting 
addition of six sizes above 1} in. in the fine, thread series, 
and a recommendation of that series for general use 
in those industries. Incidentally, the thread standards 
promulgated by the Commission are henceforth to be 
known as ‘“‘ American National.”” What used to be the 
‘** United States Standard or Sellers’ Profile,” is now 
the ‘‘ American National form of thread,” and there is 
similarly an ‘‘ American National Acme’”’ thread for 
use on traversing and lead screws. Among the additions 
included in the new report, mention may be made of 
specifications for special threads for usein the petroleum, 
welding and electric-lamp industries. Recognising 
that the production of accurate threads is, perhaps, 
more a matter for constant vigilance and inspection 
than for mere dimensional specification, the Commission 
has paid great attention to the gauging of its recom- 
mended threads. Almost every section of the report 
includes a classification, specification, and table of 
tolerances for gauges appropriate to the product dealt 
with. The Commission does not, however, think it 
advisable to specify any definite method of gauging 
as standard, restricting its recommendations on this 
subject to a statement of the fundamental principles 
involved and an enumeration of successful methods in 
use. Two additional publications of the Bureau of 
Standards, priced at 10 cents each, present, in a form 
convenient for shop reference, the essential tables 
relating to fastening screws abstracted from the 
main report. The first of these (Miscellaneous Pub- 
lication No. 98) covers the basic sizes, limiting 
dimensions, tolerances and tap-drill sizes for the 
American National coarse and fine thread series. The 
second (Miscellaneous Publication No. 99) contains 
similar tables for the American National 12-pitch 
thread series and other special screw threads. 








SYNTHETIC-AMMONIA PLANT IN LOWER SILESIA.—We 
understand that a large plant for the production of 
artificial fertilisers is being erected at Waldenburg, 
in Lower Silesia, by the Stickstoff Aktiengesellschaft 
Waldenburg, and will shortly be put into operation. 
The capacity of the plant will be 70,000 kg. (69 tons) of 
ammonia a day which is equivalent to an annual capacity 
of 15,000 tons of pure nitrogen. The process of the 
Nitrogen Engineering Corporation, of New York, will be 
employed for the ammonia synthesis and the mixture 
of hydrogen and nitrogen required will be obtained from 
coke-oven gas which will be cracked in plant supplied 
by the Kuhlmann Company, of Paris. The gas-mixing 
and air-separating plants are being supplied by Messrs. 
Messer and Company, of Frankfurt-on-Main. The 
Waldenburg works will also manufacture sulphuric acid 
and ammonium sulphate, and it is intended, in the future, 
to extend their capacity to about 50 per cent. above that 
previously mentioned. 





INTERNATIONAL Price List or Hack-Saw BLapDEs.— 
More than ten years have now elapsed since the British 
Hack-Saw Makers’ Association brought into operation 
a standard price list of hack-saw blades. During this 
period, certain anomalies and inaccuracies in the list 
prices have become apparent, more particularly in regard 
to the light power and double-edge blades. With the 
object of correcting these, and also of arriving at some 
measure of simplification, the British, American, and 
German Hack-Saw Manufacturers’ Associations have 
agreed upon a new price list, drawn up on the more 
practical basis of a price per lineal inch, for each width 
and gauge, thereby eliminating the inaccuracies referred 
to. The new list comprises 61 sizes only, which should 
meet all requirements. The official list of 1919 con- 
tained 139 sizes, a large number of which were redundant. 
The new list comes into operation on May 1, and further 

articulars regarding it may be obtained from the British 
Nesh-fiaw Makers’ Association, Norris Deakin Building 
King-street, Sheffield. 
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DrIvEN COMPRESSOR. 


THE employment of the heavy oil engine for pro- 
pelling ships, either directly or through electric gene- 
rators, has become of late years so common that it is 
hardly surprising to find that the stage of standardising 
their auxiliary machinery has already been reached ; 
neither is it surprising to find that a firm well-known 
for its standard auxiliaries for steamships has taken 
up this work. The firm referred to is Messrs. G. and 
J. Weir, Limited, Cathcart, Glasgow, who have now 
completed the series of high-pressure air compressors, 
for manufacture on a production basis with the 
attendant advantages of interchangeability and de- 
creased costs. Of this series, some account is given below 
and examples are shown in Figs. 1 to 6, on this and the 
opposite pages. Although designed primarily for use in 
motor ships to supply high-pressure air for manceuvring 
and fuel injection, the compressors are equally suitable 
for use in 
high-pressure air is required, just as the familiar Weir 
feed pump, also originally a marine auxiliary, is now 
to be found in many power stations and other plants 
ashore. 


land installations for all services where | 





Two-CrankK TANDEM-COMPOUND STEAM- 


HIGH-PRESSURE AIRCOMPRESSORS. | 





| and rings. 





(1976 B) 


The guiding principles of the designs are based, first, 
on the fact that modern practice requires air for fuel- 
injection purposes at a pressure of about 1,000 Ib. per 
square inch, while for man:euvring about 600 Ib. 
per square inch is required. To save weight in storage 
air vessels, the tendency is to store the air at the higher 
pressure. To enable the high-pressure air to be thus 
utilised, Messrs. Weir have developed an automatic non- 
freezing springless reducing valve for use between the 
high-pressure bottles and the low pressure air receiver 
Again, experience has shown that three-stage com- 
pressors are most suitable for marine work, though 
two-stage compressors have proved their value where 
small outputs and emergency conditions have to be 
provided for, and it has also become obvious that the 
air cooling between the stages must be very efficient to 
avoid carbonisation of the lubricating oil on the valves, 
with its attendant risk of leakages and dangerous 
cumulative pressures and temperatures. Further, 
in marine auxiliary compressors, the intermittent 
nature of the service, the use of moist, salt-laden air, 
and the high pressures involved, make them very 
susceptible to destructive wear of the cylinder liners 
These disabilities have been taken into 











HIGH-PRESSURE AIR COMPRESSORS. 


WEIR, LIMITED, ENGINEERS, GLASGOW. 


consideration in the design, and, from experiment and 
service at sea, types have been evolved which, it is 
stated, have rendered replacements of liners unneces- 
sary, and that of piston rings almost negligible. 
Accessibility, too, has been particularly studied, and 
possibilities of breakdown, such as that arising from 
pieces of broken valve seats and guards entering the 
cylinder, have been rendered practically impossible. 
For details of design and construction, Figs. 1 and 
2, should be consulted. Fig, 2 shows, in section, 
a single-crank tandem steam-driven three-stage com- 
pressor with both inter-cooling and after-cooling. An 
external view of this type of machine, but having 
a compound steam engine, with cylinders 8} in. an 
13 in. in diameter, is shown in Fig. 1. This works with 
a steam pressure of 120 Ib. per square inch, -, at 
340 r.p.m. is capable of delivering 350 cub. ft. of tree 
air per minute at a pressure of 1,000 Ib. per square 
inch. A double-crank three-stage compressor, - 
with inter-cooling and after-cooling, and arrange 
for driving by a 210 brake horse-power eic‘ we 
motor, is shown in Fig. 3. This has a capacity ° 
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HIGH-PRESSURE AIR COMPRESSORS. 


CONSTRUCTED BY 


(1976 C) 


400 cub. ft. of free air per minute, at 1,000 lb. per 
square inch pressure, when running at 375 r.p.m. 
A sectional view of a single-crank machine of this 
type is given in Fig. 4, above. The details of 
both machines illustrated in this figure and in 
Fig. 2 are identical in essentials, as far as those parts 
above the lower joint flange of the cylinder are con- 
cerned. The crankshaft, &c., of the two machines is 
also similar. Wherever possible, all parts in the series 
are standardised, and, as they are machined to fine 
limits, interchangeability, with rapid replacement in 
the event of a breakdown, are secured. 

The compressing cylinder casting is in two parts, 
the upper one containing the high-pressure piston and 
the first stage valves, and the lower one containing the 
piston of the two initial stages, the valves for the second 
stage being housed in a separate box and the high-pres- 
sure valves being arranged in the cylinder cover. A con- 
sideration of this arrangement will show that the various 
parts can be inspected or withdrawn with a minimum of 
Eeaenee- It will also show that the arrangement of 
€lrst stage valves in conical fashion round its cylinder 
‘op reduces the clearance volume to very small dimen- 
Sions. Tt is claimed that this latter condition, in con- 
Junction with a very precise distribution of the com- 
— between the several stages, affords a high 
aig efficiency with a low power consumption. All 
can _ boxes, as well as the cylinders, are water- 
~ ed. The valves are made of special alloy steel, 
‘nd are of the disc automatic type, with a very small 


pig Prevent shock and noise. The seats are of mild 
~<* Periorated with small holes. The suction and 
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discharge plate valves are interchangeable. Air-relief 
valves are fitted at each compression stage. These 
afford immediate relief in the event of the pressure 
exceeding a predetermined value, and close tightly 
when the pressure falls to the normal. The arrange- 
ment of the coolers, which have an ample amount 
of surface, is shown in Fig. 5. The nest of tubes 
can be removed asa whole, and is held at the top 
while it is free to expand downwards by the pro- 
vision of a closed header which is immersed in the 
water chamber. A final oil and water separator is 
fitted, through which the air passes after leaving the 
third-stage cooler. The water pump is of the plunger 
reciprocating type, driven by an eccentric on the crank- 
shaft. 

Considering now the moving parts. The first and 
second stage piston is of the differential type. The 
pistons are of special cast-iron with cast-iron Rams- 
bottom rings in the first two stages. The high-pressure 
piston has special cast-iron spring rings with carrier 
rings. The details of the pistons, connecting rods, 
crankshaft and main bearings, &c., will be clear from 
the figures, but it may be noted that the big ends of the 
connecting rods have not separate bushes, the cast steel 
of which they are made being simply lined with white 











Fie. 3. Two-Crank ELECTRICALLY-DRIVEN COMPRESSOR. 


metal. The main bearing bushes are of cast iron, also 
white metal lined. Balance weights are attached to the 
crank webs. The forced-lubrication system is also clearly 
shown in the figures, the oil pump being of the oscil- 
lating disc type driven directly from the crankshaft. In 
the direct steam-engine driven compressors, @ governor 
of the centrifugal crankshaft type, operating a balanced 
throttle valve and capable of adjustment while running, 
is fitted on the crankshaft. 

The automatic air reducing valve, referred to 
above, is illustrated in Fig 6. There are no springs, 
movement being given to the regulating valve by 
means of a piston acted on by differential pressure and 
made tight by a rubber diaphragm. This piston moves 
in a short recess formed in the flanges of the top and 
bottom halves of the valve casing, and is connected to 
the valve by a guided stirrup. High-pressure air 
enters the casing at A, and, when the valve is open, 
passes into the low-pressure chamber, which has an 
exit B, through an annular conical passage round the 
valve stem. The contour of this passage prevents the 
freezing on the valve face of water entrained in the 
air and the valve can thus always close tight. The 
low-pressure air chamber communicates, through a 
hole in the guide plate, and by a valve-controlled 
passage, with a sealed chamber C. If the control 
valve, D, is closed, it is clear that any upward move- 
ment of the piston is resisted in an elastic manner by 
the compression of the imprisoned airin C. Regulation 
of the amount of opening of D, therefore, permits 
variation in the resistance, and by this means a wide 
range of reduction ratios is obtained. 








AUSTRALIAN ELEectricAaL Wirinc Ruuies,—An im- 
portant sectional committee of the Standards Associa- 
tion of Australia, designated the Electrical Wiring 
Rules Committee, was appointed some time ago. This 
Committee is undertaking the revision and promulgation 
of the electric wiring rules, originally prepared by the 
Institution of Engineers, Australia, which rules have 
been taken over by the Association at the request of 
the Institution. The new sectional committee is a 
strong one, representative of all the interests concerned, 
and has commenced operations. The chairman is Sir 
George Julius, and the members comprise representatives 
of the Federal Government, the State Electricity Com- 
missioners and Departments, the Institution of Engineers, 
Australia, the various electric power supply, contracting, 
manufacturing and importing undertakings, the Fire 
Underwriters’ Association, and the Electrical Sectional 





Committee of the Standards Association of Australia, 
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DETERMINATION OF THE THICK- | 
NESS OF GLACIER ICE. | 


Last summer, Professor A. Wegener, of Gratz, | 
Austria, the originator of the hypothesis of floating | 
and drifting continents, made an expedition to Green- 
land with the particular object of studying the ice | 
crust which is supposed to cover the interior of that ' 
country. The enormous glaciers of Greenland are 
regarded as the source of the icebergs which, ‘ calved ” 
in Baffin’s Bay and Davis Straits, drift southwards with | 
polar sea currents and endanger Atlantic shipping. On | 
previous visits, Wegener had determined the rates of 
the glacier movements and of their melting, which 
amounts to about 5 cm. in a summer day, by means of 
boreholes, 4 m. deep, bamboo rods and other expe- | 
dients. Last year’s expedition proceeded to Umanak 
and Disco Island, situated in about 70 deg. latitude | 
on the west coast of Greenland, where the plateau 
rises from a very narrow strip of coastal plain to a 
height of 1,000 m. or more. Sledge expeditions, 
covering altogether 850 km., were made in several 
directions, penetrating 250 km. into the interior from 
the coast and to heights of 2,500 m. Two of the 
members of the expedition, Dr. Loewe and Dr. E. 
Sorge, of Berlin, were in charge of seismic determina- 

tions of the thickness of the ice crust. 

The seismic method and the instruments used were 
due to Dr. Hans Mothes, of the Geophysical Institute 
of Géttingen. Dr. Mothes had found his apparatus 
efficient on the Oetztal glaciers of the Tyrol in the 
summers of 1926 and 1928, and on the Aletsch glacier 
in the Bernese Alps early in 1929; the Greenland 
observers took part in these latter experiments on the 
so-called Korkordiaplatz of the glacier, and were thus 
familiar with their instruments. Holes are drilled 
into the ice and are charged with explosive, which is 
fired by an electrically-heated wire or a fuse. The 
surface detonation wave and the wave reflected from 
the rocky base of the ice are received in a light-tight 
tent. The vertical Wiechert seismograph consists of 
a heavy weight attached to one end of a horizontal bar, 
pivoted at the other end in the instrument pillar, 
and suspended by a vertical spring. The concussion 
waves travelling in the ice, received and magnified by 
the seismograph, are transferred to a microphone 
which is in circuit with a battery and a galvanometer, 
the oscillations of which are recorded on a photographic 
film. The first observations, taken at distances from 
25 m. up to 2 km. from the seat of the explosion, 
showed that the longitudinal waves travelled in good 
glacier ice at an average velocity of 3,400 m. per second, 
and the transverse waves at 1,600 m. per second. The 
ice depths deduced at Oetztal ranged from 170 m. up 
to 254 m. and were in fair accord with the various 
observations which H. Hess had been carrying on there 
since 1893. In Greenland, four reliable groups of 
observations, taken at distances from the coast finally 
reaching 40 km., gave ice-crust thicknesses of 330, 600, 
750, and 1,250 m. The upper level of the ice surface 
increased inland from 970 to 1,570 m. ; the underlying 
rock surface was thus apparently less elevated inland 
in that district than near the coast. The dynamite 
charges usually weighed 2 kg., but the charge was 
increased to 13-5 kg. in one experiment. The ice 
there was not homogeneous crystal ice, but firn ice, 
consisting, near the surface, of thin layers of snow 
enclosing much air, and of ice sheets congealed after 
temporary thawing; such irregular ice disturbs the 
transmission of the waves. The distance between the 
hole and observation tent was 1 or 2 km. 

A difficulty of the method is that the weight of the 
instruments causes the glacier surface to sink so that 
the optical zero requires adjustment. This difficulty 
was partly overcome by resting the tent on slabs of 
Silumin, 2-cm. thick. In order to reduce the weight of 
the portable equipment, Dr. Walter Stern, of Frank- 
fort, has developed, and tried with success on Alpine 
glaciers, two electrodynamic methods, both depending 
upon capacity determinations of conductors with the 
aid of electric oscillators. One of the advantages of 
these electrodynamic methods is that they are applic- 
able to relatively thin layers of ice, where the seismic 
method, which depenc's upon the time interval between 
the arrivals of the direct surface waves and the indirect 
reflected waves is less reliable. Experience, however, 
counts for a great deal in such matters, and systematic 
seismic observations of quarry blastings have been re- 
corded at Géttingen since 1925, at distances up to 250 
km., in various directions. The velocities of the longitu- 
dinal waves in these observations range from 5-74 to 
6-34 km. per second, with an average value of 5:9 km. 
per second. 











WaycGoop-Ot1is Starr GaTHERING.—To enable the 
staffs of their various offices and depots to meet one 
another and become more closely acquainted, Messrs. 
Waygood-Otis, Limited, arranged an excellent concert 
and dance at the Wharncliffe Rooms, Hotel Great 
Central, on Saturday, 12th inst. Some 600 members 





of the firm with their friends attended, and the pro- 
grammes were very successful. : 


TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Copper Bar.—The supply of 190 tons of round copper 
bar for firebox stays, in diameters ranging from }-in to 
24 in., and in 12-ft. lengths. The South African Railways 
and Harbours Board, Johannesburg ; May 30. (Ref. No. 
A.X. 9422.) 

Hydraulic Wheel Press.—The supply of one 400-ton 
hydraulic wheel press. The South African Railways 
and Harbours Board, Johannesburg ; May 30. (Ref. No. 
A.X. 9425.) 

Pulverised-Coal Burner, &c.—A consulting engineer 
in Seattle, Washington, U.S.A., desires to get into touch 
with a British firm manufacturing a combined unit of 
small capacity for grinding and burning pulverised coal 
in residential houses. (Ref. No. A.X. 9427.) 

Locomotive Boilers.—The supply of 13 class “‘ 7C ” 
locomotive boilers (superheated) with smoke boxes. 
The South African Railways and Harbours Board, Johan- 
nesburg; May 30. (Ref. No. A.X. 9430.) 

Gears and Worm Shaft.—The supply and delivery of 
one pair of cast-steel gears and one forged-steel worm 
shaft complete. The Auckland Harbour Board, New 
Zealand; April 29 (Ref. No. A.X. 9445.) 


Pumping Plant and Switchgear.—The supply and 
erection of 15 complete pumping stations at various 
sites in the northern Delta of the Nile and switchgear 
for Seru electric generating station. The Egyptian 
Ministry of Public Works, Mechanical and Electrical 
Department, Cairo; July 15. (Ref. No. A.X. 9437.) 


Gas-holder.—The supply and erection of a single-lift, 
spiral-guided gas-holder of 50,000 cub. ft. capacity. 
As an alternative, the construction of a similar gas- 
holder, but column-guided, will be considered. The 
Dannevirke Borough Council, New Zealand, tender to 
be presented by an early mail. (Ref. No. A.X. 9440.) 


Jit Cranes.—The supply and delivery of two overhead 
electric 30-cwt. underhung travelling jib cranes with 
12-ft. jib, and two overhead electric 30-cwt. travelling 
cranes, for new goods sheds at Wellington and Auckland. 
The New Zealand Government Railways, Wellington ; 
July 16, (Ref. No. A.X. 9442.) 

Portal Cranes.—The supply of eight electric portal 
cranes for the quay at the port of Ghent. The Port 
Authorities, Ghent; May 3. (Ref. No. A.X. 9444.) 

Centrifugal Pumps.—The supply and delivery of two 
electric-motor-driven, horizontal, centrifugal-type pumps. 
The State Electricity Commission, Melbourne, Victoria, 
Australia; April 28. (Ref. No. A.X. 9455.) 








BOOKS RECEIVED. 


United States Bureau of Mines. Bulletin’ No. 312 
Bauxite. Float-and-Sink Fractionati and Flotati 
Experiments. By B. W. GANDREND and F. D. Dr 
VaneEY. [Price 25 cents.] No. 313. Permissible 
Storage Battery Locomotives and Power Trucks. By 
L. C, InsLey and Others. [Price 45 cents.] Washing- 
ton: Government Printing Office. 

Public Works, Roads and Transport Congress and Exhibi- 
tion, 1929. Final Report. London: The Congress 
Organising Committee. 

Directory of Shipowners, Shipbuilders and Marine Engi- 
neers, 1930. London: Directory Publishing Co., Ltd. 
[Price 20s. net. ] 

Canada. Department of Mines. Mines Branch No. 697. 
Investigations in Ceramics and Road Materials, 1927. 
No. 710-1. Core Drilling Bituminous Sands of 
Northern Alberta. By S. E. Etts. Ottawa: Mines 
Branch, Department of Mines. 

United States Geological Survey. Professional Paper 
No. 158-C. The Helderberg Group of Parts of West 
Virginia and Virginia. By F. McKim Swartz. 
[Price 20 cents.] No. 158-D. Petrography of the 
Pioche District, Lincoln County, Nevada. By J. L. 
Grittson. [Price 10 cents.] No. 158-E. The Varves 
and Climate of the Green River Epoch. By W. H. 
Bradley. [Price 15 cents.] No. 158-F. Contact Meta- 
morphism of the Rocks in the Pend Oreille District, 
Northern Idaho. By J. L. Grttson. [Price 10 cents.] 
No. 158-G, Early Pleist Glaciation in Idaho. By 
C. P. Ross. [Price 10 cents.] No. 158-H. The 
Flora of the Frontier Formation. By E. W. Berry. 
[Price 5 cents.] Washington: Government Printing 








Office. 

The Year-Book of the Scientific and Learned Societies of 
Great Britain and Ireland, 1930. London: Charles 
Griffin and Company, Limited. [Price 18s. net.] 

Strimungswiderstand und Wdarmetibergang in Rohren. 
By R. Hermann and TH. Bursacu. Leipzig: 
Muieienstethis Verlagsgesellschaft m.b.H. [Price 7-80 
marks. 

Der Praktische Hisenhochbau. Vol. I. Entwurf der 
Stehbauten Berechnung und Ausfiihrung der Dach 
und Hallenbauten. By ALFRED GREGOR. Fifth edi- 
tion revised. Berlin: Hermann Meusser. [Price 
48 marks. ] 

The Romance of the Submarine. By G. GrsBARD JACKSON. 


London: Sampson Low, Marston and Company, 
Limited. [Price 6s. net.] 
International Labour O Studies and Reports. 


Series F. Second Section (Safety), No. 4. Protection 
of Workers Operating Metal-Working Presses. London: 
P. S. King and Son, Limited. [Price 5s.] 











NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Business is still quiet, but 
while sales of Cleveland pig are still well below normal 


for this time of the year, inquiries are spreading gradually, 
and demand has expanded sufficiently to absorb pro. 
duction. Makers own consuming plant continues to 


take up the bulk of the output, but a few fairly substan- 
tial contracts with local and other home buyers, have 
recently been entered into, and a few sales to Scotland 
have been made. Export business is less difticult to 
put through than of late, but overseas business remains 
light. Second hands have command of only moderate 
quantities of iron, and producers’ quotations are firm, 
Stocks are not inconveniently large, and promise to be 
reduced, as much of the iron stored at makers’ yards is 
understood to be sold. No. 1 grade of Cleveland is 70s, ; 
No. 3 g.m.b., 67s. 6d.; No. 4 foundry, 66s. 6d.; and 
No. 4 forge, 66s. 


Hematite-—Conditions in the East Coast hematite 
department are more unsatisfactory and discouraging 
thanever. Stocks are embarrassingly heavy and continue 
to increase at a disquieting rate. Home inquiries are 
few and small, and export sales are little heard of in face 
of the cheap parcels of foreign hematite offered to con- 
tinental consumers. Merchants have still rather large 
quantities of East Coast brands, and in their anxiety 
to lighten their holdings are underselling makers. The 
latter are keen to book orders so as to keep furnaces 
running. Quotations are irregular with further marked 
downward tendency. Ordinary qualities are offered 
freely at 75s. ; and No. 1 is put at a premium of 6d, 


Foreign Ore.—Imports of foreign ore against old 
contracts are heavy, but new business is almost unheard 
of. Consumers have large stocks and are well bought 
ahead. The nominal price of best rubio is 21s, 6d. c.i.f. 
Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful and slow of sale. Good average qualities are 
not more than 18s. 9d. delivered to local users. 


Manufactured Iron and Steel.—Transactions in manu- 
factured iron and steel are not numerous, but while in 
some branches, orders are rather badly needed to follow 
on expiring contracts, in most departments tonnage 
output remains heavy and firms have still quite a lot of 
work to execute. Activity at shipyards for some time 
is assured, and producers of requisites for construction 
of steamers promise to be kept busy ; while much material 
for bridge building is taken up, and manufacturers of 
necessities for railway construction have a good deal of 
work on hand. Quotations are steadily maintained. 
Common iron bars are 10/. 15s.; best bars, 11l. 5s. ; 
double best bars, 11/7. 15s.; treble best bars, 12/. 5s. ; 
iron rivets, 11/. 10s.; packing (parallel), 81. ; packing 
(tapered), 101. ; steel billets (soft), 67. 15s. ; steel billets 
(medium), 7/. 12s. 6d.; steel billets (hard), 8/. 2s. 6d. ; 
steel rivets, 111. 5s.; steel ship plates, 8/. 15s. ; steel 
angles, 8/. 7s. 6d.; steel joists, 8/. 10s. ; heavy sections 
of steel rails, 87. 10s. for parcels of 500 tons and over, and 
91. for smaller lots; fish plates, 12/. 10s. ; black sheets 
(No. 24 gauge), 91. 15s.; and galvanised corrugated 
sheets (No. 24 gauge), 121. 

Ironstone Miners’ Wages.—Cleveland ironstone miners’ 
wages are to be raised by 1 per cent. from the 28th inst. 








Miran Cycie aND Motor Cycie Exursition.—A 
report on the eleventh annual Cycle and Motor-Cycle 
Exhibition, held in Milan from January 11 to 19 last 
has been drawn up by the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1. British 
firms wishing to possess a copy of the report should 
communicate with the Department quoting Reference 
No. A.X.9202. 





ScorrisH CENTRE OF INSTITUTION OF ELECTRICAL 
ENGINEERS.—A meeting and excursion organised by 
the Scottish Centre of the Institution of Electrical 
Engineers will take place at Dundee on May 16 and 17 
next. A lunch will be held at the Queen’s Hotel, Dundee, 
at 1 p.m., on May 16, and at 7.30 p.m., on the same day, 
Mr. R. H. Fowler, F.R.S., will deliver the twenty-first 
Kelvin lecture, ‘‘ Some Recent Advances in the Electron 
Theory of Metals.” Saturday, May 17, will be ores 
to an all-day excursion from Dundee to Loch Rannoc h, 
where the Grampian Power Company’s hydro-electric 
works will be visited. Members who intend to particl- 
pate should communicate without delay with Mr. = 
Taylor, 153, West George-street, Glasgow, C.2, the 
honorary secretary of the Scottish Centre. 





Conrracts.—The Port of London Authority has 
placed a contract with Messrs. The British —— 
Houston Company, Limited, Crown House, — ’ 
London, W.C.2, for a six months’ supply of Maz . 
electric lamps.—Messrs. Radio Communication Company: 
Limited, 34-35, Norfolk-street, Strand, London, C.2, 
have secured a contract from The British enange oe 
Corporation for the supply and erection of three iene : 
lattice-steel masts at the North Regional broac — 
transmitting station, Slaithwaite, near Hesdens a 
Messrs. The Hunslet Engine Company, Limited, | “yf ed 
have received an order from the Crown Agents hed por 
Colonies for eight tank locomotives for The Gol spon 
Railways. The locomotives are a modified design otf — 
of their standard engines of the eight-wheeled a 
type, and are required for the transport of mangar : 
ore at Takoradi. The cylinders have 4 diameter 
18 in. and the length of the piston stroke is 23 in. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Conditions in the steel and engineering ! 


trades continue quiet, and the Easter holiday is expected 
to have a further unsettling effect on prospects. The view 
isexpressed that a steady improvement is likely to develop 
following the Budget announcement, and that the flow 
of orders will be strengthened. At present, however, 
order books are depleted and departments which, up 
to ashort time ago, were experiencing active conditions, 
are beginning to feel the pinch of the shortage of work. 
This slackening off in activity is not general, and in one 
or two sections output is more than maintained. The 
policy of rationalisation has caused a succession of losses 
to local production. The latest decision of one of the 
biggest undertakings is to transfer gun manufacture to 


the north. This follows the removal of tank and muni- | 


tion production. Rolling mills are operating at reduced 
capacity, but forges are able to maintain a fair level of 


activity. This is largely due to the growing demand for | 


hollow forged seamless drums. Little business is passing 
in ironworks and steelworks machinery. Large supplies 
of motor-car steel and fittings continue to be exported 
‘rom this district, while the combined demands of agri- 
cultural, mining, shipbuilding and railway engineers 
account for a large gross output from furnaces and inter- 
mediate departments. Makers of high-class steel are 
fairly well employed. The extended use of stainless 
steel and rustless iron is responsible for an ever-growing 
output. Steel capable of standing high temperatures 
and acids is in demand from the chemical, pottery, and 
dye trades. Despite keen competition from the Continent, 
makers of tool steel are able to attract some orders, and 
in exceptional instances, overtime working is in force. 
The tool trades are making headway in face of increased 
rivalry from abroad. Good business is being done with 
India, Australia, Japan, and New Zealand, in files and 
rasps. America and Germany are keen rivals in hack-saw 
blades, but British ‘makers are disposing of great quan- 
tities in Eastern and Dominion markets. 


South Yorkshire Coal Trade.—The quietude which 
has gripped the steel industry has extended to the coal 
trade, and the demand for most classes of fuel is dis- 
appointing. The export position shows little change. 
Industrial requirements of both coal and coke are not so 
substantial, and in view of the Easter holidays, a further 
diminution is expected. The decline of householders’ 
requisites continues, and producers are accumulating 
large stocks, The coke market is erratic. Foundry and 
furnace coke are steady at 19s. 6d. to 20s., while gas coke 
is firm at 21s. to 25s. There is a seasonal slump for central 
heating purposes. Quotations: Best branch handpicked, 
26s, 6d. to 28s.; Derbyshire best brights, 21s. to 23s. ; 
Derbyshire best house, 20s. 6d. to 21s. 6d.; screened 
house-coal, 18s. 6d. to 20s. ; screened house nuts, 16s. 6d. 
to 18s.; Yorkshire hards, 15s. 6d. to 17s.; Derbyshire 
hards, 15s, 6d. to 17s. ; rough slacks, 9s. to 10s.; nutty 
slacks, 7s. 6d. to 8s. 6d. ; smalls, 3s. to 5s. 








British STANDARD SPECIFICATION FOR VANDYKE 
Brown.—A revised edition of specification No. 319-1928, 
dealing with vandyke brown for paints, has recently 
been issued by the British Engineering Standards 
Association. After two years’ experience in the use of this 
specification it was found that certain clauses needed 
modification in some small particulars, notably those 
clauses dealing with ash and volatile matter. The form 
of the new specification follows that adopted in the pre- 
vious issue ; clauses regulating the composition, together 
with standard reception tests for the purchase of the 
material, are given. Appendices dealing with the 
standard methods for carrying out the tests are also 
included. Copies of the new specification, which is 
designated No. 319-1930, may be obtained from the 
B.E.S.A., Publications Department, 28, Victoria-street, 
London, 8.W.1, price 2s. 2d., post free. 





7,200-H.P. Etectric Locomotive FOR THE Swiss 
FEDERAL RatLways.—W¢ are informed that the Ateliers 
de Construction Oerlikon have recently obtained a 
contract from the Swiss Federal Railways for the con- 
struction of a 7,200-h.p. electric locomotive. This 
locomotive, which, it is stated, will be the largest in 

urope, will consist of two close-coupled units, each of 
which will be equipped with four driving axles and three 
trailing axles. The driving axles will be arranged. in 
pairs with a trailing axle between, as well as in front and 
behind them, making a total of eight driving axles, 
all of which will be equipped with two motors, and six 
trailing axles. The two outer and the two inner trailing 
axles on each unit will be coupled with the adjoinin 
driving axle to form a bogie. The driving axles wil 
have a side play of 2 by 20 mm., and the two middle 
trailing axles on each unit a similar play of 2 by 30 mm., 
to ensure easy running on curves. The diameters of the 
driving and trailing wheels will be 1,350 mm. and 950 mm, 
respectively, and the total wheel base will be 27-2 m., 
the length over the buffers being 32-5 m. The maximum 
tractive effort when starting, measured at the wheel 
=~. will be 141,100 Ib., and the maximum speed 62 m.p.h. 

he adhesion will be 153 tons and the weight in working 
order 230 tons, of which the electrical equipment will 
poem for 121 tons. Electricity will be supplied on 
1 63 single phase system at 15,000 volts, and a frequency of 
é # ‘through four current collectors. Power will be 
Tanamitted from the motors to the driving axles through 
ouble reduction gearing with a transmission ratio of 
- This gearing, as well as the mechanical portion 
: 16 locomotive, is being manufactured by the Winter- 

ur Locomotive Company. As the locomotive will be 
used on the St. Gotthard Railway, it will be equipped 
with regenerative braking. 


ENGINEERING. 








NOTES FROM THE SOUTH-WEST. 


CarpDirF, Wednesday. 
The Coal Trade.—There was a surprise increase in 
|exports of coal and coke from the South Wales docks 
in the past week. The total of 601,400 tons shipped as 
cargo and bunkers was 67,000 tons more than was 
dealt with in the previous week when the aggregate 
of 534,000 tons was the smallest for any week of the year, 
and compared with a weekly total of from 631,700 tons 
to 668,600 tons in January. The past week’s improve- 
ment is not, however, indicative of more promising 
conditions. In fact, the outlook is as bad as ever. 
There are thousands of trucks of coal standing on the 
railway sidings and the docks which cannot be shipped 
on account of the quietness of the demand. The result is 
that collieries have to effect temporary stoppages owing 
to a lack of empty wagons and the absence of stocking 
| space. Some pits have been idle for days at a time, yet 
shipments are unable to absorb current production. At 
the docks, too, the shipping position is easy and there is 
not the customary pre-holiday rush. To-day, no fewer 
| than 32 berths are vacant at the docks, and the numbe 
of vessels in the docks, a fifth of which are laid-up, is 
| the smallest for some weeks. Except that dry duffs 
| are scarce by reason of the lessened make due to stoppages 
| at pits producing dry classes, and that some Monmouth- 
shire large coals are moving off readily on account of 
the Egyptian and Italian State Railway contracts, all 
| descriptions of coal are plentiful at schedule prices based 
} on 20s. for best Admiralty large, and 13s. 6d. for best 
| bunker smalls. With stocks of coal abroad excessive 
,and the demand for bunkers curtailed by the heavy 
| laying-up of steamers, the outlook is anything but en- 
| couraging, and collieries are compelled to rely on their 
| contract commitments to dispose of current outputs. 
| Even collieries comfortably booked up with contract 
jengagements experience difficulty, for in many cases 
| buyers are not keen to take delivery and ask for post- 
| ponement of deliveries, while some are even paying to 
|eancel deliveries. An inquiry from the Norte Railway 
of Spain is not without significance. This Spanish rail- 
way usually takes from 30,000 to 40,000 tons of Welsh 
coal every two months, half of which is delivered at 
southern ports and the remainder at the northern termini 
of the railway. The present inquiry is for only 15,000 
tons, to be delivered at Tarragona and Valencia, Barce- 
lona and the northern ports of Bilbao, Corunna, Passages 
and Santander having been left out of the inquiry. 
This omission represents the loss of business at the rate 
of 90,000 tons a year, and in view of the policy of the 
Spanish Government in forcing the use of Asturian coal, 
cannot be regarded lightly by shippers to Spain who, of 
late years, have experienced the dwindling away of a 
one time considerable market for Welsh coal. 














| AUSTRALIAN CoAL RESERVES.—A report on the coal 
resources of the Australian Commonwealth has recently 
| been issued by the Standards Association of Australia. 
| This estimates the total Australian coal reserves to be 
| in the neighbourhood of 57,075 million tons, some 16,451 
million tons of which are black coal, and the remaining 
40,624 million tons sub-bituminous and brown coal. 





PERSONAL.—Messrs. Bradley and Foster, Limited, 
Darlaston Blast Furnaces, Darlaston, manufacturers 
of refined irons, have acquired the West Coast Refinery, 
Cleator, Cumberland, and will now be able to supply 
*“Dent’’ West-Coast refined pig-iron in all the grades 
required for the manufacture of white-heart malleable 
castings. The original management and methods of 
manufacture are being retained at Cleator.—Messrs. 
Edgar Allen and Company, Limited, Imperial Steel 
Works, Sheffield, have acquired from Messrs, Ord and 
Maddison, Limited, of Victoria Works, Darlington, that 
portion of their business relating to rotary screens, rolls, 
stonebreakers, and tar-macadam mixers. These, to- 
gether with their own standard designs of screening and 
crushing machinery, will give Messrs, Edgar Allen a 
large range of machines.—Mr, P. H. Hopkins has ceased 
to be a director or employee of Messrs. J. M. Wother- 
spoon and Company, Limited, 194-200, Bishopsgate, 
London, E.C.2.—Mr, Henry Ashman Reed has retired 
from the position of Chief Engineer to The Manchester 
Ship Canal Company and has been appointed consulting 
engineer to the company, Mr. F. ry Greenwood, 
formerly chief assistant engineer, has been appointed to 
| succeed Mr, Reed as chief engineer.—Sir Samuel Hoare 
has accepted nomination as president of The British 
Science Guild in succession to Lord Melchett.—Six United 
States industrial concerns, namely, Messrs. Koehring Com- 
pany, Messrs. Insley Manufacturing Company, Messrs. 
The T. L. Smith Company, Messrs. The Parsons Company, 
Messrs. C. H. and E. Manufacturing Company, and Messrs. 
Kwik-Mix Concrete Mixer Company have amalgamated 
under the name of Messrs, National Equipment Corpora- 
tion. The head offices of the consolidation are at 
Milwaukee, Wisconsin, U.S.A.—Captain H. G. Bell has 
left Messrs. Metropolitan-Vickers Electrical Company, 
Limited, Trafford Park, Manchester, to take up the 
appointment, under the Central Electricity Board, of 
technical assistant to Mr. Robert Blackmore, chief engi- 
neer for the North-Western Section of the “‘ Grid.”— 
Messrs. W. F. Dennis and Company, 70, Queen Victoria- 
street, London, E.C.4, have resumed the sale of solid 
and flexible copper rail bonds, Neptune brand, manufac- 
tured by Messrs. Felten und Guilleaume, Carlswerk, A.-G. 
—The London office of Messrs. Holden and Brooke, 
Limited, Manchester, has been moved to larger premises 
in the same building, its address now being 562-564, 
Abbey House, Westminster, S.W.1.—Messrs. J. G. 
| Statter and Company have removed their London 
office from Queen Anne’s Chambers, Westminster, 
8.W.1, to 16, Great George-street, Westminster, 8.W.1. 











NOTICES OF MEETINGS. 


Farapay Socrety.—Friday, Apri] 25, 2.30 p.m., 
Chemical Society, Burlington House, Piccadilly, W.1. 
General Discussion on ‘‘ Optical Rotatory Power.” 
I. “The Physical Basis of Optical Rotatory Power.” 
II. ‘“‘ Apparatus and Methods.” Saturday, April 26, 
10a.m. III. “* Rotatory Power of Solutions.” TV. ‘“‘ The 
Chemical Aspects of Optical Rotatory Power.” 

InstItTUTION oF MEcHANICAL ENGINEERS.—Friday, 
April 25, 6 p.m., Storey’s-gate, S.W.1. ‘* The Economical 
Production and Distribution of Steam in Large Fac- 
tories,”” by Mr. F. Carnegie. 











NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scottish Steel Trade.—There has been no change in 
the state of the Scottish steel trade during the past 
week and specifications are still coming in very slowly. 
With general trade throughout the country very quiet. 
the home demand for steel material is very poor, and 
there are no signs of any change for the better at present. 
Now that the Budget uncertainty has been removed, 
there is just the possibility that business may take a 
forward step. The overseas demand has recently been 
on a small scale, but makers have great hopes that the 
export orders will improve considerably very soon, 
and in that respect it is fully anticipated that shipments 
to Canada during the next few months will show a large 
increase over those of last year. In the black-sheet 
trade the position is again somewhat better, but mainly 
in connection with the lighter gauges. For galvanised 
sheets the demand has increased considerably of late 
and this has followed hard on the heels of the agreement 
arrived at regarding a fixed minimum selling price. The 
following are the current market quotations :—Boiler 
plates, 107. 10s. per ton; ship plates, 8/. 15s. per ton ; 
sections, 8/. 7s. 6d. per ton; black sheets, }-in., 91. per 
ton; and galvanised corrugated sheets (No. 24 gauge), 
12/, 15s. pre ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—There has been practically no 
improvement in the demand for bar iron during the 
past week, and the West of Scotland makers are still 
very quiet. The re-rollers of steel bars are in a similar 
position, and no distance ahead can be seen at the present 
time. The export trade is expected to open out before 
long, but at present there are few indications of this. 
Prices are as under:—‘‘Crown” bars, 101. 5s. per 
ton for home delivery, and 9/. 15s. per ton for export ; 


| re-rolled steel bars, 7/. 12s. 6d. per ton for home delivery 
| and for export. 


Scottish Pig-Iron Trade.—The pig-iron trade in 
Scotland is still quiet and uncertain on account of the 
shipments coming in from India as well as from the 
Continent. While the output remains steady the demand 
falls short of supply and in some cases stocks are rather 
heavy. Exportsare dull. Prices show no alteration and 
are as follow :—Hematite, 8ls. per ton delivered at 
the steel works; foundry iron No. 1, 80s. 6d. per ton, 
and No. 3, 78s. per ton, both on trucks at makers’ 
yards, 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, April 12, amounted to 2,077 tons. Of 
that total, 930 tons went overseas and 1,147 tons went 
coastwise. During the corresponding week of last year 
the figures were 397 tons overseas and 71 tons coastwise, 
making a total shipment of 468 tons. 








SwepisH INnpusTRIES Farr, GoTHENBURG,—The 
Swedish Industries Fair will be held at Gothenburg from 
May 10 to 18, in the exhibition building originally erected 
a few years ago for the engineering section of the Gothen- 
burg Exhibition. It has a floor area of 280,000 sq. ft. 
and is said to be the largest timber structure of its kind 
in the world. The Swedish mechanical and electrical 
engineering, metallurgical, and timber industries will be 
well represented at the Fair. Last year the number of 
exhibitors was 600, representing about 1,000 Swedish 
manufacturers, and some 101,000 persons from 25 
different countries visited the Fair. 





British EmprreE TRADE EXHIBITION, BUENOS AIRES. 
—The date of the British Empire Trade Exhibition at 
Buenos Aires has now been definitely fixed, and it will 
remain open from March 14 to April 27, 1931, instead 
of from February 18 to April 2, as originally proposed 
and quoted on page 448 ante and in previous issues of 
ENGINEERING. The early autumn in the Argentine, 
that is, March and April, is the recognised buying 
season for many classes of goods. The later date also 
avoids clashing with the British Industries Fair, and it 
will now be possible for members of manufacturing firms 
to proceed from the Fair to the Buenos Aires Exhibition. 





DESIGN AND RESULTS oF A 600-LB, PER Square INcH 
Borter INSTALLATION: ERRATUM.—We regret that, in 
the abridged reprint of Mr. W. Nithsdale’s paper on the 
above subject, recently read before the Institution of 
Mechanical Engineers, we made it appear, in referring, 
on page 407, ante, to the principal mountings on the 
two high-pressure Yarrow boilers at the Runcorn plant 
of the Castner-Kellner Alkali Company, that the 1}-in. 
pilot valve with whistle alarm and the four spring safety 
valves fitted on each boiler were of Messrs, Hopkinson’s 
manufacture. Actually, these valves were made by 
Messrs. Cockburns, Limited, Clydesdale Engineering 
Works, Cardonald, Glasgow, and the safety valves were 
of the Cockburn-MaeNicoll high-lift type. 
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common. This is a very real disadvantage. It 
means that the lamp manufacturers’ output must 
be divided into classes, which correspond in number 
and size with the various voltages in use, instead 
of it being possible for them to concentrate on a 
single type. The inevitable result is that the price 
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which will appear in the May issue of the Journal, 
from which it appears that the matter was reviewed 
under the following headings: The practicability 
and cost of adjusting the declared lighting voltage 
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of 230 volts; the ways in which the Electricity 
Commissioners might be able to assist this standardi- 
sation, and other points affecting the general ques- 
tion. Obviously, the starting point for such an 
investigation was to discover the number of non- 
standard voltages in use and the extent to which 
each was employed, as represented by the lighting 
loads they supplied. A census, with these objects in 
view, was, therefore, undertaken by the Electricity 
Commissioners, and as the report rightly remarks, 
the result ‘“‘certainly emphasises the confusion 
caused by the present medley.” It appears that 
on March 31, 1927, the number of 30-watt lamps 
supplied at 230 volts was 12} million, while 18 
million were supplied at some pressure between 
220 and 240 volts (excluding 230 volts), 21 million 
at between 200 and 215 volts, 24 million at above 
240 volts and 2} million below 200 volts. That is, 
there were 38 million non-standard, as compared 
with 12} million standard lamps. In addition, it 
is pointed out that lighting supplies are given at 
no less than 16 different voltages between 100 and 
250 volts, such odd values as 104, 105, 125, 150, 215 
and 225, all having their adherents. This is 
jouniomniy a state of affairs which cries for revision 
and the next points that arise for consideration are, 
therefore, how the necessary change can best be 
brought about, and how much it will cost to effect it. 
It is the opinion of the Council that non-standard 
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These advantages apply also to slightly lower 


standardised gradually in a short period, and with 
very little expenditure. On the other hand, to 
standardise the lower voltage systems would cost 
between 10,000,000/. and 16,000,000/., and to deal 
similarly with voltages above 240 volts would 
require from 100,000/. to 160,000/. The standard- 
isation of the latter is not, however, regarded as 
practicable at the present, but the opinion is 
expressed that the change would probably take 
place automatically after the standard voltage had 
become more general. The expenditure necessary to 
increase the lower voltage ranges would, of course, 
be offset by savings arising from the greater dis- 
tribution efficiency and the better utilisation of the 
mains, while in the case of the higher voltages the 
effect would be the opposite. It may be added 
that since these estimates are based on figures which 
are now three years old, and that as in the mean- 
time there has been some, if only a small, advance 
towards standardisation, the gross cost of the change 
would probably be smaller than the amounts just 
given. 

As regards policy, the Electricity Commissioners 
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have promised to do everything possible to promote 
the adoption of the standard voltage, and to make 
references as occasion may arise to any preferential 
terms for standard voltage lamps and apparatus, 
which may be offered by the manufacturers. The 
Council feel, however, that the best results will 
accrue from calling the attention of all undertakers, 
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who are supplying at a voltage near the standard, 
to the power which the Commissioners possess of 
modifying the voltage variation mentioned above. 
To this the Commissioners have agreed, and will 
also intimate that they are willing to exercise this 
power should any undertaker desire to work to a 
wider range of voltage variation for the specific 
purpose of making an immediate move towards 
standardisation. This course will bring no less 
than 18,000,000 lamps, or 32 per cent. of the 
total, within the ambit of standardisation, and 
it is therefore to be hoped that no time will be 
lost in beginning work on these lines. Though 
such a conversion is largely a matter for individual 
undertakings, it seems to be a case where the 
encouragement of the British Electrical Development 
Association could be enlisted, as standardisation 
must undoubtedly result in benefits not only to 
those immediately affected, but to the industry as 
a whole. We also consider that the work should 
be put in hand at once, if for no other reason 
that the position will tend to become worse rather 
than better. With the Chancellor of the Exchequer’s 
Budget statement fresh in our minds we are more 
than a little loath to propose fresh ways of spending 
money, or even new guarantees. Otherwise we 
might suggest that this is eminently a case for an 
application to the Unemployment Grants Committee. 
For the standardisation of non-standard systems 
would necessitate the replacement of a great deal of 
converting plant and other equipment, in addition to 
the lamps themselves, and the reconditioning of 
extensive mains systems. Such work would stimu- 
late the electrical manufacturing industry and, as 
is already evident, the latter cannot be encouraged 
in this way without considerable benefits being con- 
ferred on other branches of trade, the effect on 
unemployment would be good, and the advantages 
would continue long after the work of conversion 
had been completed. 

There is another reason why voltage standard- 
isation should be effected now, if it is to be carried 
out at all. In more than one part of the country 
frequency standardisation is causing the replace- 
ment of a great deal of plant, some of which will 
be installed in areas, where the pressure is non- 
standard. To design the new equipment for the 
old voltage would be a short-sighted policy, and 
the necessary steps to prevent this being done 
should be taken. In every part of the country 
the erection of the national transmission system 
and the closing of generating stations will mean the 
installation of a great deal of new converting plant, 
in the design of which the advantages, and even 
the necessity, of standardisation should not be 
overlooked. We hope therefore that active steps 
will be taken to effect this desirable conversion 
at a time when changes, whose object is to avoid 
old confusions, are already taking place. In homely 
phrase there is no need to take two bites at the 
cherry. 

In conclusion, it may be mentioned that the 
report discloses the complete agreement on the 
part of the British Electrical and Allied Manu- 
facturers Association, the Electric Lamp Manu- 
facturers’ Associetion, and the Electrical Contractors 
Association with the policy suggested, and that 
the two former bodies have given their support, 
the practical form of allowing a preferential discount 
on standard voltage lamps as well as on such parts 
of other apparatus as are necessary to replace those 
rendered useless by the change over. In any steps, 
which may be taken towards standardisation, this 
is likely to prove invaluable, and those concerned 
are to be congratulated on their action. The report 
also discloses that the position with regard to the 
voltages at which power supplies are given is as 
bad, if not worse, than in the case of lighting, so 
that there is room for changes in this direction too, 
even if the matter is not quite so pressing. 








THE EAST AFRICAN DEPENDENCIES. 


WHEN the prospects of increasing Imperial trade 
are considered, an aspect that often attracts atten- 
tion, next to the richness of the resources to be 
developed, is the relatively small development that 
has been attained. This consideration is particu- 


are called East Africa. Bounded on the north by 
the Sudan and Abyssinia, on the west by the Belgian 
Congo, on the east by the ocean, and extending on 
the south to between Southern Rhodesia and 
Portuguese East Africa, they include Uganda, the 
Kenya Protectorate and Colonies, Tanganyika, 
Nyasaland, Northern Rhodesia, and on the coast 
the small islands of Zanzibar, and cover in all 
something over a million square miles of territory. 
Yet the native population of this vast area is only 
about 13,000,000, which is supplemented by about 
70,000 Asiatics, and only about 27,000 Europeans. 
The development of these countries is proceeding at 
a great rate, which may become faster still, but 
up till now, their consumption of imported commodi- 
ties is well below 20,000,000/. per year. Those 
who contemplate doing business in these regions 
may interpret circumstances of this kind in opposite 
ways. The relative smallness of the market, com- 
pared to the distances to be covered in order to 
cultivate it, is an obvious disadvantage, felt all 
the more while the means of transport are in an 
early stage of development, and more costly, 
therefore, both in money and time. Another 
consideration that has to be borne in mind in 
regard to countries at this early stage of their 
development, is that the expenditure on develop- 
ment itself has to be based upon estimates of the 
purchasing power of the community, which, while 
it is still small, must be relatively speculative. 
Economic fluctuations, whether through the course 
of local climate or of world trade, are liable to throw 
such estimates more readily out of gear than those 
that are based upon larger production, and com- 
munities which have to work on them are liable to 
more rapid and serious depressions. Nevertheless, 
on the other hand, those who are in a market while 
it is small are usually in a better position to increase 
their business when the market expands than 
competitors who have then to build up their own 
organisations. This appears to be particularly the 
case with the East African Colonies, and the cir- 
cumstance that, rapid as has been their economic 
growth in the last 10 years, it can only be a fraction 
of what must lie ahead of it in the near future, 
seems to be a ground for at least considering what 
attractions the market can offer to British manu- 
facturers, particularly in the engineering trades. 
These considerations are suggested by the report 
which the Department of Overseas Trade haS 
recently published on Economic Conditions in East 
Africa to September, 1929. It is presented by 
Mr. C. Kemp, Deputy Trade Commissioner, with a 
foreword by Colonel W. H. Franklin, C.B.E., 
D.S.0., H.M. Trade Commissioner in East Africa 
(H.M. Stationery Office. Price 2s. 9d. net). Some 
of its observations have been familiar in many 
reports issued by the Department. British manu- 
facturers are said to be less energetic in following 
up trade and cultivating the customers with whom 
it has been made. They are behindhand in the 
issue of priced catalogues, and it is often asked why, 
when the expense of such catalogues is too great, 
they are not issued with standard prices, followed 
up by periodical discount sheets. Another happily 
familiar observation records the keen sense, among 
all nationals throughout the trading community, 
that British guarantees of quality and delivery have 
a value for which a preference can profitably be 
given them at equal prices, and sometimes even 
at a shade more. As a whole, Great Britain is 
securing a declining percentage of the import trade, 
but it appears that this arises from the fact that 
the greatest expansion of imports has occurred in 
trades in which, for one reason or another, British 
manufacturers either do not compete, or do so 
to a negligible extent. This is seen markedly in 
the imports of motor spirit and petroleum products, 
as well as of motor vehicles, but on the whole, 
Great Britain has held her own in the engineering 
and allied trades. Here and there, British manu- 
facturers are entirely out of the picture. In 
threshing machinery, for example, practically the 
whole market is supplied by the United States. In 
motor vehicles, again, they do little, though the 
aggregate trade in these lines is so small that 
even the British share forms an appreciable, if 
not a satisfactory, percentage of the whole, amount- 


to nearly two-thirds. As the last instance shows, 
in which the total number is only 128 vehicles, the 
figures are much too small to base any conclusion 
on, further than that British makers have much !ess 
leeway to make up than they have in markets 
where the use of motor transport is more developed. 
In other lines which, though small, are of greater 
consequence, the present share of British manu- 
facturers in East African imports is still larger. 
In 1928, for instance, they supplied six-sevenths 
of the cement imported into Kenya and Uganda, 
and three-fourths of that into Tanganyika, though 
in Northern Rhodesia practically the whole of the 
supply came from South Africa. In the two former 
groups, moreover, Great Britain supplied respec- 
tively three-fourths and over two-thirds of the iron 
and steel manufactures not otherwise enumerated, 
over two-thirds and nearly a half of the machinery, 
and a still larger proportion of electrical goods and 
apparatus. The figures also may slightly under- 
state the British share, as they exclude imports 
on Government account, of which, presumably, 
British manufactures would supply a preferential 
share. In most classes of manufacture, moreover, 
and in most of the dependencies, there is practically 
no prospect apparent of competition from local 
industry. 
It appears, therefore, that, on the whole, British 
manufacturing engineers have something to be 
thankful for in these markets, but apparently they 
will have to look to themselves for its continuance. 
At the present time a substantial quantity of 
business, especially in machinery, is being done by 
estate companies, who through their London offices 
buy British goods in the face of cheaper foreign 
quotations. There is reason to believe that, though 
this course may have been prompted originally by 
patriotic feelings, as the report suggests, such 
buyers get in quality and punctuality the full 
equivalent for what extra they pay, but it is hardly 
to be expected that a more general market, when 
it is developed, will show the same breadth of mind. 
Some part, at least, of the predominant shares 
British engineers are getting must be attributed to 
this goodwill, and it can hardly be hoped that, when 
the market grows, the same percentage of business 
will be given for such considerations. It must be 
remembered, moreover, that most of these depen- 
dencies are held under treaties, and British export 
trade cannot look forward to any tariff preference 
in their markets, such as it receives in other parts 
of the Empire. Industries, in fact, which seek to 
establish themselves in the East African markets 
or to increase their business in it will have, as the 
report points out, to obtain their share solely on 
their merits. British engineering industry can, 
at the same time, take encouragement from the 
fact that at present they have a good start in most 
lines over the competition of other countries, or 
at worst that the present trade is still so small as 
to leave only a small volume of leeway to make up. 
In considering whether and to what extent the 
market is worth cultivating in these circumstances, 
account may fairly be taken of the extent of develop- 
ment that is going on, and of the scope that is 
likely to be found for it in the near future. A good 
deal is being spent upon roads, and the construction 
of the bridge over the Zambesi, as well as the 
extension of the railway to Lake Nyasa, is likely to 
make a considerable difference to the output of 
Nyasaland itself, apart from its wider importance 
to the whole country. Similar influences in the im- 
provement of transport facilities must increase the 
production of other markets in East Africa, and 
it is to be borne in mind that in the absence of local 
industries the commodities that will be sought in 
exchange for an increased volume of products must 
take the form of imports. Another likely source of 
improvement in the economic position of the several 
territories is pointed out as lying in the creation ofa 
closer administrative organisation between them. 
which could hardly fail to have a powerful effect 
on their economic position and their value as markets 
for imports. In view of the fact that, whatever 
else is done, the continued improvement of roads 1 
a vital necessity of economic development, it 1s to 
be hoped that makers of motor-cars and lorries will 
find a means of securing a share of what must 
become a growing and important business. ‘t 
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interesting to remark that British makes of type- 
writers are said to be gaining ground against 
American production. This is attributed largely 
to the success attained in persuading large offices, 
Government departments, &c., to standardise 
British machines, and such success as has been 
obtained in this way in East Africa may, perhaps, 
be noted by manufacturers in other markets. 
Probably it is an illustration of one of the advan- 
tages which are secured by being on the spot during 
the early development of a market. 





NOTES. 


NATIONAL SAFETY WEEK. 


Tue National “Safety First’ Association was 
established some five years ago with the laudable 
intention of reducing the toll of deaths and injuries 
to life and limb, which seems to be an inevitable 
concomitant of our present existence. That such 
a body has a wide field, in which to carry on its 
endeavours, is shown by the fact that last year 7,000 
persons were killed on the roads, and about the 
same number in industrial accidents, while some 
1,000,000 were injured. In addition, damage to 
property amounting in round figures to 15,000,000I. 
was caused by fire, and many persons were either 
killed or injured by the same means. On the other 
hand, while the number of street accidents increased 
by 33 per cent. between 1926 and 1929, the number 
in the latter year exceeded that in 1928 by only 
4 per cent, in spite of the growing number of vehicles, 
and statistics show that the rate of increase is 
much less than the average in towns, where “ safety 
first’ measures have been adopted. The rates for 
the last four years were less than half that of each 
of the three preceding years, and had the rate for 
those three years continued from 1926 to 1929 the 
number of street accidents would have been 50,000 
more than was actually the case. Again, some 3,000 
persons are killed and 500,000 injured in factories 
every year, a state of things which represents a 
financial outlay of 20,000,000/., and experience 
shows that the incidence of these accidents is much 
reduced when the principles for which the association 
stands are intelligently applied. Much more 
remains to be done, however, especially in the way 
of educating all concerned in their responsibilities 
both to themselves and to others. It has, therefore, 
been decided to hold a National Safety Week from 
May 19 to May 24, with the object of bringing the 
work of the association before a wider public. 
The programme will include meetings in London, 
and a National Safety Congress in Liverpool, the 
latter being opened by H.R.H. the Duke of York on 
May 21. The various centres, in which the associa- 
tion is established, will also organise special acti- 
vities, and fire prevention and fire fighting displays 
will be given in many places. Free use will be made 
of posters and other forms of propaganda. In this 
way, it is hoped, not only to draw attention to the 
useful work the Association is doing, but to stimulate 
such interest in its activities as will lead to the 
establishment of local ‘‘ Safety First ” branches in all 
the important centres of the country. The idea 
is one which is worthy of the heartiest support, and 
we hope it will be attended by the greatest success. 
We may add that the offices both of the National 
Safety First Association and of the Safety Week 
Council are at 119, Victoria-street, London, S.W. 


THE Worxp’s SHIPBUILDING AND MARINE 
ENGINEERING. 


Although the present depression in the shipping 


industry, brought about by low freights, is causing | Transmission Gear” was then read by Mr. W. J. 
uneasiness in our shipyards, the quarterly returns | Belsey, the President having announced that the 
of Lloyd’s Register, which have just been published, | two papers would be jointly discussed. An abstract 
show that the first three months of this year were |of Mr. Belsey’s paper appears on page 519 of our 
by no means unsatisfactory from the shipbuilders’ | present issue. 


point of view. On March 31, there were 362 mer- 


chant vessels, totalling 1,614,993 gross tons, under | who said that the information given in Mr. Belsey’s 
construction in Great Britain and Ireland, the | paper, together with that already published, enabled 
latter figure being 54,739 tons greater than that | the position occupied by the Viceroy of India among 
for December 31, 1929, and as much as 257,618 tons | modern tonnage of her class to be appreciated. The 
above that for March 31, 1929. The fact, however, | high efficiency of that vessel’s water-tube boilers 
that 426,570 tons of shipping were commenced, and | should allay any doubts that had existed on that 
344,699 tons were launched, during the quarter} score; and while the use of high-temperature steam 
under review, against 499,020 tons, and 472,938 | raised the question of the reliability and manceuvring 


clearly that a decline in shipbuilding activity is 
taking place. Nevertheless, it is sincerely to be 
hoped that the depression in shipping which, 
apparently, is due mainly to the mild winter and 
the consequent lack of demand for coal, the heavy 
stocks of grain in European countries, and other 
factors of an economic nature, will be of only 
temporary duration, and that normal trading 
conditions and, as a result, renewed confidence in 
the shipyards, will speedily be restored. Of the 
362 vessels under construction in this country on 
March 31 last, 215 were steamers, 139 were motor- 
ships, and 8 were sailing ships and barges. It is 
interesting to note that 144 of these vessels, totalling 
641,153 tons, were for owners in the British 
Dominions and in foreign countries. The tonnage 
of merchant shipping under construction abroad 
on March 31 last, namely, 1,650,936 was 100,310 
tons higher than that in hand on December 31, 1929. 
Germany retains the leading position, but with the 
reduced total of 231,162 tons; the United States 
and France move up to second and third places 
with increased totals of 222,974 tons and 182,930 
tons, respectively ; Holland is now fourth, with 
178,683 tons, and Japan fifth with 167,055 tons. 
Compared with the previous quarter, a substantial 
increase has taken place in the total tonnage of 
oil-tank ships under construction. There are at 
present in hand in the world’s shipyards, 122 of 
these ships, making together 886,884 tons. As 
many as 77 of these, totalling 558,778 tons, are 
being built in this country, and 9, aggregating 
84,745 tons, are in course of completion in Germany. 
Moreover, of the 122 oil-tank ships building, 104 
are motorships. The continued progress made by 
the internal-combustion engine in the realm of 
marine propulsion is indicated by the fact that 
while 91 motorships, each of 8,000 tons and upwards, 
are under construction in the shipyards of the 
world, only 30 steamers of similar size are being 
built. These figures include 12 motorships and 
8 steamers, each of 15,000 tons and upwards. The 
total horse-power of the marine engines building or 
being installed on board vessels at the end of March 
was 2,718,016. This is made up of 506,227 i.h.p., 
representing reciprocating steam engines, 652,434 
s.h.p., the total for marine steam turbines, and 
1,559,955 i.h.p., the aggregate figure for oil engines. 
Great Britain and Ireland head the list of marine- 
engine builders with 1,106,713 h.p., Germany is 
responsible for 373,110 h.p., Denmark for 215,735 
h.p., the United States for 176,892 h.p., and France 
for 135,020. Holland, Sweden, Italy, and Switzer- 


pelling machinery during the quarter under con- 
sideration. In conclusion, it should be pointed out 
that the tonnage figures quoted above are gross 
tons, and that no amount has been taken, in the 
returns, of vessels of less than 100 tons gross. 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Continued from page 486.) 
Hiau-PressuRE STEAM AND ELECTRICAL DRIVEs. 
On the morning of Thursday, April 10, the chair 
was again taken by Admiral of the Fleet, the Right 
Hon. Lord Wester Wemyss, who called upon 


Statendam.” 
was given on page 491 of our last issue. A paper on 
“The Performance of Two Vessels with Electric 


The discussion was opened by Mr. John Johnson, 


land all produced upwards of 100,000 h.p. of pro- 


did not appear any grounds for apprehension. On 
large steamers the manceuvring and reversal condi- 
tions were, however, on occasion very exacting, and 
there was no room for special tenderness in the ship 
when handling urgent orders. This was a point which 
needed close examination. He noticed that the 
Viceroy of India required seven operations to bring 
her to rest in 2 min. 10 sec. A vessel equipped with 
astern turbines could be stopped in 3 minutes or less, 
simply by closing one valve and opening another. 
As regarded the turbo-electric drive, though absence 
of noise and vibration were advantageous they were 
also obtainable with modern gear drives, and a 
more important point for the shipowner was the fuel 
consumption. Great interest, therefore, attached 
to the performance of the Viceroy of India at low 
speeds, as it was at these that the virtues of the 
turbo-electric drive were supposed to be particularly 
evident. On a complete voyage the fuel consump- 
tion of the Viceroy of India was 0-702 lb. per 
shaft horse-power at an average speed of 16-33 
knots, while the consumptions of the Empress of 
Australia and Duchess of York, vessels of compar- 
able design, were 0-65 lb. and 0-6 lb. per shaft horse- 
power-hour at average speeds of 19-25 and 18-2 
knots respectively. The Admiralty coefficients for 
these three vessels were 296, 285 and 284 respectively 
at the speeds given. There would, therefore, appear 
to be an advantage of at least 12 per cent. in favour 
of the geared drive at full power. In view of the 
{claims made for electric transmission at reduced 
| power, the performance of the Viceroy of India was 
| disappointing, her fuel consumption being 0-775 Ib. 
| per shaft horse-power, with one generator operating 
the two motors, as against 0-665 lb., with geared 
turbines running at half power. In fact, the results, 
using high-pressure steam and water-tube boilers, 
fell short of those obtained with a low-pressure 
|installation, so that it must be assumed that the 
thermal advantages of the higher pressures were 
swallowed up by the electrical transmission losses. 
As regards reliability, twenty years’ experience had 
not shown anything inherently unsound in the 
;}geared turbine, and any mishaps that did occur 
could be dealt with on board ship. It was doubtful 
whether this could be said of the higher speed tur- 
| bines associated with the electric drive. In fact, 
'turbo-electric propulsion must exhibit an over- 
| whelming superiority in reliability and maintenance 
cost to overcome the disadvantages of its higher 
first cost and fuel consumption. There was no 
‘evidence that this superiority existed or was to be 
| anticipated. 

Mr. H. E. Yarrow gave some information, which 
|enabled the boilers on the Viceroy of India to be 
| compared with those which were being installed on 
| the two new liners of the P. and O. Company. On 
| the former vessel there were six boilers, occupying 
| 3,950 sq. ft. and with a total generating surface of 
| 32,500 sq. ft. The steam evaporated was equivalent 
;to about 45 1b. per square foot of floor area. 
|On the new ships there were to be four boilers 
| occupying 3,650 sq. ft., and with a total generating 
| surface of 50,000 sq. ft. The evaporation was about 
76 lb. of steam per square foot. In both cases 
the efficiency was about 87 per cent. These 
|Tesults had been secured by placing the burners on 
| one side of the boilers instead of at the end, and by 








Dr. W. M. Meijer to read his paper on “ Recent | atranging them in pairs on either side of a central 
Results obtained in Service with the High-Pressure | aisle. This layout not only saved space, but was 


Steam Installation of the Holland-America Liner! ™ore efficient on long boilers, as it gave a more 
An abstract of this communication | uniform heat distribution. Forged drums with 


closed-in ends were being used. Another point 
of interest was that the auxiliary boilers on these 
vessels would be of the high-pressure water-tube 
type. 

Mr. R. T. Clarke pointed out that in building the 
Viceroy of India, such matters as fuel and stores 
consumption, weight, space, noise, vibration, 
supervision, number of working parts, and mainten- 
ance had all been considered, so that there should be 
an improvement under these heads on any previous 
ship of equal output. The electric drive with high- 
pressure water-tube boilers and turbo-generators 
for auxiliary purposes seemed to be superior in 
these respects to any other type of machinery, 
and so far the venture had been very encouraging. 








tons, Tespectively, in the previous quarter, shows | power of astern turbines, given suitable design, there 


The ship had now completed 82,500 miles without 
trouble of any kind, the manceuvring qualities 
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had exceeded expectations and the simple layout 
and perfect ventilation had been much appreciated 
by the personnel. The boilers were more economical 
than was indicated by the figures given for efficiency, 
in that the transmission of heat from the stoke- 
holds to the passenger accommodation was low, 
while the use of air heaters had reduced the insula- 
tion costs and upkeep. The small oil leaks, which 
occurred from time to time in the bunkers, owing 
to straining of the superstructure, were cheap to 
repair, the boilers needed no riveted attachments to 
the bunker plating to support them and there was 
less structural straining than with cylindrical 
boilers, owing to the lighter weight and greater 
flexibility. On one occasion in the Suez Canal 
the motors were seen to fal! out of step, owing 
to the propeller striking the bank, but no harm 
was done. Had the vessel been driven by a through 
shaft the propeller would have cut through the 
bank and nothing would have been known of 
the occurrence until the damaged blades were 
discovered in dry dock. The fuel consumptions 
of the electric and geared drive were about the 
same under the same conditions, but the turbines 
were more robust in the former than in the latter 
case and there was no reason, barring accidents, 
why the ship should not retain her high efficiency 
for life or ever have to lie up for repairs, provided a 
spare turbine rotor were carried. In the new P.& O. 
ships boilers and machinery with an output of 
28,000 h.p. were to be accommodated in a length 
of 110 ft., the motors occupying the less valuable 
freight-carrying space at the after part of the 
tunnel. 

Mr. W. Nittisdale remarked that plant of the 
type described by Dr. Meijer was now becoming 
almost commonplace in the mercantile marine, 
as during the last three years over 1,000,000 sq. ft. 
of heating surface had been installed in water-tube 
boilers working at 400 lb. per square inch and 
upwards. He noticed that in the paper the trial 
efficiency was worked out to two decimal places, 
though the fuel consumption was given as a round 
figure in tons. One ton was, however, equivalent to 
about 0-7 per cent. efficiency. Though the average 
funnel temperature was given as 281 deg. F., the 
temperature of the gases leaving the air heaters 
averaged 321 deg. F. Some further information on 
this point would be interesting. The figure (98 deg. 
F.) given for the stokehold temperature seemed 
high and the radiation from the boilers must there- 
fore be considerable. He noticed that the fuel 
consumption varied a great deal on different days, 
and would be glad to have overall figure for the 
particular voyage analysed by the author. It 
would also be interesting to know how the boiler 
drums were placed. As water-tube boilers were 
increasing in size, it would appear most desirable 
that the drums should be arranged fore and aft so 
as to prevent damage when rolling, and to ensure a 
high efficiency. 

Mr. W. J. Willett Bruce said that he had watched 
the performance of the Statendam with great 
interest. The objections to the water-tube boiler 
now seemed to have been removed, and the general 
feeling about it was one of confidence. Many 
years ago he had been associated with investi- 
gations the Admiralty were making into all types of 
water-tube boilers. He was particularly interested 
in these because the vessels belonging to the line 
by which he was then employed were much pressed 
for steam, owing to the fact that American had to 
be substituted for Welsh coal on the return voyage. 
As a result the idea of using a water-tube boiler to 
supply the auxiliaries had been suggested, but in 
spite of the naval experiences it was felt that this 
would not be wise. With regard to the life of water- 
tube boilers it had been stated that a satisfactory life 
for the tubes was seven to ten years. Experience 
had, however, shown that the life was much longer 
than this, and given proper conditions there seemed 
no reason why they should not last thirty years. 
It was important, however, that the condenser 
should be absolutely tight. He thought that Dr. 


Meijer’s results erred on the conservative side and 
that when the personnel became more familiar with 
the plant there would be improvements. Though 
there was a great deal to be said for the electric 
drive, whether equally good results could be obtained 


with it as with the geared turbine on a very large 
installation was a moot point. 

Mr. S. 8. Cook pointed out that the additional 
conversion of energy imposed by the use of the 
electric drive, and the additional plant and opera- 
tions, which it entailed, required justification. On 
land, electrical transmission enabled power to be 
conveyed economically to a distance and distributed 
to a number of units from a central plant. Neither 
of these conditions were required in ship propulsion, 
and the electric drive could, therefore, only be con- 
sidered on its merits as a method of speed reduction 
in comparison with mechanical gearing. In this 
connection, its advantages from the point of view of 
economy, reliability and flexibility must be analysed. 
The fuel consumptions of the Viceroy of India did 
not represent a high degree of economy, compared 
with up-to-date geared turbine ships, even though 
at low speeds an attempt had been made to achieve 
good results by providing the turbines and alter- 
nators with a total capacity 36 per cent. in excess 
of the service power. Efficiency at reduced power 
could also be obtained with the geared turbine. 
On an installation now under construction for a 
large Atlantic liner, the consumption rate at half 
power would be equal to that at the maximum. In 
fact, as might be expected from the additional 
losses in transmission, there was a loss rather than 
a gain in economy by using the electric drive. 
This being so, the electric drive must show superior 
reliability and flexibility if its employment was to 
be justified, but little was said about these points 
in the paper. On the other hand, experience had 
proved the reliability of mechanical gearing, and it 
was both quiet and free from vibration. The tur- 
bines used with the gearing were small, and in the 
event of derangement were easily repaired, while 
with three turbines per shaft, the failure of one left 
a large percentage of power available to drive the 
ship. 

The reliability of the electric drive was as 
yet unproved. The turbines employed had high 
peripheral speeds, and cases of trouble from this 
cause had been reported from the United States. 
Failure of one turbine left only half the maximum 
power available. That this was recognised in the 
case of the Viceroy of India was shown by the fact 
that the maximum output of each turbo-alternator 
had been increased by about 36 per cent. Even so, 
the power available in the event of the breakdown 
of one turbine was less than 70 per cent. of the total 
service power. As regards flexibility, many more 
operations had to be carried out with the electric 
than with the geared drive, while manceuvring was 
restricted when running with a single alternator, 
as it was impossible to go ahead on one shaft and 
astern on the other at different speeds. 

Engineer-Rear-Admiral W. M. Whayman said 
that Dr. Meijer’s paper confirmed the view that a 
pressure of 400 Ib. per square inch was safe and 
reliable, and that economy in fuel consumption was 
one of the advantages obtainable by its use. It 
was interesting to note that a boiler efficiency of 
87 per cent. had been obtained. Ofthe heat generated, 
87-38 per cent. seemed to be utilised, while 5-75 per 
cent. was represented by hydrogen loss, 5 per cent. 
by funnel loss, and 1-87 per cent. by radiation. 
These losses were extremely low, and it would not 
be easy to improve upon them. It was possible, 
however, that the boiler efficiency might be slightly 
increased by employing the closed stokehold system 
of draught. This would allow practically the 
whole of the heat radiated to be used again in the 
furnace, instead of being trapped by the fan inlet, 
as was the case at present. Though the figures for 
fuel consumption obtained on the Viceroy of India 
were remarkably good, they did not compare 
favourably with those obtained on ships using 
mechanical transmission. The high efficiency of 
the boiler installation had a considerable bearing 
on the results obtained, but this would be equally 
true, whatever type of power transmission was 
employed. 

Sir John Biles pointed out that the papers 
removed any suspicion there might be that the 
development of steam had been checked by the 
advent of the Diesel engine. Many years ago, 
Mr. H. A. Mavor and himself had experimented 


the loss was about 12 per cent. As with Parsons 
gearing, the loss was only 2 per cent. ; his enthusiasm 
for the electric drive had rather faded. The results 
on the Viceroy of India and the Statendam showed 
about the same difference, so that there appeared 
to have been no improvement in the electric drive 
in the intervening period. 

Engineer-Commander H. B. Tostevin asked 
whether Dr. Meijer considered the feed tank tem- 
perature of 120 deg. F. was sufficiently high to secure 
efficient air release, and why the drain from the 
primary heater was not led back into the system, 
instead of into the condenser. The high promise 
of the Viceroy of India seemed to have been real- 
ised. The bogey of cable trouble could be met 
by rigid tests, and that being so, the advantages of 
the electric drive could hardly be doubted, especially 
when what was happening in land practice was re- 
membered. The electric drive also had the advan- 
tage of noiselessness, as there was no such thing 
as an absolutely quiet gear. He would like to 
know whether the Viceroy of India had carried out 
a full power astern trial, and if so, whether such a 
trial was advisable from the point of view of design 
and steering. It would be interesting to know 
what power was consumed under these conditions 
of operation. It would also be of great interest 
to know whether the economy claimed for the 
electric drive was maintained down to, say, one- 
tenth power. Such a condition was met on a 
geared turbine by the employment of cruising stages. 
With the electric drive, on the other hand, control 
was effected by a speed governor. The question 
was, whether the latter could be designed to comply 
with low speed conditions. 

Mr. A. C. Hardy pointed out that the electric 
ship had a definite future. This was shown by 
the fact that shipowners were ordering new tonnage 
of the same type, in spite of its greater cost. Its 
flexibility and manceuvring powers were good, and 
the fact that, as in the Viceroy of India, a ship could 
perform the greater part of a voyage with half the 
propelling machinery shut down meant that the 
life of the plant would be lengthened and the repairs 
bill reduced. On the other hand, the electric drive 
was also being installed on ships like the Empire 
State, which was designed to run at a continuous 
high speed between New York and Bermuda 
and the Morro Castle, which worked under similar 
conditions between New York and Havana. This 
might, however, be explained by the trend in Ameri- 
can ship-owning circles towards the electric ship 
and, in the case of the latter vessel, by the high 
auxiliary load. Perhaps even Mr. Belsey would 
admit that the Diesel-electric drive would be 
nearer the ideal for such ships. As had been 
stated, the latter was most suitable for ferry and 
tow boats, but it was possible to go a step further 
and suggest that the high-speed engine of the 
opposed piston type, such as was now being used 
on aero engines, was adaptable, perhaps with some 
modifications, to cross-channel vessels. Such an 
engine only weighed 2:8 Ib. per horse-power. 

Mr. A. D. Constable remarked that, though the 
electric drive was not a panacea, it had its proper 
place, and the question of its employment was 
primarily one of economics. The slow progress of 
the Diesel-electric drive was due to the fashion of 
installing large slow-speed sets. This practice 
would prove uneconomical, if the price of oil in- 
creased. If an engine running at, say, 1,000 r.p.m. 
was produced, it would give a great impetus in this 
direction. That the turbo-electric drive was more 
reliable the larger the sets, had been proved from 
American experience. There was nothing like 10 
per cent. between the electric and the geared 
drive, with outputs of any magnitude, and what 
difference there was, was largely counteracted by 
incidental advantages. The insulation used was now 
nearly as good mechanically as steel. The final 
basis of comparison between the two drives was 
fuel consumption, and the Viceroy of India was 
not behindhand on this score, though a further 
improvement of, perhaps, 3 per cent. might have 
been obtained by driving the auxiliaries from the 
main shaft in one or other of several well-known 
ways. Bridge control was a talking point i” 
favour of the electric drive, but little else. 





with electrical transmission and had found that 





Dr. W. M. Meijer, in reply, said that the 


















ut 


APRIL 18, 1930.] 


ENGINEERING _ 





temperature above the air heater, which had been 
given in the paper, was a local reading. The tem- 
perature at the top of the boiler was rather high, 
owing to congestion at this point making ventilation 
difficult. 

Results had been given in full for what was 
considered a normal day. Conditions on the other 
days had been abnormal, and on three days 
readings were unobtainable. This explained why 
it was impossible to give average readings for the 
voyage. The upkeep costs for the boilers had not 
been unduly high, and only small repairs had been 
necessary. These were, in fact, no more extensive 
than on two sister ships, in which pre-heated air 
was not used. They had had only one burst 
water-tube. Although the drums were placed 
athwartships, there had been no difficulty with 
feed-water regulation. Distilled water was used 
for feed purposes, and this explained the additional 
use of the evaporator on certain days. They had 
found that the distilled water required treatment, 
as, after the first voyage, the tubes were rusty, 
and it was feared corrosion might develop. More, 
in fact excess, lime was added, so that a tube failed 
owing to scaling. The lime was, therefore, reduced, 
and tri-sodium phosphate substituted for soda. 
Since then no trouble had been experienced, and 
the inside of the boilers was found to be quite clean. 
He agreed with Admiral Whayman that a closed 
stokehold would give a higher efficiency. The 
use of a closed-feed system instead of an open tank 
had been suggested, but he did not like this, and the 
condition of the boiler showed that there had been 
no trouble with air. The drain from the primary 
heater was led to the condenser, because the pressure 
in the former was below atmosphere. 

Mr. W. J. Belsey, who also replied, said that the 
space occupied by the electrical equipment on the 
Viceroy of India was the same as if gearing had 
been used. Mr. Johnson had stated that there was 
a difference of 12 per cent. between the electric and 
geared drives. As the efficiency of transmission 
on the Viceroy of India was 94 per cent., the effi- 
ciency of the geared drive must be 106 per cent. 
The reason for the abandonment of the Diesel- 
electric drive in certain cases was due entirely to 
the high cost of fuel oil in New York. 


BEHAVIOUR OF GASES. 


The chair at the afternoon meeting was taken by 
Lord Wester Wemyss, and four papers were pre- 
sented. The first of these, entitled ‘‘ On the Final 
State of a Gas Discharged from a Reservoir into a 
Space under Constant Pressure,” was by Colonel 
F. Modugno, R.I.N., and, in this gentleman’s 
unavoidable absence, was commented upon by the 
chairman. It consisted of a full mathematical treat- 
ment of the subject and two practical applications 
of the derived formule were used as illustrations 
of their utility to naval architects and marine 
engineers. Thus, the problems involved in the 
design of a set of compressed-air bottles for exhaust- 
ing the water-ballast tanks of a submarine were 
worked out, and the method of drawing a curve, 
which for a given volume of the tanks indicated 
the reduced pressures necessary in the air-bottles 
at various depths of immersion of the submarine in 
order to empty the tanks completely, was shown. 
The second example showed how the temperature 
of the gases in the exhaust manifold of a four-cycle 
‘nternal-combustion engine could be determined, 
given the temperature and pressure of the gases in 
the cylinder immediately prior to the opening of 
the exhaust valve. 

Professor Sir James B. Henderson opened the 
discussion by remarking that another example to 
Which the methods described in the paper might be 
applied were the changes which took place in transfer 
of compressed air in connection with torpedoes. 
There was always difficulty in dealing with cases 
of the kinds considered owing to the different con- 
ditions obtaining in the use of same apparatus at 
different times, but he thought they could be at- 
sa by simpler formula than those given in the 

er. 

e Mr. H. G. Williams followed, and criticised the 
ap ment in the paper that, for the sake of simplicity, 

© air in the bottles was taken by some designers 
48 expanding isothermally. This he held to be an 


problem stated, i.e., the expulsion of about 100 tons 
of water ballast from the tanks of a submarine 
remaining about 300 ft. below the surface during 
the operation. If such a discharge had to be made 
it would have to be done in the least possible time, 
e.g., in a desperate attempt to bring a flooded boat 
to the surface. If the capacity of the bottles was 
calculated on this basis, then it would be more 
correct to use the adiabatic law of expansion as 
stated by the author. This would overestimate the 
capacity of the bottles less than the isothermal law 
would underestimate it. At the same time it was 
certain that the expansion of the air was never 
adiabatic. The question as to which law really 
applied turned upon the time during which the 
expansion took place. Also, if great accuracy were 
required, the degree of moisture of the air in the 
bottles should be taken into account. The normal 
use of compressed air in a submarine consisted of 
the expulsion of a comparatively small quantity 
of water from one or two midship tanks, to bring 
the boat to the surface, where the operation could be 
completed by pumps or low-pressure air. In these 
circumstances, there was ample time for the ex- 
panding air to take up heat from its surroundings, 
and its temperature drop would only be that 
between the temperature inside the boat and the 
water outside. The expansion would then be very 
nearly isothermal, though the consumption of air 
was always ascertained by experiment and not by 
pure calculation. For purposes of comparison of one 
submarine with another, it was a legitimate practice 
to state the amount of compressed air stored in the 
bottles in terms of the equivalent volume of free 
air calculated by the isothermal law, though it 
would certainly be incorrect to assume that this 
volume was a measure of the amount of water 
which could be expelled from the ballast tanks 
without recharging the bottles. 


CREAKING IN PASSENGER SHIPS. 


The next paper was presented by Dr. B. C. Laws, 
and was entitled ‘“‘ Notes on the Behaviour of Two 
Passenger Vessels During a Voyage to and from 
Australia.” The paper is briefly summarised as 
follows :—On one of the vessels creaking at certain 
parts of the structure was noticeable, particularly 
under conditions beyond the normal. The voyage 
of investigation was undertaken at the direction of 
Lloyd’s Register of Shipping, by arrangement with 
the owners, to ascertain the cause of the creaking and 
possible ways of eliminating it, and to study certain 
primary features of design and construction which 
might be of use to the shipping community generally 
and of value to the Register. At one point, creaking 
was traced to a cabin lightly built of steel, the 
plating being found to be fractured above the 
doorway, and the noise being due to the grating of 
the fractured portions on each other. The straining 
and creaking in general was considered to be pri- 
marily due to concentration of the superstructure at 
the fore-end, where a large area was exposed to wind 
force and there was considerable momentum, and 
shear resulted when the vessel was rolling and pitch- 
ing. Secondary causes might have been the wide 
spacing of the pillars in certain of the public rooms 
and under the forward end of the erection, to want 
of continuity of pillaring at this part from deck to 
deck, as well as to friction between bearing surfaces 
of wood against wood or steel. The paper gave full 
details of the investigations made in arriving at 
these conclusions, and of the methods of measuring 
movement of the structures and the stress and 
strain to which they were subjected, while several 
suggestions were made as to modifications of design 
in superstructures for passenger vessels. 

The discussion was opened by Dr. J. Montgomerie, 
who expressed the hope that the paper was the first 
instalment of cumulative data which would help to 
solve problems not fully determinable by theory. 
Theory did not always give the results found in 
practice, based as it was upon so many factors, all 
of which were variable. The various stresses and 
strains given in the paper did not always seem to 
fall into line. When there was a sudden interruption 
in construction, the conditions were very complex. 
When investigating the question of superstructures 
many years ago, he had found that many things 
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In a well-known liner, a serious fracture had occurred 
directly below the expansion joint. The author 
attributed trouble to the combined effect of wind 
pressure and sea. The speaker thought damage was 
more likely to be due to momentum than to wind 
stress, particularly near expansion joints. The paper 
showed the value of continuous observation under 
sea-going conditions. 

Dr. A. M. Robb dissented from the previous 
speaker’s views on the subject of the value of theory. 
He thought theory must always be enlisted in the 
study of observations made in practice. In this 
particular paper, he submitted that a suitable 
method in considering the stresses in superstructures 
was to treat the weather deck as a wall, and the 
superstructure as a cantilever. 

Dr. J. Lockwood Taylor commented on the angle 
of wind pressure given in the paper, and asked some 
questions relative to the instruments used in the 
measurement of the longitudinal strains. 

Dr. P. A. Hillhouse said he thought the paper 
had a special value, as it concerned passenger traffic. 
To one familiar with ship construction, creaking was 
not a serious trouble, though it was more frequent 
than was generally thought. He had made four long 
voyages on large liners, all of which creaked. Toa 
nervous passenger, or one who slept badly, this creak- 
ing was distressing, and a person who paid large sums 
for accommodation was entitled to be free from it. 
Reference had been made in the paper to the use of 
black lead or flannel between opposing surfaces, as 
fitted in yachts. He wondered whether this was a 
really successful remedy. Creaking had been some- 
times attributed to the slipping of riveted joints. It 
would be interesting to know to what extent the 
trouble existed in warships, where the use of wood 
was limited and the cabin accommodation was 
designed on different lines. 

Mr. A. P. Thorne said the case of a serious crack 
occurring on a liner, already referred to, was not a 
solitary example. There had been other instances. 
Designers did not seem very unanimous on the 
degree of stress existing in such cases. As regards 
treatment of design, he would advocate the use of 
the beam theory and then apply the results gained 
from practice. He thought there was need for in- 
vestigation into the materials used in shipbuilding. 
In the early days of the art, there had not been a 
great amount of trouble, but more had occurred 
recently. He hoped Dr. Laws would be able later 
to go into this matter of material. 

Mr. J. Anderson agreed that the investigations 
were likely to prove of service. Creaking was 
certainly troublesome, and was not always confined 
to vessels subjected to heavy weather. He had 
experienced it continuously on a voyage in which 
the weather conditions were ideal, and was inclined 
to think it was chiefly local in its origin, rather than 
a phenomenon occurring in a vessel as a whole. 
Mr. J. H. Narbeth thought that that part of the 
paper describing the conditions found on the ships 
during the investigations was particularly helpful, 
and expressed the opinion that further measurements 
of the height of waves and their trochoidal form 
under wind pressure was desirable. Commenting on 
the superstructures towards the stern of the vessels 
illustrated in the paper, he suggested that both an 
increase of strength and an improvement in appear- 
ance would be obtained by the more general adop- 
tion of an elliptical form of stern. 

Mr. T. R. Thomas said that, though the subject 
of superstructures was not a new one, there was a 
good deal of fresh material in the paper. He thought 
the design of superstructures turned largely on the 
question of adequate deck strength. One of the 
figures given in the paper was distinctly informative, 
as it showed that the promenade deck was not 
connected to the deck below it in a sufficiently strong 
manner. 

Dr. Laws, being called upon to reply, did so briefly, 
but said that in view of the limited time available, 
he would prefer to give the various points raised 
fuller consideration in a written reply. 

Srapitity or ListED VESSELS. 

A paper on “ The Stability of a Vessel with a 
List ” was then presented by Mr. F. H. Alexander. 
This opened with a definition of the term “list ”’ 
as the maintained heel of a vessel from the upright 





occurred which could not be accounted for by theory. 





incorrect method of dealing with the particular 


Expansion joints did not always act as expected. 


due to the unbalanced transverse distribution of her 
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contents. Heel due to wind pressure was excluded. 
The several possible causes of heel were then dis- 
cussed, and the view established that, in certain 
cases, it would be possible to increase the amount of 
heel by removing water ballast on the low side, 
instead of decreasing it as might be expected. An 
illustration was given of a vessel having a starboard 
list, and it was shown that, in the particular case 
chosen, it would be better to fill a port double- 
bottom tank than to empty a starboard one. The 








charge of the ship would not be likely to be able | was very difficult to reproduce all the conditions 


to adopt this method, the conclusion that tanks 
should not be pumped out to correct list at sea 
seemed to be warranted. 

Mr. A. L. Ayre said he thought the paper placed 
the subject of stability in its proper relative position 
to other subjects. It would seem that, by some 
shipbuilders, a substantial positive metacentric 
height was accepted as the only aim, and it was 
not realised that stability, as represented by meta- 


| existing on a ship. 

| Mr. E. B. Moullin then gave an account of some 

| experiments to investigate the effect of slots on the 

| vibration of a.bar. This account, however, was too 

| detailed for reproduction in our columns and cannot 

| be usefully condensed. 

| Dr. A.M. Robb commented on an apparent lack of 
harmony in the tension and compression stresses, as 

| indicated in the polariscope figures, and expressed 


effect in the first stages of pumping the latter was | centric height, was frequently exceeded in import- | the opinion that the results might be affected by the 
to cause an upsetting moment as a result of the|ance by other practical conditions. There was, use of knife-edges in lieu of which he suggested 
removal of the water near the centre of the ship, | for instance, the effect of flooding between decks, | roller supports and loading points. 


that is, from that portion of the tank which, owing | 


as illustrated in the paper, against which meta- 


Mr. H. S. Pengelly described the application of 


to the list, is the highest, the water in the lowest | centric height could not be regarded as a safeguard. | expansion joints to a large warship, the maximum 


position and farthest away from the centre line | 


Mr. H. 8. Pengelly gave a short account of the 


| movement of which was, in one case, three-eighths 


not being removed until the later stages of the opera- | procedure on warships as regards the notification | of an inch. 


tion. An arrangement of small tanks in the wings | of the effect of flooding various tanks had on the | 


was suggested as providing a readier means of | 
trimming a vessel. The paper was fully illustrated | 
with curves and diagrams, and included an appendix 
showing a method of correcting the stability curve 
of a vessel for shift of cargo. 

The discussion was opened by Mr. H. E. Steel, 
who said that the paper presented an aspect of ship 
stability not effectively dealt with in any previously- 
published work. It had dealt with a common 
misconception, namely, the reserve of stability 
possessed by a ship permanently heeled by internal 
agencies, in contradistinction to that of a ship heeled 
by temporary external forces, e.g., rolling and wind, 
and also of the futility of using double-bottom tanks | 
on the low side for correcting list when a ship had | 
more than moderate list. He had had, on various 
occasions, to explore similar ground, and he appreci- 
ated the paper as giving complete confirmation of 
the methods adopted on these occasions, although 
the results were expressed in diagrams of a slightly 
different character to those in the paper. Mr. Steel 
then proceeded to explain, at some length, the 
method he adopted of plotting the various upsetting 
and righting moments from the basic curve of 
stability, so that a final curve was obtained relative 
to a straight base line. A series of curves plotted in 
this manner would enable a large amount of informa- 
tion to be shown. The sort of information given in 
the paper would, he continued, seem to be of value 
to shipmasters, educationally at least. The curves 
could, for instance, be arranged to indicate the 
permanent list at which it would be positively 
dangerous to pump out the wing double-bottom 
tank. It did not seem too meticulous to communi- 
cate to a master the critical inclinations for the light 
and load conditions, although, in some respects, it 
might be considered dangerous to do so at all. 
The amount of work involved in the preparation of 
the paper must have been great, and he congratu- 
lated the author on his treatment of its very 
important subject. 

Sir Westcott Abell said the paper drew particular 
attention to what might be called the maintenance 
of stability on service. The unthinking use of the 
phrase “standard metacentric height’ was apt 
to create a false sense of security with regard to 
vessels of low freeboard, particularly as in such 
vessels conditions might arise after loading and 
when at sea which might reduce the real stability 
of the vessel to a dangerous limit. Sir Westcott 
then illustrated his point by an example, and said 
that, in one figure given in the paper, where the 
shelter deck had allowed water to come in on the 
main deck, the ship had no real stability worth 
mentioning. He had been particularly struck, he 
continued, by the analysis given in the paper of the 
effect of employing a tank to reduce list caused 
by unstability. From the curve given of this 
effect in the case quotea, it would appear that an 
upsetting moment increasing the list existed until 
the tank was 70 per cent. empty, after which the 
righting moment became positive. It seemed, 
therefore, that, al'owing for the time taken to 
pump and the difficulties of proper suctions, the 
paper proved that a tank should never be emptied 
at sea to correct a list of whatever kind. Such an 
attitude might be thought extreme, but even a 
skilled naval architect would have to consider 
carefully what should be done in a case of the 
kind, and would have to have a complete knowledge 
of the results of his action. As, however, those in 





trim of the vessel. 


STRESSES IN NOTCHED BEAMS. 


At this point the President had to leave the 
meeting and the chair was taken by Mr. J. Foster 
King. 

The concluding paper of the afternoon meeting 
was a joint one by Professor E. G. Coker and Mr. 
G. P. Coleman, and was entitled ‘‘Stress Distri- 
butions in Notched Beams and their Application.” 
It commenced with a reference to the difficulty of 
calculating the effect of discontinuities on the stress 
distribution in the hull of a vessel, such discon- 
tinuities arising from transverse cuts across the 
ship which were occasionally formed to provide 
expansion joints, and which, in a large vessel, might 
be as much as 25 ft. deep, measured from the top 
deck, and 100 ft. apart. It was considered that an 
approximate idea of the change in the stress distri- 
bution under these conditions might be obtained by 


examining the effects produced in a simple beam of | 


rectangular cross-section under pure _ bending 
moment of known amount, when there were no 
transverse slots cut in it, and also when one or 
more of these discontinuities were present. 

The paper then described a number of experiments 
on beams of transparent nitro-cellulose, pierced 
by holes bushed with steel rings to receive the knife 
edges for applying the load, and having slots of 
differing width, number and position. The beams, 
which were 1} in. deep by 0-206 in. thick, were 
supported on knife edges 6 in. apart, outside which, 
at each end and 2 in. from the knife edges, the load 
was applied by spring balances, the conditions 
thus representing hogging. A qualitative examina- 
tion of the various beams tested was made by using 
a polariscope in the manner described in a previous 
paper by Professor Coker,* and the results were 
given in the paper by the three-colour printing 
process. The graphical calculation of the stresses was 
also included. The paper concluded by expressing the 
opinion that such experimental work was probably 
capable of extension to more complicated openings, 
such as those of windows and doors, and also to 
determining the effects produced by adding on to 
the hull, deck-houses and other structures built of 
comparatively light scantlings and grouped in 
various ways relatively to the hull. 


Mr. A. T. Wall opened the discussion. Though | 


the paper was intended to deal primarily with the 
effect of expansion joints, the results were, he 
considered, applicable to other cases. Thus, the 
experiments made with a beam having a single 
slot four times as wide as it was deep, could be 
taken as representing the breaks in an “island ”’ 
type of vessel. The various curves would appear to 
indicate a condition of compression in the regions 
near the top of the slots. The experiments were 
with beams in one plane. A hollow ship presented 
more complicated conditions, but against this, in 
such a case, there was more opportunity of providing 
local stiffening. He would suggest that a valuable 
method of stiffening rounded openings was by 
welding a doubling plate over them. This was 
preferable to a riveted doubling plate, as each rivet 
hole was a centre of fresh stresses. Sufficient 
attention was not paid to the corners of openings in 
plate structures. After these had been prepared 
they should be filed to give them a rounded edge. 
The experiments were certainly of value, though it 





* See ENGINEERING, vol. xci, page 531 (1911). 


Professor Coker, in reply, said that he was aware 
that the conditions in a ship were widely different 
‘from those under which the experiments had been 

conducted, but, nevertheless, he thought the results 
| obtained from the latter were, at all events, sugges- 
tive. He would point out that the experiments had 
originated in a request from Mr. Moullin and Mr. 
Browne to investigate the effects of slots in relation 
to vibration, but they had been diverted and 
| utilised for the present purpose. He thought Dr. 
| Robb had overlooked the fact that the knife edges 
| were surrounded by steel rings attached to the 
| beams, and the stresses were, in consequence, not 


concentrated at sharply defined points. 


| (To be continued.) 








LETTERS TO THE EDITOR. 


THE RESERVOIRS (SAFETY 
PROVISIONS) BILL. 
To THE EpIToR OF ENGINEERING. 


Sir,—This Bill has emerged from the House of Lords 
but little improved as compared with the original draft. 
| There is now a provision for a joint inspection and a 
| joint report in which the permanent or salaried official 

may collaborate with the consultant, but the effect of 

this is wholly vitiated by the proviso that, if these 
gentlemen disagree, the consultant’s report must stand 
alone and the resident’s report is not to be considered. 
The assumption that the permanent official must 
necessarily be at fault in case of disagreement with the 
consultant is utterly unwarranted. There is also a 
substitution of a referee for the Railway and Canal 
Commission as arbitrator in case the undertakers 
object to the terms of the statutory expert’s report or 
recommendations. The referee is, however, to be 
appointed by the Secretary of State, and governed 
entirely by rules made by him; moreover, the costs of 
the reference are to be defrayed by the undertakers, 
regardless of the referee’s award. The principles of 
justice as applied to cases of appeal are, therefore, 
entirely abrogated. 

It is very urgent that some joint action should be 
organised to present to the committee of the House of 
Commons a full and fair statement of the objections to 
this Bill. It is a glaring case of the Departmental 
craving for dominance which has been labelled by Lord 
Hewart “the New Despotism.” Although certain 
consulting water engineers have been induced to support 
the Bill as providing against the employment of un- 
qualified engineers to design reservoir dams, it applies 
this very “despotism” as much to the consulting 
‘engineers as to the undertakers and their salaried 
| officials. This is manifest in clause 8, which deals with 
| the qualifications of engineers by way of ‘‘ Home Office 
| Panel.” Before dealing with this matter, however, it 1s 
| necessary to call attention to clauses 1 (5) and 4 (2), 
| read together as is clearly intended. Here we find that 
| drawings and descriptions of the works as constructed. 
| together with levels and details of the geological 
| strata or deposits encountered in trial holes or excava- 
‘tions made in connection with the works, are to be 

attached to the certificate relative to the filling of the 

| reservoir, and all this information is to be produced for 
inspection by any number of persons representing 
municipal or local government bodies and by any 
person resident or interested in property likely to be 
affected by the escape of water from the reservoir. 
Can it be reasonably claimed that the supply of all 
this detailed information for the use of non-experts 
would contribute one iota to the safety of the public ’ 
Is it not obvious from this clause that the Bill has been 
drafted by non-experts unfamiliar with the essential 
facts of the case ? 

The main indictment of the Bill must, however. 
come from engineers, as such, who are here! ) 
constrained to accept a new system of registration 
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which, once established in regard to large reservoirs, | languages. Iam a University graduate; my training 
will readily be applied to other classes of engineering | comprises five years shops apprenticeship and four 
work by the — er © ee oat < — pica college. My —— peg age tay 
that the consultant selected from the Home ce Panel | over four years as sales engineer with a large Conti- 
will secure a statutory advertisement, the omission of | nental electrical-engineering firm. I may be mistaken, 
which would involve the undertakers in a fine of 201. | but it seems that men with just these qualifications 
(see C _— , ey) and pe become a restos _— | SO —. for — ———— —_— oz" a Spanish- 
but while this may induce unqualified men to seek | speaking country cannot be too easy to find. 
admission to the Panel, it offers but scant compensation | Well, I have applied for a position in South America 
to the experienced or capable engineer, whose ideal is to| to every well-known English electrical-engineering 
rely upon his reputation, rather than to seek a gratui- | firm, only to receive the usual reply, ‘‘ We regret that 
tous advertisement of the goodwill of a Government | at present but have noted your name for 
official, or even of the President of the Institution of | future reference.” I never hear anything further. 
= a. a oe earner Bi re is that I — — to 6 going a 
ose who, like myself, have closely studie e| America for my present continental firm, where 
problem of oo a —— I registration = | shall be one of those who are undermining British trade 
engineers, are well aware of the fact that personal | in that country. 
qualifications cannot be tested effectively in any relation | 
to public safety. The marvel is that anyone should | Switzerland, 
imagine that the general standard of excellence in April 8, 1930. 
engineering work is so low, or that the normal fatalities 
due to imperfect work are so numerous, as to call for | 
any such testing. The term “ chartered” has now come) THE CASE FOR BESSEMER STEEL. 
to represent a general qualification to practise as an To Tue Eprror or ENGINEERING. 
engineer, but the subdivision of this vast profession is Sre,—I have read with much interest the leading 


now so extensive and far-reaching that it is mani- ae : : ; 
g article in your issue of March 28, in which you state 


Yours faithfully, 
** ENGINEER-SALESMAN.” 











festly impossible to establish a standard of practical 
qualifications capable of effective test. The obvious 
alternative is that the names selected for the ‘“‘ Home 
Office Panel”? will be selected in an arbitrary manner 
incapable of analysis or justification incase of appzal. 
Hence, no method of appeal is provided for in the Bill. 
It is surely obvious that this system will neither 
exclude the incompetent man nor safeguard the 
interests of the competent man, notwithstanding con- 
sultation between the Home Office and the Institution 
of Civil Engineers Committee. 

Consider for a moment the nature of the competence 
required. For the personal and intelligent examina- 
tion of pre-existing conditions experience is certainly 


‘The Case for Bessemer Steel.” In view of the wide- 
| spread prejudice in this country against the Bessemer 
| basic process, your pronouncement reveals indepen- 
|dence and courage of mind, and I trust that your 
| proposal will receive the attention that it deserves. 
| I have long been of opinion that the Bessemer basic 
| process is pre-eminently the most suitable for large 
| classes of steel, for precisely the reasons you mention, 
| namely, that it produces steel from low-grade ores 
|more quickly and more cheaply than any other known 
| process. For satisfactory operation, it must be em- 
| ployed on a large scale on ore of reasonably uniform 


| composition, and it should be used, as far as possible, 


| to produce a uniform grade of mild or soft steel, similar 








required, but by what standard can the experience : 
et as justifying admission to, or ps Aer from, | to the standard product of the Continental steelworks. 
the Panel? Some men can learn the essentials with a |, Whether appropriate conditions exist for the estab- 
minimum of experience, while others would never lishment of such a works in this country, I am unable 
attain competence, however much experience they | athe That peti of our pened recent steel works, 
obtained. Then as regards design, calculations, geology, designed primarily for the production of bars and semis, 
draughtsmanship and every other subsection of the work | heey have been better ae = at peek 
involved in dam design and construction, how many | soph el bes Mayr Es rf br yee . Poatioel 
men are actually competent in all alike ? Does not | obstacles appear to be high rail rates and relatively 
even the most famous expert depend upon junior- high wages. But the British steelmaker enjoys certain 
partners or members of his staff to deal, more or less | COMPensating advantages. If the process can be 
advantageously employed here, it would be peculiarly 


fully, with each branch of the work ? How much of | ia a the whol to British 
this specialised knowledge is essential to qualify for | “PPT re ne a ee ee ee ee 


admission to the Panel ? Surely a generally competent | 8°™™S- 
man might engage such a competent staff that, without | 
any prior experience of dam design himself, he could | 
produce work at least as reliable as that produced by | 
an expert water engineer. More often than not, the | 
smart assistant would be better entitled to admission | 
on the Panel than his chief. Thus, in the very impos- | 
sibility of establishing a valid standard, one sees that | 
the system proposed in the Bili must be ineffective and | 
unfair. 

Are we engineers to allow our profession to slide | 
unperceived into the capacious grasp of a Government | i 
Department ? Most of us have had experience of the | To tae Epitor or ENGINEERING. 


I am, dear Sir, 
Yours faithfully, 
For R. A. SKELTON AND ComPaANy, STEEL AND 
ENGINEERING, LIMITED. 
R. A. SKELTON, Chairman. 

Moorgate Station Chambers, 

Moorfields, London, E.C. 2. 
April 11, 1930. 








BOILER PEAK LOADS. 


drical portion also failed, whereas, in the case of 
k = 2, the head failed without the cylindrical portion 
failing. However, his own figures show that, in the 
case of k = 2, the head failed at a much higher load. It 
is obvious that the fact that the shell failed in the case 
of k = 2} at the same time that the head failed, is 
purely fortuitous. Thus, it seems to us that, based 
on his own figures, the conclusion to be reached is that 
the head with k = 2 is superior to the head with 
k = 23, and not the contrary, as Mr. Hoehn would 
have it. 
Yours very truly, 
A. B. K1nzeEt, 
Consulting Engineer. 
C. W. Oxrrt, 
Honorary Secretary. 
A.S.M.E. Boiler Code Committee. 
Union Carbide and Carbon Research Laboratories, Inc., 
Thompson-avenue and Manley-street, 
Long Island City, New York. 
March 31, 1930. 








ZINC-BASE DIE-CASTING ALLOYS. 
To Tue Eprror or ENGINEERING. 


Sir,—We notice in your issue of March 24, page 429, 
an article entitled : ‘* Zinc-Base Die-Casting Alloys.’ 
We beg to draw your attention to the fact that the 
alloys described in this article come within the New 
Jersey Zinc Company’s patented specification for their 
‘**Zamak ”’ zinc-base die-casting alloy, of which we 
hold the sole rights to manufacture here and to sell 
under the registered trade-mark of ‘‘ Mazak.” 

We would mention that the whole field referred to 
in Messrs. Lancaster and Berry’s paper has already 
been covered by the New Jersey Zinc Company as a 
result of over seven years research, and might we 
suggest that a suitable acknowledgment is made to 
them. 





We are, dear Sir, 
Yours faithfully, 
For Morris Ashby Limited, 
G. H. C. Gunpry, 
Director. 
17, Laurence Pountney Lane, 
London, E. C.4. 
April 11, 1930. 

[We should point out that the article referred to 
by our correspondent was a reprint of a paper read 
before the Institute of Metals.—Eb. E.] 








LAUNCHES AND TRIAL TRIPS. 


“Marpo.”’—Twin-serew oil-tank steamer;  triple- 
expansion engines. Trial trip, March 24 and 25. Main 
dimensions : length, 378 ft.; breadth, 49ft.9in. Built 


for the Chilean Navy by Messrs. Sir W. G. Armstrong, 


Whitworth and Company (Shipbuilders), Limited, 
Walker-on-Tyne. 

‘* DJEBEL-DIRA.’’—Passenger and cargo steamer for 
the Mediterranean service; double-reduction geared 


Parsons turbines. Trial trip, April 10. Main dimen- 
sions: length, 336 ft.; breadth, 44 ft. 9in. ; deadweight 
carrying capacity, 3,500 tons. Built by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Newcastle- 





engineering inspectors of the Ministry of Health, and; S1r,—In his letter in your issue of April 11, Mr. 
although we may have acquired a very real respect for |G. E,. Hider properly points out the advantages for 
the individuals, we know too well the difficulties, , steel works loads of boilers having large water contents, 
delays, and expense involved by the interference of | and that with Lancashire boilers capital expenditure 
officials unfamiliar with the facts of the particular case. | may be minimised by relating the boiler plant more 
We do not want another body of Government engine- | nearly to the mean rather than the maximum evapora- 
ering inspectors established at the Home Office. tion. 

course, if the fatalities due to dam-failures were really | He then appears to suggest that Lancashire boilers 
serious in number or extent, and if this Bill contributed | should be eliminated in favour of ‘single units,” the 
anything towards the end of great public safety, we | implication being that Lancashire boilers are inefficient. 
engineers could raise no objection to the scheme, how- | This, however, need not now be the case, the fact being 
ever much it wounded our self-esteem. But as matters | that, in recent years, the introduction of the Supermiser, 
stand, neither of these conditions exists. The Bill is | a combined economiser and air heater, has revolution- 

no more than an attempt to enlarge the disciplinary | ised the efficiency of Lancashire boilers. 
scope of the Home Office officials, and has no justifi-| Eighty-two per cent. to eighty-five per cent. efficiency 
cation in terms of public advantage or utility. | is now being obtained in regular work by the aid of the 
Yours, &c., |Supermiser, while the admitted advantages of the 

Percy GRIFFITH, | Lancashire boiler are retained. 
M.Inst.C.E., F.G.S., F.R.San.I. | The success of the Supermiser has been definitely 
39, Victoria-street, | proved in a variety of industries, in which collieries 
Westminster, S.W.1. | and steel works with rolling mill loads are included. 
Yours faithfully, 
T. B. Morrey. 











| Knott Mill Iron Works, 


ANGLO-ARGENTINE TRADE. Manchester, April 14, 1930. 


To THE Epritor oF ENGINEERING. | 


Str,—The remarks you make in your leading article | THE STRENGTH OF DISHED ENDS. 


of April 4. Bats a oe ; 
p about diminishing British trade with the fu: cam Mennen-eer Maal. 


Argentine, coupled with my own experience, make me , ‘ . 
Str,—We are much interested in the article by Mr. 


wonder if British manufacturers are seeking to utilise ; cle 
suitable material which offers itself for furthering their | Hoehn on “‘ The Strength of Dished Ends,” in your 
issue of February 14, 1930, page 190. In general, 


Interests in South America. 

Tam a young English engineer, very keen on going 
to South America, having a great liking for the Latin 
Peoples and a good knowledge of Spanish, and other 








we agree with Mr. Hoehn in his analysis, but feel that 
his final conclusions are open to criticism, For example, 
he states that a head with k = 2} is superior to a head 








upon-Tyne, for La Compagnie de Navigation Mixte, 
Marseilles, France. 

‘* FILEFJELL,’’—Single-screw oil-tank motorship ; six- 
cylinder, single-acting, two-stroke-cycle Wallsend-Sulzer 
Diesel engine, supplied by Messrs. Wallsend Slipway and 
Engineering Company, Limited. Launch, April 11. 
Main dimensions: length, 474 ft.; breadth, 59 ft. 6 in. 
Built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Wallsend-on-Tyne, to the order of Messrs. Olsen 
and Ugelstad, for A/S Filefjell, Oslo, Norway. 

‘* HavpBor.’’—Single-screw oil-tank motorship; six- 
cylinder, single-acting, two-stroke cycle Wallsend-Sulzer 
Diesel engine. Launch, April 11. Main dimensions : 
length, 474 ft.; breadth, 59 ft. 6in. Built to the order 
of Messrs. P. Meyer, for A/S Havbor, Oslo, Norway, by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Walker-on-Tyne. 

‘* SELJE.”’—Single-screw ore-carrying steamer ; triple- 
expansion engine. Trial trip, April 11. Deadweight carry- 
ing capacity, 12,000 tons. Built by Messrs. Palmers 
Shipbuilding and Iron Company, Limited, Hebburn-on- 
Tyne, for Messrs. A/S Rederiet Odfjell, Minde, Bergen, 
Norway. 

‘* Hotiisipe.”’—Grain, timber-carrying and general- 
cargo steamer; triple-expansion engines. Trial trip, 
April 12, Main dimensions; 377 ft. by 52 ft. 4 in. by 
26 ft. 6 in. Built by Messrs. Short Brothers, Limited, 
Pallion, Sunderland, for Messrs. Charlton, McAllum and 
Company, Limited, Newcastle-upon-Tyne. 

‘* FJORDHEIM.”’—Grain-carrying and _ general-cargo 
steamer ; triple-expansion engines, supplied by Messrs. 
The North Eastern Marine Engineering Company, 
Limited, Wallsend, and a Bauer-Wach turbine instaila- 
tion constructed by the builders of the vessel. Launch, 
April 14. Main dimensions, 384 ft. by 51 ft. 6 in. by 
26 ft. Built by Messrs, Swan, Hunter, and Wigham 
Richardson, Limited, Sunderland, for Mr. Nils Rogenses, 
Haugesund, Norway. 

















































LABOUR NOTES. 

THE Electrical Trades Journal, which is the organ of 
the Electrical Trades Union, again discusses the 
hitch in the negotiations for an increase of wages to 
switchboard and sub-station attendants and their 
assistants in generating and sub-stations. ‘It is pitiful, 
the writer says, to have to report that very little 
progress has been made since the earlier allusion.” 
“ Put into plain language,”’ he continues, ‘‘ the want of 
progress is on account of the fact that nearly all the 
employees in the electricity supply industry, expect 
that anything they get can be negotiated for them 
without any attempt on their part to support their 
negotiations by giving them authority to offer any 
direct action against a definite refusal of their applica- 
tion. Further, it has to be admitted, that the organisa- 
tion generally of the operative grades is nothing like 
what it ought to be. Allowing for all this, and having 
in mind the fact that the last thing the engineers and 
managers of electrical undertakings want is a dispute, 
it is regrettable that they have not been prepared to 
be more straightforward with us in these negotiations. 
The fact, of course, is that the area and areas, so far 
as the Employers’ Side is concerned, are at loggerheads, 
and the workmen are in some cases suffering from the 
divergence of opinion. ... It is about time that 
the members employed in the electricity supply section 
got it right into their minds just exactly what the 
E.T.U. is suffering from. Put into a nutshell, there 
are too many unions and not enough trade unionists 
among the grades involved.” 


According to the weekly official organ of the Inter- 
national Labour Office, investigations for the Depart- 
ment of Research and Education of the Federal Council 
of Churches of Christ in America have revealed the exist- 
ence of a continued practice of long hours in the United 
States steel industry. It is popularly supposed that the 
12-hour day and the 7-day week were abolished in July, 
1923, in consequence of the efforts of the Harding 
administration. As a result of a survey of 155 plants 
belonging to 127 companies, however, the two investi- 
gators found that 16,610 men out of a total of 248,247, 
or 6-7 per cent., were on a 12-hour day, and 66,712, 
or 26-9 per cent., worked seven days a week. In 
certain instances it was found that electric-furnace 
men worked 14 hours per shift, and cranemen 14 hours 
on the night shift and 10 hours on the day shift, and 
seven days per week. Many common labourers 
worked 16 hours per shift and received wages ranging 
generally from 35 to 45 cents per hour. In some 
instances, the ranges were from 34 to 56 cents per 
hour. The common age limit for workers of this 
character was 45 years, although the hiring limit ranged 
in effect from 45 to 60 years. Group insurance is 
operative in 88, or 57 per cent., of the 155 plants, and 
a pension scheme is in force in 28, or 18 per cent. 





Our contemporary compares these figures with 
recent studies by the United States Bureau of Labour 
Statistics regarding wages and hours in the steel indus- 
try in March, 1929. Taking the occupation of unskilled 
labourers, it appears that in sheet mills, puddling mills 
and blast furnaces the proportion of workers, whose 
average full-time hours per week were 72 or over, 
increased considerably between 1926 and 1929. In 
sheet mills in 1929, the proportion of skilled workers 
having 72 hours or over as full time per week was 
13 per cent. In blast furnaces, 69 per cent. of those 
classified as iron handlers and loaders had an average 
full-time week of 72 hours or over in 1929, as against 
19 per cent. in 1926. In all occupations, with two 
exceptions, the proportion of workers with longer 
hours increased between 1926 and 1929. The per- 
centages of employees in the different occupations in 
blast furnaces, whose average full-time hours per week 
in 1929 were 72 or over, are given as follows : stockers, 
19 per cent.; larry men, 13 per cent.; larry men’s 
helpers, 8 per cent.; ship operators, 14 per cent. ; 
blowers, 16 per cent. ; blowing engineers, 17 per cent. ; 
cinder men, 9 per cent. ; blowing engineers’ assistants, 
6 per cent.; stove tenders, 10 per cent.; keepers, 
11 per cent. ; keepers’ helpers, 17-5 per cent. ; iron 
handlers and loaders, 69 ver cent. ; pig-machine men, 
21 per cent. ; labourers, #5 per cent. 

Mr. Findlay, the General Secretary of the United 
Pattern Makers’ Association, states, in the latest issue 
of the organisation’s official report, that in accordance 
with the result of a ballot vote of the members, the Exe- 
cutive Council have intimated to Mr. Frank Smith, 
the Secretary of the Engineering Joint Trades Wages 
Movement, and also to the Engineering and Allied 
Employers’ National Federation that the Association 
has severed its connection with the joint movement 
and does not propose to take any further part in it. 
The total membership of the Association is returned 
as 11,145, and the total number of unemployed members 
as 790. 


ENGINEERING. 

During March, the home branch membership of 
the Amalgamated Engineering Union increased from 
195,070 to 195,540, and the Colonial branch membher- 
ship decreased from 27,196 to 27,143. The number 
of members in receipt of sick benefit decreased from 
5,959 to 5,939, and the number in receipt of super- 
annuation benefit increased from 10,493 to 10,524. 
The total number of unemployed members increased 
from 15,117 to 16,437. 


It is officially announced that Mr. W. H. Hutchinson 
has been elected, on the second ballot, President of the 
Amalgamated Engineering Union in succession to 
Mr. J. T. Brownlie, who retires on reaching the age 
limit. For Mr. Hutchinson 25,204 members voted, 
and for his opponent, Mr. A. B. Swales, 23,605 members 
voted. Both Mr. Hutchinson and Mr. Swales are 
members of the Executive Council. ‘‘ In accordance 
with rule,” the April Journal states, ‘‘ Bro. W. H. 
Hutchinson has been declared elected for the unexpired 
term of the present holder, viz., from June 24, 1930, 
to August 3, 1931.” 





The contributor of the editorial notes in the Amalga- 
mated Engineering Union’s Monthly Journal suggests 
that in order to relieve the unemployment in the 
industry, some regard might be paid to the question of 
systematic overtime on production work and an effort 
made to prevent men being called upon to work more 
than the normal hours of the working week while 
thousands of capable men are unemployed. “ It will, 
of course, be said,’’ the writer proceeds, ‘‘ that there 
are difficulties in the way of adopting a double shift or 
of extending plant, and, no doubt, we shall be told 
that this is a matter which the employers alone have 
a right to determine. To that we would reply that the 
time is past and the situation too grave to allow the 
old system to prevail. The question is national and 
international in character. In many ways it affects 
the workers. Not only does a large unemployment list 
deplete a union’s funds ; it is also a means of preventing 
improved wages and working conditions—is, indeed, a 
menace to the already low standard obtaining. It, 
therefore, appears to us that the time has arrived for 
the Government to make some inquiries regarding the 
present haphazard method employed in the engineering 
industry whereby individual firms are permitted to 
employ their workpeople for hours far beyond the 
normal working week.”’ 


‘* If the employers are wise in their day and genera- 
tion,” the writer goes on to say, “‘ they will invite the 
unions to come to some common understanding. If 
not, then the powers vested in the State must be called 
upon to introduce legislation which will have the 
effect of preventing some men having too much work 
while their fellow-workers have none at all.”” Another 
factor which is, in the opinion of the editor of the 
Journal, undoubtedly adding to the number of unem- 
ployed engineers ‘‘is the continual introduction of 
new methods in the workshop.” ‘It cannot be 
denied,” he says, ‘‘ that the amount of production per 
man to-day as compared with twenty years ago is 
stupendous.” 

In a report on the operations in 1929 of the French 
Federation of the Metal, Mining and Engineering 
Industries, submitted by M. Adolphe Pichon, the 
General Secretary, it was stated that the questions 
dealt with showed very clearly the growing importance 
of taxation upon industry. Economic development 
had encountered many difficulties, some of which were 
not of a temporary kind; the main difficulties were 
due to the position of the trade balance, the shortage of 
labour, the instability of staffs, the increase of wages, 
the necessity of introducing foreign labour at great 
expense, and the transformation of industry. All 
these factors were sufficiently obvious to be easily 
observed. For those who could understand the position 
they called for caution. An organisation which was in 
process of transformation required careful handling, 
but no account had been taken of this fact at any time 
in the drafting of social legislation or regulations. 
Reforms had been proposed, drafted, reported upon, 
and discussed as if the difficulty did not exist. No 
place had been given to the wise and simple operation 
of measuring the burdens which the suggested reforms 
would impose upon production, and estimating the 
probable consequences. 

The outstanding instance of this was, M. Pichon 
said, the Social Insurance Bill, which had been 
adopted in circumstances which rendered it so remote 
from practical possibilities that on the eve of its coming 
into force public opinion in general had recoiled, and 
the Government had had to propose to Parliament that 








the question should be reopened. From the point 
of view of taxation, the position was the same. Reduc- 
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tion of taxes was inserted in party programmes, but 
apart from that everyone acted as if the prosperity of 
production were independent of the conditions in which 
it took place. Perhaps there were even some who 
believed this. Thus the year 1929 had emphasised 
with special clearness that dissociation of economic, 
social and fiscal policies which was one of the most 
curious and dangerous characteristics of French policy, 
Employers ought never to relax their opposition to 
this dissociation. 





Industrial and Labour Information states that 
a recent meeting of the National Federation of German 
Industry adopted an amendment to the constitution 
providing for the establishment, apart from the 
managing and executive committees, of a Senate 
consisting of persons who have gained distinction in 
industry, but are no longer actively engaged in it. 
Nomination to the Senate will be made by the managing 
and executive committees, subject to the approval of 
the General Committee of the Federation. The members 
of the Senate may take part as advisers in the work 
of the executive and managing committees. 





The report of the Federation of German Employers’ 
Associations for the years 1927-29 contains an inter- 
esting allusion to the work of the International Labour 
Organisation. In the course of it, it is pointed out 
that the distribution of national forces in the organs 
of the League of Nations, including the International 
Labour Organisation, leaves much to be desired. For 
this reason vigilance is recommended lest side by side 
with efforts towards social progress, an attempt may 
be made to injure the economic position of Germany, 
which is already engaged in a severe struggle, by 
limiting its powers of competition in the world market. 
This possibility, it is stated, has not escaped attentive 
observers of what takes place at Geneva. German 
employers should oppose such tendencies, if they 
come to light, not only in their own interests but 
equally in those of German social policy. 


For these reasons the report continues, German 
employers should co-operate, abstaining neither from 
criticism nor from praise, but taking care that their 
influence is felt. It is true that, generally speaking, 
the influence of the employers within the International 
Labour Organisation is not very great, but there was 
a time when it was even slighter and when the activity 
of the organisation seemed to be directed less towards 
the social idea than towards the idea of the class war. 
A change has been brought about owing to the fact 
that the employers and many States have ventured 
even at the risk of unpopularity, to hazard a criticism 
or even a refusal. This action corresponds to the real 
objects of the International Labour Organisation, 
which should act within the bounds of economic 
possibility. It is for the employers to bear this 
necessity in mind, and there is still much to be done 
in this direction. 








LarGE CANADIAN Paciric BRANCH LINE PROGRAMME. 
—Bills providing for the construction of approximately 
160 miles of branch lines will be presented by the 
Canadian Pacific Railway Company to the Dominion 
Parliament at Ottawa during the present session. The 
lines will be distributed among the provinces of Alberta, 
Saskatchewan, and’ Quebec, while the Bills will ask for 
authority to issue securities in respect of the lines not 
in excess of 50,000 dols. a mile. The proposed lines are as 
follows :—From a point on the Taber subdivision of the 
C.P.R. near Tempest, Alberta, south-west for approxi- 
mately ten miles. From Dunelm, Saskatchewan, on the 
Swift Current, south-easterly branch of the C.P.R., 
south-westerly for a distance of about 50 miles. From 
Duval, Sask., on the Pleasant Hills branch, easterly for 
a distance of some 30 miles. From a point in Townships 
46 or 47 east of Glencorse, Sask., in an easterly direction 
to Shellbrook. The fifth line is a short one in the parish 
of Ile Perrot, Vaudreuil County, Quebec. 





GRapDUATED-TooTH Hack-Saw BiapeEs.—The hack saw 
is a tool of such long standing that it has commonly been 
taken for granted that no radical change in the blade 
teeth was possible, or at all events likely. The ‘“ Cobee 
hack-saw blade, however, just introduced by Messrs. 
‘ Barsonator ” Werkzeug. G.m.b.H., 40-43, Kurze Reihe, 
Hamburg-Wandsbek, would appear to embody quite a 
new principle. In this blade the teeth are not of uniform 
size but are very fine, 32 per inch, at the front of the 
blade, and gradually increase in size towards the back 
to the normal pitch, viz., 20 per inch. The result of 
this arrangement is to make it much easier to start a 
cut by using the fine teeth, while there is considerably 
less danger of breaking teeth, when doing so, from the 
resultant promptness in cutting. An additional advan- 
tage is that it automatically causes the operator to start 
cutting with the extreme end of the blade, instead of with 
the middle as is commonly done. The full length of the 
blade is thus made use of, and a longer life securec 
The blades are chiefly intended for hand saws, but are 
also supplied for power saws up to 16-in. long anc 
18 w.g. thick. 
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by the dotted lines in Fig. 1, the stroke will be a 
maximum. 

As the pins from which the carriage is suspended 
are free to move in slots, a downward movement can 
be imparted to the carriage by depressing the handle ¢. 
As soon as the pressure on this handle is released, it 
/ is forced upwards again by a spring, so that the 
/ scraping tool is raised clear of the work. The tension 
of the spring can be adjusted by a set screw. 


The scraper can be employed to make a rough or 
fine cut, the latter being adjustable with great accuracy 

by the micrometer screw z. The spring in the carriage 
| serves to lift the hinged tool holder c, on the return 
| stroke. To prevent fatigue, the lever y is provided 
| with notches, so that any desired setting of the stroke 
| can be constantly maintained. The pressure between 
| the scraper and the work is not, therefore, entirely a 
| matter for the operator. 
| As a corollary to the design of the machine itself, 
investigations were made to ascertain the best material 
}to use for the scraper blade. These showed that 
| Krupp’s Widia tool steel was the most suitable for the 


| purpose, and that good results, as regards production, 


SCRAPER. 


EL, ENGINEERS, ASCHAFFENBURG. 
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= | could be obtained by a correct choice of the cutting 
| angle. 


“ENGINEERING” | 


‘THE PERFORMANCE OF TWO 

















| VESSELS WITH ELECTRIC TRANS- 
| MISSION GEAR.* 


By W. J. BELsEY. 


} 
| Tus paper describes two recent examples of the 
application of electricity as a means of transmitting 
| power from the prime mover to a ship’s propeller. The 
| P. and O. Steam Navigation Company’s Viceroy of 
| India is taken as an example of the turbo-electric drive 
| and the Atlantic Refining Company’s oil tanker Bruns- 
| wick as an example of the Diesel-electric drive. The 
| machinery arrangements, and feed-heating system of 
| the Viceroy of India have already been dealt with at 
| considerable length in the technical press and for this 
| information, reference can be made to ENGINEERING, } 
| of May 24, 1929, and subsequent issues. The Diesel- 
jelectric drive has not made a great deal of progress 
in this country; only two fruit-carrying vessels, one 
| oil tanker, and one ferry-boat fitted with this type of 
transmission having been built, though two oil tankers 
|and one cement carrier are in course of construction. 
In America, on the other hand, there are in service 
upwards of 100 such vessels, amongst them being 30 
tow-boats, 21 ferry boats and 18 oil tankers, the 
| remainder being dredgers, fire-boats, yachts, &c. 
| Itshould be made perfectly clear that the application 
| of electric transmission to all classes of vessels is not 
| advocated, but it is believed that it can be used on 
|many types with very great advantage. Obviously 
|the time a vessel is at sea is a large factor affecting 
|the choice of propelling machinery; and the speeds 
|required between various ports is another important 
| point. To take up a dogmatic attitude, therefore, 














Fie. 2. 


POWER-OPERATED SCRAPER. 


_ Sorarinc is one of the few workshop operations 
in which little progress has been made with the applica- 
tion of mechanical power. The result is that it remains 
€xpensive, and can only be effected by skilled men. 
Since, however, the production of scraped surfaces is a 
necessary concomitant of machine construction, it is 
40 operation of considerable importance, so that any 
appliance which is likely to simplify and cheapen the 
work will be of interest to engineers. 

On page 359 of ENGINEERING, vol. cxxvi (1928), we 
described a power scraper of American origin, in 
which manual effort was replaced by a 1/4-h.p. motor. 
This motor drove a long arm, at the end of which the 
tool was fixed, through two racks, so that the actual 
Scraping was carried out mechanically. As, however, | 
the angle at which the cut was made, and its depth, as 
Well as the presentation of the tool to the work still 
Tfemained under the control of the operator, it could 
not be placed in the charge of an unskilled man. In 
addition, the equipment, which was supported on a 
— pedestal, was heavy, and necessitated frequent 

king down and re-setting when the work itself could | 
not be easily moved. A power scraper which, it is 
“em es overcomes these disadvantages has recently 
int by Messrs. Alig und Baumgirtel, of 
and 9 ott att Germany, and is illustrated in Figs. 1 | 
a ba is light and easily portable, while, since the | 

ole of the operations are effected mechanically, it | 


can safely be handled b kill 

ny y unskilled labour. Though | 
Primarily intended for scraping surface plates or flat 
‘Sage it can also be used on slots or vee guides. It 
un Jot, however, seem to be directly adaptable to 
Sctaping cylindrical bearing surfaces. 


As shown 


in Fig. 1, the scraper consists essentially | 


|and say that this or that form of propulsion is the 
| best for all types of vessels does not do any good, 
|but rather retards development. With regard to 

: i } . _ | liners, the average passenger cares more about comfort 
of a cast-iron body. This body carries the operating | than fuel cmeunaniads oThe ship which is quietest 
mechanism and control levers, as well as a box frame |and freest from vibration is therefore the one he will 
b, the latter being suspended from four pins s, which | travel by if he can; and in respect of freedom from 
are free to move in slots. This frame is, in turn, con- | yipration the Viceroy of India is perfect. The turbo- 
nected to the scraping tool holder c;, through a pin. The | electric drive will, it is believed, find its field of 


tool itself is secured in this holder by a stud, and its | application in the larger-powered passenger vessels, 


position can be finely adjusted by the screw 6}. |say from 5,000 h.p. twin-screw vessels upwards, and 
The machine is operated through a flexible shaft poi ie thede whish have’ to. mest o wide varying 
by a 1/3 h.p. motor, which can conveniently be sus- | schedule of speeds between various ports. The Diesel - 
pended from the ceiling. The shaft is connected | electric drive will find its application in what might be 
to a pinion f, the spindle of which is mounted in a roller | tamed “ double purpose vessels,” where the auxiliary 
bearing h, and is kept in position axially by the collar g. | joaq is a large percentage of the propelling load, e.g., 
This pinion engages with a gear wheel i, the spindle m |in such vessels as fruit and meat carriers ; or where 
of which is also carried in a roller sleeve bearing. This ‘the port load is large in comparison with the propelling 
spindle extends upwards through the frame, and its load, as in oil tankers with large cargo pumps, and in 
upper end is provided with a groove with which pins @ | hulk cement carriers. It is also particularly applicable 
carried by a forked lever x engage. The forked lever | to tow-boats, where the load and speed requirements 
e — by 4 handle y, so that the spindle can be | gre unsuited to the characteristics of a Diesel engine, 
owered or raised. | ° . 
Fitting into a longitudinal slot in the spindle m is | unten, Mike nbs dere — 
a lever p, into the upper end of which is fixed a pin ” | asset. As the development of a reliable high-speed 
working in a vertical slot in the spindle. Another pin | niese] engine proceeds, so will the Diesel-electric drive 
o fixed to the spindle works in an inclined slot near the | },,.ome more attractive. 


centre of the lever, and the effect of raising or lowering | : ‘ ) , J 

the spindle is thus to alter the inclination of the axis of | ane Viceroy i India was designed for the ee sic ig 
the lever p with respect to that of the spindle. The | tween London and Bombay, and is aa to 
lower end of the lever p terminates in a ball-ended pin | Rg agile woe = ee aa — 
working in a spherical seating on the connecting rod q, variahle epecd.eurvies, the. vessel bas to howe plenty 


the other end of which is connected to the carriage c f hoe k del in th 
by a similar spherical seating and ball-ended pin. With +a, pas i. nd to make up conye ‘he the over- 
the parts in the positions shown by the full lines in mail service, or due to bad weather. Each 


Fig. 1, the spindle will rotate without moving the ——$——— 
carriage, but by lowering the spindle the carriage will * Paper read before the Institution of Naval Archi- 
be reciprocated, the stroke depending upon the distance | tects on Thursday, April 10, 1930. Abridged. 

of the ball-ended pin on the lever p from the axis of | _{ See Enemnzerine, vol. cxxvii, page 637 et seg. 
the spindle. With the parts in the positions shown | (1929.) 
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turbo-alternator was therefore designed to be of such 
capacity as to give a total of 11,600 shaft horse-power to 
the two propeller shafts, say 5,800 shaft horse-power 
each. This gives a comfortable sea speed of 164 knots. 
For any speed below 164 knots, only one turbine is 
required, the other turbine, with all its auxiliaries, 
being shut down completely. The boilers also have 
an ample margin in hand for higher powers. 

As regards performance, Fig. 3 gives the kilowatt 
input to the motor at various speeds and powers, as 
well as the efficiency of the motor at various loads and 
speeds. The Viceroy of India was put through an 
exhaustive series of trials on the Clyde, the results of 


2. 









Aft. 


11 15 16 
Speed tn Knots 


FULL SPEED REVERSAL ON TRIALS. 
| 


which are shown in Fig. 2. The following are the 
particulars of the vessel at the time of the trials :— 


19,050 tons. 


Displacement 
23 ft. 9} in. 
0°63 


Mean draught 
Block coefticient 


Area coefficient ... 0-953 
Prismatic coefficient 0-663 
Wetted surface ... 55,000 sq. ft. 
Propeller dit.meter 18 ft. 9 in. 
Propeller pitch ... 20 ft. 5 in. 
Propeller ielies 3 

Propeller surface 101 sq. ft. 


For the purpose of retaining a permanent record of 


the power absorbed when manceuvring, an instrument | 
panel was fitted up and a cinematograph record taken | 


of the instruments connected to the various circuits. 
These have been used to check the design data. It 
should be noted that speeds up to 17-1 knots were 
obtained with one alternator driving two motors; 
above that speed two turbo-alternators were running. 
This cinematograph record also enabled the time 
required for carrying out orders from the bridge to 
be accurately determined, and a number of these 
operations are given in Table I. 

A full-speed reversal was carried out with the ship 
steaming at 184 knots, 19,000 tons displacement ; the 
propellers were turning astern in 30 seconds from the 
signal, and the ship was stopped in 2 minutes 10 seconds 
by observation on shore, say 3-7 ships’ lengths. 
Fig. 5 shows the full-speed reversal plotted from the 
cinema record. 

Curves showing tons of fuel per day and pounds per 
shaft horse-power for all purposes are given in Fig. 6. 
The vessel has never yet had occasion to develop her 


full power of 17,000 shaft horse-power at sea; but | 








47 





Occupied. 
Starting up, 0-44 r.p.m.| Starting up, 0-44 r.p.m.| 4 seconds 
ahead ahead 
a 0-58 r.p.m.| Stopped -_— 
astern | 
| Running, 48 r.p.m. Stopping from 48 | 7 
ahead r.p.m. astern) 
Stopped Reversing, 48 r.p.m. 10 
ahead to 
441r.p.m. 
astern 
Reversing, 47 r.p.m. Stopped 12 
astern to 
47r.p.m. 
ahead 
Decreasing, 63r.p.m.to) Reversing, 63 r.p.m. 16 
r.p.m. astern to 
ahead 45 r.p.m. 
ahead 
Stopped Reversing, 49 r.p.m. a 
ahead to | 
441r.p.m. 
astern 
Reversing 23 r.p.m. Reversing, 23 r.p.m. 7 
ahead to ahead to 
33 r.p.m. 33 r.p.m. 
astern astern 





from the slope of the curve and the eight-hour full- 
power consumption run taken on the Clyde, it is evident 
that the fuel consumption per shaft horse-power for all 
purposes, when under full load at sea, with the full 
complement of passengers, is less than 0-65 lb. per 
shaft horse-power hour. Taking into account the fact 
that at low powers the auxiliary.load is 11} per cent. 
of the propelling load and at higher powers it is only 
7°75 per cent., it will be seen that the fuel consumption 
over a wide range of load from 7,000 shaft horse-power 
to 15,000 shaft horse-power is extremely good. The 
curve also demonstrates that, whilst the fuel consump- 
tion at low powers is small, this feature has not been 
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obtained by sacrificing econoniy at the higher powers. 
The high efficiency of the boiler installation, of course, 
has a considerable bearing on this good result, and 


TABLE I,—Maneuvring Operations using One Alternator. 





| Time 


Port Propeller. Starboard Propeller. 














such equipment is finding increasing favour in the 
mercantile marine. 
It should be noted that the sea-water temperature 












through which the ship steams will not permit of a 





higher average vacuum than 28-15 in. If this vessel 
were sailing on the North Atlantic, where 29 in. vacuum 
is obtainable, the results would be improved by about 
5 percent. Itshould also be noted that all the auxiliary 
power is generated by steam; if this power were 
generated by oil engines, then the overall consumptions 
would be reduced, but, due to the extra cost of Diesel 
engine fuel oil, the extra cost of lubrication, and 
the additional capital outlay, it is doubtful whether 
there would be any financial gain to the owners by 
adopting this policy. It should further be pointed 
out that the lubricating-oil consumption during the 
first voyage averaged 6-1 gallons per day; and on 


10.000 


4000 





70 
Propeller Speed (R.P. M.) 


8000 39000 10000 poo 72000 13000 #000 15000 %6000 11000 
S'. H.P. 


the last voyage 2-2 gallons per day for all purposes. 
It should be borne in mind that the other figures 
given refer to the maiden voyage and, as is to be. 
expected, the vessel’s last voyage shows a consider- 
able improvement. ; 

The Brunswick was also described in the technical 
Press during the month of September, 1928,* but no 
machinery arrangement was published and this is now 
given in Figs. 7 to 13, on the opposite page. The trials 
took place on the Skelmorlie mile at a displacement of 
18,775 tons at 26 ft. 6 in., the mean speed obtained on 
two double runs being 11-479 knots with a propeller 
speed of 97-5r.p.m. The input to the motor averaged 
2,055 kw., and the shaft horse-power 2,609. The auxili- 
ary load, including excitation, was 89-5 kw. W ith a 
displacement of 18,775 tons at 28 ft., the average speed 
was 11-176 knots, with a propeller speed of 97:2 r.p.m. 
The input to the motor averaged 1,942 kw., and the 
shaft horse-power 2,476. The auxiliary load was the 
same as before. On a voyage from Melbourne to San 
Pedro, the vessel travelled 7,023 miles at a speed of 
11-2 knots, the average shaft horse-power being 2,680. 
and the fuel consumption 0-46 lb. per shaft horse- 
power for all purposes. Since being in commission, 
the Brunswick has travelled 98,350 sea miles, and has 
been at sea 409 days out of a total of 446. 








Marxine or Importep States.—By virtue of the 
Merchandise Marks (Imported Goods) No. 1 Order, 1930, 
all imported roofing slates sold or exposed for sale, = 
and after June 28, 1930, must bear an indication 0 
origin, applied to each slate by stamping, stencilling. 
or painting. 





* See ENGINEERING, vol. exxvi, page 272 (1925). 
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of the instrument, and it is best not to try to clamp the 
horizontal motion tight enough to prevent this. Instead, 
raise or lower the movable end of the trunnion axis a 
little at a time, sighting A and D alternately until the 
adjustment is completed. The whole test is then 
repeated. 


THE SILENTBLOC FLEXIBLE 
BEARING. 


THOSE who were responsible for the maintenance and 
repair of early cars and lorries were constantly con- 
fronted with cases of excessive wear in the universal 
joints and spring shackles, and these two components 
have in consequence received particular attention 
from designers. The journals at both points are difficult 
to lubricate effectively, and are subject to heavy loading. 
In the case of universal joints, the introduction of the 
flexible-disc type effected a marked improvement, and 
in cases where the angle between the two shafts has 
been too great to permit of the employment of this 
type of joint, ball bearings on the star arms have been 
employed with success. So far as concerns the shackles 
for the springs, however, the same solutions are imprac- 
ticable, and the only improvement effected until 
comparatively recently was in the direction of more 
etfective lubrication, first by means of the grease gun, 
and later by central shot lubrication. The latter is 
somewhat expensive in application, while the former 
does not afford any guarantee against neglect, but 
neither of these objections apply to the Silentbloc bush, 
of which the use is rapidly extending. As the majority 
of our readers will probably be aware, this form of 
bearing, manufactured by Messrs. T. B. Andre and 
Company, Limited, Victoria-gardens, Ladbroke-road, 
London, W.11, consists essentially of an outer and 
inner metal sleeve, between which are inserted a bush 
of practically pure Para rubber. The essential feature 
of the bearing is that the rubber bush is made of larger 
external diameter and smaller internal diameter than 
the corresponding internal and external diameters of 
the metal sleeves, and of considerably shorter length 
than that of the sleeves, and is forced into position, 
with the result that the rubber is highly compressed 
in the radial direction in the finished bush. In use, 
the inner and outer sleeves are held firmly in their 
respective housings, and all motion takes place in the 
rubberitself. Various methods of gripping the housings 
are in use, of which two are illustrated in Figs. 3 and 4 
and in Fig. 5, on this page, respectively. The figures 
are self-explanatory, but it may be mentioned that in 
both cases the outer sleeve is a press fit in the eye of 
the spring. 

One of the most interesting features of the bush is 
the angle through which one sleeve can be turned 
relative to the other without damage to the fibres 
of the rubber. In the standard type of bush for car 
springs this angle is 40 deg. on either side of the normal, 
but the bushes can be supplied to give a deflection of 
70 deg. on either side of the normal if required. The 
standard bush will carry loads up to 700 lb., but models 
are available to take loads up to 7 tons. The bushes 
are made in various sizes, ranging from 9 mm. outside 
diameter, 4 mm. inside diameter, and 10 mm. long, 
to 44 in. outside diameter. 2} in. inside diameter, and 
8 in. long. Both the sleeves are made from 30 ton 
carbon steel. Many of the bushes have been in con- 
tinuous use for over three years, and a set fitted to 
a 10-h.p. car have been in use for over 150,000 miles 
without replacement, the car being fitted with a heavy 
saloon body. 

It will be evident that the bushes have many useful 
applications outside shackle bearings, among which 
may be mentioned oscillating screens, motor-cycle 
forks, engine supports, and so on. Up to the present, 
development in these and other directions has been 
limited by the fact that the works have been fully 
employed on the manufacture of shackle bearings, but 
arrangements are now being made to cope with other 
work. An interesting application of the bush is 
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shown ‘in Figs. 1 and 2, where it is arranged to form a | 
flexible torsional joint in a shaft. In this direction, | 
it appears to offer a satisfactory solution to a difficult 
problem associated with engine testing, that of designing | 
a joint to absorb the wide variations in torque in the | 
coupling shaft between the engine and the dyna- | 
mometer when certain types of engine are under | 
test. 











COPPER.* | 


By Prorressor D. Hanson, D.Se.; 8. L. Arcusurt, 
F.1.C., and Grace W. Forp, B.Sc. | 


THE investigation described in the present paper is | 
part of a systematic research on ‘‘ The Effects of 
Impurities on Copper,” which is being carried out for 
the British Non-Ferrous Metals Research Association 
at the National Physical Laboratory, under the super- | 
vision of Dr. W. Rosenhain, F.R.S. 
The materials used consisted of cathode copper and | 
commercial phosphor-copper. Small pieces of cathode | 
copper were gradually introduced into a bath of | 
molten flux (a glass of melting point about 1,000 deg. C.) | 
in a clay-lined Salamander crucible. The flux was used | 
in order to minimise the loss of phosphorus by oxida- | 
tion. The phosphorus was added in the form of | 
phosphor-copper containing 14-6 per cent. of phospho- 
rus. Trial melts were made in order to determine the 
excess of phosphorus necessary for the removal of 
oxide from the copper. The flux was thickened with | 
sand before pouring the metal. The pouring tempera- | 
ture was kept as near 1,180 deg. C. as_ possible. 
Graphite ingot moulds were used, preheated to 350 deg. | 
C. The billets obtained were 12 in. long by 1,4 in. | 
diameter. A series of billets of 11 alloys containing | 
from 0-014 per cent. to 0:95 per cent. of phosphorus 


| 
| 


Abridged. | 











Fig. 


5. 


was thus prepared. The top ends of cast billets were 
cropped, and the transverse sections polished and 
etched with ferric chloride for examination of macro- 
structure. The macrostructure of alloys containing 
0-014 and 0-494 per cent. phosphorus are shown in 
Figs. 6 and 7, on page 523. In all the alloys as cast, 
particles of copper phosphide were visible under the 
microscope. After hot-rolling, alloys containing from 


0-096 to 0-254 per cent. phosphorus were ——. 
| An alloy with 0-494 per cent. phosphorus showed a lew 
THE EFFECT OF PHOSPHORUS ON | 7 gi 4 alloys containing 


scattered particles of phosphide. \ 
phosphorus 0-69, 0-79 and 0-95 per cent., respectively, 
the greater part of the phosphorus was also in solution 
after the hot/cold rolling operation. A few relatively 
large particles remained undissolved. The normal 
annealing of the rolled rod reduced the amount of 
undissolved phosphide in these alloys to a further 
slight extent. 

Hot and Cold-Rolling.—The cropped billets, un- 
machined, of alloys containing up to 0-494 per cent. 
phosphorus were preheated to 800 deg. C. and rolled 
from that temperature in gothic rolls to {-in. diameter. 
The resulting rods were annealed } hr. at 700 deg. C.. 
pickled, and cold-rolled to 3-in. diameter. All the 
alloys rolled well, both hot and cold. Half the rod 
of each alloy was annealed at 700 deg. C. for } hour. 
In the case of alloys containing 0-69, 0-79 and 0:99 
per cent. phosphorus, a lower temperature, 690 deg. C.. 
for preheating and for annealing, was used. After 
preheating at 690 deg. C. for 2 hours, all the alloys 
rolled well, both hot and cold. The annealed hot /cold 
rolled rod §-in. diameter, was further rolled cold to 
strip, and finally to foil 0-005-in. thick. To determine 
whether a still higher percentage of phosphorus was 
within the limits for hot-rolling, small ingots were 
prepared of an alloy containing 1-2 per cent. These 
cracked at the first pass on hot-rolling. 

Cold-Rolling from Cast Billets.—A 6-in. length from 


: r a qerer = . , ini up to 0-494 per cent. 
* Communication from the National Physical Labora- | 97 billet of each alloy containing up P 


tory, being Part VI of the Investization of the Effects of | 
Impurities on Copper, read before the Institute of Metals, | 
London, on Thursday, March 13, 1930. 


phosphorus, was turned down to 14} in. diameter anc 


rolled cold to -in. diameter in round rolls without 
previous or intermediate annealing. All the alloys 
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rolled well. A 3-in. length from a cast billet of each | the alloy containing phosphorus 0-03, oxygen 0-010 
alloy containing 0-69, 0-79, and 0-95 per cent. | per cent., the ultimate stress of the cold-rolled rod is 
phosphorus, was annealed 1 hour at 690 deg. C., air- markedly lower than that for the alloy containing 
cooled, machined to 143 jin. diameter, and rolled cold phosphorus 0-014, oxygen 0-019 per cent. The very 
to j-in. diameter. The alloy containing 0-95 per cent. | low density (7-64) of the cast billet of the former alloy 
phosphorus split longitudinally at a reduction of 44 per | (containing 0-03 per cent. of phosphorus) probably 
cent., but the other two alloys rolled well. | accounts for this abnormal result. 

Physical and Mechanical Tests.—Density was de-| A comparison of the results of tensile tests on rods 
termined on the cast billets and on the rolled rod both | produced (a) wholly by cold-rolling to §-in. diameter, 
before and after annealing. From 0-045 to 0-494 per| and (b) by hot-rolling to 3-in. diameter, and cold- 
cent. phosphorus, the densities of the cast billets! rolling to %-in. diameter, shows that, for certain 
closely approached those of the corresponding rolled rod, | compositions, the former, which have had the largest 
showing a high degree of soundness. With phos-| amount of cold-work, possess lower tensile strengths, 
phorus content above 0-494 per cent., the billets | elongations, and reductions of area than the latter. 
appeared less sound. Below 0-045 percent. phosphorus, | This effect appears to be due to the “ over-rolling ” 
the soundness of the cast billets was inferior. In both | of the material by too much cold-work, and is confined 
cast billets and rolled rod, density decreases with | to those alloys comparatively high in oxygen, namely 
increasing phosphorus content. Density values for the|O = 0-109 per cent., P = 0-014 per cent.; O = 
annealed rolled rod are plotted in Fig. 8. Brinell | 0-010 per cent. ; P = 0-03 per cent. ; and O = 0-009 
hardness was determined on the polished transverse 
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Fig, 6. 0°014 PER Cent. PHospHorus. Cast BILLET. 
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faces of the cropped ends of the billet castings, using a 
10-mm. diameter gall and load of 500 kg. applied for 








Estimated limit? Ra 
Alternat ?Stress Tons 


“4 sec. The hardness over these faces was found to 7) a2 0-4 06 o8 
very variable, as was the case in corresponding Phospho 
4 ‘ ; : rus Content, per Cent. : 
Measurements in other systems investigated. Small (1972.6) ” ; teen 


quantities of phosphorus (up to 0-10 per cent.) have 
as great, if not a somewhat greater, effect in hardening | ¢he oxygen has been more completely removed show | 
cast copper than other elements so far investigated | no signs of this over-rolling, and the more severely | 
(oxygen, arsenic, &c.). Hardness increases with cold-worked rod is, in each case, stronger. This appears 
increasing phosphorus content. |to constitute another example of the harmful effect 


| per cent.; P = 0-045 per cent. Those bars in which 
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Fig .12.FATIGUE RANGE. ANNEALED MATERIAL. 1,4, 5) 





at 20 deg. C. From the curve in Fig. 10 it is seen that 
the conductivity falls steeply at first, then more gradu- 
ally. The effect is more pronounced than that of 
arsenic, iron, or oxygen. The effect diminishes as the 
limit of solubility of. phosphorus in solid copper is 
approached, Very little difference is found between 
the conductivity of the hot/cold rolled and annealed 
rod respectively; below 0-69 per cent. phosphorus 
the cold-rolled material has a slightly higher con- 
ductivity, probably due to the fact that less solution of 
phosphorus has taken place in the metal which has not 
been preheated or annealed. 

The limiting fatigue range was determined on §-in. 
diameter annealed rod by the cantilever (Wéhler) 
method on solid test-pieces, on a 20 x 10° reversals 
basis. The values found are plotted in Fig. 12. Small 
quantities of phosphorus have a pronounced effect in 
raising the fatigue range of copper. Thus, increase in 
phosphorus content from 0-014 to 0-15 per cent. 
raises the fatigue range from + 4:9 to + 6-7 tons per 
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square inch—a result equal to the best obtained 
with corresponding additions of other elements 
previously tested. The maximum value for fatigue 
range, + 7-9 tons per square inch, was obtained 
10 with 0-79 per cent. of phosphorus. It will be seen 
that in the case of the rod containing 0-178 and 
0-254 per cent. phosphorus respectively, abuor- 
mally low results were obtained. Sections from 
these test-pieces and from the adjacent alloys were 
examined under the microscope. In the two speci- 
mens which had given unexpectedly low values, 
holes were present; in one there was a band of small 
crossed the section, while in the other 


Tensile tests were made at ordinary temperatures | of quite small percentages of oxygen on the cold-rolling | holes which d 
on the j-in. diameter rolled rod in the following con- | qualities of copper. The removal of oxygen by | there were several large holes. The specimens from 


ditions :—(1) Hot/eold rolled; (2) annealed; and/| phosphorus improves the cold-working qualities. 
(3) cold-rolled from cast billet. 
also made at 250 deg. C. on annealed rod. Ultimate | at 250 deg. C. than arsenic or oxygen. 
stress values are plotted in Fig. 9. Phosphorus has! Electrical conductivity and resistivity determina- 
a clearly marked effect in raising the tenacity of rolled | tions were made on §.in. diameter rolled rod (1) hot/cold 
Copper, both at ordinary temperatures and at 250 deg.C.; | rolled, (2) annealed, and (3) cold-rolled from cast billet, 
this effect is, in general, more pronounced than that of | respectively. The marked effect of phosphorus in 
other elements previously studied (oxygen, iron, | lowering electrical conductivity is shown in Fig. 10. 
arsenic}. The effect is, moreover, obtained without | Corresponding resistivity values are shown in Fig. 11. 
— decrease in ductility. In hot/cold rolled rod, Conductivity is given in terms of the International 
_e Strength exceeding 35 tons per square inch is| Standard for annealed copper, and resistivity is ex- 
reached with 0-95 per cent. phosphorus, with elonga- | pressed in microhms per centimetre cube. In the 
tion, on 4 area, of 20 per cent., and reduction in area rolled-annealed material, the addition of 0-03 per 
at fracture of 74-6 per cent. cent. of phosphorus causes a fall in conductivity to 
Th aunealed rod, the inerease in tenacity becomes | 78-2 per cent., while the addition of 0-49 per cent. of 
slight beyond about 0-50 per cent. phosphorus. In| phosphorus lowers the conductivity to 19-7 per cent. 


Tensile tests were! Phosphorus is more effective in strengthening copper 


| adjacent alloys, which had given normal values, were 
| quite sound. 

The test-pieces used for the notched-bar tests were 
| standard single-notched Izod test-pieces of dimensions 
| 10 mm. Xx 10 mm. exterior measurements, and 10 mm. 
x 8 mm. at the bottom of the notch. The notch was 
a 45-deg. Vee, 2 mm. deep, 0-25 mm. root radius. The 
B.E.S.A. cantilever test was used, the temperature 
being 18 deg. C. and the energy of the blow 120 ft.-Ib. 
The alloys were tested in the rolled-annealed condition. 
The specimens bent over without fracture, and the 
results were, therefore, of little comparative value. 

Softening Temperature of Cold-Worked Material.— 
The softening temperature of cold-worked material 
was determined on strip 0-05 in. thick prepared from 
§-in. diameter hot/cold rolled rod as follows:—A 
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length of the rod was cold-rolled to strip 0-08 in. 
thick with two intermediate annealings at 690 deg. C. 


| was then heated to 690 deg. C. and slowly cooled to 
| 550 deg. C., at which temperature it was annealed for 


for 30 minutes. This strip, after a further annealing | four days. On microscopic examination, phosphide 


orus in copper between 


sph 
| 280 deg. C. and 682 deg. é. increases from close on 


1 in. by 4 in. were cut from the strip, annealed at | 0-5 per cent. at 280 deg. C. to between 0-975 and 1-16 
various temperatures from 200 deg. C. to 500 deg. C. for | per cent. at 682 deg. C. 


30 minutes, water-quenched, and Brinell hardness | 
measurements made, using a 2-mm. diameter ball, 
20-kg. load, and period of application of 30 sec. The 
results are plotted in Fig. 13. Corresponding hardness 
values for substantially pure copper are included for 
comparison purposes. The results show that phos- | cent.). 
phorus raises the softening temperature of copper. 


Age-Hardening.—-In view of the decrease in the 
| solid solubility of phosphorus in copper with falling 
| temperature shown above, it appeared desirable to 
| investigate the possibility of producing age-hardening 


| in alloys of higher phosphorus content (over 0-5 per | 
A series of experiments was carried out on | 


| alloys, containing 0-69, 0-79, and 0-95 per cent. 


Softening becomes pronounced in all the alloys above | phosphorus respectively. Hot/cold rolled rod §-in. 
300 deg. C. In raising the softening temperature, | diameter of these alloys was annealed 30 minutes at 
phosphorus has effects similar to those of the, higher | 690 deg. C. and cold-rolled to strip 0-10 in. thick 


amounts of arsenic (0-86-1-04 per cent.), or to 0-96-| and about 1 in. wide. Small pieces of this strip, | 
2-03 per cent. arsenic with 0-05-0-06 per cent. oxygen, | about } in. long, were used for the tests. Ten such | 
pieces from each alloy were heated at 690 deg. C. for | 
examined in a comparable manner in the investigations | four hours to complete the process of solution of the | 
| copper phosphide, and were quenched in water from that 

Solubility of Phosphorus in Solid Copper.—In view | temperature. Two of these specimens from each alloy | 
of the differences between results of previous in-| were then tempered for 6 hours at 200, 300, 400 and | 


and to the highest nickel content, 2-83 per cent., 


on the effects of the latter elements on copper. 


vestigators, the present work has included a determina- | 500 deg. C., respectively, and were quenched in water. 


tion of the solubility limits of phosphorus in solid! Brinell hardness measurements were made on all the | 
copper between 685 deg. C. and 282 deg. C. The specimens. The results showed that the greatest in- | 
results are shown in Fig. 14. At the outset, alloys | crease in hardness was obtained in all cases after | 


Fig. 13. 6RINELL HARONESS TESTS ON COLO-ROLLED STRIP 
ANNEALED AT DIFFERENT TEMPERATURES. 
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containing 0-096-0-494 per cent. phosphorus, together 
with two other alloys, containing 0-975 and 1-48 per 
cent. phosphorus, respectively, were used. In all 
these alloys, particles of copper phosphide were visible 
under the microscope. Small specimens of each alloy 
were annealed in evacuated and sealed hard-glass tubes 
at various temperatures, and quenched in water, as 
described below. After annealing at 685 deg. C. for 
96 hours, and quenching, microscopic examination 
showed phosphide particles only in the alloy contain- 
ing 1-48 per cent. of phosphorus. In the remaining 
six alloys the phosphorus was held in solution at this 
temperature. 

The six alloys containing up to 0-975 per cent. of 
phosphorus were reheated to 690 deg. C., slowly 
cooled in 60 hours to 584 deg. C., held at this tempera- 
ture for 144 hours, and quenched. Particles of phos- 
phide were found in the alloy containing 0-975 per cent. 
of phosphorus; in the remaining five alloys the phos- 
phorus was held in solution. These five alloys, con- 
taining up to 0-494 per cent. of phosphorus, were 
reheated to 584 deg. C. and slowly cooled to 354 deg. C., 
held for 120 hours at this temperature and quenched. 
No phosphide was visible in. any of the specimens. After 
being reheated to 354 deg. C., slowly cooled to 280 deg. 
C., held at that temperature for 144 hours and quenched 
in water, phosphide particles were found in the alloy 


containing 0-494 per cent. of phosphorus. The re- | 


maining four alloys with lower phosphorus content 
retained the phosphorus in solution at this tempera- 
ture. 

In order to complete the determination of the solu- 
bility line, two additional alloys were made up, con- 
taining respectively 0-75 per cent. and 1-16 per cent. 
of phosphorus. Specimens cut from these were 
annealed at 690 deg. C. for four days and quenched 
in water. On microscopic examination, phosphide 
was found only in the alloy containing 1-16 per cent. 
of phosphorus. The other alloy (0-75 per cent. P), 
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Fig. 14. COPPER- PHOSPHORUS ALLOYS. 
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of the alloy containing 0-95 per cent. of phosphorus 
was there any considerable amount of age-hardening. 

Further tempering experiments were carried out 
with these alloys at 350, 400 and 450 deg. C., respec- 
tively, for periods of from six to nine days. The 
results of Brinell tests on the tempered specimens 
showed that the greatest hardening occurred in 
specimens quenched after tempering at 450 deg. C., 
and that the alloy in which age-hardening occurred 
to the greatest extent was that containing 0-95 per 
cent. of phosphorus, in which the Brinell hardness 
number increased from 43 to 52. In order to determine 
whether this alloy would harden further after similar 
heat-treatment for a longer period, two specimens 
which had been annealed at 690 deg. C. for four hours 
and quenched were tempered at 450 deg. C. for 17 
days. No further increase in hardness was observed. 
A series of experiments was carried out to determine 
the minimum period of tempering at 450 deg. C. 
required for age-hardening. The specimens used were 
some that had been employed in previous ageing 
experiments, which had been tempered at 200 deg. C., 
but had not hardened. It appears that a minimum 





period of between four and six days is required for 


| complete age-hardening at 450 deg. C. 








British PropvuctTion or Pic-IRon anp STEEL.—The 
|number of blast furnaces in operation at the end of 
February was 162, a net increase of three since the 
beginning of the month. The production of pig-iron 
during February (a short month) amounted to 597,000 
| tons, compared with 650,000 tons in January and 519,000 
tons in February, 1929. The February output of steel 
ingots and castings totalled 776,400 tons against 771,100 
tons in January, and 774,900 tons in February, 1929. 
| The above figures are quoted from the monthly report 
| of the National Federation of Iron and Steel Manufac- 
| Sesere, Caxton House (East), Tothill-street, London, 
| x , 1 

| Se 


tempering at 400 deg. C., but that only in the case | 


| CATALOGUES. 





| 660-volt circuits. 

| Gas Holders.—Messrs. Newton, Chambers and Corn. 
| pany, Limited, have sent us an illustration of large and 
| medium-size gas holders, constructed at their works at 
Thorncliffe, near Sheffield. 

Letter Files.—A folder illustrating vertical, box and 
drawer systems of letter filing, with transfer and binding 
cases, is to hand from Messrs. The Shannon Limited. 
57, Victoria-street, London, S.W.1. 

Gyroscope.—Messrs. The Sperry Gyroscope Company: 
Limited, 15, Victoria-street, London, S.W.1, have sent 
us a copy of their periodical publication ‘‘ The Sperry- 
scope,” containing some useful information on thie 
subject of gyro-compasses. 

Electric Lighting.—A list of shop-window reflectors 
| and an illustrated description of lights applied to the 
interiors and exteriors of churches are to hand from 
Messrs. Korting and Mathiesen Electrical Limited, 
711, Fulham-road, London, S.W.6. 

Boiler Feed Water.—Messrs. The Liverpool Borax 
Company, Limited, Maxwell House, St. Paul’s-square, 
Liverpool, and the Feed-Water Specialists Company 
| have sent us some interesting bulletins dealing with 
feed-water and boiler management. 

General Engineering—The products of the Skoda 
works, illustrated in the monthly review issued by 
Messrs. The Skoda Company, Prague, Czechoslovakia, 
| include presses, locomotives, cranes, hydraulic turbines, 
'and electrical transmission and transforming plant. 


Superheaters.—Messrs. The Superheater Company, 
Limited, Bush House, Aldwych, W.C.2, have issued a 
reprint, in pamphlet form of Mr. 8. J. Evenden’s paper 

|}on ‘Recent Developments in Superheating,” read 
| before the Institution of Engineers-in-Charge in March, 

1929. 

Temperature Regulators.—Messrs. Drayton Regulator 
‘and Instrument Company, Limited, West Drayton, 
| Middlesex, have ,sent us a leaf catalogue of a dial-set 
| temperature regulator, designed to maintain any tempera- 
| ture, within a certain range, in accordance with the setting 
| of the hand. 

Air Compressors.—Messrs. Bernard Holland and 
Company, 17, Victoria-street, London, S.W.1, have 
sent us a leaf catalogue of a portable oil-engine driven 

| aie compressor, such as is used for road work. It is 
made in three sizes, to deliver 120, 180, or 240 cub. ft. 
| of air per minute. ; 
| Electric Rail Cars.—Messrs. The J. G. Brill Company, 
| Philadelphia, U.S.A., have sent us copies of leaf catalogues 
| of electric rail cars of four types, one four-wheel, and the 
| others eight wheel. Three of the cars are for one-man 
| operation, the passengers paying as they enter at the 
| front end, and leaving at the rear end. 

Electric Motors.—We have received from Messrs. 
British Brown-Boveri, Limited, 56, Victoria-street, 
Westminster, London, S.W.1, a booklet illustrating 

| the application of their motors to the direct driving of 
machine tools. <A copy of the firm’s monthly publication 
| describing electric locomotives supplied for service in 
Venezuela is also to hand. 

Gearing.—Messrs. Alfred Wiseman, Limited, Glover- 
| street, Birmingham, have issued a catalogue of gear 
wheels and pinions made of forged steel, cast steel, 
bronze and other materials, with straight or helical teeth. 
and in solid or split patterns. Those illustrated are 
suitable for electric tramway or railway service, and 
other similar heavy work. 

Fans.—A catalogue of cast-iron fans received from 
Messrs. Sturtevant Engineering Company, Limited, 
147, Queen Victoria-street, London, E.C.4, shows a 
range of Monogram fans for blowing and exhausting : 
also fans for water-gas plants, high-pressure working, and 
for conveying pulverised fuel. Some useful notes 
are given on the selection of fans, as to type and capacity, 
for given purposes. 
® Electrical Equipment.—Messrs. Ferranti Limited, 
Hollinwood, Lancs., have sent us a bound volume of 
their sectional catalogues with conveniently arranged 
indices. The sections deal with meters, non-magnetic 
iron, transformers, instruments, wireless apparatus, 
electric fires and hot-water supply tanks. All sections 
contain descriptive matter, priced lists, and ample illus- 
trations, and each section covers a much wider range 0! 
products than the heading suggests. 

Pumps.—Messrs. Tangyes, Limited, Birminghan 
have sent us a new catalogue describing a number o! 
their horizontal and vertical turbine pumps, with illus- 
trations of the application of these pumps to specia 
purposes, including deep wells, bore holes and drainag: 
Dimensions, efficiency diagrams and general informatio! 
are added. We have also received further pamphlet 
catalogues of the firm’s screw jacks and hydraulic jack= 
illustrations of typical examples of general products. 
and a priced list of small two-stroke vertical oil engines 


Electrical Machinery—We have received 8 further 
batch of sectional catalogues from Messrs. The Britis! 
Thomson-Houston Company, Limited, Rugby, includine 
a list of squirrel-cage induction motors, of the protected 
type, in sizes ranging from 1 h.p. to 25 h.p., cooline 
systems for turbo-alternators, air filters of the viscous- 
surface type, direct-current starting rheostats, aut 
transformer starting equipments for large squirrel-ca- 
induction motors, and ironclad oil-immersed therm«! 
circuit breakers. In all cases the descriptive matter 
gives the necessary information in the clearest form. 


Seheee — Tene, A. Reyrolle and Company, 
at 690 deg. C. for 30 minutes, was cold-rolled to| was found to be present. The results obtained show | ate neon gti! se ge claps yl bog — a : 


0-05 in. thick, receiving a final reduction in thickness | that the solubility of pho 
of 37-5 per cent. approximately. Pieces measuring 
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CELLULOSE IN THE LIGHT OF THE 
X-RAYS. 


Tue structure of cellulose was the subject of a 
Friday evening discourse, and of four subsequent 
afternoon lectures, delivered by Sir William Bragg at 
the Royal Institution between January 19 and March 4. 
In introducing his subject, Sir William dwelt on the 
predominance of certain elements and types of struc- 
ture in nature. Oxygen made up half of our world; 
compounds of the type Si0g and H,O predominated 
in organic chemistry, and carbon compounds in 
organic. Those compounds again were mainly 
developed in chain or in ring structures. Further, 
the character of growth seemed to be associated with 
the development of a fibre structure, and with com- 
pounds of the cellulose type. The cellulose molecules 
from wood, cotton, wool, silk, hair, &c., showed 
almost the same structures, the differences in the 
properties of those substances depending upon their 
other constituents. Chemically and structurally, cellu- 
lose, the sugars, starches, cellobiose, &c., were closely 
related. Cellulose consisted of molecules representing 
some multiple of the formula C,H,,0;. Chemists 
found that cellulose was a chain compound containing 
four CH-OH groups, and one group each of CH and 
CH,-OH. This last group was at one end of the 
chain; all the carbon atoms C were directly joined 
together, and one oxygen atom was connected on 
the one side with the first C of the chain, and on 
the other with the fourth or, more probably, the 
fifth C. How that was to be understood, chemists 
had not been able to decide, but X-ray studies had 
helped there and in other respects. Most of this work 
in its various aspects, was due to H. Mark, of Lud- 





wigshafen, in the first instance; the researches were 
afterwards taken up in the Davy-Faraday Laboratory 
and elsewhere. ; 

“When a pencil of homogeneous X-rays passed 
through a single crystal and fell normally on a photo- 
graphic plate, one set of the parallel atomic planes 
on the crystal might be in suitable position for reflec- 
tion—most of the planes would not be—and the 
reflection or diffraction would produce a spot of 
light. When the plate was turned in its own plane 
about the ray, the spot would travel in a circle and 
trace a ring. Other planes would come into position 
at different incidences, and would each give a ring. 
The same series of concentric rings would be produced 
when the ray was passed through a powder of many 
small crystals in random orientation, because some 
of the crystals would be in suitable positions. The 
Bragg condition for possible reflection was m\ = 
2dsin#, where \ was the wave length of the ray, 
@ the angle of incidence, and d the spacing of the 
Planes in the crystal. Every crystalline substance had 
its own characteristic ring system. Such rings were 
observed, for example, with cotton wool, showing 
that it contained very minute crystals in random 
orientation. When the particles in the powder or 
material were oriented in some particular manner, 
the ring broke up into ares or spots. A length of 
tamic fibre resembled a bundle of parallel thin sticks, 
each consisting of molecular chains in longitudinal 
orientation. The radiogram of a thin slice of the 
fibres showed a complex pattern of spots arranged 
apparently in several lines, when the pencil fell nor- 
mally on the specimen, which might be likened to a 
Plece of a very fine ruled diffraction grating. The 
accompanying illustration represents such a rotation 
tadiogram of a tiny crystal of asparagine, a derivative 
of one of the twenty odd constituents of wool. The 
tadiogram was taken by turning the crystal about a 
Vertical axis and making the horizontal pencil of 
ays fall normally through the crystal on to the plate. 
A ramie radiogram would be less sharp, owing to the 


There were some spots on the equatorial line, and 
other spots on slightly curved (hyperbolic) lines on 
both sides of the equator; if the photographic plate 
were itself curved, the lines would appear straight. 
Each spot represented the intersection of what would 
otherwise appear to be a ring and a hyperbola, the 
distances between the lines (the vertices of the hyper- 
bole) corresponding to the periodicity of the molecular 
arrangement. By periodicity or identity period was 
meant the length of the unit cell or unit pattern, 
corresponding to the smallest area of a wall paper 
which contained all the features of the pattern. 

These investigations indicated that the cellulose 
molecule had a ring structure, that is, five carbon 
atoms and one oxygen atom formed an erregular, 
but not closed ring, more or less in one plane with the 
sixth carbon, the hydrogen and oxygen atoms joined 
on outside, and one oxygen atom linking the molecule 
with its next neighbour. The one oxygen atom was 
alternately in front or at the back of the principal 
plane in the chain. The unit cell contained two such 
rings, and the length of the cell was 10-3 A. The 
cell was not cubical, but nearly so, and the two other 


the distance between the centres of two neighbouring 


distance between carbon atoms of the same molecule ; 
the distance between the carbon atoms of different 
molecules was generally about 3 A. In graphite, 
which consisted of very thin sheets, each merely a 
network of hexagons, the distance between two sheets 
was 3:41 A: in cellulose the distance between two 
planes of a fibre was 3-95 A. Temperature changes, 
heat or liquid-air cooling, hardly affected the diamond 
structure at all, but in graphite there was expansion 
along the weak bond between the layers. In cellulose, 
the chain length changed very little with temperature, 
but the distance between the fibres was affected. 
The rings and the longitudinal chains were strong, 
but the bonds between the parallel chains were weak. 
When the cotton fibre was stretched, the chain length 
hardly increased, and the radiogram did not at once 
change, but the chains seemed to glide over one 
another and to glide back when the tension was 
released. The spot patterns became better defined 
and the spots smaller, because the imperfect parallelism 
was improved by the stretching. Silk and also rubber 
gave ring radiograms. Rubber showed some tem- 
porary spot structure when stretched to more than 
four times its length; this indicated that crystallites 
formed which disappeared on releasing the stress. 
Artificial rubber gave no spot diagram. 

When methyl groups, CH, were introduced into 
cellulose the length of the chain was not increased, but 
the fibres were pushed farther apart, suggesting that 
the new radicles were joined on at the sides and not 
at the ends of the chains. This did not apply, however, 
to the more heavily substituted nitrocellulose an 
acetyl cellulose, which had longer chains. Cotton 
mercerisation (i.e., treatment of the stretched fibre 
with caustic soda) did not appear to alter the length 
of the chains, but to change the almost cubical units 
more into oblique prisms. In viscose (cellulose 
xanthogenate, made by dissolving cellulose in alkali 
and carbon disulphide), the cellulose structure was 
more or less retained. When, however, tunicine, an 
animal cellulose, was chemically dissolved and the films 
of the dried solution were rolled out and stretched, the 
spot patterns corresponding to radiation along the 
three axes, length, width and thickness, were not 
the same, the effect being as if some orientation had 
again taken place in the film. 











THE SOCIETY OF GLASS 
TECHNOLOGY, 


At the meeting of the Society of Glass Technology, 

held in Stourbridge on March 19, 1930, the following 

three papers were presented :— 

‘* Notes on the Manufacture of Refractory Materials 

in America,” By Mr. G. V. Evers. The author stated | 
that in America, several works were linked closely 
together in management, and standardisation of sizes 
and shapes of goods had proceeded much further than 
in this country. The American firebrick works were 
not, however, far ahead of us; in fact, in certain 
matters we were definitely leading. The excellent and 
accurate size and shape of the American firebrick were 
remarkable, whatever the refractory standard might 

have been. All processes, except burning, were | 
cheaply performed, yet prices obtained seemed to be | 
very high. The firebrick works plant of the St. Louis | 
district were comparatively modern, clean, and 

efficient. Fuel economy in the burning process 

ranged from very bad to very good. In only one 

plant was a continuous kiln seen, the hot gases being 

drawn from one chamber to the next. The number of 

modern plants still relying on the individual kiln system 


| 





imperfect orientation of the crystallites in the fibres. 





was surprising. Tunnel kiln firing was being adopted 


edges had the lengths 7-9 A and 8-35.A. Inadiamond | 


carbon atoms was 1-5 A, and that was the average | 


market. 


in an elaborate form, the Harrop kiln being most 
popular for refractory articles. In the Missouri 
district, in particular, the manufacture of the highly 
refractory Diaspore brick was an outstanding feature. 
Glass-house pots and blocks were seen in process of 
manufacture. The pots were made by hand, as with 
us, and were as thick as ours, in contrast with the 
German practice. Tanks block sizes and shapes were 
particularly uniform and good, but for ultimate 
quality we had, probably, the advantage. For silica 
brick burning, the circular independent kiln was in use, 
except at one works. 

“Glass House Refractories—A Study of Corrosion- 
Resisting Properties,” by J. H. Partridge, Ph.D. and 
H. C. Biggs. Dr. Partridge showed that it was very 
desirable to obtain a method of measuring rapidly 
}and quantitatively the corrosion-resisting properties 
of refractory materials, with a view to correlating the 
| results of laboratory tests with those of actual service. 
The test proposed by Mr. E. J. C. Bowmaker (J. Soc. 
Glass Tech., 1929, 13, 130) had been utilised in this 
newer work, and had become part of the laboratory 
| routine work on tank blocks. 

This test was applied to a number of samples of 
tank blocks, some of which had been tested in actual 
practice. The results obtained in the acid corrosion 
| test classified the blocks in the same relative order as 
their behaviour in practice. Tests were made on 
| samples as received, and after refiring to 1,450 deg. for 
five hours. A study of the results showed that :— 
(a) An improvement in resistance to acid corrosion 
was, in all cases, effected by refiring to 1,450 deg. ; 
(6) the greater the alumina content the greater the 
resistance to corrosion; and (c) low true porosity 
was beneficial, and should not exceed 20 per cent. 

Tests on sillimanite showed that the character of 
the bond was a vitalfactor. Not only must sillimanite 
be fired to 1,450 deg., but the choice and amount of 
bonding material were of great importance. Applica- 
| tion of the acid-corrosion test to pot-clay mixtures 
revealed that this test did not differentiate readily 
between the mixtures. The resistance to corrosion of 
the pot-clays was less than that of the good tank blocks 
examined. 

“Some Practical Results with Sillimanite Glass 
House Refractories,” by Mr. L. C. Gough. Difficulties 
met with in the early stages of the production of 
sillimanite pots were described, these appearing to be 
due largely to the use of an unsuitable clay as a bond. 
In only isolated cases had sillimanite pots produced 
stones in glass, and later results indicated that a more 
suitable clay bond was now in use. Higher tempera- 
tures of firing were also now applied, and hopes were 
held out for a more satisfactory pot. Pot-rings had 
remained in glass for 10 or more weeks, and given 
satisfactory service, but observations proved that, 
until the ring was sufficiently cheap to be used for 





d | one week only, to meet the custom of the glass workers, 


the use of such rings would not be extensive. It was 
hoped that the cheap rings would soon be available. 
Sillimanite sieges in pot furnaces were now common ; 
in either the “‘ rammed” or the block form. Sillimanite 
tank blocks had given very good results in the dog- 
house, as mantle blocks over the dog house, and on 
the flux line. Used in ports, the verdict had been 
variable. Samples were shown of blocks which had 
been used in a tank lining for 12 months, double the 
life of clayblocks in this furnace. It was recommended 
that the sillimanite content of blocks should not be 
too high, owing to the difficulties of bonding. Results 
obtained on feeder parts were not in agreement, but 
this was attributed to differences in firing between 
the brick works concerned. Repairs executed with 
sillimanite cements to crowns of furnaces were reported 
as satisfactory, and pyrometer tubes were now on the 








THE INsTITUTION OF ENGINEERS-IN-CHARGE.—One 
of the latest annual dinners of engineering societies took 
place on Friday, April 4, at the Holborn Restaurant, 
when the thirteenth annual dinner of the Institution of 
Engineers-in-Charge was held, The function, which was 
attended by a large company, had Mr. H. G. Burford, 
the president, as chairman. The institution has 
advanced rapidly in membership and importance, and 
Mr. Burford, in responding to the toast of ‘‘ Our Presi- 
dent,”’ proposed by Mr. G. A. Hughes, the chairman of the 
Institution, stated that it would shortly be necessary to 





consider seriously the appointment of a full-time secretary 
to look after its activities. The honorary secretary, 
Captain A. E. Penn, had for many years been doing 
more work than could reasonably be expected, and it 
would be necessary to have someone who could devote 
his whole time to the institution. The toast of “‘ The 
Institution ’? was proposed by Mr. A. E. L. Chorlton, 
who dwelt on the importance of the practical activities 
of the members of the institution. The note he struck 
was, to some extent followed up by subsequent speakers. 
The toast of ‘“‘ Engineering and its Application to Health 
and Progress,”’ was — by Sir Henry Maybury, 
and responded to by Mr. E. A. Sandford-Fawcett. 
Mr. Asa Binns proposed ‘“‘ Our Guests and Friends,” and 
Sir Henry Maddocks replied. 


PATENT RECORD. 


‘SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
tllustrated. 


Where inventions are communicated from abroad, the Names, &c., | 


of the communicators are given in italics. 
oe g Apenis ti may be obt i at the Patent Office Sales 
ra: 


the uniform price of 18. 

The date of the advertisement of the accept of a Complet 
Specification is, in each case, given after the abstract, unless the 
Patent been sealed, when the word “‘ Sealed” is appended. 

Any person may, at any time within two months from the date of 
‘the advertisement of the acceptance of a Complete Specification 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 





» 20, Southampton Buildings, Chancery-lane, W.C.2, at | 





MINING, METALLURGY, AND METAL 
WORKING. 


321,195. T. F. Pearson, Castleford. Molten 
Glass. (2 Figs.) May 4, 1928.—The invention relates 
to apparatus for the feeding of molten glass. According 
to the invention, the pouring orifice has arranged 
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co-axial with it an open cylindrical sleeve 2 extending | 
up beyond the level of the molten metal, but open to | 


hot gas and provided with an opening at the side remote 
from the main body of the furnace 4 which opening is 
controlled by a gate 6. (Sealed.) 


RAILWAYS AND TRAMWAYS. 


320,935. C. W. C. Hine, Westminster, London, 
and George Spencer, Moulton and Company, | 
Limited, Westminster, London. Central Buffer) 
and Draw Gear. (2 Figs.) July 26, 1928.—In a} 
central buffing and draw gear for railway vehicles | 
the buffing and draw spring 15 is mounted on the 
draw bar 18 between the end 7 of a U-shaped yoke 6 | 
connected by a slot and cotter 2 to the coupler head 1, 
and a follower plate 11 is arranged to slide on the yoke 
while the draw bar 18 passes through the follower plate 








and has mounted on its outer end a recoil spring 20 
enclosed within a bell or sleeve 12, which is also slidable 
on the yoke 6, and is disposed between the follower plate 
and the inner end of the coupler head. A central | 
portion of the draw bar, preferably formed of two | 
links 19, connects the and portions 18 and between 
the inner ends 24 of *he parts 18 and transverse 
members 27 of the vehicle underframe are arranged 
anti-surge springs 28. In bufling, the coupler head 1, 
sleeve 12, and follower plate 11 move together relatively 
to the yoke 6 and a pe the spring 15; in drawing, 
the coupler head 1 and yoke 6 move relative:y to the 
draw bar, and both the spring 15 and recoil spring 20 
are compressed. Undue strain on the latter spring, 
which is relatively light, is, however, prevented by a 
ring 21 forming a stop between the follower plate 11 
and a washer 2la on the outer end of the draw bar. 
(Sealed.) | 

322,428. The Ebbw Vale Steel, Iron & Coal Com- 
pany, Limited, Ebbw Vale, and G. Barrett, Ebbw | 
Vale. Metal Chairs and Sleepers. (12 Figs.) July 23, 
1928.—The invention relates to combined sleepers and 








| from, and afterwards permanently secured to, the upper 
| Side of the sleeper by electric welding and has formed 































ENGINEERING. 


chairs of the kind formed of rolled or stamped metal and 
in which each chair comprises a sole plate made separate 


integrally therewith jaws adapted to receive between 


| — a —— rail and to hold such rail in position for 
S18 6 | use by a suitable key. In a combined metal sleeper and 
in each case; where none is mentioned, the Specification is not | «3 Pe 
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chairs of the kind referred to, according to the invention, 
each chair comprises a sole plate 1 provided with projec- 
tions or strips 2,that extend below its lower surface and 
are electrically welded to the sleeper 4 so as to secure 
the chair permanenily thereto. The projections or 
strips 2 extend through openings 3 in the sleeper 4 and 
are secured to the underside of the sleeper by electric 
welding. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


322,710. L. Ferguson, P. Ferguson, and R. Fer- 
guson, Port-Glasgow. Ships’ Stern Tubes. (3 Figs.) 
March 22, 1929.—The invention relates to oil-retaining 
apparatus for ships’ stern tubes. The invention consists 
in the incorporation in an oil-retaining apparatus of the 
type comprising a pair of segmental channelled metal 


rings 1 and an interposed segmental packing ring 7 




















(322.710) 


urging the metal rings apart, of means for interconnec- 
ting the metallic rings 1 comprising snugs 11 formed on 
one metallic ring and overlying the other ring and 
slotted members 12 disposed radially of such other 
ring and engaged by the snugs, the snugs and slotted 
members being disposed externally of the packing ring. 
(Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS &c. 


321,179. The United Kingdom Self-Adjusting 
Anti-Friction Metallic Packing Syndicate, Limited, 
Liverpool, and F. F. Brookes, Seaford. Metallic 


Fig A 





Packings. 


(4 Figs.) 
relates to metallic packings for stuffing boxes. According 
to the invention, divided cast-iron packing rings D, 
fitted with encircling springs d4, are employed and are 


July 28, 1928.—The invention 
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arranged in pairs, the adjacent faces of the rings of 
a pair abutting and the rings of each pair being pegged 
together, as at d3, to retain them in the relative angular 

sition in which the respective obliquely-disposed 
joints dl between the sections into which each ring js 
divided are broken. (Sealed.) 


322,307. The Stirling Boiler Company, Limited, 
London, and H. S. Horsman, London. team 
Generators. (2 Figs.) November 10, 1928.—Thoe inven. 
tion relates to vertical or semi-vertical tube boilers 
employing two or more mud drums ¢ and wing or later. 
ally disposed steam drums } located symmetrically of 


» Figt 
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(322,307) 


the combustion chamber f. In: accordance with the 
invention, the mud drums c of the boiler are connected 
by horizontal external pipes 7 of low hydraulic resistance 
unobstructed by valves, or each mud drum ¢ is connected 
to the wing steam drum 6b of the other half of the boiler 
by external pipes k of low hydraulic resistance un- 
obstructed by valves.—(Sealed.) 


322,721. G. & J. Weir, Limited, Cathcart, 
Glasgow, and J. Sim, Cathcart, Glasgow. Multi- 
Stage Steam-Jet Ejectors. (1 Fig.) May 16, 1929,~ 
The invention relates to multi-stage steam-jet ejectors, 
for example, to the ejectors used to discharge the air 
from the main condensers in steam-power plants. The 
invention consists in employing, for inter-condensing, 
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a surface condenser f and a direct-contact condenserié, 
the two being arranged in series with the surface 
condenser nearest to the first-stage steam-jet d andjthe 
cooling or condensing water, in the surface inter- 
condenser f, being thereafter delivered into the feed 
system, the heat transferred in this condenser being 
thus conserved. (Sealed.) 


MISCELLANEOUS. 


318,369. J. W. Jackman and Company, Limited, 
Salford, and F. W. Neville, Salford. Sand Blast 
Apparatus. (5 Figs.) August 15, 1928.—The inven- 
tion relates to sand blast apparatus designed for sand 
blasting over a wide surface and provided with a long 
slot discharge nozzle to which the abrasive material is 
delivered over the whole length of the nozzle from 4 
hopper or container into the air blast and with means 
for eesine the articles across the issuing sand blast. 
According to the invention, the apparatus comprises 





























a relatively long nozzle A of length equal to the width 
of the plate or sheet to be treated, a gravity or mechanic 
feed control unit M disposed directly above the nozzle 
equal in length thereto, from which the abrasive falls in 
measured or regulated quantity, a pressure chamber or 
container B for the abrasive from which it is deliver 
uniformly over the length of the feed control device 
and a passage. T’ between the feed control device r 
and the wom 4 A into which the pressure air enters, 40 
from which the blast of air and abrasive is delivere 
over the full length of the nozzle. (Sealed.) 
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THE THICKNESS OF BOILER TUBES. 
By James Gray DocHERTy. 


In choosing the thickness of tube suitable for 
modern highly forced boilers, the designer is faced 
with two conflicting considerations. He must choose 
a tube thick enough to withstand the pressure 
stresses, and to have a reasonably long life in spite 
of corrosion, and at the same time he must keep 
in mind the fact that the temperature stresses in 
the tube increase rapidly as the thickness is in- 
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cent. increases the stresses by a relatively small 
amount, to a value which is much less than that 
obtaining in the tubes generally fitted. It must be 
remembered that the stress in the tube is of a 
complex nature. There are acting: (1) circum- 
ferential or hoop stresses due to temperature and 
pressure ; (2) radial compression due to pressure, 
and (3) axial tensile stresses due to temperature and 
pressure. To take the greatest of these three as 
the criterion of safety is a simple, but unfortu- 





nately, erroneous hypothesis. The equivalent 
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creased. In modern boilers, these temperature 


stresses are important, and, especially in the fire- 
Tow tubes, are often much greater than the pressure 
stresses. In the opinion of the author, the present 
practice is to fit fire-row tubes of excessive thick- 
hess, as a large margin for corrosion can be given 
with considerably thinner tubes, less highly stressed 
in consequence of the reduced thickness. 

The object of this paper is to present (1) a simple 
method of deducing the “ equivalent” or “ resul- 
tant” stress in tubes of any given thickness under 
any given conditions of heat flow and pressure, and 
(2) a means of determining the tube thickness which 
gives the minimum equivalent stress under these 
conditions. This ‘“‘ best’ tube thickness must, of 
course, be increased to allow for corrosion, &c., 
but it will be shown that, even an increase of 100 per 











qin) 


valent Stress (Lb.per'S: 





> 


0 -02 -04 :06 08 10 12 -4 +16 18, 
(1909.£,) t we Inches. “ENGINEERING” 


stress depends on all three principal stresses, and 
in his calculations the author decided to adopt 
the strain-energy hypothesis recommended by 
Professor B. P. Haigh, as giving the most satis- 
factory agreement with experimental results. 
The work is simplified, to some extent, by the fact 
that the equivalent stress is always a maximum 
on the inner surface of the tubes of water-tube 
boilers. (See a paper by the author, Proc. Inst. 
Mech. Eng., December, 1928, page 921.) 

The method of calculation is indicated in the 
Appendix, and the results are given in the diagrams. 

Fig. 1 gives values of the ratio ee is tae 


(represented by the symbol B), ona base proportional 


for tubes of various thicknesses. The ratio A is 
actually 
Ea Q.D 
(l-o)K* p”’ 
where E = Young’s modulus of material of tube. 


a = coefficient of linear expansion with tem. 
perature. 
o = Poisson’s ratio. 


K = heat conductivity. 

Q = heat flow per unit time per unit area of 
outside surface of tube, 

D = outside diameter of tube. 

yp = pressure inside tube. 


This can be calculated, or deduced from the 











to the ratio nen ee (represented by the symbol A), 


pressure 














on Ftg.i. > nomogram, Fig. 2. Two scales are given on the 
1-02 By 73) leer heat-flow line, one for use when im yk -Q.D has 
50 pF Z 4 been worked out, and the other, for steel tubes only, 
6, al ae Po in the use of which only Q.D. need be evaluated. 
wy f A at 5 it In this latter case, Q must be in B.Th.U.’s per square 
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a o = 03 
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suai K= 616 x 10-4 
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ke Ke The quantity 
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external diameter 

~~ internal diameter" 

the relation between & and the actual thickness for 
‘ > : k—1 

any given diameter, viz., t = Zk D. 

When the appropriate value of B has been 
obtained from Fig. 1, the third, fourth, and fifth 
lines of the nomogram, Fig. 2, enable.the equivalent 
stress for the given pressure to be evaluated, the 
relation being, equivalent stress = B x pressure 
in tube. 

Fig. 4 gives the “‘ best ” value of & for any given 
heat flow and pressure, as represented by the ratio A. 
There is also plotted the value of B corresponding 
to the “‘ best ” value of k, from which the minimum 
equivalent stress for these conditions can be de- 
duced. This diagram was derived, graphically, from 
Fig. 1. 

The use of the graphs can be illustrated best by 
means of an example. In the fire-row tubes of a 
modern highly forced boiler, it was estimated that 
the value of Q was about 2,400 B.Th.U.’s per foot 
per minute at full power. The external and internal 
diameters were 1-75 in. and 1-44 in., respectively, so 
that & = 1-215. The pressure was 250 lb. per square 
inch. 





The nomogram, Fig. 3, gives 


Q.D = 4200 BIHU: 


ft.2 min.” 
and, from Fig. 2, A = 826. 
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From Fig. 1, the value of B for tubes with k = 
1-2 is 52-2, and for tubes with & — 1-25, is 62-8. 
Fork = 1-215, B may, therefore, be taken as 55-4. 
Using Fig. 2 again, this gives the equivalent stress 
as 13,850 Ib. per square inch, or 6-2 tons per square 
inch. 

Fig. 4 shows that the “‘ best ” value of k would be 
1-062, and the equivalent stress, in that case, would 
be 3-45 tons per square in., i.e., the stress in the 
actual tube is 80 per cent. greater than that in the 
“best? tube. The tube thickness is reduced from 
0-155 in. to 0-051 in. 

Fig. 5 shows how the equivalent stress varies with 
tube thickness. It brings out, very clearly, the 
high stress in the tube as fitted. With 100 per cent. 
allowance for corrosion, i.e., with a tube thickness of 
0-102 in., the stress is only increased to 4-3 tons 
per square inch, or about 28 per cent. above its 
** best ”’ value. 

There is evidence that high stresses do exist in 
these fire-row tubes. After steaming at full power, 
it is not unusual to find slight distortion in some of 
the tubes, and, in cases where scale has been allowed 
to develop, bulging and penetration occur, the 
presence of the scale having raised the mean tem- 
perature of the tube to such an extent as to cause 
loss of strength. In spite of this evidence, the stress 
values deduced above may be criticised on the ground 
that the assumptions involved are somewhat 
academic. For example, E, «, o, and K are assumed 
to be constant with respect to temperature. This is 
far from true, and the influence of such changes on 
the stresses would be hard to estimate, even if the 
mean temperature of the tube were known with any 
degree of certainty. It is also assumed that the 
heat flow is uniform round the circumference of the 
tube, which is certainly not the case in practice, 
though it is probably more nearly so than is generally 
supposed, especially in highly forced boilers, in 
which observation shows that the flame extends 
well beyond the fire-rows. 

It seems reasonable to assume, however, that 
the actual stresses in a tube will be in some more or 
constant ratio to the hypothetical stresses 
deduced above, and that the curves can be used as 
a basis of design in the sense that, if a tube gives 
satisfactory service under any given conditions, the 
equivalent stress deduced for that tube may be 
used in the design of another tube under somewhat 
different conditions. 

it should be noted that it is only under modern 
conditions of large heat flow that this question of 
tube thickness becomes important. With smaller 
heat flow, i.e., with smaller values of A, Fig. 4 
shows that the ‘“ best” value of & is higher and 
more nearly in agreement with present practice. 
The stresses, too, are lower, so that greater liberties 
can be taken in choosing the tube thickness without 
any fear of overstressing. 

One further point may be mentioned. It is shown 
in the Appendix that the temperature stresses are 
proportional, not simply to the heat flow, but to 
the product of heat flow and tube diameter. It is 
possible to reduce the stresses by fitting smaller 
tubes, but progress in this direction is limited by the 
danger of burning out the tubes due to bad circula- 
tion, and it is probable that present practice has 
gone as far as is safe. 


less 


In conclusion, the author desires to express his 
thanks to Professor B. P. Haigh, D.Se., and to 
Commander 'T. H. Simpson, R.N., for much help 
and criticism in the preparation of this article. 


APPENDIX. 


Derivation of the Form tle for Temperature and Pres- 
sure Stresses in Thick Tubes. 
Hypotheses. It is assumed that, 

(1) the metal behaves elastically throughout, 
with constant Young’s modulus, E, and Poisson’s 
ratio, o. 

(2) The tube is circular in section, the external 
diameter being & times the bore. 

(3) ‘Temperatures and pressures are uniform over 
the outer and inner surfaces. 

(4) The tube is long enough to justify the assump- 
tion that plane transverse sections remain plane. 

The notation used is as follows :— 


Inside radius of tube = r, 
Any radius in tube = r = nr, 
Outside radius of tube = rz 
Outside diameter = D 
Young’s modulus = E ) 
Poisson’s ratio = o nee a 
Coefficient of linear expansion ; 
with temperature = a H 


assumed to be 
independent of 





Coefficient of heat conductivity | temperature. 
=K .... fs os ee, 
Temperature at any radius r = 0 
Pressure on surface of tube = p 
(considered positive) 
Hoop stress at any radius r = x ) considered 
Radial stress at any radiusr = y ;¢ positive as 
Axial stress at any radius r = z J tension. 


u is the change of radius, due to stress and tempera- 
ture action, of an elementary cylinder of radius 
rand thickness 8 r. See Fig. 6. 
Equations of Stress and Strain. 

In a cylindrical element, the inner and onli 
radii, r and (r + 8r) when cold and unstressed by | 
pressure, increase to (r+ u) and {(r +87) +| 


(u+8u)} respectively when the temperature is} 
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increased by an amount @ and a pressure p is 


applied. See Fig. 6. 
Hence 
‘ u x2—oy-—c2z 
hoop strain = a@-- y = (1) 
r E 
. . bu du. ar 
radial strain = = in the limit 
dr dr 
Y¥—az—co2x 
af +— ——— . «“(2) 


E 
axial strain = constant by hypothesis (4) 
~~ Ce = € 
OPT ease as 
E 

Equations of Equilibrium. See Fig. 7. 

ment is in equilibrium, so that, equating the radial 
forces on unit length, we have 


(3) 


© 


ytdéy(r+orhig—y.r.5b¢—2.5r.6g9=90, 
which reduces to 
dy 
2—g= Ff. ‘ r ;: 4 
y dr (4) 
For axial equilibrium under temperature stresses 
it has been assumed that the tube is free from axial 
constraint, so that 


re 
27.2ar.dr=0 : = wtB) 
r) 





. 


zy = axial stress due to temperature. 
For the pressure stresses it has been assumed that 
the ends are closed, so that 


Tk 
Zep. 2ar.dr=p.ar, 
2 


(5a) 


zy == axial stress due to pressure. 
Equation of Heat Flow.—Considering an elemen- 





1 eliminating x ‘2, > and 
jand eliminating 2, 7 9,’ 7 


tary cylinder of unit length as before, with tem- 
perature difference 5 6 between the walls, 


Inward heat flow per unit time = 2mr.K. a 
Hence, 
Q = heat flow per unit area of outside wall 
2ar.K. ph 
it time = <nmeectte 
per uni 7D 
or 
e¢_ aD 
dr 2Kr : - 


The remaining work is purely mathematical. 
Eliminating w from equations (1) and (2) by differ- 
entiating (1) and equating to (2) gives, 


; dz dy dz 
@—natote (Fe —agh -oge) 
dé : 
= — eee . . (7) 
= S50 
UJ 
oy 
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es ef by means of 


| equations (3), (4) and (6) gives, after simplification, 


The ele- | 





d dy Ea 

— (eS?) = —_ =. .r.@.D. 

id ig Zz) 2(1—o)K 

Integrating twice and substituting r= 7-1") 
gives an 
b Ea 
ii ale le ne Das a me Ae . (9) 
{“*-S"acen . 


and, hence, from equation (4) 
b Ea 


2z=ea+- 82 a + logen) (10) 


nm? (l—o)K° 4 
where a and b are constants which depend on boun- 
dary conditions. The axial stress, z, is most easily 
determined after the other two stresses are evaluated. 
Although the constants, a and b, could be deter- 
mined for the case of temperature and pressure 
acting simultaneously, it has been found simpler, 1n 
practice, to deal with the two kinds of stress sepa- 
rately. 
For pressure stresses only, Q = 0, so that equa- 
tions (9) and (10) reduce to the well known Lame 


. b b 
equations, tp = 4+ =5 and yp = @ — =. 
The axial stress is constant throughout the sect ion, 


. 1 ‘ or, 
| and is given by zp = P- @—4 from equation 5 (A): 


For temperature stresses only, the boundary 
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tem conditions are yp = 0, when n = 1 and n =k, i.., | THE INSTITUTION OF NAVAL amidships. The actual records taken showed that 
on the inside and outside surfaces. Hence, = | ARCHITECTS the damping was approximately linear. The small- 
oe . . : ness of the damping, which was of the same order as 
or Paes saps QD a . loge k | (Concluded from page 516.) that due to the elastic hysteresis of the steel, con- 
-a = re | On the morning of Friday, the 11th inst., the | firmed the relative unimportance of fluid friction at 
_. Be Q (nr? +1) Op | chair was taken by Sir John Biles, who opened the | the low velocities involved. 
“(l= 0)K La (@ — 1) °° | proceedings by calling upon the Secretary to read) The author concluded that, the damping being 
1 + loge n | the names of proposed new members, and those | small, the critical range in any particular condition 
me tone] | recommended by the Council for transfer in the of loading was small, and for a cargo boat whose 
af be | various grades. The names of over 200 candidates | displacement might vary considerably, the total 
6 Ye = we Q. ef ch ha loge k | were read, and these having been duly ‘ approved range to be avoided was considerably increased. In 
G-as ‘mer = 4) by the meeting, the business of appointing the | addition, the small degree of damping meant that 
= os es serutineers for the next annual meeting was pro- | a relatively small force was effective in causing vibra- 
Fer. 4 | ceeded | with. The next business taken was the | tion when resonance occurred, the “‘ dynamic magni- 
igs ; : alteration of bye-laws relating to the admission of | fier” being large. If resonance could not be avoided, 
zgmust then determined from equations (3) candidates, to which we referred when dealing| the balance required special consideration. A 
and (5). The process is somewhat laborious, but with the report of the Council on page 484 of our | further point was that it was not sufficient in general 
the final result is, last issue. The proposal to alter the bye-laws was to consider only unbalanced forces and couples, 
Ea k2 | introduced by Sir William Berry, who outlined | but for a relatively long engine, the ‘“ internal ” 
7) ame eee) QD Eos: loge'k | briefly the reasons for the changes contemplated. | balance must also be considered. An engine 
1 + 2logen — proposal having been seconded by Sir Robert balanced as regards the first two factors might still 
— —— "|. | Dixon, was put to the meeting and carried unani- | cause vibration, and if forces or couples existed, the 
| mously. effect of the third factor might act either in opposi- 
In the paper already referred to, the author has | VIBRATION IN SHIPS. tion to, or in conjunction with, the first two, de- 
shown that, for the tubes of water-tube boilers,| Tye chairman then called upon Mr. Robert pending on the type of engine and its position on 
the stress equivalent to these six stresses is a maxi- | Sulzer to read his paper entitled “Causes and the ship. 
mum always on the inside surface, i.e., when n = 1./| Prevention of Vibration in Motor Ships.” This The joint discussion on the two papers was 
In that case the stresses are, | paper is reproduced, in abridged form, on page 551 | (pened by Commander C. J. Hawkes, who referred 
R41 ke | of this issue. After it ‘had been read, Sir John | to two points in the paper by Mr. Sulzer. He said 
t= P- iy ry =h Es: loge k | Biles said that, in view of the next paper on the | that no details were given of the calculations for 
ye= —p. (because the 1 | agenda being also devoted to vibration, it would determining critical speeds, and as regarded the 
stress is compressive, * + | ‘be convenient to discuss both together, and he | Propeller, it would be interesting to know what 
ie., negative, and p ‘ei | therefore called upon Dr. J. Lockwood Taylor to | had been taken as the virtual increase in mass due 
=e posi- a : /read his paper, entitled “Vibration of Ships,” | t© entering water. Further, had the same figure 
ae . | before opening the discussion. been taken for all the propellers considered, and 
3 =P. 2 where h = —-* _Q-D | The primary object of the work dealt with | Could the author give the justification for the figure 
: (i) & in this paper was the quantitative correlation of | 8sumed. It was stated in the paper that the 
Values of @. ay 'the results of calculated vibrations with actual|™aximum stresses reached during the critical 
cake -* = and + have been calculated and | measurements on ship-board, the latter having been | Petiods had been calculated from the measured 
are shown in Figs. 8 and 9, which can therefore be | obtained with the Cambridge low-periodicity vibro- | ™P: litudes, and he would like to enquire in this 
used to deduce the individual temperature or pres-| graph, described on page 50 of vol. cxxv of ENGT- | connection what damping factor had been assumed, 
sure stresses if required. It will be noted that the | NEERING. The paper was divided into sections | 204 whether the same factor had been assumed 
stresses due to heat flow are almost directly pro- | dealing respectively with the causes of the vibrations | for all engines. , eed 
portional to & for these thin tubes. |encountered, a comparison of the observed and| . Mr. A. T. Wall said that vibration was one of 
Equivalent Stress.—According to the strain-energy | calculated frequencies, the amount of damping and the most difficult problems confronting the designer, 
hypothesis, the stress, f, equivalent in severity to| the amplitude of vibration, and the balancing of as although the vibration periods could be calculated 
the combined effects of three principal stresses | the machinery in the light of the amplitude calcu- for both engines and hull, the natural period of the 
2, y, and z, is given by ‘lation. In dealing with the causes of vibration, | 788el varied greatly with the loading, a factor of 
ET ae |it was pointed out that this might be due to the Very great importance in the intermediate type of 
fatty t+e—2o(z.y+y.z+ 2.2). | propeller, the unbalanced forces of the reciprocating Ship. While he thought that Dr. Taylor was to 
On substitution for the hoop, radial and axial| Machinery, or the firing impulses in the case of be congratulated on the close agreement recorded in 
stresses, xp + ap, yp + yx, and zp + zp, respectively, | internal-combustion engines. The most sensible Section II of his paper, it would appear that this 
this reduces to an equation of the form “’| vibrations met with were found to be due either | #gteement was not close enough, as the necessity 
2 to the primary unbalanced forces in the reciprocating | Of increasing or decreasing the speed to avoid 
fP=a.V+B.h.pt+y.p% 'machinery, or to the firing impulses of internal- critical —. even 3 ba 4 _ = _— be 
ee ae ene tp Xp | combustion engines, the former, with a frequ quite serious, due to the mechanical problems 
where «, 8, and y are known in terms of >? *? &e., | corresponding ‘ithe the crankshaft pee seid involved in the case of an increase, and the loss of 
for any assumed values of k. | characterised by a large amplitude and low fre- Speed of the vessel in the case of a decrease. Fre- 
of On dividing by p, this may be written | quency, and the latter by a small amplitude but a quently, troubles due to vibration were not dis- 


yn, 


| relatively high frequency, equal to the crankshaft 
| speed multiplied by the number of cylinders for a 
| two-stroke cycle engine, and by the crankshaft 
|speed multiplied by half the number of cylinders 
BY a. A248. B+ | for a four-stroke cycle engine. In addition to the 
see cherie eee The Me | vibrations mentioned, which were of the “‘ forced ” 
__From this equation, Fig. 1 has been deduced. | type, the vessel might also vibrate with its own 
The graphs are practically straight, being portions | natural frequency. 
of hyperbolas remote from the vertex. Fig 4 was| Dealing with the comparison of observed and 


(4)'= (3) 08) +» 


or in the notation adopted, 


covered until the actual sea trials, and they were 
then apt to be very difficult to correct. It had 
been suggested by Mr. Sulzer that local vibration 
could usually be overcome by the fitting of light 
stiffening, but this solution might be exceedingly 
inconvenient if the stiffening had to be introduced, 
say, in a highly-decorated dining saloon. 

Sir James Henderson pointed out that Mr. Sulzer 
had dealt only with multiples of the fundamental 


deduced graphically from Fig. 1, by choosing a value calculated frequencies, the author gave a table of frequency, whereas sub-multiples might be of 
of A, plotting the corresponding values of B for|the two frequencies for four vessels in different importance, and referred to his own work in con- 
; different values of k, and so determining which | Conditions of loading, the agreement being close, nection with the Mauretania, recorded in the paper 
value of k gave the minimum value of B (i.e. of | Particularly for the two-node vibration, with an read before the Institution in 1909. This paper 


equivalent stress) for the assumed value of A (i.e. | average difference of less than 2 per cent. The 
of heat flow and pressure). The complicated nature | Recessary corrections for shear and virtual inertia 
of the expressions involved ruled out more direct | Were directly calculated in each case from the 
methods, e.g., differentiation. ase esn of the vessel. In the third section of 
the paper, dealing with damping, it was pointed out 
| that the rate of dissipation of the energy of vibra- 





was reprinted on page 452 of vol. Ixxxvii of Enat- 
NEERING. 

Mr. G. S. Baker, referring to the effect of the 
water on the vibration periods, said that there 
were three factors to be considered, the total mass, 
the mass distribution, and the initial distribution. 


Exports or Brrvist i ifyi 
a. ‘ORT sH TIN-PLATE.— £ , . . ante y 
a note that, compared with the si ee tion was of importance as determining the maxi- | In Table I of Dr. Taylor’s paper, there was a fairly 
ie porta of tin-plate and tinned sheets have increased |™um amplitude of vibration arising from the | constant addition to the mass for several different 
a- 0 > = 4 : . . s . 
a \t 10 per cent. According to the annual report | actions of known unbalanced forces. It was| ships, and this appeared suspicious unless the ships 
| 


on the Welsh ti = : 
tad Coventry, 110, Cannan tttot Comite Ent, in | Peminle to dedupe the damping coefficient in the 
aha y, 110, - » London, E.C.4, > a 
Tee ports of tin-plate totalled 579,778 re anaes — of ri particular veasel from a record of the 
—_ ts against 532,429 tons and 10,483,2241. in| free vibration immediately after launching. The 
-.,.ustralia headed the list of importing countries, | sudden release of the fore-poppet pressure when 


4 position she has occupi si ; 
57,109 tons in rts oe for the past six years, taking|the vessel reached the way ends set up a two- 


| were very similar. Again, in Table II, the added 
mass for lateral motion was given, and although 
two sides of the ship were involved instead of one 
bottom, the mass was much less than in Table I. 
A third point was that the frequency calculated 





"4 0 J Holland was second with 43,62 ° ‘ , / 4 

) tons, and Italy third with 33,157 tons. In the majari ” | node vertical vibration, which could be detected | from an assumed deflection curve would be above 
of cases, other apa é _ _ In the majority 2 js 2 

- ; countries importing British tin-plate also | about 70 seconds after the drop, although the| the true value, and the negative signs in Table I 


recorded increases in 192 pie a . 
in 1929. jnitial amplitude did not exceed about 5-in. 





appeared to be suspicious in this connection. It was 
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stated in Mr. Taylor’s paper that in spite of the 
large masses of water, the damping effect was un- 
important. This was difficult to believe, and 
he would like to ask what precautions were taken 
in obtaining the damping curve, and how the 
conclusions recorded in the paper were reached. 
The estimated water distribution played an im- 
portant part in these problems, and this was based 
on the assumption of two-dimensional flow. He 
had not read the paper referred to in Appendix A, 
but if steady flow were assumed it could hardly be 
applicable to the cases considered. In any case, 
it did not appear worth while to go into the mass 
distribution of the hull and contents in detail when 
a large unknown mass of water had to be added. 
Neither Taylor nor Moullin gave any method of 
taking account of variation of mass except by a 
fresh calculation, but many years ago Mallock 


suggested that frequency should vary as the square. 


root of the elastic hull weight divided by the dis- 
placement, so that distribution was ignored. The 
speaker had found that one Schlick constant would 
cover load and light conditions of vertical vibration, 
and load lateral vibration, with such a term in the 
formula. It still remained to be decided whether 
inertia variations along the ship had any material 
effect on frequency. If the effect could be assumed 
as small, a modified Schlick formula could be used. 
Mr. Taylor had cleared up many points on vibra- 
tion problems, and it would be of great value if 
he could summarise his results in so far as they 
showed present methods to be right or wrong. 

Mr. A. W. Allen, referring to the case of the 
vessel equipped with two 4,000 b.h.p. engines 
quoted by Mr. Sulzer, said that he might add that 
the auxiliary engines setting up the vibration 
were identical with many others which had caused 
no trouble, and this brought out the importance of 
the design of the particular vessel in relation to 
the engines. What actually happened was that 
the superstructure was set into vibration, and 
this could only be stopped by reducing the speed 
of the auxiliaries. 

Mr. E. B. Moullin asked for further information 
on the method of allowing for the entrained mass of 
water associated with the propeller. He was par- 


ticularly anxious to know whether definite figures | 


were available, as he was at present working on the 
problem. With regard to the solution suggested by 
Mr. Sulzer of stiffening the shafting, and possibly 
reducing the moment of inertia of the propeller and 
flywheel, to lower the critical speed in the case of 
engines with four or six cylinders, he would suggest 
that it might be more desirable to fit a weaker 
shaft in conjunction with a heavier flywheel. He 
agreed with Dr. Taylor that the damping effect of 
the water was extremely small. His own experience 
in sea trials had confirmed this, and, in addition, 
confirmation was given by some experiments he had 
carried out at Cambridge on timber baulks vibrated 
in air and water, the energy absorbed by the water 
being almost negligible. With regard to the effect 
of the depth of water, he noticed that the frequency 
in deep water for one vessel was 87-9, and in rela- 
tively shallow water 80-5, and he would like to 
enquire what was the clearance depth under the 
ship in the latter case, as his own work indicated 
that the clearance must be very small to make 
such a difference. 

Mr. Hamilton Martin said that the many theore- 
tical investigations now available of hull and engine 
vibrations were of great value to builders of marine 
Diesel engines. In spite of the information available, 
however, torsional vibrations in crankshafts and 
intermediate shafting still frequently occurred. 
Balance weights on the crankshafts appeared to be a 
necessary evil, as they might add to the internal 
stresses in the shafting, particularly at the couplings. 
He would like to enquire to what extent slight errors 
in the initial balance of such parts as multi-cylinder 
crankshafts added to the magnitude of any torsional 
vibration built up. In this connection, it might 
be noted that in naval work, intermediate and 
other shafting is very closely balanced, as well as 
the propellers. Mr. Sulzer had stated that with 
long intermediate shafting on four-cycle engines, 


the critical speed lay so low that it was impossible | 
to consider means of raising it above the normal | 
service speed range, and a very heavy flywheel | 


was chosen to keep down the critical speed on light 
loads. Additional torsional stresses in the shafting 
were also reduced by this method. The greater 
the flywheel effect of the engine, and the lower the 
propeller flywheel effect, the less would the stresses 
be felt, and this might be one method of reducing 
unpleasant effects. The stresses, however, would 
still occur in the shafting, and from this point of 
view, also, the greatest possible initial balancing 
of the flywheel, crankshaft, and so on, should be 
attempted. He would like to enquire whether it 
had been definitely proved that a multi-bladed 
propeller, strong and rigid, but of narrow fore and 
aft section, running at higher speeds than those 
normally employed, and thus being suitable for 
Diesel-engine drive, would not give a smoother 
action than that commonly found, and yet a reason- 
able efficiency. 

Mr. J. Calderwood, referring to Mr. Sulzer’s 
paper, said that a warning might have been added 
against the danger of using approximate methods 
of calculation. This was particularly dangerous 











when dealing with torsional vibrations. He also 
thought that the remarks on balancing might have 
been amplified, greater stress being laid on the fact 
that the ordinary methods of ascertaining the bal- 
ance only apply to perfectly rigid engines. He 
was of opinion that many cases of bad vibration 
in Diesel-engined vessels -were primarily due to 
bending moments in the engine itself. As regards 
the effect of entrained water in the propeller, 
raised by another speaker, he said that he had 
himself taken many measurements of this, and 
had found that the correction required was never 
more than 10 per cent. As regarded the damping 
factor, this might be accurately determined on 
a few engines of different type, and the information 
utilised to prepare curves of general application. 
Mr. J. Reid stressed the effect of irregular firing 
impulses as a source of vibration. In many engines 


the horse-power developed by individual cylinders | 
| tically uniform data, such differences as occurred 


was by no means the same, and in one case he had 
investigated this was traced to irregularities in the 
air supply to the different cylinders. As regarded 
vibration caused by auxiliary engines, he thought 
that it would be a great help in locating this if 
more convenient instruments could be developed 
to detect irregular firing. He had found that the 
depth of water had a very pronounced effect on 
vibration. 

In replying to the discussion, Dr. Taylor said 
that, as regarded transverse engine vibrations, the 
frequency in the vessel would not necessarily be 
the same as that on the test bed, as the actual 
frequency was a function of the engine and its 
foundations as a whole. In answer to Mr. Wall, 
he thought that the ultimate solution to the 
problem of local vibration must be a calculation 
of the frequencies in advance, but designers were 
not at present in a position to do this. As regarded 
Mr. Baker’s remarks, it would appear that the 
speaker had not appreciated that the virtual 
mass figures given in Tables I and II of his own 
paper were calculated by the method shown in the 
appendix. No empirical factor or personal judg- 
ment were required. The fact that the recorded 
masses in Table I were all very similar was merely 
a coincidence. The frequency errors being all in 
the same direction was merely a matter of under or 
over-estimation of the virtual inertia effect. The 
remarks on damping in the paper were not state- 
ments of opinion, but were based on actual experi- 
ments, as shown in the Appendix. He regretted 
that he could not give the depth of water in the 
case of the vessel D, but this could no doubt be 
obtained, since the vessel was drawing about 20 ft. 
and the state of the tide at the point where the 
measurements were taken was known. 

On being called upon to reply to the discussion 
on his paper, Mr. Sulzer said that the speakers 
had brought out the fact that much further work 
on vibration remained to be done. He would 
prefer to reply to the various queries raised in 
writing. The Chairman then proposed that a vote 
of thanks should be passed to both authors, and 
this was duly carried. 

Trrats oF FrotTmia LEADERS. 

At the final meeting of the session, on Friday 

afternoon, April 11, the chair was taken by Sir John 


H. Biles, who called upon Lt.-Col. F. Dondona, 
R.I.N., to read his paper entitled “Sea Trials of 
Flotilla Leaders,” which had been left over from 
the morning meeting. In this paper, the author gave 
an account of a series of trials carried out on flotilla 
leaders belonging to the Italian Navy, the work, in 
effect, forming a continuation of that on Italian 
destroyers, of which the results were recorded in a 
paper read before the Institution, by the same author, 
in March, 1929. The discussion on the latter paper 
was recorded on page 367 of vol. cxxvii of Enct- 
NEERING, and the paper itself was reprinted on 
page 832 of the same volume. 

The paper on flotilla leaders covered trials carried 
out in 1929 on six vessels, all of which have attained 
speeds exceeding 39 knots, and of which the leading 
particulars are: Length, 107 m. ; breadth, 10-22 m.; 
mean draught under keel, 3-447 m. ; and displace- 
ment, 1,850 metric tons. Although of larger dimen- 
sions, these vessels are comparable with the British 
flotilla leaders. The six vessels were built by three 
different firms, each firm being responsible for two, 





and the trial results were classified under a type ship 


| built by each firm, the vessels selected being the 
| Vivaldi, Tarigo and Pancaldo. It may be noted that, 


during the trials, the mean displacement of the 
various ships did not differ by more than 2 per cent. 
from the displacement figure of 1,850 tons. The 
trial results were tabulated and plotted in the paper, 
and from the figures given, it appeared that the total 
propulsive coefficient reached a maximum value 
of 0-50 with the Pancaldo, as compared with 0-57 
for the destroyer Sauro in the earlier trials. The 
corresponding figures for the Tarigo and Vivandi 
were 0-46 and 0-675, respectively. It was ascer- 
tained, however, that some anomaly had occurred, 
either in the determination of the torsionmeter 
constants or in the readings, in the case of the latter 
vessel, and, in addition, the thrust-meter readings 
were not available, as the instrument had failed to 
function. The other two groups of ships gave prac- 


being attributable either to normal errors in reading, 
or to the particular conditions of the trials. 

The total propulsive and towage coefficients had 
lower maximum values than those found for the 
destroyers. The towage coefficient in the Pancaldo, 
for example, was 0-775, as against 0-890 for the 
destroyer Turbine. On the other hand, good values 
were found for the propulsive coefficient proper, 
which could be considered as being the efficiency of 
the propeller, the maximum value of 0-710, reached 
in the case of the Pancaldo, being the same as that 
found for the destroyer Manin, and at the same speed 
of about 18 knots. In the case of.the Tarigo, a 
notable feature was the regularity of the total pro- 
pulsive coefficient, which remained practically 
constant between 0-44 and 0-46 for all the wide 
range of speeds comprised between 21 knots and 
40 knots. The minimum value of Cy, did not differ 
to any great extent from that given by the hulls of 
the destroyers, and the same was true for the 
minimum values of Cy and C. At the maximum 
speeds, the efficiency of the propellers of the flotilla 
leaders was better than that of the propellers of the 
destroyers. On only two groups of ships was it 
possible to record the thrust at various speeds, and 
hence to draw the thrust horse-power curve. In 
only one vessel was it possible to obtain more than 
one point on the curve at the higher speeds, and, in 
this case, the tendency to become horizontal was 
noticeable. This indicated a lowering of the pro- 
pulsive coefficient proper, and a rise in the towing 
coefficient, and the former might be explained by 
the greater intensity of the cavitation phenomena. 
The explanation for the improvement in the towing 
coefficient might lie in the occurrence of foam pro- 
duced by the churning action of the propeller, as 
suggested in Col. G. Rabbeno’s paper on ~ The 
Separation of Dissolved Air Caused by Propeller 
Action.” This paper was read at the Summer 
Meeting in Italy, and was summarised on page 430, 
of vol. exxviii of ENGINEERING, the discussion being 
reported on the same page. 4 

The discussion on this paper was opened by Sir 
William J. Berry, who pointed out that the vessels 
referred to were practically destroyer leaders, 
360 ft. in length, with a displacement of 1,800 tons, 
which was some 300 tons more than that of British 
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destroyer leaders. The shaft horse-power was 
given as 50,000, but the paper showed it to be 
57,000 shaft horse-power, and the speed 39 knots to | 
40 knots. This represented a very considerable | 
increase in what had been done before in destroyer 
craft ; in particular, the boiler power was very high, | 
and the data in the paper indicated that the ships | 
were extremely satisfactory from the design point | 
of view. He thought Lt.-Col. Dondona might con- | 
gratulate himself on the results obtained. Con- 
tinuing, Sir William remarked that he noticed among 
the curves in the paper three C values were given, 
and he inquired what was the particular use of the 
C, value. The thrust horse-power appeared to be 





with in the paper, but it was not Admiralty practice 
to allow overloading of the machinery. 

Dr. E. V. Telfer, the next speaker, expressed 
regret that the author had retained the same 
terminology as had been used in his previous paper, 
and was sorry to note that Mr. Hamilton Gibson 
thought the use of the author’s coefficient of pro- 
pulsion should be encouraged ; the speaker thought 
its use was to be deprecated. He suggested that 


\the author should overhaul his C values and write 


by the side of them the values obtained from the 


| international definition. He would also prefer the 


data to be given in tabulated form, instead of in 


igraphs. Continuing, the speaker said he wished | 


it would not be difficult to convert his figures. 
The other questions raised by the speakers he 
preferred to answer later in writing. 


REsISTANCE AND Form oF TowED BaRGEs. 

The next paper taken was one by Mr. G. S. 
Baker and Miss E. M. Keary, entitled ‘‘ Experiments 
on the Resistance and Form of Towed Barges.” 
The paper, which was read by Miss Keary, gave 
some results obtained in towing a long train of barges 
behind a tug in the manner customary on the 
Thames. The barges were modified in form, and 
whilst retaining the same simple straight side and 
bottom form of construction, and the same overall 
dimensions and capacity, the required towing power 





a little irregular, but this might be due to difficulties | t¢ comment on a phenomenon found by the author | and pull in the rope were reduced to 62 per cent. 
experienced in reading the instruments. In con-|jn his previous paper, and also in the present | and 72 per cent., respectively, of that for the present 
clusion, he would like to know if any difficulties | paper, viz., the constancy of thrust at high speeds. | standard barge. The type of barge was again 


were experienced when the power was run up s0| He had previously held the opinion that the con- 
high, and how many boilers were in use when the | stancy of thrust was not real, but he now suggested 
maximum power was being developed. | an explanation of the phenomenon based on the 
The next speaker, Mr. J. Hamilton Gibson, | suction effect on the hull of the inflow to the pro- 
remarked that it would add to the interest of the | peller. When aerofoils were tested at very high 
paper if the author could give some information on | speeds, he added, the suction was distributed much 
the apparatus used for taking the torque and {more uniformly over the back of the aerofoil than 
thrust readings. Torsionmeter readings, he con- |was the case at moderate speeds, when it was 
tinued, had always been under suspicion, and for | concentrated near the leading edge. He thought 
even torque, he had never found anything better the suction on the hull at high speeds would be 
than the straight-forward optical apparatus he had | similarly affected, but whether use could be made 
described before the Institution in 1907. The only | of this in the design of a ship was doubtful, as the 
desideratum was that fairly long lengths of shaft | effect only occurred under wasteful conditions of 
were desirable. He presumed that the thrust meters | propulsion. 
referred to were of the hydraulic type, in which a} At the conclusion of Dr. Telfer’s remarks, a 
series of inter-connected rams was used to balance | written communication submitted by Mr. -‘Salmon- 
the propeller thrust by oil pressure supplied by a | Legagneur was read by the Secretary. In this, the 
small hand pump. Pressure fluctuations could be | writer inquired if there were any differences in the 
damped out by a needle valve at the gauge, and, | design of the propellers of the Vivaldi type, in 
if the usual precautions were taken, there was never |comparison with those of the two other types, 
any doubt of the accuracy of the readings. The | especially with regard to the thickness of the blades. 


thrust meter, was, in fact, the most reliable means of | He also asked if the trials had been made under | 


modified and the length increased so that, on the same 
beam and draught, two barges had the same 
capacity as three of the original form, and the total 
power and pull was then reduced to 40 per cent. 
and 50 per cent., respectively, of that of the stan- 
dard Thames barge. The order of assembling and 
towing a train of six standard barges was varied, 
| and an arrangement found which required a towing 
|force only 85 per cent. of that of the six barges in 
the usual formation. Full-scale tests with four 
barges were made on the Thames, and the engine 
power of the tug and the towing pull at several 
speeds measured. The pull in the tow-rope was 
‘found to agree with that estimated from the model 
tests, without any scale or other correction. 
| Although the tests were necessarily made with one 
standard form, the general results applied to a large 
variety of forms. The results were presented in 
order to draw attention to the great waste of time 
and energy involved in the use of a form of barge 
common in all our harbours and rivers. 

' The first speaker in the discussion which followed 








ascertaining the power of a marine engine, either | the same load conditions, and on measured miles | the reading of this paper was Mr. M. P. Payne, 
of the turbine or reciprocating type. In conclusion, | where the depth of water was the same. The} who gave particulars of some experiments made at 
he was pleased to note that the author referred | divergencies in the results seemed to be rather | Haslar on pontoons, with the object of ascertaining 
to the ratio thrust horse-power over shaft horse- | extraordinary, even on the assumption that the | their behaviour when anchored in a current. The 
power as the propulsive coefficient proper. That | power, as measured by the torsionmeter, had been | pontoons first tried were rectangular in section 
definition had been assailed, but he would like to | under estimated. It would be interesting to know | and tapered in plan, having about half the maxi- 
see it generally accepted, as it appeared to be literally | if, in the Italian Navy, the propellers were generally | mum beam on the water line at the bow, and about 
correct. | designed to give the best efficiency at high power, | two-thirds at the stern. The models used were of 

Mr. R. W. L. Gawn, the next speaker, said it would | @t cruising speed, or at some intermediate speed, | smooth painted iron, 4-96 ft. in length on the water 
be interesting to know if the prismatic coefficient 28 might appear from the results obtained with | line, and they were first towed singly and then in 
telated to water-line length or length between the Tarigo and Pancaldo classes. |a@ pair spaced a distance apart, corresponding to 
perpendiculars. If a comparison were made of the) The last speaker on this paper, Mr. G. 8. Selman, |4 ft. Assuming that six such pontoons towed in 
effective horse-power constants given by the author | said it had been the custom, in designing propellers | Thames barge formation would have a resistance 
for the destroyers and leaders, a most interesting | for destroyers, to leave the dimensions on the large | about three times as great as that of one pair 
confirmation was obtained of the value of length for | side, to allow for cavitation losses. It was now} towed, as explained above, the pull constant 
a given displacement in reducing the resistance of | possible, with the data given, to estimate the losses | applicable to 6 knots was rather greater than 5 
this class of vessel. The larger prismatic coefficient |in both efficiency and thrust. He had analysed | when towed stern first, and about 15 per cent. 
had apparently led to an unusually fine midship;the figures given, and, using Froude’s propeller; more when towed bow first. The presence of a 
section coefficient, and it would be interesting to | experiments, had estimated those losses and sought | tug in front of such pontoons might considerably 
know if any difficulty had been encountered with | a basis on which to compare them. Much of the | augment their resistance. It was possible that the 
the internal arrangements from this circumstance. | value of such a comparison, was, however, nullified resistance might be somewhat greater if the spacing 
He noticed from the paper that the root thickness | by the fact that the paper gave the values of thrust | were less than 4 ft., it having been found that the 
of the propeller was less than 4 per cent. of the | corrected to a common displacement in relation to | resistance of the two towed together in this way 
diameter, which was a moderate value for vessels | the revolutions and slip. He asked if the author | was about 10 per cent. greater than the sum of the 


of this type. The propellers were of practically | would give the actual thrusts, with the revolutions | resistances of the two towed separately. The superi- 





the same pitch ratio, but of less blade area in| and speed. It seemed that loss of efficiency in- | ority of the pontoons run astern was presumably 


proportion, as those of the flotilla leader Mackay, | creased with slip, as also did thrust to a lesser | 
the trial particulars of which were given in a paper | degree. Thrust per square inch did not seem to | 
read before the Institution ten years ago. The ratio have a very large effect on the results. The best | 
of the thrust horse-power to the shaft horse-power performances were those of the Crispi and Sella, | 


to be attributed to the finer waterline run when 
towed stern first, with consequently less eddying 
round the rear end. Subsequent modifications 
indicated that, for good behaviour at speeds relevant 


Was slightly to the advantage of the thinner pro- and there appeared to be no obvious reason for the | to the pontoon investigation, i.e., corresponding to 
peller, the cavitation loss of which had probably poor performance of the Borea and Espero. He | about 12 knots on the barge scale, fining of the forms 


been reduced, although the unital pressures on | therefore asked the author if the shape of the blade | 
the thinner and narrower blades were some-| sections was at all unusual. With regard to the 

what greater. With regard to the effective horse- | accuracy of the thrust measurements, these ap- 

power curves derived from tank experiments given pared to give quite a large increase of thrust horse- 

in the paper, the speaker inquired what tem- | power over effective horse-power. He had figures, | 
perature the model results had been corrected to, | from another source, which gave an increase of 39 | 
and what skin friction data had been used in the | per cent. and 41 per cent., which were still larger | 
experiments, As pointed out by Sir William Berry, than those given in the paper. 

the machinery had. been overloaded by some 25 per| The Chairman then called on the author to reply, 
cent., and this was the main reason for the very and in doing so, Lieut.-Col. Dondona remarked that 
high Maximum speeds attained. He questioned |all four boilers had been in use during the trials, 
the wisdom of pressing the machinery to this extent, | and no particular difficulties had been experienced. 
and remarked that, in the trials of British destroyers, | He agreed with Sir William Berry that the Cz curve 
the contractor’s liability was simply to develop the |was of no particular use. The torsionmeters used 
Specified horse-power, and this was only slightly | were of the Hopkinson-Thring type, and the thrust- 
exceeded. For this reason, the speeds of some meters of the hydraulic type. He was sorry that 
British destroyers on trial appeared at a disadvan- the terminology employed was not international, 
tage in comparison with such vessels as were dealt) but when agreement was reached in that matter 








in profile was desirable, but a purely rectangular 
form was best. At low speeds, on the other hand, 
this modification was definitely detrimental to re- 
sistance. These results, the speaker concluded, 
might be regarded as emphasising the desirability 
of keeping the ends as fine as possible at the speeds 
appropriate to Thames barges. 

Dr. E. V. Telfer, the next speaker, said he would 
prefer to put the statement in the summary to the 
effect that the pull on the tow rope was found to 
agree with the figure estimated from the model 
experiments without correction, in the form that the 
figures were only made to agree by omitting correc- 
tions. There were certain difficulties, which the 
speaker referred to, in connection with the model 
experiments, and it was also difficult to correlate 
the model and full-scale results, one reason being 
that the surface of the river was sloping. A ship 
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slid down the surface of the water when proceeding | 


downstream, and when travelling upstream was 
lifted up; this could be felt in the slip of the pro- 
peller. Again, he asked was the speed at, say, 
10 ft. below the surface at mean level the speed 
at which the ship was actually going through the 
water? These circumstances made correlation diffi- 
cult, but the authors had been faced with a practical 
problem, and if this somewhat brutal application of 
model experiments gave useful results in practice 
the method was justified. In conclusion, he 
inquired which part of the barge it was that caused 
the most resistance, and if the change made in the 
after body was not more important than that in 
the fore part. 

Mr. J. H. Narbeth remarked on the important 
improvements effected by a simple change of form, 
and added that if it could be adopted for barges 
on the Thames the saving would more than cover 
the cost of upkeep of the National Physical Labora- 
tory. The outlines of the type E barges appeared 
to be similar to those of the Assyrian and Egyptian 
boats in the British Museum, and he supposed this 
was due to the fact that it was easy to construct 
the flat form in wood; this, however, was of no 
importance now that barges were constructed of 
steel. The cause of the improvement effected was 
the well-shaped bow and buttock lines. In the 
past, much attention had been given to buttock 
lines, and this should be borne in mind. The 
speaker then referred to his work in connection with 
the design of the Lord Nelson, which, he said, had 
a phenomenally low resistance, owing to a change of 
form, and also steered exceedingly well. The 
information in the paper, he concluded, would be 
of great value to small shipbuilders. 

Mr. G. S. Selman said he would have expected 
the diagram of the pull constant to be in the form of 
wavy lines and not of the form shown in the paper. 
There should, he thought, be some change in 
resistance as the wave system formed by the tug 
came into and out of phase with that generated by 
the barge forms. 

In replying to the questions raised in the discus- 
sion, Mr. G. S. Baker said he had been interested 
to hear of Mr. Payne’s experiments on pontoons. 
He had, himself, carried out some experiments on 
pontoons and the model results agreed with those 
obtained in practice. The resistance had been 
reduced by about one-half. With regard to the 
fining in profile or in plan, two models had been 
tried and both gave advantages. The results given 
were those finally obtained with a barge towed 
behind a tug. In reply to Dr. Telfer’s question 
as to the effect of the bow or stern, he could not 
give an answer based on experiment, and he did 
not care to predict which had the greater effect. 
With regard to the scale correction, what had been 
done had perhaps been rather brutal, but he had 
been very glad of the opportunity of making the 
experiments. The barges were not smooth, as the 
models were, and in all probability that error can- 
celled out other errors. The measurement of the 
speed at a depth of 10 ft. might be erroneous, but 
actually a 10-ft. length of wire had been used for 
the purpose, and as that would have been dragged 
back the immersion must have been less than 10 ft. 

Surep-WaveE RESISTANCE. 

The last paper on the programme for the meeting 
was one by Mr. W. C. Wigley, entitled ‘‘ Ship- 
Wave Resistance: Some Further Comparisons of 
Mathematical Theory and Experiment Result.” 
It was read in abstract by the author. The paper 
forms an extension of those read by the author 
before the Institution in 1926 and 1927, and de- 
scribes the compariscn between the wave resistance 
calculated from the mathematical theory of a 
perfect fluid and that deduced from model experi- 
ments by the use of Froude’s skin-friction data. 
The work was done for two models, the forms of 
which were defined by mathematical equations, but 
which were not, as was the case in the previous 
work, of the same form fore and aft. The mathe- 
matical theory on which the calculation of the 
wave resistance of these forms depended was de- 
scribed in the first paper of the series, and the expres- 


sion for the velocity potential was found by means | 


of a Fourier expansion, as described by Professor 
Michell. The resistance, apart from skin friction, 


and the other phenomena of the motion, could then | the wave resistances should be the same ahead 
be deduced. The conclusion reached from the} and astern. The fact that the measured residuary 
work referred to in the paper was that, with these | resistance included form resistance, did not, in 
rather fuller models, the approximate mathematical | the speaker’s opinion, offer any assistance on this 
theory has been pushed to its utmost limit and was | point, because it would certainly be expected that 
near the point of breaking down for two reasons: |form 1,008, for example, would have a greater 
Firstly, owing to the neglect of the modifying effect |form resistance going ahead than when going 
of the viscous flow on the stern wave-making, and | astern, and any allowance on this score would 
secondly, owing to the size of the waves violating | only increase the discrepancy. In view of the 
the assumption that the wave height was relatively | serious breakdown of the theory on a fundamental 
small. The latter effect was also responsible for the | issue, he wished to ask if it were not permissible 
discrepancies at high speed due to the neglect of | to assume that the theory was wrong in its initial 
the pressures on the wetted surface above the load | premises. In conclusion, he would like to repeat the 
water line. These increasing errors, however, only | view, expressed on other occasions, that it was not 
applied to the amount of the resistance, and did not | legitimate to include in the calculation the negative 
affect the position of its maxima and minima values | portions of the fore-body pressure curve and the 
on a speed base. positive portions of the after-body pressure curve. 
The first contribution to the discussion on Mr.|This, he pointed out, would relieve the theory 
Wigley’s paper was a written communication | from the obligation to give the same wave resistance 
received from Dr. Ing. G. Weinblum, which was | head or astern. 
read by the Secretary. In the course of this, the| Dr. E. V. Telfer, the last speaker on the paper, 
writer said that the paradoxical statement that, in | said he thought the author was not doing himself 
the case of asymmetrical models, the calculated | justice in attempting to measure the wave-making 
wave resistance in an ideal liquid would be the same | Tesistance of the model by one test. He thought 
whether running bow or stern first, seemed to be | at least two models, run at different speeds, were 
definitely proved by Dr. Hogner’s results. The necessary. After its validity had been established 
limitation of the theory stated by the author in | the theory would throw a great deal of light on 
his conclusion seemed to be not so much a matter of | the factors affecting wave-making in ship forms, 
fullness as of other very severe conditions. Model | but the author was no doubt justified in not 
1008, with its water line perpendicular to the | considering practical applications until he was 
midships plane, was too severe a test, and model | Satisfied with the theory. He hoped the author 
1009 seemed to prove that ships with a parallel | would follow up Weinblum’s work. For the validity 
middle body of considerable length were beyond the | of the theory, the resistance should be the same 
reach of theory. At the Berlin tank, the procedure when running ahead or astern, and it was rather 


to test the practical value of Michell’s integral, the | Strange that agreement was only obtained at two 
points. For the resistance to be the same, however, 








importance of which in tank work might be similar | 
to that of Prandtl’s boundary-layer theory in| 


aerodynamics, was rather different. It was an 


easy matter to express all the principal features of | 


a ship’s hull by rational functions (parabolas) and 


by constant alteration of accepted equations for | 
various forms, dimensions, and fullness, endeavours | 


were made to ascertain the laws of wave-making 
resistance and the limits to their validity. The 
number of models and the amount of calculation 
work involved was considerable, but not prohibitive. 

A written communication by Mr. J. L. Bessant 
was then read by Mr. M. P. Payne. In this the 
writer said that, as might have been anticipated, 


the agreement demonstrated by the two models | 


was inferior to that of previous comparisons dealing 
with longitudinally symmetrical and finer forms, 


and could now only be regarded as indicating a | 


general qualitative and quantitative similarity. 
The discrepancies were not such as could be wholly 
ascribed to erroneously deduced experimental 
values, and must largely arise from the shortcom- 
ings of the approximate theory applied well outside 
its legitimate scope, as defined by the three major 
assumptions. Developments aimed at the syste- 
matic removal of these assumptions were now essen- 
tial to the practical utility of the mathematical 
investigation. .At the present stage of the theory, 
one was not encouraged to attempt the task of 


predicting the wave-making resistance of an actual | 


ship form by using methods of approximate or 
graphical integration of the Michell integral. The 


writer considered that the most promising direction | 


for further research was the study, on simple 
mathematical forms, of variations of major specific 
features, coupled with experiments on forms 
based on mathematical shapes, but progressively 
reduced to allow for the equivalent viscosity belt 
until substantial agreement was obtained throughout 
the speed range. 


Dr. J. Tutin said the application of the theory | 


to assymmetrical forms was the acid test, because, 
apart from the absolute values obtained, the 
wave resistance, by the theory, must be the same 
going ahead or astern. Actually, for model 1,008 
at a circular-P value of 0-65, the residuary 
resistance was about 120 per cent. greater going 
astern than going ahead, and for model 1,009, 
at the same value of circular P, the residuary 
resistance was about 210 per cent. greater going 
astern than going ahead. This, he continued, was 
a highly rigorous test of the theory, because we 
were not concerned with the absolute magnitude 
of the resistances, but solely with the fact that 





| it was not necessary to have the same wave profile, 

and actually the profiles were very different. He 
| thought the breakdown between theory and experi- 
'ment was due to acute eddying and not to a failure 
of the theory. 

Mr. Wigley then replied to the discussion, 
remarking that he did not wish to reply fully 
|then, but would refer only to one or two points. 
With regard to Dr. Weinblum’s remarks, that the 
Michell theory would be expected to break down 
in the case of a parallel body, he did not agree 
with this. The mere insertion of a parallel body, 
he said, should not invalidate the theory. He 
agreed with Mr. Bessant’s remarks that the 
| discrepancies were too large to be due to experi- 
|mental error, and, in answer to Dr. Tutin, said 
‘the only satisfactory method of procedure was 
|to test the theory to destruction. Model 1,008 
| had been deliberately chosen to test the theory 
[to its limits, and the results had not fitted. He 
had wished to see how nearly the theory fitted 
\the facts, and not to make it fit them. If the 
| results had been right for model 1,008 they would 
be right for anything. He knew the assumptions 
made were not right, but it was necessary to make 
‘them, and the question was what was their effect 
|In answer to Dr. Telfer, he said he intended to 
|run models at two speeds, but did not think there 
was any question of laminar flow. Whether the 
|resistance was the same when running both ways 
was a question of fact. It was possible, however, 
'that the assumption that the waves were small 
might have some effect. To the other points 
raised in the discussion he would reply more fully 
in writing. 

The main business of the session having thus 
| been concluded, a vote of thanks to the President, 
| Lord Wester Wemyss, and to the chairman, Sir John 
| Biles, was proposed by Sir William Berry, and 
'seconded by Mr. Hamilton Gibson. This was 
received with acclamation, and the Chairman 
|responded on behalf of the President and himself. 
| A vote of thanks to the Secretary was also prop‘ sed 
| by the Chairman, and Mr. Dana briefly responded. 
| The meeting then terminated. 
| 
| of Mines, the production of aluminium in th n 
| totalled 225 million Ib. in 1929, compared with 210 milion 
|Ib. in 1928. The principal producing plant was that at 
Massena, New York, where approximately 42 per er 
| of the United States output was produced.. Other work 
lare situated at Niagara Falls, at Alcoa in Tennessee, 
and at Badin in North Carolina. 
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Fia. 46. HEravirest SECTION 


THE SYDNEY HARBOUR BRIDGE. 
(Concluded from page 498.) 


Ix concluding our description of the erection of 
the main arch span of the Sydney Harbour Bridge 
it will make for completeness if we recall that 
cantilevering out from each shore is being employed, 
the half-arches on each side being secured by a 
cable anchorage. A temporary anchorage was first 
erected. It consisted of a raking strut and eight 
cables, and was attached to the top of an end post, 
as shown in Figs. 19 to 22 on page 497 of our last 
issue, through four built-up brackets. These 
brackets were bored to receive two 9-in. pins, to 
which the cables themselves were connected by | 
means of U-bolts. This temporary anchorage was | 
Temoved, after the heavy members forming the | 
first panel of the arch had been lifted into position, | 








or Lower CHORD IN SHOPS. 





shaped link plates, some of which are shown in| 
Fig. 24,on Plate XX XVIII. There are five of these 
link plates to each anchorage, and they are con- 

nected to the web of the top chords by two pins, 

each of which is 27 in. in diameter and 6 ft. 1 in. | 
long. One of these pins is illustrated in Fig. 47, 

on this page, while the operation of boring the 27 in. | 
hole in the top chord member in the shops is shown | 
in Fig. 45. <A view of this final anchorage connec- 

tion was given in Fig. 23 on page 497 ante. 

The actual work of erection is being effected by 
122-ton creeper cranes, which, to begin with, were 
borne on a steel ramp built out from the abutments. 
After the erection of the first panel the cranes were 
moved out on to the latter and used to erect the 
second and subsequent panels, more and more | 
cables being attached and tensioned up as the 
work proceeded, until the whole of the 128, form- 
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as shown in Fig. 9, Plate XX XVI, of our last issue, 
were used to effect the tensioning. These jacks thrust 
against a cross-head, which was bolted to the ends of 
the bolts behind the saddles, so that the nuts on the 
latter were relieved. The whole cable was jacked up 
in this way during tensioning, the bolts moving 
through the saddle, and the nuts being turned by 
hand to follow the movements of the jack, until the 
cable was loaded to the desired amount, as indicated 
by a pressure gauge on the jack. As a check on this 
tension, and to ensure that the load was equally 
distributed, the 133 ft. length of cable between the 
end post and pylon saddle was vibrated. According 
to the properties of the cable, its span, weight 
per foot, &c., the stress is related to its rate of 
vibration per minute. After the whole of the cables 
forming the anchorage were in place and the raking 
struts were removed no further general adjustment 
of the cables was required, but some local adjust- 
ment was necessary to ensure that each was taking 
its fair share of the load. During the progress 
of the work the cables are being continuously 
inspected by vibration measurements, while measure- 
ments of the stresses in both members and cables 
are being made at intervals to check the calcu- 
lations. In the case of the arch members these 
measurements are made, both in the shops and 
after erection, by strain gauges, the pins of which 
are inserted in two yin. holes, which are drilled 
10 in. apart at defined points. In ‘this way the 
amount of strain elongation or compression is 


determinable to within i005 in. 

The method of carrying out the erection we 
have described will be continued simultaneously 
from each bank, the creeper cranes travelling 
forward on the top chords of the structure, until 
the thirteenth panels have been lifted into 
position. The first half of the fourteenth panel 
on each side will then be erected and will terminate 
at the centre joint of the bottom chord. In order 


its place he; ae . ee i 7 < cee al 4 
ts place being taken by the final anchorage, which | ing the final anchorage, were in position. This | to offset the stretch in the cables and the natural 


was illustrated in Figs. 9 to 12, on Plate XXXVI| 


occurred at the seventh panel and the raking strut | 


deformation in the steel work as erection proceeds, 


an T is > . ‘ : ¢ | A . . 
te. This anc horage consisted of 128 cables arranged | was then removed. The number of cables in use| each end post has been set back with a rake of 30 in. 


in ej hori: : c . Se : 
1 eight horizontal rows of 16 at the end post, and | previously was only sufficient to balance the arch | from the vertical at the top. 


It is estimated that, 


attached to the latter by two straight bolts per | and to ensure that the load on the raking strut would | making allowances for this stretch and deformation, 


cable, 


These bolts are threaded to take special|not be exceeded with changes in temperature. | the gap between the half arches at the centre will 


for Te, the . . ° ° waa 
bd : nuts seating on spherical washers and, as| In attaching the cables, the anchor bolts and saddles | be 3 ft. 24 in. under normal temperature conditions, 
da. y explained, pass through the socket flange on | were first placed in position, and the sockets were | and will not exceed 4 ft. 3 in. at the minimum 

er side of an 11 in. pin, which is grooved to| then threaded on to a distance, which gave a stress | temperature likely to be experienced, or be less than 


allow of their passage. 


They bear on large fan-! of about 100,000 Ib. in the cables. Hydraulic jacks | 1 ft. 9 in. at the maximum temperature. 





























Both half arches will be finished off identically 
at the centre joint, the latter being divided equally 
into two similar parts at the centre of the span. 
Details of the joint on the lower chord are given 
in Figs. 28 to 35, Plate XX XIX, from which it will 
be seen that each half is fitted with a heavy forged 
steel saddle. These saddles enclose an 8-in. pin, 
half of the pin hole being in each saddle. The lateral 
gusset plates are the same on each half arch. As a 
preliminary to closure this pin will be secured by 
set screws to one of the half holes. Any vertical 
displacement from alignment between the two half 
arches will then be adjusted by altering the tension of 
the cables, while lateral adjustment will be effected 
by a locking bolt, which will be carried in the centre 
compartment by one chord. This bolt is 10 in. 
square and 7 ft. 3 in long. It has a tapered end, 
which is designed to engage in a square slot in a 
diaphragm carried on the end of the other chord 
member, and it will be thrust forward by a 100-ton 
jack before the two half arches are in alignment. 
Once it is engaged on the two members no change 
in the alignment can take place. The cables holding 
the two half arches will then be slackened simul- 
taneously. The two ends will thus be brought 
closer and closer together, until they meet on the 
8-in. pin. When the join has been effected in this 
way the cables will be slackened off sufficiently to 
ensure that they will not come into operation again 
and lift the half arches clear of one another, and will 
then be completely removed. The heaviest section 
in this chord is illustrated in Fig. 46 on page 533. 

The arch will then be in a three-hinged condition. 
In order to bring it into the two-hinged condition 
the top chords will have to be jacked up at the 
centre, in order to put them under the calculated 
compression stress. To do this the remaining 
triangles of the centre panels will be erected first, 
including the top chords of the centre panels and the 
central vertical member. As shown in Figs. 36 to 41, 
Plate XL, the latter will be divided exactly down 
the centre while the top chords, which meet at the 
centre, will also be the same in both half arches, each 
chord being supported by its own half of the central 
vertical and being finished off square by a transverse 
plate 14 in. thick. The chords will be arranged, so 
that the gap between the end plates will be 2 ft. 1 in. 
Four hydraulic jacks will then be inserted in this 
space, two to each outer compartment of the chords, 
and will bear on the flanges of the chords. Two 
forged steel saddles enclosing a 10-in. pin will also 
be placed in position, as shown in Figs. 37 to 39. The 
jacks will then be used to force the chords apart, 
until, when the designed stress has been applied, 
they will have opened out an additional 5 in. The 
movement of the hydraulic jacks will be followed up 
by screw jacks. The distance between the end plates 
will next be accurately measured and parallel fillers 
will be machined to the exact thickness required to 
make up the space between them and the backs 
of saddles. These fillers will then be inserted and 
fixed, and the jacks will be released. 

The arch will now be in a true two-hinged condition 
with two pin joints at the centre of both the top and 
bottom chords. The two halves of the centre 
vertical will next be secured together by cover 
plates and the chord joints, both at the top and 
bottom, will also be covered by plates, which will be 
sufficiently strong to resist the secondary stresses 
due to the live load, wind and temperature. On the 
other hand, all the direct loads will be transferred 
through the pins, the arch behaving statically as a 
two-hinged structure. 

When the two half arches have been joined in 
this way, which it is anticipated will occur in 
October next, the creeper cranes will be taken back 
down the chords and used for erecting the hangers 
and cross-girders. On reaching the abutment 
towers they will be dismantled by the cranes on the 
ends of the approach spans. Other work will 
include the laying of the deck by the 25-ton travelling 
cranes and the completion of the abutment towers 
to their finished height of 285 ft. It may be added 
that throughout the construction the riveting 
gear has followed one panel behind the creeper 
cranes, and the riveting of the members of the main 
arch has thus been effected continuously as the 
work proceeded. 

As a matter of interest it may be mentioned 
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that the heaviest angle, which will be used in 
the bridge, measures 12 in. by 12 in. by 1} in., 
and the thickest plate is 2} in., while the largest 
rivet is 14% in. in diameter with a grip of 12 in. 
The steel employed has an average analysis of 
0-35 per cent. carbon, 0-2 per cent. silicon, and 
0-9 per cent. manganese. Its tensile strength is 
85,000 lb. per square inch with a yield point of 
48,000 lb., an elongation of 22 per cent. in 8in., 
and a reduction in area of 38 per cent. About 
50,300 tons of this steel will be incorporated in the 
bridge, of which 37,000 tons will be in the main 
arch. The bridge will carry a roadway 57 ft. wide 
in the centre with a footway and two railway tracks 
on each side, the grade of the former being 1 in 40 
with a central parabolic ease 589-34 ft. in length. 
It is designed for a live load of 12,000 lb. per linear 
foot, allowance being made for hurricanes up to 
100 m.p.h. and a temperature variation of 120 deg. F. 
The head room above the water level will be 
172 ft. 6 in. 

The bridge is being built by Messrs. Dorman, 
Long and Company, Limited, whose tender provided 
for the fabrication of the necessary steelwork in 
Sydney. A site for this purpose was therefore 
provided at Milson’s Point, on which large work- 
shops have been erected. The steel is brought to 
these shops by steamer and is unloaded by 10-ton 
travelling wharf cranes on to skids in the stock- 
yard, as shown in Fig. 27 on Plate XXXVIII. 
Here it is sorted and stacked by 5-ton semi-goliath 
| travelling cranes, and is then transferred to the 
|light shop by a double 5-ton travelling crane. 
| This shop is 580 ft. long and 130 ft. wide and is 
divided into two 65-ft. bays. Above one part of it 
is a template shop, where the various bridge 
members are marked out to full size and templates 


bling and finishing off these members is installed, is 
500 ft. long by 147 ft. wide. The tools in use in 








|take plates up to 12 ft. wide and 23 in. thick. 
| This machine is shown in Fig. 26, Plate XX XVIII. 
There is also a press machine for rolled sections. 
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a bank of 18 7-ft. 6-in. radial drills and nine gantry- 
type travelling drilling machines, the latter each 
carrying two 6-ft. radial drills. The various parts 
are assembled and riveted by hydraulic riveters, 
which are carried on electrically-operated travelling 
gantries. One of the riveters is illustrated in 
Fig. 43, Plate XLI. Power is supplied from an 
accumulator, which works at a pressure of 1,500 lb. 
per square inch, the pressure on each rivet being 
either 80 tons or 45 tons. The ends of the mem- 
bers which have been assembled in this way are 
next planed to a true surface by an end-planing 
machine, handling being effected by two 120-ton 
travelling cranes, one of which can be seen in 
Fig. 25, Plate XX XVIII. These cranes are equipped 
with 50-ton and 25-ton auxiliary lifts and have a 
span of 137 ft. Fig. 46 shows the heaviest section of 
the lower chord of the arch, where it butts on the main 
bearing, after planing in this end planer. As will be 
appreciated, the ordinary difficulties of fabrication 
are accentuated both by the type and size of the 
work and by the great accuracy which is required. 
Before leaving the shop, the members are weighed on 
two weigh bridges. One of these has a capacity of 
80 tons and the other of 60 tons, so that, in combi- 
nation, loads up to 140 tons can be dealt with. After 
weighing, the members are loaded on to a barge in 
the dock at the end of the heavy shop, and are thence 
towed under the cranes, which are used for erecting 
the arch. The barge used for this purpose is illus- 
trated in Fig. 42, Plate XLI. It is 10 ft. long and 
24 ft. beam, the draught being 4 ft. 6 in. when 
carrying a load of 120 tons. 
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| these shops include straightening rolls, which will | overall efficiency. 
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made of them. This shop measures 200 ft. long by | THe employment of higher grade materials in modern 
130 ft. The heavy shop, in which plant for assem- | electrical plant has not 


only resulted in a decrease 
|in the iron losses, but, in the case of high-speed 
| machines, has caused friction and windage to become 
‘the most important factors in the reduction of the 
The windage loss cannot be en- 
| tirely eliminated, but a moment’s reflection will show 
| that it could be substantially reduced if some cooling 
| medium, the density of which is less than that of air 


|The edges of the plates are planed in two edge | at ordinary pressures, could be used, provided always 


planers, one of which is illustrated in Fig. 44, Plate 
| XLI. This larger machine is 66 ft. long and is 
driven through a rack and pinion. The smaller is 
28 ft. long. The plates are cut to length in shears, 
which are capable of dealing with work up to 2} in. 
thick. After being thus cut to length and width 
the material is marked out from templates and is 
‘then passed to the drilling machines, which comprise 


‘that such a medium possessed satisfactory thermal 
| characteristics. Of the substances that could be 
'employed for this purpose, hydrogen is the most 
|readily obtainable, and machines in which this gas 
lis used for cooling have recently been const ructed 
|and operated in the United States with satisfactory 
| results. : 

| Stated briefly, the advantages of employing hydrogen 
for this purpose are that its density is only 7 per cent. 
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20,000-Kv.-A. MACHINE. 





Fic. 3. Pump Pit BELOw SyNCHRONOUS CONDENSER. 


of that of air. The windage loss of a rotor running in | trical stability required. Moreover, tests have shown 
an atmosphere of pure hydrogen is, therefore, only | that,in a hydrogen atmosphere,the damage caused to the 
7 per cent. of that of a similar rotor running in air. | insulation by internal corona is almost non-existent, so 
As a gas mixture containing 99 per cent. of hydrogen | that not only can less thickness of material be used, 
is easily obtainable in practice, the windage loss can be | but its life will be much increased. This should enable 


reduced to 8 percent. ofiits value with air by using hydro- | 


gen as the cooling medium. The decrease in the loss due 
to windage also reduces the amount of heat that has to 
be removed from the machine, so that the cooling equip- 
ment can be made smaller, while, since the conductivity 
and specific heat of hydrogen are both higher than those 
of air, the final internal copper temperature remains 
lower. Again, hydrogen gives up more heat in the 
cooler than would air under the same conditions, and 
this is another reason why this part of the equipment 
can be made smaller than is usual. The result of these 
various factors, according to Mr. R. W. Wieseman, is 
that an increased output of 30 per cent., or more, is 
obtainable from a given machine when air cooling is re- 
Placed by hydrogen cooling, the exact figure depending 
on the pressure of the gas, the type of ventilation em- 


ployed, the degree of magnetic saturation, and the elec- | of the atmosphere, to prevent inward leakage of air, 








machines operating at higher voltages to be built, and 
allow varnished-fabric insulation, with its greater im- 
pulse-voltage strength, to be employ * thus reducing 
the cost and affording better prot + against high- 
voltage surges. Finally, such ma are quiet in 
operation, and can easily be desig for installation 
out-of-doors. 

At first sight it would appear thc. us gravest objec- 
tion to the employment of this systeu. would be the 
danger of explosion. It it is found, however, that 
the risk of explosion is negligible, even at high tem- 
peratures, if the percentage of hydrogen exceeds 90. 
To ensure against trouble when the machine is started 
for the first time, its interior is scavenged with carbon 
dioxide or nitrogen. In addition, the hydrogen is 
maintained at a slightly higher pressure than that 


and alarm devices are fitted which operate if the 
purity of the gas falls below 98 percent. It may be 
added that the absence of oxygen is an insurance 
against internal fires, gives a longer life for the insu- 
lation, and prevents sludging in the lubricating oil. 
The main disadvantages are that such a machine is 
more expensive to dismantle, and that a greater number 
of auxiliaries is required. For economic reasons, there- 
fore, hydrogen cooling is most applicable to equipment 
of large output. 

We may illustrate these general remarks by referring 
to two synchronous condensers equipped with hydro- 
gen cooling, which have recently been built by Messrs. 
General Electric Company, of Schenectady, New York. 
This class of machine is particularly adaptable to this 
system of cooling since its shaft need not extend through 
the gas-tight shell, as is necessary in the case of the 
turbo-alternator. The first machine to be built is 
installed out-of-doors at the Pawtucket substation 
of the New England Power Company, and has an 
output of 12,500 kv.-a. when running at 900 r.p.m. 
It is erected over a weatherproof pit, with its controlling 
apparatus alongside, and the bearings can be filled with 
oil and drained without dismantling the machine or 
losing any hydrogen. The second machine is illus- 
trated in Fig. 2, while its construction can be followed 
from the section given in Fig. 1, on the opposite page. 
Its output is 20,000 kv.-a. at 800 r.p.m., and it supplies 
three-phase current at 11,500 volts and 60 cycles. This 
machine is also placed out-of-doors over a weather- 
proof pit, which is illustrated in Fig. 3. In this 
pit are installed the cooling-water circulating pump, 
the oil pump for supplying the bearings and providing 
high-pressure oil at starting, the hydrogen supply tanks, 
the hydrogen pressure gauge, the automatic hydrogen- 
pressure control, the gauge for indicating the purity of 
the hydrogen when the machine is in operation, a 
thermal cell which continuously performs the same 
function, and various valves for controlling the water, 
oil and hydrogen supplies. 

As will be clear from Fig. 1, the casing is built up 
of three cylindrical parts with two dished end covers. 
The large central section carries the stampings and 
windings, and the two smaller sections the internal 
surface coolers and bearings. All three sections are 
carried on brackets, which are secured to the base. 
All the piping and connections, except the hydrogen- 
inlet pipe and the field-winding terminals, are brought 
out at the bottom of the casing into the pit shown in 
Fig. 3. 

The casing is constructed of steel plate, as the 
use of castings, which are sometimes porous, would 
mean a risk of hydrogen leakage. The casing is 
sufficiently strong to resist the disruptive force of the 
most explosive mixture of hydrogen and air at atmos- 
pheric pressure. In fact, the smaller machine was filled 
with such a mixture before it was wound, and though a 
maximum pressure of 85 lb. per square inch was 
recorded on an instantaneous pressure recorder when 
the hydrogen mixture was ignited by a sparking plug, 
no damage was caused. As pointed out by Mr. Wiese- 
man, if the machine had been completely assembled, 
the pressure would have been only about 50 Ib. per 
square inch owing to the smaller quantity of explosive 
mixture present. As it is very unlikely that the mix- 
ture in the machine will ever be in the most explosive 
state, the pressure generated in practice will be less 
than the above figures, and there are not likely to be 
any detrimental effects on the insulation. 

The armature coils consist of a number of turns, 
each of which is insulated with mica, the same material 
being used for insulating the coils themselves. They 
are also covered with oil-resisting varnish. As shown 
in Fig. 1, the six stator leads are brought out through 
gas-tight terminals. Though a shaft seal is really 
unnecessary, it was thought advisable to use one 
where the shaft enters the slip-ring housing to enable 
the brushes to be renewed and adjusted without loss 
of hydrogen. This seal consists of a carbon ring, 
which is held against a shoulder on the shaft by a 
bellows and six equally-spaced springs. Each end 
of the frame contains two semi-circular coolers, the 
tubes of which can also be cleaned without dismantling 
the machine. The poles and fans force the gases 
through ducts in the stator to the back of the frame, 
whence it passes back to the rotor. The slip-ring 
housing is ventilated through pipes which are visible 
in Fig. 2. The temperature of the gases is indi- 
cated on thermometers at the cooler inlet and outlet, 
and if the outlet temperature exceeds 40 deg. C., an 
alarm is sounded. As already stated, the hydrogen 
pressure is maintained slightly above that of the atmos- 
phere, the average being about 0-5 lb. per square inch. 
At this pressure, there is a total loss of about 9 cub. ft. 
of gas a day. It was found that an increase in output 
was obtained as the pressure was increased to 15 Ib. 
per square inch. Above that figure, the windage loss 
counteracts any further advantage that might be 
obtained. This increase is also limited by the electrical 








and magnetic conditions in the field windings. 





~ would not adhere well to the concave surfaces of holes | employed in the plant for three years. 
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HYDRO-ELECTRIC PROGRESS IN in mixtures of paraffin wax with gutta 
The coatings 


CANADA. 


AccorDING to a review of hydro-electric progress in | greater ease and less skill than the Necol varnish. 


Canada during 1929, which has been issued by the 
Dominion Water Power and Reclamation Service of 


the Department of the Interior, about 378,000 h.p. of | with a paste of powdered chalk and water, and the 


plant was installed in the course of the year, bringing 
the total up to 5,727,162 h.p. This latter figure will be 
increased to more than 6,075,000 h.p. before the end 
of 1930, while projects involving an additional 3,000,000 
h.p. are under consideration. About 98 per cent. of 
the 1929 extensions were designed to generate power 
for distribution to the public through the medium of 
central station organisations. 

It is estimated that the water power possibilities of 
the Dominion are 20,347,400 h.p. under conditions of 
ordinary minimum flow, while 33,617,200 h.p. is avail- 
able on a six months’ basis. These estimates are 
conservative, since analysis shows that the average 
capacity of the plant installed is 30 per cent. greater 
than the power determined on the six months’ basis. 
Applying this correction, the present recorded water 
power resources would therefore permit plant with an 
aggregate capacity of about 43,700,000 h.p. to be 
installed. 

About 4,817,486 h.p., or 84:1 per cent. of the total 
plant, is installed in central stations, and a considerable 
proportion of the energy generated thereby is used in 
the manufacture of pulp and paper, and in the mining 
and electro-chemical industries. Some 578,826 h.p., 
or 10-1 per cent. of the total, is installed in pulp and 
paper mills, and 330,850 h.p., or 5-8 per cent., in 
industrial plants. The total installed capacity works 
out at 0-584 h.p. per head of population. The plant 
belonging to public-supply undertakings is installed 
in 312 stations, of which 215 are privately owned, and 
contain 581 turbines with an aggregate capacity of 
3,520,088 h.p. The remainder comprises 237 turbines, 
with an aggregate capacity of 1,297,398 h.p. The 
total output of all these stations during the year was 
20,500,000,000 kw.-hour, which at 1-76 lb. per kw.-hr. 
(the average consumption of all the public-utility 
stations in the United States during 1928) 1s equivalent 
to 18,000,000 tons of coal. 





STOPPING-OFF MATERIALS FOR 
NICKEL PLATING. 


In decorative electroplating, and in building up| 


worn surfaces or parts machined below size by electro- 


lysis, areas on which the metal is not required to be | stone mine there was, in addition to methane exhala- 


deposited have to be protected by some insulating 
material. Many varnishes and paints can be employed 
for the purpose, but most of them are liable to fail in 
the long run. 
Hothersall, of the Woolwich Research Department, 
have investigated the reliability of various stopping- 
off materials for the electro deposition of nickel on 
steel, and the results of their investigation are published 
in the Transactions of the Faraday Society for April. 
The chief specimens used were steel bars, 3 in. long 
and @ in. in diameter, and steel sheets, 2 in. square by 
# in. thick. The specimens were roughly cleaned by 
electrolysis in hot alkaline solutions to remove grease, 
washed and dried, and then coated over half their 
area with the stopping-off material, either by painting 


the solution or emulsion on with a brush, or by dipping | 
/ success in Ontario. 


the specimen in a mixture of molten wax. For the 


subsequent thorough cleaning, the specimen was made | 
relating to mine management, but mechanical ventila- | mark the “ degree of coalification.”” With this, the 


the cathode in a bath containing sodium carbonate 
and hydrate of 5 per cent. strength, then pickled in 
nitric acid, and «hen made the anode in a sulphuric- 
acid bath. Though these electrolytic treatments only 
lasted up to 15 mins., the current strength was 
sufficient to cause copious evolution of gas which would 
severely strain the adhesion of the coatings, especially 
at the edges, and their permeability. Linseed-oil 
preparations gave elastic films, which, however, broke 
down in alkaline baths. Other preparations developed 
cracks or pores, or proved to have little adhesive 
strength. Nickel was subsequently deposited to the 
thickness of 0-01 in. 


| 





Messrs. D. J. MacNaughtan and A. W. | 
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THE RELATIVE INFLAMMABILITY OF 
COAL DUSTS. 


Srvce all combustible dusts are explosive and the 
degree of the inflammability of coal dust depends largely 
upon the variable and uncontrollable local conditions 
of moisture, ventilation and other factors, the continued 
investigation of this inflammability may not appear to 
be of much practical utility. The recent researches of 
Messrs. A. L. Godbert and R. V. Wheeler* were, how- 
ever, undertaken with the definite object of determining 
the amount of inert dust required in a mixture with 
coal dust to suppress the ignition of the latter. The 
amount of mineral dust varies with the inflammability 
of the coal, which itself varies chiefly with the content 
of volatile matter. 

In the routine laboratory inflammability test, a 
few grammes of the coal are ground to pass through 
a 200-mesh sieve, the volatile matter, moisture and 
ash are determined, and a small sample, of about 
0-5 gramme, of the dust is blown by a stream of 
oxygen through a short narrow tube into a wider 
quartz tube, 6 in. long and } in. in diameter, which is 
heated by a Bunsen burner. Most pure coal dusts 
will then inflame. If so, a second test is made after 
mixing the dust with 10 per cent. of inert dust of the 
same fineness. The test is repeated with more and 
more inert dust until inflammability is no longer 
observed. Under the usual conditions, the central 
1} in. of the quartz tube will be heated to 820 
deg. C. The inert dust used is generally calcined 
Fuller’s-earth. The test is much more expeditious and 
less expensive than are the experiments in the 4 ft. 
gallery of the Research Station at Buxton, and the 
results of the two tests are in sufficiently good accord. 
In the gallery test, the amount of incombustible dust 
which would prevent propagation of the flame over 
a distance of 325 ft. is determined; the ignition 
is produced by a blown-out shot of blasting powder. 
and the atmosphere is a 9-5 per cent. mixture of 
methane and air. The gallery test is more severe than 
the test of 1913, upon which the stone-dusting regu- 
lations were based, and it has been ascertained that 
fairly comparable data are obtained by multiplying 
the laboratory value by 7; the figure thus obtained is 
called the calculated gallery-test value. Thus, when 
the volatile content in the dusts of eight different coals 
ranged from 43-8 down to 13-4 per cent., the dust 
percentages required in the laboratory ranged from 
87to 12, whilst the gallery tests gave determined 
percentages from 69 to 18 and the calculated percentages 
decreased from 68 to7. As the lowest figures, for coals 
with 13-4 per cent. of volatile matter, were the least 
concordant, those for coals with 17 per cent. of volatile 
matter may be mentioned ; these required 34, 27 and 
26 per cent. of inert dust in the laboratory test and in 
the gallery tests (determined and calculated). 

The laboratory apparatus which we have described 
: ‘ is a simple modification of the standard apparatus 

One of the recently recognised evil effects of hy- | used in the Research Laboratories at Sheffield. There, 
drogen sulphide is that it attacks the mucous mem- | yse is made of an electric furnace, and means are pro- 
branes of the eye and blurs vision. Fumes from blast- | yided for studying the influences of temperature, pres- 
ing and from film fires, and to a lesser degree, from | gyre. moisture, ash and composition of the coal. 
burning refuse, are highly dangerous. Blasting should | Rxamination of a great variety of coals has demon- 
be done at the end of the shift, the firing being effected | strated that the rule of the corresponding variations in 
by electricity and not by fuses, and the hole being tamped | volatile content and inflammability does not always 
with clay. To remove the fumes, the African water- | hold even approximately, and that the exceptions 
blast method (blowing a mixture of water and airthrough | cannot be traced to simplerelations. It would appear, 
a -in. nozzle in the air line) has been introduced with | however, that the general behaviour of a coal, and, 
Cae . After a disastrous fire in the | jn particular, its ease of oxidation, depends primarily 
Hollinjer mine, Ontario passed excellent regulations | on the proportion of the ulmin compounds, which 


percha, 
Chatterton compound, or bitumen. 
were free from pinholes, and could be applied with 


|To prevent the wax from contaminating any parts 


| 


| on which a deposit is required, these parts were painted 


| specimen was dipped into the wax, which was main- 
|tained at a temperature of not less than 100 deg. C. 
| The wax formed a coating on the chalk, but this coating 
‘could easily be removed. A good wax mixture 
| consisted of 72 per cent. of parafiin wax and 28 per 
cent. of gutta percha. One drawback of the wax 
| coatings was that they caused deterioration of the nickel 
| bath in the course of time. This was prevented, or 
| remedied, by boiling the nickel solution for 15 minutes 
| with a solution of potassium permanganate (1 |b., or 
|2 lb. per 1,000 gallons); the excess of manganese 
| was afterwards precipitated with potassium persulphate 
}and nickel carbonate. This purification of the con- 
|taminated bath was more expeditious than the usual 
long-continued electrolysis with two nickel electrodes. 








MINE AND WORKS VENTILATION. 


A GLANCE at Data on Metal-Mine Ventilation in 
| 1929 (Information Circular No. 6246, U.S. Bureau of 
| Mines), by D. Harrington, and similar recent publica- 
| tions cannot but impress the reader with the conviction 
| that better regulations, more thorough supervision, and 
| greater care might have prevented many an accident 
|; and hardship, and that apparent carelessness may really 
| be due to insufficient protection of the men when 
working under dangerous conditions. At the same time, 
lit will be granted that Mr. R. R. Sayers quotes in his 
|report on Effect of Abnormal Air Conditions on Mine 
| Workers (Information Circular No. 6245, U.S. Bureau 
|of Mines), with some justification, the phrase used 
| by the British Medical Journal in reference to the 
| Various Industries (Silicosis) Scheme, 1929, ‘* Legis- 
|lation first and inquiry afterwards.” Ventilation 
| problems are intricate and difficult. The second of 
these two reports deals, like the first, with recent 
| researches on the risks from dust and humidity in 
| works, as well as in mines. 

| Several methane explosions, in the Hetch Hetchy 
| Tunnel, in a Kansas metal mine and a limestone mine 
} and in other workings, emphasise the inadvisability of 
| restricting the compulsory use of safety appliances to 
gassy mines, and, further, the very serious dangers 
involved in entering disused workings. In the lime- 


| 
| 
| 
| 
| 
| 





|}tion, a dangerous percentage of carbon monoxide 
| ascribed to the exhaust from petrol trucks. In-rushes 
| of carbonic dioxide, and particularly sulphurous gases, 
| HS and SOs, due to spontaneous or accidental decom- | 
| position and combustion of sulphides, have also claimed 


| victims. 





tion is not yet enforced. | rate of oxygen absorption and the general reactivity 
As regards wet and dry mining, Mr. Harrington | of the coal change. But the presence of abnormal pro- 
regards Dr. J. S. Haldane’s proposal to substitute | portions of non-ulmin constituents, hydrocarbons and 
dry mining for wet mining as almost grotesque. He | resins may render the coal abnormally inflammable. 
does not deny that working in a very humid atmo-|These non-ulmins are the principal oil-yielding 
sphere is most fatiguing, but he does not admit that | constituents giving their oils at low temperatures. 
shale dust and coal dust are harmless. This raises | The inflammability of the coal dust is not materially 
the question whether silicosis or tuberculosis are only | affected by occluded gases, but weathered dusts 
caused by gritty dust, a problem which Mr. Sayers | containing oxygen in the loosely combined state are 
discusses at length. It does not much matter to/ rather more inflammable than fresh dusts. 
the miner whether he is suffering from one or the 
other, but it affects the insurance premiums to be | 








H.M. Destroyer ‘“ ANTELOPE.”—The_ sixty-fourth 


With regard to details, we find that varnishes con- | paid, and it may be that legislation against all dry | 
taining hard copal or artificial resins (formaldehyde) | dust has, in some cases, been precipitate. French | 
dried slowly, unless stoved at 120 deg. C., and were | experts consider that anthracosis, caused by coal-dust, 
attacked in the cleaning bath, even when prepared | is a form of silicosis, and that the distinction between 
with bitumen. All oil varnishes made by dissolving | silicosis and other pulmonary diseases rests largely on 
or suspending india rubber, gutta percha, shellac or| arbitrary classification. Some German authorities 
bitumen in volatile media were unsatisfactory, because | consider the tuberculosis risk as highest among metal | 
they developed pinholes or did not adhere well. | polishers and sand-blast workers, and men engaged | 
Varnishes of cellulose esters failed by stripping off|in removing paint by means of scrapers and wire | 
the metal, but Necol varnish, one of the cellulose pre-| brushes; but there are hardly any comprehensive | 
parations, gave a tough adhesive film which was not | statistics covering sufficiently long periods of uninter- 
attacked by the chemicals, even when applied to | rupted working. Most of the men in one German sand- | 
screwed bolts. Properly treated, these coatings behaved | blasting plant were certainly found to suffer from | 
well, even at 40 deg. and 50 deg. C., except that they | tuberculosis, although very few of them had been | 

In general, | 





of less than 2 in. diameter. Some waxes proved, on | however, sand-blasting is regarded as safer than the | 
the whole, the most satisfactory stopping-off materials, | older polishing methods. 





war vessel to be built by Messrs. R. and W. Hawthorn, 

eslie and Company, Limited, Hebburn-on-Tyne, 
H.M. Torpedo-boat destroyer Antelope, was handed 
over to the British Admiralty on March 20, after a 
successful acceptance trial. Like her sister ship H.M.S. 
Active, which was briefly described on page 347 anie, 
she has an overall length of about 323 ft. and an approx!- 
mate displacement of 1,330 tons. The armament com- 
prises 4-7-in. guns and smaller machine guns. The 
machinery consists of twin-screw single-reduction geared 
turbines developing, collectively, 34,000 s.h.p. Steam 
is supplied by three water-tube boilers fitted with 
superheaters, and arranged for a working pressure 0! 
300 Ib. per sq. in. 

* The Relative Inflammability of Coal Dusts: A Lato- 
ratory Study. By A. L. Godbert and R. V. Ww heeler. 
Safety in Mines Research Board. Paper No. 56. H.M. 
Stationery Office. [Price 6d.] 
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LABOUR NOTES. 

[x the current month’s issue of the Industrial Review, 
Mr. John Beard, chairman of the Trades Union Congress 
and president of the Workers’ Union Group of the 
Transport and General Workers’ Union, writes interest- 
ingly on the problems of British agriculture. He argues 
outspokenly for proper consideration for the agricul- 
tural worker “as good and honest a type,” he says, 
“as any in the country. His roots are in the land ; 
he has a wide and intimate knowledge of his occupation, 
and knows all about the crops and cattle and the rest 
of the things the land produces. But, if there is none 
to employ him, because the products out of which he 
is paid cannot be grown and sold at a reasonable profit, 
then the nation has allowed the commission of an act 
of sacrilege towards its oldest occupation, and has acted 
towards the countryside in the spirit that would boil 
down the last nightingale for the sake of a dye or a pie. 
Labour’s policy for agriculture was passed with acclama- 
tion. It was claimed that it would make for the 
prosperity of the industry. Having promised, we must 
perform.” 





“Tn the past,” Mr. Beard goes on to say, “‘ we have 
condemned the farmer’s shortsightedness, and com- 
mented on his tendency to be greedy, but that should 
not prevent us from seeing that there is a condition 
of things facing the farmer which places in jeopardy 
100,000 families who, if land goes to grass, have little 
to look forward to, except the trek to the towns and 
cities for which they are unfitted. If the farm worker 
is to remain where we want him to remain, then some 
sort of assistance must be given, and in a form which 
will ensure a price being secured by the grower which 
will make the crops remunerative. For why should 
those who eat the food be permitted to say that the 
man who toils in the fields does not matter ? No taxes 
are needed, and subsidies may be avoided, if only the 
Government can put into force a system whereby all 
cereals imported are bought and sold by an Import 
Board.” eae 

At a meeting, in Amsterdam, of the Executive 
Committee of the International Federation of Trade 
Unions, a programme of social legislation was drawn 
up, in respect of which Mr. George Hicks, the British 
representative, urged the adoption of the proposals of 
the British Trades Union Congress with regard to the 
adoption of a 44-hour working week, suitable provi- 
sion in relation to unemployment, adequate housing 
accommodation for the workers, and arrangements for 
the participation of the workers in the control and 
management of public services and industries. It was 
decided to invite the newly-formed Indian Trade Union 
Federation and the Mexican Trade Union Centre each 
to send a delegate to the forthcoming Stockholm 
Congress. 

According to the Ministry of Labour Gazette, there 
was a further decline of employment during March in 
a number of industries, including coal mining, pottery 
and glass manufacture, iron and steel and other metal 
industries, engineering, shipbuilding and ship-repairing, 
the textile trades (particularly cotton, silk and artificial 
silk, and jute) and dock and harbour services. There 
was a seasonal improvement, however, in the building 
industry and in the tailoring and dressmaking trades. 
Among the workpeople, numbering ‘approximately 
12,100,000 insured against unemployment in Great 
Britain and Northern Ireland, the percentage un- 
employed in all industries, taken together, was 14-0 
at March 24, 1930, as compared with 13-1 at February 
24, 1930, and 10-0 at March 25, 1929. The percentage 
wholly unemployed at March 24, 1930, was 10-6, as 
compared with 10-0 at February 24, 1930; while the 
percentage temporarily stopped was 3-4, as compared 
with 3-1. For males alone, the percentage at March 24, 
1930, was 14-5, and for females 12-8. At February 24, 
1930, the corresponding percentages were 13-8 and 
\l-2. Of the total increase during March in the 
numbers of workers recorded as unemployed, a sub- 
stantial part was due to the operation of the Unemploy- 
ment Insurance Act, 1930, and not to a real increase in 
unemplc yyment. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
tates of wages reported to have come into operation 
during March resulted in an increase of about 1,600/., 
in the we ekly full-time wages of 47,000 workpeople, and 
m a decrease of about the same amount in the wages of 
71,000 workpeople. Most of the workpeople whose 
Wages were increased were in the mining and quarrying 
Stoup of industries. The percentage additions to the 
basis tates of coal miners were increased by amounts 
*quivalent to about 1 per cent. on current rates in 
Northumberland, and to about 14 per cent. on current 
tates in Warwickshire. There were also increases in 
the wages of iron-ore miners and limestone quarrymen 








increased included blast-furnacemen in Cumberland and 
certain classes of municipal workpeople in Manchester. 





The largest body of workpeople affected by reduc- 
tions were those employed in brush and broom manufac- 
ture, for whom the minimum rates fixed under the 
Trade Boards Acts were reduced by 1} per cent. on 
basis rates for pieceworkers, and by }d. per hour for 
most male timeworkers and for certain classes of female 
timeworkers. During the first three months of 1930, 
the changes reported to the Ministry of Labour in the 
industries for which statistics have been compiled, have 
resulted in net increases of 24,600]. in the weekly full- 
time wages of 446,000 workpeople, and in net decreases 
of 42,0501. in those of 467,000 workpeople. 





The number of trade disputes involving stoppages 
of work, reported to the Ministry of Labour as beginning 
in March, was 35. In addition, nine disputes which 
began before March were stillin progress at the beginning 
of the month. The number of workpeople involved in 
all disputes in March (including workpeople thrown out 
of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes) 
was about 9,200, and the aggregate duration of all 
disputes during the month was about 51,000 working 
days. These figures compare with totals of 9,300 work- 
people involved, and 79,000 working days lost in the 
previous month, and with 23,100 workpeople involved 
and 137,000 days lost in March, 1929. The aggregate 
duration of all disputes in progress in the first three 
months of 1930 was about 176,000 working days, and 
the total number of workpeople involved in these 
disputes was about 28,000. 





At the Scottish Trades Union Congress, in Edin- 
burgh last week, the General Council submitted a report 
on methods of regulating wages and working conditions, 
and recommended the setting up of new statutory 
machinery for the promotion of collective agreements. 
The Council expressed the opinion that the scheme 
outlined would assist in turning State intervention 
from a mere patching-up process in trade disputes, into 
a process of improving industrial relations between 
employers and employed. The organisations of neither 
employers nor workers, the Council went on to say, will 
commit themselves to-day to the principle of compul- 
sery arbitration in industrial disputes, but in the 
opinion of the Council, the present circumstances of 
industrial life demand a greater measure of compulsion 
by the State to ensure that when disagreements over 
wages and conditions occur, the parties in disagreement 
are, at least, brought together before strikes and lock- 
outs actually take place or are imminent. The pro- 
posals of the Council—which were adopted by a large 
majority—were that in each Ministry of Labour area 
the Minister of Labour should appoint a permanent 
conciliation officer, and that in the event of a dispute, 
a board of conciliation should have full power of investi- 
gation, and seek to promote a collective agreement 
between the parties. Should such an agreement not 
be reached, the board would issue a report containing 
an award to the Minister of Labour and the parties, 
but the finding would not be binding on the parties. 





The annual financial report of the Amalgamated 
Engineering Union states that, in 1929, the General 
Fund increased by 70,374/. to 312,603/, and the Super- 
annuation Reserve Fund by 24,5211. to 1,636,2371. 
Arrears of contributions decreased from 81,7771. to 
76,0087. The membership increased from 218,871 to 
221,529. The average number of unemployed members 
was 14,102 per week in 1928; in 1929 it was 11,917 per 
week. 





The British Government’s Bill to ratify the Washing- 
ton Hours’ Convention seeks to limit the ordinary 
working hours of workers in industrial undertakings 
to eight in the day and 48 in any week, but the follow- 
ing extensions of the statutory limits are permissible : 
(a) Workers who are employed for less than eight 
hours on any day of the week may be employed up 
to nine hours on all or any of the other days, subject 
to the weekly maximum of 48 hours. (b) The hours 
of shift workers may be arranged so as to average not 
more than 48 hours over two or over three weeks. 
(c) The employment of workers upon continuous 
processes may extend to 56 hours weekly upon an 
average over three weeks. 





Other limits than the statutory limits of working 
hours may be substituted on the agreed proposals of 
organisations of employers and workers—provided 
that a weekly average of not more than 48 hours is 
not exceeded. The working of 48 hours in a week of 
five days or less is permitted, subject to the agreement 
of the workers’ organisation, also in preparatory and 


work outside the statutory limits. Overtime may be 
worked in order to deal with pressure of work which 
cannot be dealt with during the ordinary working hours 
of the workers available. The payment for overtime 
must be at not less than time and quarter. Overtime 
must not exceed 32 hours in any period of 28 days, 
but this maximum may be varied by regulation or 
order. The restrictions upon working hours do not 
apply in case of accidents and other emergencies. 
Employers are required to notify workers of their 
ordinary working hours and to keep records of hours 
worked. 





Before making any order or any regulation relating 
to the arrangement of working hours, the Minister is 
required to consult organisations representing the 
employers and workers who will be affected. No such 
order or regulation affecting workers to whem Part IV 
of the Railways Act, 1921, applies may be made unless 
itisin accordance with a recommendation by the railway 
companies and the railway trade unions jointly, or by 
the Central Wages Board or the National Wages Board. 
All regulations and orders are to be laid before both 
Houses of Parliament. Power is taken to suspend 
the operation of the measure in case of national emer- 


gency. 





The provisions of the Bill apply to work in mines— 
except underground in coal mines—in quarries, in 
factories and workshops of all kinds, upon building 
and works of construction at docks, and upon ware- 
housing and transport under contract. Industrial 
branches or departments of non-industrial undertakings 
are included. Non-industrial branches or depart- 
ments of industrial undertakings are excluded, except 
that the Bill applies to the warehouse and transport 
branches of industrial undertakings. It does not 
apply to undertakings confined to the employers’ 
family, to persons engaged in supervisory, managerial 
or confidential capacities, to clerical workers, to home 
workers, to persons employed at sea, to persons em- 
ployed underground in coal-mines, or to persons 
employed in agriculture. Shorter hours or higher 
rates of wages secured by custom or agreement are 
not affected by the measure. 





In reply to the request of the engineering trade 
unions that a Government enquiry should be made 
into the state of the industry, the Prime Minister has 
suggested that the representatives of the men should 
talk the matter over further with the permanent officials 
of the Ministry of Labour and the Board of Trade. 
There are, it is understood, difficulties in the way of 
carrying out an investigation on the. lines followed in 
the cases of the iron and steel trades and the cotton 
industry. 





Addressing the Scottish Trades Union Congress in 
Edinburgh last week-end, Mr. Robert Watson, the 
president, said that inability of British industries to sell 
more of their goods was one of the causes of unemploy- 
ment. British industries could not sell more because 
their goods were too dear; because consumers, especi- 
ally abroad, were too poor to consume as much as they 
would like ; and because, owing to the Versailles Treaty, 
small nations had come into being and put up tariff 
walls while the older nations had been raising their 
tariff walls still higher. Why were their goods too dear ? 
The employers said wages were too high, hours too 
short, taxes too high, and transport and other sheltered 
services too dear. The workers said industry was 
badly organised and badly managed, and needed re- 
construction. The consumer said, industry—managers, 
shareholders and workers alike—wanted to make too 
much out of him. 





Taxation ought certainly, Mr. Watson went on to 
say, to be lightened on industry. The idea that a 
Government could make everybody happy out of the 
public purse would be excellent if they could afford it ; 
but industry filled that purse, and to make everybody 
happy by killing industry simply would not work. 
Taxation on the basis of personal income was the most 
just and the least injurious to industry. Reorganisation 
of industry must be accompanied by revaluation of 
hours and wages, which would be to the advantage of 
the workers. The workers would never get justice until 
they had captured completely the political machine. 
Labour in power would make progress which was impos- 
sible to Labour in office. 





The Municipal Council of Porto Alegre, in the 
Brazilian State of Rio Grande do Sul, have imposed a 
tax of 50 per cent. on the price of tickets for cinemas 
in which the orchestras have been replaced by 
mechanical apparatus. The proceeds of this tax are to 
be devoted to the relief of the numerous musicians who 
have lost their livelihood as a result of the introduction 








in Cumberland. Other workpeople whose wages were 





complementary work and essentially intermittent 


of mechanical means of reproducing music. 



























538 








[APRIL 25, 1930. 





ENGINEERING. 





FOR RAILWAY ROLLING STOCK. 


IN many instances, the increased weight and higher 
average speeds of modern railway rolling stock have 
resulted in serious wear of the wheel flanges and rails 
on curves, and it has long been recognised that 
a simple and convenient method of reducing this wear, 
as well as the noise caused by the side friction of 
the flanges on the rails, is of considerable advan- 
tage. The trouble is remedied -or, at least, greatly 
mitigated, by lubricating the flanges with grease, but 
the application of the lubricant in the most effective 
and economical manner presents some interesting 
problems. Obviously, lubrication is only required 
when the vehicle is actually travelling round a curve, 
and then it is only necessary to lubricate the flanges 
of the wheels running on the outer rail. Moreover, 
since it is clearly quite impracticable for the supply of 
lubricant in the manner indicated to be manually 
controlled, a lubricator designed for this particular 
application must be automatic in action. Railway 
service also requires that it must be simple and reliable, 
and involve the minimum of attention. 

We illustrate, on this page, a lubricator recently 
placed upon the market by Messrs. Hasler Telegraph 
Works, 26, Victoria-street, Westminster, London, 
S.W.1, which appears to comply effectively with the 
requirements outlined above. It consists, essentially, 
of two parts, shown in Fig. 1, that on the right being a 
cylinder charged with grease and that on the left a 
swan-neck nozzle mounted on a bracket so that it 
can be tilted about a horizontal axis. The nozzle 
is connected to the cylinder by means of a hose, the 
coupling clearly shown in the figure being used for the 
purpose, and the bracket carrying it is mounted in 
such a position on the bogie frame that a short length 
of stout rubber tubing, forming the outlet from the 
nozzle, bears against the inner edge of the wheel flange, 
as shown in Fig. 3. Contact pressure is applied by 
means of a spring fitted with an adjustable stop, and 
arranged so that it can easily be released to enable 
the rubber mouthpiece to be turned back clear of the 
wheel; the mechanism can easily be followed by 
examining Fig. 1. It will be evident that, with this 
arrangement, the pressure can be adjusted so that the 
rubber mouthpiece is rapidly worn to conform to the 
flange profile, after which wear practically ceases, 
although a close contact is maintained for long periods. 

The grease cylinder, which is also mounted on the 
bogie frame, as shown in Fig. 2, is fitted with a plunger 
operated by screw and ratchet mechanism, the block 
containing the pawl of the ratchet being connected 
by a wire cable, including a helical spring, to some 
convenient part of the coach frame. It will be obvious 
that the relative movement between the bogie 
and the body, which occurs when the vehicle runs on 
to a curve from a straight portion of the track, will 
either exert a pull on the cable or allow it to slacken off, 
according to the direction of the curvature and to the 
side of the bogie on which the cylinder is mounted. 
Actually, two lubricators are fitted, one on each side 
of the leading coach or locomotive, as shown in Fig. 4, 
and the arrangements are such that the pull is exerted 
on the cable of the lubricator on the outer side of the 
curve, the other cable slacking off as indicated in the 
figure. When the pull occurs, the ratchet gear turns 
the screw in the grease cylinder, so that the plunger is 
moved along and a quantity of grease is forced through 
the hose to the nozzle mouthpiece. Some of the grease 
is, of course, transferred from the flange of the wheel 
to the inner edge of the outer rail, so that the following 
wheel flanges are also lubricated and the desired 
reduction in wear and noise is effected. As soon as 
the coach reaches a straight portion of the track, the 
pull on one cable is released, allowing the ratchet block 
on the cylinder to return to the position shown in 
Fig. 3, ready for operation on the next curve; the 
slack in the other cable is, of course, merely taken up 
without operating the lubricator to which it is 
connected. 

The cylinder is filled with waste grease, such as that 
recovered from axle boxes, &c., the grease being mixed 
with about 10 per ceni. of graphite. The addition 
of sawdust to the mixture, it may be mentioned, has 
been found advantageous in maintaining a suitable 
consistency in hot weather. In charging the lubricator, 
the cylinder is removed bodily from its supporting 
bracket, by unscrewing a hinged fixing pillar by means 
of a tommy bar, which can be distinguished in Figs. 2 
and 3, the plunger being then screwed back by using 
a crank handle which fits on to the squared end of the 
screw and is shown in Fig. 1. One charge, we under- 
stand, is sufficient for the negotiation of about 650 
curves, A dial is provided at one end of the lubricator 
to show how much grease it contains at any time. It 
is claimed that the cost of upkeep of the lubricator is 
practically negligible, the only attention required 
being the occasional filling with grease, which operation 
occupies only a few minutes. 
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- Of Action 


PRECISION ROLL-GRINDING 
MACHINE. 


GRINDING, amongst its other varied applications, 
has become an established method of finishing and 
maintaining all types of rolls, both on account of 
accuracy and economy. The grinding wheel removes 
only the minimum amount of metal, a specially impor- 
tant feature when chilled rolls are being dealt with, and 
the surface produced by it is more durable than that 
resulting from the use of a cutting tool, so that the 
length of time between re-truing operations is greatly 
extended. The roll-grinding machine illustrated in Figs. 
1 to 5, on the opposite page and on page 542, constructed 
by Messrs. The Churchill Machine Tool Company, 
Limited, Broadheath, Manchester, exhibits very well 
the application of modern design to a special tool for an 
operation needing, on account of the weight of the parts 
handled, careful treatment combined with ease of 
manipulation. The Churchill roll-grinding machine 
meets these requirements by great rigidity of construc- 
tion, hydraulically-operated traverse mechanism, a very 
simple mechanism for giving the rolls a concave or 
convex camber, and independent motor drives for the 
grinding wheel, work-head and traverse, while it has 
V-type adjustable journal rests and permanently 
protected traverse ways. The particular machine here 
described, with a standard size wheel, will deal with 
rolls up to 34 in. in diameter, while the minimum 
diameter that can be ground on the centres is 2 in. 
With a smaller wheel, rolls up to 40 in. in diameter can 
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be ground. Two other sizes are made with maximum 
capacities of 60 in. and 72 in. in diameter, respectively. 
The general appearance of the machine is well shown 
in Fig. 1. The bed is in one piece, with a pair of flat 
ways for the work-head, tailstock and journal supports, 
and one V way and one inclined flat way for the 
grinding head. The weight is distributed evenly over 
the foundation by a number of feet along all the vertical 
webs, both internal and external, of the bed. ; The cross 
section given in Fig. 4 shows the disposition of the 
internal webs directly under the ways and also makes 
clear the method of protecting the ways of the grinding 
head. This is effected by permanent flat steel guard 
plates secured to the casting by studs. The underside 
of the carriage is provided with bearing strips which 
project under the guard plates, and automatic lubrica- 
tion is ensured by a number of oil rollers. The outer 
way is inclined to ensure even contact pressure of the car- 
riage with it, and also to prevent the possibility of cross 
wind and lost movement when applying the grinding 
wheel to the work. In the space between the work-head 
ways at each end of the bed, and cast integrally with it, 
are racks with teeth of buttress form which engage with 
the pawls of stop blocks on the work-head and tailstock. 
This provides a safety device which prevents the work- 
head and tailstock from slipping when very heavy rolls 
are being carried, or in the event of the clamp bolts 
being inadvertently loosened. The device can be seen 
at the tailstock to the left of Fig. 1, in which figure the 
oil rollers in the back ways are also apparent. ; 
The work-head is a heavy box-section casting, with a 
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PRECISION ROLL-GRINDING MACHINE. 


MESSRS. CHURCHILL MACHINE TOOL 





COMPANY, LIMITED, MANCHESTER. 





Fig.5. 
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SETTING FOR CONCAVE ROLLS 
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Fig. 6. 
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wide seating on the ways, to which it may be clamped| spanner on a screw above the raising adjustment. 


independently of the safety device. 


It is traversed | The roll rotates upon detachable cast-iron pads fitted 


along the ways by a ratchet-operated pinion meshing | to the V blocks. These pads are supplied in a set to 
with the rack in front of the table, as shown in Fig. 1. | suit the journals and the method of attachment adopted 
The face plate, which revolves about the dead spindle | makes a change-over a very simple and quick operation. 
on large diameter ball and roller bearings, is 36 in. in |The capacity of the roll journal blocks can be varied 
diameter. The driving motor, which is of 10 to 12 h.p. | from 4in. to 24 in. in diameter. 


in machines for paper-mill rolls and of 15 h.p. in those for 
steel-mill rolls, is seated on top of the work-head, and 
transmits its power through a quadruple Texrope V-belt 
drive to a gear box at the back of the work-head. The 
gear box provides four speed changes for the work, viz., 
5-7, 12-2, 20, and 30 r.p.m. The change is made by a 
lever not visible in the figure. From the gear box, the 
drive is transmitted by Renold’s inverted-tooth type 
silent chain and gears to a hardened and ground steel 
worm, geared with a phosphor-bronze worm wheel 
coupled to the face plate. 

A driving bar socket for the wobbler drive is bolted 
to the face-plate, this drive being carried on an adjust- 
able V support, as shownin Fig. 1. The roll is also carried 
on similar supports, longitudinal motion being prevented 
by the tailstock centre. It may be pointed out here 
that the best method for producing the most accurate 
rolls is to grind the journals when the roll is carried 
between the dead centres of the work-head and tailstock, 
and then to grind the rolls with the journals resting on 
the V supports, as shown in the figure. These supports 
are traversed by means of the rack already referred to, 
and a rachet-operated screw is used for adjusting the 
Toll to the correct height, a V gauge being used. The 
traversing screw and raising screw can be clearly made 
out in Fig. 2, the latter having the ratchet in position. 
In this figure the operator is setting the roll parallel to 
the ways by using a trammel gauge and moving both 
V blocks transversely in the saddle by means of a 











The tailstock is a heavy box casting with a separate 
upper portion, which can be set transversely to obtain 
correct alignment. It is traversed by rack and pinion 
gear. The spindle is of high-carbon steel, 5} ins. in 
diameter, and is fitted with screw adjustment actuated 
by the handwheel at the rear. The centres, both of 
the work-head and tailstock are of high-speed steel, 
and are 24 in. in diameter. They have shanks with a 
No. 6 Morse taper. A wheel-truing device with a 
diamond tool holder is attached to the grinding head 
side of the lower part of the tailstock. This attach- 
ment is readily accessible, and, owing to the rigid 
manner in which it is mounted, will produce an accurate 
face on the grinding wheel. 

The grinding head is shown in Fig. 3, and consists 
of three main parts: the cross slide, the wheel-head 
and the carriage, the latter having very long sliding 
surfaces. Its overall lengthis 9ft., and the cross traverse 
of the wheel is 16in. The operator occupies a platform 
near the wheel, so that he has a clear view of the 
point of contact between the wheel and the roll. The 
driving motor, of 25 h.p., is situated above the wheel- 
head, and drives the wheel by a wide belt provided 
with a jockey-pulley tensioning device. The motor runs 
at any constant speed between 720 and 960 r.p.m., 
two wheel speeds being available. The grinding-wheel 
spindle is carried in plain bearings, which are split 
and adjustable for wear, and the end thrust is taken by 
large-diameter ball thrust bearings. The main bearing, 





close to the wheel, is 6 in. in diameter by 94 in. long, 
and the outer bearing 4} in. in diameter by 7} in. 
long. Pump lubrication, with a continuously visible 
gravity flow, is provided, so that the oil is not fed to 
the bearing under pressure. The standard grinding 
wheel is 26 in. in diameter by 3 in. wide, and is mounted 
on a balancing type collet, which is drawn up by set 
screws against a flange forged solid with the shaft, a 
method which makes it practically impossible to mount 
the wheel in any manner other than strictly concentric 
and square with the spindle. A heavy built-up steel 
guard is provided. 

The traverse drive is transmitted from the motor, 
seen just above the tailstock in Fig. 1, through Hele- 
Shaw hydraulic gear to the rack and pinion. This 
provides an infinitely-variable range of traverse speeds, 
so that any speed between the slowest wheel-truing 
speed up to the maximum of 10 ft. per minute can be 
readily obtained. The controls are best seen in 
Fig. 3. The handwheel is used for the fine feed to the 
wheel-head. It works through a worm and wheel at 
the top of the vertical column, which carries a gradua- 
ted dial divided so as to advance the grinding wheel 
by an amount equal to 0-00025 in. reduction in diame- 
ter of the work for one division of handwheel move- 
ment. The wheel-head is counterbalanced so that 
there is always a thrust on the rack feed in a direction 
away from the work. Any possibility of “creep” in 
the feed is thus eliminated. For rapid adjustment, 
the lever below the handwheel is used. This is set in 
successive holes in the periphery of the hub, which can 
thus be rotated as desired. The lever with a quadrant 
is the traverse-speed control lever, and the stopping 
and starting lever is close by, so that the control of 
the machine is very simple and convenient. 

The wheel-head is capable of being tilted so that 
the wheel centre can be advanced or withdrawn 
independently of the feed motion. This is effected by 
mounting the part of the head on which are formed the 
double inverted V guides for the feed with a hinged 
construction. It is supported in front on a hardened- 
steel knife edge, prevented from lateral movement by 
thrust plates. When parallel grinding is being done, 
the back part rests upon a solid support, and the 
centre of the wheel, apart from the feed, remains 
unaltered. When cambered grinding is to be done, 
however, the wheel is tilted forwards or backwards, 
according to whether the roll is to be concave or con- 
vex, by the automatic operation of the cambering 
mechanism, the connection with which is made at the 
back of the wheel-head, the solid support being then 
inoperative. 

The Churchill cambering mechanism does not require 
templates or curved surfaces, the adjustable straight- 
edge, seen in the lower part of Fig. 3, forming the 
necessary guide. The parts of the mechanism near 
this straight-edge can be identified in the diagrammatic 
views given in Figs. 5, 6 and 7, on this page. The hinged 
arrangement of the wheel-head is seen in Fig. 6, the © 
arc showing the movement of the wheel on each side 
of its central parallel-grinding position. The back of 
the wheel-head carries a slotted bracket, by which, 
through the operating gear, it is raised or depressed as 
required. Referring to Fig. 5, it will be seen that 
behind this bracket is a dise, A, free to rotate, which 
is encircled by a ring, B, prolonged into an arm, C. 
About half-way along this arm is attached a slipper, 
D, which is kept in contact with the straight-edge, E, 
by a weight, F. The disc carries crankpins J, K, which 
are connected to the bracket by means of toggles G 
and H. Only one toggle is engaged at a time, G being 
used for convex cambers, as in Fig. 7, and H for con- 
cave cambers, as in Fig. 5. The toggles are always in 
position, and can be brought into contact with the 
crankpins by screw adjustment. 

The operation of the mechanism is as follows: As the 
wheel-head traverses along the roll, the slipper is drawn 
up the straight-edge, assuming that a concave roll is 
being ground, and this causes a rotation of the disc since 
the ring is clamped to it. The crankpin is accordingly 
moved through an arc, and the free end of the hinged 
wheel-head is first lifted up to its maximum and then 
depressed, causing a gradual advance and return of 
the grinding wheel. The reverse operation takes 
place when a convex roll is being ground. As the 
crankpin moves through an arc, a true curve is 
obtained on the roll, although the motion is derived 
from a straight-edge. The degree of camber is governed 
by the inclination of the straight-edge to the horizontal. 
To facilitate setting, the end of the bar is moved on a 
graduated scale, and a chart is supplied correlating 
the graduation with the camber. Short rolls can be 
accurately cambered at any convenient position along 
the bed, thus avoiding concentration of wear at any 
particular part of it. The disc is provided with a ring, 
so that the angular relationship of the arm to the 
vertical centre line of the disc can be adjusted, and 
the centre of the camber ground on the roll can be sét 
irrespective of the position of the slipper along the 





straightedge. For making this setting, the central 























540 ENGINEERING. 


[APRIL 25, 1930. 











TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 


position is clearly indexed. The mechanism is so 
constructed that any reversal of stresses when the 
grinding wheel reverses at each end of its stroke is 
eliminated. Lost motion is therefore also eliminated, 
and a true camber curve is obtained from end to end | possessions and in foreign countries. The closing date 
of the roll. The camber motion is released for parallel | of each tender is stated below. Details may be obtained 


grinding by the disengagement of both toggles. | on application to the Department at the above address, 
The cooling fluid is supplied to the wheel by a circu- | the reference number given being quoted in each onne. 

lating pump, theimpeller portion of which is submerged} Telegraph Cable.—The supply and delivery of multiple 

in the trough formed between the wheel head ways and | twin cable. The Deputy Director, Post and Telegraph 





Department, Melbourne, Australia; June 17 (Ref. No. | 


shown in Fig. 4. The trough between the two sets of | 7, X. 6349.) 
ways collects the fluid and returns it to the suction | “~~ 5 
trough. The pump is of the centrifugal type, driven by | 
a vertical shaft from the traverse-drive motor, and as | 
it is submerged, the only pipe required is the delivery 
pipe to the nozzle on the wheel. This arrangement 
ensures a constant and copious supply. Oil is used as 
the transmitting medium in the Hele-Shaw gear, and 
is contained in a tank situated above the traverse-drive 
motor. 


coil pots. 


B.X. 6350). : 
Auxiliary Turbines and Generating Sets.—The supply 
sets for the Arapuni power scheme. 


Department, Wellington, New Zealand ; July 29. 
No. B.X. 6356.) 








The Auckland Harbour Board, 
(Ref. No. B.X. 6354.) 


LAUNCHES AND TRIAL TRIPS. marine cable. 
‘ i . . | Zealand; June 10. 

“ Bisca,”’—Single-screw oil-tank motorship;  six- 
cylinder, single-acting, two-cycle Armstrong-Sulzer Diesel 
engine. Trial trip, April 7. Main dimensions, length | 
408 ft., breadth 54 ft. 9 in., deadweight carrying capacity | 
9,000 tons. Built by Messrs. Sir W. G. Armstrong, Whit- | 
worth and Company (Shipbuilders) Limited, Walker-on- 
Tyne, for Mr. Per Gjerding, Bergen, Norway. 


‘** PINEWooD.”’—Single-screw ont rianening steam col- | 
lier; triple-expansion engine supplied by Messrs. The | 
North Eastern Marine Engineering Company, Limited, | 
Wallsend. Launch, April 14. Main dimensions, 296 ft. | 
by 42 ft. 6 in. by 21 ft. Built by Messrs. R. & W. | 
Hawthorn, Leslie and Company, Limited, Hebburn- | 


The 
July 30. 


Wonthaggi. 
Australia ; 


the State coal mines, 
Railway Commissioners, 
No. B.X. 6355.) 


(Ref. 


particulars and prices of automatic wooden-slat cutting 
machines to cut slats measuring 2} in. by 7} in. by } in. 


(Ref. No. A.X. 9462.) 








on-Tyne, for Messrs. Wm. France, Fenwick and Com- | 


pany, Limited, London. 


““NaB WykeE.’’—Steel screw trawler. 
14, Main dimensions, 140 ft. by 24 ft. by 14 ft. 


at Hull. 


“ NORTHUMBRIAN.”’—Twin-screw steam vehicular and | 


passenger ferryboat for the Market Place ferry service 
between North and South Shields; 
engines. Trial trip, April 14. Main dimensions, 115 ft. 
6 in., by 43 ft., by 12 ft. 7in. Built by Messrs. R. & W. 


Hawthorn, Leslie and Company, Limited, Hebburn-on- | 


Tyne, for the Tyne Improvement Commissioners. 


Launch, April | 
Built | 
by Messrs. Cochrane and Sons, Limited, Selby, for owners | 


triple-expansion | Shirley Institute Memoirs. 


“* SILVERWALNUT.’’—Twin-screw cargo motorship ; six- | 


cylinder, single-acting Harland-B. & W. Diesel engines. | 
Launch, April 15. Main dimensions, 455 ft. by 61 ft. 9 in. | 
uilt by Messrs. Harland and Wolff, Limited, | 
Belfast, for Messrs. Stanley and John Thompson, Limited | 


by 40 ft. 


(Silver Line, Limited), London. 


‘** BARCELONA.” —Twin-screw cargo motorship;_ six- 
cylinder, trunk-type, airless-injection, Harland-B. & W. 
oil engines. Trial trip, April 16. Main dimensions, 275 ft. 
by 43 ft. by 13 ft. Built to the order of Messrs. The Argen- 
tine Navigation Company, (Nicolas 
Limited, London, by Messrs. Harland and Wolff, Limited, 
Govan, Glasgow. 


““Contessa.’’—Single-screw passenger and banana- 


| Hilfsbuch _ fiir 


Mihanovitch), | 


carrying steamer for service between the Tropics and the | 


United States; quadruple-expansion engines. 
33 ft. Built by Messrs. Barclay, Curle and Company, 
Limited, Glasgow, for Messrs. Vaccaro Brothers, New 
Orleans, U.S.A. 








British MarKETs IN CotomBiA.—The Department of | Department of Scientific and Industrial Research. 


Trial | 
trip, April 17. Main dimensions, 397 ft. by 53 ft. 6 in. by | 


| 


Overseas Trade informs us that Mr. J. Garnett Lomax, 
H.M. Consul-General at Bogota, will be in attendance at | 
the offices of the Department, 35, Old Queen-street, | 


London, 8.W.1, for a few days commencing April 30, 


for the purpose of interviewing representatives of United | 


Kingdom firms interested in the export of British goods 
to the Republic of Colombia. Applications for inter- 
views should be made immediately to the Comptroller- 
General of the Department, quoting Reference No. 
26617 /1930. 





THE MARKING oF IMPORTED DRAWING MATERIALS,— 
The Standing Committee appointed by the Board of 
Trade will hold an inquiry at 11.30 a.m. on May 5, and 
at 10.30 a.m. on May 6, as to whether imported drawing 
boards, T-squares, set squares, pantographs, chalks and 
crayons, drawing inks, colours and colour boxes, brushes, 
and other draughtsmen’s and artists’ materials should be 
required to bear an incication of origin. The inquiry 
will be held at the Board of Trade offices, Great George- 
street, London, S.W.1. Communications should be 
addressed to the secretary, Mr. E. W. Reardon, at that 
address. 





Contracts.—The Air Ministry has placed, with 
Messrs. The British Thomson-Houston Company, Limited, 
Crown House, Aldwych, London, W.C.2, a contract for 
the supply of Mazda lamps for three months, or such 
longer period as the Ministry may desire.—Messrs. The 
General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2, have received an important 
order from the Glasgow Corporation Tramways for 
electrical equipments in connection with their tramway- 
car rebuilding scheme. The order comprises 450 motors, 
60 h.p., on the one-hour rating, 600 volts, together with 
resistances and circuit breakers. 


| 
| 
' 








BOOKS RECEIVED. 


United States Bureau of Labor Statistics. Bulletin No. 504. 
Wages and Hours of Labor in the Hosiery and Under- 


wear Industries 1907 to 1928. Washington: Govern- | 


[Price 15 cents. ] 
By W. B. WHALL. 
London : 


ment Printing Office. 

The Romance of Navigation. 
by F. E. McMourrrie. 
Marston and Company, Limited. [Price 6s. net.] 

Vol. VIII. 1929. Dids- 
bury, Manchester: Shirley Institute. 

United States Bureau of Mines. Mineral Resources of 
the United States. 1:8. Secondary Metals in 1928. 
By J. P. Dunuop. [Price 5 cents.] I: 12. Gold, 
Silver, Copper, Lead and Zinc in California and Oregon 
in 1928. Mine Report. By V. C. HerKkes. [Price 
10 cents.) IL: 7. Feldspar in 1928. By O. BowLes 
and J. MippLeTon. [Price 5 cents.] IL: 8. Graphite 
in 1928. By J. Mippteton. [Price 5 cents.] II: 16. 
Tale and Soapstone in 1928. By O. Bowes and 
B. H. Stopparp. [Price 5 cents.] Washington: 
Government Printing Office. 

Betriebsberechnungen. Mit 
Beriicksichtigung nomographischer Methoden. 
B. M. Konorsxr. Berlin: Julius Springer. 
28-50 marks. ] 

The Romance of a Modern Liner. 
Diecte. London: Sampson Low, 
Company, Limited. [Price 6s. net.] 

The Journal of the Institute of Metals. Vol. xlii, 1929. 
Edited by G. SHaw Scorr. London: Offices of the 
Institute. 

Die Berechnung der Anheizung. und Auskiihlung ebener 
und zylindrischer Wande (Hauser und Rohrleitungen) 
Theorie und Vereinfachte Rechenverfahren. By Dr.- 
Inc. W. Esser and Dr.-Inc. O. KRIscHER. 
Julius Springer. [Price 15 marks. ] 


besonderer 
By Ine. 
[Price 


By Captain E, G. 
Marston and 


Berlin : 


Report 
of the Radio Research Board for the Period ended March 
31, 1929. London: His Majesty’s Stationery Office. 
[Price 3s. 6d. net. ] 

The Automobile Engineer Reference Book. 

Tliffe and Sons, Limited. [Price 7s. 6d. net.] 

Mines Department. Safety Pamphlet No. 6. The Use 
of Chains and Other Gear for Hauling and Lifting. 
London: His Majesty’s Stationery Office. [Price 
6d. net. ] 

United States Bureau of Mines. Technical Paper No. 
457. Centrifugal Concentration. Its Theory, Mecha- 
nical Development and Experimental Results. By 
H. A. DoeRNER. [Price 10 cents.]) No. 458. <Accz- 
dents at Metallurgical Works in the United States during 
the Calendar Year 1927. By W. W. Apams. [Price 
10 cents.] No. 463. Depth Attainable by Electrical 
Methods in Applied Geophysics. By A. 8. Eve and 
Others. [Price 15 cents.] No. 464. Coal Dust 
Explosibility Factors Indicated by Experimental 
Mine Investigations, 1911 to 1929. By G. 8S. RicE 
and H. P. GREENWALD. [Price 10 cents.] No. 466. 
Effect of Manganese on Distribution of Carbon in Steel. 
By B. M. Larson. [Price 20 cents.] Washington : 
Government Printing Office. 

Government of India. Department of Industries and 
Labour. Public Works Branch. Irrigation in India. 
Review for 1927-28. Calcutta: Government of India, 
On] Publication Branch. [Price, annas 14 or 

8. 6d. 

Principles of Electrical Engineering. By W. H. TumBIE 
and V. Busx. Second edition, completely rewritten. 
New York: John Wiley and Sons, Inc. London: 
Chapman and Hall, Limited. [Price 22s. 6d. net.] 

United States Bureau of Labor Statistics. Bulletin 
No. 502. Wages and Hours of Labor in the Motor 
Vehicle Industry, 1928. Washington: Government 
Printing Office. 


London : 


Sampson Low, | 
| tures of moment in the various branches of manufactured 


of tenders invited by various bodies in the British | 


and delivery of auxiliary water turbines and generating | x 
The Public Works | 224 No. 4, forge, 66s. 


(Ref. | 


Slat-Cutting Machine.—A firm in East Africa requires | 


from blocks 2} in. by 7} in. by various thicknesses. | 





\NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesd iy. 
The Cleveland Iron Trade.—Cleveland pig prodiicers 
are in quite a strong position. Their unsold stocks are 
small, and promise to be reduced by gradual expansion of 
demand. The limited output is now no more than suiii- 
cient to meet current requirements. Second hands 
have little Cleveland iron to offer. A large proportion 


| of the make continues to go into direct use in its molten 
state at the consuming departments of producers’ works, 
| A few more direct sales to local and other home consumers 


| are reported, but business with firms beyond the Tweed 


Loading Coil Pots.—The supply and delivery of loading is still difficult, Continental and Indian competition 
The Deputy Director, Post and Telegraph | for trade with Scotland continuing keen. 
Department, Melbourne, Australia; June 17 (Ref. No. | are receiving a few small inquiries from the Continent, 


Merchants 


| but export sales remain light. Ironmasters adhere firmly to 
| their fixed prices which stand: No. 1 grade of Cleveland, 
70s. ; No. 3, g.m.b., 67s. 6d.; No. 4, foundry, 66s, 6d. ; 


Hematite.—Unsatisfactory and discouraging conditions 
in the East Coast hematite branch of the staple industry 
are causing grave concern. Demand nothing like 


Submarine Cable.—The supply and delivery of =. | absorbs output, and the already embarrassingly heavy 


| stocks are increasing at a very disquieting rate. As there 
| seems no likelihood of an early change for the better, 


Turbo-Alternators.—The supply and erection of steam | curtailment of output cannot be long delayed, and a 
turbo-alternators, condensing plant and control gear for | movement in the direction of preparation for damping 
Victorian | down or blowing out furnaces would cause no surprise. 


Merchants have still very substantial holdings which 
| they are keen to lighten, and are underseliing producers 
who, in their anxiety to keep plant running, are prepared 
to give favourable consideration to offers at even below 
the altogether unremunerative recognised market 
rates. Quotations are unsteady, with a marked down- 
ward tendency. Iron is offered freely at the equivalent 

of ordinary qualities at 74s. 6d. 

Foreign Ore.—In the continued absence of business, 
| foreign ore quotations are purely nominal. Consumers 
| have considerable stocks and long contracts against 
| which to draw, so that they are not interested in the 
|market. Best rubio is put at 21s. 6d. c.i.f. Tees. 
Blast-Furnace Coke.—Durham blast-furnace coke is 


|} abundant and difficult to dispose of. Good medium 


Edited | qualities are weak at 18s. 6d., delivered to local users. 


Manufactured Iron and Steel—There are no new fea- 


iron and steel. Some departments have still a lot of 
work to execute, but others are in need of orders. Pros- 
pects, generally, are far from bright, but quotations are 
upheld, Common iron bars are 10/. 15s.; best bars, 
11l. 5s.; double best bars, 11/. 15s.; treble best bars, 
121. 5s.; iron rivets, 11/. 10s.; packing (parallel), 8/. ; 
packing (tapered), 10/.; steel billets (soft), 61. 15s. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
81. 2s. 6d. ; steel rivets, 117. 5s. ; steel ship plates, 8/. 15s. ; 
steel angles, 81. 7s. 6d.; steel joists, 8/. 10s.; heavy 
sections of steel rails, 8/. 10s. for parcels of 500 tons and 
over, and 9/. for smaller lots; fish plates, 12/. 10s. ; 
black sheets (No. 24 gauge), 9/. 15s.; and galvanised 
corrugated sheets (No. 24 gauge), 121. 








NOTES FROM THE NORTH. 


Guasaow, Wednesday. 

Scottish Steel Trade.—A dull tone continues to prevail 
in the Scottish steel trade, and makers are very short 
of specifications. The outlook is rather drab at the 
moment for consumers have no incentive to place 
orders for more than their immediate requirements 
as they can see little distance ahead themselves. With 
the falling away in the demand from the shipyards, 
and also from the overseas markets, local producers 
are finding it rather difficult to keep their plant employed, 
nor do current inquiries give any indication of an 
improved state approaching. In the _ black-sheet 
trade the bookings for the lighter gauges are quite 
good, but in the heavier gauges business is extremely 
quiet. Galvanised sorts are fair, but makers have 
been looking for a larger demand. Prices all round 
are nominally unchanged and are as follow :—Boiler 
plates, 107. 10s. per ton; ship plates, 8/. 15s. per ton; 
sections, 8. 7s. 6d. per ton; black steel sheets, } in, 
91. per ton; and galvanised corrugated sheets (No. 24 
gauge), 12/. 15s. per ton, all delivered at Glasgow stations. 

Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade the conditions have again to be 
reported as unsatisfactory. One or two makers are 
fairly well employed, but output generally does not tota I 
anything like a respectable tonnage. The re-rollers 
of steel bars are also poorly supplied with specifications, 
and plant is only partially employed. The current 
prices are as follow :—“ Crown ”’ bars, 10/1. 5s. per ton 
for home delivery, and 9/. 15s. per ton for export; 
re-rolled steel bars, 7/. 12s. 6d. per ton for home 
delivery and for export. 

Scottish Pig-Iron Trade.—There has been no change 
in the state of the Scottish pig-iron trade during the 
week and the demand is substantially short of output. 
Inquiries do not represent a heavy tonnage, nor do 
they point to any improvement in the near future. 
The prices are unchanged and are as follow :—Hematit , 
81s. per ton, delivered at the steel works ; foundry iron, 
No. 1, 80s. 6d. per ton, and No. 3, 78s. per ton, both 
on trucks at makers’ yards. ; ; 

Scottish Pig-Iron Shipments.—The shipment ©! 
Scottish pig-iron from Glasgow Harbour for roa week 
ending last Saturday, April 19, amounted to 1,190 tons. 
Of that total 1,130 tons went overseas, and 60 tons 
coastwise. During the corresponding week of last I 
the figures were 351 tons overseas and 112 tons coastwise, 
making a total shipment of 463 tons. 
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é = NOTES FROM THE SOUTH-WEST. 
e _ SHEFFIELD, Wednesday. CARDIFF, 
Tron and Steel.—The holiday stoppage has been of The Coal Trade.—The intervention ot Un en 
normal duration. A resumption will be made to-day | holidays and customary idleness of the pits and docks 
and to-morrow. Order books reflect mixed conditions. A | brought business to an almost complete standstill 
steady expansion of buying is forecast in certain quarters, | Inquiry was slow and with stocks of coal heavy buyers 
but elsewhere there is speculation whether the hand-to- | could secure practically any class at minimum prices 
mouth policy, which has ruled during the past three or | based on 20s. for best Admiralty large and 13s. 6d. for 
four months, will be continued indefinitely. Gross output | best bunker smalls. The only classes in any way difficult 
is maintained at a high level, despite many drawbacks. | to secure were dry duffs, which were scarce ‘owing to 
The market for raw and semi-finished materials is still | irregular working at the dry coal collieries, and some 
under the holiday influence. No change is probable in| Black Vein and Western Valley Monmouthshire large 
the immediate future. Prices generally are in favour coals, which were moving off freely under contract 
of buyers, and, according to leading producers, show only | Shipments foreign in the past week amounted to only 
abare profit. More orders could comfortably be handled | 290,000 tons, compared with 493,500 tons in the previous 
in bulk steel, both basic and acid, though furnaces have | week. With the opening of the River St. Lawrence, 
been operating up to 70 per cent. capacity, and in| exports to Canada from Swansea were, however, raised 
exceptional instances, steps are being taken for the | from 12,750 tons to 50,670 tons, but to the Argentine 
commissioning of additional plant. Easy conditions | were reduced from 58,000 tons to 31,000 tons, to Brazil 
prevail in forge and foundry iron. Recent depression in | from 49,000 tons to 28,500 tons, to Egypt from 36,000 
iron and steel scrap is unaffected by the current demand, | tons to 14,000 tons, to Italy from 77,000 tons to 33,000 
and there is little movement in steelmaking alloys. tons, and to Portugal from 19,000 tons to 11,500 tons, 
oun —— Siemens acid steel billets, 91. 10s. ; Egyptian Railway Contract.—Prices submitted for 
hard basic-steel billets, 97. 2s. 6d. to 91. 12s. 6d. ; medium | the Egyptian State Railway contract for the supply of 
hard basic-steel billets, 77. 12s. 6d. to 8l. 2s. 6d.; soft | 250,000 metric tons of large coal, to be pli ce | at 
romani Ls aad i ; es pig iron, | Alexandria over May to September, were received to-day. 
= Pa yal e Pip RS. bus. “i ; — | As was expected, they were much lower than the 28s. 44d, 
aa ee Soe tee ke tae a 3 Iron | ¢,i.f. Alexandria, accepted by Messrs. T. Beynon and 
a d g Sevag Me aaea — "ed 8. The Rice pire Prisma — — re December, for 165,000 
as : + ies, ee 3 ; tons. The lowest figure submitted for the present 
seacts Wd ele te Gatenieees ites aes anes ee en 
pee : : b sat S| expected that this offer will be accepted in view of the 
— se — ~— — production and employment. | superiority of Welsh coals, 100,006 tons pe gehen 
Mor r fe ner — a ke Ee features. | offered by the Maris Export and Trading Company, 
; . - — ; - ever bp een booked in hollow- | Limited, Cardiff, at 26s, 54d., and 40,000 tons at 26s., 
lorged drums for steam and © ectricity services, and this, | while Messrs. Tabb and Burletson, Limited, Newcastle 
in turn, is producing a demand for weighbridges of record | and Cardiff, offer 90,000 tons at 26s. 74d. The only 
capacity and special vehicles for road and rail traction. | firms to offer the full quantity of 250.000 tons are Mess : 
— —- — en me haagin ape serie ge | Evans and Reid, Limited, Cardiff, whose price po 
owing to the transfers mentioned, is the subject of an | 27s, 24d., and Messrs. T. Be = ‘ Y Ae Se 
unsatisfactory demand, both from home and export | who Ade 90,000 tons at bon tak cad tude seen on 
users, but there is a fair aggregate output of automobile, | 27s, 34d. It is thought probable that the offers of the 
mining, and agricultural steel. ans are in hand for Maris Company and Tabb and Burlets ill be sai. 
an enlargement of local production of crushing and | and that they be asked acc Sept 
breaking machinery. Makers of saws and files report | py 2 lagen ‘r “ = nS Kad 
quiet conditions. Fair activity prevails in special st | Sratens to ie tie Mane tee ee ee re rs 
a = — 7 — competitors to gain a | price is due to the heavy drop which has taken place in 
8 pie SNe eee trade. : = __ | freights since the end of last year. 
stan ae —_ “assy ps agg nee obtain Trimmers and Night Work.—A joint meeting of South 
industrial fuel on inland ‘nau go a ae ee Ones ears Set See ee 
factory. The offer of lower rates has attracted little a codeaute tr Gs ae pe yaoteg — he 
extra business, and a substantial tonnage is reported to| docks and a reversion to two ae l base oe 
pega ie at the _ and in colliery and railway This proposal will, doubtless, be pe a ert 
oe swaps in — and foundry coke is quiet, | hy the employers, who all along have contended that 
gh prices are mainly maintained at recent rates. | night working was essential to the Welsh 1 trad 
House coal is a slow market. Supplies of best grades are | yj ci i nce nelly 2 
ample to meet all requirements, despite a falling-off in a a ee vee See ee ee er 
production, while secondary sorts have cheapened under | eee Bao i a 
the influence of a diminished demand. Quotations: : er 
a branch hand picked, 26s. 6d. to 28s.; Derbyshire | 
9° 9 . ‘ a 6 
— ee a 20s, - Bett Fastener Tests.—Makers of new devices 
eens sas, 1 OE kc <— 4 ; "tis Ga undoubtedly place their products in a stronger position 
rage yp teens oe ion or te 7... 3. k | when they are able to produce records of authentic 
due Ss tc a eae a a os ‘| tests by independent experimenters. The booklet issued 
a a a ry 8, (8 Od, to 58. O4.;/|by Messrs. Smith and Davis, Limited, Birmingham, 
= Pe describing the ‘“‘ Beacon” safety grip belt fasteners, 
recently introduced by them, is thus rendered more 
convincing by an account of 96 tests to destruction made 
on this fastener, along with five other different types, 
by Professor C. Batho, Birmingham University, while an 
addition gives the results of running tests made by 
Professor H. W. Swift, Bradford Technical College. The 
‘* Beacon ”’ safety grip is designed for use with a joint 
having turned-up edges, and is both simple in construc- 
tion and easily fitted. The results obtained in the test 
part contains a mass of tables, charts, and formule | }\° SE SONOS eel Ske ie See eae 
which have a more general application and should be of ~ ye interested in the problems of power transmission 
value in any problem of power transmission by belting. | 7 hetting. 
The table of particulars of horse power required to ia 
drive various machines may be specially mentioned as | DIRECTORY OF SHIPOWNERS, SHIPBUILDERS AND 
being at once comprehensive and detailed. It is not| Marine EnGIngERs.—The twenty-eighth annual edition 
easy to find elsewhere, for example, such widely differing | of that useful work of reference, The Directory of Ship 
apparatus as textile machinery, machine tools, and wood- | owners, Shipbuilders, and Marine Engineers, 1930, has 
working machinery in one collection. The tables of | just been published by Messrs. The Directory Publishing 
circumferential velocities of pulleys is, again, very | Company, Limited, 33, Tothill-street, London, S.W.1. 
a ranging as it does from pulleys of 1 ft. to 20 ft. | Compiled under the direction of the editor of Shipbuilding 
. lameter, running at speeds of from 10 r.p.m. to 500 | and Shipping Record, the volume is a comprehensive work 
rae A number of pages of squared paper are provided | of international scope, giving upwards of 24,000 references 
or the user’s memoranda. to shipping and shipbuilding firms. The work is divided 
es 4 , p up into several sections, the first of which, the official 
Png CONDITIONING OF S.S. Hosson s Bay.’’—The | section, contains a list of Admiralty Departments and 
per pod turbine steamer Hobson’s Bay left the Tyne | Royal Naval Dockyards, Royal Naval Colleges, Board of 
dition ri time ago after being altered and_recon- Trade and Ministry of Transport Departments, and 
wane y_ Messrs: Swan, Hunter, and Wigham data regarding various shipping classification societies. 
ore ee The vessel is 530 ft. 6 in. long | The second main section comprises a list of shipowners 
the hee am of 68 ft. 3 in. The alterations include in all parts of the world, and the third, a list of shipbuilders, 
bo bon ing of new public rooms and the enlarging of | ship repairers and marine-engine builders in this country 
The — ining saloon which can now seat 375 persons. |and abroad. Lists of consulting marine engineers and 
es — accommodation has been reconditioned and a | naval architects and information regarding trade, tech- 
ge © new system of ventilation has been installed nical and educational organisations are also included. 
wher i room. The main engines and auxiliary | The indexes given are particularly exhaustive, and com- 
— ya ave also been overhauled and | new boats’ | prise a general index, an index to firms, a personal index, 
ci Bc been installed. The Hobson’s Bay will and an index to the names of ships. The directory 
peli ae: of one class, as well as cargo between | furnishes information regarding the ownership, tonnage, 
dae re ry and Australia. . The Hobson’s Bay and her | draught, and year of commission, of any specific vessel 
iahentte oot —— which is the S.S. Jervis Bay, also | and also the builders of the ship and the constructors 
Wighary — itioned by Messrs. Swan, Hunter, and | of the engines. The book also fulfils the requirements 
ora ad ichardson, Limited, were originally built | of those who desire statements of the capacities of the 
They hav ipping Board of the Australian Government. | various shipyards and the names of the directors and lead- 
Alot — been taken over by the Aberdeen and | ing officials of all the shipowning and shipbuilding com- 
on Sonu Line, which is managed by Messrs. | panies. The volume is of handy desk size, and the price 
» Savill and Albion Company, Limited, London. is 20s. net. 


NOTES FROM SOUTH YORKSHIRE. 

















PowER TRANSMISSION BY BELTING.—If the aim of 
Messrs. Macinlop Limited, Cambridge-street, Manchester, 
has been to supply in their booklet ‘‘ The Transmission 
Belt Handbook,” really informative matter, this aim 
has been attained. The first part contains a detailed 
description of the manufacture of Macinlop belting, with 
precise instructions for making a _vulcanised splice. 
his is both interesting and useful, but the second 
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NOTICES OF MEETINGS. 





INSTITUTION OF MECHANICAL ENGINEERS.—To-night, 
6 p.m., Storey’s-gate, S8.W.1. ‘The Economical Pro- 
duction and Distribution of Steam in Large Factories,” 
by Mr. F. Carnegie. Friday, May 2, 7 p.m., Informal 
Meeting. Discussion on ‘Empire Free Trade and 
the Engineer,” introduced by Major A. W. Farrer. 


NortH oF Enatanp INstITUTE OF MINING AND 
MECHANICAL ENGINEERS.—-Saturday, April 26, 2.30 p.m. 
Newcastle-upon-Tyne. ‘‘ Notes on a Winding Accident 
at Mainsforth Colliery,” by Mr. C. Howson. “The 
Value of the Economiser in Present-Day Boiler Installa- 
tions,” by Mr. G, E. Tansley. 

INSTITUTE OF British FouNDRYMEN.—Lancashire 
Branch, Junior Section: Saturday, April 26, 6.15 p.m., 
College of Technology, Sackville-street, Manchester. 
Annual General Meeting. ‘‘ Jobbing Moulding,” by 
Mr. A. Sutcliffe. 

INSTITUTION OF CIviIL ENGINEERS.—Tuesday, April 
29, 6 p.m., Great George-street, 8.W.1. “ The Naviga- 
bility of the Lower Danube,” by Mr. E. T. Ward. 
Wednesday, April 30, 6.30 p.m., Students’ Meeting. 
Annual General Meeting. Birmingham and District 
Association: Thursday, May 1, 6 p.m., Chamber of 
Commerce, New-street, Birmingham. Annual General 
Meeting. 

NEWCOMEN Soctety.—Wednesday, April 30, 5.30 p.m., 
Prince Henry’s Room, 17, Fleet-street, E.C.4, ‘* Ancient 
Civilizations,” by Major E, A. Marples, 

TRon AND Svreet Institute.—Annual Meeting, 
Thursday, May 1, and Friday, May 2. Institution of 
Civil Engineers, Great George-street, S.W.1. Thursday, 
May 1, 10 a.m., Presentation of Bessemer Gold Medals to 
Mr. E. Schneider and Dr. W. Rosenhain. ‘‘ An Experi- 
mental Inquiry into the Interactions of Gases and Ore 
in the Blast-Furnace. Part IJ.—Carbon Deposition 
at 450 deg. C. and its Influence upon the Ore Reduction ; 
Equilibria between Gases and Ore at 650 deg. to 1,000 deg. 
C.,” by Professor W. A. Bone, Dr. L. Reeve and Dr. H. L. 
Saunders. ‘‘ Developments in Fuel Economy at Skin- 
ningrove,” by Mr. F. Bainbridge. At 2.30 p.m., “* Single- 
Sheet or Thin-Pack Normalising, or Heat Treatment 
versus Box-Annealing of Sheets,” by Mr. R. Whitfield. 
“Tin and Sheet Mill Rolls. Their Treatment, Perfor- 
mance, and Premature Failure in Service,” by Mr. E. 
Mort. ‘The Metallography of some Ancient Egyptian 
Implements,” by Sir H. C. H. Carpenter and Dr. J M. 
Robertson. ‘‘ Chromium-Copper Structural Steels,” by 
Mr. J. A. Jones. At 7.30 p.m., Annual Dinner. Con- 
naught Rooms, Great Queen-street, W.C.2. Friday, 
May 2,10a.m. ‘ Some Alloys for Use at High Tempera- 
tures. Nickel-Chromium and Complex Iron-Nickel- 
Chromium Alloys.” Part I. By Dr. W. Rosenhain and 
Mr. C. H. M. Jenkins. Part IJ. By Mr. C. H. M. 
Jenkins, Mr. H. J. Tapsell, Mr. C. R. Austin and Mr. 
W. P. Rees. ‘Alloys of Iron Research. Part [X.— 
The Constitution of the Alloys of Iron with Silicon,” 
by Dr. J. L. Haughton and Dr. M. L. Becker. “ Car- 
burising and Graphitising Reactions between Iron- 
Carbon Alloys, Carbon Monoxide and Carbon Dioxide,”’ 
by Dr. M. L. Becker. “‘ The Effect of Melting Conditions 
on the Microstructure and Mechanical Strength of Grey 
Cast Irons containing Various Amounts of Carbon and 
Silicon,” by Dr. A. L. Norbury and Mr. E. Morgan. 
“The Properties of some Steels containing Chromium,” 
by Mr. A. R. Page and Dr. J. H. Partridge. ** The 
History of the Cementation Process of Steel Manufac- 
ture.” Part I, by Mr. D. Brownlie. Part II, by Baron 
de Laveleye. ‘‘The Corner Ghost in Steel Ingots,” 
by Dr. S. Maita. ‘ 

InsTITUTION oF ExLEctTRICAL ENGINEERS.—Thursday, 
May 1, 6 p.m., Victoria-embankment, W.C.2. Kelvin 
Lecture: ‘‘Some Recent Advances in the Electron 
Theory of Metals,” by Mr. R. H. Fowler. 

Farapay Socrtety.—Friday, May 2, 8 p.m., Chemical 
Society, Burlington House, Piccadilly, W.1. Lecture: 
‘On Coagulation,” by Professor Georg Wiegner. 








Tue INSTITUTION oF ELEcTRICAL ENGINEERS.—Tho 
Faraday Medal will be presented to Sir Ernest Ruther- 
ford, F.R.S., at 6 p.m., on May 1. The presentation, 
which constitutes the ninth award of the series, will 
precede the twenty-first Kelvin lecture, which, as stated 
above in “Notices of Meetings,” will be delivered by 
Mr. R. H. Fowler, F.R.S. 





ALUMINIUM CRANE StrucTURE.—According to the Hlec- 
trical World, a 10-ton travelling crane, the main structural 
members of which are made of an aluminium alloy, has 
recently been erected in the works of the United States 
Aluminium Company at Massena, N.Y. The bridge of 
this crane consists of two double web girders with a span 
of 72 ft. 2 in. and spaced at 7-ft. centres. At their ends, 
these girders rest on cast-steel carriages, while the crab 
is of the same material. It is stated that the weight has 
been reduced by about 12 tons in this way. Owing to 
the lower modulus of elasticity of aluminium, the girders 
are wider, deeper and of larger cross-section than if steel 
had been used, while, in addition, the camber was made 
twice as great. No difficulties in manufacture were 
encountered. The web and cover plates were flattened 
and sheared on the same machines as those employed 
in the construction of steel girders, and the rivet holes 
were punched and reamered in the usual way. The rivets 
employed were } in. in diameter and were driven by 
hydraulic riveters or pneumatic hammers. Care was 
taken that the heat of the rivets should not affect the 
properties of the aluminium alloy, 
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PRECISION ROLL-GRINDING MACHINE. 


CONSTRUCTED BY MESSRS. CHURCHILL MACHINE TOOL COMPANY, LIMITED, ENGINEERS, MANCHESTER. 
(For Description, see Page 538.) 


































Fig. 1. GENERAL VIEW OF MACHINE. 
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Fie. 2. Sertine Rott For PARALLELISM. Fic. 3. ContTroLts AND CAMBERING MECHANISM. 
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Offices for Publication and Advertisements, 
$5 and 36, Bedford Street, Strand, London, W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 


TELEGRAPHIC ) “ ENGINEERING,” WESTRAND, 
ADDRESS \ LONDON. 
‘TELEPHONE NUMBER—TEMPLE BAR 3663 
(2 lines). 











SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post free, 


at the following rates, for twelve months, payable in 
advance :— 
For the United Kingdom........................ £3 5 0 
For Canada— 
Thin paper copies ...............00 £2 18 6 
Thick paper copies...................+ £3 3 0 
For all other places abroad :— 
Thin paper copies ...................0+ £3 3 0 
Thick paper copies.....................-.. £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
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STRESS AND STRENGTH. 


Ir is rather more than twenty years since an 
article in which we stressed the importance of the 
empirical factor in fixing nominal factors of safety, 
led to protests from Cambridge that such factors 
should in all cases be based on the elastic limit, 
which was asserted to be the one true criterion of 
strength. This view has always had strong attrac- 
tions for the mathematician, whose equations 
hold good only so long as the elastic limit is not 
exceeded, and in academic circles there is always 
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able coefficient was adopted.” Unfortunately, the 
writer brought forward no instance of a failure 
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explosions of high-speed generator rotors on the 
| Continent, where the fallacy in question has always 
been more popular than in this country. The 
rotors referred to were constructed of expensive 
Johannesburg; and Pretoria, Cape Town, Port Elizabeth, | 2lloy steels selected solely because of their high, 
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were denounced as unscientific. The difficulty of 
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treatment of the metal, either in the steel works 
or in the shops, and the failures were wholly attri- 
butable to the mistaken view that working stresses 
should be based on the elastic limit which, it was 
contended, should in no case be exceeded. Actually 
the rotors in question would have been much 
stronger if made of mild steel and given a preli- 
minary strain, in excess of the elastic limit, by over- 
speeding them in a bomb-proof. It must, however, 
be admitted that, after such a procedure the 
designer has but an imperfect knowledge of the 
resultant stress distribution, and a certain type of 
mind seems to regard such ignorance as a fatal 
drawback. Actually, however, this uncertainty is 
of little importance. Experience has shown that 
rotors thus dealt with are safe in service, and, more- 
over, machines and structures are built solely for 
utilitarian ends, and not to afford exercises in applied 
mathematics. 

A striking instance of reasonable safety under 
conditions, which the mathematician would regard 
as dangerous in the extreme, is afforded by the 
experience of the great insurance companies, all 
of which have had instances of cracked shafts 
running for years before replacement has become 
necessary. One of the chief insurance corporations, 
indeed, has on its books a number of steam drums 
with cracked dished ends. These are regarded as 
safe by the experienced engineers of the corpora- 
tion concerned. Of course, the cracks are carefully 
watched, and should they show signs of spreading 
the ends would be at once replaced. Some of these 
cracks are years old, yet there may still be found 
men who profess to be able to fix working stresses 
without reference to the teachings of experience. 
Indeed, they appear to be equally contemptuous 
of the teachings of the laboratory, since the whole 
trend of fatigue experiments during the past twenty 
years, has been to show that the fatigue limit 
is far more closely correlated with the ultimate 
strength of a metal than with its elastic limit. 
Possibly it is some perception of the logical outcome 
of these results which has of late led to the claim 
that fatigue is unknown in railway bridges. This 
contention is really a misinterpretation of the fact 
that failures of tension members are extremely 
rare. Nevertheless, when they do occur, and 
there are instances on record, the fracture, if 
arising in service conditions, appears to be always 
due to fatigue. 

As already noted, there has, up till the present, 
been no instance on record of the fall of a bridge 
due to secondary stresses. In view, however, of 
the facts brought forward in the noteworthy and 
highly instructive paper read recently before the 
Institution of Automobile Engineers by Professor 
B. P. Haigh, it is possible that this immunity may 
not persist in the future, should the trend towards 
the use of high-tensile steels for bridge work con- 
tinue, harder and yet harder steels being progres- 
sively introduced. Theory indicates that piercing a 
tie-bar with a small hole will triple the maximum 
stress on the metal. Experience and experiment 
combine to show that with ordinary structural 
material the bar is but little weakened even under 
a pulsating stress. Indeed, in an ordinary statical 
test, the ultimate strength reckoned on the net 
section is usually increased by the presence of the 
perforation. Experiment shows, however, that 
under pulsating stress a pierced specimen of 60-ton 
steel may be decidedly weaker than an g¢xactly 
similar specimen of ordinary ship or bridge steel. 
The whole phenomenon is beautifully elucidated by 
the Haigh diagram.* In this two curves are plotted, 
of which one represents all combinations of a steady 
and alternating stress, in which the yield point is 
reached during the cycle. The other curve represents 
the fatigue limit under similar combinations of stress. 
The two curves intersect, but with the mild material 
the maximum ordinates are not very different, 
and for all but a limited series of combined alter- 
nating and steady stresses, the fatigue limit is very 
distinctly higher than the yield point. With the 
hard steel, on the other hand, there is a long range 
of combinations in which the fatigue limit is much 
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inquiries into these accidents, disclosed no mal- 


; A secondary stress in the sense intended above is one 
| which may be relieved by plastic strain of the material.— 
Ed, E. 





hole in this material may, therefore, greatly com- 


promise its strength under repeated stresses. There 
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almost confined to machines in which there are 
reciprocating parts, and that they are but rarely 
of importance in structures. Hence special import- 
ance attaches to the behaviourofstructural materials 
under pulsating stresses. Professor Haigh’s experi- 
ments seem to afford an explanation of the fact 
that engineers in general are inclined to consider 
alternating stresses more dangerous than pulsating, 
although Wohler’s results point to a contrary con- 
clusion. Wé6hler, however, experimented with solid 
bars. Had he drilled a hole in his specimens very 
different results would have been recorded. 

In conclusion, note may be made of the definite 
statement by Professor Haigh that the long-held 
belief that the tensile elastic limit of a metal, if 
accurately measured, represents the fatigue limit, 
has now been abandoned by nearly every investiga- 
tor. 








ELECTRICAL DEVELOPMENT. 


ALTHOUGH it would appear, from the reports of 
various power companies, that the small-consumer 
load is growing in a satisfactory way and _ has, 
indeed, enabled many companies to show increased 
outputs, in spite of serious industrial depression in 
the areas in which they operate, none the less, it is 
generally felt throughout the electrical industry 
that this class of load is still a long way from its 
possible maximum. It is particularly the business 
of the British Electrical Development Association 
to foster this load, and its well-directed activities 
should certainly have the support of all sections of 
the industry. It is not yet in this position, and 
many important supply undertakings still do not 
support it in any way. In this respect, the associa- 
tion is at a disadvantage, as compared with the 
corresponding association connected with the gas 
industry, to which all gas undertakings contribute 
on a scale depending on their output. It is not 
uncommon, in electrical circles, for comparisons 
favourable to the gas interests to be made between 
the publicity activities of the two industries. The 
matter came up, for instance, at the recent annual 
luncheon of the British Electrical Development 
Association, when Mr. Herbert Morrison, the 
Minister of Transport, said “‘ let them learn from the 
publicity campaigns being conducted by other 
branches of commerce, and in particular from the 
first-class publicity and service activities of the 
great gas industry.” 

In the matter of support from those who benefit 
by its activities, there is no question about the more 
satisfactory position of the British Commercial Gas 
Association. All gas companies support it, while 
50 per cent. of the electric-supply undertakings do 
not support the Electrical Development Association. 
In spite of this relative handicap, however, the 
Electrical Association is waging a very even competi- 
tion with the Gas Association, and it is quite usual, 
in gas circles, to hear the various activities of the 
electrical industry commented on in a somewhat 
envious way, and the suggestion made that the gas 
interests have much to learn from them. If each 
industry thinks that in development activities the 
other is rather ahead, it is fairly certain that there 
is not much to choose between them. 

Since the date of the Electrical Development 
lunch, we have discussed this matter in general 
terms with representatives of both interests. Each 
representative was inclined to criticise his own 
party. Translating the tenor of the comments into 
polite language, it was suggested that the electrical 
industry was too academic and the gas industry not 
academic enough. In looking at the field as a 
whole, and in analysing tendencies and the possi- 
bilities of different markets, the electrical industry 
was considered to be easily first, but in what is 
known as “ getting down to the job” and in pro- 
moting actuai retail selling, which, after all is the 
basis of the whole matter, it was considered it was 
far behind the gas industry. It is probable that, 


directly and individually with the customer. The 
very much longer period of time over which the gas 
industry has been in operation, as compared with 
the electrical industry, must give it an advantage in 
this direction. Such a personnel has had longer to 
grow up and be trained, and inherits a tradition, 
instead of having to create one. 

This direct retail connection with the consumer 
is, as we have said, a kind of shop keeping, and 
electrical critics suggest that electrical shopkeeping 
is inferior to gas shopkeeping. It is even suggested 
that the average electrical man is too well educated 
to make a good shopkeeper. To this it may be 
replied that no one can be too well educated to be a 
shopkeeper, and certainly in recent years we have 
heard much of the dignity of shopkeeping, while 
various efficient publicity managers have managed 
to create the impression that the emporia of Oxford- 
street and the west of London generally are staffed 
with Oxford men. It may be that, in time, the 
electrical industry could cultivate a similar intelle- 
gentia to keep the flexible connections of flat irons 
in order, but if the progress of the electrical industry 
is being retarded by a shortage of men to get into 
direct touch with the consumer and to look after 
the maintenance of domestic appliances, we would 
suggest that an increased rate of progress is likely to 
follow from copying the procedure of the gas com- 
panies rather than that attributed to Oxford-street. 
It is very certain that the representatives sent round 
regularly and without fuss by an enterprising 
company to inspect and maintain domestic gas 
fires know nothing of Oxford or any other university. 

We have said that the gas companies have an 
older tradition in this matter than the electrical 
undertakers, and have had a much longer time in 
which to build up staffs. This is true, but it 
cannot be pretended that the electrical industry is 
so young that it has not had time to develop 
service staffs. The mentality of the respec- 
tive labour groups connected with the two in- 
dustries may have something to do with the 
matter—for this is a labour matter—and, with every 
respect for the window dressing of Oxford-street, 
we are not convinced that selling stockings is a 
suitable job for a graduate in the ancient tongues, 
or replacing house fuses for a Member of the 
Institution of Electrical Engineers. The labour 
concerned with the electrical industry has not 
always shown itself very flexible, and has a very 
different record from the labour of the gas industry, 
which, largely owing to co-partnership arrangements, 
appears to work singly and wholeheartedly for the 
good of the industry. 

The work of the British Electrical Development 
Association is mainly of the type which calls for the 
academic qualification of which the electrical 
industry is accused of having too much, and the 
excellent work it has done with limited funds is 
evidence that in its particular sphere the industry 
has little to learn from any one. All the Association 
lacks is proper support from many of those whose 
interests it is directly fostering. Service activities 
are a matter more for the electrical undertakers 
than for the Development Association, and although 
the atmosphere created by the work of the Associa- 
tion should tend to influence the point of view of the 
undertakers, the development of adequate service 
staffs and methods must none the less depend 
finally on the undertakers themselves. Electrical 
labour may be less amenable to reason than gas 
labour, but, given an adequate appreciation of the 
possibilities by those responsible, there is no question 
but that the average supply undertaking could 
greatly improve its service activities and would 
directly and almost immediately benefit ina marked 


customers are able to obtain supplies. It is to be 
feared that the gas companies sometimes lead in 
this respect. 





degree. A final matter, which should not be over- | 
looked, is the facility or otherwise with which new | 


has appeared from 1922 onwards. The tenth interim 
report, covering the year 1928-9, has now been 
| published, edited as before by Mr. John Purser, 
M.Sc., secretary of the committee, and Mr. H. J, 
| Grose, M.C., B.Sc.* 

| In the two previous reports the results were 
| published of the exposure of sets of iron and steel 
| test bars for five years under various conditions 
at Auckland, Halifax, Colombo and Plymouth. 
This work was supervised for the committee by 
Dr. J. Newton Friend, who is now preparing a report. 
in which the work that has been done up to date is 
summarised, and the conclusions to be drawn from 
the results of the examination of the five-years’ test- 
pieces are explained. The 10- and 15-years’ test- 
pieces at Auckland, Halifax and Plymouth have 
been inspected after about seven years’ exposure, 
but no conclusive information can be hoped from 
such an inspection, such as may be obtained from a 
complete examination at the end of the 10 and 15 
years’ periods. 

In the meanwhile two special investigations have 
been concluded. One of these related to four bars of 
13-57 per cent. chromium steel, which after heating 
to 650 deg. C., air cooling, grinding free from scale, 
and polishing, were embedded in concrete at both 
ends, and exposed for five years at Plymouth under 
various conditions. At the end of that time the 
bars were taken up, dismantled and cleaned, and 
the results ascertained in Dr. Friend’s laboratory. 
The bar exposed above high water was in perfect 
condition, retaining its high original polish. Another 
bar, which had been submerged continuously in 
fresh water, was stained on the surface and slightly 
rusted, but otherwise was in excellent condition, 
the parts that had been embedded in the concrete 
being preserved perfectly. Two other bars had been 
exposed respectively at half-tide level and completely 
submerged. Each of these had been subjected to 
severe local attack, the aggregate loss from which 
was more than twice as large in the completely 
submerged specimen as in the half-tide specimen. It 
was remarked, however, that where these bars had 
not been attacked locally, they retained all or much 
of their original polish. 

The second of these special investigations was 
directed to the question of whether the metals 
exposed, and, in particular, medium carbon steel and 
Lowmoor wrought iron, were weakened by the ex- 
posure, otherwise than through loss of material. 
This was examined by applying tensile tests to test 
bars machined out of unexposed bars, and on similar 
test-pieces formed from exposed bars after the whole 
of the corroded material had been machined away. 
The results showed no significant difference in 
either metal between the two bars in yield point 
and maximum stress. The elongation, on the 
other hand, and the reduction of area were respec- 
tively nearly a fourth and more than a third larger 
in the Lowmoor bar that had not been exposed than 
in the uncorroded portion of the one that had been, 
and a fifth and a tenth larger in the medium carbon 
steel. Sir Robert Hadfield, by whom these tests are 
reported, mentions that the forms of the broken 
specimens made from uncorroded bars and those 
from the uncorroded centres of corroded bars are 
strikingly similar, and from the results as a whole 
he concludes that the weakening of material due to 
corrosion is the direct result of loss of material, and 
not of any appreciable deterioration in the physical 
properties of those parts of the metal that do not 
show any visible effect of corrosion. It is curious 
| that, while all the figures of yield point, maximum 
|stress and elongation for specimens exposed to 
‘corrosion and not subsequently machined before 
|testing, are considerably, or at least significantly, 
| lower than those of each of the machined test 














* Department of Scientific and Industrial Research. 
| Deterioration of Structures of Timber, Metal and Concrete 
| exposed to the Action of Sea Water, Tenth (Interim) 

Report of the Committee of the Institution of Civil 
| Engineers. H.M. Stationery Office. [Price 2s. net.] 











wwe ie At tt at kk 


a) 


te 


vil 











APRIL 25, 1930.| 


pieces, the same being true of the reduction of 


area in the medium-carbon steel, the reduction of | 


area of the Lowmoor iron is substantially the 
same for the corroded test piece as for that made 


from the unexposed bar, and over a third higher | 


than for the test piece made from the uncorroded 
part of a bar exposed to corrosion. 

Dr. Friend reports on the results of three series of 
tests of plates coated with paint or tar. One series 
was exposed to aerial corrosion at Southampton in 
1924, but as yet deterioration is not severe enough 
to justify dismantling for accurate examination. 
A second series, consisting of 220 mild steel plates 
coated with a number of paints and tars in accord- 


ance with the indications of a previous series of | 


observations, were exposed for a year at Southamp- 
ton Dock, under the supervision of Mr. F. E. 
Wentworth-Shields. Half of these were placed 
between high and low-water levels under the docks, 
being thus exposed to wet and dry conditions alter- 
nately, and the other half were completely sub- 
merged below low-water level. Sixty of these plates 
were the best of those that had been exposed in the 
previous series, and together with most of the new 
plates were sand-blasted before treatment. Some 
of the new plates, however, were first exposed to 
sea action for seven months by immersion in the 
docks in Southampton, in order to loosen the mill 
scale, and by the incidental corrosion render the 
surface more comparable with that of ships in actual 
service. These plates were then removed, washed, 
scraped, dried and finally wire-brushed before 
painting. After a year’s exposure under the condi- 
tions described above, the two sets were dismantled, 
the plates soaked in hot caustic soda solution, 
scrubbed, cleaned with wire brushes in a large tank, 
dried over a bunsen flame, and weighed when cold. 
The caustic soda disintegrated the coating of paint 
completely without affecting the steel plates them- 
selves. The galvanised nuts and bolts by which the 
plates were attached to the frames in which they 
were exposed had been used in the previous series 
and found to stand the exposure remarkably well. 
By observations on the manner in which the loss 
of weight of different plates was distributed among 
the various positions of exposure, it was found that, 
for the half-tide plates, the distribution was pretty 
well in accordance with the laws of chance, and the 
distribution of the totally submerged plates differed 
so little from what would have been expected had 
the divergencies been accidental that, by distribut- 
ing the plates in each test over different positions, 
it was fairly certain that the mean results were un- 
affected by the position of individual plates. It was 


. found that there was no difference in loss of weight 


of alternate wet and dry plates between the old and 
the new specimens. In the completely submerged 
plates much the same is probably true, for a slight 
advantage in favour of the old plates of 8 per cent. 
between the aggregate loss of weight of the two sets 
is no more than is found to occur without assignable 
reason in observations of this kind involving so 
many different factors. At all events it is evident 
that the old plates were no more susceptible to 
corrosion than the new. In regard to pitting, the 
old plates were sometimes more deeply pitted than 
the new, but not always, and it is possible that the 
excess may have been due to the deepening of old 
pits, which had been cleaned out by sand-blasting 
but not removed. The scraped surfaces were on the 
whole rougher than the sand-blasted ones, lost 
appreciably more in weight, and also appeared to 
be somewhat more deeply pitted. The results of 
this comparison seem to show the importance of 
supplementing the present treatment of a ship’s 
bottom in dry dock for repainting by applying some 
suitable process, such as sand-blasting, for removing 
all rust, ete., before coating with protecting media. 
The particulars given in regard to loss of weight 
of the plates of these series show for each preser- 


| paint by a maximum of 16 per cent. 


'sand-blasted plates at 100, the efficiency of the 
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yards was 43-6 lb. in the alternate wet and dry test, 
and 51-2 lb. in the complete immersion test, but the 
maximum deviation of any one plate from the mean 
was 21-8 per cent. with the former and 44-3 per 
cent. with the latter test. By taking the mean 
losses in each test with the standard coating on 


several coatings and methods of application was 
shown very clearly. On this basis, the loss of 
weight in the scraped plates treated with the 
standard preservative was 151 for the alternate 
wet and dry test, and 188 for the completely sub- 
merged. The maximum deviation of any one plate 
in the completely submerged set was a little less in 
the scraped than in the sand-blasted plates, but in the 
alternate wet and dry test was over twice as great. In 
each set, the most efficient results seem to have been 
obtained with two coats of a particular red lead in 
linseed oil, which in the alternate wet and dry set 
showed only 36 per cent. loss of weight, as compared 
with the standard 100 per cent., and in the completely 
submerged set 79 per cent. The maximum deviation 
of the plates in this series was 74-5 per cent.—the 
highest in the table—for the alternate wet and dry, 
and 48-4 per cent. for the completely submerged. 
In all cases, the loss of weight was greater under 
complete submersion than with alternate wet and dry 
exposure, ranging from a ratio of 1-18 for the 
standard treatment (sand blasting and standard iron 
oxide) to as much as 3-38 for red lead sprayed in 
one coating on hot coating plates. In the alter- 
nate exposure these plates lost only 52 per cent. of 
the loss on the standard plates, but in complete 
submersion 150 per cent. As had been found 
in previous observations, pitting was less deep with 
the standard iron oxide paint than with the 
red leads. 

The corrosion was also not affected appreciably in 
either set when the iron oxide pigment was diluted 
with 14 to 15 per cent. of mineral white, silica, or 
kaolin, a circumstance which is pointed out as 
satisfactory, because these impurities are often 
present in iron oxide pigment. So far as loss of 
weight is concerned, these dilutions had no appreci- 
able effect in the half-tide sets, and in complete 
submersion only reduced the protective power of the 
The addition 
of 5 per cent. of varnish to the linseed oil used in 
making the standard iron oxide paint did not seem 
to increase the preservative effect appreciably. 
Five other iron oxides were tested in addition to 
that adopted as standard. They gave little differ- 
ence in the results of pitting, or in the complete sub- 
mersion test in loss of weight, but showed substantial 
differences in loss of weight in the half-tide test. The 
differences between the efficiency of a number of red 
lead paints were substantial. Some experiments 
made by applying paint to a hot plate seemed to 
be inconclusive, partly because of the care with which 
allthe plates had been dried before painting, avoided 
the chief benefit of removing moisture by warming, 
and partly because a smaller weight of preservative 
was applied in some plates ; possible, also, because 
the temperature used may have been too high. In 
these experiments, which were made with red lead, 
the coating was either sprayed or stoved on the 
plate at 430 deg. F. With some plates, treated with 
dehydrated coal tar, the addition of lime did not 
reduce the loss of weight, but improved the general 
condition of the plate. 

Dr. Friend also gives a preliminary report on the 
examination of tarred 60 steel plates exposed at 
half-tide level at Weston-super-Mare, which were 
dismantled and examined after 17 months’ exposure. 
They were found on the whole to have suffered much 
less loss through corrosion than a corresponding set 
of plates which had been exposed at Southampton 
for 12 months. The effect of adding 2 per cent. of 
lime to the tar has on the whole been negligible, as 
has the effect of adding 5 per cent. of paraffin wax. 





vative not only the mean loss per 100 sq. yards, 
but also the maximum deviation of any one plate 


from the mean. A study of.these figures, which | greatly superior to vertical retort tar, the horizontal 
are given separately for the alternate wet and dry | retort tar applied hot to the cold plate having given 
and the complete submersion tests, show that | almost perfect protection. The application of hot 
usually the deviations were considerable, and some- | tar to hot plates was unsuccessful, though here again 
times extremely high. The most suitable preser-|the horizontal retort tar was found to be superior. 
vative for a standard was found to be a particular; Very good results 
iron oxide, applied with raw linseed oil in two coats. menting a coating of tar, applied at 80 deg. C., by 
With this preparation, the mean loss per 100 sq. ' three coats of shellac, one of white lead, one of 


Both when applied cold, and still more when applied 
hot to cold plates, horizontal retort tar was found 


were obtained by supple- 
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shellac and one of white lead, the loss of weight 
being only 0-26 lb. per 100 sq. yards, and the 
surface perfect even under the water and at the 
edges. Practically perfect results were also obtained 
by applying horizontal retort tar with 2 per cent. of 
slaked lime at a temperature from 200 to 210 deg. C. 
to cold plates, the loss of weight per 100 sq. yards 
being only 0-62 lb. No significant difference was 
found between the results of plates coated with 
horizontal retort tar and lime after sand-blasting 
and as rolled, except for a tendency in the latter to 
pinholing where the scale had broken. The loss of 
weight per 100 sq. yards with horizontal retort tar 
applied at 80 deg. C. was of the order of 3 lb. per 
100 sq. yards, which may be compared with the 
figures given above for the various paints and 
preservatives. 

Research continues to be conducted, under the 
direction of Professor George Barger, on the impreg- 
nation of timber with creosote and other. preser- 
vatives, including various poisons for timber- 
attacking organisms, which have been under investi- 
gation. Two of these poisons are showing hopeful 
results, and exposures are being continued. The 
American Chemical Warfare Service have confirmed 
the previous results obtained by the Committee, 
and is now prosecuting a 10-year test on some of the 
poisons. 

It has been decided that a series of experiments 
should be undertaken under the supervision of Dr. R. 
E. Stradling, the Director of Building Research to the 
Department of Scientific and Industrial Research, 
with the object of determining, under conditions 
as nearly as possible comparable with those. occur- 
ring in engineering practice, the resistance of various 
concrete mixtures when exposed to the action of sea 
water. The arrangements for these experiments 
are being made at the Building Research Station, 
where part of them will be conducted with the help 
of artificial sea water, observations being made in 
parallel in a sea-water tank at Sheerness, and on the 
Gold Coast, with the hope of obtaining some corre- 
lation between laboratory results, exposure tests in 
a temperate climate, and tests under tropical condi- 
tions. Some of the test specimens are arranged so as 
to distinguish if possible the effects of trass as a 
pozzuolanic material and as a merely inert filler. 
Mr. E. A. Cullen communicates results obtained at 
Brisbane from experimental reinforced concrete 
test-blocks and the application of preservative 
treatment to reinforced concrete structures at that 
port. A short synopsis is given of the final report 
of the San Francisco Bay Marine Piling Committee. 








THE FIFTIETH ANNIVERSARY OF 
THE AMERICAN SOCIETY OF 
MECHANICAL ENGINEERS. 


Tue American Society of Mechanical Engineers 
came into being on April 7, 1880, the movement 
in favour of its formation having taken definite 
shape at a meeting held on the previous February 16. 
The Fiftieth Anniversary of the foundation of 
the Society has recently been kept in New York and 
Washington, the celebrations, for which a very 
excellent programme had been arranged, having 
been attended not only by large numbers of mem- 
bers, but, in addition, by many guests and delegates 
representative of bodies in other countries. 

The programme was carried out, as stated, in 
New York and Washington. The former city 
is, of course, the home of the headquarters of the 
Society, and was the scene of its foundation. The 
event was, however, truly deemed to be one of a 
national, if not international, character, and for 
this reason the main events were transferred to 
Washington, as more appropriate. We may say 
at once that the arrangements reflected the utmost 
credit on the organisers and the various committees 
which took the matter in hand. The delegations 
visiting the country from abroad were especially 
well cared for and given every assistance and 
consideration. They were met on their incoming 
steamers, escorted to their hotels, and throughout 
were the objects of kindly attentions which removed 
from the stay of those new to the country all 
feeling of difficulty or strangeness. Others of 
maturer acquaintance were almost overwhelmed 
with the efforts made to crowd engagements into a 





short period. 
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The actual functions commenced on Saturday, 
April 5, with the unveiling in the lobby of the 
Engineering Societies’ Building, 29, West 39th 
Street, New York, of a bronze memorial tablet 
designed by Mr. Julio Kilyeni. In the unavoidable 
absence, owing to ill-health, of Mr. Charles Piez, the 
President of the Society, the ceremony was in 
charge of Mr. Charles H. Gorton, of New York, 
Vice-President. Mr. Gorton called upon Mr. Charles 
T. Main, Past-President, to deliver an address, 
which was devoted to the history and expansion of 
the Society from the time its objects were first set 
out by Alexander Lyman Holley, on February 16, 
1880. Mr. Main divided the activities of the 
body into two periods, the second commencing with 
the gift of Mr. Carnegie which resulted in the 
establishment of a common home for the various 
engineering bodies. Mr. Gorton next introduced 
to the company young Mr. John Sweet, of Syracuse, 
N.Y., grand-nephew of Mr. John E. Sweet, founder 
of the Society, who performed the actual unveiling 
ceremony. The tablet was accepted in suitable 
terms by Mr. Francis L. Stuart, President of Engi- 
neering Foundation, Inc., in which the administra- 
tion of the Engineering Societies’ Building is 
vested. 

The assembled company was next conveyed by 
motor *bus to the great McGraw-Hill Building on 
10th Avenue and 36th Street. As is well known, 
the McGraw-Hill Company publish, among many 
other technical journals, the American Machinist. 
It was in the original offices of the American 
Machinist, then at 96, Fulton-street, that the 
formation of the Society was first mooted. The 
McGraw-Hill Company not only entertained the 
assembly to lunch, but provided for their edification 
a short play, excellently produced, representing the 
old office and management in a scene which may 
be supposed closely to have resembled what took 
place between Mr. Horace B. Miller, publisher, and 
Mr. Jackson Bailey, editor, a few days prior to the 
memorable date of February 16. In an address of 
welcome, Mr. Malcolm Muir, President of the Mce- 
Graw-Hill Company, recalled the fact that the 
American Machinist was founded in 1877, a year 
after the Philadelphia Centennial Exposition, which 
had been notable for what was then an extensive 
exhibit of machinery. Three years later those 
responsible for the journal supported the proposal 
to found a Society of Mechanical Engineers, but 
as there were many suggestions and the prospect of 
some difficulty in arriving at a common plan, 
Mr. Miller and his colleague decided to invite a 
number of those interested to a dinner at the old 
Astor House. Over this dinner, held on February 16, 
these difficulties were solved with the result already 
stated, and the first meeting of the body was fixed 
for April 7. 

The scene on the 13th floor of the McGraw-Hill 
Building excellently represented the old office, and 
the characters did their parts with great success. 
The programmes, we may add, were distributed 
by young ladies in dresses of the period, which 
naturally added somewhat to the entertainment. 
As a memento, guests were given a reproduction 
of the issue of the American Machinist for March 6, 
1880, giving an account of the preliminary meeting, 
and, by way of contrast, a special number issued 
for the Golden Anniversary. This is almost 
altogether devoted to the Society and to the advance 
of engineering in the past 50 years. The Society's 
history is epitomised ; sketches are given of promi- 
nent members, present and past; and the issue is 
embellished by a number of full-page illustrations con- 
trasting past and recent engineering developments. 

Between the short play and the lunch, guests were 
shown over the McGraw-Hill organisation, and 
greatly appreciated the facilities which were so 
generously given to them of inspecting all branches 
of the printing works, &c. 

The next part of the programme required the 
presence of the party at the Stevens Institute of 
Technology, at Hoboken, N.J. The trip was made 
by motor-’bus through the Holland Tunnel. The 
first formal meeting, referred to above as having 
been held on April 7, 1880, took place in the Audi- 
torium of the Stevens Institute, and in the self-same 
room a pageant had been arranged entitled ‘“‘ Con- 
trol,” depicting the development of civilisation 
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through engineering. The pageant was arranged by | present time, unemployment was a blot on the 


Mr. G. P. Baker, Director of the University Theatre 
of Yale University, and traced the growth of man’s 
control of the forces of nature. ‘‘ Control” first 
appeared as a boy, at a later stage grown to a youth, 
and still later to man’s estate. In the early stage, 
Mystery held sway, but was superseded by Curiosity, 
to whose aid came, in turn, Intelligence and Imagina- 
tion, Finance, Beauty, and others, as man’s efforts 
developed. Interspersed were short acts representing 
a scene in Watt’s workshop, George Stephenson 
defending his scheme for a railway across Chat Moss 
at the House of Commons, Faraday refusing to 
commercialise his discoveries, the organisation of the 
American Society, and the introduction of Edison’s 
electric light. The acting, by members of the 
Stevens Institute was excellent, and the settings 
extremely happy, some of the costumes being very 
beautiful. 

After the performance, a party of the guests and 
delegates had the pleasure of partaking of tea at 
the residence of Dr. and Mrs. H. N. Davis. 

At the Welcoming Dinner, held the same evening, 
Colonel Paul Doty certainly voiced the feelings of 
all who had been present at the earlier functions, 
when he expressed gratitude to Dr. Davis and the 
Trustees of the Stevens Institute, as well as to the 
McGraw-Hill Company, for their successful efforts in 
presenting an historical background for the occasion. 
Colonel Doty paid a tribute to the technical Press 
as having not only contributed, in a fundamental 
manner, to the formation of the Society, but also 
as moulding public opinion toward a favourable 
understanding of the engineering profession. As 
a link with ‘ Stevens,” it was recalled that 
Professor R. H. Thurston, first president of the 
Society, was professor of that institution. Colonel 
Doty spoke of the increasing influence of engineers 
in public affairs. They had, he said, an engineer 
President, and at the present time at least four 
ambassadors or ministers abroad, who belonged to 
the profession. When the President recently 
prescribed the remedy for the financial depression, 
he had employed the term most familiar to engineers 
—work. Washington, their first president, also was 
an engineer. 

The programme for the Welcoming Dinner 
included two addresses, one dealing with the 
technical Press, and the other with engineering 
education. The former was delivered by Mr. 
Edward J. Mehren, who said that two recent 
developments stood out above all others. The 
first was the rapidity of change in engineering, and 
the second the special character of the social contribu- 
tion made by the mechanical engineer. As regards 
the former, the most striking phase of recent times 
was the acceleration of such change. The size of 
turbines, the power applied through electric motors, 
the indexes of primary power employed, of total 
production and production per worker, the revolu- 
tions in machine shops, the rapid development of 
‘* wireless,” had all proceeded at a rate impossible 
a few years ago. If change appeared to slacken in 
one direction, a new discovery started a chain of 
speed in some other. The engineer’s attitude to 
this state had usually been passive. Change had 
been imposed upon him by outside forces, but he 
should accept it as a cardinal principle in his 
planning. Wider education had led to a growing 
willingness to try new things, and this had been 
further developed by the growing capacity of the 
engineer in design. The engineer should be a con- 
servative force guiding change into sound channels, 
assisted in his task by fresh research. 

Regarding the engineer’s contribution to human 
welfare, Mr. Mehren pointed out that unlike the 
socialists, who idealise and theorise, the improve- 
ment of the last thirty years, due to the engineer, 
had been rapid and steady. Insanitary factories had 
given place to sanitary conditions, risks of industrial 
accidents and occupational diseases had been 
reduced, shops had been made brighter, and the 
load of physical labour lightened ; by the raising of 
wages and shortening of hours, the worker went out 
into the sunshine with more money in his pocket to 


enjoy his leisure. The, benefits were in part | 


individual, in part social. The larger taxing power 
created by modern industry made possible sanita- 








tion, good streets, education, and so on. 


| 


social system. Mr. Mehren stated that as remedies 
had been found in the past for bad industrial 
conditions, so, he thought, would be found ways of 
eliminating or ameliorating unemployment without 
recourse to European remedies. 

The engineer was often confronted by two 
objections. First, there was the contention that 
the spread of the benefits of the wealth created by 
the system did not proceed fast enough, and secondly, 
there were those who blamed the engineer for con- 
verting men into mere machines. It was true that 
to-day, men were doing mere repetition work, but 
there always had been, and always must be, hewers 
of wood and drawers of water. At the same time. 
wages, leisure and other conditions had never been 
more favourable to labour. The engineer had 
raised the standard of living, and these conditions 
favoured moral and spiritual development. Lay 
and religious teachers should see that development 
of character kept pace with these advances. The 
engineer alone had been responsible for modern 
developments in management. All the original 
apostles of scientific management had been members 
of the Society, which had lent the movement 
encouragement ever since. 

The address on Engineering Education was 
given by General Robert I. Rees, President of the 
Society for the Promotion of Engineering Education. 
The speaker took his audience back to dates long 
before the birth of the society, whose fiftieth 
anniversary the occasion celebrated, but it will 
suffice for us to deal with the latter part of his 
remarks which dealt with the phases through 
which engineering education had passed in the 
United States. General Rees showed how the 
national societies had taken an active interest in 
such education. He also recalled what he described 
as the “fever of practicality or the impacting of 
knowledge and practice immediately usable ”— 
a stage when stress was laid on materials, machinery 
and methods, shop practice, &c., and specialisation. 
When, owing to industrial developments, it became 
apparent that it was impracticable to attempt too 
much specialisation, and the engineer had found 
his place in industry, it was considered easier to 
impart special training after the formal course 
had been taken. The responsibility placed on 
young engineers next required some knowledge on 
their part of economics and labour relations, and 
at the present time two tendencies might be 
observed. One was in a direction away from 
devoting too much time to application and 
specialisation, with a trend to training in funda- 
mental science, and the other towards imparting 
to the young engineer some knowledge of the 
humanities, in order that he might become a 
useful citizen. 

General Rees did not suggest that the majority 
of the positions of management would be in the 
hands of engineers, but he considered that many 
more business administrators would be drawn 
from the engineering profession, and it was therefore 
essential to see that there were recruits sufficient 
to meet future needs. At the moment the supply, 
gauged by statistics from colleges, was not up to 
that required for the continuance and growth of 
the nation’s prosperity. But while enrolments 
should increase in number, quality was of even 
greater importance. To attract the best it was 
essential that the rewards offered by the profession 
should be good, and this was a matter for industry 
and the national engineering societies to concentrate 
on. Teachers should be paid more liberally, and 
the educational institutions needed more generous 
support in order to discharge their proper functions. 
The American Society of Mechanical Engineers was 
doing good work in assisting the summer schools 
for engineering teachers. 

On Sunday, April 6, the only item on the 
programme was a special service at the Cathedral 
of Saint John the Divine, New York. This was 
well attended by members and guests. Both 
Dr. W. T. Manning, Bishop of New York, and 


Dr. J. De W. Perry, Presiding Bishop of the 
Episcopal Church, who preached, welcomed the 


visitors and referred to the significant fact that 





such an item should figure on the programme o! 
At the | the celebrations. 
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Proceedings opened at Washington on Monday, 
April 7, at 10 a.m. in the National Council Chamber 
of the United States Chamber of Commerce Building, 
Mr. Ralph E. Flanders, Vice-President, occupying 
the chair. After a short address of welcome, in 
which Mr. Flanders dwelt upon the international 
and co-operative character of the meeting, and 
also of the engineering profession itself, the addresses 
and greetings brought by delegates were presented. 
The delegates representing foreign institutions and 
bodies were taken first. It is not necessary to 
refer to this part of the proceedings in detail, 
nor is it possible to give a list of delegates. The 
number of bodies represented was very large. 
No less than 34 bodies in Great Britain had arranged 
for official delegates to be present, and some 
seven or so actually went over specially from this 
country, while other parts of the British Empire 
were also well represented. The addresses were 
of all styles and descriptions, but in this respect 
again the British Empire was well to the fore, 
though certain of the others were individually more 
elaborate. 

In the proceedings, on the roll being called, all 
addresses from one country were handed in, and 
then one delegate spoke for that group. The 
speeches were naturally characterised for the most 
part by something in the way of sameness, since 
congratulations formed the basis of most of the 
remarks, A marked exception to the general run 
was the speech of Mr. W. H. Patchell, M.Inst.C.E., 
on behalf of the delegates from Great Britain. 
Mr. Patchell is, of course, well known to American 
audiences, and his remarks were couched in rather 
more familiar terms than others indulged in. 
Mr. Alex. J. Grant, President of the Engineering 
Institute of Canada, spoke for that Dominion. 

In all some 22 foreign countries were represented, 
and after their greetings had been disposed of, 
the engineering organisations in the United States 
were called in turn, to be followed by the engineering 
colleges of that country, and then the scientific 
and professional societies. Finally, the business 
organisations presented their greetings. In each 
case one delegate made a short speech representing 
a particular group, the spokesmen for the engineering 
organisations being Mr. John F. Coleman for civil 
engineering bodies, Mr. W. H. Bassett for mechanical 
engineering bodies, and Mr. Harold B. Smith for 
electrical engineering. All greetings and addresses 
were subsequently placed on exhibition. 

In the afternoon of April 7 and the morning of 
Tuesday, April 8, addresses were given by speakers 
from different countries, reviewing progress of the 
last fifty years. The Society had invited the 
preparation of monographs by representatives of 
such countries, but these proved too voluminous 
to be taken at the meeting. In some cases, moreover, 
the work had been shared by a number of editors 
who dealt each with a separate aspect of the subject. 
The speeches actually delivered formed for the 
most part brief summaries of the longer contribu- 
tions, but even so the full time was taken by the 
16 or so speakers. We do not propose to deal 
with these summaries in detail. In many cases 
the authors went back long prior to the date of 
1880, supposed to be the starting point. In others 
they gave a great deal of general information about 
their countries which, though necessary for a 
complete understanding of the conditions and 
fittingly finding a place in the longer surveys, 
were hardly necessary in the brief review. 

The review for Austria had been prepared by 
Hofrat Ing.-Dr. Ludwig Erhard, of Vienna, who 
unfortunately was not able to be present in person. 
Dr. Erhard pointed out the contrast between the 
old and present State of Austria, and claimed that 
engineers had been one of the main instruments in 
developing the old country as a whole. Having 
lost their good coal fields, they had now turned to the 
development of water power in the mountainous 
Tegion remaining to them, and to the utilisation of 
their remaining lignite. They had developed new 
markets and intensified production, applying 
labour-saving devices of all sorts. Their fertile 
Plains had been lost to them, but they had increased 
the productivity of the remaining land. Their 
engineers had developed roads, and a number of 


The Belgian contribution was a composite one 
by seven authors. The brief summary given drew 
attention to the fact that Belgians had to rely 
upon the efficiency of its labour, being under the 
necessity of importing raw materials. In the period 
under review the ammonia process had been 
invented by two Belgians, the brothers Selvay ; 
the dynamo had been introduced by Zenobe 
Gramme ; the first artificial silk factory had been 
erected at Tubize ; and the first plate-glass factory 
on the Fourcault system had been operated. At 
Langerbrugge well-known advances had been made 
in the production of power, enabling electro- 
chemical plants to come down out of the mountains 
to the coal fields. 

The review for Canada proved one of the most 
interesting. It was prepared, and the summary was 
delivered, by Brig.-General C. H. Mitchell, C.B., 
C.M.G. General Mitchell pointed to the great 
developments of railways in the Dominion in the 
past 50 years, first by the Canadian Pacific Railway, 
though the Canadian National was now also oper- 
ating successfully. The first train load of wheat 
which came out of the West in 1885, and the first 
passenger train crossing to the Pacific in 1886, 
marked a distinct era in the national life. One 
of the most striking illustrations of what engineering 
had done in Canada arose in connection with the 
mechanisation of agriculture. To such an extent 
had this been carried, that the special trains which 
some years back used to convey 50,000 or 60,000 
men to the wheat districts at harvest time, were 
now no longer run, the work being done mainly 
with the aid of machinery. In water transportation 
the country had pushed ahead and in the Welland 
Ship Canal, shortly to be opened, would have one of 
the finest waterways in the world. The develop- 
ment of the pulp industry had been an outstanding 
feature of the past decade. Water power had been 
installed to the extent of 0-6 h.p. per inhabitant. 
It was as yet difficult to forecast the future since 
so much of the country was still unexplored. 

The Czechoslovakian review by Dr. E. Zimmler 
was summarised by Dr. J. Schneider, while that for 
France by a group of five authors was summarised 
by M. Georges Claude. In the summary relating to 
Germany, Dr. C. Matschoss spoke of the most 
notable development in that country as being the 
co-operation of chemical and mechanical engineering. 
Proceeding on more general lines, he said that at one 
time it was a household belief that knowledge was 
power, but now it was recognised that unless 
character went with it, knowledge might be abso- 
lutely useless. Practice was now put properly in the 
foreground. 

Mr. L. St. L. Pendred’s review for Great Britain 
laid stress on the fundamental importance of the 
invention of the turbine by Sir C. A. Parsons, which 
alone had made possible the large power units, 
plants and marine installations of to-day. He also 
dwelt on the advances ushered in by Mr. A. Morcom’s 
application of forced lubrication in 1889, and of the 
first high-tension system of Dr. 8S. Z. de Ferranti 
at Deptford. In the field of metallurgy the last 
fifty years had witnessed the advances made by 
Thomas. and Gilchrist. In summarising the situa- 
tion, Mr. Pendred suggested that it was not possible 
to regard the influence as wholly to the good, 
especially in connection with home life. The 
ease with which factory-made goods were procurable 
was, he thought, destroying the self-reliance of the 
people. The happiness of a people was to be found 
in its homes, and he thought that as attachment to 
the home diminished, there was more and more a 
tendency to seek State aid in matters for which at 
one time the individual would have been proud to 
assert his own responsibility. 

Senator Luigi Luiggi submitted the review for 
Italy, though unable to deliver it in person. He 
referred especially to the construction of the 
Apulian Aqueduct, described in ENGINEERING in 
1927 and 1928, to the Larderello power plant 
making use of volcanic steam, and to the develop- 
ment of water power to make up for the country’s 
lack of coal resources. 

In Japan, Dr. Kamo pointed out, the last fifty 
years of engineering constituted little short of the 
history of the country itself. To-day 21 per cent. 





aerial ropeways had been built in the mountains, 


of the population were engaged in engineering 


industries. Nine-two per cent. of the dwellings 
throughout the country were wired for electricity, 
and nearly every home had wireless. Engineering 
now even controlled the silk industry, in which 
refrigeration was employed to delay the hatching of 
eggs until the mulberry trees were in leaf. 

We can only refer briefly to the remaining 
summaries taken on Tuesday morning. Among 
these were contributions from Mexico, the Nether- 
lands, Scandinavia, South America, Switzerland, 
and the United States. 

The review for Scandinavia given by Mr. V. 
Nordstrém referred especially to the names of 
Johan Brinell in connection with testing of materials, 
E. C. Johansson in connection with precision 
gauging, de Laval, the brothers Ljungstrém and 
others. Dr. A. Stodola’s contribution relating to 
Switzerland was read by Mr. H. Naville, and 
referred especially to the development of technical 
education, water power, and the electrification of the 
State railways. 

Two speakers presented reports for the United 
States. The first was Dr. C. E. Gmusky, who 
contrasted the facilities available fifty years ago 
with those of to-day, and went on to remark that 
the census of 1880 showed 8,261 civil engineers in 
the country, while to-day the engineering societies 
had a membership of 135,000, and probably the 
total number of engineers in the country approxi- 
mated to 200,000. Engineering societies had 
increased from 27 in 1885 to 120 at the present time. 
The four leading societies had a membership of 
over 57,000 and assets amounting to three million 
dollars. To-day they had a federation with the 
American Engineering Council at its head, able to 
give expression to views of the profession upon 
matters of public concern. Twenty-three national 
and local societies belonged to this movement, with 
a membership of 58,500. Dr. Grunsky looked to 
the future to bring about, through the activity of the 
engineer, advances in art and literature, with more 
time for study and recreation. There would be 
improvement in all directions as regards living 
conditions, and in all the engineer would be in the 
background, exerting an influence making for more 
comfort, more happiness and constant improvement. 

Dr. F. R. Low gave the second summary, but 
had a task of some difficulty, and in the main 
contented himself with directing attention to the 
main report prepared by the professional divisions 
of the American Society of Mechanical Engineers, 
and reprinted in a special number of Mechanical 
Engineering, the Society’s journal, as its April issue. 
This bulky issue of 250 pages of editorial matter, 
consists of a number of excellent short treatises, by 
leading men, of a large number of branches of 
mechanical engineering, and forms a most fitting 
and striking commemoration issue. 

Reverting, for the moment, to the social side, 
we may state that on the evening of Monday a 
very pleasant reception was held by the officers 
and council of the Society, at the Mayflower Hotel, 
while on Tuesday, at mid-day, there was a luncheon 
at the Mayflower, at which Mr. John R. Freeman 
presided. This was made the occasion of the 
presentation of Founders’ Medals to the surviving 
founder members of the Society, six in number, 
three of whom were present. The surviving founder 
members are Messrs. J. W. Cloud, J. S. Coon, R. F. 
Grimshaw, F. H. Richards, E. H. Robins, Ambrose 
Swasey. Mr. Ambrose Swasey, who had joined 
in all the functions in a manner which show his 
years to weigh but lightly on his genial nature, 
responded for the little group of veterans he so well 
represented. The company stood a moment in 
silence as a token of respect for those no longer living. 

The afternoon session on Tuesday, April 8, was 
occupied with the presentation of medals. Sixteen 
Fiftieth Anniversary Medals were presented by 
Mr. Conrad N. Lauer, to representatives of as many 
countries, mostly to the authors of the monographs 
referred to above, or to the representative editor, 
when the reviews were compiled by a number of 
authorities. In each case, the selected delegate 
was introduced by the ambassador or minister 
of the country in question, to the United States. 
When delegates were unavoidably absent, the 
minister received the medal for transmission to the 





intended destination. The following awards were 
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made: Austria, Hofrat Ing. Ludwig Erhard ; 
Belgium, Baron Gaston S. P. de Bethune ; Canada, 
Brig.-General C. H. Mitchell, C.B., C.M.G. ; Colom- 
bia, Professor J. G. Nieto; Czechoslovakia, Dr. 
Stan. Spatek; France, M. G. Claude; Germany, 
Dr. Ing. C. Matschoss ; Great Britain, Mr. L. St. L. 
Pendred, President of the Institution of Mechanical 
Engineers ; Italy, Senator Dr. Ing. Luigi Luiggi ; 
Japan, Dr. M. Kamo; Mexico, Senor N. Dominguez ; 
Netherlands, Dr. D. Dresden; Sweden, Mr. V. 
Nordstrém ; Switzerland, Professor A. Stodola ; 
Uruguay, Professor D. Gaminara; United States, 
Dr. C. E. Grunsky. 

Subsequently, four other medals were awarded, 
the first award of the Daniel Guggenheim Medal 
being made to Mr. Orville Wright, the medal being 
presented by Dr. W. F. Durand, president of the 
board of award. The Gantt Gold Medal was 
awarded to Dr. F. J. Miller, the presentation being 
made by Mr. L. P. Alford. To Mr. W. Le Roy 
Emmet, the A.S.M.E. Medal for 1930 was presented, 
and to Dr. J. W. Roe the award of the Melville 
Medal for 1929 was made. 

The anniversary banquet, held in the Mayflower 
Hotel, formed a fitting conclusion to the ceremonies 
of Tuesday, the 8th inst. Following the awards 
made in the afternoon, this function was made 
the occasion of the institution and presentation 
of the Hoover Gold Medal. This medal has been 
founded by Mr. Conrad N. Lauer, of Philadelphia, 
is held by the American Society of Mechanical 
Engineers, and is awarded by a board consisting 
of representatives of the four leading technical 
institutions. It was founded to commemorate 
the civic and humanitarian work of Mr. H. Hoover, 
and is intended to be awarded to engineers for distin- 
guished public service additional to their professional 
contribution to affairs. The first award was made 
during the evening, to the President of the United 
States who, accompanied by Mrs. Hoover, honoured 
the function by his presence. 

Dr. W. F. Durand was in the chair in the absence of 
Mr. Charles Piez, who, however, sent a message 
to the assembly. After recounting some of the 
developments for which his class was responsible, 
Mr. Piez said that the engineer cared only for results. 
His supreme achievement had been the speed with 
which he had made available for general use, 
discoveries and the ideas of inventors, while he 
was now drawn into industrial relations, and it was 
through his work that management had _ been 
raised to the dignity of an art. 

The address of the evening was given by Dr. 
R. A. Millikan, who constructed his theme round 
the subject of Fire. Dr. Millikan recalled that the 
use of fire differentiated men from animals; fire 
had been used from the earliest times as a means for 
cooking food and providing man with warmth. 
But though millions upon millions of men had 
enjoyed it in this manner none dreamed at all what 
heat was, namely, energy, which could be made to 
do their work for them. This was because the 
methods of empiricism, on which early develop- 
ments were based, could go a certain distance, but no 
further, and because any such fundamental advance 
required a group of conceptions of which men were 
then entirely devoid. The very word * energy ”’ had 
not been applied to anything in the way of a definite 
physical quantity. Indeed, it only appeared in 
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speaker thought, that an intelligent mankind would 
find a means of keeping a proper balance between 
population and supplies. It was to be anticipated 
that as industry became more and more complex, 
the directing minds would be more and more drawn 
from the group having the benefit of a scientific 
or engineering training, since some understanding 
of the scientific bases of our civilisation was essential 
to taking an intelligent part in it. There was un- 
doubtedly no training to be compared with the 
scientific one in thoroughness and analytical rigor. 

Following Dr. Millikan’s address, Mr. J. V. W. 
Reynders, representing the American Institute of 
Mining and Metallurgical Engineers, and member 
of the Board of Award, explained the object of the 
institution of the Hoover Medal by Mr. Lauer. Mr. 
Reynders in picturing some of the possibilities of 
the future, said that problems of size, of humanity 
super-energised with mechanical power, and social 
impulses magnified in effect by instant means of 
communication, would call into action all the intelli- 
gence and restraint, of which the Nation was capable. 
The medal was instituted as a reminder to engineers 
of their duty to participate in the solution of the 
great problems that lay ahead. The giving of 
wealth was an uncertain and precarious process, 
compared with the giving of one’s life and talents. 

After receiving the medal, the President, the Hon. 
Herbert Hoover, briefly addressed the company, 
stating that he felt honoured that he should have 
been chosen as the first recipient of this new distinc- 
tion among engineers. With the application of 
science in the development of national tools such as, 
railways, steamships, electric power, and so on, 
engineers had vastly added to the problems of 
government. It was for the Government to see 
that such things were not abused, but should be 
applied for the advancement of national life. In 
the solution of the problems which consequently 
arose, engineering knowledge and an engineering atti- 
tude of mind were essential. Many of the problems 
were unsolvable without the technical assistance of 
the engineer, and the engineer’s approach to truth, 
first determining facts, placing them next in proper 
perspective, and then drawing conclusions from 
them, tempered by experience. He did not believe 
that all public service would be turned over to 
engineers, but he held that engineers had certainly 
a very considerable contribution to make in that 
direction, and the distinction which had been thus 
instituted would stimulate, he hoped, the activities 
of engineers in such service. 

The only arrangements remaining over after the 
banquet were a series of visits and excursions 
planned for Wednesday morning and afternoon, 
and a reception at White House by President and 
Mrs. Hoover, which, in the late afternoon, brought 
to a close a most successful and we feel sure, in the 
minds of all those privileged to take part in it, a 
very memorable celebration. With others who had 
the good fortune to be present at the meeting we 
feel that the greatest credit is due to all respon- 
sible for the general planning and arrangements as 
well as those concerned with the more intimate 
details. No anniversary could have passed off 
better. We cannot close without special reference 
to the indefatigable work of Mr. Calvin W. Rice, 
the Society's well-known Secretary, round whom, 
of course, centred the whole of the organisation. 





that sense in the English language about 75 years | 
ago. No understanding of heat was possible before | 
the principle of the equivalence of heat and work | 
had been demonstrated, and the principle of the | 
conservation of energy had been formulated. No| 
caveman, nor even a Gi: lileo could think about the 
kinetic energy of a molecule, because the conception | 
of kinetic energy was unborn, and could not be 
born in an era of pure empiricism. The work of 
Galileo, of Newton and La Place was a necessary pre- 











NOTES. 
RuRAL ELECTRIFICATION. 

DuRinG the last few days the Electricity Commis- 
sioners have issued two memoranda bearing on the 
electrical development of rural areas and, though 
these deal with the question from two different 
points of view, they may be conveniently considered 


liminary to the idea of fire being usefully applied to | together. The first is concerned with the best ways 


do the world’s work. Pure science had to lay the 


foundations of a correct understanding of Nature, | 


before this became possible, and that constituted 
the discovery by which our modern progress had 
been brought about. 

With the spread of knowledge and education, 


made possible through the leisure following upon | 


the transference of the world’s drudgery to the back 
of fire (i.e. to machines), we could be certain, the 








of ensuring the electrification of these areas at 
a greater rate than is indicated by the compara- 
tively slow progress, which is being made at present. 
| This acceleration, it is pointed out, depends on the 
| availability of a supply at a reasonable price and 
at appropriate points, on a minimum expenditure 
on the transmission and distribution systems from 
those points, connoting the use of overhead lines, 
the adoption of standardised equipment, and on 








the preparation of a carefully-planned layout, as 
well as on economic features, such as two-part 
tariffs, assisted wiring, hire-purchase schemes, and 
active propaganda. The first of these desiderata js 
being met by the construction of the grid, from 
which it is suggested a secondary system should 
be run at 33,000 volts, the latter feeding the 
principal rural lines at 11,000 volts, on the three- 
phase system. From the latter, low-tension distri- 
bution would be effected at 400-230 volts. Smaller 
villages and farms off the route of the main lines 
could be served by single-phase tappings also 
operating at 11,000 volts. It is suggested that 
pole transformers should be used, the standard 
sizes being 50, 20 and 10 kv.-a. for the three-phase, 
and 20, 10 and 5 kv.-a. for the single-phase supplies. 
To secure economy in capital expenditure the 
fullest use must be made of overhead lines, and 
savings can also be effected by planning large areas 
of distribution as a whole. Ring mains are recom- 
mended, together with the use of steel-cored 
aluminium, copper-cored steel, or ordinary gal- 
vanised steel as conductor material. Full advantage 
should also be taken of the new code of Overhead 
Line Regulations, wayleaves should all be negotiated 
in advance, and the system should be erected as 
a whole, or in large sections. This is all very good 
advice, and we hope that it will not receive the 
treatment which it is recommended that form 
of human activity should be accorded. The second 
document lays stress on the need, while carrying 
out this work, of preserving the beauty and character 
of the countryside. As a result of consultations 
with the Councils for the Preservation of Rural 
England and Rural Wales and other interested 
bodies, it is suggested that particular care should 
be taken of the following points: Before erecting 
lines in areas of notable beauty alternative routes 
should be considered and depressions rather than 
sky lines followed ; where glades are cut through, 
the denuded ground should be replanted with 
indigenous shrubs, and regard should be paid 
to the colour of the insulators used. Sub-stations 
and other buildings should be carefully sited and 
masked by trees and, when erected in villages, 
should harmonise architecturally with any neigh- 
bouring structures of importance. This also seems 
good advice. Is it too much to hope that much 
of the ill-conceived agitation against this develop- 
ment will now cease ? 


BELGIAN INTERNATIONAL EXHIBITIONS. 


In order to commemorate the centenary of the 
independence of Belgium, two international exhibi- 
tions are being held in that country this year—the 
one in Liége, the great Belgian industrial metropolis, 
and the other in Antwerp, Belgium’s commercial 
capital and national port. The Liége Exhibition— 
which, we understand, will be opened on May 3 
next—will continue throughout the summer and 
autumn, finally closing in November. It occupies 
about 150 acres, and is divided into two main 
sections, respectively designated secteur nord, 
which is mainly on the right bank but overflows 
on to the left bank of the river Meuse, and secteur 
sud, a smaller section farther up the Meuse and 
also on the right bank of the river. The two 
portions of the northern section are connected by 
the Coronmeuse bridge, which was specially con- 
structed for the purpose of the exhibition. The 
main buildings of the exhibition are in the northern 
section, and comprise the metallurgy and mechanical 
engineering, mining, transport, electricity and 
physical science, chemical industry, textile industry, 
and the glass and ceramics pavilions. The southern 
section is chiefly devoted to ancient Walloon and 
other arts. Eighty international congresses, mainly 
scientific and technical, are, it is stated, to be held 
at Liége during the coming months. The main 
offices of the exhibition are at 4, Place Saint Lambert, 
Liége. The Antwerp Exhibition is to be opened 
to-morrow. Described as the Antwerp World's 
Fair, it occupies an area of 125 acres, and is situated 
within 2 km. from the centre of the city. The 
exhibition comprises colonial, maritime, transport, 
agricultural, and Flemish art sections. The maritime 
section is devoted to all aspects of sea and inland 
water navigation and port and dock works, while the 
transport section deals mainly with short-distance 
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transport systems, motor cars, and aeroplanes. The 
offices of the exhibition are at 17, Canal des 
Récollets, Antwerp. 


Tue British CorPoRATION REGISTER. 

Founded in 1890, primarily as a_load-line 
authority, the British Corporation Register of 
Shipping and Aircraft will enter the forty-first 
year of its existence in October of the present 
year. When speaking at the annual meeting of 
the Corporation, held in Glasgow on March 5 last, 
the chairman, Mr. Robert Clark referred to this 
matter and gave a rapid review of the past four 
decades. He stated that it had been recognised 
from the beginning that classification was a direct 
corollary of compulsory load-line standards and, 
in 1900, altogether 502 ships aggregating 1,250,000 
tons were classed on the Register of the Society, 
In 1910 these totals had become 682 vessels and 
2,250,000 tons, and in 1920 they had further risen 
to 1,214 vessels and upwards of 3,000,000 tons. 
According to the annual report for 1929 of the 
society, which was presented at the annual meeting, 
there were in the Register Book, at the beginning 
of the present year, a total of 1,620 ships, repre- 
senting 5,180,683 tons. The report shows that 
1929 was an average year. The tonnage built to 
the classification of the Society was identical with 
the previous year’s total, namely, 244,000, while 
existing ships added to the register represented 
125,000 tons. After deducting ships lost or other- 
wise removed from the classification of the Society, 
the net addition to the Register, at the end of 
1929, was about 175,000 tons. As is now well 
known, the constitition of the original British 
Corporation Register of Shipping was altered in 
1927 so as to include aircraft within the sphere of 
its operation. During 1929, the aviation committee 
of the Corporation held six meetings in London. 
Following upon the recognition by the Air Ministry, 
in July last, of the inspection work in aviation of 
the Society, it became necessary to increase the 
existing staff and organisation. Accordingly, the 
staff in London has been augmented, and, in 
addition, the Register is now represented by 
qualified aircraft inspectors at Bristol, Brough, 
Glasgow, Leeds, Liverpool, Manchester, Newcastle, 
and Norwich. 








THE TRANSMUTATION OF MATTER. 


THE subject of the transmutation of matter, Sir 
Ernest Rutherford stated in a Royal Institution 
discourse on March 28, had occupied the minds of 
men for nearly two thousand years. In the first or 
second century A.D., Alexandrian Greeks described 
transmutation methods, but the secrets of changing 
the appearance of metals had been known to priests 
long before that. The medieval belief in the 
possibility of transmutation was in accord with the 
philosophy of Aristoteles, who thought, not that 
metals were separated from ores but that ores were 
converted into metals. The actual evidence of 
transmutation, however, seemed to have been very 
meagre and doubtful. It was observed, although 
not understood, that arsenic gave copper a silvery 
appearance, and that iron acquired a coating of 
copper in certain waters, containing copper salts, as 
we knew now. Alchemists contributed much to 
science. When the English war against France 
threatened disaster, King Henry VI issued, during 
the years 1440 to 1442, several proclamations 
enjoining learned men, the clergy in particular, 
to search for the philosopher’s stone in which the 
King believed. The belief in transmutation died 
gradually as the atomic theory of Dalton gained 
ground early in the last century, but the conviction 
that all the elements consisted of some primordial 
matter survived. Even Faraday spoke of decompo- 
sition, combination and transmutation of substances 
as the chief problems of the chemist, and the re- 
searches of Mendeleieff and others on periodicities in 
the properties of the elements strengthened that 
conviction. The physical and chemical methods 
then available, however, could clearly not effect any 
transmutation of one element into another. 

The discovery of radioactivity and the decay of 
uranium, through many changes, into lead reopened 
the problem from an entirely different point of view. 
Those changes were limited to a few elements, 
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and were not affected by laboratory temperatures, 
radiations, and chemical reactions. Most elements 
proved stable. If a metal like mercury could be 
deprived of one and more of its electrons, the 
changes were temporary, and the mercury took on 
its electrons again when left to itself. There was, 
however, actual transmutation when we succeeded 
in changing the amount of matter in the nucleus. 
Such changes had been produced by bombarding 
atoms with « particles, but they were spontaneous 
in radioactive nuclei. We might imagine a 
uranium nucleus to be represented by a sphere, 
Fig. 1, like a water drop, containing « particles in 
constant motion. The water drop was held 
together by surface tension, and the nucleus by the 
potential barrier, which rose to a peak somewhat 
as in Fig. 2. The barrier was very high, and, on 
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the old classical view, no « particle of uranium could 
pass over this barrier, since, if it did so, it would 
escape with greater energy than had been observed 
for any « particle. Wave mechanics, however, 
could accomplish feats impossible in classical 
mechanics. Modern views considered the particle, 
proton, or electron, to be associated with a wave 
motion, and there was evidence of this. On the 
wave-mechanics hypothesis, there was a possibility 
that a wave could escape through the barrier, and 
that the particle could escape with the wave, though 
its energy was smaller than that which the break 
through the barrier seemed to require. The proba- 
bility of escape, however, was very small. The 
totally-reflecting prism supplied an analogy, other- 
wise difficult to find. Practically all the light entering 
the prism through one face was reflected at the base, 
and left through the other face, but a very small 
portion of the light escaped through the base. 

On these views, which had quite recently been 
advanced by G. Gamow, now at the Cavendish 
Laboratory, and also by Gurney and Condon in 
America, radioactive transmutation became explic- 
able. The faster the escaping particle, the shorter 
should be its life, and that had long been known to 
be the case. 

In the converse case, an approaching particle 
had to break through the potential barrier to enter 
the nucleus. On the old view, the particle might 
approach the nucleus on the sloping potential 
curve, Fig. 2, and be deflected off along the dotted 
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line. On the new theory, it could get through. 
That this was possible in the case of the light 
elements nitrogen, aluminium, &c., had _ been 
shown by Sir Ernest and Mr. Chadwick in 1919. 
The mechanism might be imagined to take place 
as in the diagrams, Figs. 3, 4, 5, 6, which represented 
an « particle approaching the nucleus of an aluminium 
atom containing six « particles, three protons and 
two electrons, represented by the black dots. As 
the bombarding « particle drew nearer, it deformed 
the structure in the nucleus by induction, Fig. 4, and 
then entered, Fig. 5, so that the nucleus contained 
seven « particles. Equilibrium became impossible, 
and a proton was ejected, Fig. 6, while the « particle 
remained in the nucleus. Blackett’s photographs, 
reproduced on other occasions, showed that the 
« particle really entered the nitrogen nucleus which 
it hit and did not leave it again; the new heavier 
nucleus soon came to a stop, whilst the ejected 
proton gave a longer but fainter trace. In this case, 
nitrogen, of mass 14, would, by absorbing an « 
particle of mass 4, become a nucleus of mass 18, 
which, by ejecting a proton of mass 1, changed into a 
nucleus of mass 17. Now that was the mass of one 
of the isotopes of oxygen found by Aston, and the 
study at Mount Wilson of the absorption bands of 
atmospheric oxygen showed that, in addition to 
oxygen of mass 16, the atmosphere contained some 
oxygen (perhaps one part in 1,200) of mass 18 and 
still less (one in 2,500) of oxygen of mass 17. For 
the demonstration of these effects, the lecturer made 
use of a modification of Professor Andrade’s model 
of a mountain with walls of hyperbolic curvature, a 
kind of voleano with a crater at the top. The 
bottom of this crater was developed into a pan 
which, could be turned in its own plane about a 
vertical axis. Small balls placed in the pan were 
hurled out when the pan was rotated, and a large 
ball projected into the crater at a high velocity 
ejected a smaller ball. The crater walls represented 
the potential barrier of Fig. 2, and the crater itself 
the nucleus. 


Passing to the energy changes involved in nuclear 
transmutations, which were of the order of millions 
of volts, Sir Ernest explained that the mass of the 
free hydrogen atom was 1-0078, while the mass of 
the proton in the nucleus was one. There was thus 
less mass in the nucleus and in atoms than the 
sum of the atomic weight of the constituents 
represented, and less mass meant less energy. This 
energy must have been lost in building up the 
atom, and we must spend energy to disrupt the 
atom. The disruption of the nucleus would, 
therefore, require expenditure of enormous energy, 
instead of liberating energy, as had been assumed ; 
the nucleus was not a source of energy, but rather 
a sink. If the nuclei consisted simply of protons 
and of electrons of negligible mass, all the atomic 
weights should be whole numbers. Most atomic 
masses, however, were not integers, and the 
fractional excess of the atomic weight over the 
whole number represented the mass defect and 
energy loss incurred in binding the nucleus con- 
stituents together. The mass defect, expressed in 
parts per 10,000, and divided by the atomic weight, 
was Aston’s packing fraction. When the packing 
fractions were plotted against the atomic weights, 
the elements fell more or less on a hyperbolic 
curve. When mass defects were similarly plotted, 
the curve, instead of being a horizontal line for no 
mass defect, first descended and then ascended. 
This meant that the mass defects become great 
in the case of the heaviest elements, and parti- 
cularly for the radioactive elements. If the heavy 
elements were built up of 200 or more protons, 
the mass losses involved (1,400 million volts in 
the case of mercury) would be incompatible with 
research, and we had to assume that the « particle, 
formed in the first instance, was itself an essential 
constituent of the nucleus. Our ordinary permanent 
elements had long since passed through that initial 
stage of the primary condensations of protons into 
helium nuclei or « particles. On the sun, and still 
more in the far hotter stars, this condensation might 
still goon. The residual energy left in uranium and 
other radioactive matter accounted for their radio- 
activity. In the uranium series, uranium was 
always associated with actinium, to which about 3 








per cent. of the radioactive energy was ascribed. 





From estimates of these relative proportions, from | 


Aston’s investigations of the masses of these radio- 
active isotope series and their final products, the 
various leads, and from the life periods of the 
disintegration products, the age of the Earth should 
be 3,000 million years, which was within the range 
of other estimates. 


LETTER TO THE EDITOR. 


THE EXPRESSION OF VALUES OF 
DAYLIGHT ILLUMINATION. 
To THE EpItoR or ENGINEERING. 
Sir,—lIn the early stages of its work, the [Illumination 








NOTES ON NEW BOOKS. 


For the compilation of mathematical tables and 
certain allied work, constant reference is necessary to 
a table of square roots. In cases where square roots 
|only are needed, Barlow’s famous tables are less 
; convenient than they might be, since squares, cubes, 
| square roots, cube roots and reciprocals are printed 
| side by side, on the same page. A new set of Standard 
| Tables of Square Roots, in which 400 square roots 
| are in view at each opening of the volume, has been 
| prepared by Professor L. M. Milne-Thomson, of the 
| Royal Naval College, Greenwich, and has been pub- 
| lished by Messrs. G. Bell and Sons, Limited, at 7s. 6d. 
|net. The tables give, to eight significant figures, the 
| roots of all four-figure numbers up to 9999, and the 
| differences are printed between each successive entry, 


Research Committee of the Department of Scientific | thus facilitating interpolation. The author points out 
and Industrial Research issued a paper (Technical | that, by the use of the table, roots to 14 significant 


iy e 4 . . | 
Paper No. 1, ** The Terminology of [lumination and | 


Vision,” H.M. Stationery Office, 1926) describing the | 
units and symbols which that Committee proposed to 
use in its subsequent publications. In particular, the 
use of the ‘“ Daylight Factor,’ for expressing the 
daylight illumination at any point in a building, was 
described. It was there stated that two forms of the 
factor were in common use, viz., * Daylight Factor,’ 
the ratio of the internal illumination to the illumina- 
tion of a horizontal surface exposed to a hemisphere 
of sky, and “Sill Ratio,’? the ratio of the internal 
illumination to the illumination of a horizontal surface 
exposed to half a hemisphere (one-quarter sphere) of 
sky. It was pointed out that the second of these ratios 
was necessarily double the first, since the denominator 
of the fraction expressing it was half as great. It was 
further stated that, in the series of technical papers on 
illumination research issued by the Department of 
Scientific and Industrial Research, the sill ratio would 
be employed. 

Since the issue of this paper, viz., in 1928, there 
has been an international agreement to use the smaller 
of the two ratios described, i.e., the daylight factor, 
and, in accordance with this agreement, the daylight 
factor will be employed in all subsequent publications 
of the Illumination Research Committee, and the 
following symbols will be used :— 





Total daylight factor D 
Direct daylight factor Da 
Reflected daylight factor .. D, 


To convert sill ratios to the new system they should 
be divided by 2, so that 


D =A 
Dy = $ Aq 
D, = 3 A, 


It should be noted that the only publications of the 
Committee in which values of sill ratio have been em- 
ployed are “The Natural Lighting of Picture 
Galleries *’ (Technical Paper No. 6); and the “* Pene- 
tration of Daylight and Sunlight into Buildings” 
(Technical Paper No. 7). In the latter of these papers, 
which was dealt with in ENGINEERING, vol. cxxv, 
page 401 (1928), the term sill ratio was used throughout, 
and where values are given they should be halved to 
obtain the daylight factor. In the case of Paper No. 6, 
the term daylight factor was used to designate what is 
really a sill ratio. The values given should therefore 
be halved to obtain true daylight factors on the inter- 
national system. 

C. C. Paterson, 
Chairman, Illumination Research 
Committee. 
Department of Scientific and Industrial Research, 
16, Old Queen-street, London, S.W.1. 
April 1, 1930. 





PERSONAL.—The name of Messrs. Lentz Patents 
Limited, has been changed to Messrs. Associated Loco- 
motive Equipment, Limited. The change will take effect 
on May 1. The address of the firm, 54, Victoria-street, 
London, S.W.1, remains unaltered..-The _ registered 
oftice of the Engineering Association of Malaya is now 
at 23, Java-street, Kuala Lumpur, Federated Malay 
States. 


QUEBEC, SAGUENAY AND CHIBOUGAMAU RaAILWway.— 
Important progress has been made in the construction 
of the Quebec, Saguenay and Chibougamau Railway in 
the Lake St. John region of Quebec, an enterprise in 
which British capital is associated. The first section of 
the line has been completed, and work on the second por- 
tion, which will have its terminus at Dolbeau, is expected 
to be started this spring. The work has been carried 
out under the supervision of the Canadian National 
Railway engineers, and it is stated that costs have been 
10 per cent. less than estimates to date. The Quebec, 
Saguenay and Chibougamau Railway will eventually 
run from the City of Quebec to the mining districts 
around Lake Chibougamau. The work has been divided 
into three divisions, from Quebec to Chicoutimi, now 
completed from a point near Hebertville to Dolbeau, 


and from Chicoutimi to a point on the Hebertville- 
Dolbeau division, and from Dolbeau to the Chibougamau 


figures are easily obtained by those who possess an 
arithmometer. To this end, the root to eight figures 
is taken from the table, and by this, the number 
the root of which is sought, is divided. The mean of 
the divisor and quotient is then the root to 14 figures. 


Amone recent additions to the Sammlung Goschen, 
the volumes of which are published by Messrs. Walter 
de Gruyter and Company, of Berlin and Leipzig, at 
1-50 marks each, are two volumes on water-power 
plants by Dr.-Ing. Felix Bundscher, of Diisseldorf. 
One of these volumes on Wasserkraftanlagen, deals with 
general features and dams; the other with the conduits 
and machinery. The same subjects had previously 
been discussed, in books of the same series, by the late 
Professor Riimelin, and it is noteworthy that most of 
the illustrations and references date from the last few 
years. Thus we find illustrated references to the 
Coolidge dam in Arizona, to the Shannon River plant, 
and to the Kachlet Locks on the Rhine-Main-Danube 
Canal, all of which are somewhat brief, but suitable for 
books of the primer type. A further volume of the 
series is on the Maschinenelemente, by Fredrich Barth, 
re-written by Dr.-Ing. E. von Ende, of Berlin. Asa 
new fifth edition of an early publication, this volume 
bears the number 3, although the two first-mentioned 
volumes were numbered 665 and 666. The title, 
machine elements, is rather indefinite but the volume 
deals with rivets, welding and soldering, wedges, 
springs, screws, bolts, shafting, bearings and couplings, 
gears, pistons, cranks, pipes and valves, &c. English 
engineering students, who find the technical language 
of German textbooks and monographs too difficult for 
their knowledge of German, may profitably consult 
these small books, as they give technical definitions 
and terms. 

As a result of severe subsidences of the surface which 
occurred between 1909 and 1911 ina number of towns 
in the anthracite-mining districts of Pennsylvania, 
and more especially the city of Scranton, where 
buildings were destroyed, with consequent danger 
to human life, a State Commission was formed to 
investigate the matter of surface support where coal 
had been removed. A number of tests were organised 
by this commission to determine the conipressive 
strength of artificial roof supports of various kinds 
used in the anthracite mines of Pennsylvania. The 
report made by the commission was, however, never 
published. Recently, in view of numerous requests for 
the test data obtained by the Bureau of Mines at its 
Pittsburg Experiment Station in 1912-13, it was 
decided to publish the results then obtained. These 
are now available in Bulletin No. 303 of the U.S. 
Bureau of Mines, Department of Commerce, Washing- 
ton, price 15 cents. This Bulletin is entitled: Tests 
of Strength of Roof Supports used in Anthracite Mines 
of Pennsylvania. The machines used for testing, 
provided by the U.S. Bureau of Standards, included 
one capable of exerting 5,000 short tons pressure. 
The materials used were supplied by several anthra- 
cite-mining companies, and specimens were erected 
on the platforms of the testing machines by expert 
miners and timbermen from the anthracite mines. 
Since it is necessary, in obtaining a correct measure 
of the relative efficiency of artificial supports, to 
compare their strength with that of the coal which 
they are to replace, results of a number of tests made at 
different times of the compressive strength of anthracite 
and bituminous coals are summarised in the intro- 
ductory remarks made by George S. Rice, Chief 
Engineer of the Bureau of Mines, preceding the text of 
the original report of the tests submitted in 1913 
to the Pennsylvania State Anthracite Mine Cave 
Commission. The form of roof supports tested in- 
cluded the following: Props, dry rubble piers (mine 
rock in the form of cogs, square, circular, and in 
loose piles) ; wood cogs or cribs, filled and unfilled ; 
masonry cogs with outer shell laid in cement mortar, 
and filled with culm or ashes; hydraulically-placed 





mining district. 


culm,sand, and ashes in steel cylinders, to determine the 












[APRIL 25, 1930. 








compression under various loads when confined later. 
ally ; cement-mixture columns; concrete, reinforced 
and plain columns, and brick piers. Expensive tests 
of this nature carried out with full-size mine supports 
have been undertaken but seldom, consequently the 
data provided may be regarded as particularly valu- 
able, despite the fact that, as indicated in the 
original letter accompanying the report, the tests were 
regarded as only preliminary to further investigations 
which it was expected at that time would be under. 
taken. 

The work of the American Society for Testing 
Materials as a continuing effort, is made evident in the 
recent issue of Supplementary Standards for 1929, 
price 1.50 dols., and of the Complete Tentative Standards 
for the same year, price 7 dols. The first of these 
books gives 51 standards, supplementary to those of 
1927 and 1928, which have passed the preliminary 
stages of criticism and are now accepted. Of these, 
26 relate to metals, and 25 to sundry other materials. 
The total number of A.S.T.M. Standards now operative 
is 390. The second volume, of nine hundred pages, 
gives the 173 Tentative Standards now current, com- 
plete to date of issue, which, in due course and after 
possible amendment, may become of standard grade, 
These specifications and recommendations, it may be 
said for the information of those who do not already 
know, cover a very wide range of activity in the 
industrial arts, and represent much careful work in 
connection with ferrous and non-ferrous metals in 
different forms for use in manufactures, and in cements, 
concrete, clay products, fire tests, oils under various 
aspects, asphaltes, road materials, rocks, sands, coals, 
timbers, insulating materials, rubber products, textiles, 
thermometers, and other matters. Earlier publications 
of this series, with an account of the Society’s work, 
have already been noticed in ENGINEERING, Vol. cxxv, 
page 530 (1928), and vol. exxvii, page 514 (1929). 


In reprinting his lectures on Machine Design under 
the title Vorlesungen iiber Maschinenelemente Heft 
IV. (Berlin: Julius Springer. Price 8-80 marks), 
Professor ten Bosch has not attempted to give us a 
purely academic treatment, as is shown by the large 
number of photographs of actual machines reproduced 
to exemplify his arguments ; neither does he offer a mere 
compilation of data, but rather he outlines the methods 
and means of analysis that must be used to investigate 
the growing number of problems arising out of the 
steady increase in size of plant-units, coupled with the 
constant demand for the minimum of cost, or, in other 
words, the maximum economy. After dealing briefly 
with certain types of friction-drives, he passes to 
tooth-gearing, and treats the geometry of tooth- 
forms very thoroughly, pointing out both fundamental 
and secondary differences arising out of varying types 
and purposes. He deals also with the mechanics of 
tooth-generating and then with abrasion, efficiency, 
and strength of various forms. Incidentally, through- 
out the whole book, it is quite illuminating to see what 
flexibility there lies in the application of Castigliano’s 
theorem in the hands of an enthusiast such as Professor 
ten Bosch shows himself to be. The remainder of the 
book deals with rope and belt driving in a similarly 
exhaustive manner, a particularly interesting section 
dealing with the well-known phenomenon of the increase 
in grip shown by a greasy belt at high speeds. 
Postulating that the total frictional resistance of 
belt on a pulley is the sum of the friction due to the 
belt and pulley surfaces, plus the hydrodynamic 
resistance of the thin grease layer, he derives equations 
involving the ‘solid friction” coefficient, the kine- 
matic viscosity of the grease, and the velocity, and 
shows that these equations fit the experimental facts 
very closely. The analysis of stress distribution in 
pulley rims and spokes shows a very nice discrimi- 
nation between the work allowable on such calculations 
and the possible saving in material due to such calcu- 
lations, that will appeal to the practical designer. 
In fact, the whole book, while it does not make the 
circuitous and unhappy approximations which used to 
be so frequently employed in order to avoid the 
calculus, does nevertheless show a healthy contempt 
for calculation per se. 








British CompresseD Arr Soctety.—The British 
Compressed Air Society has been formed to promote and 
develop the interests of British air-compressor, pneu- 
matic-tool, and pneumatic-appliance manufacturers, and 
to consider all questions connected therewith, except 
the relationship between employers and employees. We 
understand that most of the leading manufacturers 
in the industry are members of the society, and a united 
effort is to be made to get this class of British machinery 
more extensively used. It is the intention of the society 
to produce a regular Bulletin, and eventually to become 
the recognised authority for all questions relating to the 
use of compressed air. The chairman is Mr. E, C. Dun- 
kerton, and the hon. secretary and treasurer Mr. A. 
Vincent Clarke. The office of the society is at 76, Victoria- 
«treet, London, 8.W.1. 
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CAUSES AND PREVENTION OF 
VIBRATION IN MOTOR SHIPS.* 
By Rosert SULZER. 

THE question of vibration is one of the greatest 
importance, particularly in the construction of passen- 
ger ships. Vibration in the machinery reduces its 
reliability ; vibration in the ship itself is generally 
found very annoying by the passengers, and may 
seriously affect the success of the vessel. Various 
failures which have occurred, and the fact that the 
theoretical principles involved are rather intricate, 
have created some uncertainty with regard to these 
problems. Nevertheless, the results’ of thorough 
research and years of experience now allow the critical 








flywheel and propeller reduced to the crank radius. 
This ideal shaft, in its several sections, has exactly 
the same elasticity as the actual shaft, and is used to 
simplify the calculation of the critical speeds. The 
system can be set into torsional vibration under the 
influence of the harmonic forces from the tangential 
pressure of the working cylinders and the tangential 
resistance of the propeller. The vibration may have 
one, two, three or more nodes, as is shown by the 
forms of vibration drawn in Fig. 1. To each of these 
forms of vibration there corresponds a definite fre- 
quency, which is determined by the size and distribu- 
tion of the masses and by the elasticity of the parts of 
the shaft connecting them, and can be accurately 
calculated. Synchronism occurs when the frequency 
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determined by the variable force At, which, for instance, 
is 6-01 kg. per square cm. of piston area for the first 
order and 0-209 kg. per square cm. only for the eighth 
order, in the example shown in Fig. 16. 

In multiple-cylinder engines some harmonic forces 
of the same order from the different cylinders become 
superposed; others cancel out, or their resultants 
become so small that they can be neglected for practical 
purposes. In a four-cylinder engine, for instance, the 
fourth and eighth order become important. The 
actual maximum stresses in the shafting, which theo- 
retically become infinite, are limited by the damping- 
effect, principally due to friction. In this paper, the 
engine speed at which, for example, the fourth har- 
monic force coincides with the form of vibration with 
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speed of shafting to be calculated in advance with 
sufficient accuracy. The questions involved in balanc- 
ing the reciprocating masses were already solved in 
the days when the steam engine was supreme. Serious 
attempts have also been made to solve the problem 
of calculating the natural frequency of vibration of the 
hull of the ship itself, and it is to be hoped that ship- 
builders will soon be in a position to determine 
this in advance with sufficient accuracy. In this 
paper attention will first be devoted to torsional 
vibration in the crankshafts and intermediate shafting. 

Fig. 1 shows the shaft system of a four- cylinder, 
two-cycle engine with short intermediate shafting, 
such as is usual in tankers. Below the actual shaft 
is drawn the equivalent shaft, of uniform diameter 
throughout, and with the masses of the running gear, 

* Paper read before the Institution of Naval Architects, 
London, on Friday, April 11, 1930. Abridged. 











of a harmonic force, i.e., the product revolutions per 
minute multiplied by the order of the force, coincides 
with a natural period of vibration of the system. 

Fig. 16, page 554, shows the harmonic analysis of the 
tangential-force diagram of one two-cycle working cylin- 
der for full-load condition. Any periodic function is 
equivalent to the sum of a constant term and certain 
sine functions of time. The method usually adopted 
for determining the individual harmonic components 
of a periodic function was developed by Fourier. In 
Fig. 16 the constant term is represented by the mean 
tangential force (Tm=2-31 kg. per square cm. 
piston area) and illustrates the work done by the 
cycle. The sine curves drawn below do not represent 
any work, as the positive and negative areas are all 
equal; but when the ordinates are added to the con- 
stant term they give atrue copy of the tangential force 
diagram. The additional torsional stresses, and with 
them the importance of these different orders, are 








one node is termed a critical speed of the first degree, 
fourth order. Vibration with two nodes, caused by 
the twelfth harmonic, is termed a vibration of the 
second degree, twelfth order. In the example shown 
in Fig. 1 the natural period of vibration of the first 
degree is 386 per minute, and that of the second degree 
is 1,406 per minute. The natural periods for three, 
four, and more nodes lie so high that they practically 
no longer come into consideration, since the harmonic 
forces decrease rapidly for the higher orders, and their 
magnitudes are practically insignificant from the 
twelfth order upwards. In marine-engine installations, 
the conditions are generally such that the critical speeds 
of the first degree are noticeable principally in the 
intermediate shafting behind the flywheel, and those 
of the second degree principally in the crankshaft. 

The theoretical principles used as a basis for calcu- 
lating torsional vibration have been known for some 
time, and the first attempts to determine experimen- 
tally this type of vibration, the amplitude of the 
deflections and the magnitude of the additional tor- 
sional stresses in marine steam engines, date back to 
the days when the Diesel engine had not yet been 
adopted as a marine engine. In Diesel-engine con- 
struction, the first difficulties made themselves mani- 
fest when six-cylinder engines with heavy flywheels 
and generators were introduced; the significance of 
| torsional vibration and the necessity of thoroughly 
| investigating it then became clearly recognised. Various 
| methods—mechanical, optical, and _ electrical—may 
be, and have been, adopted for measuring torsional 
vibrations. The handiest instrument, and therefore 
the most widely used, is the torsiograph. 

Explanations of the calculation of natural frequency 
of vibration and of additional torsional stresses, as 
also of the significance and importance of the different 
orders and the means taken to reduce their effect, 
would be outside the scope of this paper. It is suffi- 
cient to state that it is possible, in all cases, to obtain 
faultless conditions of working for the normal service 
| speed, and it should now never happen that the service 
speed of an engine has to be reduced because of 
dangerous torsional vibrations. When making calcu- 
lations in advance it is necessary, in order to proceed 
with certainty, for the shipbuilder to state as accurately 
as possible what output and revolutions will be required 
to give the ship the guaranteed speed on her trials, 
and whether these are approximately the maximum 
values which will occur when in service. Also the normal 
sea speed and revolutions should be stated, as it may 
be possible to make other arrangements if it is known 
that the engines which have to run during the trials 
at, say, 100 r.p.m., have to work later at only 90 r.p.m. 
to 95 r.p.m. In the case of engines with four or six 























cylinders, such as are sometimes installed in tankers 
and fitted aft, the most important critical speed is of the 
first degree ; this will have an unfavourable influence, 
principally on the intermediate shafting behind the 
flywheel, and falls, in general, somewhere in the neigh- 
bourhood of thé normal number of revolutions. By 
correspondingly increasing the diameter of the inter- 
mediate shafting, and possibly also by reducing the 
moment of inertia of the propeller and flywheel, it will | 
generally be found possible to remove the critical | 
speed to a safe distance above the normal service | 
speed, as is explained in the example below. | 

In the case A, Fig. 3, a main critical zone is found | 
within the range of the manceuvring speeds immediately 
below the normal speed, and must be avoided in con- 
tinuous service, but has to be passed through at each 
mancuvre ; in case B, on the other hand, the shaft | 
is practically free from vibration over the whole service | 
and maneuvring range. The important critical speed | 
of the first degree, sixth order, is at 120 r.p.m., well | 
above the normal service speed of 100 r.p.m. The 
critical speed of the first degree, twelfth order, the | 
harmonic forces of which are only about one-seventh 
as strong as those of the first degree, sixth order, 
Fig. 16, does not need to be considered in practical 
service, since the additional torsional stresses do not 
attain any dangerous magnitude and the zone in 
question covers only a few revolutions. The critical 
speed of the second degree, sixth order, which is 
dangerous for the crankshaft, would be at 268 r.p.m. 
in case B, and even the subsidiary critical speed, 
second degree, twelfth order, is at 134 r.p.m., and con- 
sequently at a safe distance from the assumed normal 
speed. In the manceuvring region there is only the 
quite insignificant eighteenth order, which does not 
make itself felt at all outside the engine, and can only 
be detected by a good torsiograph. Consequently 
installation B is practically free from vibration in the 
whole region of service and manceuvring speeds. 

In long intermediate shafting, the critical speed, 
first degree, fourth order, lies, in the case of four- 
cylinder engines, so low that it is impossible to consider 
means of removing it above the range of normal 
service speeds. In such cases, the shaft is built in 
accordance with the Classification Society’s rules. 
The flywheel is chosen as heavy as possible in order to 
bring the critical speed down as far as possible into 
a region where the load on the engine is low. A heavy 
flywheel also reduces the additional torsional stresses 
in the shafting; the greater the flywheel effect of the 
engine, and the lower the flywheel effect of the propeller, 
the less the action of the stresses is felt. Of the critical 
speeds of the second degree, the important ones of the 
fourth and eighth order lie far above the maximum 
service speed. The effects of the twelfth and sixteenth 
orders are weak and insignificant; the additional 
torsional stresses caused by them scarcely reach 100 
kg. per square cm., and the region in which vibration 
can make itself perceptible extends over less than 
+ 2 revolutions. In order to ensure the best possible 
service conditions, and also to avoid these small 
additional stresses, an endeavour is made to keep the 
normal service speed at sea away from any of these 
subordinate critical speeds. 

Of greatest interest are the conditions for six-, eight-, 
ten-, and possibly twelve-cylinder engines, which come 
into consideration mostly for passenger vessels. Fig 4 
shows the approximate position of the critical speeds, 
and also the approximate amount of the additional 
torsional stresses to be expected. The additional 
torsional stresses for the critical speeds of the first 
degree refer to intermediate shafting with the diameter 
in accordance with classification rules; those for the 
second degree refer to the crankshaft. In all engines, 
therefore, the significant critical speeds of the second 
degree lie at a safe distance above the normal service 
speed of 100 r.p.m. In eight-, ten-, and twelve- 
cylinder engines, a light flywheel is provided in order to 
bring the natural frequencies of the second degree as 
high as possible. The reduced moment of inertia of 
the flywheel causes the front node in the second degree 
to be displaced towards the centre of the engine. 
Thereby the resultant of the forces of the principal 
order becomes small and the critical speeds of the eighth 
tenth, or twelfth order become insignificant. On the 
other hand, the resultants of the fourth, fifth or sixth 
order are correspondingly increased, but these critical 
speeds lie so high that they need not be considered. As 
far as the degree of irregularity of the engine is con- 
cerned, the flywheel of two-cycle engines with eight to 
ten cylinders may be reduced as much as desired. In 
four-cycle engines it is generally necessary to employ 
heavier flywheels, because of the greater fluctuations 
in turning moment. Also, in accordance with 
classification rules, these engines have crankshafts of 
smaller diameter, in consequence of which the natural | 
period of vibration of the second degree lies lower. | 
In addition to that, since four-cycle engines generally | 
run at comparatively high speeds, there is great danger | 
of the normal service speed of six-cylinder, four-cycle | 
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engines falling within the critical region of the sixth 
order, and in eight-cylinder engines in that of the fourth 
order. Unfavourable conditions may also occur in the 
case of high-speed auxiliary Diesel engines, since the 
flywheel and generator, with their large masses, have 
large moments of inertia, and give rise to two natural 
frequencies, so that every case, even for the smallest 
engine, must be investigated thoroughly. 





of the ship. The maximum amplitude of the deflections 
is determined by the magnitude of the damping forces, 
If the impulse figure exceeds the period of natural 
vibration, the vibrations diminish rapidly in magnitude 
and importance. Also small forces may make them. 
selves unpleasantly felt when their frequency coincides 
with the natural period of vibration of the ship. On the 
other hand, large forces have no appreciable effect, 


Fig.4. CRITICAL SPEEDS FOR 4, 68,10; AND 12-CYLINDER INSTALLATIONS 
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Just as important as the torsional vibrationof the shaft- 
ing is the vibration of theship. The ship, considered as 
a beam with a certain elasticity and a known, although 
variable, distribution of masses, can vibrate with a 
quite definite natural frequency and with two, three or 
more nodes. Vibration of the hull may originate in 
various ways, amongst others from free forces and 
moments from any part of the machinery. Here also 
the law holds that the amplitudes will increase with 
increase in the imposed forces, and the more closely 
the impulses synchronise with the natural frequency 
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if there is no synchronism. The following examples will 
explain this: A yacht propelled by two four-cylinder, 
two-cycle engines, each developing 800 brake horse- 
power, at 150 r.p.m., was absolutely free from vibration 
when proceeding at full speed. In harbour, however, 
when a small single-cylinder auxiliary compressor 
was in service, running at a high speed, the glasses in 
the saloon jingled. The fact that the effects of the 
free forces from this single-cylinder compressor were 
greater than those of the main engines was not the 
important point. The difference in their effects on the 
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ship was due to the fact that, in the case of the main 
engines, neither the 150 impulses of the free moments 
of the first order nor the 300 impulses of the free forces 
and moments of the second order coincided with the 
natural period of vibration of the ship, but that the 
much higher impulse figure of the free forces of the first 
order from the compressor did so. A second case 
concerns a ship equipped with two 4,000 brake horse- 
power two-cycle engines and four-cycle auxiliary 
engines. The excellently balanced main engines did 
not cause the slightest vibration, whilst the high-speed 
auxiliary four-cycle engines, having a large free force 
of the first order due to the unbalanced injection-air 


Fig.6. 
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a bending moment in the engine itself, which may give 
rise to a dangerous critical bending vibration in the 
engine if the frame is not sufficiently rigid. 

Let us now consider a phenomenon which, in certain 
ships fitted with double-acting, eight-cylinder, four- 
cycle engines, has led to severe shaking of the engines, 
foundations, and hull. This is a critical bending 
vibration athwartships, in the direction of the arrows 
A-A in Fig. 6. The engine may be regarded as a beam 
fixed at one end in the foundations and vibrating 
in the direction A-A with absolutely definite fre- 
quency. This vibration may become critical, and the 
deflections attain dangerous amplitudes if the period of 


Fag.10. 'Sedical Direction 


r.p.m., which was mounted on the test-bed on com- 
paratively elastic beams and had its speed increased 
to 200 r.p.m., in order to investigate the transverse 
vibration. At a speed of 175 r.p.m., the maximum 
deflection amounted to + 0-8 mm. 

Whilst it is quite possible, in advance, to avoid any 
vibration in the main and auxiliary engines, as well as 
in the ship as a whole, local vibrations may possibly 
show themselves in some parts of the ship. Such local 
vibrations can generally be easily removed by very 
simple means, such as by fitting a light stiffening in 
order to change effectively the natural frequency of the 





parts in question. In twin-screw vessels, vibrations 
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MEASUREMENTS OF VIBRATION ON TOP OF A 
Four-CyLInpER, Two-CycLE AUXILIARY ENGINE, 
Devecorrine 360 B.H.P. at 180 R.P.M. 


compressors, caused such continuous vibration in the 


ship that their speed had to be very considerably 
reduced. In order to eliminate free forces of the first 
order entirely in slow-speed, two-cycle auxiliary 
engines, the cranks of the air pump and of the com- 
pressor are set at 180 deg. to each other. The same 
is done in main engines with direct-driven scavenging 


air pumps. For the same reason, in high-powered | 


marine engines with turbo blowers, the compressor 
is subdivided into two equal cylinders driven by cranks 
set at 180 deg. to each other. The third case refers 
to a passenger liner with two large two-cycle engines. 
On one voyage, the running gear of one cylinder (con- 
necting-rod, crosshead, and piston) had to be put out 
of action. This gave a free force of 20 tons of the first 
order, but in spite of this, no vibration could be felt in 
the hull of the ship, which can be explained from the 


Two-CycLe ENGINE or 800-S.H.P. MEASURED ON 


R.P.M. AND AT OVERSPEEDS OF 175 AND 200 R.P.M. 





fact that the normal speed of the engine was far removed 
from the natural period of vibration of the ship. | 
In order to avoid vibration in a ship, the possible | 
natural periods of vibration of the ship should be | 
calculated, and the speeds of the main and auxiliary | 
engines chosen in such a way that no impulse figures of | 
the first or second order coincide with the values | 
found for the ship. It is also necessary to try to keep | 
the free forces and moments as small as possible, so | 
that, even if synchronism should occur, the deflections | 
will be small and the range of speed over which they are | 
noticeable will be as short as possible. The theory of 
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MEASUREMENTS OF VIBRATION ON THE Top OF No. 1 CYLINDER 
OF AN E1eGut-CyLINDER, Two-CycLE MARINE DIESEL ENGINE 
or 7,000 B.H.P. at NorMAL SERVICE SPEED oF 102 R.P.M. 
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MEASUREMENT OF VIBRATION AT THE Bow 
or A Fast Srinete-Screw CarGo-BoaTt WHEN 
THE FREQUENCY OF THE IMPULSES FROM THE 
ENGINE (RuNNING AT 85 R.P.M.) SYNCHRONISES 
WITH THE NATURAL FREQUENCY OF THE HULL. 








MEASUREMENTS OF VIBRATION AT THE Bow OF A 
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| have been observed which appear and disappear peri- 


odically, causing more annoyance than a continuous 
vibration. Such vibrations may be set up when the 
two main engines are not running at exactly the same 
speed, so that, at a certain moment, the free forces are 
superposed, thus doubling the intensity of vibration 
and, at the next moment, they cancel each other and 
the vibration disappears. In quadruple-screw ships 
it is practically impossible for the free forces or 
moments from all four engines to become superposed 
in such a manner; in addition to that, distributing 
the output over four engines means that the working 
parts are lighter, and the effects of the moving masses 
are consequently smaller, so that such vessels are 
particularly free from vibration. Besides the causes 
already named, there are others which may cause 
vibration on board ship. From what has been said it 
is clear that these come into consideration, not only 
for motor-ships but also for ships propelled by reci- 
procating steam engines, and, to some extent, also for 
steam-turbine driven vessels. That excellent results 
can be obtained in the case of motor-ships is shown by 
the measurements made of vibration on board a large, 
fast, single-screw cargo boat, propelled by an eight- 


| cylinder two-cycle engine of 7,000 brake horse-power. 
| The critical speed of the eighth order lay at a safe 


distance above the normal service speed of 102 r.p.m. 
Torsional vibrations of the higher orders may be 
detected in the records, but the additional torsional 


balancing, and also the methods adopted to apply it | the impulses on the crosshead guides should coincide | stresses due to them never exceed 100 kg. per square cm. 


practically, are well known. Less generally known is | with the natural frequency. 
engines, with rigid frame construction and comparatively 


| 


the fact that the absence of free forces and moments | 


In single-acting Diesel | 


(0-65 ton per square in.). At low speeds, the effect 
of the irregular turning moment of the eight cylinders 


is no guarantee that the engine will be free from vibra- | low centre of gravity, the natural frequency is so high | and the two injection-air compressors can be recognised. 
tion. The whole theory of balancing holds in principle | that no trouble is to be expected within the normal | Fig. 10 shows the movement of No. 1 cylinder cover 
only for a rigid engine. In general, the free moments | speed range. That such critical speeds may be expected 
are eliminated by setting the cranks at such angles to|at higher speeds is shown by the vibration diagram, 
each other that the considerable free moments in each | Fig. 7, taken on a four-cylinder crosshead-type Diesel | auxiliary engines, the conditions are just as favour- 


half of the engine balance each other. This will cause! engine, developing 800 brake horse-power at 150 | able, as can be seen from the vibration diagram in 


of the main engine. The horizontal deflection athwart- 
ships amounts to only + 0:4 mm. In the case of the 
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Fig. 11. The diagrams, Figs. 12 and 13, taken on the 
bridge and at the bow of the ship, respectively, show how 
absolutely free it is from vibration at the normal service 
speed of 102r.p.m. At85r.p.m., the speed of the engine 
synchronises with a period of natural vibration of the 
ship, and severe vibrations can be felt in the whole ship, 
especially at the bow, where the maximum vertical 
deflection amounts to + 2-4 mm., as shown by the 
diagram, Fig. 14. The avoidance of all critical speeds 
in the main and auxiliary engines, the absence of 
bending vibration and critical transverse vibration, 
the excellent balancing, and the great distance 
between the service speed and the nearest period of 
natural frequency of the ship, all these facts have con- 
tributed to establishing conditions for normal service 
which could not be bettered on a passenger ship. 








THE ALUMINIUM BRASSES.* 
By R. Genpers, M.B.E., M.Met., F.I.C. 


ALumIniuM has been employed to a considerable 
extent as a minor constituent in non-ferrous alloys, 
such as the aluminium-bronzes and _high-tensile 
brasses, and the marked degree of hardness which 
aluminium confers on copper-zine alloys has long 
been known. Hitherto, however, aluminium-brasses 
of higher copper content than about 60 per cent. have 
not been fully investigated or developed industrially, 
and careful measures have been taken in foundries— 
especially those manufacturing ingots for rolling—to 
prevent the accidental presence of aluminium in 
brass, since experience has shown that even in minute 
amounts aluminium introduces serious surface defects 
in an ingot cast under ordinary conditions. This 
difficulty is a consequence of the formation on the 
brass of a surface film of aluminium oxide, of sufficient 
strength to retard the flow of the metal within the 
mould and to prevent the melting into the mass of 
particles detached by splashing during pouring. 

With the introduction of modified casting methods 
capable of overcoming this bad effect, however, the 
properties of the aluminium-brasses have become of 
greater interest, since a surface film of aluminium 
oxide, present on either liquid or solid brass, has 
characteristics exerting a beneficial influence in several 
directions. The present paper describes work on 
one of the sections of a research, carried out at Woolwich 
for the British Non-Ferrous Metals Research Associa- 
tion, dealing with the casting of brass ingots. The 
alloys dealt with are those containing more than 68 per 





cent. of copper, mainly those showing ductility in the 
cold. | 
Melting and Remelting.—The presence of aluminium | 
in molten brass produces a marked decrease in the | 
rate of evolution of zinc vapour. Pure 70:30 brass 
at a temperature of 1100 deg. C. evolves copious 
clouds of zinc fume, but with aluminium-brass con- 
taining as small an amount as 0-1 per cent. of aluminium 
practically no indication of zinc vapour is visible at 
this temperature. The film of aluminium oxide which 
is responsible for this effect has the advantage of 
reducing the need for the use of fluxes. When the 
film of aluminium oxide covering the surface is broken, 
zine vapour is immediately evolved, but within a/| 
few seconds a new film is formed over the disturbed | 
area and evolution of zine ceases. It is thus evident 
that the vapour pressure of the zinc is not greatly | 
affected by the presence of aluminium in the alloy, | 
and that the influence of the skin of aluminium oxide | 
is mechanical." The skin on the molten alloy must | 
therefore be under appreciable stress. These observa- | 
tions point to a probable advantage of aluminium in | 
reducing zine loss in melting. 

The prejudice against aluminium, which has com- 
monly existed in brass foundries, is based, not only 
on difficulties connected with casting and the alleged 
increase in susceptibility to season-cracking, but also 
on the brief that alloys containing aluminium cannot 
be remelted time after time without deterioration in 
quality. In the case of pure aluminium, the fear of 
such deterioration has been disposed of by tests carried 
out at the National Physical Laboratory. In 
order to confirm that the same conclusions may be 
applied to aluminium-brasses, a similar investigation 
was made with a brass ccntaining 68 per cent. copper 
and 2 per cent. aluminium. The materials used were 
B.E.R. copper (99-9 per cent.), electrolytic zine (99-9 
per cent.), and pure commercial aluminium (99-6 per! 
cent.). About 70 lb. of alloy was melted. An ingot 
126 X1 in. (21 1b.) was cast from a bottom-pouring 
ladle at a casting temperature of 1050 deg. C., and a 
speed of pouring of about 1 in. per second rise of 
metal in the mould; the remainder of the alloy was 
cast into notched-bars. The ingot was rolled to strip 
0-05 in. in thickness, which was cut up and remelted 


_* Communication from the Research Department, 
Woolwich, read before the Institute of Metals, London, 
on Thursday, March 13, 1930. Abridged. 


t See ENGINEERING, vol. cxiv, page 414 (1922). 
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Fig.16.HARMONIC ANALYSIS OF THE TANGENTIAL-FORCE DIAGRAM OF A 
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together with the notched-bars and again cast in 
the same manner. This treatment of casting, rolling, 
and recasting was repeated until the material had 
been melted ten times. Small additions of zine were 
made in the second, sixth, eighth, and tenth meltings. 
No flux was used, and no precautions against oxidation 
were taken during melting; the rolled strip received 
no pickling after the intermediate annealings during 
rolling. After the first stage of rolling, after each 
melting, at a thickness of strip of 0-5 in., a sample for 
mechanical tests and chemical analysis was cut from 
the bottom end of each strip. The notched-bar 
material was provided to ensure that after the removal 
of the sample from each ingot, sufficient material for 
a complete ingot remained after the tenth melting. 
Two transverse and two longitudinal tensile test- 
pieces 0-357 in. in diameter, with an acting length of 
1-27 in., were machined from each sample. 

As in the case of pure aluminium, repeated remelting 
was found to have no effect on the properties of the 
aluminium-brass, the tensile strength and ductility 
remaining practically constant throughout. The loss 
of zinc on melting was in two cases nil, and was generally 
remarkably small, reaching the maximum in the 
neighbourhood of 1 per cent. only in cases in which the 


metal was found, on temperature measurement in the | 


ladle, to have been overheated. The aluminium 
content remained nearly constant, showing a slight 
loss of aluminium after the tenth melting. 

Casting Methods.—Reference has previously been 
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aluminium by ordinary methods, owing to the forma- 
tion of a strong oxide film on any portions of metal 
detached from the main mass during pouring. In 


| the casting of aluminium ingots, methods are used 
— avoid as far as possible any turbulence or 


splashing which might give rise to the formation of 


| separate globules of metal. The more common 
| practice is to pour down one edge of the mould, which 


jis tiltled at an angle and gradully rotated during the 
| process to become vertical when just filled. This 
|method, and modifications of it, can be successfully 
| applied to brass casting from crucibles, and has been 
| perfected and mechanicalised by Durville in France 
| for the manufacture of aluminium-bronze coinage with 
| good results. No mould dressing is required in the 
| process, the aluminium oxide skin serving to protect 
the mould surface. The method has been successfully 
| adapted to the casting of the alloys dealt with in this 
paper, and is now in commercial use in this country 
|for the manufacture of ingots for rolling and for 
|extrusion. It would appear that where pouring can 
| be carried out without turbulence, as in the rotatory 
|method, the presence of aluminium in brass ceases 
|to be a disadvantage and becomes a means of sim- 
| plifying the casting process. 

While in the casting of chill ingots by ordinary 
foundry methods, aluminium is a source of defects, 
| it has been observed, in work on die-casting alloys, that 
| aluminium-bronzes and other alloys containing alu- 

minium give a die-casting having a surface of greater 


| 


|made to the difficulty of casting alloys containing| smoothness and better appearance than alloys free 
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from aluminium. Die-castings are poured by methods 
similar to those used for ingot casting, and the essential 
point of difference which appears to account for the 
contrast in results obtained in the two processes is 
that in die-casting the molten metal, although entering 
the mould as a stream, is poured rapidly, so that the 
cross-section of the stream approaches that of the 
mould being filled. In applying these observations 


Fig. 1. 
PURE BRASSES 
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six groups, the first showing the effect of increasing 
aluminium content in brass of about 70 : 30 composition 
and the remainder being brasses of constant aluminium 
content with increasing percentages of copper. The 
test-pieces were machined from ingots 1 in. in diameter 
and 8 in. in length, cast under the best possible con- 
ditions. Remarkably high ductility is shown by 
some of the alloys, and in general the aluminium brasses 





Fig.2. Fig.3 
ALUMINIUM, 2 PER CENT. 


ALUMINIUM,4 PER CENT. 











\ 


a 











4 
Z 


LIA 








EN 
— 
a 











l\ 





Inch Tons 
i+.) 
ZB 
Oath 


\\ 
\ 


Inch Tons 
i) 











60:40 NS 


, LAK 


NX 


N 
—™ ws 











NN S aa 1 ‘3 














> < 


‘ sf *S70:30 
~~ Sos, *370:29-1 i Gen 





as 


»~ 





a (e7) 















































a a ee ral 
500 600 70 6800 " 500 600 700 800 500 600 700 800 
(953) Temperature:Deg.Cent. Temperature: Deg. Cent. Temperature : Deg. Cert. 
“ENGINEERING” 


TABLE II.—TeENsItE TESTS AND DENSITY DETERMINATIONS ON BRASSES CONTAINING ALUMINIUM. 
TrEstT-PrEcEs MACHINED FROM CasT INGOT. 
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Maximum | Elongation 


















































=] 
| Analysis. | Reducti 
| Proof a 
Alloy | ‘ we | hotles Load. Per cent. of Area ~ 
way | a Density. | Stress. | Tons per on Per Structure. 
Aluminium. Copper. Tons per | mae fin 2 in | Cont 
| Per cent. Per cent. oq. in. | * aoe a he | 
| | } 
1 | wil | 70-1 8-50 | 4-0 | 14-72 | 46 41 a 
2 0-09 69-8 8-50 | 4-0 16-28 | 69 58 a 
3 0-25 69-3 8-48 | 4-8 16-88 69 57 a and trace B 
4 0-4 70-1 8-47 4-0 15-64 | 56 47 a and trace B 
5 1-1 68-1 8-36 | 6-0 20-32 60 59 a+p 
| 
6 2-0 68-0 8-21 | 8-0 26-48 45 42 a+Bs 
7 1-9 70-0 8-27 7-0 21-64 | 58 58 a+p 
8 1°8 74°3 8-33 4-4 17-16 84 74 a 
9 2-1 78-1 8-37 4-0 17-64 | 83 57 a 
10 4-7 73°6 7-91 | 25-0 34-9 | 23 24 a+Bs 
11 4-7 76-7 7-93 11-7 31-2 | 41 36 a+B 
12 4-8 79-7 7-98 9-4 27-0 42 38 a+p 
13 4-6 82-0 8-00 6-5 22-8 | 65 55 a 
| 
14 5-6 74-0 7-80 30-7 40-8 } 2 7 a+B 
15 5-6 76-2 7-82 16-1 35-2 | 15 18 a+B 
16 5°7 79-2 7-86 12-1 31-8 | 33 | 32 a+B 
7 5-8 81-1 7:87 9-9 27-9 28 26 a+sB 
is | 5-9 85-0 7-91 6:8 24-0 | 44 42 a 
19 6:8 73°5 7-69 _ 24-0 z 3 8 and trace a 
2 «| 68 76-4 7-71 24-4 36-4 2 5 a 
21 | 6°8 79-7 7-74 | 12-0 34-9 19 36 a+B 
22 | 7:1 82-3 7:76 9-5 33-7 27 28 a+B 
23 | 6-9 85-2 7°82 9-4 30-1 44 22 a+B 
24 | 6-3 88-9 7-95 5-1 20:7 82 57 a 
25 7°5 76-3 7:63 6-8 24-4 4 5 B and trace a 
26 7-6 79-2 7-64 | 13-2 30-4 2 5 a+p 
27 7°5 82-3 7-68 9-8 | 32-9 13 20 a+p 
28 7:4 85-2 7:72 8-6 | 32-4 31 36 a+B 
29 7-5 87-9 7-75 8-8 | 30-5 48 At a+p 
TABLE III.—TeEnsme Tests oN Brasses CONTAINING ALUMINIUM. 
Trst-Preces MACHINED FROM ExTRUDED Bar. 
a Nl 
| Composition. i 
| ° — Maximum | Elongation. | Reduction 
7 < >, 
mg | Density. Stress. T knoe E — of Fs " Structure. 
~~ | Aluminium, Copper. Tons per a a 2 in ant 
Per cent. | Per cent. sq. in. — 5 das , 
30 | Nil 69-9 | 8-524 5-0 21-2 75 70 a 
31 | a 64-9 | 8-448 5-7 20-2 62 78 a 
32 _ 60-0 8-380 6-6 25-7 54 62 a+s 
| | 
33 | 28 75-7 | 8-301 5-2 22-7 82 72 a 
34 | 2-2 70-7 8-242 8-6 25-1 66 79 a and trace 8 
35 | 2-2 65-8 8-159 | 10-2 31-2 44 44 a+B 
8 | 8-9 811° | 8-130 | 5-4 32-7 78 66 « 
37 3-9 76-7 8-062 9-8 27-8 54 55 a and trace p 
3% 3-9 71-9 7-994 10-8 32-2 35 33 a+B 




















to the casting of strip ingots, it has been found that 
y increasing the size of the stream and pouring with 
extreme rapidity a surface fairly free from defects 
can be obtained. These methods of casting have 
characteristics of considerable interest, which, however, 
cannot be dealt with in this paper. 

_Mechan ical Properties, Hardness, and Density of the 
Chill-Cast Alloys.—The properties of chill-cast alloys 
Covering a considerable range of composition are 
given in Table II. The compositions selected are in 





appear mechanically to have distinct advantages. In 
a number of the alloys the elongation in the tensile 
test is equal to, or higher than, that of 70: 30 brass, 
while the remaining properties are markedly enhanced. 
Table III gives the mechanical properties of a number 
of alloys in the extruded condition. é 

The Effect of Aluminium on the Hardening of Brasses 
by Cold-Rolling.—The determinations were made on 





which are given in Table II. Rolling was carried out 
in stages down to a thickness of 0-03 in., without 
any intermediate annealing, and the Brinell hardness 
of the strip was measured at each stage. It was found 
that the rolling qualities of 70 : 30 brass were not greatly 
affected bythe presence of aluminium in the percentages 
used. The ductility of high-copper, 2 per cent.-alu- 
minium, brasses was found to be extremely high. The 
behaviour of the aluminium-brasses under the very 
severe test of rolling cold to a reduction of 97 per cent. 
was considered very satisfactory; none of the speci- 








chill-cast ingots, 9x2x1 in. in dimensions, of the 
alloys Nos. 1 to 9, the compositions and properties of 


mens cracked on rolling down to a thickness of 0-2 in. 

The Effect of Aluminium on the Hot-Working Proper- 
ties of the Brasses.—The method adopted to obtain a 
comparison of the hot-working properties of the alu- 
minium-brasses with those of the pure brasses was 
on the lines of that described by Doerinckel and 
Trockels.* The alloys used were Nos. 30-38, given in 
Table III; tests were made at 500 deg. 600 deg., 
700 deg., and 800 deg C. A cylinder 0-714 in. in 
diameter (0-4 sq. in. in area) and 1-428 in. in length, 
machined from an extruded bar of each alloy, was 
heated to the desired temperature, enclosed in a 
hollow cylindrical container of special heat-resisting 
stee]. A loose-fitting plate of steel, resting on the top 
of the specimen, closed the container. After being 
maintained at the desired temperature for 30 minutes, 
the whole assembly was removed from the furnace to 
the testing machine fitted with a ram and provided 
with thin mica heat insulation. The load was applied 
as rapidly as possible up to a maximum of 15 tons, 
an automatic load-compression record being taken. 
The total time required for the test was 90 + 5 seconds 
during the time of the test the fall in temperature of the 
specimen unloaded was approximately from 15 deg. to 25 
deg. C. As a basis of comparison of the workability of 
the various alloys, the work required to compress the 
cylinder to 50 per cent. of its original length was 
measured from the load-compression diagram. These 
values are given together with results of Doerinckel and 
Trockels in the curves, Figs. 1, 2, and 3. 

In general, the determinations on the pure brasses 
are in close agreement with those of Doerinckel and 
Trockels. The aluminium-brasses containing about 
2 and 4 per cent. of aluminium, in which the copper 
content is raised to 76 per cent. and 81 per cent. 
respectively (to give a structure entirely of « solid 
solution), are appreciably harder at 500 deg. C. than 
70 : 30 brass, but with increasing temperature the work 
required for compression falls rapidly, and at 800 deg. 
C. these aluminium-brasses are only slightly harder to 
work than 70 : 30 brass. 

In all the alloys consisting of « constituent up to 
800 deg. C., the work required for compression decreases 
with rising temperature from 500 deg. to 800 deg. C. 
in apparently the same proportion, as shown below, 
the different amounts of work required by the three 
alloys at 500 deg. C. being taken as 100 per cent. 


500 600 700 800 
deg.C. deg.C. deg.C. deg. C. 
Per Per Per Per 
cent. cent. cent. cent. 
@ pure brass se 100 55 29 19 
a 2 per cent. alu- 
minium-brass 100 51 26 19 
a@ 4 per cent. alu- 
minium-brass 100 53 30 19 


Aluminium-brasses of lower copper content show a 
behaviour similar to that of pure brasses of like 
constitution over the range of temperatures used. 
Aluminium-brasses of 71 per cent. copper with 2 per 
cent. aluminium and 77 per cent. copper with 4 per cent. 
aluminium are similar to 65 : 35 pure brass, and those 
of 66 per cent. copper with 2 per cent. aluminium and 
72 per cent. copper with 4 per cent. aluminium are 
similar to 60:40 pure brass. In each series of alloys 
the alloy which has a structure consisting entirely of 
6 at 800 deg. C. requires only about one-sixth of the 
work necessary to produce the same effect in an alloy 
consisting of « at that temperature. 

Susceptibility to Season-Cracking.—Although there 
appear to be no published data in connection with the 
season-cracking of aluminium-brasses, the opinion 
exists that aluminium increases the susceptibility of 
brasses to this defect. Experiments were made to 
determine the susceptibility of stressed aluminium- 
brass, in comparison with pure brass, to failure by 
cracking under the influence of the accelerating agents 
mercury and ammonia. Three alloys were used, 
having the compositions given below :— 


Copper Aluminium Zine. 

Per cent. Per cent. Per cent. 
76-26 2-10 Remainder. 
69-11 Trace ” 
68-45 Nil ‘as 


An ingot of each alloy, 1 in. in thickness was rolled 
to strip 0-1 in. thick, the passes being adjusted to give 
a series of specimens of different hardness. For 
tests with externally applied stress, flat test-pieces 








* Z. Metalikunde, vol. xii, page 340 (1920). 
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were machined from the strips. After determining | 


the breaking load of each type of strip from each alloy, 
test-pieces were pickled and subjected in the testing 
machine to loads below the breaking load, while the 
surface of each test-piece was coated with mercury by 
treatment with mercurous nitrate solution. The 
time required for cracking to occur was determined. 
For tests on the effect of internal stress, a portion 
of the ingot of each alloy was rolled to a thickness 
of 0°025 in., and the strip spun cold into small 
hemispherical cups. The type of cup used has been 
standardized for work on susceptibility to season- 
cracking and tests have shown that the internal stress 
is approximately equal in each specimen. Four cups 
of each alloy were exposed to the action of mercury, 
and eight were enclosed over solutions of ammonia ; 
the specimens were examined periodically. The results 
indicated clearly that aluminium does not increase 
the susceptibility of brass to season-cracking. In all 
cases there was no appreciable distinction between the 
aluminium-brasses and the brass free from aluminium. 

Resistance to Corrosion.—Comparative corrosion 
tests were made on four alloys, including pure brasses 
and aluminium-brasses. The following tests were 
applied to plates 1 x 2 x 0-06 in. cut from small 
ingots : 

Atmosphere.—The specimens were exposed, on the 
roof of a low building, to the Woolwich atmosphere for 
three months 

Alternate Wet and Dry Sea-Water Test.—The speci- 
mens were alternately slowly immersed in sea-water 
and allowed to dry once every 8 hours. Duration of 
test, two months. 

Sea-Water, Total Immersion.—Duration of test, 
three months. 

Salt-Spray Test.—The specimens were placed in a 
glass vessel and enveloped in a continuous cloud spray 
of sea-water for 500 hours. 

Ammonia Vapour.—The specimens were suspended 
above an ammonia solution for three weeks. 

Nitric Acid Vapour.—The specimens were suspended 
above 50 per cent. nitric acid for two weeks. 

Soap Solution (1 per cent.).—Immersion for six weeks. 

The results of the above tests on the alloys are 
summarised in Table VII. The alloys are numbered in 
order of resistance to corrosion, 1 representing the 
least corroded specimen. The resistance of the brasses 
to corrosion is shown to be considerably improved by 
the addition of aluminium. Aluminium-brass of high 


copper content (70 per cent.) is superior to that of | 


lower copper content (60 per cent.), and definitely 
more resistant than brass free from aluminium. It has 
been observed also that at high temperatures the film 
of aluminium oxide appears to have greater strength 
in the high-copper brasses than in those of lower 
copper content. In view of the results, further work 
on the corrosion of aluminium-brass was taken up in 
the investigations of the Corrosion Research Committee 
of the Institute of Metals in the laboratory of the Royal 
School of Mines, London. . 
The alloy used contained 76 per cent. copper, 2 
per cent. aluminium, and the remainder zinc, and was 
selected as having mechanical properties similar to 
those of 70:30 brass, combined with the minimum 
percentage of aluminium capable of giving high resist- 
ance to corrosion and oxidation at high temperatures. 
This material proved to have remarkable resistance to 
“impingement attack’? in the tests developed by 
Mr. R. May; the results were included in the Eighth 
Report to the Corrosion Research Committee.* It is 
clear from this work that the peculiar properties of a 
surface film of aluminium oxide have important effects 
on brass containing 2 per cent. of aluminium. On 
storage under room conditions alloys containing 
aluminium have also been observed to resist surface 
corrosion more efficiently than brass and some other 
alloys, whether the surface is that of the original 
casting or has been prepared by polishing or etching. 
Effective use of the properties described above has 
been made during research on the macrostructure of 
cast metals, especially in connection with the prepara- 
tion of ‘‘ bled”’ ingots, in which the form of the cavity, 
left by liquid metal ejected from the partly solid mass, 
is of considerable impcrtance. Cavities prepared in 
this way have remained untarnished for several months 
without the application of protective materials. 
Oxidation at High ‘Temperatures. 
““ Red Stain.”’—One of the most interesting features 
shown by a comparison of the behaviour of different 
alloys is that those containing aluminium appear to be 
remarkably resistant to oxidation both at ordinary and 
elevated temperatures. An ingot or die-casting of 
aluminium-bronze or brass containing aluminium 
invariably shows a clean piping depression, and even 
when removed from the mould immediately after casting 
possesses a clean soft metallic lustre on cooling to 
atmospheric temperature. With plain brasses the 
pipe is discoloured, and generally covered by ridges of 





* See ENGINEERING, vol. exxvi, page 309 (1928). 


Avoidance of 


grey oxides, while the ingot faces are similarly affected 
to a lesser degree. Die-castings of brass and other 
alloys free from aluminium are in most cases poor in 
surface quality. One cause of this appears to be the 
failure of the oxides formed to protect the underlying 
metal from further oxidation. 

A number of experiments have been carried out to 
determine the minimum aluminium content in 70 : 30 
brass which would produce the characteristic surface 
conditions. An apparatus was employed which can 
be adjusted to pour vertically a definite weight of alloy 
a constant distance on to a horizontal plate of cast iron 
or other material, the temperature of which can be 


controlled previous to pouring. A disc of metal is | 


obtained, the appearance, properties, and dimensions 
of which can be compared with others cast under 
different conditions. The surface of a pure 70:30 
brass disc is mat, discoloured and ridged, while one 
of the same material to which 0-1 per cent. of aluminium 
has been added is lustrous and smooth and possesses a 
rich golden colour. Increase of aluminium content up 
to 2 per cent. produces only a slight further improve- 
ment in surface quality. It would appear that where 
the surface advantages conferred by aluminium are 
required, such as in die-casting or the type of investi- 
gatory work previously described, quite a small pro- 





TaBLeE VII.—Corrosion Tests on Chill-Cast Alloys. 


| Aluminium Brasses. Pure Brasses. 





| 
| | 
| Copper, | 
| 70 per cent.| 60 per cent. Copper, | Copper, 
| Aluminium,| Aluminium,| 70 per cent. | 60 per cent. 
| 2 per cent. | 2 per cent. | 


Copper, 





| 1 4 | 
Atmosphere | Tarnish Tarnish Tarnish ..| Tarnish 


| 

| 

2 | 3 
a 

| | 
| 


1 2 3 4 
Alternate | Veryslight| Slight Corroded | Corroded 











wet and | attack attack | 
dry sea- | | 
water | | | 
test | | 
| 2 : 4 | 1 
Sea-water, | Slight spots} Slight | Corroded | Very slight 
total im- | corrosion) | corrosion 
mersion | | 
1 2 | 3 4 
Attacked Attacked Large copper-coloured 


Salt-spray 
test areas. Considerably 
attacked 


9° 


2 3 1 | 4 
Ammonia Encrusted | Encrusted.| Encrusted. | Encrusted. 


| 
| 
| 
| 
| 
| yee 
| 


vapour with blue Deep Slight | Deep 
attack attack attack 
1 2 | 3 4 
Nitric acid | Dirty, but | Green salt | Green salt | Green salt 
vapour with no growths. growths. | growths. 
salt Uniform Local | Uniform | 
| growths.; attack attack | attack 
| Attack | 
slight | | 
| | 
1 2 4 3 
Soap solu- | Noattack. | Veryslight | Slight Slight 
tion | Greenish} attack | attack | attack 
| colora- | 
tion 


| 
| 
| 


portion, insufficient to modify appreciably the proper- 
ties of the alloy, can be used. 

Although in the casting of small discs of alloy 
the metal flowed and cooled in the presence of air, there 
was no indication on the surface that oxidation of any 
of the copper in the alloy had taken place. Since the 
formation of copper oxide is an essential condition in 
the production of ‘‘ red stain ’’ in the pickling of brass, 
it appeared possible that the addition of aluminium 
to brass may provide a method of avoiding the occur- 
rence of “red stain’’ without recourse to special 
annealing or pickling processes. Tests were accordingly 
made on small polished plates of 70:30 brass con- 
taining 0, 0-1, 0-2, 0-4, 1, and 2 per cent. of aluminium 
respectively. Two specimens of each composition were 
annealed in a muffle furnace at 650 deg. C. and at 750 
deg. C. for 30 minutes in duplicate treatments. The 
muffle was closed, but not sufficiently to prevent 
ingress of air. One specimen of each composition from 
each annealing was pickled in sulphuric acid as in normal 
works practice. At 650 deg. C. oxidation had occurred 


in all cases, but there was a marked difference between | 


the brasses containing less than 1 per cent. aluminium, 
which were thickly oxidised and gave red stains on 
pickling, and those containing 1 and 2 per cent. 
aluminium, which were only oxidised sufficiently to 
dull the surface and were bright and free from red 
stain after pickling. At 750 deg. C. oxidation of the 
brasses of low aluminium content appeared visually to 
be greater than at the lower temperature, and the 
1 per cent. alloy showed a definite film of grey oxide. 
| This alloy, however, was free from red stain after 
| pickling. The brass containing 2 per cent. aluminium 
was only slightly affected, showing traces of white 
powdery oxide, much of which could be detached by 





| light rubbing, and the pickled specimen was free from 
| red stain. 

| Conclusions.—The observations and experimental 
|results described in the present paper indicate that 
| marked practical advantages may be secured by the 

| use of aluminium as an addition to the ductile brasses, 

| the beneficial effects being due both to the influence’ of 

| aluminium as a metallic constituent of the alloy and to 

| the formation of a protective surface film of aluminium 

| oxide. 

The composition of the aluminium-brasses can be 
adjusted to give a wide range of mechanical properties. 
| As the aluminium content is raised, the range of copper 

content over which the alloys are ductile decreases. 
| With a percentage of aluminium greater than about 
4 per cent., so considerable increase in copper content is 
necessary to retain workability that the composition 
falls outside the range of the conventional brasses. 
The alloys containing about 2 per cent. aluminium 
with 74 to 76 per cent. copper possess extremely high 
ductility, as shown by the tensile test, and with a 
copper content of 70 per cent. the cold-rolling qualities, 
compared with those of pure 70:30 brass, are not 
seriously impaired. There appear to be no grounds for 
the belief that ductile aluminium-brass is more sus- 
ceptible to season-cracking than ordinary brass. No 
appreciable difference in the susceptibility of the two 
materials has been found. 

At high temperatures the workability of the 
brasses containing 2 and 4 per cent. aluminium is slightly 
less, but is of the same order as that of the pure brasses. 
With increase in temperature above 500 deg. C. both 
the pure brasses and those containing aluminium 
become rapidly more plastic. 

Corrosion tests in various media have shown that 
brass containing 70 per cent. copper and 2 per cent. 
aluminium is more resistant to corrosion than ordinary 
brass. The alloy containing 76 per cent. copper with 
2 per cent. aluminium appears a promising material 
for use in the manufacture of condenser tubes. 

The difficulty in the way of taking full advantage 
| of the properties conferred on brass by aluminium lies 
| in the casting process. In foundries a strong prejudice 
against the use of aluminium exists, and this is un- 
doubtedly based on sound practical observation. It 
would appear, however, from the results now being 

_ obtained in practice, that the difficulties attendant on 
the use of aluminium are not insurmountable. 

While 0-1 per cent. of aluminium produces a 
definite increase in resistance to oxidation of brass at 
high temperature, 2 per cent. is necessary to give high 
immunity from oxidation during the annealing process 
commonly employed in brass strip manufacture. The 
pickling defect known as “‘ red stain ’’ would appear to 
be entirely avoidable if 1 per cent. or more aluminium is 
added to brass, and with brasses containing larger 
amounts of aluminium, itis doubtful whether ultimately 
any necessity for the pickling process would exist. 
The resistance to oxidation conferred by aluminium is 
effective in the liquid as well as in the solid state. It 
has been shown that the loss of zine during the melting 
of aluminium-brass is considerably less than in brass 
free from aluminium. Repeated remelting of alu- 
minium-brass has no influence on the mechanical 
properties of the material. 











DER BauTENSCHUTZ.—We have received a copy of the 
first issue of a monthly journal, entitled Der Bautenschutz, 
the object of which is to deal with the various phenomena 
and factors which harmfully affect the life of concrete, 
brickwork, steel and other materials used in the building 
industry. This journal will be mainly devoted to the 
scientific side of the various questions involved, and its 
genesis is partly due to the increasing demand for 
the well-known text book Finflusse auf Beton, 
and the necessity for keeping this work up to date. 
At the same time, the new publication will render it 
possible for our contemporary Beton und Eisen to be 
relieved of its more technical features, besides enabling 
more space to be devoted to questions of interest to all 
those engaged in building inspection. The new journal is 
edited by Professor Dr.-Ing. A. Kleindopl, of Darmstadt, 
one of the joint authors of Linflusse auf Beton, and is 
published by Wilhelm Ernst und Sohn, of Berlin. 





INSTITUTION OF CHEMICAL ENGINEERS.—The annual 
report of the Institution of Chemical Engineers shows 
that the growth in membership, which has been ® 
feature since the first members were elected in January, 
1923, continues. On December 31, 1929, there were 
598 members on the roll, an increase of 63 over the 
previous year’s total. The contributions presented at 
the meetings held during 1929 totalled 10, and, in 
addition, two public lectures were delivered under the 
auspices of the Institution. The Council has awarded 
the Osborne Reynolds Medal for 1929 to Professor J. W. 
Hinchley. The Medal is given for the most meritorious 
service for the advancement of the Institution during 
the year. The Moulton Medal for 1929 has been awarded 
| for the paper on “‘ The Recovery of Benzole from oal 
| Gas, with Particular Reference to the Use of Active 
| Charcoal,” by Messrs. H. Hollings, 8. Pexton, and R. 
|Chaplin. The income of the Institution, from all 
| sourees, amounted to 2,626l. in 1929, an increase 0! 
| 335/. over that of the previous year. 
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THREE-PHASE OIL CIRCUIT-BREAKER. 


LIMITED, ENGINEERS, MANCHESTER. 


CONSTRUCTED BY MESSRS. HARLAND ENGINEERING COMPANY, 














es 
(2000.8) | 


closed, that the high 
pressure prevents un- 
due heating, and that 
the effort necessary 
to close the switch is 
small. As shown in 
Fig. 1,the moving con- 
tacts are of triangular 
section,andareofhigh- 
conducting copper. 
The central portion of 
the contact is enclosed 
in a Bakelite sheath 














Fig. 1. 


THE HARLAND OIL CIRCUIT- 
BREAKER. 


TuoueH switchgear manufacture in this country, 
so far as it concerns the large units which are now 
required in generating stations and the higher capacity 
substations, is tending, perhaps inevitably, to become 
the preserve of a few large firms, there still remains 
a profitable field of enterprise in the similar equipment 
which will be installed in increasing quantities in the 
smaller substations and on the premises of individual 
firms. In both fields, it is interesting to find the 
struggle between cubicle and armour-clad gear is still 
going on and, as far as can be seen, is likely to do so, 
even though it may be complicated in the future by 
the use of switches from which oil has been eliminated. 
A good example of the first class of smaller-capacity 
equipment is offered by the switchboards manufactured 
by Messrs. Harland Engineering Company, Limited, 
Greengate-street, Manchester. Details of the circuit- 
breaker for a 6,600 volt to 11,000 volt draw-out steel- 
clad truck cubicle designed by this firm are illustrated 
in Figs. 1 and 2. It is completely dirt-proof and 
vermin-proof, and is fitted with the full range of usual 
interlocks which ensure safety in operation, as well as 
with automatic safety shutters, so that no contact with 
movable parts is possible when the carriage is with- 
drawn. The cubicle itself is made up of an angle-steel 
frame, which is covered with steel sheet. The movable 
unit is mounted on heavy rollers, and can easily be 
withdrawn. The isolating contacts are self aligning, 
and, as regards clearances, the unit complies with the 
appropriate British Engineering Standard Specification. 
The usual current and potential transformers and 
measuring instruments are incorporated in the cubicle. 

The circuit-breaker, with which this cubicle is 
equipped is illustrated in Fig. 1. It is designed to 
carry 300 amperes at 11,000 volts, and its rupturing 
capacity, as the result of a careful study of the condi- 


tions present under short-circuits, has been placed at | 


200,000 kv.-a. The base of the switch is of cast-steel, 
and is of the heavily-ribbed dome pattern. It carries 
the insulators from which the fixed contacts are sup- 
ported, as well as the mechanism for operating the rods 
from which the moving contacts are suspended in the 
ordinary way. The fixed contacts are of the pressure 
line-contact type, and consist of D-shaped copper 
Sections, which are connected to the terminal strip 
by copper laminations, the latter being reinforced 
by phosphor-bronze springs. The springs are designed 
So that a uniform pressure is obtained exactly at the 
line of contact. The advantages claimed for this 
alrangement are that the voltage drop is constant 
and low, that the contact requires very little attention 
and is improved both by vibration and by the rubbing 


action which is set up when the circuit is opened or | 





round which a stirrup 
is clamped. This 
stirrup is screwed to 
the steel supporting 


| rod, which is also insulated with Bakelite. The 


terminals to which the fixed contacts are connected 
are of hard-drawn copper rod, the current density 
in which is kept low, while the eddy-current and 
hysteresis losses are reduced by the use of widely- 
spaced phases. Bad alignment of the contact 
fingers is prevented by the use of dowel pins. The 
insulators are sufficiently strong to withstand the 
heavy mechanical stresses which occur on short- 
circuit. 

The tank in which the circuit-breaker is enclosed 
is not shown in either of the illustrations, but it may 
be mentioned that it is made of heavy-gauge welded 
sheet steel, and is of sufficient strength to withstand 
the stresses generated when the switch is opened 
under the worst conditions. It is lined with plywood, 
separators of the same material being provided between 
the phases. Air vents are fitted, while suitable baffles 
prevent the expulsion of the oil. 

The operating gear with which the breaker is fitted 
is of interest, and may be explained by reference to 
Fig. 2, which shows the mechanism in the off position, 
but set for closing. To close the breaker, the handle 
A is lifted until the catch B slips over the roller G on 
the operating lever C, which is fixed to the oil-switch 
shaft. At the same time, the handle A engages with 
an extension piece E, forming part of the curved 
tripping quadrant F, the fulcrum of which carries a 
spring. The engagement of A with E causes the trip- 
ping quadrant to move to the left, and thus to compress 
and store energy in the spring H. The tripping quad- 
rant is retained in its new position by the rocker lever 
J at the outer end of which is a smal] roller M. The 
handle A is now pulled down and carries the lever C 
with it, so that the breaker is closed and latched 
home by the catch D, the latter being forced under- 
neath a catch on the trip box by the spring-controlled 
poppet L. 

When the trip coils operate, the tripping spindle is 
lifted and tilts the rocker lever J, so that the tripping 
quadrant strikes the catch B and knocks it over the 
centre of the roller G. The operating lever C is then 
clear of the handle A, so that the breaker opens. It 
may be noted that, as the catch B moves concentrically 
with the tripping quadrant F, the breaker is free to trip 
at any part of the closing stroke. 

The breaker can be fitted with remote-control equip- 
ment, and the whole of the trip and closing mechanism 
isintegral with the circuit-breaker body. Thenecessary 
time lags are obtained by the use of fuses. These shunt 
the transformer which operates the overload trip 
coils, the necessary grading being effected by altering 
the size of the fuse. In this way it is claimed that a 
true inverse time-limit delay is obtained, while the 
definite minimum required for graded time lags is also 
secured. 
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CATALOGUES. 


Coal Cleaning.—Messrs. R. H. Kirkup and Company, 
Limited, Abbot-street, Gateshead-on-Tyne, have sent us 
a circular briefly describing their coal-cleaning machine, 
which deals with about 30 tons per hour by applying a 
dry pulsating air current. 


Electric-Light Fittings —The lamps and arrangements 
most suitable for the electric lighting of schools and 
hospitals is the main subject of the current technical 
journal issued by Messrs. Korting and Mathiesen Elec- 
trical, Limited, 711, Fulham-road, London, S.W.6. 


Circuit Breakers—A new catalogue of air-break 
circuit breakers for pressures up to 660 volts, and 
a set of instructions for cleaning, adjusting and 
maintaining such gear, are to hand from Messrs. J. and G. 
Statter and Company, Queen Anne’s Chambers, West- 
minster, London, 8.W.1. 





Welding.—Messrs. Alloy Welding Processes, Limited, 
Forest-road, London, E.17, are issuing a bi-monthly 
journal, 7'he Welder, of which the first number is to 
hand. This contains practical information on are 
welding generally, and especially in connection with 
locomotives and bridge building. 


Accumulators.—Messrs. New Distributors of Edison 
Storage Batteries, Limited, Victoria House, Southamp- 
ton-row, London, W.C.1, have issued a number of leaflets 
dealing with the application of the batteries to the 
lighting of ships and road vehicles, and also a booklet 
describing the manufacture of the batteries at the 
Edison works in the United States. 


Screens.—Messrs. The Dressing and Screening Com- 
pany, Limited, 116, Victoria-street, London, S.W.1, 
have issued a catalogue of screens and sifting frames 
made of wires and bars which are wedge shaped in cross 
section, and are laid parallel in some types and woven in 
others. A steel-belt bucket elevator, suitable for lifting 
and tipping screened materials, is also shown. 


Electrical Machinery.—We have received from Messrs. 

.C.E.C. Company, of Brussels, a handsomely printed 
and illustrated booklet, of over a hundred pages, describing 
their buildings, workshops and machine tools, and illus- 
trating examples of the electrical machines produced at 
Charleroi. It is issued in celebration of the 25th anni- 
versary of the company’s formation in succession to the 
firm dating from 1886. Their London office is at 56, 
Victoria-street, S.W.1. 


Steel Poles.—Messrs. Stewarts and Lloyds, Limited, 
41, Oswald-street, Glasgow, have issued a new catalogue 
of tubular steel poles, containing extensive detailed 
lists of standard sizes and particulars of fittings, 
such as bases, cross arms, brackets, struts, caps, &c. 
The lists provide for all the usual requirements for tram- 
ways, electric power, telegraph and telephone lines, as 
well as sign posts and ventilating columns. There is 
also a very complete compilation of technical data and 
formule, 





Steam Engines.—A catalogue of steam engines, issued 
by Messrs. W. Sisson and Company, Limited, Elmbridge- 
road, Gloucester, shows a series of engines, all of which 
are of the vertical type, except those used for driving the 
stern wheels of river craft. The vertical engines are 
made in simple, compound, and triple-expansion types, 
for driving electric generators, pumps, dredgers, hoists, 
marine propellers, etc., and are also fitted with a belt 
pulley for driving line shafting and general work. Provi- 
sion is made for the economical use of exhaust steam for 
heating or for auxiliary power production. 


Pumps.—Messrs. Ruston and Hornsby, Limited, 
Lincoln, have issued a very useful pamphlet on water 
control by pumping, giving practical information on 
the utility and cost of pumping water for domestic 
supplies, drainage, irrigation, and protection against 
floods and fire. A general average cost of electric motor 
pumping is estimated at ld. to 2d. per 1,000 gallons, 
and a table gives the variation for 20 gallons to 5,000 
gallons per minute against heads of 10 ft. to 100 ft. 
Numerous stationary and portable plants are illus- 
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‘* ENGINEERING ’’ ILLUSTRATED 
PATENT RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is mentioned, the Specification is not 
tllustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be oltained at the Patent Office Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C.2, at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


324,406. William Doxford and Sons, Limited, 
Sunderland, and K. O. Keller, Sunderland. Piston 
Rings. (4 Figs.) October 27, 1928.—The invention 
relates to piston rings for internal-combustion engines 
of the type in which the ends at the gap are stepped and 
overlapped in the plane of the ring to prevent leakage 
of the pressure fluid through the gap. The invention 
provides a ring of the type mentioned wherein the ends 
are provided with hook-like parts 11, 14, which are 
directed, respectively, radially inwardly and outwardly 
in the plane of the ring, and which, by relative movement 
in a radial direction in the plane, can be engaged with 
one another for the purpose of preventing circumferential | 
expansion. One end, 10, is formed with a hook 11 lying | 
in its plane, the width of the hook extending from one 








| 
| 
| 
| 





flat face of the ring to the other, and a step 12 projects 
from the hook along the circumference of the ring. The 
other end, 13, of the ring is formed with a hook 14, arranged 
to engage the hook 11, and is cut away on one flat face 
behind the hook 14 to accommodate the step 12. This 
latter end, 13, has a recess on the opposite flat face to 
receive a plate 15, which constitutes a step to co-operate 
with the first-mentioned step 12. The plate 15 is rigidly 
fixed to the recess in the end 13 by rivets 16. When the 
ring is placed in position in a piston groove, the two 
hooks 11, 14 are maintained in tight engagement with 
one another owing to the resilience of the ring itself. 
It will be seen that the plate 15 and step 12 co-operate 
to prevent passage of fluid from one face to the other, 
while the engagement faces of the two hooks 11, 
will prevent passage of fluid between them in the plane 
of the ring. (Accepted February 5, 1930.) 


MACHINE AND OTHER TOOLS, 
SHAFTING, &c. 


324,020. C. G. Nevatt, Henleaze, Bristol, and 
E. G. Kingston, Bristol. Clutches. (2 Figs.) 
October 13, 1928.—The invention relates to clutches 
for conveying rotary motion, of the type comprising a 
clutch member 12 mounted to turn with one of the parts 
to be coupled and having a clutching surface eccentric 
of the axis of rotation of the latter, another clutch 





member 14 mounted to turn with the other of the parts 





to be coupled and having a clutching surface 15 con- 
centric with the axis of rotation of the latter, and a 
wedging piece 19 mounted to bear against both the 
clutching surfaces, with friction between it and the mem- 
ber 14, and so mounted that it can move relatively to the 
clutching surfaces to exert its wedging effect thereon. 
According to the invention, there is provided, in a clutch 
of the type described, controlling means which can be 
set to permit relative movement in both directions 








between the wedging piece 19 and the clutch member 12, 
or, to prevent relative movement in either one or the 
other direction, The controlling means comprises two 
stops 20, 21 spaced apart on the wedging piece in the 
direction of its movement, and a three-armed lever 24, 
pivoted on to a bracket 22 on the eccentric clutching 
member 12. Two of the arms of the lever are adapted 
selectively to engage the stops to prevent the relative 
movement in either direction as desired. When such 
means are set to prevent turning movement of the 
wedging piece 19 relatively to the clutch member 12 in 
a chosen direction, the clutch will free-wheel when the 
torque is being transmitted in that direction, and the 
wedging piece can only become wedged when the torque 
is being transmitted in the opposite direction. As stated, 
the means are arranged so that they can be set to permit 
relative movement between the parts in both directions, 
or to prevent relative movement in either one or other 
direction, so that the clutch can be set to give a solid 
drive or a free-wheel drive in either direction.—(Sealed.) 


STEAM ENGINES, BOILERS, EVAPO- 
RATORS &c. 


322,743. The Contraflo Engineering Company, 
Limited, Westminster, London, and H. Hillier, 
Westminster, London. Steam-Condensing Plant. 
(9 Figs.) September 10, 1928.—The invention relates 
to steam-operated ejectors utilised to withdraw air from 
condensers. The body 1 is a hollow cylinder, having a | 
division rib 2, dividing it into two main compartments 
3, 4, between which is a transverse compartment 5. 
Each end of the body is closed by a tube plate 6, | 
which receives tubes 7, forming two surface-condensing 
devices in compartments 3,4. Associated with the tube 
plates are external covers 8 and a header 9, on which is a | 
branch 10 for the admission of condensate cooling water, | 
which traverses the tubes 7 and leaves by the branch 11. | 
Each end of the transverse compartment 5 is provided | 
with a tube plate 12 and end cover 13. Tubes 14 are 
secured in the tube plates 12, and cold cooling water 
enters by the branch 15, and leaves by the branch 16. | 
The primary ejector is supplied with ejecting steam | 
through a nozzle 18, which draws elastic fluid through the | 
inlet branch 41 and discharges through the primary | 
discharge tube 17 into the compartment 3. The secondary | 
ejector is provided with a nozzle 19, which is supplied 
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with ejecting steam, and draws elastic fluid from the | 
compartment 5 discharging through the secondary | 
discharge tube 20 into the compartment 4. The elastic 
fluid discharged by the primary ejector’ 17 into the | 
compartment 3 passes over the tubes 7, through which | 
the main condensate is flowing, and the greater portion of | 
such elastic fluid is condensed in the compartment 3 | 
and the heat given up is beneficially absorbed by the | 
condensate flowing through the tubes 7 in the compart- | 
ment 3. Small passages 21 are provided, which permit 
the remaining uncondensed elastic fluid to flow into the 
compartment 5, wherein the temperature of the uncon.- | 
densed elastic fluid is considerably lowered, due to the | 
flow of cold cooling water through the tubes 14, over which | 
the elastic fluid passes on its way to the secondary ejector 
20. The amount of elastic fluid passing into the suction | 
of the secondary ejector is thereby reduced to a minimum. 
Any elastic fluid remaining after passing through the | 
compartments 5, enters the secondary ejector by the | 
passage 22, from which it is discharged by the secondary | 
ejector 20 into the compartment 4. The steam dis- | 
charged by the secondary ejector is condensed in the | 
compartment 4 on the tubes 7, through which the main | 
condensate is flowing and the uncondensed elastic | 
fluid leaves the apparatus by the branch 23. The water 
resulting from the condensation of the steam in compart- 
ment 3 is drained through the lower passage 21 into 
compartment 5, from which it is discharged by way of a 
branch at 24, The drainage resulting from the con- 
densation of the steam in compartment 4 is drained 
through a branch at 25. It will be seen that the inter- 





18 with the body 8. 


| 19 carries a downwardly-projecting pin 22. 


mediate condenser between the primary ejector 17 and 
the secondary ejector 20 is composed of two compart. 
ments 3 and 5 with restricted passages 21 between the 
compartments. Elastic fluid discharged by the primary 
ejector 17 must first pass over tubes 7, through which 
main condensate is flowing. The quantity of uncon. 
densed elastic fluid which can pass from compartment 3 
into compartment 5 is limited by the restricted passages 
21, consequently the maximum amount of heat is 
conserved in the main condensate passing through the 
tubes 7 in the condensing compartment 3. The minimum 
amount of heat remains to be absorbed by the cold 
cooling water flowing through the tubes 14 in condensing 
compartment 5, and the temperature maintained in 
compartment 5 is substantially lower than the tempera- 
ture maintained in compartment 3. The temperature of 
the elastic fluid entering the secondary ejector 20 is 
thereby reduced to the absolute minimum, and the work 
to be performed by the secondary ejector 20 is corres. 
pondingly reduced, so that a substantial economy is 
effected in the steam consumption of the secondary 
ejector 20. (Accepted December 27, 1929.) 


MISCELLANEOUS. 

323,277. R. C. Graseby, Westminster, London. 
Differential Gearing. (5 Figs.) March 10, 1928.~— 
The invention has relation to the control of a body driven 
in a rotary sense through differential gearing, and provides 
means whereby the body is stopped and held against 
motion at the time that the propelling motor is gradually 
coming to rest after being shut down. 12 is the pro- 
pelling motor and 8 is the body driven thereby, 16, 18, 19 
being a differential gear interposed between the motor 12 
and the body 8. One crown wheel 16 is connected 
with the motor 12, and the intermediate bevel wheels 
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(323277) 


The second crown wheel 19 is 
loosely mounted on the shaft 17 which carries the body 8. 
A disc mounted on the crown shaft 17 above aan 
23 is a 
lever extending at one end between the crown wheel 19 
and the disc, and having at the other end the armature 
26 of an electro-magnet 27. The first end of the lever 23 
is adapted to engage pins 20 on the crown wheel 19 


| when the electro-magnet 27 is energised, and to move 


into the path of the pin 22 on the disc when the electro- 
magnet 27 is de-energised.—( Accepted January 8, 1930.) 


324,073. R. C. Graseby, Westminster, London. 
Coin-Operated Mechanism. (4 Figs.) October 15, 
1928.—The invention comprises a gravity or spring- 


| controlled lever which is moved by a coin into position 
| to start a motor, and is there retained by a catch member 
| normally disengaged by a member driven by the motor 


and released to engage the lever as the motor is started. 
As shown, the lever 1, counter-weighted at 32, is adapted 
to close a switch 30 controlling an electromotor 17, 
particularly intended for automatic camera apparatus 
described in Specification No. 324,096, under the weight 






































(324,073) 


of a coin 7, received in a pocket 5. The motor drives, 
through worm gear 19, a member 21 carrying a pin = 
which normally engages the horizontal arm of a catch 
lever 24 pivoted at 23 and constrained by a spring 29. 
Upon starting the motor, the pin 22 rides off the lever 
24, which is then turned to engage a notch 26 over 4 
pin 27 on the lever 1, holding down the lever during one 
revolution of the member 21. The coin rests between 
a fixed pin 8 and a movable pin 9 on a lever 10 connected 
to a link 13, having a forward pin 14 adapted to be en- 
gaged by the lever 24 against the action of a spring 12. 
(Sealed. ) 
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THE WORKS OF MESSRS. DAVID 
BROWN AND SONS(HUDDERSFIELD), 
LIMITED. 


In the past few years, we have described the works 
of several leading firms in different branches of the 
engineering industry. All the firms with which we 
have dealt, while being particularly associated with 
one branch of the industry, have turned out a 
considerable variety of products, and it is of interest 
to compare the productive methods in such works 
with those employed by a firm engaged in one 
speciality. In the following article, we propose to 
deal with the Park Works of Messrs. David Brown 
and Sons (Huddersfield), Limited, which are situated 
in the Lockwood district of Huddersfield. As is 
no doubt well known to our readers, this firm 
specialises in the manufacture of gears. Incidentally, 
as will be gathered from various descriptions which 
have appeared in our columns, they also manufacture 
machine tools of various types, but in every case, 


the broader lines of development, however, it may 
be stated that improved systems of gear cutting 
have enabled worm gearing to be employed in 
positions in which it would have been regarded as 
unsuitable, on account of its low efficiency, before 
these systems were introduced; spiral gearing 
has been found to have many valuable applications ; 
and the double-helical gear, which was formerly 
only available with cast teeth, can now be machined 
with a high degree of accuracy. A very wide range 
of machine tools is now available for cutting these 
and other tooth forms, and in this connection, 
machines for giving the final form to the tooth by 
grinding have been developed, and have reached a 
high degree of perfection. 

The firm of Messrs. David Brown and Sons was 
founded in 1860, and was formed into a company 
in 1890. The works have gradually grown from 
a small establishment, supplying cast gear wheels 
to the trade, to a series of buildings covering an 
area of 12 acres, and employing between 1,400 and 
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these machines have been developed to meet 
particular problems arising in their own works, and 
their design is therefore incidental to their main 
business of gear manufacture. It should be men- 
tioned, however, that a large number of these 
machines have been supplied to the trade. 

The demand for accurate, quiet-running gears, 
whether of large size, as in turbine-reduction gearing, 
or in small units, such as those employed for motor- 
car gear-boxes and axles, is of comparatively recent 
origin, and has led to a complete revelution in the 
design and manufacture of all ‘types of gearing. 
Messrs. David Brown have taken a leading part in 
this movement, and it may be recalled that in 1914, 
they developed the D.B.S. worm gearing, which 
broke away from the universally-accepted Brown 
and Sharp standards, and proved to have an 
efficiency of 97-3 per cent. when tested on the 
Daimler-Lanchester plant at Teddington. This 
worm gearing, which was originally known as the 

F J,” was fully described on page 651, of vol. cviii 
of Excrnreria. It has since been re-designed with 
a substantial increase in load carrying capacity, 
and is now known as the D.B.S. worm drive. 
The design of the various types of gearing in 
use is a highly specialised subject, and the same 
Temark applies to the design of the various machine 
tools employed in their manufacture. As regards 


1,500 hands. The present buildings were erected 
in 1902, and many important extensions have been 
made since that date. To some extent, the layout 
of the various departments has been dictated by 
the exigencies of the site available. The latter is 
somewhat irregular in plan, as shown in Fig. 1, on 
this page, but it has been possible to arrange all 
the machine shops, with the exception of those 
devoted to worm gearing, together with the 
foundry and heavy erecting shop, in a series of 
parallel bays, and to utilise the irregular outlying 
areas for such purposes as hardening and smith’s 
shops, pattern stores, and so on. The works may 
be divided into four main administrative sections, 
the offices, the general machine shop and gear- 
cutting department, the heavy machine shop and 
fitting shop, and the worm-gear department. The 
offices occupy the greater part of the main frontage 
on Park-road, and behind them, under a single roof, 
are the group of shops indicated in Fig. 1. The 
building is divided into five parallel bays with a 
central transverse aisle, and each half bay is devoted 
to a particular operation, such as capstan work, 
grinding, and so on. The shops are thus arranged 
on the group-operation, rather than on the contin- 
uous production system, the former being more 
suitable for the type of work handled. Both this 
building, and the other main block behind it, which 








contains the heavy fitting shop, the heavy machine 
shop, and the foundry, are of the single-storey type. 
The system of having all the shops at one level, with 
the greater number under one roof, offers distinct 
advantages from the point of view of handling 
material, but the arrangement entails somewhat 
more extensive heating arrangements than would 
be required for a multi-storey building. Actually, 
the shops are heated in part by low-pressure steam 
pipes, and in part by hot-water pipes in conjunction 
with radiators. The lighting of all the main 
buildings is carried out by continuous skylights, 
either of the single or double type, in the ridge 
roofs. The works are electrically driven through- 
out, the power being obtained from the Huddersfield 
Corporation. Group driving is adopted for the 
smaller machines, the firm’s own single-reduction 
gear box, with double-helical wheels, being employed 
to reduce the speed between the motor and the line 
shafting. The whole of the latter is carried in roller 
bearings. The large machines have individual motor 
drive. 

Before discussing the various shops, a_ brief 
summary may be given of the firm’s leading 
products. Broadly speaking, all classes of gear 
manufacture were undertaken prior to 1914, but 
about that date, following the development already 
referred to of the D.B.S. worm gear, an important 
expansion took place in the development of this 
type of gearing. Special machines were built for 
this purpose, and the works were largely concentrated 
on this particular product. A simultaneous and 
corresponding development took place in the 
United States, where the Timken-Brown Company 
of Detroit, now the Timken-Detroit Axle Company, 
was formed to exploit the gear in America. Worm 
geared axles still form an important activity of 
the company, but developments have also taken 
place in other directions. Amongst these may be 
mentioned gear boxes for commercial vehicles, 
and large reduction boxes for Admiralty and other 
requirements. Many of these large boxes are 
manufactured on a production basis, the actual 
ratio being decided upon when the order is placed. 
Other activities are spiral-bevel gears for the 
axles of touring cars, and a large variety of special 
gears to customers’ own requirements. As regards 
the machine-tool side of the business, the firm have 
a considerable outside trade in hob and Fellows-type 
cutters. Special machines for worm-gear produc- 
tion have been supplied to several Continental firms, 
the complete plant including worm-wheel generators, 
worm millers, worm grinders, and testing plant. 

We do not propose to attempt to describe the 
machining operations on the various types of gear 
manufactured in any great detail, as this would 
require more space than we have at our disposal, 
and many of the operations involved have already 
been dealt with in earlier descriptions of the various 
machines employed. The spur gear department is 
engaged in the manufacture of spur and spiral 
gears for a wide range of purposes, and an excellent 
idea of the general lay-out can be obtained from 
Fig. 2, Plate XLII. This department is equipped 
with the most modern machines, including Barber- 
Colman, Maag spur-gear cutters, Sunderland, 
Brown and Sharpe, and Fellows. Amongst the 
products turned out in this section are gear boxes 
for commercial vehicles, already referred to. These 
boxes, in which the wheel teeth are ground, were 
first placed upon the market some eighteen months 
ago, and are now made in considerable quantities. 
A portion of the gear grinding section associated 
with the spur gear department is shown in Fig. 8, 
page 574. It is equipped for the most part with 
Maag and Lees-Bradner machines, several of the 
former being visible in the illustration. These 
machines, and also those referred to in the spur 
gear department, are too well known to require 
description. 

Adjoining the spur-gear cutting bay is the double- 
helical section, part of which is illustrated in Fig. 9, 
page 574. The machines shown in the figure are 
those manufactured by Messrs. David Brown, 
operating on the Sunderland process, which can 
be employed to cut gears up to 9 ft. in diameter, 
and with a face width up to 2 ft. Gears of this type 
have the advantage of continuous teeth of which 
the whole of the face width is effective. 
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Those of our readers who are not familiar with 
the Sunderland process may refer to a description of 
the double-helical gear cutter given in ENGINEER- 
ING, vol. cxiii, page 670. Adjacent to the double- 
helical section is the bevel gear department, one or 
two of the Gleason machines in this department 
being illustrated in Fig. 3, Plate XLII. The 
department is equipped for cutting bevel gears of | 
any size up to 10 ft. diameter. An important | 
section is the Gleason spiral-bevel bay, in which | 
rear-axle bevel gears for motor cars are turned | 
out. This bay is illustrated in Fig. 4, Plate XLIII, | 
and it may be mentioned that the equipment for | 
the class of gears referred to is particularly com- 
prehensive, as in addition to a large number of | 
Gleason machines, which are used for roughing | 
and finishing, lapping and testing machines are also | 
included. A description of the Gleason spiral bevel | 
gear generator will be found on page 443 of our 
113th volume. 

The heavy machine and fitting shops are devoted | 
principally to the manufacture of rolling mill and | 
similar heavy gearing, and to standard reduction 
gear units of the double helical and turbine types. | 
The units have applications in many branches of | 
industry. Apart from the high-speed gears for 
turbine drives, reduction gearing is employed on 
a large scale for such purposes as mine winding 
and haulage gears, and rolling mill gears. Special 
change-speed and reduction gears are constantly 
being manufactured for the most diverse applica- 
tions. Atypical double-reduction gear, for driving 
an air compressor from a 3,250-h.p. turbine, was 
described in our columns in vol. cxxiii, page 511. | 
The bay for the assembly of turbine reduction | 
gears is shown in Fig. 5, Plate XLIJI, while the | 
process of hobbing one of the large wheels for a 
marine reduction gear is illustrated in Fig. 10, 
page 574. 

The machine illustrated is suitable for gears having | 
a maximum diameter up to 14 ft. 3 in. and a maxi- | 
mum face width up to 8 ft. In the case of double- | 
helical gears, both helices are cut at one setting. | 
The dividing wheel is permanently secured to the | 
work table, no creep mechanism being embodied. | 
Messrs. Brown state that they prefer a simple| 
machine of this type, in which reliance is placed | 
upon the accuracy of the dividing wheel, rather 
than one employing a creeping-table mechanism, | 
on the ground that the latter adds to the com- 
plication of the machine, and may thus introduce 
further sources of error. The maximum accumulated | 
error on the machine illustrated is 0-003 in. in the | 
circumference of a wheel 10 ft. in diameter. In 
addition to the usual features in a machine of this | 
size, it is provided with special alarms which give | 
warning of any failure in the lubricating system. 
The machine is arranged so that in the event of, 
its being accidentally stopped during a finishing | 
cut, it is impossible to resume the cut, the whole | 
finishing operation having to be performed de| 
novo. 

An example of a heavy triple helical gear set 
in course of erection is shown in Fig. 11, page 574. 
The planing, boring and drilling equipment em- | 
ployed is typical of a well-organised heavy machine | 
shop, but the gear-cutting equipment is, for the 
most part, of the firm’s own design and manu- | 
facture. Two of the most noteworthy machines | 
in this department are the D.B.S. turbine-gear | 
generating machine shown in Fig. 6, annexed, | 
and the rolling-mill pinion milling machine of the | 
same make shown in Fig. 7, also on this page. 

The design of the machine illustrated in Fig. 6 is 
based on the firm’s uxtensive experience in the | 
hobbing of all classes of gearing. It has a capacity | 
for dealing with gears from 6 in. to 12 ft. in diameter 
by 40 in. face, and doubie gears having a face width 
of 6 ft. 8 in. may be cut when there is a gap between 
the two parts. With a gear of this type, the lower 
part is cut first, and the gear is then reversed to cut 
the second part. The main bed of the machine 
is of box section, and is made in two parts dowelled 
together to ensure permanent alignment. The 








bed forms a tank for the lubricant. The work table | work to be secured with much greater precision and 
rigidity, and also in shorter time, than when the 
wheels or pinions mounted on, or forming part of, a | blank has to be mounted some height above the 
shaft can be accommodated close to the table. | table on distance pieces. 
This feature is of particular importance as it enables mounting the work close to the table, with the pro- 


has a hole, 39 in. in diameter, in the centre, so that | 
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The practicability of 
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vision of ample bearing surfaces for the latter, 
enables counterbalancing gear to reduce the pressure 
on the bearing surfaces to be dispensed with, even 
when the heaviest gears are being cut. LEarlier 
machines installed in Messrs. Brown’s works have 
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Fic. 2. Spur Gear Bay. 
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cast-iron bearing surfaces, and no trouble has been 
experienced with the machines when cutting gears up 
to 20 tons in weight. The machine illustrated, 
however, is provided with a white-metalled table 
bearing of large diameter, and gears weighing up to 
27 tons can be carried with the same pressure per 
unit of area as that of previous machines. Two 
widely-separated central taper bearings are pro- 
vided to take up the side thrust. The dividing wheel 
for rotating the table is mounted directly on the 
latter. Its diameter is 7 ft., and the maximum error 
over half the circumference is 0:0035 in. The maxi- 
mum adjacent accumulated error over short lengths 
is 0-0005 in. The wheel is driven by a hardened 
and ground steel worm rotated by change gears, 
and any number of teeth may be indexed from 
12 to 600. Auxiliary gearing is provided for rotating 
the blank at an increased speed when mounting, 
with a view to reducing the wear on the dividing 
worm and wheel. The two drives are interlocked 
so that simultaneous engagement is impossible. 
The pinion for the high-speed drive can be seen in 
Fig. 6. 

The massive proportions of the upright will be 
clear from the illustration. It is located on the 
main bed by means of raised Vees. Rapid power 
traverse in either direction is provided, in addition 
to fine adjustment by hand. Vertical Vee slides on the 
face of the head carry the cutter slide, which is 
arranged to swivel through 180 deg., by worm and 
wheel adjustment. The head is balanced by weights, 
and is provided with rapid power traverse and auto- 
matic feed in either direction, through an adjustable 
nut and screw. All levers commanding the different 
movements are interlocked. During the quick 
traverse of the vertical slide, the drive for the hob 
and work may be cut out, leaving only the rotation 
of the table caused by the differential motion. By 
this means a line of the required lead, scribed on the 
circumference of the blank, will be followed by the 
hob if the correct change gears for the lead have been 
mounted, and this is often a very useful feature. 
The cutter spindle is of high carbon steel, running 
in phosphor-bronze bearings, and is driven by 
means of machine-cut double helical gears. 

A special feature of the machine is the inclined 
vertical slides, which distribute the work on the 
hob over several teeth, thus eliminating wear and 
preserving accuracy, so that increased feeds 
can be used with a corresponding increased output. 
With the usual system of hobbing this class of 
gear, the hob or cutter is in one position with relation 
to the teeth to be cut, during the whole period of 
cutting, but with the inclined head, the hob is fed 
down the position of the cutting teeth in relation to 
the teeth to be cut and is thus constantly changing. 

Separate pumps are fitted for the bearing and 
cutter lubricants. These return the lubricant, 
after filtration, to two tanks carried above the 
machine, from which it is fed by gravity to the 
various bearings and the cutter, respectively. The 
gearing throughout is of steel. The machine is 
electrically driven, by means of a variable speed 
motor having a speed variation of from 625 to 1,200 
r.p.m., through chain and bevel gearing. 

Dealing next with the machine shown in Fig. 7, 
it may be explained that it is of the end milling 
type, and is specially designed for cutting rolling-mill 
pinions with continuous double helical teeth, but 
it can also be utilised for cutting straight spur and 
spiral gears. It consists of two heavy box-section 
beds, one carrying the pinion and dividing head, 
and the other the cutter saddle. The pinion bed 
is 21 ft. long, and is made with a gap 8 ft. long to 
take large diameter pinions. A bridge piece is pro- 
vided for this gap, which is inserted when short 
Pinions are to be cut. Two strong supports, on 
which the cutter saddle bed rests, are let into the 
foundation, and are also securely bolted to the 
Pinion bed. The cutter saddle bed is arranged to 
slide on these supports, and is operated by two 
Screws connected through worm gearing, to ensure 
that the saddle bed will slide parallel to the pinion 

The cutter saddle has a longitudinal travel 
of 8 ft., and is actuated by a screw, driven by change 
gear and chain drive from an electric motor. The 


saddle has also a cross movement for adjusting the 
depth of the cutter, the travel being 5 in. This is 
arranged with micrometer indicator to facilitate 


setting. The dividing worm wheel is made in halves 
so as to permit of adjustment. The reverse 
mechanism, which is of the cam drum type, is a 
particular feature of this machine, and provision 
for indexing is incorporated in the same device. 
The main spindle bearing is 20-in. diameter. The 
spindle has a 16-in. diameter hole through the 
centre, and is provided with a four-jaw chuck. The 
combined dividing head and chuck is moved along 
the pinion bed by means of a screw, and the tail- 
stock by means of a rack and pinion. 

The operation of the machine may now be 
explained. The pinion is held at one end in the chuck, 
and is supported by means of the tailstock centre 
and roller steadies, the dividing worm wheel being 
directly connected to the chuck. The latter is 
made to rotate whilst the cutter saddle moves 
horizontally along its slide, parallel to the axis of 
the pinion, and at such a rate as to give the correct 
helix angle. When the cutter reaches the centre of 
the pinion face, the precision reverse mechanism 
comes into operation, altering the direction of the 
rotation of the pinion, whilst the cutter saddle con- 
tinues to travel forward at the same rate, thus 
producing a helix of the same angle, but of opposite 
hand. A wide speed variation is obtained by means 
of four-speed gear box coupled to the variable- 
speed motor. The machine is suitable for pinions 
up to a maximum diameter of 64 in., and a maximum 
face width of 8 ft. can be cut without turning the 
pinion round. The maximum length from the face- 
plate to the tailstock centre is 17 ft. Other machines 
are available for cutting double-helical gears by the 
end mill process up to 19 ft. in diameter. 


(To be continued.) 
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G C at High Pressures. By Witt1am A. 
Bong, D.Se., F.R.S., Duptzey M. Newrrt, Ph.D., 
D.I.C., and Donatp T, A. Townenp, Ph.D., D.I.C. 
London: Longmans, Green and Company, Limited. 
[Price 42s. net.] 

THE volume before us is the promised continuation 
of the book on Flame and Combustion in Gases, 
which we reviewed on page 240 of our issue of 
August 24, 1928, by Professor Bone and Dr. 
Townend, with the name of their collaborator 
Dr. Newitt now added as co-author. The new 
volume brings the review of the principal researches 
upon the problems of gas combustion since the 
time of Boyle up to the present day, and dwells 
particularly on the influences of high initial pres- 
sures, up to 200 atmospheres, and of temperatures 
exceeding 4,000 deg. K. Compared with the enorm- 
ous pressures and temperatures about which 
astro-physicists speculate, these figures, though 
high, are still insignificant. They are, however, 
sufficiently high to prove the unreliability of rash 
conclusions, previously based upon experiments 
made at pressures only of the order of a few atmos- 
pheres, and they are sufficiently dangerous—for- 
tunately in a way—to deter any but competent 
explorers having at their command suitable 
equipment. Professor Bone has been able to fit 
up a remarkable high-pressure gas research lab- 
oratory at the Imperial College of Science and 
Technology at South Kensington, and he devotes 
the first seven chapters of this volume to a 
well-illustrated description of this laboratory and 
of the methods employed there. Thanks to judi- 
cious caution, they have had only one accident 
which unfortunately resulted fatally to Mr. H. A. 
Haward, a most able and careful experimenter, 
in 1920. It was a minor accident so far as general 
damage was concerned, but the head of a Bourdon 
gauge was shattered, and the dial struck Mr. Haward 
in the neck. Since then, not even trivial accidents 
have occurred. The detail character of the descrip- 
tive chapters will be appreciated by engineers. 

The bulk of the volume is taken up by the descrip- 
tion and discussion of old and new researches 
conducted at South Kensington and elsewhere, 
and the tables of data relating to gas explosions, 
as well as the numerous corrections to be applied 
to experimental values, mark considerable progress. 
But the deduction of the maximum temperatures 
in explosion chambers from the pressure curves 





volume the authors’ had hoped to be able to 
say in the near future that combustion was 
conditioned by an ionisation of the reacting 
gases. This is now supported with respect to the 
action of steam in the combustion of carbon 
monoxide. Most of the ions of CO and O, being 
both positively charged will, it is suggested, repel 
one another. That electrostatic repulsion can be 
overcome by electric forces, by increased gas 
pressure and also by the presence of steam, the 
molecules of which capture electrons and form loose 
polar complexes with the ions. Some ions will 
always be present; the presence of steam is not 
indispensable, and the rigidly dry gas mixture can 
be exploded by strong electric discharges even at 
ordinary pressure. These conclusions are partly 
based upon special experiments made at South 
Kensington, by Messrs. G. I. Finch and D. L. Hodge, 
in electric discharge tubes. In these it was found 
that CO and oxygen combined mainly in the cathode 
zone in the absence of steam, especially when the 
cathode metal (platinum, silver, &c.) sputtered 
negatively charged particles, whilst with non- 
sputtering metals (tungsten, aluminium, &c.) the 
presence or absence of steam made no difference. 
The partial combustion of the hydrocarbons, 
methane and ethane in the presence of less than 
the theoretical amount of oxygen, when sooty 
carbon may be deposited, seems to take place by 
progressive hydroxylation (introduction of OH- 
groups into the hydrocarbon molecule), and not by 
any primary formation of peroxides. With respect 
to the influence of pressure on the range of explo- 
sibility (or combustion range) of gas mixtures, 
and its lower and upper limit, é.e., the minimum and 
maximum percentage of the vapour or gas that will 
sustain self-propagation of the flame, the high- 
pressure experiments at South Kensington confirm 
on the whole the experiments of Berl and Wenger 
of 1927, made under different conditions. High 
pressure hardly affects the lower limit, but raises 
the higher limit (to 60 per cent. and more), and thus 
enlarges the range. The rate of the rise of the upper 
limit became distinctly slower, however, as the 
initial pressure exceeded certain values, sometimes 
only 10 or 30 atmospheres, and Professor Bone 
thinks that, at ordinary temperature CO may cease 
to be explosive at very high, but so far undeter- 
mined, pressures. This decrease in the rate was 
more marked in the presence of nitrogen than of 
argon or helium, whilst at any given initial pressure 
these gases increased the range in the opposite 
orders. This and other problems may be cleared 
up by further research. 





The Principles of Metallurgy. By Joun L. Bray, 8.B., 
London,: Ginn and Company. [Price 25s. net.] 

Tuts book is one of the engineering series edited by 
the Dean of the Schools of Engineering of Purdue 
University, at which the author is professor of 
metallurgy. In the preface he points out with 
justice that engineers should be familiar with the 
properties, methods of treatment, and limitations 
of the common metals, stating that he has long felt 
the definite need for a comprehensive text-book of 
metallurgy, and that he has endeavoured to meet 
this by presenting, in a clear, concise manner, the 
basic principles involved from the mining of the 
crude ore to the sale of the refined metal for use in 
industry. In this, he has certainly been successful, 
having, by careful selection of matter and of the 
means of presenting it, been able to cover a large 
field in a single volume in sufficient detail. The 
book will be found useful to students and engineers 
generally, although written from the American 
point of view. Prices are in dollars, and descrip- 
tions given mainly of American practice and plants. 
For instance, with regard to nickel, it is stated that 
“since all the New Caledonia ore is shipped to 
Europe for reduction, only the details of domestic 
practice will be discussed,” although the Mond 
process of refining as used at Swansea is described. 
A feature of the book is the bibliography given at 
the end of each chapter. 

The first six chapters are devoted to general 
matters, which are more or less common to all 
metals—classification of ores and metals; the 
various classes of refractory materials with their 








remains a knotty problem. In the previous 
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production of coke and gas; calcining, roasting 
and nodulising ; slags and fluxes; and the prepara- 
tion of ores by crushing, pulverising, flotation, &c. 
A list is given of 25 metals commonly used in 
industry, and the author proceeds to deal separately 
with 17 of them—copper, lead, zinc, gold, silver, 
aluminium, magnesium, bismuth, tin, antimony, 
arsenic, mercury, manganese, chromium, nickel, 
cobalt and iron (including steels). The general 
scheme followed is to give the properties of the 
metal, particulars of the amounts produced in 
different years and countries, uses, prices, ores and 
their distribution, and the methods of reduction 
and refining. Flow sheets descriptive of the pro- 
cesses are given in several instances, also illustra- 
tions of plant details. A chapter on metallography 
opens with a very clear and concise statement of 
the general principles of crystallisation with equili- 
brium diagrams for various types of metallic com- 
binations with the corresponding photomicrographs, 
and then deals with iron-carbon alloys and alloy- 
steels, the effects of composition, mechanical work 
and heat treatment being described, with the 
relative diagrams. In the final chapter, the methods 
of hand and mechanical sampling are described, and 
typical schedules given of the contracts used and of 
the resultant settlements in the marketing of a 
bullion, an ore, and a concentrate. 








Worked Examples in Electrical Technology. By F. 
Prascoop and H. Boytanp. Oxford University Press. 
London: Humphrey Milford. [Price 15s net.] 

Tue need for numerical exercises as a powerful aid 

to the teaching of electrical engineering is universally 

admitted. The form in which they should be given, 
however, is partly a matter of opinion, and is partly 
governed by circumstances. In some colleges 
tuition classes are run in connection with the lectures 
and laboratory work: here the students are set to 
work numerical examples under the guidance of the 
teaching staff. This system avoids the undesirable 

“‘spoon-feeding *’ inseparable from blackboard 

working, and gives a personal contact between 

teacher and student which is most valuable to both. 

The method is so successful that it is being adopted 

in some places even for evening classes, despite 

the shortness of the available time. 

On the other hand there is the common case of 
the college student who is left to his own devices to 
work home exercises in the absence of a tutorial 
class, and of the student engaged in private study. 
It is for these—and especially the latter—that 
worked-out specimen examples are mainly necessary, 
and such students will find the book under review 
particularly helpful. 

The difficulties encountered by authors of this 
type of book are manifold. Writing out clearly and 
fully an example in engineering requires some 
effort, while great skill is called for to provide a 
sufficient range of worked examples within a 
reasonable compass. In the present volume there 
are 219 pages, 180 of which are mainly devoted to 
the solution of some 110 examples, the remainder 
giving a series of about 116 unworked examples 
with answers. Many of the latter are closely 
modelled on the worked examples. 

The arrangement of the book is commendable, 
and there is a concise contents table giving a ready 
clue to the worked examples. Objection might be 
raised to the rather academic nature of some of the 
examples, and also to some of the abbreviations 
used, but on the whole we admire the heroic efforts 
of the authors, and recommend their book to all 
who need aid in working out problems in electrical 
technology. 





Die Deutschen Gewindetoleranzen. By Professor Dr. G. 
Bernpt. Berlin: Verlag von Julius Springer. [Price 
16°50 marks. | 


THE interchangeability of screw-threaded products 
is a matter of such importance to the engineering 
industry that the standardisation of screw profiles 
and tolerances on an international basis must be 
regarded as a most desirable accomplishment for 
the future. The present state of affairs, which re- 
quires the principal industrial nations to establish 
their own standards, involves a good deal of un- 
necessary Overlapping as regards both direct and 
collateral research. It has, however, at least one 





compensating advantage in that it serves to direct 
to the subject of standardisation a wide diversity of 
scientific opinion and engineering experience. A case 
in point occurs in the work of Dr. Berndt, whose book 
on the German screw-thread tolerances forms a valu- 
able addition to the somewhat meagre literature on 
a difficult subject. Dr. Berndt, who is Director of 
the Institute of Measurement at Dresden Univer- 
sity, has made interchangeability a life study. Since 
1921, prior to which there were no generally-accepted 
thread tolerances in Germany, he has been closely 
connected with the German Screw-threads Standard- 
isation Committee, whose recommendations are in 
no small measure based on Dr. Berndt’s work. He 
is in a position, therefore, to write with authority 
not only about the fundamentals of screw-thread 
metrology, but also concerning the development and 
present position of screw standardisation in 
Germany. Wis book comprises, briefly, a history 
of thread tolerances, a discussion of industrial ex- 
perience with regard to the early tolerances suggested 
for experimental purposes, analyses and tables of 
tolerances recommended as present standards for 
the German industries and a list of gauging regula- 
tions for the proper maintenance of those standard 
tolerances. 

The magnitude of the basic tolerance to be per- 
mitted in the manufacture of standard screw-thread 
work is, ultimately, a question of economics—a 
question, not so much of “ how nearly can dimen- 
sions be reproduced by every possible refinement 
of workshop practice,’ as of “how small can the 
limits of error be kept as a practical proposition.” 
There is, then, only an empirical basis for the assess- 
ment of tolerances and, to a large though decreasing 
extent, no permanency about any standards which 
may be recommended from time to time. Dr. Berndt 
has realised to the full that the engineers engaged 
on the manufacture of screwed products are the 
final arbiters as regards tolerances; that their 
suggestions must be accepted as a basis of experi- 
ment in the first instance, and that their experience 
in attempting to maintain tolerances in the course 
of everyday shop routine must guide the trend and 
extent of the revision to which recommended toler- 
ances are constantly subject. When the establish- 
ment of screw tolerances was first undertaken in 
Germany, the subject had to be regarded as almost 
entirely unbroken ground, for whilst certain basic 
ideas were available as a result of investigations by 
English and American workers, the practical experi- 
ence of the German engineering industries was 
lacking. During the last six or seven years, however, 
ample evidence regarding tolerance maintenance 
has been forthcoming from industrial Germany, and 
this information, together with the results of metro- 
logical research at the Dresden Institute enables Dr. 
Berndt to recommend for use throughout Germany, 
screw tolerances which have every prospect of 
practical success. 

Dr. Berndt’s book has an especial value for 
English workers in his subject on account of the 
range of—occasionally obscure—foreign research 
included in the extensive bibliography to which 
references are made. With characteristic thorough- 
ness the author has made a detailed examination 
of existing literature on screw tolerances. In parti- 
cular, the standards adopted in England and the 
United States, and by Messrs. Alfred Herbert, are 
discussed in detail and throughout the book serve 
as a hasis of comparison with the German tolerance 
values. It is consequently not difficult to gain an 
idea of the current German tolerances in terms of 
the more familiar British and American standards. 
On account of the number of variable factors re- 
quiring consideration in screw-thread specification 
any complete comparison between British and 
American, and German tolerances is much beyond 
the scope of this notice. In a general way, however, 
it may be said that the three German grades of 
screw, denominated as fine, medium and coarse, 
cover the range of the British and American screw 
sizes. The German D.I.N. fine tolerances, for 
example, are somewhat coarser than those of the 
British “close” fit; correspond nearly exactly to 
the Herbert ‘“‘extra fine” and fall between the 
American “medium” and “narrow” fits. The 
D.I.N. coarse-grade tolerances are about equal to 
those of the Herbert and American loose fits. The 





tendency for the German limits on close fits to be 
rather wider than the British practice in this respect 
is more marked in the smaller, than in the larger, 
screw sizes, and on this account is the less open to 
adverse criticism, in consideration of the errors 
in thread reproduction to which work done with 
taps and dies is peculiarly liable. The three German 
grades have been found sufficient for most practical 
purposes, and no demand exists for additional grades 


above the medium fit. It has been decided, how- 


ever, to introduce a further grade of tight fit. between 
the fine and steam-tight series, but this is still in 
the experimental stage. Dr. Berndt directs his 
attention mainly to the medium and coarse fits, 
and his book contains tables and diagrams of the 
tolerances on outside and core diameter for Metric 
and Whitworth threads in these series. 

In his analysis of the relations between tolerances 
for the various elements and fits of screw, Dr. Berndt 
has followed the well-known practice of introducing 
a “unit” of tolerance based on the square root of 
the pitch. A similar unit was adopted by the British 
Engineering Standards Association in inaugurating 
a system of tolerances for the B.S.F. series (B.E.S.A. 
Report No. 84), and has been found to provide a 
satisfactory form of law. 

Dr. Berndt’s treatment of the subject of gauging 
in relation to the maintenance of tolerances might, 
with advantage, be somewhat amplified more parti- 
cularly as regards references to and illustrations of 
the apparatus and technique developed and recom- 
mended for industrial purposes. It appears from his 
account of the standard gauging regulations that 
optical, 3-wire, and comparator methods are all in 
usein Germany ; and in these respects, consequently, 
there is no room for criticism except, possibly, as 
regards the somewhat increased simplicity of 
measurement afforded by the two-wire method. 
An interesting chapter is devoted to a discussion of 
the important relation between the shapes of screw 
threads and the shapes of the corresponding cutting 
tools. Tolerances for use in the manufacture of taps 
and dies are briefly tabulated ; and a few sugges- 
tions regarding tolerances suitable for steam-tight 
work complete the scope of the volume. 

To some extent this book on tolerances is com- 
plementary to an earlier work* by Dr. Berndt, on 
the development, measurement and tolerances of 
screw threads; a fact which may account for the 
omission of many definitions and diagrams explana- 
tory of the terminology used. Otherwise, the 
subject-matter of the present volume is complete 
in itself. The addition of an index would increase 
its value as a work of reference. It has, however, 
a very detailed table of contents—a feature which, 
in conjunction with the Roman type in which it is 
printed, admits of fairly easy reference to the more 
important tables. 


THE RE-GIRDERING OF THE LOWER 
SONE BRIDGE; EAST INDIAN STATE 
RAILWAY. 

THE main line of the East Indian Railway, from 
Calcutta to Delhi, crosses the Sone River, a tributary 
of the Ganges, 20 miles west of Patna, the capital 
of Behar Province. The double-line track is taken 
across the river on a bridge of 28 spans, each 162 ft. 
between centres of piers. The up and down tracks 
are carried each on their own set of girders, which are 
placed close together on brick piers founded in the 
river bed. The original bridge was completed about 
1867, the railway track being carried on the top of 
wrought-iron lattice girders. A timber roadway 
was provided underneath the railway track to 
accommodate road traffic. Reconstruction work 
was commenced in 1925, the old up-track bridge 
being replaced by mild steel girders carrying the 
railway track overhead, and a concrete roadway 
16 ft. wide beneath. The replacement of the old 
down-track bridge was undertaken in 1929, and 
forms the subject of this article. The old bridge 
was replaced by girders similar to those used for 
the up-track, but an inspection footpath only was 
provided underneath, as the roadway on the up- 
track was considered sufficient to meet the limited 
requirements of road traffic. The new structure is 
illustrated by the view reproduced in Fig. 12, taken, 
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of Chunar or Mirzapore dressed ashlar stone were | as shown in Fig. 6. The span was lowered on steel | jacks. During lowering, the check nuts were run 
laid for each bearing, the top course being two bed- | trestles. An inner steel trestle was erected on the| back by hand, a }-in. clearance only being main- 
stones, each 5 ft. square by 1 ft. 10} in. thick. On| completed masonry bearings at the abutment and | tained. The jack bracket was next lowered 6 in. to 
completing a bearing, the top surfaces of the bed-| pier No. 1. These trestles, which are illustrated in | position B 2, and the jacks from this position pumped 
stones were hand-dressed to final level. Holes on Figs. 8 to 11, were similar to the outer trestles | up to release the support brackets. These in turn 
the holding-down bolts of the new girder were | already in position on the outer masonry bearings | were lowered to the position A 2, bolted in position, 
jumped, and the holding-down bolts were grouted | and supporting the underpinning beams. Each|and the span subsequently lowered another 6 in. 
into final position. The outer masonry bearings for | trestle was built with three vertical posts made of | through this distance. Working systematically in 
the complete bridge were laid in advance of the | 20-in. by 6}-in. joist section, secured at the foot by | this fashion, the span was stepped down between 
other work. In order to lay the new inner masonry | side plates and angles, and bolted by tapped screws | the jacks and support brackets the required distance 
bearing, it was necessary to first underpin the old | to a base-plate, which was holed to take the holding- | of 5 ft. plus 6 in. for the first lift, to A 11, in 11 
girders, and special tackle was designed to suit the | down bolts in the masonry. These bolts were already steps of 6 in. each. Fig. 17, Plate LXV, shows the 
operations of slewing and lowering the old girders, | fixed in the outer masonry bearing, and the outer trestle in use. Thislowering took six to seven hours. 
as well as the underpinning work. trestle was bolted to them. Light angles bolted to The old girder was seated on a timber baulk capped 

Cleats were bolted to the ends of the old girder, the flanges of the joist braced the posts together. with a steel plate, the baulk resting on the edges of 
extending over the end of the girder to form over- | The posts were spaced at 2-ft. 8-in. centres, and the the inner and outer masonry bearings and on some 
hanging brackets. These cleats rested on an trestles were built so that the underpinning beams |old brickwork which had been left between the 
underpinning beam, placed beneath, and shown in passed between these members. Beneath the under- masonry for this purpose. The position at this 
Fig. 4; the under-pinning beam was laid at right pinning beams, two brackets were provided between | stage is shown in Fig. 7. To obviate frequent 
angles to the longitudinal axis of the old girders. each pair of posts, there being four brackets per bolting and unbolting of the jack bracket, three 
The beam was in turn supported at the one end on | trestle. The brackets, which were side by side, teak-wood packings each 6 in. thick were used on 
a prop bracketed off the end posts of the adjacent | were connected to the webs of the joist posts. top of the jack bracket. To lower the jack from 
up-track girders, and at the other end on a support |A series of connection holes for these brackets 'B1 to B2 the first wooden packing was removed. 
bracket bolted in a steel trestle, shown in Figs. 4| were drilled for a length of 7 ft. in the web of | In this way it was necessary to re-position the jack 
and 5, placed on the newly-completed outer masonry | the posts. The holes were drilled at 3-in. (ver- | bracket only every 2 ft. of distance lowered. For 
bearing. Figs. 15 and 16, Plate XLV, serve to make | tical) pitch, so that the brackets could be moved | lowering the last 12 in., the jack bracket could not 
the sequence of operations clear. The bracket con-|down the posts in steps of 3 in. and bolted to be used as the side plate at the foot of the trestle 
necting the prop to the up-track girder end posts| the post at any given position within the drilled | prevented access to the connection bolts of the 
was formed of two channel sections, bolted one on length; one of the brackets (the support bracket) bracket. The trestle posts were too short, but this 
each side of the end posts, and extending from the | was a length of 12-in. joist with a bevelled bearing was unavoidable as they had been made at site from 
up-track outer end post, across the roadway to the| plate on top. The other (the jack bracket) was such scrap material as was available. For the last 
up-track inner end post, overhanging at this side | channel section, built up of plates and angles with two steps in lowering out, the jacks were operated 
12 in. The prop, a small length of joist, was bolted | @ 10-in. flat-top plate for seating a hydraulic jack. outside the trestle standing on the masonry. As 
in a vertical position between the overhanging ends | Turned barrel bolts were used for connecting the the two jacks at the end of a span were coupled 
of the channels. The channel brackets crossing the | brackets to the post webs. The inner and outer together with piping, they should have automati- 
roadway formed a block across the road about 15 in. | trestles were braced together with light angle cally balanced the load, the underpinning beam being 
high. A timber ramp was built over this obstruction, | bracing in the vertical plane of their centre posts. kept level; but in any case, a spirit level was 


and enabled road traffic to be maintained. | The underpinning beams at the ends of spans carried on top of the underpinning beam, and any 
Commencing at the abutment end of span No. 1, | Nos. 1 and 2 were, of course, at this stage resting | tendency to go out of level was countered by opera- 
‘ting the valves fitted to the pipe line of each jack. 


two hydraulic jacks were placed on the brickwork | on the support brackets of the outer trestles at the } : 
underneath the underpinning beam, and the under- | abutment and piers Nos. 1 and 2. The six jack During lowering the angle bracings between the 
pinning beam was lifted 7 in., taking, of course, this | brackets at the four corners of span No. 1 and at | flanges of the posts were unbolted and removed to 
end of the old span with it. The prop and support | the two corners of span No. 2 over pier No. 1, allow the underpinning beam to pass down. 
bracket in the trestle, which were free of load, were | were bolted in a position 22 in. beneath the level The outer trestle on the abutment was next 
advanced 6 in., and bolted in position. The jacks | of the support brackets in the outer trestles. This removed and erected on the outer masonry bearing 
were next run back, the under-pinning beam resting | 22 in. was the overall height of a hydraulic jack of pier No. 3. The two underpinning beams with 
on the prop and support bracket, and the weight of fully run out. A 50-ton jack was placed on the cleats and props, &c., were removed from the ends of 
this end of the span taken on these two points of jack bracket of the abutment inner trestle under- | span No. 1 and refitted to the ends of spans No. 3 
support, leaving the old girder bearings free from neath the underpinning beam, and the jack was and 4 at pier No. 3. The ends of these spans were 
the span by 6 in. The jacks were then removed, pumped up, lifting the end of the underpinning then lifted and underpinned and span No. 3 slewed 
and using four jacks at pier No. 1, the ends of spans | beam off the prop and releasing the prop of all load. across. The inner trestle at the abutment was 
No. 1 and 2 on this pier were similarly lifted. This The prop was removed, a support bracket bolted in removed and re-erected on the inner masonry bearing 
operation was repeated at pier No. 2. To allow a at correct level in the inner trestle beside the jack, at pier No. 2. Span No. 2 was then lowered, and 
sequence of work, three trestles were provided for | and the jack was then run back, leaving this end of working in this sequence, which is illustrated in the 
use on the outer bearings, and five underpinning the underpinning beam resting on the support diagrams Figs. 1 and 2, across the river, the 28 
beams with necessary cleats and prop brackets. At ‘bracket. The abutment end of span No. 1 was spans were manceuvred into their correct erection 
this stage, spans No. 1 and 2 were entirely supported | then carried on the support brackets in the two ‘position. The scheme worked very smoothly, no 
on underpinning beams and one end of span No. 3, trestles. The prop bracket and ramp over the ‘difficulties being encountered. The complete opera- 
leaving the abutment and pierheads No. 1 and 2 free. roadway were dismantled and this tackle sent ahead tion of slewing and lowering one girder, including 
Span No. 1 was slewed across 5 ft. 1 in. by a hydraulic for use at pier No. 3. Ina similar manner, the two fixing of tackle and laying the inner masonry 
jack placed at each end of the span, the jack lying props at pier No. 1 were released, and the under- | bearing, took four days; but this was entirely 
on its side on top of the underpinning beam, and | pinning beams seated on the two support brackets dependent on the time which had to be allowed for 
bearing between the end post of the up track girder Of the inner trestle at pier No. 1. Span No. 1 | the mortar of the inner bearing to set before any 
and the near cleat bolted to the end of the old down- Was now entirely supported on support brackets. | weight could be put upon it. A minimum of four 
track girder, as indicated in Fig. 5. On working the Four hydraulic jacks each 50 tons capacity were next days was allowed as the stones were set in ordinary 
jacks, the old girder was forced across, the cleats mounted on the jack brackets, one at each corner cement. Towards the end of the scheme a few 
sliding on top of the underpinning beam, the top of span No. 1. These four jacks, used in lowering, bearings were set in Ferrocrete quick-hardening 
surface of which was greased. Sixteen tons pressure Were fitted with check nuts on the rams to prevent cement, and in these cases the spans were lowered. 
at each end (registered on a gauge fitted to a jack) 20 accident in case of a pipe or leather failure.'in two days. The total weight of a girder as 
was the average required to move the span, and The two jacks at the end of the span were coupled | lowered was 120 tons. 
about 1} hours was occupied in moving it the 61 in. by copper piping to a common pump which was The bridge-yard for receiving material was built 
Straps were bolted round the up-track end post, situated and worked on the roadway. Each jack on flat ground on the west bank of the river near 
securing this end of the underpinning beam to the Was fitted with a valve so that the jacks could the bridge-head. A service line built to a railway 
post, so as to prevent the trestle being overthrown be operated separately if desired. A gauge fitted station near by gave access to the yard from the 
sideways during the slewing operation. to the pipe line gave a direct reading in tons for the | main line. Compressed air was used for operating 
The old railway track was, of course, cut and re- load carried on the jacks. All four jacks were| ali tools used on the bridge-work, and a power 
moved from the span before any lifting or slewing then operated and the underpinning beams and | house containing the compressors was built near 
work was commenced. Span No. 2 was similarly the weight of the span lifted off the support brackets. | the west abutment. Air was supplied to the work 
jacked across. The old girder bearings at the abut- |The check nuts on the jacks were run back and | by a pipe line carried on top of the top boom of 
ment on piers No. 1 and 2 were next prised up| jammed. the up-track girders. Pipe as available from stock 
over the holding-down bolts, lifted out and removed| Referring to the drawing of the trestle given | was used, the first 1,500 ft. being 6 in. diameter 
by a crane working on the up-track. The remainder ‘in Fig. 10, the jack was at position B 1 at this | and the remaining 3,400 ft. 4 in. diameter. Five 
of the old brickwork was then demolished down to | stage and the support bracket at Al. The support | take-offs, of 1}-in. diameter pipe, were provided 
the string course, and the masonry for the new | brackets being now free of load, were unbolted | spaced along each span. Manifolds with connec- 
inner bearings at the abutment and piers Nos. 1 and 2| and lowered 6 in., being bolted again in this new | tions for pneumatic tools were fitted to these take- 
was laid by cranes working on the up-track. The| position. The jacks were pumped up sufficiently |offs as work required. Water was pumped by 
bedstones were dressed to correct level. Fig. 16, | to release the check nuts and then run slowly back, ; Pulsometer from a well in the river bed to overhead 
Plate XLV, shows the new bearing laid on the near | lowering the span 6 in. until the underpinning beam | tanks built on timber cribs on the railway embank- 
pier. Span No. 1 was then ready to be lowered, | rested on the support brackets. This released the | ment, and was distributed by gravity flow to the 
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THE RE-GIRDERING OF THE LOWER SONE BRIDGE; EAST INDIAN 
STATE RAILWAY. 


(For Description, see Page 562.) 
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Fic. 12. GENERAL VIEW OF BRIDGE DURING PROGRESS OF THE WORK. 
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THE RE-GIRDERING OF THE LOWER SONE BRIDGE; EAST INDIAN, 
STATE RAILWAY. 


(For Description, see Page 562.) 
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Fie. 15. CLEATS AND UNDERPINNING BEAMS IN POSITION. Fic. 16. OLtp GIRDER SLEWED OVER TO WORKING Position. 
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Fie. 17. Lowerrine-Out TRESTLE IN USE. Fie. 18. Two Deck Sections ERECTED IN YARD. 
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THE RE-GIRDERING OF THE LOWER 
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Fig. 21. Rivetinec-Ue Main GIRDERS. Fie. 22 UNpDERSIDE oF COMPLETED SPAN. 














Fig. 23. DEMOLITION OF THE East ABUTMENT. 


yard and to the bridge-work through a 2-in. pipe laid | eight sections during the two hours’ block on the up- 
across the bridge beside the air main. Four steam | track, which was the time allocated daily for con- 
cranes were used for handling material, one crane | struction purposes. On emptying the leading truck, 
working in the yard and three out on the bridge. | the crane lifted this truck, swung it round behind 
A construction locomotive and train supplied land set it back on the rails. The load on the 
material to the bridge from the yard. | second truck could then be handled and the remain- 

The steelwork of the deck of the new spans was ling trucks unloaded in similar manner. The new 
erected in the yard. The deck of one span was /| deck was man-handled into exact position. When 
assembled in eight sections, each section comprising | setting the holding down bolts in the masonry 
one cross girder and two stringers complete with | bearings, the centre line of the end posts was 
@ cross brace frame between the stringers and a|marked on the masonry. Plumb-bobs were sus- 
flat centre deck plate bolted on top of the two | pended from the outside of the ends of the end 
stringers. Two of these sections are shown in| cross girder at the fixed end of the new span reaching 
Fig. 18, Plate XLV. One end section of the deck | down to these marks on the masonry. The section 
contained two cross girders, completing the nine | of deck containing this cross girder was moved until 
required for a complete span of deck. These; the cross girder was in its correct position with 
sections were loaded up two-high on a truck, four | regard to the bearings as shown by the plumb-bobs. 
trucks being used for a complete span, and were | The other deck sections were pulled up by differential 
sent up to the bridge on the up- -track. A bridge | block to the aligned section and the stringers and 
crane in front of the trucks on the up-track lifted | cross girders were bolted and drifted to give a con- 
off complete sections, swung them across to their | tinuous deck. Sleepers and rails were then laid on 
approximate position and lowered them on to old | this deck and the cranes were then able to move on to 
sleeper cribs built on the top of the old down-track|the span. The advantage of laying the new deck in 

sirders, as shown in the view reproduced in Fig. 19. | advance of main girder erection was that ordinary rail- 
The crane could only handle the two sections on the | | way travelling type cranes could be used throughout 
front truck, and as it was necessary to lay the whole | the scheme, avoiding the use of special gantry cranes. 


| To support the new main girders during erection, 
double joist bearers were slung from and beneath the 
| bottom boom of the old girders, the bearers over- 
| hanging about 5 ft. 6 in. on each side of the old 
| girders. These bearers are shown in Fig. 20, Plate 
XLV. Seven bearers were erected on each span, 
one being placed at each intermediate panel point 
of the new main girder. Four screw camber jacks 
were placed on each bearer, two at each side, i.e., 
at each panel point. The camber jacks were adjusted 
to the required new girder camber, extra camber 
being allowed to compensate for the deflection of 
| the old girder which sagged, of course, under the 
| deadweight of the new girders. Before handling 
the main girder steelwork a certain amount of 
riveting was done in the yard. Bottom boom 
sections of two-side plates with edge angles, the open 
sides secured with lacing bars and batten plates, 
were delivered at site in halves with lacing bars 
| and battens loose. The sections were riveted up 
| complete in the yard, the bottom boom main 
| gussets also being riveted in. The top boom gussets 
| were yard- riveted to the top end of the diagonal 
| members. This yard riveting was done with 
|pneumatic yoke riveters, two machines being 
| mounted in a bay in the yard for this work. Main 
| girder material was taken to the bridge site by 
train on the up-track. The bridge cranes on the 
newly laid down track off-loaded the steelwork, 
stacking it either on the river bed when dry or 
on the new down-track deck in advance of the 
span under erection. Material could be supplied 
only once per day, via the up-track, so that material 
for at least one day’s work had to be dumped where 
the bridge cranes could get at it after the supply train 
had left. 

The bearings and end posts of the new girders 
were erected first, and the complete bottom booms 
laid resting on the camber jacks. The bottom boom 
splices were bolted; the intermediate posts fol- 
lowed, each post being wired at the top to the ends of 
the cross girders to prevent any chance of the main 
girders, which were resting on top of the camber 
jacks, from falling sideways. Diagonal members 
and top booms were added, completing the main 
girders. Care was taken during erection to balance 
the loading on each side of the old span, similar 
members of the outer and inner new main girders 
being erected after each other. Fig. 20 shows the 
commencement of the erection of the steelwork. 
The bridge cranes were run off the span and the new 
main girders were cambered, the screw camber jacks 
being adjusted as required. The main girder con- 
nections were then bolted and drifted, all open holes 
being filled, bolts and drifts being used in the propor- 
tion of one drift to every two bolts. The deck was 
connected to the main yirders. Hydraulic jacks 








were placed under each cross girder, and it was 





566 





raised or lowered until the end connections of the 
cross girders to the main girder were picked up, 
bolted and drifted. 

In a few of the spans the deck was found 
to be slightly out of line with the main girders. 
Ip these cases the deck was unbolted into sections, 
moved into correct position and all connections 
picked up and bolted. The main girders, cross 
girders and stringers were then riveted up, pneu- 
matic riveting hammers being used, and when com- 
pletely riveted the camber jacks were struck, 
leaving the new main girders self-supporting and 
swinging free of the old span. Fig. 21, page 565, 
illustrates the riveting operations. At this stage no 
new sway bracing, or bottom boom wind bracing had 
been erected as the old girder boxed inside the new 
prevented this material being fitted. The new deck 
was intended to be finished with flat plate, two lines 
of side plates covering the space between the top 
boom and the stringers and a line of centre plate 
covering the space between the stringers. The 
centre plate was at this stage in position, having 
been bolted to the stringers in the yard to allow the 
deck to be handled in sections. The side plates 
were left off for the time being, to allow the crane 
to work through the gap and assist in lowering the 
heavy old boom sections during dismantling of 
the old girders. The erection beams and camber 
jacks when dismantled were sent ahead to be used 
in the erection of another span. To allow a steady 
sequence of work erection beams and camber 
jacks for four complete spans were utilised. 

The work of dismantling the old girders was 
next putin hand. A set of single joist beams were 
slung beneath the old span to be dismantled. 
These were spaced along the span at about 10 ft. 
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bottom boom sections. The four old end posts 
were tied back to the new girders before cutting 
loose the old top booms. These posts were removed, 
completing the dismantling work, and it was now 
possible to erect the bracings. The steelwork of the 
sway frames and new bottom boom wind bracing 
system complete with the inspection footpath was 
now erected and riveted. This is shown in the 
view of the underside of one of the girders given 
in Fig. 22, page 565. The construction track was 
next lifted from the deck and removed and the 
remainder of the deck plating laid and riveted. 
On the deck, a platelayers gangway, with trolley 
refuges every fourth span, was built out to one 
side on cantilever brackets, so that the full width 
of the deck was clear for traffic. This is shown in 
the upper part of the plan, Fig. 14, Plate XLIV. 

In addition, some riveting had to be done at the 
inside connections of the bottom boom. During 
erection, the clearance between the inside of the new 
main girder and the outside of the adjacent old girder 
was only 17 in. This clearance was not sufficient 
to work a riveting hammer and consequently the 
connection holes on the inside face of the new 
girder at the bottom boom were left bolted and 
drifted until the old girder had been removed. The 
connections at the top boom were above the old 
girder so that this difficulty did not arise there. This 
completed the steelwork erection. 

The completed steel superstructure was painted 
with two coats of red lead paint. The red lead was 
supplied dry and was ground and mixed with boiled 
linseed oil in the yard, freshly mixed paint being 
supplied to the work daily. The paint was applied 
by Aerograph paint sprays, the compressed air 





main being tapped for air pressure to operate the 
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head on a thick arch roof. The brick structure was 
demolished down to the head of the foundation 
wells. The well heads were cut open and the wells 
which were found to be empty filled up with broken 
brick and sealed with reinforced concrete slabs, 
The new abutment was built on these slabs, U shape 
in plan, the abutment retaining walls being built of 
brick. A 40-ft. approach span of plate web girders, 
carried the track from the abutment on to the first 
main span. The approach span girders were con- 
nected to the end cross girder of the main span, the 
cross girder being of special heavy section to take 
the additional loading. The large approach spans 
were provided to allow road traffic approaching 
from the north side of the bridge to pass underneath 
the down-track and gain access to the roadway under 
the up-track girders. 

The down-track was closed to traffic and re-girder- 
ing work commenced on January 1, 1929. The 
erection and riveting of the new spans was com- 
pleted on September 19, 1929. The painting work 
which had been interrupted in the rainy season 
was completed in November. The bridge was tested 
in December, and opened to traffic on December 17, 
1929. The labour worked a 70-hour week, Sunday 
being a half day. One Sunday each month work was 
completely shut-down to allow boilers to be washed 
out and machines overhauled. About 500 men, all 
native labour, were engaged throughout on the 
work, 

Messrs. Sham Singh and Company, contractors, 
Calcutta, supplied the labour for this work on a 
lump sum contract. The contract was entirely for 
labour, the Railway Administration supplying all 
material, tools, plant and stores and supervising and 
directing all work. Railway staff operated cranes, 





20 205 22h, 20 


ai 37. 3! 
> oo bob 














Ko OOD &  - ty DERE 
Fig. 24. Wash 0 0” fs nas os ak 10:0" 1011 >h6:0% 10:0" res:crhaiia'stl 90° kaos aphsinsasias 


teaa-77-83'8% Approx.Length over Auto. Couplers --- 


centres and were hung by long bolts from the 
outer main girder of the new down track and the 
inner main girder of the up track. The beams were 
slung about 3 ft. below the underside of the new 
girder bottom booms, and this arrangement allowed 
the crane working overhead, through the gap in 
the side decking, to lower heavy sections of the 
dismantled old girder on to the beams. The 
sections were dragged sideways, sliding over these 
beams, beneath the inner down-track main girder 
until they rested in the space between the inner 
main girders of the up and down tracks. From this 
position they could be lifted by crane and loaded 
into wagons on the up-track for removal. In dis- 
mantling, the rivets of the old girders were cut 
out by pneumatic rivet cutters, the old girder 
being cut up into pieces and removed piecemeal. 
The top deck plates of the old girder were cut loose 
first, lowered by hand to the staging beneath and 
removed from there. Chains were passed round 
the old girder top boom and connected over each 
end of the new span cross girders. Turnbuckles 
fitted in the chains were drawn tight, and each 
old main girder was then secured by its top boom at 
seven points to the seven intermediate cross girders 
of the new span. The ends of the old girder rested, 
of course, on the piers. The lattice diagonal web 
members of the old span were then cut loose, 
lowered by hand to the staging where they were 
bundled and removed by crane. As the lattice 
bars were cut loose the old girder gradually ceased 
to be self-supporting. The girders sagged, tighten- 
ing up the chains until the partially dismantled 
girder was hanging suspended by its top boom to 
the new span. When the latticing was completely 
removed the bottom boom was secured to the top 
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sprays which were fitted with reducing valves 
bringing the air main pressure down to the very 
much reduced pressure sufficient for spray painting. 
The top surface of the deck plating was painted with 
Wailes Dove Bitumastic paint, as this surface in 
addition to ordinary weathering, would be subject 
to hot ash and live coal dropped from passing loco- 
motives. This paint had to be applied to clean 
unpainted steelwork and these plates were supplied 
with the top surface unpainted. All rust, mill-scale 
and dirt was cleaned off by sand blast and the paint 
applied. When completely dry, the permanent track 
was laid, with 90 lb. flat footed rails on sal wood 
sleepers bolted to the deck plating. Cast iron 
bearing plates were used under the rail and on top of 
the sleeper. The sleepers, of section 7 in. thick by 
10 in. wide, by 9 ft. long, were spaced every 2 ft. 
The last construction work done on the span was to 
fill and surface the platelayer’s gangway with 
asphalte. The gangway was constructed of 
buckleplates 3 ft. wide, carried on angle runners at 
the sides, the angles turned toe up. The buckle- 
plates were filled up with a mixture of asphalte, 
sand and stone chips mixed hot and rammed and 
rolled leaving the walking surface flush with the 
top of the angle bearers. A boiler for heating this 
material was mounted on a flat truck and the truck 
was moved along the permanent track, the materials 
being heated and mixed on the spot where it was 
to be used. The lower inspection gangway was 
surfaced with timber planking. The masonry 
bearings were built in with brickwork, the pierhead 
being built up from the string course to the top 
level of the masonry. The old brickwork between 
the bearings, which had been used as a support 
for the old girder, was trimmed off and retained 


boom by five vertical sway frame posts. Each bottom | as hearting, being covered and built in by a layer of 


boom was cut into five sections, and as each section | new brick. 
The abutments of the bridge were demolished and | The new girders were designed to take Indian State 


dragged sideways and removed as previously ex-|new abutments built while the other bridgework | Railway H.M. Loading, the loading diagram being 


was cut loose it was lowered by crane to the staging, | 


plained. The sway frames followed. The top boom 
joints were cut open, and the section to be removed 
was raised slightly by crane. This slackened off 


the securing chains, which were removed, and the 
section was handled in similar manner to the 





moval is shown in Fig. 23, page 565. Constructed 
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locomotive, workshops and power-house, and were 
responsible for the supply of water and air, and the 
maintenance of all tools and plant. 

The total amount of new steelwork erected was 
6,085 tons. The total number of rivets driven at 
site was 488,000, mainlyof lin. diameter. 3,500 tons 
of old wrought iron were removed in the old girders, 
292,100 old rivets being cut out in the dismantling 
of these girders. This old scrap was sold to the 
Eagle Rolling Mills at Barakar for 3/. per ton f.o.r. 
at site. This material was, we understand, heated 
and rolled into small sections, bars, rounds, &c. 
for sale in the native bazaars. Incidentally the 
firm purchasing the scrap had it analysed and 
reported that it was equal in quality to the best 
grade wrought iron now on the market. The cast 
iron from the old bearings was sent to the railway 
foundry at Jamalpur, where it could be used up. 

The steelwork for the new spans was manufactured 
in India by Messrs. Kumardhubi, of the Kulti 
Iron Works, Barakar. The steel used was to 
British standard specification, and the material 
was obtained partly from Messrs. Tata’s Rolling Mills 
at Jamshedpur, India, and the remainder sent out 
from Great Britain. The girders were manufactured 
to the design, working drawings and specification 
of the consulting engineers to the railway, Messrs. 
Rendle, Palmer & Tritton, Westminster. All 
material was drilled to steel-bushed templates, similar 
members of the 28 spans being interchangeable. As 
a check on manufacture, one span in every ten 
/manufactured was erected in the maker’s yard, the 
;members used for this span to be erected, being 
chosen at random from the finished material. The 
steelwork went together at site admirably, and while 
perhaps lacking the fine finish of high-class British 
manufactured bridgework, compared very favour- 
ably as regards clean holing and sound workmanship. 








was in progress. The East abutment in course of re- | given in Fig. 24 above. 


The erection scheme was worked out and the 


at the time of the Indian Mutiny the old abutments | project carried to completion by Mr. Henry S. Kerr. 
were built as fortified blockhouses. The blockhouses, | to whom we are indebted for the above particulars. 
founded on brick wells, carried the railway track over- ! Mr. Kerr having Mr. Ganapati, as assistant engineer. 
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The work was under the administration of Mr. S. P. 
Flowerdew, M.Inst.C.E., chief engineer of the East 
Indian Railway. 

The total net cost of the re-girdering was 
Rs. 2,500,000 (about 187,500/). This total included 
credits received from the sale of the old girders. 








THE PROPERTIES OF PERMALLOY C. 


SomE years ago it was discovered in the research 
laboratories of the American Telephone and Telegraph 
and the Western Electric Companies that remarkable 
magnetic properties were possessed by nickel-iron 
alloys in which the proportion of the former metal 
exceeded 30 per cent. The best results were obtained 
with an alloy in which the percentage of nickel was 
as high as 80, and this material, under the name of 


Fig.1. 
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Permalloy, has since been largely and successfully 
employed for the loading of telephone and telegraph 
cables, and in the construction of instrument and 
audio-frequency transformers, relays and measuring 
instruments. We understand that continuous research, 
especially in the International Telephone and Telegraph 
Laboratories, at Hendon, has now led to the develop- 
ment of a new alloy in this series, which has been 
designated Permalloy C. ‘This material will be used 
instead of the original Permalloy A, and will also 
largely replace a second member of the group, known 
as Permalloy B. 

From the point of view of magnetic properties, 
Permalloy C is the softest material available. In 
addition, its resistivity is equal to that of the 
commercial grades of silicon steel, and its heat treat- 
ment is simpler than was the case with its predecessors. 
Consequently, the manufacturing costs are lower, and 
& considerable reduction in the dimensions of the 
apparatus in which the material is used can be effected. 

The magnetic properties of Permalloy C are compared 
with those of annealed silicon steel in the accompany- 
ing curves, Figs 1 to 4, which are, to some extent, 
self-explanatory, while other data, which enable the 
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new alloy to be compared both with silicon steel and 
with iron, aregiven in tabular form below. The tabulated 
results were obtained from a series of ballistic measure- 
ments on ring stampings having an outside diameter 
of 3% in., an inside diameter of 1}§ in. and a 
thickness of 0014 in. As will be seen from Fig. 1, 
the initial permeability of silicon steel remains 
substantially constant at all frequencies up to 1,800 
periods per second, while in the case of Permalloy C, 
the initial permeability of which is much higher, 
it gradually falls off so the frequency is increased. 
This is due to the eddy currents causing an irregular 
distribution of the flux so that a diminution in the 
apparent permeability results. The rate of this decrease, 
however, varies inversely as the resistivity of the 
material. Fig. 3 indicates that the new alloy retains 
the important feature of possessing a very high per- 
meability with very low magnetising forces, while the 
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hysteresis curves given in Fig. 4, and the B-H curves 
reproduced in Fig. 2, show its superiority in these 
respects over silicon steel. 


Comparison of Direct-Current Characteristics of Permalloy 
C and other Magnetic Materials. 














Property. Permalloy | Silicon Iron. 
Cc. Steel. 
Initial permeability pu, (a' 

200 periods per sec.* ae 6,000 | 400 250 
Maximum permeability u,,,,| 100,000 | 6,500 5,000 
Magnetising force at yay. | 

0-035 0-75 1-2 


(gauss) oe oe a 
Maximum flux density B,,,,., 

lines per square centimetre 9,000 16,000 20,000 
Remanence from B,,,,,.» nes 

per square centimetre 
Coercive force from B,,,, 


4,500 | 9,000 9,000 








(gauss) as a ca 0-035 0-6 0:8 
Hysteresis loss for B=5,000. 

Ergs r cub. cm. r | 

cycle ” aa ee = 50 550 1,000 
Resistivity, microhms r 

cm. poe de a ” 55 55 10 





* The initial permeability at 200 periods per second is given, 
as this value is more reliable than that obtained by the usual 


direct-current methods. 


Permalloy C is manufactured by melting its con- 
stituents in a high-frequency electric tilting furnace, 
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or drawn into wire. Subsequently it is only necessary 
to subject it to a single annealing process, which, it is 
claimed, is both simpler and more rapid than the similar 
treatment of silicon-steel stampings. It is, of course, 
important to heat the material to the right temperature, 
and to regulate carefully the rate of cooling, since the 
highest initial semen is, in general, obtained 
when uniform cooling through the mass ensures freedom 
from internal strains. As in the case of silicon steel, 
care in handling is also necessary to prevent any 
diminution in the magnetic properties, and, for this 
reason, it is desirable to defer the heat treatment, 
until the material has been drilled, riveted or sub- 
mitted to other mechanical processes. This proviso 
does not, however, apply to such operations as winding 
or assembly, though stampings which have been 
badly buckled should not be taped up into cores, 
since their permeability will be impaired and the 
hysteresis loss increased. 

As regards applications, the employment of Perm- 
alloy C will, it is hoped, enable straight-through 
bushing instrument transformers to be employed in 
connection with the measurement of much lower 
currents than has hitherto been possible, and will 
also enable the accuracy of this apparatus, both as 
regards transformation ratio and phase-angle error, to 
be increased. Owing to the reduction in the number 
of turns, moreover, it will be unnecessary to take 
such careful precautions against the effect of short- 
circuits. These remarks also apply when wound- 
primary transformers are used. The employment 
of Permalloy C will, further, enable the transmission 
characteristics of audio-frequency transformers to be 
improved and their size decreased, while, in connection 
with output transformers, the transmission loss in 
which is largely dependent on the reactance of the 
winding, the employment of this material will ensure 
the high permeability which is necessary to secure a 
flat loss-frequency characteristic. The low hysteresis 
loss and high permeability of Permalloy C, should also 
render possible the production of moving-iron instru- 
ments which can he used with accuracy on both 
alternating and direct-current circuits, while the stray 
magnetic fields, which are a constant source of trouble 
in moving-coil milliammeters and dynamometer-type 
wattmeters, can be eliminated by the employment of 
covers made of the material. In the latter class of 
instrument, its employment will, it is claimed, mean a 
considerable increase in the strength and concentration 
of the magnetic field and the elimination of hysteresis 
errors. Its softness and high permeability should also 
make it possible to design relays of much greater speed 
and sensitivity than has hitherto been the case. 

We are indebted to Messrs. International Standard 
Electric Corporation, Connaught House, Kingsway, 
London, W.C.2, for the information upon which the 
above article is based. 








BrusHiess Sinete-PHase Motors: HRRatum.—We 
regret that in the account of the Power and Mechanical 
Engineering Exhibition, New York, in our issue for 
February 21, we gave the name of the makers of the 
brushless single-phase electric motors described on 
page 248, as Messrs. Rowell Electric Motor Company. 
The correct name of the firm is Messrs. Howell Electric 
Motors Company, and their address is Howell, Michigan. 





THe Bristot MEETING OF THE BRITISH ASsocIATION, 
—tThe preliminary programme of this year’s meeting of 
the British Association, the hundredth year of its exist- 
ence, has just- been issued. The Association will meet 
in Bristol in the week Wednesday, September 3, to Wed- 
nesday, September 10, under the presidency of Dr. F. O. 
Bower, F.R.S., Professor of Botany at the University of 
Glasgow, who will deliver his address on Size and Form in 
Plants, in the Colston Hall, at 8.30 p.m., on September 3, 
The two evening discourses will be given, on September 5 
and September 9, in the Victoria Rooms, by Professor 
E. V. Appleton on Wireless Echoes, and by Dr. R. E. 
Slade on the Nitrogen Industry and our Food Supply. 
The Reception Room will be in the Great Hall of the 
University buildings, which will also accommodate most 
of the Sections; Section F, Economics, and J, Psycho- 
logy, will meet in the Victoria Rooms, Section H, Anthro- 
pology, in the museum, and Section L, Education, in the 
Bristol Grammar School. The offices of the local honorary 
secretaries will be in the University. All these buildings 
are within easy reach of one another. Inquiries as to 
papers to be read should be addressed to the recorders 
of the sections. We add the names of the presidents and 
recorders of a few of the sections, Section G, ae 
ing: Sir Ernest W. Moir, Bt., president, Mr. J. 8. Wilson, 
49-50 Parliament-street, S.W.1, recorder; Section A, 
Mathematical and Physical Sciences: Dr. F. E. Smith ; 
Mr. H. M. H. Greaves, Greenwich Observatory ; Section B, 
Chemistry: Professor G. T. Morgan; Professor C. 8. 
Gibson, Chemical Department, Guys’ Hospital Medical 
School; Section F, Economics: Professor T, E, Gregory ; 
Mr. R. B. Forrester, Inverey, Somerset-road, New Barnet. 
The General Secretaries of the Association are now 
Professors J. L. Myres and F. J. M, Stratton; the latter 
has succeeded Dr. F. E. Smith, who —— after the 
South African meeting of last year. e. O. J. B. 
Howarth, Burlington House, W.1, remains secretary of 
the Association. 





the product from which can be rolled into sheet or rod 
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THE LATE MR. M. E. UNWIN. 


THE news of the somewhat sudden death of Mr. 
Maurice Everett Unwin, at Reading, on April 18 last, 
will be received with regret by many persons in the 
steel industry. Mr. Unwin, who was a local director, 
and had latterly been acting as works manager, 
of Messrs. John Brown and Company, Limited, 
Atlas Works, Sheffield, had been in the service of 
this firm for about 32 vears. The younger son of the 
late Mr. F. Philip Unwin, and a nephew of Dr. 
William Cawthorne Unwin, F.R.S., he was born at 
Bradford on January 18, 1876, and received his 
general education, first at Bedford Grammar School, 
then at Giggleswick Grammar School, and finally at 
Yorkshire College, Leeds, in which latter institution he 
commenced his engineering studies. In 1893, at the 
age of 17, he entered upon a five years’ apprenticeship 
at the Globe Ironworks, Bolton, of Messrs. John Mus- | 
grave and Sons, Limited. Mr. Unwin’s long associa- | 
tion with Messrs. John Brown, of Sheffield, began in | 
1898, in which year he was appointed assistant | 
engineer in charge of machine tools in the armour-plate 
machine shops of Atlas Works. A year later he became | 
assistant manager of the armour-plate department, and 
was subsequently made responsible for the design, 
inspection during manufacture, and installation of 
new engineering plant for the armour-plate department, 
including heavy machine tools. In connection with 
the complete conversion of the existing plant to electric 
driving, he visited many of the principal works in the 
United States, Germany, and Austria, and studied the 
methods employed by them. 

Mr. Unwin was promoted to the rank of manager of 
the North Department of the Atlas Works in 1904, and, | 
while acting in this capacity, was in sole charge of 
hydraulic bending presses, furnaces and special heat- 
treatment plant, and machine shops for the finishing 
and erecting of armour plates and gun shields. He also 
had under his control machine shops engaged in the 
production of marine shafting, and turbine and gun 
forgings, and rolling mills turning out various sections. 
In addition, the manufacture of marine boiler furnaces 
was under his supervision. During the trying years 
of the European War, Mr. Unwin was in full charge of 
the armour-plate department, when armour of a most 
difficult type was successfully produced. He was 
appointed a local director of the company in 1919, 
and, as we have already stated, had latterly been acting 
as works manager. Mr. Unwin’s knowledge of the 
involved technique of armour-plate manufacture was 
profound, but, in addition to his technical abilities, 
he was a man of many parts and was much esteemed 
by those with whom hecame into contact. Mr. Unwin 
was elected an associate member of the Institution 
of Mechanical Engineers in 1901, and became a member 
of the Iron and Steel Institute in 1905. He was elected 
to full membership of the Institution of Civil Engineers 
on April 21, 1914. 

















ITALIAN FLOTILLA LEADER 
**NICOLOSO DA RECCO.”’ 


In his paper, ‘‘ Sea Trials of Flotilla Leaders,” read 
at the recent meeting of the Institution of Naval 
Architects, Lieutenant-Colonel F. Dondona, of the 
Royal Italian Navy, gave particulars of the trials of 
six vessels having a greater displacement than destroyers 
and known in Italy as Esploratori, or scouts. He 
stated that, although of larger dimensions, these vessels 
corresponded to what are styled flotilla leaders in 
this country. These scouts, of which 12 were ordered 
in 1926, belong to the “ Navigatori’’ class (improved 
Mirabello type). The most recent addition to this 
flotilla, the Nicoloso da Recco, which is to be the leader 
of the Navigatori scouts, underwent her official speed 
trials on April 3, during which she attained a speed of 
41-504 knots. The vessel was built at the Ancona 
Shipyard of Messrs. Cantieri Navali Rioniti, Genoa. 
She has an overall length of 352 ft., a length between 
perpendiculars of 351 ft., a breadth of 33 ft. 6 in., 
a depth of 20 ft. 8 in., and a displacement of 2,000 tons. 
The propelling machinery comprises two sets of geared 
turbines, together developing about 65,000 s.h.p. 
Steam is supplied by four water-tube boilers. The 
outstanding feature of the Nicoloso da Recco is that, 
with the speed attained during her trials, she appears 
to be the fastest ship of her type yet built. We believe 
that the previous record for destroyers was held by 
the French vessel Bison, which reached a speed of 
41-2 knots in February last. 








INTERNATIONAL CONGRESS ON THE HISTORY OF 
SCIENCE AND TECHNOLOGY —The headquarters of the 
Second International Congress on the History of Science 
and Technology, which is to take place in London in 
July, 1931, are at the Science Museum, South Kensington, 
London, 8.W.7, and further particulars can be obtained 
on application to the Honorary Secretary, Mr. H. W. 
Dickinson, at that address. 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 
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Nors.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 
the London Metal Exchange for “ fine foreign” and “ standard” metal, respectively. The prices shown for 
lead are for English metal, whilst those for spelter are for virgin metal. Middlesbrough prices are plotted 
for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 
plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. The pig-iron 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. The price of quicksilver is per 
bottle, the contents of which vary from 70 Ib. to 80 lb. The price of tin-plates is per standard box, but in 
other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent 1/. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 


Faravay Hovusr Entrance ScHotarsHips.—As a|Mr. J. A. Evans. The Maxwell Scholarship, which is 
result of the entrance scholarship examination held at | similar to the Faraday Scholarship, but worth 60 guineas 
Faraday House Electrical Engineering College, Southamp- | per annum, has been gained by Mr. M. Worobjeff. Exhi- 
ton-row, London, W.C.1, on April 8, 9 and 10, the Faraday | bitions have been awarded to Messrs. D. A. Lamb, 
Scholarship of 80 guineas a year, tenable for two years| C. W. Sex, and W. A. Bennett, and entrance prizes to 
in college and one year in a works, has been awarded to’ Messrs. E. M. Davey and K. A. Watson. 
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LABOUR NOTES. 


THE reader’s first impression of the agenda of the 
meeting, which opens next week in Manchester, of the 
Amalgamated Engineering Union’s National Committee 
will, no doubt, be that the sitting is likely to be pro- 
longed. No fewer than 67 resolutions have been sent in 
by Divisional Committees, and they cover a wide range 
of subjects. As, however, many of them deal with the 
same subjects in one way or another, the Standing 
Orders Committee should be able appreciably to 
shorten the list. The National Committee is invited 
to authorise the Executive Council to place a resolution 
on the agenda of the Trades Union Congress calling for 
‘* payment for holidays to the extent of ten days per 
year, the same to be met from the funds of the National 
Insurance.” Other resolutions call upon the executive 
to open up negotiations on the subject with the Engi- 
neering and Allied Employers National Federation. 
Shorter working hours are desired by several Divisions. 
One resolution suggests that representations should be 
made to the Trades Union Congress ‘‘ on the question 
of obtaining a 30-hour week for all persons employed 
in the industry,”’ while another proposes that when the 
five day week policy is ‘‘ adopted’’ by the National 
Committee, ‘‘42} hours shall be worked per week 
(83 hours per day) for 47 hours’ pay.” 





Many of the resolutions have the wages question for 
their subject, the desired effect being, taking the pro- 
posals as a whole, the abandonment of national and 
the substitution of local negotiations. The most 
workmanlike of these resolutions is in the following 
terms: ‘That this National Committee instructs 
the Executive Council to allow Districts to proceed 
with wage negotiations with the Engineering and Allied 
Trades’ Employers’ Federation on a scale not below 
a minimum decided by the National Committee.’ The 
need for a national agreement on the subject of pay- 
ment by results is emphasised in two resolutions. 
Overtime is dealt with in recommendations from more 
than one Division, the text of a typical resolution being 
as follows :—‘‘ That this National Committee, realising 
the serious results that obtain to our unemployed 
members from the continual working of systematic 
overtime in the engineering industry when trade is 
good, also believing that excessive overtime has a 
detrimental effect on our efforts to obtain an increase 
in wages, instructs the Executive Council to again 
approach the engineering employers with a view to 
obviating unnecessary overtime according to our 
agreement.” 





The machine question figures in three resolutions, 
the clearest of which runs as follows :—‘‘ That this 
National Committee instructs the Executive Council 
to approach the engineering employers and other trade 
unions concerned on the question of grading of machines 
other than those which already carry the full district 
rate.” 





Two Divisions desire the re-opening of negotiations 
with the Shipbuilding Employers’ Federation, on the 
subject of a national agreement covering the wages 
and conditions of A.E.U. members employed in ship- 
yards and ship-repairing establishments. The shortest 
of three sets of proposals on the subject of rationalisa- 
tion is as follows :—‘‘ That this National Committee, 
having given consideration to the effect of rationalisa- 
tion upon the workers, including the members of the 
A.E.U., instructs the E.C. to obtain the best possible 
technical and expert advice on the whole plan of 
rationalisation.” The meeting promises to be sharply 
divided on the subject of Industrial Councils. One 
Division desires “‘ the Executive Council to endeavour 
by all possible means to prevent the formation of a 
National Industrial Council, as suggested by the 
Melchett-Turner Conference,” while another thinks 
“it would be to the advantage of our members if the 
Union were parties to the Joint Industrial Councils 
covering all municipal employees amongst whom our 
members are engaged.” Accordingly, it asks the 
National Committee to instruct the Executive Council 
“to take steps for the Union’s affiliation to such.” 


_ Four resolutions deal with the York Memorandum— 
in other words, the Provisions for Avoiding Disputes. 
One desires a ballot vote for or against it ; one proposes 
neutral chairmen for Central Conferences, with power 
to recommend; one wishes neutral chairmen for 
both central and local conferences; and one calls for 
& statement of the expenses to the Society of the 
working of the York Memorandum from 1922 to date.” 
In another resolution negotiations with the employers 
are proposed “‘ with a view to devising some machinery 
for the settlement of demarcation questions by arbitra- 
tion.” Negotiations with the employers are also 


suggested ‘‘ with a view to their co-operation towards 
the elimination of the non-union element,” and two 





Divisions propose that the Executive Council should 
be instructed ‘‘ to make representations to the Govern- 
ment to proceed with the repeal of the Trade Disputes 
Act.” 





During the first quarter of the current year the 
General Fund of the Amalgamated Engineering Union 
increased from 242,180/. 13s. 8d. to 260,083/. 5s. 34d., 
and the Superannuation Reserve Fund decreased from 
1,611,715/. 15s. 4d. to 1,610,778/. 1ls. The decrease 
in the Superannuation Fund is explained by the fact 
that the interest accrued to it as from August 4 to the 
end of December, 1928, was not transferred to the 
General Fund until the March quarter of the cur- 
rent year. The principal statutory benefits cost 
136,4481. 15s. 4d., or 18s. 8d. per paying member 
during the past quarter. These payments were made 
out of the Society’s own funds; the total does not 
include, that is, State benefits or compensation awards. 
There was a net increase of 1,200 in the membership 
during the quarter, and a decrease of approximately 
3,5571. in arrears. 





On April 14, the numbers of persons on the registers 
of Employment Exchanges in Great Britain were 
1,147,800 wholly unemployed, 416,400 temporarily 
stopped, and 96,100 normally in casual employment, 


;making a total of 1,660,300. This was 16,147 less 


than a week before, but 506,765 more than a year 
before. The total on April 14 comprised 1,194,300 
men, 39,700 boys, 385,600 women, and 40,700 girls. 





Writing in the April issue of the Monthly Report of 
the Boiler Makers and Iron and Steel Shipbuilders’ 
Society. Mr. Hill, the General Secretary, says :— 
‘The employers’ refusal to grant an increase to our 
piece-workers was based on their estimate that the 
average piecework earnings are 4/. 10s. for a 41-hours’ 
week. It has been difficult for us to check these 
figures, as up to the time of our last conference we 
were refused access to the time and wages books. We 
did get partial returns from our members, and from 
these we calculated the average weekly hours at 
414, and the average wages at 3/. 8s. 5d. per week. 
This 31. 8s. 5d. is the average for working weeks and 
takes no account of the weeks of idleness which are 
now the common experience of our piece-workers. 
To test the yearly averages of our members I took the 
compensation claims of our members in a certain district. 
These claims were paid on figures taken by the firms 
from their own books. From these figures I found that 
the weekly average wages for the year only amounted 
to 21. 7s. 10d. per week. This included idle weeks. 
At our conference with the employers, the employers 
offered us an opportunity of investigating their figures 
of average earnings and we accepted their offer. This 
investigation is of some importance to our members, 
as the employers’ reason for refusing an advance to 
our piece-workers is the alleged high earnings of our 
members on present rates. In this investigation, we 
will require the help and co-operation of our members 
concerned. As a Society, we were successful in adding 








a provision to the Factory Acts making it illegal in 
shipbuilding and shiprepairing to employ men on 
piecework without full details, in writing, of every job. 
These detailed pay lines are our best evidence of earn- 
ings, and members should keep their weekly pay lines, 
as we may want them to prepare our own averages.” 





At the end of March, 10,632 members of the Boiler 
Makers and Iron and Steel Shipbuilders’ Society were 
“signing the books,” as compared with 10,395 at the 


‘end of February. The number of members in receipt 


of superannuation benefit was 4,648, as compared 
with 4,564, and the number in receipt of sick bene- 
fit 2,551, as compared with 2,595. The expenses in 
March were 9,312/. 17s. 7d.; in February they were 
8,951l. 2s. 8d. 





The claim of the shipyard platers’ helpers and rivet 
heaters, for a wages advance of 4s. per week, was dis- 
cussed at a conference in London on Friday last week, 
between representatives of the Shipbuilding Employers’ 
Federation and representatives of the National Union 
of General Workers and the Transport and General 
Workers’ Union. Under the general wages settlement, 
which took effect in January and April of this year, the 
workers concerned were excluded on the ground that 
they did not come within the definition of plain time 
workers. The unions, on the other hand, claimed that 
they did, as they did not participate in the piecework 
earnings of the piece-workers with whom they worked. 
After discussion, the employers’ representatives 
intimated that they were still definitely of the opinion 
that acceptance of the national uniform wage scheme 
by the unions, including the Federation of Engineering 
and Shipbuilding Trades, of which both the unions 
appl. were members, ruled out of consideration an 





application for an increase of wages, not only on behalf 





of the men who benefited by the scheme, but all men 
covered by the application in respect of whom a settle- 
ment was made, until the lapse of, at least, six months 
after the first full pay week in April, when the last 
settlement became completely operative. Moreover, 
it was added, apart from that, the Federation was 
not prepared at the present time to agree to the applica- 
tion on behalf of platers’ helpers and rivet heaters. 
The representatives of the unions expressed dissatis- 
faction with the reply of the employers and intimated 
they they proposed te report the proceedings to their 
Executives. 

‘Resolutions from all centres on the railways 
concerned,” the Railway Review states, ‘‘ indicate 
intense dissatisfaction at the short-time order for 
railway shopmen, and it is evident that the men 
regard it as an anticipation of the restoration of the 
24 per cent. off earnings.” 


In 1924, 1927 and 1928, the German General Con- 
federation of Trade Unions carried out inquiries into 
working hours. According to the official weekly 
organ of the International Labour Office, it has just 
completed another, covering the week from February 10 
to February 15, 1930. The number of local committees 
which co-operated in this inquiry was 746, as against 
556 in 1928, but the number of workers covered was 
less owing to the extent of unemployment in the 
industries, especially the building industry. The data 
collected applied to more than 63,500 undertakings, in 
which over 2,700,000 wage earners were employed. As 
in the previous inquiries, the investigation extended to 
seven main groups of industries, namely, building, print- 
ing, the chemical industries, the woodworking industry, 
the metal industry, and the shoemaking and textile 
industries. The results of this inquiry were affected 
by the unfavourable economic situation, since in times 
of depression the employers have recourse to overtime 
as seldom as possible and restrict hours of labour to a 
minimum. The workers covered by the inquiry were 
grouped as follows on the basis of hours of actual work ; 
22-9 per cent. were partially unemployed, as against 
11-3 per cent. in October, 1928; 6-4 per cent. were 
working less than 48 hours in the week, as against 
6-5 per cent. in 1928; 653-5 per cent. were working 
48 hours, as against 55-6 per cent. in 1928; and 17-2 
per cent. were working more than 48 hours, as against 
26-6 per cent. in 1928. 





Compared with the results of the inquiry of October, 
1928, these figures show a marked change in the position. 
The number of persons partially unemployed has 
increased, so that in certain industries, such as shce- 
making and textiles, it includes more than 30 per cent. 
of the workers. Thus the number of wage earners whose 
weekly hours of labour exceed 48 is considerably 
smaller. Again, the fact that night falls earlier during 
the winter months results in decreasing the normal 
hours of work in the building industry below 48 in 
the week for the period in question. Where the weekly 
hours of work exceeded 48; the inquiry showed. that 
these were generally normal hours. While 12-8 per 
cent. of the workers normally worked more than 48 
hours a week, only 4-4 per cent. were working the 
additional hours as a temporary measure. The per- 
centage of workers who worked more than 54 hours a 
week was very low, not exceeding 2 per cent. Hours 
of work moved in different ways according to the 
different industrial groups. While in the chemical 
industry the number of workers who worked more than 
48 hours a week fell from 27-4 per cent. in October 
1928 to 7-4 per cent. at the period of the latest inquiry, 
it remained at 22-2 per cent. in the metal industry and 
22-9 per cent. in the textile industry. In the under- 
takings in the metal industry working with continuous 
processes, the work was organised in shifts and the 
workers on an average did not work more than 48 hours 
in the week. 

Considerable changes are algo seen when the industries 
are examined by districts. In Westphalia and the 
Rhineland, the centre of the German heavy industries, 
the number of workers working more than 48 hours 
was especially high. More than half the wage earners 
of the metal industry in this area worked over 
48 hours a week. In the same area, partial unemploy- 
ment was also frequent, especially in the textile and 
shoemaking industries. In the metal industry of the 
Rhineland, and even more in that of Westphalia, 
there were also many persons partially unemployed. 
A comparison of the various inquiries carried out by 
the German General Confederation of Trade Unions, 
shows that there has been a real reduction of hours of 
labour. In May, 1924, 54-7 per cent. of the persons 
considered were working more than 48 hours a week, 
and in April, 1927, the proportion was 48 per cent. ; 
in October, 1928, it was 26-6 per cent., and in February, 
1930, it had fallen to 17-2 per cent. This result may to 
a great extent be attributed to the considerable increase 





in the number of persons partially unemployed. 
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HIGH-SPEED STEAM ENGINE WITH EXPANSION AND COMPRESSION GOVERNOR. 


CONSTRUCTED BY: MESSRS. W. SISSON 


Fig. 


Fig.2. 
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GOVERNOR GEAR FOR’  HIGH- 


SPEED RECIPROCATING STEAM 
ENGINE. 


THE fact that the high-speed reciprocating engine 
still finds numerous applications is at once a witness to 
the utility of the type and to the effective development 
which has enabled it to survive the competition of the 
internal-combustion engine and other prime movers. A 
good example of modern practice is shown in the high- 
speed vertical engine illustrated in Figs. 1 to 6 on this 
and the opposite pages. The engine in question is made 
by Messrs. W. Sisson and Company, Limited, Gloucester 
and has a number of points of interest, the chief of 
which, perhaps,relate to the novel governing mechanism. 
The object of the present article is to give some account 
of this, rather than to describe any particular size of 
complete engine. The figures, therefore, do not give any 
dimensions ; neither are any data concerning power, 
speed and so forth included in the account. Before deal- 
ing with the governor gear, however, a few of the 
leading characteristics of the engine should be noted. 
The most salient of these is the arrangement of the two 
cylinders, the engine being a compound one, which 
arrangement permits the two cranks to be brought 
very close together, with a resultant decrease in the 
consequent dynamic couple and of the load on the 
main journals, and an increase in steadiness in running. 

The high-pressure piston rod, as will be seen in Fig. 1, 





passes through a long neck bush by the side of the 
low-pressure cylinder. The valve chests for both the 
cylinders are on the same vertical axis, as shown in 
Fig. 2, the centre lines of the two piston rods and the 
valve spindle thus being situated at the corners of a 
triangle when viewed in plan. This arrangement of 
the cylinders facilitates drainage from the high-pressure 
to the low-pressure valve chest, while the long neck 
bush prevents the steam-heated portion of the high- 
pressure piston rod from entering the packing of the 
gland. It provides an adequate receiver space, and 
makes possible the grouping of the two valves on the 
one spindle, so that they can be actuated by the 
same gear and controlled simultaneously by the one 
governor. This grouping has been found to be a 
considerable improvement on those designs in which 
one valve has been used to distribute steam to both 
cylinders. The high-pressure valve is double-ported 
and takes steam on the inside. The steam is, therefore 
cut off at two edges, the result being a great reduction 
of leakage past the valve. The acceleration forces 
on the valve spindle are cushioned by a dashpot 
cylinder, situated close to its junction with the rocking 
lever. 

The whole of the working parts of the engine, in- 
cluding the governor, are enclosed in the crank- 
chamber, and are lubricated by a valveless oil pump, 
which delivers directly into the crankshaft, and thence 
to the main bearings, crankpins, crosshead gudgeons, 
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guide shoes, and other parts. All oil holes can be 
sighted through and readily cleaned out, while there 
are no dead ends and no air locks. A ring oil main 
is arranged to form a complete circuit, and gives a 
delivery into the working parts of the engine from the 
small main bearing, as well as from the large one. 
Access to the working parts is obtained by the large 
door shown at the left hand of Fig. 2. This is light, 
and easily removable. It is secured by a central bolt, 
and has a machined edge bedding on a faced seating 
of the crank chamber casting. The main bearings, it 
will be observed from Fig. 1, have their caps extended 
into a flange forming a door, through which the crank- 
shaft can be removed, at each end of the crank chamber. 
The two outer crankwebs are fitted with balance weights. 
The valves are operated by a single eccentric through 
a rocking lever. The attachment of the flywheel to 
the crankshaft follows marine practice, being secured 
to a flange on the shaft by fitted bolts, an arrangement 
providing ease of removal and securing true running 
when reinstated. 

The construction and operation of the governor can 
now be considered. This is partly embodied in the 
eccentric, the sheave of which is clearly identifiable in 
Figs. 3 and 4. The operation is such that the sheave 
centre is altered relatively to the centre of the shaft 
when variation of load occurs. The path of this centre 
in moving with increasing advance from the 





full-load position X to the no-load position O, is curved, 
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and towards the no-load position the linear advance, 
and therefore the lead is rapidly reduced, so that at 
the extreme no-load position, the high-pressure valve 
gives no steam opening. The movement is effected by 
the centrifugal action of a weight A, which is forked 
and hinges on a gudgeon B. The gudgeon is securely 
attached to a bracket forged solid with the end crank- 
shaft web, as shown in Fig. 6, the forked ends being 
bushed. The eccentric sheave is connected to an 
extension of one of the forks by the pin C, and is also 
coupled to the shaft by the link D and the pin E. 
The sheave, which is practically a simple ring standing 
well clear of the crankshaft, is thus carried upon two 
points, from one of which, viz. C, its angular movement 
is derived, the other, E, being merely a suspensory 
point which swings in an arc upon any movement of 
C. Movement is given to C by the lever weight A, 
acting upon its fulcrum B. The weight is controlled 
by spring gear F, the rod of which is coupled to the 
forks by the pin G. This spring gear is arranged 
radially to avoid distortion at high speeds, and the rod 
passes right through the crankshaft. This is clearly 
shown in Fig. 5, together with the method of adjusting 
the degree of compression of the spring by moving a 
wedge-piece along the interior of the shaft by the control 
handwheel at the end of it. 





Fig. 4. 
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the high compression at low loads in securing a high 
temperature of cylinder surfaces and piston at the 
beginning of the stroke when fresh steam is admitted. 
Compared with diagrams from the same engine taken 
when it was fitted with throttle governor gear, the 
high-compression at light load, and the resultant high 
final pressure with a corresponding high temperature, 
was very marked. Records also showed that when 
this engine was throttle governed, the cylinder drain 
cocks had to be kept open to get rid of the condensed 
steam, but after the expansion and compression 
governor had been fitted, these cocks could be shut 
immediately after starting the engine, which was a 
rolling-mill engine with a very variable load ranging 
from 1,500 i-h.p. to 150 i.h.p. No change was made 
in the boiler installation or pipe arrangement, or in 
the duty performed by the engine, when the expansion 
and compression governor was fitted. 








THE PURIFICATION OF BAUXITE. 


THE term bauxite was first applied, about a hundred 
years ago, to a deposit apparently of a superior, red 
clay near the village of les Baux, in the neighbourhood 
of Arles, in the south of France. The mineral, however, 


| was found not to contain any silicate, and was therefore 


The regulation of both valves simultaneously by the | not a clay. As long as aluminium was manufactured 


governor enables the receiver pressure to be maintained | 


to a practically uniform degree at all loads, and, in 


consequence, both with load thrown off and with load | 


in very small quantities, the relatively few occurrences 
of this raw material for the manufacture of aluminium 
fully satisfied the demand. When, however, the metal 


thrown on, a smaller momentary change of speed is | and its alloys became materials for engineering work, 


secured. In the first case, with load thrown off, the | 


bauxite deposits of lower grade had to be mined. Pure 


steam which has passed the high-pressure cylinder is | bauxite is essentially a hydrated alumina, chiefly the 
retained in the receiver, and, with load thrown on, | trihydrate AloO,, 3H20, known as gibbsite or hydrargil- 


the maintenance of speed is not dependent only on the 


prompt action of the governor in giving extended | 
admission to the high-pressure cylinder, but also on | 
the low-pressure cylinder being supplied from the steam | 
retained in the receiver. In addition to the good | 


governing control of the system adopted, it is claimed 
that there is a distinct thermal advantage conducive 
to economy due to the automatic superheating of the 
steam by compression at the lower loads. This is well 
shown by a comparison of the Willans line for a throttle- 
governed engine with the corresponding Sankey curve 
for an expansion-governed engine without alteration of 
compression, and with the Sankey curve of the Sisson 
engine governed by expansion and compression in both 
the high-pressure and low-pressure cylinders. The 
Sankey curve of total water in an engine with unaltered 
compression is concave throughout, but that of the 
Sisson engine is modified by the curve below half- 
load changing into a flat waved curve, the mean 
of which is approximately parallel to the Willans line. 
Indicator diagrams from large engines fitted with the 
gear, as described above, also exhibit the influence of 





lite, and also the monohydrate and probably a dihydrate 
diaspore, which may, however, be merely a mixture 
of the other two. Some geologists distinguish between 
terra-rosa, which is the alumina hydrate found in gel 
form in the parent rock, and the more common and 
extensive layers of laterite which represent the alumi- 
nous constituents of the parent rocks after they have 
been carried away and redeposited elsewhere. 

As all bauxites contain some iron oxide, in the form 
of a hydrated gel, iron cannot strictly be regarded as 
an impurity ; neither, of course, can the water, which 
may account for a quarter of the weight of a fair 
quality bauxite. The constituent required is alumina, 
Al,0;, which should amount to about 60 percent. The 
percentage of impurities to be tolerated depends upon 
the purpose for which the bauxite is to be utilised. 
Silicates do not much matter in abrasives, and they are 
also unobjectionable in high-alumina cement. Other- 
wise silica is undesirable, even when present as the 
aluminous silicate, kaolinite, Al,O;, 28i0,, 2H,O; but 
5 per cent. of silica may be tolerated in bauxite by 
metallurgists.  Metallurgists can also utilise. bauxite 





containing 10 per cent. of iron oxide, though 4 per cent. 
is the more usual limit. The proportion of titanium 
oxide, TiO, will rarely exceed 4 per cent., and does 
not cause particular difficulties. The concentration 
and purification of bauxite, however, are comparatively 
new operations in ore concentration, and many bauxite 
deposits are of low grade. It was for these reasons that 
the United States Bureau of Mines took up the problems 
dealt within Bauxite, Float-and-Sink Fractionations and 
Flotation Experiments (Bulletin 312, by B. W. Gandrud 
and F. D. de Vaney; price 35 cents) in conjunction 
with the University of Alabama and several mining 
companies. Alabama is one of several States in which 
bauxite fields, extending to Georgia and Tennessee and 
across the Mississippi, have been mined for thirty 
years or more, lately with diminishing production. The 
bauxite production of the United States increased from 
210,000 tons in 1913 to 521,000 tons in 1920, and has 
fluctuated considerably since then, with a decided 
downward tendency. 

Ordinary washing and gravity concentration of 
bauxite on tables, jigs, &c., is difficult, because the 
required product, the undesirable constituents and the 
gangue differ little in density ; the specific gravity 
ranges from 2-4 for gibbsite to 2-6 for quartz and 
kaolinite. Moreover, the mixture of the constituents 
is mostly very intimate, so that fine grinding of the 
material is required which is costly, and favours the 
formation of troublesome slimes to which alumina 
is liable. Some iron can, however, be removed by 
tabling and jigging, and though the purification is 
only partial, a poor bauxite may be rendered saleable 
by having its iron-oxide content reduced from 20 or 
15 per cent. to the 10 per cent. limit of certain specifica- 
tions. Similar considerations apply to the other 
impurities, and the limits are sometimes narrow. 
Another way of removing iron is by roasting the mineral 
in a reducing atmosphere, to convert the oxide Fe,0, 
into the magnetic oxide Fe,04 and submitting the 
roasted mineral to magnetic separation. Davis tubes 
are recommended for this purpose; a glass tube is 
so mounted within the air gap of a magnet that 
it can be agitated while water is passed through the 
mineral in the tube. In the float-and-sink treatment, 
the porosity of the bauxite interferes with successful 
operation. The tests were made chiefly with acetylene 
tetrabromide benzol as a floating medium, which, 
however, did not penetrate well into the pores, especially 
of coarse grains. Crushing to 14 and 20 mesh liberated 
some of the iron, but had little effect on the silica, which 
remained interlocked even after grinding to 100 mesh, 
when the sliming tendency in highly-silicious clayey 
bauxite became pronounced. The flotation experi- 
ments appear to be promising, in the absence of slimes. 
The reagents used were sodium sulphide, oleic acid, 
kerosene and machine oil. A large quantity of sodium 
sulphide is, however, required, and though the question 
of cost cannot yet be settled, flotation plants involve 
considerable initial expenditure which the extent of 
the deposit and its reserves may not justify. There 
is, however, the point, already mentioned, that partial 
purification of silica, for example, may make a rather 
inferior bauxite suitable for a special purpose, and 
bauxite pulverised for flotation, of course, commands 
a considerably higher price than the raw material. 








LETTERS TO THE EDITOR. 


BOILER PEAK LOADS. 
To THE Eprror OF ENGINEERING. 


Sir,—With reference to the letter of Dr. Morley in 
your issue of the 18th inst., I note, with interest, that 
efficiencies of over 80 per cent. are now being obtained 
on Lancashire boilers fitted with supermisers. I am 
afraid, however, that the question under discussion 
involves rather more than a comparison of the thermal 
efficiencies of different types of boilers. Dr. Morley 
will know that appreciably higher efficiencies than 
those mentioned by him are being obtained on water- 
tube boilers. 

Two important papers on water-tube boilers of 
modern design have recently been read before the 
Institution of Mechanical Engineers, and it is apparent 
that, in both cases, the vital aspect of water content 
has not received full consideration. To meet the 
instantaneous peak to which I referred in my letter 
of April 11, such boilers would have to have an evapora- 
tive capacity closely related to the peaks, involving 
heavy capital expenditure accompanied by very 
heavy losses by blowing off. Hence my reference to 
‘commercial efficiency,” as against thermal efficiency, 
as on such a unit high thermal efficiencies would 
certainly be accompanied by a very high cost of 
production of steam usefully used, as against steam 
generated. 

In plants of moderate evaporative capacity, the 
installation of shell-type boilers may be justified, but 
it is exceedingly difficult to justify the installation of 
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such boilers when duties of, say, 50,000 lb. per hour 
and over are required, unless, of course, such decision 
be based on the inherent unfitness of the modern 
water-tube boilers for such loads as are under discussion. 
Quite recently I inspected, at one of the Stinnes 
Collieries, near Essen, a battery of water-tube boilers 
carrying such a load, and although the steam demand 
varied rapidly between the limits of 6 to 60 tons 
per hour, the pressure curve fluctuated between very 
narrow limits. The rated capacity of the units under 
steam was very much lower than the maximum peak 
imposed. Such peaks were met by a relatively small 
pressure drop, the requisite water content to keep this 
pressure drop within the predetermined limits being 
provided by feed-water accumulators designed according 
to the Kiesselbach patents. One man was in charge 
of the complete boiler-house plant, including the 
accumulators. The labour factor is, of course, of 
vital importance, and one which, I am afraid, is not 
satisfactorily disposed of by reference to thermal 

efficiency. 
Yours faithfully, 
G. E. Hiper. 

Gower Chambers, 

Swansea. 
April 28, 1930. 





CREAKING IN PASSENGER SHIPS. 
To THE EpIToR OF ENGINEERING. 

Srmr,—In reporting the discussion on the paper read 
by Dr. B. C. Laws at the Institution of Naval Architects 
on August 10, in your issue of April 18, a slight error 
has occurred respecting my remarks. I had referred 
to the fact that the immense transverse bulkhead 
which is frequently built to form the forward end of 
the promenade decks and bridge is a terrible blot 
upon the beauty of many ships, which are in other 
respects of handsome appearance. My suggestion was 
that a great improvement in appearance would be 
obtained if the horizontal section of this bulkhead 
could be made of the form of a flattened ellipse, instead 
of a straight line, and that such a form of construction, 
although costing a little more, and consuming a little 
useful space, would contribute materially to the 
rigidity and strength of the structures above the 
‘strength’? deck of the ship. 

Yours faithfully, 
J. H. NaRBetu. 
65, Sedlescombe Road South, 
St. Leonards-on-Sea. 
April 25, 1930. 





ENGINEERING TRAINING AND 
EDUCATION. 


Research Scholarships in Technology.—The Governing 
Body of the Manchester Municipal College of Tech- 
nology, Sackville-street, Manchester, is offering a 
limited number of scholarships of a value not exceeding 
1001. a year. The scholarships are open to part-time 
students in the College and to Manchester citizens, and 
will be tenable in any one of the full-time day courses of 
the University in the Faculty of Technology. In the 
first instance, the scholarships are offered for one year, 
but the Governing Body is willing to renew them for a 
further period of two years, subject to the receipt of 
satisfactory reports on the student’s work. Applica- 
tions must be received on or before June 27, next. 
Forms of application and all information may be 
obtained by written application to the Registrar of the 


College. 








Contracts.—Messrs The ‘‘De Maas” Shipbuilding 
Company, Slikkerveer, Holland, have just completed 
the construction of a lock-gate for the Dutch Ministry 
of Public Works, for service at the new locks at Flushing. 
The gate has an overall length of 148 ft., a breadth of 
17 ft, and a depth of 41 ft.—The Telegraph and Telephone 
Department of the Belgian Government has just placed 
an order with Ateliers de Constructions Electriques de 
Charleroi (A.C.E.C.) for the supply, laying and jointing 
of underground trunk iehaghcbas cables connecting 
Brussels with Malines, Lierre and Antwerp ; Brussels with 
Hal and Mons; and Brussels with Termonde and Ghent. 





THE INCORPORATED MunicipaL ELEctTRICAL Associa- 
TION.—The_ thirty-fifth Annual Convention of the 
Incorporated Municipal Electrical Association will be 
held at Eastbourne from May 26 to 31. On Tuesday, 
May 27, the Presidential Address will be delivered by Mr. 
J. K. Brydges, Borough Electrical Engineer, Eastbourne, 
and this will be followed by a paper on “‘ Obligations of 
Electricity Committees,” by Alderman R. 8S. Chatfield. 
On the following morning, a paper on “‘ Pulverised-Fuel 
Firing as Affecting Economic Boiler House Operation ”’ 
will be presented by Mr. G. H. Lake, while on Thursday 
there will be a paper on “‘ Electric Heating of Buildings,” 
by Mr. J. W. Burr, followed by a discussion on 
‘** Domestic Water Heating,"’ which will be opened by 
Mr. A. E, McKenzie, The Annual Dinner will be held on 
Thursday evening, and the Annual General Meeting on 
the following day. 





TENDER. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of a tender invited by the South African Railways 
and Harbours Board, Johannesburg. The closing date 
of the tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted. 

25-Ton Steam Crane.—The supply, delivery, and erec- 
tion of one 25-ton, steam-driven, self-propelling crane 
for service in South West Africa. The South African 
Railways and Harbours Board, Johannesburg, June 5. 
(Ref. No. A.X. 9472.) 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrippLesBRovGH, Wednesday. 

Curtailment of Pig-Iron Production.—The output of 
several descriptions of pig iron is excessive and curtailment 
of production is no more than was expected. Messrs, 
Dorman, Long and Company, Limited, have this week 
blown out a basic furnace at their Newport Ironworks, 
and the Linthorpe-Dinsdale Smelting Company, Limited, 
are preparing to put out of action their two hematite 
furnaces at Middlesbrough, which were re-kindled in 
July last after a long period of idleness. This will leave 
in operation only 37 of the 93 blast furnaces erected on the 
North-East Coast, seven of which will be on Cleveland 
pig, 13 on hematite, and 17 on basic and other kinds of 
iron, 

The Cleveland Iron Trade.—Cleveland pig producers 
are in @ strong statistical position and adhere firmly to 
their fixed figures. They report a little direct home 
business and hope to make further sales to Scotland, but 
are themselves using the bulk of the output at their 
consuming works. Merchants have little Cleveland pig 
to offer, but are occasionally disposing of small parcels 
to Continental customers. No. 1 grade of iron is 70s. ; 
No. 3 g.m.b., 67s. 6d.; No. 4 foundry, 66s. 6d.; and 
No. 4 forge, 66s. 

Hematite.—Conditions in the East Coast hematite 
department are very perturbing. Stocks are large and 
increasing, and sales can only be effected by accepting 
several shillings below cost. Makers are pressing iron on 
to the market, and second hands, in their anxiety to reduce 
their substantial holdings, are underselling manufactursrs. 
Home users are buying very cautiously, and overseas 
customers are taking very little of the products of this 
district, as they can obtain foreign hematite at compara- 
tively very low figures. Quotations for East Coast brands 
vary considerably. Ordinary qualities are offered at 74s., 
and No. 1 is on sale at 74s. 6d. 


Foreign Ore.—Consumers of foreign ore are still off 
the market. They have large quantities on hand and 
are well bought ahead. Nominally best rubio is 2ls., 
c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful, and good average qualities are down to 18s., 
delivered to local works. 

Manufactured Iron and Steel_—In some branches of 
manufactured iron and steel, firms have still a good deal 
of work to execute, but in several departments contracts 
are fast approaching completion and orders are rather 
urgently needed. New business is sluggish, but quota- 
tions are steadily maintained. Common iron bars are 
101. 15s. ; best bars, 111. 5s. ; double best bars, 111. 15s. ; 
treble best bars, 12/. 5s.; iron rivets, 11U. 10s. ; packing 
(parallel), 8/.; packing (tapered), 10/.; steel billets 
(soft), 61. 15s. ; steel billets (medium), 7/. 12s. 6d. ; steel 
billets (hard), 87. 2s. 6d. ; steel rivets, 111. 5s. ; steel ship 
plates, 8/. 15s.; steel angles, 8/. 7s. 6d.; steel joists, 
81. 10s.; steel rails, 87. 10s. for parcels of 500 tons and 
over and 9/. for smaller lots; fish plates, 12/. 10s. ; 
black sheets (No. 24 gauge), 9l. 15s.; and galvanised 
corrugated sheets (No. 24 gauge), 121. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Largely as the result of the holiday 
influence, business in the steel and engineering trades is 
of a patchy character. Output is irregular, and the 
gross demand for steel and related products will have 
to improve considerably if plants are to maintain recent 
capacity. During the past few weeks, makers of raw 
and semi-finished steels have been producing in excess 
of the demand, and have fairly substantial stocks on 
hand. Users are content to buy on a hand-to-mouth 
basis, with the result that current requirements are on 
a low level. Little business is passing in foundry and 
forge iron, while the market in steelmaking alloys is 
depressed. Current quotations are as follows: Siemens 
acid-steel billets, 97. 10s.; hard _basic-steel billets, 
91. 28. 6d. to 91. 12s. 6d.; medium-hard basic-steel 
billets, 77. 12s. 6d. to 81. 28. 6d. ; soft basic-steel billets, 
6l. 10s. ; Lincolnshire foundry pig-iron, 75s. 6d. ; Derby- 
shire foundry pig-iron, 73s. 6d.; Derbyshire forge iron 
69s. 6d. ; crown iron bars, 11/.; iron hoops, 121. ; steel 
hoops, 9/. 10s. to 101. ; soft wire rods, 81. ; basic-steel 
sorap, 578. 6d. Mixed conditions prevail in the heavy 
engineering trades. A few departments have well-filled 
order books, notably the electrical and transport indus- 
tries, but the majority complain of the difficulty in 
booking fresh business. The extension schemes con- 
templated by British railways are likely to have an 
indirect and beneficial effect on local makers of rail- 
way steel and constructional materials. Only a small 
amount of railway rolling-stock business is in circulation 
on home account, while overseas requirements are not so 
substantial as in the past. The decision of the Govern- 
ment not to allow the McKenna duties to lapse is 
expected to result in the release of orders for motor-car 
steel and fittings. The demand from shipyards = 
forgings and castings is below the average, while “eo 
for mining implements and machinery shows litt : 
improvement. Though export business in tools yoni 
implements has had a downward tendency for several 
months, the position has several bright spots. Activity 
is pronounced in hacksaw-blade manufacture, while there 
is a growing demand for boring tools and engineers 
small tools. , 

South Yorkshire Coal Trade,—The Easter holidays have 
had a disturbing effect on the position generally. Buying 
is on a restricted basis, but an improvement is expecte 
to develop in the near future. Requirements on shipping 
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account are steady. The demand for industrial fuel is 
reviving. The amount of fuel required for bunkering 
purposes is not so substantial as during the past few 
weeks, The house coal market shows little change. 
Foundry and furnace coke are steady, at 19s. 6d. to 20s. ; 
gas coke is firm, at 21s. to 25s. Latest quotations are qs 
follows: Best branch handpicked, 26s. 6d. to 28s. ; 
Derbyshire best brights, 21s. to 23s.; Derbyshire best 
house, 20s. 6d. to 21s. 6d. ; screened housecoal, 18s. 6d. 
to 20s. ; screened house nuts, 16s. 6d. to 18s. ; Yorkshire 
hards, 15s. 6d. to 17s.; Derbyshire hards, 15s, 6d. to 
l7s.; rough slacks, 9s. to 10s.; nutty slacks, 7s. 6d. to 
8s. 6d.; smalls, 3s. to 5s. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Though chartering of late has shown 
some expansion, which it is hoped will lead to an 
improved demand for coal, the outlook remains dis- 
couraging. Stocks are heavy, and, with requirements 
small, colliery salesmen cannot secure sufficient orders 
to obtain a ready clearance of loaded trucks, and so 
keep the pits supplied with a regular flow of empty 
wagons. The result is that temporary stoppages cannot 
be avoided, and though work has been resumed at some 
pits which have been idle for weeks, stoppages have 
occurred at others. Notwithstanding the general slack- 
ness, sectional trouble is also occurring in different places 
as a result of the efforts of the Miners’ Federation to 
seeure @ 100 per cent. membership. Disputes as to 
whether the men are to be paid on the yardage or tonnage 
system and as to whether they can belong to the Miners’ 
Industrial Union have cropped up, with the result that 
several stoppages have occurred. Despite the loss of 
output caused by these troubles, buyers find no diffi- 
culty in obtaining practically any class of coal on the 
basis of the schedule of minimum prices based on 20s. 
for best Admiralty large and 13s. 6d. for best bunker 
smalls. The pithead price of house coal has been 
reduced by 1s. 6d. to 25s. per ton for the best qualities, 
so that the delivered retail price has been lowered from 
42s, 6d, to 41s. per ton. 


Egyptian Railway Contract.—As was expected, the 
Egyptian State Railway contract for 250,000 metric 
tons of large coal has been allocated to South Wales 
and will help to keep the Monmouthshire collieries, 
from where the bulk of the supplies are usually taken, 
employed over the next five months. Delivery is to be 
made at Alexandria over May to September. The 
allocation has, however, created an interesting position, 
inasmuch as the business has been divided between three 
firms. The Maris Export and Trading Company have 
been asked to supply 100,000 tons at 26s. 54d. c.i.f. ; 
Tabb and Burletson, Limited, Newcastle, 90,000 tons at 
26s. 74d.; and Evans and Reid, Limited, Cardiff, 
who offered to supply the full 250,000 tons at 27s. 2d., 
has been offered 60,000 tons, but whether the latter firm 
will accept remains to be seen, in view of the steadier 
tendency of the freight market and the competition for 
tonnage likely to ensue as a result of the division of the 
order. Another point is what period the 60,000 tons 
is to be delivered over, a factor which will have an 
important, bearing on the decision of Evans and Reid, 
Limited. The fact that the order has once again come 
to South Wales is, however, welcome news, for the loss 
of this business would have been a severe blow in view 
of the present dearth of new business.: In fact, the 
present Egyptian contract for 165,000 tons, placed in 
December last, coupled with the Italian State Railway 
contract for some 800,000 tons of coal, has kept the 
Monmouthshire collieries relatively better placed than 
others in the coalfield and enabled the men to secure 
more regular working. 





INTERNATIONAL STEEL SELLING ORGANISATION.—A 
memorandum regarding the International Ingot Steel 
Association and the formation of international sales 
offices for semi-finished material, sections, bar iron, 
thick plates and hoop iron, has been drawn up by the 
Department of Overseas Trade, from information fur- 
nished by H. M. Consul-General at Cologne, Germany. 
Interested British firms can obtain a copy of the memoran- 
dum on application to the Department, at 35, Old 
ear ag London, S.W.1, quoting Reference No. 
AX, 9184, i 





THE INSTITUTION OF WATER ENGINEERS.—The thirty- 
fifth summer. general meeting of the Institution of 
Water Engineers will be held in London, from May 28 to 
May 31 next. The business meeting will be held at 
10.30 a.m. on May 28, in the lecture theatre of the 
Institution of Civil Engineers, Great George-street, 
London, 8.W.1. Mr. H. E. Stilgoe will read his presiden- 
tial address. This will be followed by the reading and 
discussion of four papers, namely, “The Hampton, 
Kempton and Walton Pumping Stations and Filtration 
Works of the Metropolitan Water Board,” by Mr. H. F. 
Cronin; ‘The South Teign Works of the Torquay 
Corporation,’”’ by Mr. A. Gibson Low; ‘“‘ The Selection 
and Operation of Pumping Machinery for Waterworks 
Purposes,”’ by Mr. F. E. F. Durham; and “‘ The Steam 
Curbine as Applied to Borehole Pumping,” by Mr. J. F. 
Haseldine. On May 29, visits will be paid to works of 
the Metropolitan Water Board in the Thames Valley, 
and, on May 30, to others in the Lee Valley and at 
Deptford. On the morning of May 31, the meter- 
repairing and fittings-testing shops and coal-testing 
laboratory of the Board at 173, Rosebery-avenue, E.C.1, 
will be inspected. Applications for tickets, &c., should 
reach the Secretary of the Institution, Parliament 
Mansions, Westminster, S.W.1, not later than May 12. 


ENGINEERING. 


573 





NOTES FROM THE NORTH. 


Giascow, Wednesday. 


| Scottish Steel Trade.—A dull tone still prevails in the 
| Scottish steel trade, and producers are about as hard up 
for orders at present as they have been for quite a long 
'time. This state is fairly general, as specifications from 
home consumers are exceedingly scarce, and tonnages are 
small, The unsettled conditions ruling in a number of 
our good overseas markets have caused a decided falling- 
off in the export demand, and this partly accounts for 
much of the present dullnes in the trade. Inquiries are 
of little moment these days, and the outlook is far from 
reassuring. In the black sheet trade, makers are managing 
to keep running pretty well as their order books 
represent quite a fair tonnage. The major portion of 
the business is for the lighter gauges, the heavier sorts 
being dull. The demand for galvanised sheets is rather 
poor, and shipments during the past three months show 
a considerable decline. All round there is quietness in 
industry, and all are looking for a change for the better in 
the near future. Prices are quoted as follows :—Boiler 
plates, 10/. 10s. per ton; ship plates, 8/. 15s. per ton ; 
sections, 8/. 7s. 6d. per ton; black steel sheets, }-in., 9I. 
per ton; galvanised corrugated sheets (No. 24 gauge), 
121. 15s. per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—There is still no change to 
report in connection with the malleable-iron trade of the 
West of Scotland. New business, is very scarce, and it is 
only with difficulty that plant is being kept moving. 
The makers of re-rolled steel bars are also badly off for 
work as specifications are coming in very slowly. Prices 
show no alteration, and are as follows :—Crown bars, 
107. 5s. per ton for home delivery, and 9/. 15s, per ton for 
export; and re-rolled steel bars, 7/. 12s. 6d. per ton for 
home delivery or export. 


Scottish Pig-iron Trade.—The Scottish pig-iron trade 
shows no new features this week. The current demand 
is on very small lines as home consumers are not 
busy and overseas buyers are not coming forward as 
was expected about this time of the year, with the 
result that the current small production is still more 
than equal to all calls. Prices are without change, and 
the following are the current market quotations: Hema- 
tite, 8ls. per ton, delivered at the steel works; foundry 
iron No. 1, 80s, 6d. per ton, and No. 3, 78s. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, April 26, amounted to 527 tons. Of that total, 
409 tons went overseas and 118 tons coastwise. During 
the corresponding week of last year the figures were 
995 tons overseas and 175 tons coastwise, making a 
total shipment of 1,170 tons. 


Scottish Shipbuilding.—The shipbuilding returns for 
the past month give a slight indication of the low ebb to 
which the industry has fallen. New contracts are very 
scarce, and only one was reported during April, which 
means that the future is not very bright for the Clyde 
yards. The output figures for the past month are as 
follows :— 

Vessels. Tons. 





The Clyde awe ant = 19 31,628 
The Forth ea one Ae 6 2,513 
The Tay ... ies ae re 2 540 
The Dee and Moray Firth _... 3 630 

Total ... nye 30 35,311 


The Clyde figure makes the lowest month’s total for 
the year, and is 12,795 tons under April of last year. It 
brings the year’s total to date up to 147,199 tons as 
against 192,034 tons for the corresponding period of last 
year, and compares badly with the record output for 
the same four months of 1925 when the figure was 
237,504 tons. 








SoutHamPton Docks.—The western shore extension 
of Southampton Docks has already been referred to 
in our columns on several occasions. The scheme 
which has been promoted by the Southern Railway 
Company, involves the reclamation of 407 acres of 
mud lands in the bay on the River Test, extending from 
the Royal Pier upstream to Millbrook Point. For this 
purpose a quay wall, 7,000 ft. in length, is to be 
constructed. Behind this quay wall, and on the 
reclaimed ground, will be six cargo sheds, each 900 ft. 
long and 150 ft. wide. A further portion of the 
reclaimed area will be reserved for factory sites. At 
the upstream end of the reclaimed area, space is 
reserved for the construction of two large graving 
docks. Along the quay wall, berths will be dredged 
to a depth of 45 ft., L.W.O.S.T., and, at some future 
date, a jetty about 4,500 ft. long, running parallel to 
the new quay wall, and 600 ft. away from it, will be 
constructed. According to the Southampton Docks 
Handbook, 1930, which is compiled by Mr. H. N. 
Appleby, and published by the Southern Railway 
Company, the construction of a first section of quay 
wall, 3,500 ft. in length, is now well in hand. In 
addition some 3,500,000 tons of soft mud and a further 
2,000,000 tons of harder material, for use on the 
reclamation, have already been dredged. Furthermore, 
a@ quay wall some 400 ft. in length, which constitutes 
a preliminary portion of the main scheme, between the 
Royal Pier and the Town Quay, has been completed. 
The handbook, aboye referred to, is obtainable from the 
Southern Railway, Docks Manager’s Office, Southampton, 
and, contains, in addition to much general information 
relating to the, port, full particulars regarding dock rates, 
charges and dues. The book is well-illustrated and 
contains a number of excellent maps. 








NOTICES OF MEETINGS. 





Farapay Socrety.—To-night, 8 p.m. Chemical 
Society, Burlington House, Piccadilly, W.1. Lecture : 
“On Coagulation,” by Professor Géorg Wiegner. 

Roya Instrrution.—To-night, 9 p.m., Albemarle- 
street, W.1. ‘‘ A Study of the Phenomenon of Spin in 
Airplanes,”’ by Mr. H. E. Wimperis. 

InstITuUTE oF British Founprymen.—Lancashire 
Branch : Saturday; May 3, 4 p.m., College of Technology, 
Sackville-street, Manchester. ‘“‘ High Duty Grey Cast 
Iron,’ by Mr. A. E. McRae Smith. 

Society or Enatneers.—Monday, May 5, 6 p.m., 
Geological Society, Burlington House, Piccadilly, W.1. 
““The Methods of Testing the Lubricating Values of 
Oils, Greases, &c.,”” by Mr. H. R. Lintern. 

Rattway Crus.—Monday, May 5, 7.30 p.m., 57, 
Fetter-lane, E.C.4. ‘‘The Robinson Locomotives of 
the Great Central Railway,’’ by Mr. R. J. I. Goffey. 

ILLUMINATING ENGINEERING SocreTy.—Tuesday, May 
6, 7 p.m., Royal Society of Arts, John-street, Adel hi, 
W.C.2. ‘‘ Luminous Traffic Signals,” by Mr. T. Austin. 

INSTITUTION oF CIviL ENGINEERS.—Tuesday, May 6, 
6 p.m., Great George-street, S.W.1. James Forrest 
Lecture. ‘‘ Aeronautical Progress 1914 to 1930,” by 
Professor R. V. Southwell. 

INSTITUTION OF ELECTRICAL ENGINEERS.— Wednesday, 
May 7, 6 p.m., Victoria-embankment, W.C.2, Wireless 
Section Meeting. ‘‘A Wireless Broadcasting Trans- 
mitting Station for Dual Programme Service,” by Mr. 
P. P. Eckersley and Mr. N. Ashbridge. 

INsTITUTION oF Locomotive ENG@INeERS.—Thursday, 
May 8, 6 p.m., Denison House, 296, Vauxhall Bridge-road, 
S8.W.1. ‘‘ Mechanical Gears for Electric Locomotives,” 
by Mr. E. Gysel. 

Optica Soctery.—Thursday, May 8, 7.30 p.m.’ 
Imperial College of Science and Technology, South 
Kensington, 8.W.7. ‘‘ The Wedge Sector for Quantita- 
tive Spectrum Analysis,’ by Mr. F. Twyman and Dr. F. 
Simeon. ‘On the Diffraction of Light by a Slit,” by 
Mr. E. T. Hanson. Demonstration of “‘ A New Ophthal- 
moscope,” by Mr. G. F. Fincham. 

Royat Society or Arts.—Friday, May 9, 4.30 p.m., 
John-street, Adelphi, W.C.2, Indian Section. “The 
Report of the Royal Commission on Indian Agriculture,” 
by Dr. D. Clouston. 

Society or CHEmicaL INDUSTRY. CHEMICAL ENGI- 
NEERING SEcTION.—Friday, May 9, 6.45 p.m., Criterion 
Restaurant, Piccadilly-cireus, W.1. Annual General 
Meeting. At 7.30 p.m., Annual Dinner. Informal 
Discussions on ‘The International Abstracting and 
Classifying of Scientific Literature,” by Sir F. L. Nathan. 
“Chemistry House—the Present Position,” by Dr. H. 
Levinstein. ‘‘The Jubilee Meeting of the Society,” 
by Mr. H. J. Pooley. 








Prersonal.—Messrs. Joseph Adamson and Company, 
Hyde, Cheshire, have purchased the goodwill of Messrs. 
Tinker, Shenton and Company, Limited, Hyde, including 
their patterns, drawings, and other records of their past 
work,—Recently, Messrs. Commercial Secretaries,. 
Limited, removed their offices from Imperial House, 
Kingsway, London, W.C.2, to Cable Research House,. 
Silver-street, London, W.C.1.—Following upon_ the 
purchase of the goodwill and records of Messrs. J. P. 
Rennoldson and Sons, Limited, South Shields, with the 
intention of manufacturing marine engines up to 1,000 
indicated horse-power, Messrs. White Patent Oil Burning 
Company, Limited, have decided to adopt a new name, 
more suited to the extended operations of the company. 
The new name of the firm is Messrs. White’s Marine 
Engineering Company, Limited, Hebburn-on-Tyne.— 
Messrs. Merz and McLellan, 32, Victoria street, London, 
8.W.1, state that they have taken Messrs. J. R. Beard 
and R. W. Gregory into partnership.—Mr. Thomas 
Mensforth, who has recently been employed as works 
manager at the Darlington Rolling Mills Company, 
Limited, has been appointed electrical engineer of 
Messrs. Dorman, Long and Company, Limited. ; 


Tratian Roya TRAIN.—On page 596 of our issue of 
May 10, 1929, we gave brief particulars of @ train con- 
structed for the use of Their Majesties the King and 
Queen of Italy by the F.I.A.T. Company. We have 
received from Messrs. F.I.A.T. (England), Limited, 43-44, 
Albemarle-street, London, W.1, an illustrated brochure 
entitled The Royal Train, which describes in detail the 
interior arrangements and fittings of the train. This 
comprises three steel-panelled, corridor, bogie coaches, 
each of which is 64 ft. 7} in. long, exclusive of the buffers. 
The three coaches are respectively designated the King’s 
Coach, the Queen’s Coach, and the Dining saloon. The 
first two consist of a vestibule, a parlour, a bedroom, a 
lavatory, two or three compartments for aides-de-camp, 
and compartments for the royal servants. In the dining 
car, the saloon contains a 23-ft. table and 20 chairs, 
while a private parlour for the king, a pantry and 
vestibule are also provided. Each coach bears the 
initials R.I.C., signifying that the train can be worked 
over all European lines. There are, to this end, three 
separate braking systems, an automatic compressed-air 
brake as is used on the Italian State lines, a variable one 
as is employed in France, and a vacuum brake as is 
used on Austrian Railways. Two distinct electric-lighting 
systems are. also installed ; one supplied from accumu- 
lators, as is usual on Italian railways, and the other 
worked directly from dynamos, for use when travelling 
over foreign lines. 
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THE TREATY OF NAVAL LIMITATION. 


It would not be difficult to criticise both the 
general principles and the details of the Naval Treaty 
between this country, the United States and Japan, 
which has just been signed, but it is evident that 
it would be fruitless to do so. Public opinion has 
endorsed the Treaty, notwithstanding its. obvious 
weaknesses ; the opposition Press has not attacked 
it; the Parliamentary opposition shows no inclina- 
tion to contest its ratification by Parliament; and 
nobody who has any knowledge of English public 
life can doubt the implications of this friendly 
reception. It may safely be assumed that the 
Treaty will be made operative, and that such 
criticism as is directed against it will be disregarded 
in the country and ignored by Parliament. In the 
circumstances, it is best to steer midway between 
insipid applause and criticism to which nobody is 
inclined to listen, and to review the practical 
consequences of the Treaty dispassionately and 
calmly. 

The first and most important of all these conse- 
quences is that the Admiralty must devise, and the 
Government approve of, a building programme which 
will maintain the Fleet at the strength provided 
for by the Treaty; for it can hardly be supposed 
that the Government intend to follow a policy of 
reducing the Fleet by deterioration and by treaty 
at one and the same time. We propose, therefore, 
to examine what replacements will’ be necessary 
during the six years in which the Treaty will be 
operative. As these replacements will have to .be 
made in each: of the classes of vessel catalogued ‘in 
Article 16, we may deal with each in turn. 





The Treaty allows Great Britain 146,800 tons 
of cruisers with guns of more than 6:1-in. 
calibre, so long as the total number of units does 
not exceed 15: the actual position is as follows: 
Eleven 10,000-ton cruisers are actually built and 
in service, and to these must be added the four 
ships of the Effingham class, which mount 7-5-in. 
guns, and are therefore included in the category. 
The combined tonnage of these vessels is 146,800— 
the exact figure in the Treaty—but as the two 
Norfolks (20,000 tons), and the York and Exeter 
(16,800 tons) are nearing completion, it is evident 
that we have an excess of these ships, which will 
not be completely eliminated by putting the 
Effingham and Frobisher out of service, as provided 
for in Article 18. It would be useless to anticipate 
what measures the Admiralty will propose for 


1 | Teducing our heavy cruiser fleet to the figures 


provided for in the Treaty. Subsection 2 of Article 
16.allows each signatory to dispose of excess tonnage 
“* gradually,” and the Government will presumably 
explain how this article will be put into operation 
when they announce their programme. 

The Treaty allows us 192,200 tons of cruisers 
with guns of 6-l-in. or less, and we actually 
possess only 177,685. There is’ thus an actual 
shortage of rather over 14,000 tons; but this is a 
small matter compared with the prospective short- 
age, which can most easily be described by a 
tabular statement. 











Cruisers completing | 
Year. aexvick: Tonnage. 
1931 -| Dartmouth 4,860 
1932 
1933 ; None : — 
1934 ..| 2 Birminghams 10,240 
1935 3 Carolines .. 11,685 
one 3 Cambrians.. 11,760 
1936 ..| Brisbane 5,120 
3 Cambrians. . 11,760 
2 Centaurs .. 8,240 
Total No. of units 15 Total tonnage 63,665 











The actual and prospective shortages in these 
light cruisers amounts in all to about 18 units, and 
to nearly 78,000 tons. At the present moment 
the designs and tonnage of the vessels which are to 
replace these 6-in. gun cruisers are matters of the 
merest conjecture. Since the Washington Treaty 
was signed, the Admiralty have built nothing but 
‘heavy 10,000 ton vessels ; it was only in 1930, after 
the failure of the Geneva conference, that designs 
were prepared for vessels which were somewhere 
laconically described as ‘“‘ under 7,000 tons.” <A 
somewhat intricate strategical question will domi- 
nate the programme for replacing these 6-in. gun 
cruisers. It has frequently been said that they are 
required for defending sea-borne commerce. This 
is rather vague language, which requires explana- 
tion. If the attack which these new cruisers will 
have to parry is attack by surface vessels, then 
they will be engaged on such work as was performed 
by the old “County ”’ cruisers during the war. The 
principal duty will be to patrol those focal areas 
which raiders are bound to visit sooner or later. 
As cruiser design has never corresponded exactly 
to the strategical duties which cruisers have to 
perform, it is not possible to say what design would 
be most suitable to a focal point cruiser. Most pro- 
bably, however, the Admiralty’s traditional love 
of speed and guns will influence the design, and 
if the new cruisers are built solely for work on the 
defence routes they will displace about 7,000 tons 
and carry from 10-in. to 12-6-in. guns. If it is 
decided to build this class of vessel in replacement 
of the Cambrians, Centaurs and Carolines, which 
are falling out of date so fast, then eleven new 
units will make good the total shortage of 78,000 
tons, and we may expect the Admiralty to announce 
that at least two new keels will be laid down yearly. 

This estimate is, however, made upon the assump- 
tion that the Admiralty contemplate defending 
trade only against surface attack. The assumption 
is rather a bigone. The Naval Staffs of every nation 
in the world know that British commerce can only 
be effectively attacked by submarines operating 
without restriction, and presumably the. civilian 
governments, whom the Naval Staffs advise, are 
well aware of it also. As our weakness is so generally 
known, it is most hazardous to imagine that the 
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country is protected against a recurrence of sub- 
marine war by Article 22 of the Treaty which has 
just been signed ; and it may be assumed that the 
Admiralty will give some consideration to trade 
defence against submarine attack when they prepare 
their cruiser replacement programme. 

We have shown, more than once, in the columns of 
this journal, that a convoy system is the only effec- 
tive parry to submarine attack upon trade. Nobody 
has yet designed a perfect convoy cruiser; but if 
someone did so, her principal characteristics could 
not be doubtful ; she would be a vessel of low speed 
and with very heavy armament. This specialisation 
in cruiser design is certainly not contemplated at 
the moment ; yet even if it be discarded as imprac- 
ticable, it none the less remains true that provision 
for an adequate convoy system must influence 
cruiser design, in that, if a convoy system is insti- 
tuted, it is more important that a considerable 
number of cruisers should be available for service 
than that the cruisers themselves should be powerful. 
It is not necessary to labour the point further ; 
enough has been said to show that the replacement 
programme must necessarily be influenced by two 
conflicting needs, the need for numbers and the 
need for power. The solution adopted will be a 
significant indication of the provision which the 
Admiralty are making for defending trade in war. 

Our position with regard to destroyers is a 
particularly difficult one, in that the bulk of the 
destroyer fleet was built and delivered during 
1917, 1918 and 1919, with the consequence that 
large numbers of units complete their service simul- 
taneously, within a comparatively short interval 
of time. The rapid deterioration with which the 
destroyer fleet is menaced can be seen at a glance 
from the following figures :— 





In 1932..| 3 Marksmen (leaders) and 2 “ R” class destroyers 
complete their service. 

Anzac, 2 Brokes (leaders), and Tyrant, Teazer, 
6 “ R” class, 17 “V” class destroyers complete 
their service. 

Campbells (leaders) and 25 ‘“‘S” class, 4 Thorney- 
croft, 24 ‘V” class destroyers complete their 
service. 

Campbells, 1 Wallace (leaders) and 23 Admiralty §S, 
2 Yarrow 8, 1 Thorneycroft S, 6 ““V” class de- 
stroyers complete their service. 


» 1933.. 


_ 


» 1934.. 


_ 


»» 1935.. 


ts 





During the next five years, therefore, 125 destroyers 
and leaders fall out of service. Eighteen new vessels 
will, it is true, be delivered during this year and 
next, but it is evident that a large and compre- 
hensive destroyer programme will have to be devised 
to stop the wastage which is now in prospect. The 
slight excess of our present destroyer tonnage over 
the tonnage allowed us by treaty will soon disappear, 
and need hardly be taken into consideration. But 
it is also obvious that the replacement programme 
will have to be designed for more than one purpose. 
A destroyer fleet which falls out of service by regular 
instalments will certainly have to be substituted 
for the present fleet, which loses 70 per cent. of its 
effective strength in three years. How this can 
best be done is a matter of nice calculation. As 
the destroyer fleet, reduced to the tonnage allowed 
by treaty, will probably be about 145 units strong, 
the simplest method would be to lay down nine 
keels a year. This, however, would have one 
serious disadvantage, for during the three years of 
most rapid wastage—1933, 1934, and 1935—only 
27 destroyers will come forward to replace the 117 
which would then complete their service ; and it 
would not be until five years later that the strength 
of the destroyer fleet would begin slowly to recover. 
The Admiralty can hardly contemplate allowing the 
destroyer strength to fall so low during five years. 
If any British Government should be compelled 
to avail themselves of the permission to undertake 
additional building granted by Article 21, then 
that additional building will, in all probability, be 
in destroyers. 

Our submarine strength will, on the other hand, 
be more easily maintained than our strength in light 
cruisers and destroyers. We possess a submarine 
fleet of 45,534 tons, and by treaty are allowed 
52,700 tons. By the end of next year all the 
H class vessels, 14 L’s, and R.4 will complete 
their service. This prospective loss of 16,000 tons 
of submarine tonnage is, however, fairly well 
compensated by the 15,000 tons of Parthians and 


Rainbows, which will be delivered during the same 
period. 

It is thus evident that, although the Treaty may 

have stopped competition in naval building, it 
has not stopped naval building itself. Quite the 
contrary. A comprehensive building programme 
will be necessary if the British Fleet is to be main- 
tained at the strength allowed to this country by 
the Treaty. At the present moment it would be 
superfluous to speculate upon the figures which will 
be announced when the Admiralty’s programme is 
presented to Parliament. This review of the 
position has, however, been made in order to 
establish the following general standard of criticism. 
Whatever building figures are announced for any 
particular year, the average number of annual 
deliveries during the next six years ought not to 
fall below four light cruisers, if the type selected 
is fairly large, or sixif it is smaller, together with 
nine destroyers, and about five submarines. 
But this calculation has been made on the assump- 
tion that none of the Powers signatory to the Treaty 
avail themselves of the permission granted by 
Article 21. This article is so important that we 
feel compelled to quote in full :—‘‘ If during the 
term of the present Treaty the requirements of the 
national security of any High Contracting Party in 
respect of vessels of war limited by Part III of the 
present Treaty are, in the opinion of that party, 
materially affected by new construction of any other 
Power, other than those who have joined in Part III 
of this Treaty, that High Contracting Party will 
notify the other parties to Part III as to the increase 
required to be made in its own tonnages within one 
or more of the categories of such vessels of war, 
specifying particularly the proposed increases and 
the reasons therefore, and shall be entitled to make 
such increase. Thereupon the other parties to 
Part III shall be entitled to make a proportionate 
increase in the category or categories specified ; 
and the said other parties shall promptly advise 
with each other, through diplomatic channels, as 
to the situation thus presented.” 

It is not disguised that this article has been 
inserted because the French building programme, 
combined with the French refusal to sign the Treaty, 
causes a certain amount of anxiety about the future. 
That programme was, however, communicated in 
great detail by the French delegation, and it ought 
to be said in fairness that it is a most justifiable 
project. We have not space at our disposal to 
describe France’s growing dependence upon sea- 
borne supplies of grain, coal and oil, which are all 
carried over long oceanic routes, and it must here 
suffice to say on this head that this increasing 
dependence upon oceanic lines of supply is being 
added to France’s dependence upon the country’s 
military communications with Algeria, Tunis and 
Dakar. A French fleet strong enough to protect 
weekly convoys on the French oil and grain routes, 
and to defend the stream of transports which would 
run, in war time, between Brest and Dakar, Toulon 
and Northern Africa, would be a far more powerful 
fleet than the one the French staff desire to build. 
As far as can be seen, the French Government in- 
tends to build a strong force of light craft with a 
backing of heavy cruisers, in the hope that this 
composite force will establish local zones of security 
round Brest, Havre and in the Western Mediter- | 
ranean, similar to the zone of security which the 

yermans established in the German bight. This is 
a modest and unprovocative plan; but thoughtful 
Frenchmen must surely understand that British 
statesmen and British naval officers would fail in 
their duty if they neglected to examine the plan 
through British spectacles. This composite force 
of cruisers, destroyers and submarines will be 
based upon Brest, and will be able to operate from 
the French Channel ports. The new French fleet 
will, therefore, be placed right upon the flank of a 
zone of water crowded with the shipping that 
carries to Great Britain the thousand million gallons 
of oil, the hundred million hundredweights of grain, 
the fifty million hundredweights of maize and barley, 
the twenty five thousand hundredweights of meat, 
without which Great Britain would be no more 
than a prison for forty-five million human beings, 
all of whom would be idle, half of whom would be 











starving. The zone of water which is bounded by 


the Southern Irish coast, the northern coasts o/ 
Somerset, Devon and Cornwall, the southern shores 
of Great Britain and the northern coast of France. 
is, to this country, what Metz, Toul and Verdun are 
to France. Englishmen are as much compelled to 
inquire what forces can operate in that zone of 
water as Frenchmen are compelled to inquire 
about the security of their Eastern frontier. 

But when we seek to make this inquiry, we are 
at once confronted with a difficulty. The French 
delegation presented figures which they said. 
represented the total tonnage of their fleet as it 
would be constituted in 1936; but those figures 
were prepared in a rather peculiar way. Light 
cruisers, destroyer leaders, and destroyers were 
grouped together, with the result that it is not easy 
to decide how many units in each class will be added 
to the existing strength. In the circumstances it 
is best to examine those figures about which there is 
no ambiguity. The French propose to have ten 
10,000-ton cruisers, and 90,000 tons of submarines 
in commission by 1936. This submarine tonnage 
must be converted into units. At the present 
moment 44 French submarines are in service 
and 47 are being built ; the total tonnage of these 
91 vessels is 82,000 tons. About six additional units 
will probably make up the difference between this 
total and the projected tonnage of 90,000, so that 
we may assume that the French submarine fleet, 
when completed, will be nearly a hundred units 
strong. The French have often emphasised the 
distinction between ‘their coast defence submarines 
and their submarines of a larger type; but the 
distinction is none to us, as the smallest French 
submarine is a larger vessel than many of the German 
U.13 boats, which operated with such deadly effect 
in the Channel and its western approaches. 

With regard to light cruisers and destroyers, the 
French possess 112,508 tons, and are building 
21 additional units. The total tonnage, built and 
building, is 157,375. The French delegation 
announce, however, that they propose to build 
258,597 tons of vessels in these two categories. 
This increase of 100,000 tons is so heavy that it is 
difficult to understand. The French have given 
no indication that they propose to build additional 
light cruisers, and their average rate of delivery in 
vessels of the leader and destroyer class is only 
about 6,000 tons a year. Assuming that this were 
quickened up, when the submarine programme is 
completed, and that four of their admirably- 
designed leaders were delivered annually until 
1936, the total French tonnage in light cruisers. 
leaders and destroyers would still be well below the 
tonnage figures in the French memorandum. It 
seems prudent to assume, therefore, that, in 1936. 
the French light fleet will consist of seven 6-in. 
gun cruisers, four of which will be quite out of 
date, of thirty-two or thirty-three leaders, and of 
about seventy destroyers. Will this force, added 
to ten heavy cruisers and 100 submarines, be so 
powerful and menacing that the British Govern- 
ment will be compelled to avail themselves of the 


| liberty granted by Article 21 ? 


It must at once be said that it would be futile 
to examine this question merely by examining its 
strategic implications, but it should also be added 
that the French Navy, as it will be constituted 
in 1936, would be strong enough to operate in 
our western approach routes with the most 
devastating effect. With a fleet of 100 submarines 
based on the northern ports, the French would 
certainly compel us to place all our Atlantic trade 
under convoy, and their cruiser forces could raid 
and harry the convoys with terrible effect. It 
would, in such circumstances, be exceedingly 
difficult to reduce such mercantile losses as we 
should inevitably suffer in the western aproaches 
to a bearable figure, so that, if relations between 
Great Britain and France were entirely dominated 
by problems of naval defence, then unquestionably 
the British Government would, almost at this 
moment, be justified in putting the twenty-first 
clause of the Treaty into operation. This, however, 
is very far from being the case ; political relations 
between two countries are not nowadays sub- 
ordinated to the stark ‘facts of a military problem. 
When responsible statesmen in two neighbouring 
countries have no outstanding controversies to 











se 


‘is 


sh 
in 


1g 


iS 


ag 
to 


ENGINEERING. 


577 








MAY 2, 1930.] 


settle, can see none in prospect, and are confident 
that if they arise they will be settled before they 
have provoked dangerous national passions, they 
are quite entitled to regard these good and friendly 
relations as the equivalent of a certain amount of 
protective military force. Now the outstanding fact 


in Anglo-French relations during the last ten yearsis| such inquiries, conducted after the legal manner, 


that the vituperations of some part of the French 


Press against Great Britain, has not embittered the | clusions which have greatly reduced the value of the 


relations between the two Governments. From this 
it is safe to assume that if peaceful relations between 
the two countries are ever endangered, the disturbing 


influence will more probably be a question of high/ frequently referred to the excellent work of the 
politics than an outburst of popular indignation | Manchester Steam Users’ Association, whose former 
at some incident which excites the antagonism chief engineer has made many valuable contribu- 
of the two nations. In other words, the provocation | tions to engineering knowledge. The accident in 
question is the first, we understand, in the 75 years’ 
To proclaim urbi et orbi that the French building | history of the Association, and it seems to us quite 
programme “affected the requirements of our| illogical for this reason to place so much blame 
personally upon the shoulders of Dr. Telford Petrie, 

Any British Government, whatever its political| who only took charge as chief engineer six months 
or so before the event under discussion. This is 
that France and Great Britain are naval rivals ;| all the more so when we note that the Commissioners 
any French Government would be willing to| believe that the corrosion started soon after the 
reconsider a policy which was provoking the| erection of the boiler in 1905, and that for some 
British Government to take so serious a step.| time the boiler had been working in a dangerous 


The probability is, therefore, that there will be| state. 





will come from above rather than from below. 


national security ’’ would be a very serious matter. 


complexion might be, would hesitate to announce 


some slight readjustments in the French programme ; 


course, the benefit of the evidence in full, and we | 


do not know how it was led, or whether carrying | 
one or another part a little further, or a somewhat | 


different handling of witnesses, might or might not | 


have put a very different complexion on some of | 
the points. We are, however, well aware that | 


have not infrequently in the past arrived at con- 
investigation from the practical viewpoint. 


One cannot help feeling that the case has been 
put in the worst light possible. We have very 


It is quite unlikely that if corrosion had 


MINERAL DUST IN FACTORIES. 


The inconvenience of dust in industry varies greatly 
with the nature of the work that is being carried on, 
and of the material from which the dust is made. 
Any form of dust, for instance, is pestilent in the 
manufacture of photographic plates, and any form 
of abrasive dust is bad for machinery. This much 
knowledge is of old standing, but it is only in com- 
paratively recent years that particular knowledge 
has begun to be acquired about the effect of a dusty 
atmosphere on those who work in it. For some 
time past it has been established that the inhalation 
of dust may cause not only diseases of the lungs and 
of the bronchial passages, but also local alterations 
of their tissues, the most important of which is the 
formation of fibrous tissue in the place of the air 
cells, whereby often the patient becomes much 
more susceptible to phthisis. In each of the indus- 
tries in which such results of the inhalation of 
dust have been traced more particularly, the dust 
by which the injury was produced was some form 
of free crystalline silica, while some other forms 
of industrial dust could not produce similar effects. 
Of late, however, evidence has appeared that the 
dust formed in the treatment of asbestos produces 
effects which are generally. similar to those arising 
from the silica-laden dust. The fibrous formations 
are not precisely the same, and they appear to 


that the British Government will be satisfied ; and 
that British public opinion will not be alarmed 
by the presence of a powerful French force on 
the southern side of the Channel, so long as the 
relations between the two countries continue on 
their present footing. A deterioration in those 
relations is, in fact, more likely to put Article 21 
of the Treaty into operation than an increase in 
French naval strength, which the British public 
may not have expected, but to which they may 
well become accustomed. 











THE TRANMERE BAY BOILER EX- 


TE report of the Commissioners appointed under 
the Boiler Explosion Acts of 1882 and 1890, to 
investigate the cause of the boiler explosion which 


occurred at the Tranmere Bay Works of Messrs. | another light than that which has been put upon 
Cammell Laird and Company, Limited, on April 11, | it in this report. 


1929, has recently been published, and demands 
some notice. i 


Stated briefly, the boiler which exploded was of | Cammell Laird tested this boiler after re-tubing in 
1916, it was not so tested after the process had 
due to the wastage of the plating of one of the| been repeated in 1928. This point is not brought 
lower drums. The end of this drum was enclosed | out by the Commissioners, nor is any suggestion 
by brickwork, which, owing to the conditions of| made by them that the brickwork might very 
the site, below ground and between two docks, | well have been cleared at that time for a complete 
was liable to damp. The boiler was built about/| inspection. The Commissioners relieve the owners 
1905. Till 1914 it was inspected by Messrs. | of all blame, as may be technically their due, under 
Cammell Laird themselves, but at that date the| the terms of the insurance, but, with their intimate 
responsibility under the Factory Act was trans- | knowledge of the installation, it seems curious, since 


the Stirling type, and the failure was obviously 


ferred to the Manchester Steam Users’ Association. | t 


It appears that the boiler was re-tubed and tested | it did not strike someone at the works that an 
hydraulically in 1916, and was again re-tubed in| hydraulic test after the second re-tubing might 
1928. The last certificate was given on Decem-| have been advisable, or that the brickwork, being 
ber 17, 1928, and a further one was ready for issue | liable to damp, was likely to encourage exterior 


at the time of the explosion based on an examina- | c 


tion made about a fortnight before the boiler! occurred to anyone until the fact was noted in the 
failed. It is to be noted that, in connection with inspector’s report of 1928. In their own interests, 
this last examination, on April 2, the inspector | it may reasonably be supposed, that, if conditions 
Suggested that “while he did not see any special | were so obviously unsuitable as the Commissioners 
need for stripping” the brickwork, he recommended | state, the owners might have been expected to 
that this should be done, as the boiler was getting | draw the special attention of the Association to the 
old and the brickwork was damp. opportunity which re-tubing in 1928 gave, for the 

The Commissioners’ report places the blame for | Temoval of any necessary brickwork, &c. Taken as 
the occurrence on the Manchester Steam Users’|@ whole, the facts brought out by the inquiry 
Association, together with Dr. Petrie, its Chief | suggest that certain features have been construed 
Engineer, and Mr. Ogden, of his office. The latter was | by the Commissioners in the worst sense, and that 
points which are clear enough to them with their 
toabove, without instituting further action, but it will | present full knowledge, and on which they have 
be noted that the wording is not such as necessarily | expressed themselves very decidedly, were not so 
to imply the need of immediate proceedings. The | either to the owners, even when they inspected the 
Teport, as set out, constitutes a somewhat serious | boiler themselves, or to the insurance company or 
indictment against the individuals named and the| its agents subsequently. 





responsible for passing the inspector’s report, referred 


Association, but it is possible, as has been known 


to happen in such cases, that, had the inquiry | too high a reputation for us to be convinced by 
been in really technical hands, other facts would | such a report that it is not competent to choose 
have been given weight which would go to show | suitable officials for its staff, and the Commissioners’ 
some of the remarks specially selected for criticism, | criticisms will probably be assessed at a reasonable 
in a rather different aspect. We have not, of'! figure in competent circles. 





thus been proceeding slowly for a long period, it 
should have been latterly so accelerated as to 
develop to a dangerous state only, or mainly, 
during Dr. Petrie’s short term of office. Further, 
few large businesses nowadays expect a chief 
to concern himself with details of every part of 
his work. With the size to which organisations 
now extend, any such process is unworkable in most 
industries, and we do not imagine that boiler 
inspection is any exception. In order that work 
may proceed in any business, a certain amount of 
authority has to be delegated, and, for the chiefs 
to have time to give to the exercise of control 
and the direction of policy, it is essential that some 
balance be struck in these matters. While, there- 
fore, we do not argue that the Association is free 
from blame, the personal responsibility of a rela- 
tively new chief engineer strikes us as in quite 


With regard to general conditions, it is to be 
nferred from the report that though Messrs. 


hey are deemed competent and responsible, that 


orrosion. There is no evidence, in fact, that this 


So far as the Association is concerned, it enjoys 


develop more rapidly, though adding less to the 
patient’s susceptibility to phthisis. After careful 
enquiries, in fact, asbestosis has been added to 
silicosis as an occupational disease arising from 
working in dusty surroundings, and in a report just 
issued by the Home Office on Effects of Asbestos Dust 
on the Lungs, and Dust Suppression in the Asbestos 
Industry (H.M. Stationery Office, price 1s. 3d. net), 
Dr. E. R. A. Merewether, M.D., and Mr. C. W. Price, 
respectively medical and engineering Inspectors of 
Factories, describe the results of an extensive in- 
vestigation carried out during the year 1928 and 
1929. 

While the effect of the report is not such as to 
cause panic, and in Dr. Merewether’s opinion the 
outlook for preventive measures is such that in 
10 years or so their energetic application should 
produce a great reduction in the incidence of the 
disease, the results recorded seem to leave no 
doubt that, as Sir Gerald Bellhouse observes in 
submitting the report, the disease itself is serious, 
and the necessity for suppressing the dust from 
which it arises has only recently been appreciated. 
Its seriousness is the greater for the reason that 
has prevented it from attracting notice till recently. 
Although asbestos has been known and worked 
since the time of the ancients, yet it is only in the 
last 40 years or so that it has been worked com- 
mercially to an appreciable extent, and it is less than 
30 years since the great expansion of the industry 
began. Even now it is not a large industry. 
Apart from the considerable number of workers 
exposed to the influence of mixed dust, of which 
asbestos forms only a part and often only a minor 
part, it is estimated that the number of persons in 
this country who are exposed in their daily work to 
the inhalation of asbestos dust is not more than 
about 2,200. This in itself is a number large enough 
to indicate the necessity of taking precautions 
against exposing such workers to any serious occu- 
pational disease, and it has also to be borne in mind 
that this number has been reached by a process of 
rapid growth in the industry, which is likely to go 
considerably further. In the motor, electrical, 
engineering and building industries the uses and 
applicability of asbestos are being increasingly 
recognised, and its value and convenience as an 
ingredient of heat-insulating covering seems likely 
to cause an enhanced demand for it with the in- 
creasing attention that is now being paid to the 
insulation of plant in the interest of fuel economy. 
There seems reason, therefore, to believe that the 
industry is likely to undergo much further develop- 
ment, partly perhaps in the methods and plant 
applied in its technical processes, and partly also in 
the enlargement and sometimes the rehousing of 
its existing plant. The time is, therefore, opportune 
for considering what measures are necessary to 
enable this valuable industry to be carried on with- 
out adding to the number of those who suffer from 








occupational diseases. 
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The suppression of dust has already been recog- 
nised as the indispensable means of solving problems 
of health and sometimes of efficiency in many indus- 
tries. In the manufacture of asbestos it is attended 
with a peculiar difficulty, arising from the nature of 
the material. Asbestos is a term applied to a variety 
of minerals, which mostly differ from each other in 
their physical properties to such an extent that for 
some purposes it is necessary that they should be 
blended. Not only for this reason, but also because 
the fibres of which all kinds of asbestos minerals are 
composed owe some part of their technical value to 
their fineness and flexibility. These fibres have to be 
separated out before manufacture, and their struc- 
ture is such that they seem able to divide longi- 
tudinally to an indefinite extent, and thus when 
broken to produce dust of extraordinary fineness. 
The observations included in the report show, for 
instance, that a majority of particles of asbestos 
dust floating in the air are not larger than a five- 
hundredth of a millimeter, and many are as small 
as a two-thousandth. It is said, therefore, that 
respirators, apart from their discomfort and the 
difficulty in inducing workers to wear them for any 
length of time, are unable to arrest the finest 
particles of dust, and at best can only be regarded as 
a second line of defence. Reliance has accordingly 
to be placed on arrangements for dealing with the 
dust at a greater distance from the worker, and the 
recommendations with which the report concludes 
show that the processes both of the direct treatment 
of the material and of the use of ventilation for 
controlling the dust are in many respects similar to 
those found in other industries. The chief measure 
hitherto adopted is the application of efficient 
localised exhaust ventilation at dust-producing 
points. Though it is described as the most generally 
applicable, it has not been applied as yet to hand- 
work, and only to some machines and appliances. 
In others the nature of the process and machinery 
presents special difficulties. The substitution of 
enclosed mechanical methods for hand conveyors 
and for dusty handwork generally is desirable 
wherever it can be applied, which at present does 
not seem to be as often as could be wished. The 
effective enclosure of dust-producing machines and 
plant, and the substitution of wet methods for dry, 
are also measures which it is considered might be 
adopted to a greater extent than they are. Apart 
from the elimination or modification of certain 
machines, which at present produce much uncon- 
trollable dust, the utmost possible abandonment of 
settling chambers in manufacturing processes, the 
separation of dust-producing processes from others, 
so as to limit the number of workers exposed to 
them, and the wide spacing of dust-producing 
machines so as to reduce the concentration of dust 
in the air of the workroom as a whole, are among the 
other measures recommended. Many of these pre- 
cautions are linked up with the efficiency of the 
general exhaust ventilation, and some of them, such 
as damping floors and benches, cannot yield their 
full benefit unless they are supplemented by efficient 
cleaning of the workshop. 

Though the problems that are intended to be 
solved by measures such as these are not new, but 
occur repeatedly in a great variety of industries, 
they present themselves even in the asbestos indus- 
try in many different circumstances. This may have 
something to do with the fact that general exhaust 
ventilation does not seem to be as effective as 
might have been expected. The intervention of the 
Factory Department of the Home Office along the 
lines on which its work seems usually to be con- 
ducted ought to be of considerable assistance to the 
efforts of the industry to put its factories in order 
in this important respect. The report gives many 
examples of energetic measures taken by individual 
firms, experimentally and otherwise, to obtain a 
satisfactory solution, and in this, as in other indus- 
tries, the Department appears to be working on the 
assumption that manufacturers are themselves no 
less anxious to have their works as healthy and as 
safe as they can be made than the Department is 
to see that they are so. This assumption is un- 
doubtedly correct in regard to the great majority 
of the most enlightened and successful firms, and it 
seems likely that co-operation between the Depart- 
ment and such firms would yield results not to be 





obtained from inspectors who present themselves, 
like policemen and tax gatherers, for the purpose 
of forcing manufacturers to do what they do not 
think is necessary or desirable. It seems reasonable 
to hope that the improvement which this co-opera- 
tion should effect would in itself go a long way to 
induce the example of the firms who took part in 
it to be followed by others, and would reduce the 
probably small number of instances in which it might 
be considered necessary to apply the much less satis- 
factory method of compulsion. By its constitution 
and functions the Factory Department of the Home 
Office is in an exceptionally good position to be 
of use in such co-operation. Each industry knows 
its own difficulties, and probably knows them better 
than they are known to factory inspectors. Of the 
difficulties of other industries, on the other hand, 
it has far less precise knowledge, and conceivably 
the experience of practically all industries which is 
centralised in the Factory Department might be of 
value in applying the methods that have been found 
successful in one industry to an unsolved difficulty 
of another. In the present report, for example, it 
appears that little or no use has been made of vacuum 
cleaning methods for the cleaning of works, 
machinery and sacks. It is pointed out, however, 
that in other classes of work, such, for example, as 
electric cable factories, portable vacuum sets are 
constantly used with great advantage. How this 
collective experience might be mobilised on occasion 
for use when it was required without overburdening 
factory inspectors by invoking it needlessly, might 
perhaps be a matter of some difficulty. It seems, 
however, to deserve consideration, if, indeed, it has 
not already received it. 








NOTES. 
MemoriaL To Mattaew Murray. 


Tue labour of love, which was undertaken to 
provide a fitting memorial to Matthew Murray, 
who has been justly called ‘The Father of Leeds 
Engineering,’ has now been successfully completed. 
The efforts of those responsible have resulted 
in the distribution of over 2,700 copies of the 
Matthew Murray book, which was reviewed in 
ENGINEERING on February 22, 1929, to the libraries 
of Leeds and of the principal cities of Great Britain, 
as well as to most of the leading engineering 
institutions. A special gift by Lord Brotherton also 
enabled 900 copies of this book to be presented 
to scholars of the higher forms of the secondary 
schools in Leeds, who were invited to write essays 
on the pioneer, with which it dealt, and prizes 
were awarded for the result. In addition, many 
copies have been purchased by engineering firms, 
and a satisfactory number have been sold through 
booksellers. Further, a bronze plaque, which was 
described in ENGINEERING of May 17, 1929, has 
been erected on the site of the works of Messrs. 
Fenton, Murray and Wood, in Water-lane, Holbeck, 
large framed photographs of which plaque have 
been presented to the Institutions of Civil and 
Mechanical Engineers, the National Union of 
Railwaymen, the Engineering Department of Leeds 
University, the Leeds Technical College, and to 
several museums abroad. ‘‘ Matthew Murray ” 
prizes to the amount of 51. are being awarded at 
the end of this session to day and evening students 
in mechanical engineering at the Leeds Technical 
College and at the Junior Technical School, Holbeck, 
and will be continued from year to year, as funds 
allow. Arrangements are being made for replicas 
of the models of the Murray locomotive, and the 
Blenkinsop rack rail now in the Science Museum, 
London, to be made for the Museum of Peaceful 
Arts, New York, and probably also for the Leeds 
Museum, while replicas of the rail have already 
been supplied to four other museums. That so 
much has been done in a manner, which Murray 
himself would have approved, is largely owing to 
the energy of the chairman and general honorary 
secretary of the Fund, Mr. E. Kilburn Scott, to 
whom the thanks of all those, who desire that the 
memory of pioneers in engineering should be 
fittingly honoured, are due. 


THE Junior INSTITUTION OF ENGINEERS. 


The typical ‘‘ Junior” atmosphere pervaded the 
dinner presided over by Sir Ernest Moir on Friday 








last. At these functions, as is known, it is not the 
custom to adhere quite so rigidly to the formality 
which is supposed generally to add dignity to 
occasions of the kind, though, on the other hand, 
the body has customs of its own by which it sets 
great store. The toast of the evening was “The 
Great Adventurers of Engineering,” proposed by 
Mr. B. E. Dunbar Kilburn, and replied to by the 
President. Mr. Dunbar Kilburn recalled how many 
of the early adventurers in engineering had worked 
out their ideas without public encouragement. He 
thought that in their President they had a worthy 
successor to the long list who had held office before 
Sir Ernest Moir. Sir Ernest had had to act as a 
pioneer in many directions during his career, as 
had now been to some extent put on record in the 
address he gave some time ago before the Institu- 
tion. Sir Ernest Moir, replying, admitted that he 
had had to play the part of adventurer. He had, 
he said, also been driven to do things himself which, 
if he had been only a little bolder, he would have 
deputed to others. He was fortunate in having 
been able to combine his adventures with not a 
little profit. The engineer was greatly indebted 
to other sciences, and the medical work which 
had rendered many of their schemes possible was 
as much pioneering as anything. Lord Cowdray 
was a great adventurer. hes were pioneers in 
finance, and all needed to go forward together. The 
toast of “‘ The Institution ” was proposed by Major 
A. M. Kerr, of the Imperial War Museum, and re- 
plied to by Mr. Stanley Dunlop, Chairman of the 
Institution, who spoke of its members Empire- 
building abroad. With Sir Ernest Moir presiding, 
Mr. F. Palmer, Sir Brodie Henderson and Sir H. G. 
Lyons present as guests, the reflection of the Institu- 
tion upon work abroad is evident. In fact, many 
of the elders present felt that by their attendance 
they were benefitting themselves as much as en- 
joying hospitality as guests, living over again some 
of the incidents of their earlier work and imbibing 
during the evening some of the spirit which keeps 
the Institution and its members young in spite of 
advancing years. 


LamInaTEeD AroH Dams WITH FoRKED ABUTMENTS. 

In a paper published under the above title in 
the Proceedings of the American Society of Civil 
Engineers, Dr. F. A. Noetzli suggests a new type 
of arched dam, the main distinguishing feature of 
which is that the arch is built up of separate rings 
somewhat in the same way as were the brick over- 
bridges of Brunel, though the successive rings are 
much thicker and are of concrete instead of brick. 
Thus constructed the dam is much less stiff in 
the vertical plane than a monolithic dam of equal 
total thickness. By this artifice the serious bending 
stresses in the vertical plane are much diminished, 
as also the stresses due to temperature changes and 
to shrinkage. In the central plane the arch profile 
leans downstream, so that a plumb line dropped 
from the downstream face of the crest would fall 
clear of the bottom by several feet. In this way 
the maximum radius of the arch is materially 
lessened. The abutments constitute another special 
feature of the new dam. They are forked in plan, 
and made sufficiently long to reduce very consider- 
ably the maximum span of the arch at crest level. 
In the concluding section of his paper Dr. Noetzli 
describes a remarkable dam now under construction 
in France, on the Dordogne River at Marége. In 
this case, in order to avoid the heavy secondary 
stresses associated with a thick arch, there is a 
succession of five arch dams, some 60 ft. to 70 ft. 
apart. Of these the crest of the highest is 229-6 ft. 
above bed level. It has a uniform thickness of 
3-94 ft. About 60 ft. downstream of this arch 
dam is another, 183-7 ft. high and 4-43 ft. thick. 
The space between the two is kept filled with water, 
so that the effective head on the upper dam is only 
45-9 ft. Below the second dam is a third, 137-8 ft. 
high and 4-32 ft. thick. This is followed by 4 
fourth, 91-8 ft. high and 4-43 ft. The last of 
the series is 45-93 ft. and 3-94 ft. thick. Auto- 
matic arrangements are provided to ensure that 
the interspaces between each successive pair of 
dams is kept full of water. Before the plans for 
this dam were finally passed tests were made on a 
model, to a scale of ;35, which was loaded with 


mercury. 
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Tue StirFNEss oF Pree BENDs. 

In a series of papers in the Journal of Mathematics 
and Physics, which is published by the Massa- 
chusetts Institute of Technology, Professor W. 
Hovgaard has discussed, both by calculation and 
experiment, the stiffness of pipe bends. Owing 
to the fact that the pipe section does not remain 
circular when subjected to a bending stress, these 
bends are very much more flexible than is indicated 
by the ordinary theory applicable to hooks and 
bent beams. Denoting by Az the deflection of 
one end of a bend relatively to the other end, 
the following formula was deduced : 


P 
Ag=i5 [Kydes 


where y is the ordinate, to the centre line of the 
bend, measured from a line joining the centres 
of the ends of the bend, and As denotes an 
elementary length measured along this centre line. 
P denotes the force required to produce the 
deflection Az and I is the moment of inertia of 
the section of the pipe determined in the ordinary 
way. The term K is given by the expression : 

48 h? R? + 10 r# 

48 h? R2 + r4 

where R is the radius of curvature of the axis of 
the pipe, whilst h denotes half the wall thickness, 
and r the mean radius of the pipe section. This 


K= 


Dr. Daniel Adamson opened the discussion by 
observing that he regarded the paper as a most 
helpful one to all steam users, and he was glad that 
it had proved practicable to present it in London 
as well as in Manchester. He would like to ask 
one or two questions. Early in the paper it had 
been stated that the installation of air-heaters 
between the economisers and the chimney had 
increased the thermal efficiency by about 5 per 
cent. and the steaming capacity by about 10 per 
cent. This seemed to involve the consumption of 
some additional fuel, and perhaps it could be 
explained how that was achieved. Generally, by 
reducing the chimney temperature and improving 
thermal efficiency, the capacity of the grate to 
consume the fuel was reduced. Again, in one of 
the tables it was recorded that seven Lancashire 
boilers had a maximum capacity just double that 
of another group of six, of the same size. This also 
seemed to require some more detailed explanation 
than that given in the remarks appended to the 
table. It was stated that the Woolwich water had 
26 deg. of total hardness, a state of affairs which 
almost required a paper to itself to elucidate methods 
of dealing with it ; nevertheless, he would put only 
one query, which was: Why, instead of separating 
the water-softening plants, had not one main lime- 
soda plant been installed to distribute purified 
water, leaving the base-exchange plants to be 


formula has been tested by experiments on nine] installed as required for the water-tube boilers 


bends of different shapes, the specimens used 
being pipes ranging in diameter from 4} in. up 
to 14 in. In a paper which appeared in the 
December issue of the Journal of Mathematics and 
Physics, Professor Hovgaard describes further 
experiments in which the actual strains on two 
thick-walled bends were measured by means of 
nine Huggenberger tensometers. These new experi- 
ments confirm the general accuracy of the above 
formula. It was found that so long as the maximum 
longitudinal stress, tensile or compressive, at the 
median surface did not exceed 20,000 lb. per 
square inch, there was no appreciable permanent 
set, the material used being a mild steel having 
a yield point not less than 25,000 lb. per square 
inch. There was, however, evidence of local 
overstrain before the 20,000 lb. limit was reached. 
Two alternative formule are given in the paper 
for calculating the bending stresses. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Tue last ordinary general meeting of the session 
of the Institution of Mechanical Engineers was held 
on Friday, April 25, at Storey’s-gate, Westminster, 
the President, Mr. Loughnan St. L. Pendred, being 
in the chair. The meeting commenced by an 
announcement from the President that, on March 28, 
His Majesty the King had signed the Royal Charter 
of the Institution, which now only awaited the 
attachment of the Great Seal. The ordinary formal 
business was then transacted. 

PRODUCTION AND DISTRIBUTION OF STEAM. 

In the absence, through illness, of the author, 
Mr. Francis Carnegie, C.B.E., Mr. Newton Booth, 
his assistant mechanical engineer, read in abstract 
a paper entitled ‘“‘ The Economical Production and 
Distribution of Steam in Large Factories.” We 
begin to reprint this paper, in abridged form, on 
page 585 of the present issue. It had been read 
at the North-Western Branch at Manchester on 
Thursday, April 10, and we shall deal with the 
discussion at this meeting subsequently. 

The President, in declaring the paper open for dis- 
cussion, said that in the past Government factories 
had often been looked upon as being establishments 
conducted regardless alike of expense or efficiency. 
It was clear, however, from the paper before the 
meeting, that at Woolwich, at all events, economy 
and efficiency were as carefully studied as in any 
private organisation. He imagined that every 
case of steam distribution had to be considered 
agreeably to the conditions obtaining in that 
particular factory; nevertheless, there appeared 
to be in the paper details which were applicable to 
any system that might be adopted. Mr. Carnegie 
had done good work in rendering such details 
accessible to the members. 


referred to ? 

The period between successive cleanings of the 
boilers had been given at 2,000 steaming hours. 
He would like to know what was the method of 
controlling condensate delivery to the boilers: a 
process of great importance. Mr. Booth had 
remarked that at Woolwich a continuous blow-down 
system was about to be installed. It would be 
interesting to know how far this would be allowed 
to affect the working densities of the water in the 
Lancashire and water-tube boilers, respectively, as 
found safe at present. It would be realised that 
continuous blowing down would affect the so-called 
efficiency of the boilers if no account were taken 
of the loss of heat in the water discharged in that 
way. The paper mentioned the very important 
question of loss of heat from brickwork boiler 
settings, and he would like to know what was the 
experience in the factory, if any, with insulating 
bricks. He was himself inclined to think that these 
were not so effective as appeared at first sight. 

Dr. Adamson then went on to say that he thought 
those parts of the paper dealing with long-distance 
steam transmission were the most valuable, as 
the data given were based upon full-sized experi- 
ments and were correlated with previous scientific 
tests, as indicated in the diagrams. It would 
appear from Fig. 19 that there was really very little 
difference between Lancashire and water-tube 
boilers with regard to relative economy where the 
capacities overlapped, t.e., between evaporations 
of 10,000 Ib. and 30,000 lb. of steam per hour, while 
the total costs of the steam in a group of seven 
Lancashire boilers and one of ten water-tube boilers, 
given in Table [X, were practically identical. The 
maintenance charges for the Lancashire boilers 
were, in this table, stated to be 2-5d. per 1,000 Ib. 
of steam, and for the water-tube boilers 2-1d. 
These figures, he thought, could be challenged. 
His own figure for maintenance, based upon owner’s 
information on the working of 16 Lancashire boilers 
over a period of seven years, was 3d. to 6d. per 
10,000 lb. of steam. This lowest figure was under 
one-eighth of the lowest given in the paper and just 
quoted. There might be differences in the method 
of calculation in the two cases, but, in spite of that, 
a difference of 8 to 1 did call for some explanation, 
The boilers he referred to were of the multi- 
tubular Lancashire type, with the back end of the 
ordinary flues coupled to a nest of small tubes, 
and were fitted with air heaters. There was no 
brickwork setting whatever, so that the troubles 
from this cause mentioned in the paper were absent. 
The ordinary working efficiency—not a test effi- 
ciency—was 72-5 per cent. No reference had been 
made in the paper, in the comparison between 
Lancashire and water-tube boilers, to the greater 
danger in working of the latter type, which, as 





experience of late proved, had belied the title of 


“safety” boiler bestowed upon it at its introduc- 
tion, some thirty to forty years ago. A French 
inspector of mines, for instance, had said that 
deaths and injuries were relatively four to five times 
as great in the case of water-tube boilers as with 
other types. This was an aspect worth considera- 
tion in the balance-sheet. In conclusion, he thought 
the author was to be complimented for giving with 
such candour the results of very careful experiments 
on a large scale of various types of boiler, and he 
considered the average results obtained could 
reasonably be relied upon. 

Mr. Robert Jory, who said that for the last five 
years he had been concerned with high-pressure 
and high-temperature work in the United States, 
remarked that the last speaker’s comments on the 
safety of water-tube boilers were hardly reassuring 
to one who was concerned with six water-tube 
boilers with evaporations of 300,000 lb. of steam 
per hour at a pressure of 1,200 lb. per square inch. 
He had not had an opportunity of studying the paper 
in detail, and would like to know in what manner 
the size of the pipes between the boilers and steam 
mains had been determined. Did it depend on a 
certain definite friction drop or a predetermined 
velocity ? He noted that the pipe system was, 
as far as possible, inherently elastic ; it was implied 
that expansion joints were practically eliminated 
from the design. In the plant he had just referred 
to, in which the steam was at a temperature of 
750 deg. F., it had been found that the ordinary 
expansion loop, and more definitely the expansion 
sleeve, was out of the question. He wondered if 
the author had any data on the design of expansion 
loops or legs, particularly with regard to the stress at 
the corners. He had found that rectangular loops 
with corners as sharp as possible were most suitable. 
No mention had been made in the paper of the 
thickness of the magnesia lagging. Had the eco- 
nomics of this been studied also? Since the steam 
tended to become more expensive as the distance 
at which it was delivered increased, it was not 
unreasonable, theoretically at least, to graduate the 
thickness of the insulation. He had found that 
the present commercial gate-valves used for high 
pressures and high superheat temperatures were 
unsatisfactory. With regard to firing with pul- 
verised coal, it might be of interest to state that, 
with the six 300,000-lb. boilers he had mentioned, 
of which three were fired on the bin system and 
three on the unit system, the former did not 
operate satisfactorily at low loads. 

Professor F. C. Lea, referring to the emphasis 
laid upon the necessity for accurate continuous 
measurements in works, related an incident in 
which, on his advice, an employer, who had at that 
time a yearly coal bill of 50,000/., had placed a 
University graduate in the boiler-house, with the 
result that in the first year the annual saving effected 
in working amounted to at least ten times the new 
employee’s fairly handsome salary. The Univer- 
sities had for long been drawing attention to the 
necessity of much more precise measurements in 
connection with boiler-houses, or, at any rate, in 
connection with the distribution of heat through 
works. Continuing, Professor Lea said that, in 
carrying out some work recently in connection with 
the flow of water along cast-iron pipes, it had seemed 
to him quite certain that the functions quoted in 
the paper did not really represent the condition 
of flow of fluid; there must be some other non- 
dimensional term, which was what might be called 
the roughness coefficient as compared with the 
diameter. Unfortunately, there were no data on 
that particular point. Professor Lea then pro- 
ceeded to illustrate his views by a mathematical 
demonstration on the blackboard, but, as we have 
been obliged to omit the corresponding portions of 
the paper in our abridgement, we do not reproduce 
this. In conclusion, Professor Lea said that meters 
of the orifice-plate type had been referred to in the 
paper. It was worth noting that, by the insertion 
of very simple orifices in either steam, water or 
air-pipe lines, and the use of a suitable recording 
instrument, the data that were so desirable could 
be readily obtained. 

Mr. R. C. Macdonald, speaking as one concerned 
in the centralisation of a steam plant on a small 








scale, said he found the paper very interesting, 
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and expressed admiration of the practical way in 
which a very large amount of fuel and ash handling 
had been eliminated by the new centralisation 
layout. The paper was also useful in showing 
that, where small quantities of steam were used, 
a greater degree of care was needed in design. 
It would appear that a steam transmission of 
a mile could be effectively obtained ; indeed, from 
the diagrams, it might be inferred that there 
was little change after this distance had been 
passed. The question of expansion of pipes was 
important, as the natural tendency was to make 
these as straight as possible between the inlet 
and outlet points. He could not agree with the 
view just put forward that sharp bends in expansion 
loops were desirable. His own practice was to 
make an easy radius where possible—certainly not 
less than three pipe diameters. A sharp bend 
involved thinning the metal at its outside radius. 
On the subject of costs he might give some 
account of a comparison he had made, based on 
six months’ working, between a battery of Lanca- 
shire boilers and the seven Lancashire boilers 
with economisers and air heaters given in section 5 
of Table IX. If anything, however, his load factor 
would be greater than the 0:45 mentioned in the 
table. He was in an exceptional position as regards 
cheap fuel. In the manufacture of coal gas, coke 
was one of the greatest by-products, but customers 
liked it free from dust, which was left to be got 
rid of in some way. This dust, although it contained 
a big percentage of ash, had also a fair amount 
of volatile matter and was a really useful fuel. 
It was charged up to the steam plant at about 
6s. a ton, and had a calorific value of about 
10,000 B.Th.U. per lb. For the last six months of 
1929, the cost of fuel worked out to 6-8d. per 
1,000 Ib. of steam, as compared with the 13-3d. 
given in the paper. The labour costs in the two 
cases were closely approximate, being 4-84d. and 
4-6d., respectively. The water treatment and boiler 
cleaning came out at 0-94d. This item was 1-4d. 
in the paper. The maintenance charges were 1 - 18d. 
and the standing charges 2 - 24d. ; sundries were 0: 28d. 
These compared with the figures 2-5d., 2-5d. and 
0-5d. for the same items in the paper. The total 
cost per 1,000 Ib. of steam was just over 16d., as 
against 24-8d. for the seven Lancashire boilers in 





the table, and it compared very favourably with the 
lowest water-tube boiler costs in the paper, viz., | 
18-3d. In this last case, the fuel charge was still | 
high. Relative to the effect of water softening, | 
in which apparently in some cases zero hardness | 
had been reached, he would enquire if there had 
been any trouble from contained oxygen. Answering | 
a question put by Mr. E. R. Dolby, Mr. Macdonald | 
said that the coke breeze used in the Lancashire | 
boilers of which he had given running costs, was | 
hand-fired. Later in the discussion, Mr. Macdonald 
inquired if the author had had any experience of 
aluminium-foil lagging. 

Mr. A. C. Branch, in expressing appreciation 
of the work done, and the high degree of efficiency 
secured in long-distance steam transmission, said 
that he had recently been in a factory with very 
long mains, in which the steam was only kept on 
in the daytime. There had been a lot of trouble 
with water hammer on starting up, and, as a result, 
the practice of keeping steam on the pipes at night 
and over week-ends had been adopted. Had 
there been water-hammer troubles in the Woolwich 
installation ? He would also like to know whether 
certain coals, otherwise of good character, had 
had to be rejected on account of low fusibility 
of the ash, to avoid trouble with the firebars. He 
had been struck with tne increase of economisers 
in the reorganised boiler-houses. This was to 
the good, but the employment of air heaters had 
not increased in anything like the same proportion. 
Air heaters not only improved combustion, but 
provided means for adjusting the air supply more 
accurately. Nowadays, it was possible, by a suitable 
combination of feed heating and air heating, to 
get a thermal efficiency of over 80 per cent. in a 
Lancashire boiler plant. By the adoption of such 


methods, the efficiency figure of 70-7 per cent. 
given in the paper could be increased. Finally, 
it would be clear from the figures given that the 


for those boilers fitted with air heaters than for 
similar boilers without them. 

Mr. R. J. Glinn said that the method of water 
softening described in the paper appeared to him to 
be a sound one, inasmuch as the lime-soda process 
in combination with a base-exchange treatment 
certainly gave a very satisfactory feed water under 
conditions in which very little condensate was 
available. He enquired whether, in the installations 
mentioned, there was much variation in the treated 
water, and what degree of alkalinity was obtained 
with normal treatment. The provision of good 
feed water to water-tube boilers would greatly 
lessen the risks of explosion to which Dr. Adamson 
had referred. Relative to the steam transmission, 
he assumed that the pressure drops given were 
for straight pipes without any bends or valves. 

Major W. Gregson referred, like several of the 
other speakers, to No. 5 boiler house of Table IX. 
This boiler house, he said, with seven Lancashire 
boilers having economisers and air heaters, and 
being run continuously, was a fairly representative 
illustration of an industrial plant. With a load factor 
of 0-45, however, the maintenance charges and 
standing charges were both 2-5d. per 1,000 Ib. of 
steam. The former worked out at about 4001. a 
year, or something like 50 per cent. on the capital 
charge. He knew of no other boiler plant of any 
type with such an enormous maintenance charge as 
4001. If other charges connected with the distribu- 
tion of the steam were included under this head then, 
he submitted, a fictitious idea of the cost of the steam 
was given. To him 2s. per 1,000 lb. of steam 
looked very high, but it had to be realised that there 
were fairly heavy labour charges, and very heavy 
fuel charges. At Woolwich they were apparently 
paying 18s. 3d. a ton for coal of a calorific value 
of 11,000 B.Th.U. Mr. Macdonald, representing the 
gas industry, was using coke breeze, with a calorific 
value only 10 per cent. lower at 6s. per ton. Those 
who were interested in plants situated at some dis- 
tance from the coalfields, might do well to realise 
that coke breeze was a very valuable fuel. It might 
also be as well, with reference to Dr. Adamson’s 
remarks as to the frequency of explosions in water- 
tube boilers, to remind members that in this country 
there was now a good deal more steam generated 
by water-tube boilers than by Lancashire boilers, 
as one large power station produced more steam than 
20 or 30 industrial plants. Statistics of the sort 
quoted should, he thought, be based on steam out- 
put. 

Dr. Long said he was interested in gas metering, 
and had examined the careful measurements on the 
resistance in pipes. He suggested that if, instead 
of a straight length of pipe, one containing several 
bends and a valve or two, such a condition as 
occurred in practice, were taken, the resistance 
figures would be entirely different. The determina- 
tion of velocity drop due to resistance, therefore, 
when applied to an installation of this nature 
would not, he thought, be so close as it was assumed 
to be in the paper. Incidentally, there would be 
an appreciable amount of superheating arising from 
the passage of steam through the regulating valves. 
Dr. Long then expressed the opinion, that it was 
a pity to meter only the steam passing the large 
mains, and, by the aid of diagrams, illustrated the 
difficulty of distributing steam to a number of 
small users by branches at right angles to a main. 
He thought all the small users should have the 
amount of their supply checked. It was only 
necessary to make a suitable orifice plate, put it 
between a pair of flanges, and use an ordinary 
manometer for measurement. There was no 
necessity for elaborate recording instruments, an 
assistant making periodical readings would enable 
a fairly precise control of wastages to be made. 

Mr. Newton Booth then replied to the discussion. 
Dr. Adamson had, he said, inquired how an 
increased output had been obtained by the installa- 
tion of an air-heater in one of the boiler houses. 
This was largely due to the fact that the hot air 
was supplied, at a pressure of about 1-5 in. of 
water, below the grate. This permitted 5 to 6 per 
cent. more fuel to be burned, and the combustion 
generally to be greatly improved. The other point 
about a difference of evaporation in two apparently 





steam-production costs were lower in every case 


similar boiler houses was due to draught conditions. 





The larger evaporation was given by the boilers 
with air heaters and forced draught just referred to ; 
the smaller one was the result of a rather restricted 
chimney. A general lime-soda plant was not 
installed, partly because small plants already existed 
in some of the boiler houses and partly on account 
of the considerable distance between them. The 
water of all the boilers was tested at least once a day 
for density, which was controlled by appropriate 
blowing down. For some of the water-tube boilers 
it was necessary to keep below 250 grains of total 
solids to the gallon for satisfactory working, while 
four, five or even ten times that amount could be 
present in Lancashire boiler water without causing 
serious trouble. 

The point raised about loss of heat through boiler 
settings was interesting, and he might mention that 
a boiler had been designed at Woolwich to eliminate 
such losses, though, up to the present, no opportunity 
had occurred to make use of it. Their maintenance 
figures had been criticised by many of the speakers. 
They included not only the maintenance of the 
boilers, but the whole of the plant, viz., buildings, 
pumps, and settings, with everything else connected 
with boiler houses, and had been taken over a period 
of four or five years. The plant was not new, and 
it was quite possible that a new plant would show 
considerably less costs. As to the design of inter- 
connecting pipes, it should be remembered that, at 
the outset, they had little beyond empirical informa- 
tion as to what the pressure drop was likely to be 
in such pipes. They had worked on the probabilities 
of the peak load on the main, and what was likely 
to be the greatest pressure drop that could be 
allowed. Using the best information then at their 
disposal, the pipe size was designed to meet’ these 
conditions. No determinations of stresses at pipe 
bends had been made, neither had any standard 
method of design been arrived at, due to the great 
variations in the different cases, each one of which 
had been worked out on its merits. Ordinary 
standard sized blends were used at the corners of 
the pipes, but in cases of greater movement than 
usual being expected corrugated bends were used. 

Continuing, Mr. Booth said that the magnesia 
lagging varied from 2 in. to 2-5 in. in thickness. 
It might have paid to increase the thickness in some 
cases, but a great deal of attention was required with 
thicker material to get any really effective increase in 
efficiency, and, on the whole, for any of the jobs 
done up to the present, it was not felt to be worth 
while to exceed the figures just stated. Aluminium 
foil would cost considerably more to apply than 
magnesia, and while it was free from some of the 
defects of magnesia lagging, and had at least as high 
an efficiency, he was not yet convinced that it would 
displace the former for all purposes. It was pro- 
posed to put up a small quantity for trial. With 
regard to gate valves, his experience had been 
limited to a temperature of 500 deg. F., and no 
trouble had been experienced at that figure. He 
was glad to agree with Professor Lea on the desir- 
ability of making frequent measurements. This 
was one of the things they had consistently tried to 
carry out. Mr. Booth then commented on Professor 
Lea’s remarks on the roughness factor in pipes, 
but for the reasons already stated, we omit these 
comments. Turning to the question of long-distance 
transmission, Mr. Booth said he agreed with Mr. 
Macdonald as to the cost of transporting fuel and 
ashes, and no doubt these could have been further 
reduced by the adoption of a central boiler house. 
Generally, he felt that the efficiency of transmission 
could be made so high that it would not be difficult 
to visualise cases in which it would be cheaper to 
transmit power by steam than to convert it into 
electrical energy for that purpose. 

He was interested in Mr. Macdonald’s figures for 
the fuel costs of his Lancashire boilers, but doubted 
that they could get coke breeze delivered at 
Woolwich at 6s. per ton. There had only been one 
case of trouble from water hammer, due to an 
inexperienced attendant. Many of the mains were 
closed entirely at night and particular attention was 
always paid to opening them up very carefully. 
In case of a possible cold week-end, or when it was 
freezing hard, a small amount of steam was admitted 
tothe mains to keepthem warm. They had certain- 





ly had to discard certain kinds of otherwise suitable 
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coal on account of low ash fusibility, especially 
for those boilers using hot air. Air-heating had not 
been more extensively adopted because, at the time 
of the installation, satisfactory heaters were not 
forthcoming. As soon as practice was more settled 
in this respect they had been put in and their use 
was being extended. He agreed that it was possible 
to get over 80 per cent. efficiency in Lancashire 
boilers. In boiler-house No. 5, an efficiency of 
83 per cent. had been obtained, though the average 
overall efficiency was 70 per cent. 

They had had no trouble, so far, with water soften- 
ing, and corrosion had not been noticed. There 
was very little variation in the treated water. The 
water from the lime-soda softening plants kept 
fairly steady between 2-5 to 3-5 degrees of hard- 
ness, With alkalinity about the same. The figures 
inthe paper were calculated on observations on 
straight pipes, and in designing it was an easy 
matter to add a theoretical length of pipe to cover 
the extra friction arising from bends or valves. 
The steam supplied to small users at Woolwich 
was checked, portable meters and other means 
being employed. They were satisfied that these 
results were now reasonably accurate, though at 
first some discrepancies were noticed between 
assessed and observed figures. 

A cordial vote of thanks to Mr. Booth having been 
accorded, the Secretary announced that there would 
be an informal meeting to-night at 7 p.m., when a 
discussion on ‘‘ Empire Free Trade and _ the 
Engineer ’’ would be introduced by Major A. W. 
Farrer. On Wednesday afternoon, May 21, a visit 
would be made to the Royal Naval College, Green- 
wich. Members desiring to attend should send in 
their names to the Secretary not later than May 5. 
The party would be limited to 109. The Summer 
meeting would take place at Bristol from June 30 
to July 4. Full particulars would be given in 
the June journal, together with a selecting form. 
The President then expressed the hope that there 
would be a good attendance of members at Bristol, 
and the meeting thereupon terminated. 








A SKYSCRAPER SURVEY. 
By Rosins FLEMING. 


UnprER the above title, the Thompson-Starrett 
Company, Inc., in their publication, The Skyscraper, 
for July, 1929, reveal as the results of their survey 
that there are 4,778 buildings in the United States 
10 or more storeys high. Of these buildings, 2,479 
are in New York City, 449 in Chicago, 135 in Los 
Angeles, 121 in Detroit, and 120 in Philadelphia. 
The survey covers the 173 cities which have 50,000 
or more inhabitants. Of these cities, 42 have no 
buildings as high as 10 storeys, and 59 cities have 
less than five such buildings. The term “‘ skyscraper ”’ 
is relative, and its use depends largely upon the 
city in which the building is located. A 10-storey 
building, in any of the 42 cities at present without 
them, would be considered a skyscraper; in New 
York, it is only a tall building. The survey shows 
that there are 377 real skyscrapers in the United 
States, i.e., buildings more than 20 storeys high. Of 
these, 188 are in New York, 65 in Chicago, 22 in 
Philadelphia, 19 in Detroit, and 15 in Pittsburgh. 
While Los Angeles, with a population of more than 
1,000,000, has but one, Oklahoma City, with about 
150,000 population, and Tulsa with the same, both 
in Oklahoma, each have two. At the time of the 
survey, there were 10 buildings in the country taller 
than 500 ft., and several others in process of construc- 
tion. The Woolworth Building*, finished in 1913, 
with its height of 792 ft. above the sidewalk, has till 
lately held the supremacy. It should be remembered 
that it is not yet 50 years since the Home Insurance 
Building of Chicago, the first of all skyscrapers, 
was finished in the autumn of 1885. Originally, 
. was 10 storeys high, two more floors were added 
ater, 

The Chrysler building, of 68 storeys, now nearing 
completion, reaches a height of 861 ft. above the 
sidewalk to the base of the finial spire. The latter 
being 185 ft. high gives a total to top of spire of 
1,046 ft. Another, the Bank of Manhattan Building, 


also nearing completion, will have a height of 
927 ft. to the top of a flag pole. If, however, the 
effective height is taken to be that from the side- 
walk to the observation floor, the first of these two 
new buildings is 783 ft. high and the second 836 ft. 
In the Chrysler building there are 3 or 4 floors above 
the observation floor; but none in the Manhattan 
building above that level. 

Some reserve is advisable in reporting the height 
of a building until it is actually finished. Some- 
times it stops a few feet, or even a few storeys, short 
of the original intention. More often, ambitious 
projects are never carried out. Such has been 
the case with the 110-storey Larkin Tower. Plans 
were filed for this with the building department of 
the Borough of Manhattan, New York City, in 
1926. The steel plans were unusually complete, 
even the details of the wind bracing were carefully 
worked out. Anestimate made from the 40 sheets of 
design drawings gave the amount of steel involved 
as about 60,000 tons. But no construction work 
has been commenced. The 81-storey Book Tower 
of Detroit has never materialised. Construction 
was recently commenced on an office building, of 
80 or more storeys, 1,000 ft. high, on the site of the 
old Waldorf-Astoria hotel. This will probably be 
higher than any present building. 

A popular magazine, a few years ago entitled an 
article, ““ No Limit now in Sight for Skyscrapers.” 
This is partly true to-day. The limit will probably 
be determined by the speed at which the passenger 
elevator can be practically operated.* 

The Annual Report of the Borough of Manhattan, 
City of New York, for the year ending December 31, 
1928, states that of the 910 buildings for which plans 
and applications were filed during the year, 87 are 
conspicuous because of their height. The tallest 
is a 53-storey office building. A 30-storey manu- 
facturing building replaces a 12-storey building of 
recent and especially heavy construction. The 
Hotel Navarre is to be replaced by a 43-storey 
manufacturing building, which is to be con- 
nected to and to become a part of the 17-storey 
factory building erected some years ago on the 
adjoining site. Early in the year, plans were filed 
for a garage of unusual height and unique in its 
method of operation. The building is 24 storeys 
high, on a plot 50 ft. wide. The service rendered in 
this building is substantially automatic. The cars 
enter the building at the first floor, under their 
own power. They are then placed on the elevators 
and set in their storage spaces by mechanical 
equipment, under control of a single operator. 
Two buildings, one of 16 and the other of 23 storeys, 
are to be erected to provide accommodation for 
churches and hotels, or apartments. 

When complete returns are available it is 
expected that the year 1929 will be found to 
have surpassed 1928 as regards the activity of 
architects and builders. Plans were filed for 
a 66-storey building of irregular shape, 876 ft. 
4 in. high; a 58-storey building, 100 ft. by 
208 ft., 697 ft. 6 in. high, and for a 45-storey 
building, 108 ft. by 126 ft., 525 ft. high. The 
growth of apartment hotels and apartment houses 
has been by leaps and bounds. The Hotel New 
Yorker is a 450-ft. high residential building, nearing 
completion. It contains 2,505 rooms. The Hotel 
Pierre will have a height of 41 storeys, or 533 ft. 
The new Waldorf-Astoria is to be a building of 
44 storeys, and about 600 ft. high. When com- 
pleted, it will take rank as New York’s highest 
residential building, exceeding both the Ritz Tower, 
of 41 stories, and the Sherry-Netherland Hotel, of 
37 stories. 

The residence tower of the Hotel St. George, in 
Brooklyn, for which rooms are now being rented, 
rises nearly 500 ft. above the East River, and makes 
the hotel, with its 2,632 rooms, the largest in greater 
New York. 

A novel scheme is now under way, which, if 
successful, may be extended. It is to provide a 
residential building for the use of executives in the 
congested financial district. Battery Tower, about 
40 storeys and 400 ft. high, will be but a short 
distance from Wall Street. No less remarkable 





* “Woolworth Building, New York,” by Frank W. 


* “The Past Decade of High Building Construction 
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in New York City,” by Robins Fleming, ENGINEERING, 
vol. cxxvii, page 98 (1929). 


than the height of apartment hotels has been the 
increase in the height of apartment houses. A few 
years ago, 10 storeys were unusual. Apartment 
houses are now being built 15 to 20 storeys high. 
The New York Sun, in its issue of September 14, 
1929, referred to ‘‘ 22 Big Projects on Park Avenue.” 
‘“* Nowhere else in the world does the apartment 
house reign in glory as in Park Avenue.” 

A check, however, has been placed on the growth 
of these lofty residential buildings, the Multiple 
Dwellings Law having gone into effect on April 19, 
1929. By its provisions, no apartment house or 
apartment hotel may be erected to a maximum 
height greater than 3 ft., plus 1? times the widest | 
street on which it faces. As no street is to be 
considered wider than 100 ft., the maximum height 
is 178 ft. Under certain limitations, dormers and 
towers may be added. The law has been the sub- 
ject of litigation in the courts, but thus far it has 
been upheld. 

According to a survey of skyscrapers in Chicago 
in the New York Sun, of February 13, 1929, one 
can stand in Grant Park, and count no less than 
20 skyscrapers of the 25-storey class. The 21-storey 
Masonic Temple, built in 1891, reigned as Chicago’s 
highest until 1923, when the zoning ordinance was 
passed. In a list of the 22 highest buildings, pre- 
pared by Walter A. McDougail, a Chicago architect, 
the 46-storey Morrison Hotel, rising to a height of 
625 ft., is placed first. Next to this is the Chicago 
Temple, followed by four other buildings, each 
500 ft. or more in height. The Chicago Temple is 
a skyscraper church, housing the First Methodist 
Church of that city. ‘‘ Although there are only 
21 office floors in this gray Gothic edifice, it ranks 
among 40-storey structures because its tall steeple, 
with gold cross, reaches 569 ft. above the street. 
And the town has been talking for some time about 
the Chicago Tower, a proposed building of 75 
storeys.” The most costly of the Chicago buildings 
is the 25-storey Stevens Hotel, on which $30,000,000 
was spent. Like many other large buildings, 
unusual structural features were involved. 

The Engineering World, Chicago, in its issue of 
June, 1928, described the proposed Merchandise 
Mart of that city as one of the greatest and most 
interesting of modern building projects. The site 
is that of the former passenger station of the 
Chicago and North Western Railway. The project 
includes the largest single development of air rights 
so far scheduled. The property, except for the 
553 caissons extending to bed rock, begins 23 ft. 
above “datum.” Each of the 18 main floors will 
have an area of over 200,000 sq. ft. The structure 
will be topped by a five-storey tower. Comparison 
of its volume with that of other buildings shows 
that the Merchandise Mart will be more than twice 
the size of the largest building now existing. The 
figures in cubic feet as tabulated are :— 


1. The Merchandise Mart ... aoe 53,000,000 
2. Chicago Furniture Mart... 4a 25,370,000 
3. Equitable Building, New York City 24,000,000 
4. General Motors, Detroit <n 20,411,000 
5. Union Trust, Cleveland ... 20,000,000 
6. Railway Exchange, St. Louis - 18,898,000 
7. Illinois Merchants Bank, Chicago “a 17,850,000 
8. Continental and Commercial Bank, 

Chicago aa “di ee ome 13,200,000 
9. Woolworth Building, New York «--» 13,200,000 
10. Strauss Building, Chicago aaa é 10,000,000 


The Furniture Mart is reported to be, at present, 
the largest building in the world. 

It is not alone in New York and Chicago that 
buildings are constantly mounting to loftier heights. 
The same is occurring in other cities. Detroit may 
be taken as an example. ‘The steel frame of the 47- 
storey Greater Penobscot Building, 666 ft. 6 in. from 
sidewalk to top of the steel frame, was completed 
on March 29, 1928. It is the highest building in 
the city. The 40-storey Union Trust Building, 
completed last year, is the second tallest building in 
the city. The top of the tower parapet is 
486 ft. 6 in. above the sidewalk. 

The Royal York Hotel, Toronto, Canada, some in- 
formation regarding which was recently given in 
EncInEERING, has 28 floors, and is 376 ft. 2 in. from 
street level to top of roof ridge, and 399 ft. 2 in. to 
top of chimney. It is now the highest building in 
the British Empire. The Royal Bank Building of 





Montreal, 393 ft. from grade to top of lantern, is a 
close second to the Royal York. The bank building 
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was finished on June 13, 1928. The hotel was 
opened with fitting ceremony by Lord Willingdon, 
Governor-General of Canada, on June 11, 1929. 
It was built by the Canadian Pacific Railway 
Company and, except for size, is hardly outclassed 
by any hotel on the North American continent. A 
large addition to the accomodation is being made to 
this hotel. 

The Portland Cement Association some years ago 
completed a survey of tall reinforced concrete 
buildings. Information derived from this, and 
corrected to October, 1927, and kindly furnished 
to the present writer, shows the existence of 631 
reinforced-concrete buildings in the United States of 
10 or more storeys in height. Illinois leads among the 
States with 110 buildings, California follows with 67, 
Texas with 57, New York with 47, and Minnesota 
comes fifth with 39. The tallest building is the 20- 
storey Master Printers’ Building, New York City, 
310 ft. high. It was built in 1926-27. The oldest 
building listed is the Ingalls Office building, Cincin- 
nati, height 16 storeys, 216 ft. It was built in 1902- 
03. Canada is credited with 16 buildings. In 
addition, 16 buildings in Montreal are named as 
being 10 storeys or more in height, but as definite 
information was lacking they are not included in the 
summary. Since the survey was made Sterling 
Tower, an office building of Toronto, has been built. 
It towers 21 storeys, or 254 ft. above the street 
level, and boasts of being the tallest reinforced- 
concrete building in the British Empire. It is also 
the tallest structure of the kind built during the year 
1928. A Chicago apartment house of reinforced 
concrete, completed that same year, has also 21 
storeys, but the height is 235 ft. 

The tallest concrete building in the world is 
the Hotel Palacio Salvo, Montevideo, Uruguay. 
It was built in 1925-26, and has 28 storeys above 
the sidewalk with two additional basement storeys. 
The height is 338 ft. above sidewalk level. 








THE IRON AND STEEL INSTITUTE. 


THE sixty-first annual general meeting of the 
Iron and Steel Institute commenced yesterday, 
and is being continued to-day in the hall of the 
Institution of Civil Engineers, Great George-street, 
London, 8S.W.1. The chair was occupied by the 
President, Professor Henry Louis, at the opening 
proceedings yesterday. : 


REPORT OF THE COUNCIL. 


The usual preliminary business having been trans- 
acted, the annual report of the Council was presented 
to the meeting and taken as read. The report 
showed that the total membership of the Institute 
on December 31, 1929, was 2,022, a net increase 
of 14, compared with December, 1928. The Council 
deeply regretted to have to record the deaths of 
32 members of the Institute, which had occurred 
during 1929. Among these were Sir John Cockburn, 
London ; Sir John Cowan, Edinburgh; Mr. F. W. 
Gilbertson, Swansea ; Mr. M. Mannaberg, the senior 
vice-president of the Institute ; Mr. Illtyd Williams, 
for many years honorary treasurer, and founder of the 
Williams Prize in 1926 ; Mr. H. G. Graves, Bedford ; 
and Mr. Luis M. de Aznar, Bilbao. The Council also 
desired to pay a tribute to the memory of Professor 
J. O. Arnold, F.R.S., honorary vice-president and 
Bessemer Gold Medallist, whose death occurred 
on March 27 last. Other sections of the report 
of the Council dealt with appointments of honour 
and distinction conferred upon members, and with 
last year’s meetings in London and Newcastle- 
upon-Tyne. The gran\is made by the Council during 
1929 to various research workers, on the recom- 
mendation of the Carnegie Research Committee, 
were also noted. Moreover, reference was made 
to the fact that no award of the Carnegie Gold 
Medal was made for the year 1929, and that the 
Williams Prize of 100 guineas was awarded to Mr. 
William E. Simons, for his paper, ‘The A.I.B. 
Sinter Plant at Messrs. Guest, Keen and Nettle- 
folds, Limited, Cardiff Works,” presented at the 
1929 annual meeting. The activities of the Com- 
mittee on Heterogeneity of Steel Ingots and of 
the Corrosion Committee of the Institute, were 
briefly outlined, and the report concluded by men- 
tioning the various bodies upon which members 
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were acting as representatives, and by recording 
changes in the membership of the Council. 

In presenting the statement of accounts, Professor 
Sir Harold Carpenter, the honorary treasurer, showed 
that the income for the year under review, apart 
from that of the Carnegie Scholarship Fund and 
of the Special Purposes Fund, was 7,974l., and 
the expenditure 8,123]. Corresponding figures 
for 1928, were, income 7,940]. and expenditure 
7,9181., but in the three previous years, 1927, 1926, 
and 1925, the expenditure had been greater than the 
income. It was a matter of concern that the Council 
had again to record an adverse balance in the 
accounts, the principal reason. being, as in past 
years, that while the income remained practically 
stationary the expenditure continued gradually 
to increase, owing to the various activities of the 
Institute and the heavy cost of publications. 

Professor Louis then presented Bessemer Gold 
Medals to Mr. Eugéne Schneider and to Dr. W. 
Rosenhain, F.R.S., and at the conclusion of this 
ceremony, with which we shall deal in our next 
issue, the reading and discussion of the papers on 
the agenda commenced. 


(T'o be continued.) 








2-6-2 TYPE TANK LOCOMOTIVE ; 
LONDON, MIDLAND AND SCOTTISH 
RAILWAY. 


TuE London, Midland and Scottish Railway Company 
are now building, at their Derby works, 50 passenger 
tank locomotives of the 2-6-2 type, to the designs of the 
Chief Mechanical Engineer, Sir Henry Fowler, K.B.E., 
M.Inst.C.E. These machines are illustrated by the 
diagram reproduced in Fig. 1, and by the view, Fig. 2 
annexed. The first of the class was handed over to the 
Motive Power Department in the middle of March. 

The engines are intended for suburban passenger 
service, and twenty will be allotted to the London 
District. These will be fitted with condensing gear, 
and also with a special vacuum trip cock gear, so 
that they may work over the Metropolitan lines. The 
remaining engines are non-condensing, and our illus- 
trations relate specifically to these. 

The locomotives have two outside cylinders, 17} in. in 
diameter, by 26 in. stroke. The driving wheels are 
5 ft. 3 in. in diameter, and the rigid wheelbase is 
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16 ft. 6 in. The tubes of the boiler provide 692-75 
sq. ft. of heating surface, and the firebox 103-5 sq. ft., 
making a total of 796-25 sq. ft. In addition, there 
is superheating surface to the extent of 172-75 sq. ft. 
The grate area is 17-5 sq. ft. The working pressure 
is 200 lb. per square inch, and at 85 per cent. boiler 
pressure, the tractive effort works out at 21,486 lb. 
The boiler is one of the standard designs. It is supplied 
by exhaust-steam injection. 

The valve gear is of the Walschaert type. The 
crossheads are of the single-bar pattern. Mechanical 
lubrication is arranged for the cylinders, piston valves, 
spindles, and piston rods, and also for the oil supplies 
to the coupled axleboxes. Wherever possible, standard 
parts have been incorporated in the design. ; 

A Dreadnought combination large and small ejector 
is fitted for the automatic vacuum brake, but the engine 
is piped for this only, steam braking being applied to 
the coupled and trailing truck wheels. Heating 
fittings are also furnished. Twenty-two of the engines 
will be stationed at sheds where hot water washing-out 
apparatus is installed, and these engines will be fitted 
with the necessary blow-down cocks in connection 
with this system. The tank capacity is 1,500 gallons, 
and the bunker capacity 3 tons. The total weight, 
light, is 57 tons 15 ewt. 1 qr., and, in working order, 
70 tons 10 cwt. 1 qr. 








LAUNCHES AND TRIAL TRIPS. 

“ Fernwoop.”—Twin-screw cargo motorship; Bur- 
meister and Wain Diesel engines. Launch, April 12, 
Main dimensions, 406 ft. by 55 ft. by 37 ft. 3in. Built, 
by Messrs. Nakskov Shipyard, Limited, Nakskov, Den- 
mark, for Messrs. Fearnley & Eger, Oslo, Norway. ; 

‘* NorpsBora.”—Cargo steamer ; triple-expansion engl- 
nes. Trial trip, April 25. Main dimensions, 290 ft. 
4 in. by 40 ft. by 21 ft. 4 in. Built by Messrs. W illiam 
Gray and Company, Limited, West Hartlepool, to the 
order of Mr. C. K. Hansen, for the Danneborg Steam 
Ship Company, Copenhagen, Denmark. 

“'TayBaNK.”—Twin-screw cargo motorship; | . 
cylinder Sulzer-type Diesel engines. Launch, April 28. 
Main dimensions, 440 ft. by 57 ft. by 38 ft. 7 in. Built 
by Messrs. Workman Clark (1928), Limited, Belfast, 
for Messrs. Andrew Weir and Company, Bank Line, 
Limited, London. 

“Lrvinestone I.”—Timber-carrying and general- 
cargo steamer ; propelling machinery supplied by _— 
George Clark, Limited, Sunderland. Launch, April 28. 
Main dimensions, 276 ft. by 42 ft. 3 in. by 20 ft. 9 in. 
Built by Messrs. S. P. Austin and Son, Limited, Wear 
Dock Yard, Sunderland, for Messrs. C. Mathisen’s 
Rederi A/S., Bergen, Norway. 
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NORMALISING AND BOX-ANNEALING 
OF SHEETS.* 
Single-Sheet or Thin-Pack Normalising, or Heat T'reat- 
ment versus Box-Annealing of Sheets. 
By R. WHITFIELD. 
THE phenomenal development of the motor-car 


industry has given rise to a demand for sheets having 
deep-drawing possibilities, and box-annealing has gene- 


the rate of cooling, with its natural results. After a| being drawn, not a pearlitic one; generally, a slower © 
suitable time the boxes are unpacked. draw is essential. 

It is impossible to heat such large masses uniformly ;| Single-Sheet or Thin-Pack Heat Treatment.—This is 
hence the metallurgical characteristics must differ|a very important modern development of mass pro- 
seriously, showing up weaknesses in the drawing and duction to meet the severe demands of the motor-car 
decorative operations. The sheets become welded | industry. For the most part, continuous normalising 
together (stickers) if heated to full heat-treatment | has been confined to low-carbon steels, which require a 
temperature; hence, box-annealing is seldom carried | higher temperature for metallurgical reconstruction ; 
higher than 760 deg. C., which is well below A; for a | but medium-carbon steels are being successfully treated. 
carbon content up to 0-4 per cent. This temperature | Practical experiments are being made in the galvanising 





rally failed to produce such sheets by normal opera- | is sufficient to eliminate rolling strains, and produces | and tinplate trades, where, while a good sheet is 
tions. A few years ago, car bodies were designed on | Maximum ductility, but it causes pickled sheets to stick | perhaps not essential, an improved final result is 
a series of straight lines, and the forms were produced | firmly together. The maximum temperature to which | obtainable; a good foundation gives better facilities 


by expensive joining. By the use of normalised, instead | pickled sheets can be heated without fear of sticking is 


for after treatment. The manifest disadvantages of 


of annealed, sheet this has largely been eliminated, and | #bout 600 deg. C., which renders metallurgical recon- | the box-annealed sheet will cause the single-sheet or 
rs large sheets are Ps lee and stamped to | struction impossible. Further, the slow cooling which | thin-pack heat treatment to be the future means of 
intricate shapes, producing the present graceful lines. | is unavoidable in box-annealing causes the coalescence | producing sheets. 


Sek 
It is with this normalising that the present paper is | 


concerned. 


of the grains and a large grain-growth, resulting in a | f 2 4 
,false ductility; that is to say, the ductility may be cooling zones, but experience demonstrated their 


The earlier types of furnaces were not fitted with 


Manufacture of Sheets.—The usual American practice | excellent, but when the grains are large, successful | necessity, and also that of means of controlling that 


“ 


is to hot-roll to size, normalise, and pickle to remove | deep-drawing is impossible, as 
scale; the sheet is then given one or two light cold-roll | bound to occur. 
passes for surface only—the draught is sufficiently light 


to impart a superficial hardening only. In terms of | —the temperature may vary as much as 100 deg. C. 


crazed” corners are | part of the cycle. Fig. 5, on this page, shows diagram- 


| matically the form of furnace which has been evolved ; 


Since, as mentioned above, uniformity is impossible | the preheating, soaking, cooling times and rates are 


’ 


{each separately controllable, so that the variety of 


; at: . i i eet i ults may be obtained which are 
Erichsen ductility tests, such sheets give a draw of | ¢ven in well-controlled furnaces—the metallurgical and | structures and res J 
me pines rs p's Bre on oy poser as light passes for metallographic differences across all planes are a great practically impossible by the box-anneal. 


face, th -5to 10-7 ., but the slight | hindrance to the fulfilling of close specifications. The 7 
sutiage, they average 10-5 to ustified by the uamere. | enforced use of annealing boxes is a distinct drawback. furnace are extremely important, and many have been 


; = ' Even in a closely regulated atmosphere, oxidation is | tried, but the principle indicated in Fig. 6 has proved 
In English practice, the | bound to occur, poe ame yeti regulation is not to be the most successful; this will be described later. 


loss in ductility is perfectly j 
ment of the surface properties. 
sheets are hot-rolled to about 16-gauge, and are then 


The means of conveying the sheets through the 


reduced to the gauge desired—say, 19- to 20-gauge— | practicable, oxidation becomes serious. No design yet The manner of applying the heat is also indicated 


by severe cold-rolling, reducing the thickness by from | 
30 to 60 per cent. Such severe cold-rolling stratifies the | 
original crystals to a work-hardened condition, rendering 
it essential that the internal strains so produced be 
eliminated before the sheet can have physical properties 
suitable for deep stampings. The severely cold-rolled 
surface is suitable for some stampings, but the strains : . 
must be relieved and an equiaxed grain-structure (2034.4) 7A 
Wore crac at alow vommeretare betwen say, 600 deg, | y; preheating zone, R. Restricted opening between 
and 760 deg. C.—which involves a considerable loss of | oe S D. Direction of travel of sheets 
time. The more rapid and uniform heating attainable |C. Cooling zone. AA. Section shown in Fig. 6. 
in the continuous normalising furnace isfound essential’! yg 5, DragRaMm oF MopERN NoRMALISING 
for the complete removal of the internal strains, which ‘Wanetaen 
is necessary for the required physical and metallo- : ‘ 
graphic properties to be obtained. | : 

Metallurgical Considerations.—The term “‘ annealing” | Fig. 6. hOB: z 
generally means the heating of the sheets to somewhere | yyvOM9L—a Ye Uh jy, : 
below the upper critical range in order to relieve the | BENGYY F CN 
rolling strains, holding at this temperature for a, Bey 4B 
sufficient length of time for a reasonable degree of | s ' D 
evenness to be attained throughout the pack, and then | P- 
cooling slowly (a necessity in box-annealing). In this) -. : | 
way, the full pearlitic structure is developed, and a | SS ileal 
sheet having the maximum ductility and minimum | I I 
physical strength is produced. It will be shown later 
that the necessary temperature is unobtainable in a| Go3¢8) a 
box-anneal, since the structure is not essentially | 
altered. D. Discs carrying sheets. Ff. Firebrick. 

Normalising differs in one important respect from | 8S. Sheaths carrying discs. J. Insulation. 


annealing. Thesheetis heated above the upper critical | W. Water-cooled shaft. B. Burner openings. 
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range—depending upon the carbon content—deter-| Fic. 6. Cross-Section AA (Fie. 5) or MopERN 


mined by the equilibrium diagram. This temperature NoRMALISING FURNACE. 

brings with it all the advantages due to the reconstruc- | 

tion of the metallurgical components, and to the means | evolved eliminates warping, which often scraps the 
only thus available for reconditioning these components. | boxes before they are really worn out. They are very 
The strains are removed completely, and the original | expensive, and generally a large number is required, 
structure, often bad, is completely obliterated. An) hence they represent a large amount of locked-up 
entirely new fine-grained uniform structure is produced ; | capital. The combined weight of bogie, box, and 
instead of requiring to be cooled slowly, as is necessary | contents is very great, involving heavy rolling-stock 
in a box-anneal, it can be cooled comparatively rapidly | and permanent way, and a high-powered pusher. 
while retaining its fineness, the result being an emulsi- | Since the sheets are covered, the final result is too 
fied structure akin to sorbite. The steel is therefore | often conjectural, and large losses are involved in 
apparently tough, has an increased tenacity, and yet— |faulty heat treatment. Considerable valuable space 
what is most important—has a ductility at least equal to | is occupied by boxes, both in stock and in use. 

that of a box-annealed sheet. Such properties are! The width of sheet is limited by the onerous heating 
obviously unattainable by box-annealing. | conditions, 3 ft. being almost the limit, whereas, in a 

Box-Annealing.—As is well known, this process | normalising furnace, the total width of the sheets can be 

consists of heating en masse a block of sheets resting on a increased up to 6 ft., and more, if the heating conditions 
metal bed under a heavy metal cover, sand being are attended to. A furnace completely loaded can 
placed in the bottom to prevent the entry of the pro- | only produce one heat treatment; therefore, varying 
ducts of combustion. These boxes rest on heavy bogies, specifications cannot be met. By thin-pack heat treat- 
and are pulled through the preheating, heating, and| ment the time can easily be halved. The above are 
cooling zones of a long furnace; they are often drawn only the principal disadvantages of box-annealing ; 
at a red scaling heat. The time necessary is very | the advantages of single-sheet or thin-pack heat treat- 
variable; occasionally less than 24 hours, but often | ment are enumerated later. 

three or four days, are required for the furnace cycle.| Stamping Conditions.—All failures in box-annealed 
To this add the time for the hot charged boxes to cool ; | sheets are not due to faulty heat treatment ; improper 
add, further, the time for charging the boxes, and the | stamping conditions are sometimes the cause. Too 
total time may easily extend to from two to six days | light a sheet, used with a view to economy, will often 
from the time the sheets are received to the time they | fail under deep-stamping conditions. Increasing the 
are ready for the next operation. Sometimes they are/| rate of stamping is a common fault; it ruptures the 
allowed to cool in the open, but nowadays they are | sheet by allowing insufficient time for the metal to flow. 
more often placed rapidly under steel covers and| Too little clearance gives an uneven draw; too much 
sealed ; gas is introduced into the annular space, and| ruffles the sheet. The drawing of normalised sheets 
this, while reducing the scaling of the boxes, slows down | demands careful consideration of dies, clearance, &c. 
——— Stamping conditions which are successful with box- 





in Fig. 6; by the use of an insulated bottom there is 
little difference in the temperature above and below 
‘the sheet. The required temperatures must naturally 
| be imparted also te the discs and sheaths on the shafts, 
|and these are made of a suitable heat-resisting alloy. 
| Obviously, by running single sheets or thin packs the 
| heat penetrates rapidly and very uniformly. The size 
| of the furnace is measured by the width of the hearth 
| and the length of the furnace. Normalising furnaces 
| are now being built up to 90 in. wide, and the longest 
| furnace now operating is about 200 ft. in length, giving 


* | an approximate output of 300 tons per 24 hrs. 


The time-temperature elements are very important, 
|and depend upon eight factors, namely, the hearth 
width and length of the heating zone ; the carbon content 
| of the sheet ; the elimination of internal strains ; the 
| grain-size desired ; the temperature available; the rate 
| of preheating ; the rate of cooling; and the thickness 
of metal. The sheets generally come from the mill in a 
| highly-strained condition with distorted grains; this 
| strain should be entirely eliminated if the best results 
|are desired. The cooling action may slow up the re- 
| moval of these strains, but this can be corrected by the 
| rate of cooling. Much, however, can be done by suitably 
| adjusting the preheating zone, which usually carries 
burners that can be regulated; then the soaking can 
be altered at will. 

The higher the carbon content, the lower the critical 
|Tange, and the thicker the material, the longer the 
| preheating time. The rate of preheating cold material is 
| very rapid at first, owing to the difference of tempera- 
| ture, but it slows up as the sheets acquire the necessary 
| temperature. The distorted grains gradually assume 
| their original shape and direction, and, with increasing 
| temperature, the strains are relieved. When the 

critical range is passed, the austenitic structure is 
obtained. If the cold-rolling has been exceptionally 
severe, a good soaking above the critical range is neces- 
sary; otherwise the ghostly outline of the previous 
grains reappears on cooling. 

Means are provided for a sufficient temperature drop 
and for fixing the proper grain-size. It is well known 
that rapid cooling produces more grains than relatively 
slow cooling. A restricted passage from the heating 
zone, Fig. 5, which is adjustable, so controlling the 
temperature drop, is therefore provided. This drop 
| either prevents further grain-growth, if it has started, 
or causes a new growth which is very fine. The 
desired grain-structure so obtained is held, without 
further growth, by uniform cooling and by preventing 
cold air from striking the sheets while at a scaling 
temperature. The cooling chamber roof is low for two 
reasons : (1) it produces a softer sheet on account of the 
longer cooling, and (2) there is less possibility of scaling, 
as the waste gases from the hot zone surround the 
| sheets as they cool. 
| The quick drop in the sheet temperature under the 
| restricted passage “sets” the grain structure, and, 
generally, a sorbitic structure is the result, but, by 
controlling the cooling, semi-laminated pearlite, or even 
fully laminated pearlite, can be obtained. By the time 
the sheet has reached the exit, it is well below the 
scaling temperature, and it is almost immediately 
ready for further operations. 

Advantages of Normalising.—Some of the advantages 
of normalising have already been mentioned, but, for 
the sake of clearness, they are here briefly summarised. 
No annealing boxes are required. There is a saving of 














* Paper read before the Iron and Steel Institute, | @nnealed sheets must be changed when normalised 
London, on Thursday, May 1, 1930. Abridged. sheets are operated upon, because a sorbitic sheet is 








locked-up capital, plus approximately 2s. 6d. per ton of 
sheet annealed for the boxes. No balls or ball races are 
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used. The inconvenience of charging and discharging is 
eliminated. A superior close crystalline uniform grain 
is secured, which is specially suitable for high-quality 
sheet. No sticking occurs. The annealing is very 
uniform, both longitudinally and transversely. A 
higher price is obtainable. Absolute control of heating 
and cooling temperatures is realised, consequently 
better metallographic structure and physical results 
are secured. The process is visible, and mechanical 
parts are accessible. Much wider sheets can be 
handled. The process is very suitable for the motor- 
car and deep-stamping trades. The driving power is 
low, generally under 10 h.p. There is a saving of floor 
space for stacking boxes. Sheets are finished in 24 hours 
instead of two to three days. Less material is rejected. 
Ability to supply to exact and varying specifications is 
secured. The sheets are in the furnace for only about 
6 minutes to 9 minutes for 19-gauge plate. Sheets 
can be stacked three to four high. An output of 125 
tons per 24-hours of sheets 155 in. by 84 in. is secured. 
Labour costs are about the same as for box-annealing, 
two men being employed for feeding and two for dis- 
charging. Running costs amount to about 5s. per ton. 

The Ideal Furnace of this Type.—The furnace is, say, 
155 ft. long, and is divided into three zones : preheating, 
heating or soaking, and cooling. The roof is con- 
siderably higher over the first two zones than over the 
cooling zone. It is built in sections, forming the two 
walls and roof in one, with joints to allow for expansion. 
This arrangement renders any part of the furnace 
accessible by simply lifting that particular section by a 
crane. Ample provision is made for preventing the 
entry of air. Burners, for either oil, town gas, or 
clean producer-gas, cre arranged along each side about 
1 ft. above the sheets, starting about 15 ft. from the 
charging end of the furnace. Insulation is liberally 
used wherever practicable ; this leads to an economy 
of fuel, and to a much decreased liability for the 
furnace to be affected by atmospheric changes. The 
bottom is also insulated, thus preventing loss of heat 





| 


through the foundations, besides increasing the tem- | 


perature under the sheets, and so reducing considerably 
the temperature difference above and below the sheets. 
Pyrometers are an essential part of the equipment, and 
an auto-control on the fuel is recommended. 

The sheets travel on discs attached to a sheath which 
is carried on, but substantially insulated from, a 
water-cooled shaft running in:ordinary bearings, Fig. 6. 
The discs are staggered on the shafts; that is, if one 
shaft has nine discs the next one has eight. This 
intermeshing provides effective support for the hot 
sheets. On the end of each shaft is a sprocket, over 
which runs a continuous roller chain, the latter 
returning along a channel under the sprockets. The 
chain is driven by a main sprocket drive situated 
about the middle of thefurnace. In some installations, 
there are two separate drives, one driving the shafts 
in the cooling zone and the other driving the shafts in the 
heating zone ; the main sprocket for each drive is then 





connected to a reducing gear, driven by a variable-speed | 
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motor or otherjmeans, which allows the speed of the 
sheets to be adjusted to give the desired metallurgical 
results. The two drives are connected and synchronised. 
The rolls of the feed and delivery tables are driven by 
auxiliary chains connected to the above drives. 

Operation of a Practical Furnace.—The hot-mill 
sheets are brought to the charging end of the furnace 
on bogies; these piles, or “lifts,” average 7 tons to 
8 tons in weight. The feeder and his helper place a 
waster, or dummy, on the charging table, and on this 
one, two, or three sheets from the “lift”? are placed, 
depending upon the gauge and size. The sheets are 
then pushed along the table and enter the preheating 
zone, where they immediately commence to absorb 
heat. In order to prevent scaling, a slightly reducing 
atmosphere is maintained, which, with its resulting 
slight pressure, effectively prevents any suction from 
the atmosphere. The flame and products of combustion 
enter the furnace through large ports, and mix with 
those from opposite burners, which are staggered, thus 
distributing the heat evenly. The gases travel back 
to the charging end, thus maintaining the necessary 
temperature there. As the sheet is cold, the absorption 
of heat is rapid, but it gradually tapers off as the soaking 
zone is approached. At about 25 ft. from the charging 
end, the necessary temperature is attained. A soft 
constant soaking heat is maintained in the soaking 
zone, so that the sheet may enter the cooling zone as 
soon as the strain is removed and the new grain- 
growth started. 

Between the soaking and cooling zones is a vertically 
adjustable heat-resisting alloy door, and, by means of a 
light stack close to it in the roof of the soaking zone, the 
temperature of the cooling zone is correctly maintained. 


|This zone also carries a reducing atmosphere, to 


prevent scaling. Owing to the flow of the material 
through the furnace, the gases are partially drawn 
and flow back ; this maintains the reducing atmosphere, 
and is aided by the lower roof level and the adjustable 
door. The sheets emerge from the furnace at a 
temperature of about 450 deg. to 500 deg. C. (below the 
scaling temperature), and are then carefully pulled to 
one side from the run-out table. The waster sheet is 
piled ready for use again. 

Some typical practical results are recorded in Table 
I. Specimen A is a good extra-deep drawing 20-gauge 








TABLe I. 

Mechanical Test. | A | B 
Tenacity, tons per square inch .. F | 17-7 21-2 
Elastic limit, tons per square inch on” 11-4 16-2 
Elongation on 8 in., per cent. .. oe 30-5 32-9 
Reduction of area, per cent. . ae 38-5 43-0 
Olsen ductility. in. “4 aM 0-385 0-417 
Rockwell hardness wa 
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sheet, annealed in a box furnace. Specimen B is a 
normalised and low-temperature box-annealed (570 deg. 
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to 600 deg. C.) 20-gauge sheet. The microstructure of 
specimen A showed large grains, and only ferrite was 
visible. The microstructure of specimen B showed a 
very much smaller grain with resolved pearlite. The 
above results could be multiplied indefinitely, showing 
quite clearly that, although the tenacity and elastic 
limit were increased, the ductility, and therefore the 
drawing characteristics, were improved. 








AIRSHIP MOORING-STRAIN 
INDICATOR. 


In the course of a recent article on the airship R101, 
we referred, in describing the mooring arrangements on 
page 273 ante, to the means employed for measuring 
the horizontal and vertical forces to which the airship 
is exposed when moored to the mast at Cardington. 
The forces, it will be remembered, are transmitted 
through a steel mooring tube, the bending of which 
is a measure of their magnitude. To measure the 
bending, two electrical strain gauges are mounted on 
an outer tube which is co-axial with the mooring tube 
but is not exposed to stress. Spring-controlled plungers 
extending radially inwards from the gauges rest on the 
outer surface of the mooring tube, so that any bending 
of the latter is transmitted to the gauges by the inward 
or outward movement of the plungers. The method 
of mounting the strain gauges is illustrated in Figs. 27 
and 29, on page 272 ante, and, from the latter figure, 
it will be seen that, of the two gauges, one is mounted 
in the vertical plane and the other in the horizontal 
plane. The former, of course, measures the vertical 
forces due to an excess or deficiency in buoyancy, 
while the latter shows the magnitude of the horizontal 
forces due to the wind. 

Figs. 1, 2 and 3, on this page, illustrate the construc- 
tion of one of the gauges, and Fig. 4 shows the two 
gauges, one removed from its case, connected to the 
indicating instrument, which is mounted in a conve- 
nient position in the control car. The apparatus was 
constructed by Messrs. Cambridge Instrument _Com- 
pany, Limited, 45, Grosvenor-place, London, S.W.1, 
and the principle employed in the design of the gauges, 
due to Dr. G. A. Shakespear, of Birmingham Univer- 
sity, is that the temperature, and therefore the electrical 
resistance, of an open helical coil of wire carrying ® 
heating current will increase if the coil is compressed, 
so as to decrease the distance between the turns, and 
vice versa. The gauge, therefore, comprises four 
identical helical coils of platinum wire connected so 
as to form the arms of a Wheatstone bridge through 
which a constant current is passed. The bridge will, 
of course, be balanced so long as the resistance of each 
arm is equal, but the mechanical arrangements of the 
gauge are such that the coils in two opposite arms of 
the bridge will be compressed by any movement of 
the plunger and the other two coils extended. The 
resistance of the two compressed arms will then be 
increased and that of the two extended arms diminished, 
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AIRSHIP MOORING-STRAIN INDICATOR. 


CONSTRUCTED BY MESSRS. CAMBRIDGE INSTRUMENT COMPANY, LIMITED, LONDON. 
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as explained above, so that the balance of the bridge 
will be destroyed and a current will flow in a galvano- 
meter connected across the bridge in the usual way. 
The magnitude of this current will be proportional 
to the difference in the resistance of the opposite 
pairs of arms, which, in turn, is proportional to 
the amount of compression and extension, and since 
the latter is proportional to the movement of the 
plunger, the current will be a measure of the load on 
the mooring tube. The direction of the current will, 
of course, depend upon which of the opposite pairs of 
arms is compressed and which is extended, so that, by 
employing a galvanometer of the central-zero type, 
both the magnitude and direction of the forces on the 
tube are indicated. 

The four platinum coils, together with the mechanism 
for compressing and extending them, are mounted 
on a metal base which is screwed into a cup-shaped 
case, as shown in Figs. 1 and 2. The case, which is 
formed with a screwed boss at the lower end, is screwed 
into the outer tube, a forked key, shown in the fore- 
ground in Fig. 4 and fitting into two holes drilled in 
the bottom of the case, being used for the purpose, 
as well as for screwing the base into and out of the 
case. The plunger, the lower end of which bears 
against the mooring tube, passes through the screwed 
boss, as clearly shown in Fig. 1, and its movements 
are transmitted through a short rod, pointed at each 





are connected to pins mounted on flat springs, through 
which the electrical connections are made, while the 
inner ends are connected to pins carried by the upper 
lever, which is forked as shown in Fig. 3, the pins 
passing through slots in the sides of the metal sheaths ; 
electrical connections to these pins are, of course, made 
by flexible leads. 

It will be clear that, with the arrangements described, 
the movements of the plunger will be transmitted, on a 
reduced scale, to the pins mounted on the upper lever. 
One coil of each pair will, accordingly, be compressed 
and the other extended, with the results already ex- 
plained. Four leads, two for the heating current 
and two for the out-of-balance current, are taken 
through a gland in the base of each of the gauges, 
clearly shown in Fig. 1, to the indicating instrument, 
illustrated in Fig. 4. In the upper part of theindicator, 
a central-zero galvanometer, provided with two scales, 
is fitted. The galvanometer scales are graduated to 
read directly the load in tons on the mooring tube, the 
upper scale, reading to 25 tons on each side of the zero, 
being used for the horizontal forces and the lower scale, 
reading up to 5 tons, being employed for the vertical 
forces. When the instrument is in use, horizontal 
forces are normally indicated on the upper scale, but, 
by depressing a push-button switch on the front of the 
indicator case, vertical forces can be read by means 
of the lower scale ; a catch is provided to hold down 


end, to a system of two reducing levers, the arrange- | the push-button if it is desired to indicate the vertical 
ment of which can be followed by examining Figs. 1| forces continuously. Current is supplied by a small 
and 3. The levers, it will be seen, are pivoted at their | 6-volt dry battery, which is switched in only when 


outer ends to pillars cast in one with the base, and are 
kept in position by a pair of tension springs arranged 
as shown in Figs. 1, 2, and 3. The springs, of course, 
Serve to eliminate any backlash and also to keep the 
plunger in contact with the mooring tube. The four 
coils forming the arms of the Wheatstone bridge are 
arranged in two pairs, the coils in each pair being 
mounted in line one above the other and enclosed in a 
metal sheath of square section to protect them from 
air currents. The two metal sheaths are shown in 
Plan on the left of Fig. 3, and one is shown in section, 
with the two coils in position, in Fig. 1. From the 
latter, it will be seen that the outer ends of the coils 





the instrument is actually in use. A milliameter is 
provided on the indicator, as shown in Fig. 4, to indi- 
cate whether the heating current is steady, and a 
rheostat is also fitted, so that any variation in the 
battery voltage can be compensated for. 








INSTITUTE OF BRITISH FOUNDRYMEN.—The Lancashire 
branch of the Institute of British Foundrymen has 
decided to open a fund for the purpose of presenting a 
tangible testimonial to Mr. H. Stead, past honorary 
secretary and treasurer. Contributions should be sent 
to Mr. W. Gilpin, 34, Birch Grove, Rusholme, Man- 


chester. 


THE DISTRIBUTION OF STEAM IN 
LARGE FACTORIES.* 


By Francis Carnects, C.B.E. 


In considering this subject in connection with the 
Royal Ordnance Factories, Woolwich, two factors 
may be specially mentioned: (a) The gradual develop- 
ment of the factories since their inception in the 
Seventeenth Century; (5) the sudden expansion in 
buildings and plant due to the demands of the-war. 
Anomalies arising from (a) were accentuated in the 
Ordnance Factories by the sudden and temporary 
enlargement of different departments within the 
factories which occurred during the war. It was not 
then possible to predict with any certainty what was 
to be the final limit of the extensions or the duration of 
their occupation, but work had to be carried out under 
great pressure with all the attendant difficulties of 
obtaining material and plant. An examination of the 
problem later showed that many old-established 
practices would have to be dealt with before a com- 
prehensive scheme of economical production and 
distribution of steam could be laid out. 

For many years the Ordnance Factories, which, with 
the Army and Navy Stores and Inspection Depart- 
ments and the Research Department, comprise the 
Royal Arsenal at Woolwich, have been divided into 
three main productive departments, namely :—The 
Royal Ammunition Factories, the Royal Gun Factory, 
the Royal Carriage Factory, who names indicate the 
nature of their work, and a separate Works Department, 
which was responsible for the whole of the buildings 
and such general supplies as water and gas. Each of 
the three productive departments worked essentially 
as a separate unit, possessing its own special stores and 
supplying its own needs in the way of steam and power. 
Each large shop requiring power was provided with its 
own steam-engine and boiler-house, the latter also 
supplying steam for auxiliaries, process work, and the 
heating of shops. Such plants were operated by a 
staff of the department to which they belonged. At 
the date when the scheme was originally planned this 
system was technically sound and efficient, but with 
the advent of high-pressure steam and the electrical 
distribution of power such systems were rendered 
out-of-date and wasteful to a greater or less extent. 

By the summer of 1914, practically the whole of the 
factories had been electrified. The general question of 
steam supply had not come under review, and the 
stage-by-stage character of their extensions, the divided 
control, and the scattered nature of the loads had 
resulted in a system which was comparatively inefficient 
and wasteful. After the cessation of hostilities it 
became necessary to adjust the activities of the factories 
to peace conditions, having in mind the necessity for 
retaining the capacity required to deal with full-load 
output in the event of an emergency arising. The 
post-war problem, therefore, set for consideration was 
to supply steam for the generation of electricity, for 
auxiliaries, for process purposes, for heating factory 
buildings, stores, magazines, &c., at the cheapest cost 
possible under the existing factory conditions, taking 
into account all items of expense. This consideration 
involved our main factors which were (1) the economical 
production of steam at the generating centres; (2) the 
economical distribution or conveyance of steam from the 
generating centre to the “ user” centre; (3) a system 
of accounting which would accurately reflect the 
unit cost of steam at each generating and user centre ; 
(4) checking consumption and accounting for steam 
used at each centre. 

Survey of Existing Conditions.—The first step was 
to obtain a complete survey of the then existing 
conditions. This showed that there were: (a) 47 
separate boiler houses of various sizes containing 
228 boilers ; (b) a steaming capacity of approximately 
920,000 lb. of steam per hour; (c) total maximum 
peak loads (not necessarily coincident) of approxi- 
mately 605,000 lb. of steam per hour; (d) pressures 
varying between 10 Ib. and 200 Ib. per square inch 
gauge; (e) 228 men employed on the production of 
steam. These boiler houses were scattered over an 
area of approximately 1,300 acres, and the boilers 
were of widely different types and efficiency. This 
preliminary survey showed clearly the necessity of 





co-ordinating the whole of the steam supplies under 
one control. The whole of the plant and personnel 
concerned in the generation and distribution of steam 
was therefore transferred to the Chief Mechanical 
Engineer, who had control of the Service Depart- 
ments. 

A further examination made it evident that it 
would be simple to bring sufficient of the existing 


| plant into a state of comparative efficiency, but there 


was no data of reasonable accuracy to allow of the 
preparation of a scheme of complete centralisation 
of steam supplies from one plant, that would stand 
financial and technical criticism. The problems of 





* Paper read before the Institution of Mechanical 
Engineers, on Friday, April: 25, 1930. Abridged. 
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relative cost of generation and distribution from a 
common centre, the carrying capacity of the mains 
required and the location and size of the steam loads 
to be supplied were all too indefinite to justify such 
a course, at any rate initially, especially as it appeared 
probable that considerable reductions in steam con- 
sumption might be effected by careful control of its 
use. It was accordingly decided to see what was 
the best that could be done at a comparatively small 
outlay with the existing plant and arrangements, 
and to proceed step by step as experience was gained 
with such further improvements as could be justified 
financially. The soundness of this course of action 
has been fully borne out by the results obtained. 
Study of Steam Loads at Various Centres.—It was 
therefore necessary to make a careful study of the 
steam loads to be supplied at the various centres, 
bearing in mind (a) the possibility of reduced demand 
owing to the substitution of electric power for steam 
power ; (b) the more efficient use and control of steam | 
generally; (c) the reduction of maximum demand | 
due to common supply of non-coincident peak loads ; | 
and then to select boiler houses to which such loads | 
could be transferred and which could be modernised | 
if necessary to secure efficient operation. | 
Reduction in Steam Loads and in Capacity of | 
Plant.—The examination of steam loads showed that | 
the same production requirements of the factories 
could be met with considerable reductions in the total 
steam load. The maximum peak load requirements 
for steam had been reduced from 605,000 lb. per hour | 
to 276,000 lb. per hour and it was possible to reduce | 
the capacity of plant from 920,000 Ib. to 441,000 Ib. 
per hour. Emergency conditions were provided for 
by the retention of certain boiler houses otherwise 
not required. In connection with one plant special 
action was taken. This plant was an isolated unit 
generating a small amount of steam for electrical 
and hydraulic purposes and for supplying steam 
through long lengths of mains for heating calorifiers 
in certain buildings. It was decided to transfer the 
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power load to the general electrical supply, and to 
instal a gas-producer plant for the heating load, 
delivering producer gas through the mains which 
had been previously used for steam, and to alter the 
calorifiers to use gas. The results achieved have 
been in every way satisfactory. The scheme cost 
approximately 13,5001., and effected savings in 
producing and operating expenses of approximately 
7,5001. per annum. 


I.—EoonomicaL Propucrion or STEAM AT THE 
GENERATING CENTRES. 

Having arrived at the requisite quantities of steam 
at the various centres the next step was to consider 
the economical production of steam at these centres. 
This covers the consideration of :— 

(a) Plant for Steam ‘Production.—Generally the 
actual boilers existing at the selected generating 
centres were used. Each item of plant and each 
detail of operation was studied separately, with a 
view to increasing the thermal efficiency and recovering 
and utilising any waste heat available. Each plant 
retained was fitted with suitable economisers and 
induced-draught fans, coal weighbridges, water- 













PRESSURE, VELOCITY, 


meters, and a full equipment of thermometers, CO, 
recorders, draught gauges, &c., so that the plant could 
be run continuously under test conditions if required. 
Care was taken to arrange for the brickwork to be 
kept reasonably airtight, and the whole plant brought 
into line with the latest standard practice. In one 
case where there was a considerable quantity of sawdust 
and wood waste to be consumed in the boiler plant, 
it was considered desirable to instal a pulverised-fuel 
equipment which was also capable of using the wood 





now possible to secure absolutely consistent results 
with comparatively little supervision. The effect of 
the introduction of this plant has been a considerable 
increase in the length of time between cleaning the 
boilers, the present period being 2,000 steaming hours 
or about fourteen to twenty weeks’ normal running, 
and the reduced cost of boiler cleaning covers the 
cost of water treatment many times. For water-tube 
boilers it is advisable to supplement the lime-soda 
process, which is incapable of reducing the hardness 
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Stanton and Pannell’s Experiments. 
Air in pipes 1°255 to 12°62 cm. diam. 


Air and water in solid-drawn brass pipes. 


Water in pipes 1°255 to 2°855 cm. diam. 


Lander’s Experiments. Steam and water in small commercial wrought-iron pipes. 
Ordnance Factories Experiments. Steam in steel pipes 1°98 in., 6in., and 8 in. diam, 
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waste economically. In another case where the 
peak load in the winter time taxed the boiler house 
to its full capacity, and where the economiser was 
rather small, it was decided to instal between the 
economiser and chimney an air heater of the plate 
leaf type. This added about 5 per cent. to the overall 
thermal efficiency of the boiler house, and in addition 
increased its maximum steaming capacity by about 
10 per cent. 

(6) Feed Water.—Where returned condensate is not 
available—and the long distances to which steam is 
now transmitted add to the difficulty of arranging 
to return the condensate—it has been found desirable 
to standardise town water for boiler feed as being 
the best quality of water available. The Woolwich 
supply is of 26 deg. total hardness, which is reduced 
by a lime-soda process, a plant of this nature being 
installed in each boiler house. These plants have been 
standardised as regards size, each being an exact 
multiple of a unit and the size of the mixture tank, 
ratio of mixture solution to water, &c., have also 
been standardised. This facilitates control and allows 
of the issue of chemicals in standard lots, a given 
number of these being taken by each plant. It is 
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below about 2 deg. without undesirable increase in 
alkalinity, with a plant working on the base exchange 
system, which follows the ordinary softeners and reduces 
the water to zero hardness. 

(c) Plant Operation.—To maintain plant efficiency 
it is necessary to secure the active co-operation of 
the boiler-house staff, and a system was adopted 
which practically meant running all the boiler plants 
under continuous test conditions, the readings of the 
various meters and instruments being taken by the 
leading stokers in charge of the shifts and reported 
as a matter of routine in the daily log sheets. The 
readings on the various logs are checked by the 
supervisory staff on their periodical visits to the 
boiler houses. These logs, together with the accom- 
panying instrument recording-charts, are collected 
and sent each morning to the shop manager’s office 
of the steam section, where they are summarised and 
analysed, the result being entered in a weekly boiler 
record. Any necessary action indicated by the figures 
can thus be taken immediately by the supervisory 
staff. These systematic records, coupled with the 
necessary instructional work on the part of the 
supervisory staff, have effected a considerable increase 
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in the overall thermal efficiency of steam production, 
which is now regularly maintained at a reasonably 
satisfactory figure. The average overall thermal 
efficiency, based upon the gross calorific value of the 
fuel, is now 70-7 per cent. 

(d) Purchase of Fuel.—On tendering, the following 
information is acquired :—(1) name and description of 
coal offered ; (2) seam or seams from which coal is 
supplied ; (3) washed or unwashed, and if single- or 
double-screened ; (4) guaranteed average gross calorific 
value of coal in B.Th.U. per lb. of coal as delivered, 
i.e., containing its full percentage of moisture; 


(5) maximum percentage of volatile matter and ash | 
in the coal; (6) minimum percentage of volatile | 


matter in the coal. 

The actual quality of each consignment is ascer- 
tained from average samples taken when unloading 
the vessel. These samples are mixed and divided in 
two; one half is subjected to a screening test for 
determining the proportion of small coal and fine coal, 
and the other half is reduced by mixing and quartering 
until a sample of convenient size for the purpose of 
laboratory testing is obtained. The calorific value is 
taken as the mean of three separate determinations, 


made in a standard Mahler calorimeter in which all | 


the water of combustion is condensed and its latent 


heat included. For the purpose of sampling and | 


analysis of all coal purchased, a small laboratory has 
been provided. The methods adopted are those 
recommended by the Fuel Research Board. It is 
therefore possible to determine the actual value of 
each coal likely to be used, and a large proportion of 
the fuel is now purchased at prices fixed by the result 
of the analysis of the coal actually delivered. For each 
complete 1 per cent. by which the calorific value exceeds, 
or is less than, the average as quoted by the contractor, 


a bonus or deduction, as the case may be, of | per cent. | 
will be made on or from the contract price. By these | 


means coal having an increased calorific value is now 
obtained at prices no higher than were previously paid 
for inferior coal. 

It has also been found desirable to determine the 
fusibility of the ash of all coals supplied as giving a 
fairly reliable indication of the liability to form trouble- 


some clinkers in use, and this test is now carried out as | 


a matter of routine. In addition, one of the boiler- 
houses has been fitted up with a rather more elaborate 


set of instruments than the rest, for the purpose of | 


testing on a practical working basis samples of coal 


for trial, so determining their general suitability and | 
efficiency in use. One of the most interesting and | 


fruitful uses of this test boiler-house is the study of the 
effect of modified methods of working and alterations 
in design of various plant units. When this work is 
being undertaken special care is observed to ensure 


comparable conditions, and a full heat balance is | 


prepared showing where all heat losses have occurred, 
especially those due to the heat stored in the material 


of the plant itself. This work has brought to light | 


the importance of the loss of heat due to the heat 
capacity of the brickwork settings of the usual type | 
fitted to Lancashire boilers, especially when such 
boilers are used intermittently. In normal working | 
the boiler is not actually steaming for more than about 
nine hours per day for five days per week and five hours 
on Saturday. In these circumstances a very large | 
quantity of heat is absorbed by the heavy brickwork ; | 
it is dissipated to a considerable extent during the | 
night when the plant is idle, and has to be replaced 
next morning before the boiler is again working nor- 
mally. The result of this investigation shows that the | 
loss in normal working may reach as much as 10 per | 
cent. of the fuel, and it is this loss that is principally | 
responsible for the relatively low efficiency of inter- | 
mittently-worked Lancashire boilers, when compared | 
with water-tube boilers. 


II.—Tue Economica DistriBuTION OR CONVEYANCE | 
or STEAM FROM THE GENERATING CENTRE TO THE | 
Usrr CENTRE. 

This aspect of the problem involved the following | 
considerations :— | 
(a) Extension of Mains System.—Like the boiler- 
houses, the mains of the Royal Ordnance Factories 
had been added to by stages as the necessity arose. 
The result was a system of steam mains in which many 
of the routes were longer than necessary, and a large 
proportion of the pipes were badly arranged and | 
inefficient. It was then desirable to consider the steam | 
mains as a whole, and to evolve a system which would | 
meet existing conditions efficiently, and also provide 
the requisite capacity for emergency needs. This 
involved a study of the friction losses in mains and the 
losses due to radiation, &c., from the outer surfaces. 
(6) Provision for Thermal Expansion of Mains.— 
he amount of such movements was generally far 
greater than could be accommodated by the usual 
forms of expansion bends or joints. For this reason 
advantage was taken of all bends, turns, &c., in the 
lay-out of the mains system, so as to render it as far 





| to flow offered by the pipes. The energy so dissipated 


| as its velocity increases due to falling pressure. The 


{energy per unit of steam: This is solely due to 


‘surfaces of the pipes. (3) actual losses of steam 


as possible inherently elastic. The main supports used 
| must be such as to allow freedom of movement without 
| causing damage to the lagging. The type selected has 
| proved eminently satisfactory in practice. When 
| setting out and erecting these main pipes, the total 
| expansion expected in each length is carefully calcu- 
| lated, and half this amount is deducted from the total 
|length of the run when ordering the pipes. Special 
| long bolts are used for pulling up the final joints. 
| (c) Lagging of Mains.—The lagging chosen after a 
|number of trials of various kinds was 85 per cent. 
|magnesia. This material had the highest insulation 
properties of those tested up to the time of writing that 
were also capable of withstanding the steam tempera- 
ture. Adequate protection from mechanical damage 
was provided by a layer of ‘‘ chicken” wire-netting 
covered with 4 in. of hard-setting cement. At tem- 
peratures above approximately 450 deg. F. the material 
begins to undergo thermal decomposition, resulting 
in its disintegration. It is therefore necessary to take 
precautions in all cases where the temperature of the 
steam is likely to exceed 450 deg. F. The lagging must 
also be protected from water. Ruberoid has been 
found to be satisfactorily waterproof and to give strong 
mechanical protection for all ordinary cases, but where 
actual mechanical abrasion may occur, further protec- 
tion, such as a metal plate, is, of course, advisable. 
It was decided to cover all flanges with insulating 
material with a covering separate from the normal 
lagging. The ends of the lagging on the cylindrical 
portions of the pipe were finished off and the chamfer 
was painted. When quite dry, lagging was applied 
to the joint. It was found advantageous to insert a 
small tube at the lowest point of the joint; this allows 
of the escape of any leaking steam and forms a most 
effective indication of defective joints, without causing 
any damage to the lagging. One effect of this practice 
is rather curious ; it is almost always found that if such 
a covered joint has to be broken the nuts have seized 
on to the bolts and have to be cut off in order to release 
the joints. 

(d) Losses in Steam Distribution Mains.—It appears 
that little scientific work has been done upon the 
losses occurring in large diameter mains of considerable 
'length, where the pressure differences due to friction 
are comparatively great and form a large fraction of 
the initial steam pressure. The formule in the text- 
books are for cases of small pressure drops and are 
| based upon purely empirical reasoning. This question 
was taken up in some detail. 

The losses in a steam distribution system may be 
classified generally under the following headings :— 
(1) Losses in pressure. These are practically entirely 
due to two causes :—(i) Overcoming the resistance 


is changed into heat, and there is thus no loss of total 
heat energy. (ii) Accelerating the motion of the steam 


energy corresponding to this change of pressure is 
stored as kinetic energy of the steam and thus there is a 
corresponding loss of heat energy. (2) Loss in total 


heat losses by radiation and convection from the outer 


substance. These occasion corresponding losses of 
energy and are due to:—(i) Losses from traps, &c. 
(ii) Leakages from the system. The problem is thus 
not a simple one, and the solution is complicated for 
mains of appreciable length by the changing pressure, 
density, and temperature or dryness of the steam. It 
is necessary, therefore, to consider each of the above 
detailed losses separately before proceeding to a general 
case. 

(1) Losses in Pressure.—(i) In 1914, Messrs. Stanton 
and Pannell undertook work at the National Physical 
Laboratory to determine the relation between the so- 
called coefficient of fluid friction ¢ in the ordinary 
4¢vlp 

29D 
nolds number * = for the conditions pertaining in the 


Chezy formula p = and the value of the Rey- 


case of air and water flowing in brass pipes. A very 
marked similarity was found in each case. This 
experiment gave a new viewpoint to the problem of 
fluid flow in pipes, and it is now known that all fluids 
on which experiments have been carried out accurately 
follow a similar law, although the actual vertical 
scale of the curves may, be affected considerably by 
the degree of roughness of the inner surface of the 
pipes used. Work on similar lines for small steam- 
pipes at not very high velocities was undertaken in 
1915 by Dr. C. H. Lander. 

It was, therefore, thought that in this work one might 
find a basis for a rational formula for the frictional 
loss in large steam-mains, but it was necessary to know 
what influence surface conditions of large commercial 
mains had on the coefficient of friction. Experiments 
were, therefore, carried out with one 8-in. main with 
solid-drawn pipes and welded flanges; on 6-in. 


of the ordinary welded steam-barrel type. The 
quantity of steam was measured by the steam-metering 
system in the case of the 8-in. and 6-in. mains, and by 
actual condensation in the case of the smaller mains. 
In order to plot the results attained on Stanton and 
Pannell’s diagram, it is necessary to know the value 
of the coefficient of viscosity of steam. The figures 
used for this are due to Dr. Ing. H. Speyerer. 

Fig. 10 shows the results of plotting the series of tests 
upon the Stanton diagram. It will be seen that they 
fall in well with the general conclusions reached by 
previous workers and that commercial solid-drawn 
steel tubes are relatively rougher than the brass tubes 
used by Stanton and Pannell, but are smoother and, 
therefore, offer less resistance than hot-rolled or lap- 
welded tubes, which offer practically the same degree of 
resistance as those used by Lander. On this diagram 
are a series of lines which may be taken to be fairly 
representative of the various classes of tubes in ordinary 
commercial use, and if these are accepted they offer a 
ready means of determining the probable value of 
for any particular case, and from it, by the use of Chezy’s 
formula, the differential pressure drop due to friction 
for short lengths of main. 

(ii) The additional drop of pressure due to accelera- 
tion could be expressed as a differential equation, but 
owing to the complicated relationship between the 
pressure, temperature, density, and energy of steam, 
the resulting general equation is very cumbersome 
and it appears better to calculate particular solutions 
for each case. 

(2) Losses in Total Energy per Unit of Steam.— 
Such losses arise due to the heat actually conducted 
through the lagging material and dissipated into the 
outer air by radiation and convection from its outer 
surface. The theoretical value can easily be calculated 
for any given size of pipe and steam temperature if the 
thickness and conductivity of the various layers of 
lagging material are known, together with the tempera- 
ture of the outer air, as can also the temperature attained 


| by each portion of the lagging material. The latter 


point is important with high-temperature steam as 
it is essential to use a material capable of withstanding 
without deterioration the temperature to which it will 
be exposed. (Hydrated carbonate of magnesia com- 
mences to decompose below 500 deg. F.) In actual 
practice, however, it is certain that owing to the 
existence of the stream-line film of fluid in contact 
with it, the pipe surface is at a somewhat lower tem- 
perature than the mean steam temperature, also the 
theoretical calculation takes no account of the imper- 
fections and flaws in commercially applied laggings. 
The author’s experience at Woolwich indicates that 
with adequate mechanical protection, and with ingress 
of water prevented, 85 per cent. magnesia lagging 
deteriorates very slowly if at all; for instance, a long 
main treated six years ago seems as good now as when 
erected. For carefully applied lagging and mains 
above, say, 6 in. diameter, it appears that the loss should 
not exceed 0-38 B.Th.U. per square foot per 1 deg. F. 
temperature difference between steam and air, for 
14 in. of magnesia covered with }-in. of protective 
cement, and 0-30 for 2 in. of magnesia and 4 in. of 
protective cement respectively. 

(3) Actual Losses of Steam Substance.—-(i) The 
steam condensing and leaving the main is drained by 
the traps, through which there is usually some discharge 
of steam. (ii) The possibility of leakage of steam 
through leaky joints, valves, &c., is also present 
although in a carefully maintained system this item 
is not of serious moment. 

At the Royal Arsenal the main steam supply is 
generated at 200 lb. per square inch gauge pressure, 
and superheated to 500 deg. F. In modern boiler 
plants it is now common practice to generate at higher 
pressures and temperatures such as 350 lb. per square 
inch pressure and 700 deg. F. total temperature. 
Calculations have accordingly been made of the change 
in state of steam of these initial properties for solid- 
drawn well-lagged mains of 12 in., 10 in., and 8 in. 
internal diameter for various conditions of load. An 
example of the result of calculation for the case of an 
8-in. diameter main is plotted in Fig. 11. 

The most useful information when planning mains 
systems is the relation between the carrying capacity 
and length of mains between specified initial and 
final pressures. Fig. 14 has been plotted to show this 
relation for 6 in., 8 in., 10 in., and 12-in. diameter mains 
with an initial pressure of 350 lb. per square inch gauge, 
an initial temperature of 700 deg. F., and a final 
pressure of 200 Ib. per square inch gauge, also an 
initial pressure of 200 lb. per square inch guage, 
an initial temperature of 500 deg. F. and a final 
pressure of 100 lb. per square inch gauge. On this 
diagram lines are drawn to indicate corresponding 
final temperatures and thermal efficiencies of distri- 
bution with these loads. It will be noticed that 
comparatively high loads can be carried over long 
distances with a relatively high efficiency, and that at 





mains of hot-rolled pipe; and on smaller mains 


high loads the degree of superheat tends to increase 



















ENGINEERING. 


[May 2, 1930. 

















HAND-OPERATED RAIL-CUTTING HACK SAW. 


CONSTRUCTED BY MESSRS. EDWARD G. HERBERT, LIMITED, 


ENGINEERS, MANCHESTER. 








Fig. 1. ‘ 


for some distance along the main. When using such 
figures to design main distribution systems, it is | 











PORTABLE RAIL-SAWING MACHINE. 


necessary to provide a pipe large enough to deal with |. T## accompanying figures illustrate the manner 
the peak load with a reasonable margin for its growth. | i" which modern methods of machining, the use of jigs, 


The efficiency figures given only apply to the particular 


and quantity production enable manufacturers to 


conditions of load stated. At lower loads the efficiency | T¢-design a well-known tool, so that not only is its 


will be relatively lower and will depend upon the 
method of governing the supply, e.g., a higher efficiency 
would result from adjusting the initial pressure and 
temperature to give the final conditions desired, than | 
from reducing valves at the deliveryend. For example, | 
if it is necessary to give a twenty-four hours’ continuous | 
supply in an ordinary factory, it is rare to find condi- 
tions giving more than 40 per cent. load factor, and in | 
this case the average thermal loss percentage would | 
be at least double those for continuous full-load con- | 
ditions. 

Tt will be seen that the long-distance distribution | 
of steam from the purely technical point of view is a 
practical proposition. The economical aspect depends 
entirely upon the relative costs of generating steam in 
centralised as compared with scattered boiler-houses, 
it being necessary to gain in increased economy and 
efficiency of generation more than the losses in an) 
extensive distribution system before a case can be 
made out for centralisation. 

(e) The Control of Distribution System so as to 
Reduce Losses to a Minimum.—After the actual mains 
systems adopted had been installed a series of sectional 
plans were prepared for each district and sub-district, 
showing the shops fed and the valve system controlling 
them. These were mounted in suitable books, and 
issued to the men detailed to operate the actual valves 
controlling the supplies. The requirements of each 
shop receive special study and attention, and as a 
result a programme is drawn up; any alterations 
necessary to meet altered needs are made immediately, 
so as to avoid having parts of the main system charged 
with steara when not actually required. This is 
coupled with a regular ‘nspection of valves, traps, 
lagging, &c., for the detection of any faults developing, 
which are remedied immediately they are reported. 
This action has resulted in a considerable reduction 
in the mains losses, and has increased the efficiency 
of steam distribution which in the general factories is 
now at the satisfactory figure of 92 per cent. 


(T'o be continued.) 











EXHIBITION OF AROHITECTS’ DRAwINnGs.—An exhibi- 
tion of architects’ drawings of the period from 1800 to 
1850 is being held at the Royal Institute of British 
Architects, 9, Conduit-street, Regent-street, London, 
W.1, and will continue until May 24. The exhibition, 
which is open each day from 10 a.m. to 8 p.m. (Satur- 
days, 5 p.m.), is free, and no tickets of admission are 
required. 





capacity increased and its appearance improved, but its 
cost is considerably reduced. The tool is the new form 
of portable rail-sawing machine, just introduced by 
Messrs. Edward G. Herbert, Limited, Atlas Works, 
Levenshulme, Manchester. It is hand-operated, and a 
75-Ib. rail can be cut through by it in 20 minutes, or a 
standard tram rail, 7 in. by 7in.,in 30 minutes. Joists, 
tees, and angles up to these latter limits can also be 
sawn. The saw is shown in operation in Fig. 1. Its 
general design is quite clear from this figure, but it may 


| be noted that a vertical adjustable strut is provided to 


steady the arm carrying the lever. The jaws of the 
vice are much wider apart than in the older pattern, 
though the size of the tool has not been increased. The 
adjustable loose jaw is suitable for gripping rolled 
sections and bars, as well as rails. The net weight is 
126 lb. The annoyance of having the saw loose when 
the tool is being adjusted on the work has been obviated 


| by the simple expedient of coupling it to the lever by a 
| single bolt in the manner shown in Fig. 2. The pressure 
| weight is, of course, removed, and a lug on the hand lever 


resting on the main frame keeps the whole movable 
system in position. The tool may be set up and oper- 
ated by one man. The blades are 17 in. long by 1 in. or 
1} in. deep, of 18 gauge with 10 teeth per inch. They 


| are supplied either of tungsten alloy steel or sharpened 


high-speed steel with 18 per cent. tungsten. 








DEVELOPMENTS IN FUEL ECONOMY 
AT SKINNINGROVE.* 
By Frank BAINBRIDGE. 
Ir is a comparatively simple matter to obtain fuel 


|economy by high capital expenditure on new plant, 
| but, up to the present, the management of the Skinnin- 


grove Works has been fully employed in making im- 
provements which have involved only small capital 
outlay. For example, it has not seemed expedient to 
replace steam blowing-engines, which are nearly fifty 
years old and which are extremely inefficient, until all 
the gas at present available has been employed to its 
maximum advantage. Whilst the author is aware that 
the conditions for the realisation of maximum fuel 
economy are well known, it may not be considered out 
of place to enumerate the principal ones briefly. Coke- 
ovens, blast-furnaces, and steelworks should all be 
concentrated on one site and in suitable relation- 


‘ship. The various producing departments must be so 





* Paper read before the Iron and Steel Institute, 


‘London, on Thursday, May 1, 1930. Abridged. 
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balanced as to permit of the most economical consump- 
tion of their output in the succeeding stages of steel 
production—that is, there should be neither excess nor 
deficit of product from any one of the subsidiary units. 
Blast-furnaces should be fitted with double bells or 
covers, in order to minimise loss of gas. The gases 
leaving the blast-furnaces should be cleaned to such a 
degree that the dust will not reduce the heating effi- 
ciency of the stoves and boilers, the degree of cleanli- 
ness being largely dependent upon the alkali content 
of the dust. There should be separate supplies of coke- 
oven and blast-furnace gas throughout the plant. If 
gas engines are used in the power house, they should be 
run on clean blast-furnace gas only. All gas should be 
burnt with a minimum of excess air over that required 
for complete combustion. Gas pressures in mains 
should be controlled, in order to avoid extreme or 
violent fluctuations. As much use as possible should be 
made of the surplus gases during the week-end periods, 
when the rolling-mills and steel furnaces are non-pro- 
ducing. The heat in waste products should be utilised 
for steam-raising purposes. There must be scientific 
control and management throughout the whole system 
of heating, in order that every available heat unit may 
be utilised to the best advantage. 

Following the general strike, a thorough survey of 
the conditions prevailing in American and Continental 
practice was made by the present management at 
Skinningrove, in their efforts to devise ways and means 
to secure the desired fuel economy on lines following the 
principles previously enumerated. 

The plant at Skinningrove was already equipped 
with the four principal units of production, although 
the blast-furnaces and coke-ovens were far from 
modern, and further additions were not to be considered 
for some time. ‘ 

Balance of Units.—The coke-oven plant, consisting 
of two batteries of 60 ovens each, was not quite capable 
of the coke production required for the contemplated 
needs of the blast-furnace department, and a small 
amount of coke had to be obtained from outside sources, 
although some speeding-up in coke production has been 
possible whilst still maintaining the desired physical 
qualities of the coke. The blast-furnace plant, con- 
sisting of four old furnaces working on a pure Cleveland 
burden, was considered capable of an output slightly 
in excess of the requirements of the steelworks, although 
it was expected that the total output would be utilised 
in the near future. . 

The melting shop consisted of an active mixer and 
three basic open-hearth tilting furnaces, the heating 
medium being supplied by a bank of modern gas 
producers in conjunction with a comparatively small 
quantity of blast-furnace and coke-oven gases at the 
week-end. Ingot heating was carried out in soaking 
pits burning coke-oven and blast-furnace gases, no 
other fuel being supplied. The heating of the cogging 
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blooms was carried out in a wash-heater supplied with 
coke-oven gas only. The rolling mill and subsidiary rail 
banks, &c., were of comparatively modern construction, 
with Ilgner electrical drive and capable of a throughput 
equal to the maximum anticipated output of the 
melting shop. Generally, the existing plant might be 
regarded as a composite unit capable of giving a balance 
favourable to the full application of methods of opera- 
tion promoting fuel economy. 

Blast-Furnace Bells.—Whilst it was fully realised 
that approximately 10 per cent. of the total gas made 
was lost owing to the use of single bells on the blast- 
furnaces, the capital cost of converting the plant to 
double-bell practice was prohibitive, because the 
conditions at the Skinningrove furnaces are peculiar 
owing to the size of the bells, which are the largest in 
Great Britain. 

Cleaning of Blast-Furnace Gases.—The plant con- 
sisted of a preliminary static washer and four Theisen 


Total make of uncleaned 
blast-furnace gas . 3°3 to 3°7 million cubic 
feet per hour. 

Approximate quantity of 
cleaned blast-furnace gas 900,000 cubic feet per 

hour. 

This was apportioned as 

follows : 
To gas engines and 
blower... ase -.- 650,000 cubic feet per 
hour. 

250,000 cubic feet per 

hour. 


To soaking pits ... 


The remaining volume of 2-4 to 2-8 million cub. ft. 
per hour of uncleaned blast-furnace gas, less the con- 
siderable losses due to the use of single bells, was 
consumed in stoves and boilers. 

The exact distribution of coke-oven gas at that time 
is difficult to gauge, as considerable quantities were 
blown to waste through bleeders from time to time in 








Fig.1. STOVE BURNER I. 
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washers, three of which were capable of dealing with all| attempts to balance out the back-pressures, which 
the surplus blast-furnace gas available at that time | occurred when the soaking pits and wash-heater were 
and providing the gas supplied to the power-house and | adjusted for heat. In addition, the length of main 
soaking pits, together with the small quantity for the|from the coke-ovens to the soaking pits tended to 
melting shop at the week-end. An electrical precipita- | restrict the work of the coke-oven exhausters to such 
tion plant was also available, but was not in use, owing | an extent that at no time was the second battery of 
to the fact that, whilst it was capable of cleaning down | ovens as well cleared of gas as might be wished. It 
to 1-0 gm. per cub. m., the residual dust was high in| may be taken, however, that all available coke-oven 
alkali. Further, the high-tension generating plant in-| gas was consumed at the wash-heater, soaking pits, 
stalled therein was not sufficiently robust, was too and boilers. For comparison later, it may here be men- 





costly in upkeep, and would require considerable capital | 
expenditure to bring it into line with the more up-to- 
date and efficient Continental electrostatic plants. 
Utilisation of Surplus Gas.—The cleaned surplus | 
blast-furnace gas was fully consumed by the gas engines | 
and soaking pits. Periods of shortage were frequent | 
and, although mains had been laid to supply any excess 
to the mixer, this could only be accomplished satis- 





| was the last period prior to the strike when the coke- 


examined by the management at the recommencement 


tioned that the average coal consumption in the melting 
shop for the six months ending September, 1924, which 


ovens were in operation, was equal to 7 cwt. per ton of 
ingots produced. This figure does not include fuel for 
locomotives or ladle drying. 

Survey of Possible Economies.—The problem to be 


factorily at week-ends, as previously mentioned. The | of operations in 1927 was how best to effect the maxi- 
coke-oven surplus gas was, to alarge extent, unregulated | mum fuel economy with a limited capital expenditure. 
and wholly consumed in the soaking pits, wash-heater | It was obvious that, before fuel economies could be 
and boilers. Wide variations in pressure occurred, and | obtained on the steel plant, it was essential to increase 
it was almost impossible to control the supplies to these | the volume of surplus gas at the blast-furnaces by 
departments. Three pits were using cold mixed gas/ reducing the possibility of wastage. Continental 
with air regeneration only, and one pit, with both gas | methods, such as large gas reservoirs, &c., did not seem 
and air regeneration, worked almost entirely on blast- | the cheapest method of stabilising the gas pressure, and, 
furnace gas. The consumption of dirty gas on the| up to the present. it has not been possible to tackle 
production side in stoves and boilers was wasteful; | the cleaning of all the blast-furnace gas. The alter- 
analyses of flue gases showed variations of anything | native, therefore, was to adopt such means as would 
from 40 per cent. of excess air to 20 per cent. of | admit of a saving of gas by a more economic combustion 
unburnt gas, and regulation to finer limits was almost | of the uncleaned gas in stoves and boilers, and provide 
impossible. | sufficient cleaning plant to deal with the addition to the 
Although no actual volume measurements were made | surplus gas before its application in the steelworks. 
at that time, it has been possible, in view of recent; The efficient combustion of blast-furnace gas is by 
determinations, to estimate roughly the distribution of | no means the simple problem it was assumed to be in 





characteristics of the combustion of this gas are to be 
noted. The principal combustible constituent is carbon 
monoxide, amounting to about 30 per cent. of the total 
gas, and on this account, as has been demonstrated 
frequently by Bone, it belongs to the group known as 
“lean gases.” Its combustion is slow, necessitating 
the supply of large volumes of the gas through the 
burner in order to obtain the required heat. It is 
essential, therefore, that the mixing with the air for 
combustion shall be as intimate as possible. Further, 
the resultant flame should be given as much agitation 
as ‘possible, in view of the difficulty of obtaining efficient 
heat exchange from such a large volume of low- 
temperature gas. Excess air should be kept at a mini- 
mum, as the gas has a comparatively low calorific 
intensity, and excess air has a marked effect on this, as 
can be seen from the following figures :— 


Deg. F. Deg. C. 
Calculated flame temperature 
with— 
Theoretical amount of air age 2,549 1,398 
20 per cent. of excess air ia 2,405 1,318 
40 per cent. of excess air ro 2,277 1,247 


Where uncleaned blast-furnace gas is in use, a 
difficulty sometimes arises, when furnaces are out of 
balance, in the smothering of the flame by excessive 
fume; the exact cause of this is still largely a matter of 
conjecture, but the effects are sometimes disturbing. 
In the combustion of gas in hot-blast stoves, a limit is 
set to the amount of heat and the length of flame per- 
mitted by the tendency of bricks in the checkers and 
shaft to slag when uncleaned gas is used. The large 
fluctuations in gas pressure which take place when 
single-bell furnaces are in operation make efficient coms 
bustion with hand-regulation of the air very erratic, 
if not impossible, and control of the pressure by some 
means is very desirable. 





Fig.3. DIAGRAM OF GAS~BURNERS FITTED TO LANCASHIRE BOILERS 


Gas Pipe to Regulator 


Air 
Regulator 


“Enogu: -ERING” 

Stove Economies.—The heating of two or more stoves 
in series, and methods for promoting turbulence in the 
gas stream by a suitable arrangement of the checker- 
work, were not considered possible at present at Skinnin- 
grove; neither was a general regulation of the gas 
pressure considered feasible, because the blast-furnaces 
deliver their supply into one side of an underground 
main and the stoves draw their requirements from the 
other side of the same main, the burners being 
mounted directly above this main. 

The method of attack for this problem was obviously, 
then, some type of burner which would satisfy the 
following requirements:—The most efficient mixing 
of gas and air; control of the air admitted, to secure 
as nearly as possible the theoretical proportion of air 
required by the gas under such conditions of pressure 
fluctuations as were prevailing at the time; variation 
within limits of the type of flame with regard to in- 
tensity ; no moving parts or direction vanes in the 
line of the gas stream to become choked with dust ; 
a@ common air regulator for all stoves or groups of 
stoves, with ability to regulate each burner if desired ; 
minimum expenditure; and minimum personal super- 
vision. 

An examination of a large number of modern types 
of gas-burner on the above lines ruled out all but a few, 
and these fell short on account of the cost of installation. 
A burner was, therefore, designed by the works manager, 
Mr. T. A. Mills, in collaboration with Mr. W. 8. B. 
Bosanquet, which has since proved highly satisfactory 
under the conditions mentioned. The burner was con- 
structed on the works and tried out on a specially- 
built experimental furnace; it gave such promise that 
a second was built, differing slightly in design, and 
fitted to the same experimental furnace. 





the cleaned blast-furnace gas at that period as follows : | the earlier days of the blast-furnace. Several important 


Details of this burner are given in Fig. 1, on this page. 
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It consists of an annular casing around an annular inlet 
to a Venturi-type throat, which inlet contains a number 
of inwardly-directed vanes, preferably of a curved 
longitudinal section, arranged tangentially to a common 
circumference having its centre coincident with that of 
the burner and extending to the throat. Fig. 1, B, shows 
a longitudinal section of the burner taken on the line 
I-I of Fig. 1, a, which is a cross-section through the 
throat of the burner taken on the line II-II of Fig. 1, B. 
The gas is led to the throat Z, of the burner, where it 
meets the incoming air, which, owing to the effect of 
the vanes, is now in a state of turbulence, and disin- 
tegrates the fuel stream so that it becomes intimately 
mixed therewith by the time the mixture has arrived 
at the combustion area; a degree of combustion is 
thus obtained which is practically perfect. The air is 
supplied under pressure through ports X and Y, by a 
fan, the speed of which is controlled by an electrical 
regulator shown in outline in Fig. 2, on page 589. The 
regulator controls the supply of air to the burners in 
proportion to the variation of gas pressures from the 
gas main, and may be fitted with any number of 
resistance steps. It has been found, however, that, for 
all practical purposes, twelve steps are sufficient; in 
fact, satisfactory results were obtained with only six 
steps, and, when once calibrated, the only attention 
necessary has been the keeping clean of the small gas- 
pipe to the regulator drum. 

Burners of this design have now been fitted to ten 
of the thirteen hot-blast stoves in use, and the remainder 
will be fitted in the near future. The first of these 
burners was installed in January, 1928, and, up to the 
present time, has shown no sign of deterioration or 
choking with dust. 

Boilers.—The results obtained with the first of the 
stove burners, together with tests on the experimental 
furnace, indicated that this type of burner might be 
applied profitably to the main boiler range, particularly 
in view of the fact that it was possible to obtain com- 
plete combustion within about 5 ft. of the burner 
orifice, the resultant flame being in a condition of 
extreme turbulence. Burners have, therefore, been 
fitted to seven of the thirteen boilers constituting 
the main boiler range, as shown in Fig. 3,. These 
boilers are of the three-flue Beeley type, and the 
burners were fitted to the two top tubes, the third tube 
being blocked up. Although it was, of course, recog- 
nised that a considerable loss of heating surface would 
result, the design of the burner and the boiler front 
at that time necessitated that procedure, and, in spite 
of the loss of nearly one-third of the heating surface, 
it has been possible to maintain a much-improved 
steam pressure with fewer boilers, with considerably 
less blast-furnace gas, and without the coke-oven 
gas previously necessary to maintain steam. 


provide during the pushing of the charge. Uncom- 
pressed cokes are more porous, larger in size, and of 
higher shatter index than compressed cokes, but 
cupola tests of a good Durham coking coal in patent 
ovens (with compressed or uncompressed charges), 
and in beehive ovens, indicated that the uncompressed 
patent coke had the lowest melting efficiency, and that 
the beehive coke was but slightly superior to the com- 
pressed patent coke. Coal carbonised in ovens of 
17 in. and 20 in. width differed little in the coke size, 
but the shatter index was a rather higher in the former 
case. Soaking lowered the shatter index and the 
porosity and raised the apparent and true specific 
gravity to slight, but appreciable, extents. Gas cokes 
from horizontal ovens were larger and denser, and of 
higher shatter index than cokes from vertical ovens. 
Box tests show that the macrostructure and shatter 
index of a coke from a given coal depend upon the 
coal size, the coarser coal yielding a less homogeneous, 
weaker and more fissured coke. The specific gravity 
and porosity of the coke appear to be independent of 
the coal size when the coal is of uniform grading, 
but are influenced by mixing different grades. The 


pendent upon the proportion of coal between 4 in. and 
in. To obtain a strong coke, the proportion of coal 
above } in. should be a minimum, and that of very 


the fine coal increases the liability to oxidation. For 
these reasons, screening tests of the coals should pre- 
cede carbonisation. As regards the shatter tests, the 
three Coke Research Committees, the Northern, Midland 


hundreds of tests made by different methods, agreed 
upon a standard method, and a standard specification 
of the shatter test will shortly be published by a joint 


same order. Cumberland cokes are found to yield 
somewhat lower maximum temperatures, and to 
consume more carbon than the best Durham cokes. 
These two effects were accentuated when the coke 
| was impregnated with ferric oxide, and, conversely, 
| the carbon consumption was lowered after the iron 
| had been extracted from the coke by hydrochloric acid, 
| but a correlation between the analysis of the ash and 
| the behaviour of the coke could not be established. 
The blending experiments have shown that the 
| addition of quite a small quantity of an inferior coking 
coal lowers the quality of the coke by more than the 
proportionate degree, and as the majority of coke 
| ovens are carbonising slacks which are themselves 
mixtures, and as coals are blended for export purposes, 
| & knowledge of the principles involved in blending is 
| considered to be of the utmost importance. Particular 








physical strength of the coke seems to be mainly de- | 


fine coal (below in.) should also be small, because | 


and Scottish, have, after examining the results of | 


committee. Combustibility tests made in cupolas | 
and in other apparatus place the various cokes in the | 


It has not been found possible to measure the volume | attention is, therefore, being paid to the blending 
of gas supplied to the stoves and boilers, owing to the | programme. In the course of these studies it was 
fact, previously recorded, that both are fed by old | soon recognised that the box tests do not always yield 
underground flues and all connections are short in| suitable materials for studying the carbonising con- 
length and irregular in shape. Determinations carried | ditions. An experimental oven was then constructed ; 


out, however, show that, in 1928, before the burners this oven is 22} in. wide, and takes charges of 3 cwt. | 





were installed, the pressure on the dirty-gas main was 
only about 1-in. water-gauge, but in 1929, although 
the make of dirty gas remained about constant, this 
pressure increased to about 54 in. It has also been 
ascertained that, in spite of the extra quantities of 
gas being washed and used on the steelworks side, the 
pressure in the blast-furnace mains still continues to 
increase, and, in the near future, further quantities of 
this gas will be available. It is known also, from 
valve settings, &c., that the total consumption of gas 
in the stoves and boilers has been very considerably 
reduced. It has-been found that only one fan and 
regulator are necessaty for a group of seven stoves or 
boilers, and this has proved to be one of the main 
factors in keeping construction costs down to the 
minimum. 
(T'o be continued.) 








THE NORTHERN COKE RESEARCH 
COMMITTEE. 


One of the problems investigated during the year 
1929 by the Northern Coke Research Committee,* 
which has been at work in Armstrong College, New- 
castle-on-Tyne, since October, 1926, concerned the 
differences in the properties of coke when submitted 
to box tests and to bag tests. The problem has been 
studied in the Coke Research Laboratory of the College, 
and in several works. The properties of coke, made 
in cylindrical or rectangular tins, which are embedded 
in a full-scale oven charge, are known not to be quite 
those of the oven coke. The carbonisation of coal in 
bags gives generally good results, but this test method 
is less reliable. Screening tests, it is found, show 
that box cokes tend to be larger in size and of higher 
shatter index than the corresponding oven cokes, 
owing presumably to the protection which the boxes 





* Northern Coke Research Committee. Annual Report, 
No.1. Armstrong College. 


of coal, which are carbonised at inside temperatures 
| of 900 to 950 deg. C. and other temperatures. 


and the Northumberland coke was of lower shatter 
index. Blended with 10 to 20 per cent. of Northumber- 
land coal ; the Durham cokes lost much of their strength. 
Addition of 24 per cent. of finely-ground breeze lowered 
the shatter index of certain Durham cokes more 
than that of Northumberland cokes, but these effects 
depend upon many variables, and require further 
study. Professor H. V. A. Briscoe is secretary to the 
Northern Coke Research Committee. 











| CATALOGUES. 


Accumulators.—Messrs. The D.P. Battery Company, 


circulars dealing with the suitability of their accumulators 
for omnibus lighting and for motive power. 


great variety of forges, hearths, blowers, smoke exhausters, 
&c., for smiths’ shops is to hand from Messrs. Blackman 
Export Company, Limited, 374, Euston-road, London, 
ew.i, 

Cable Laying.—The twenty-eighth number of the 
Bulletin issued by Messrs. Société Alsacienne C.M., 


cable laying operations in rural roads and views of the 
company’s workshops. The text is in French. 

Oil Pumps.—Messrs. Greenwood and Batley, Limited, 
Leeds, have sent us a catalogue of an oil-circulating pump, 
with rotary piston action, mounted on a base plate for 
direct drive by a small electric motor. The pump, which 
was fully described on page 739 of our last voiume, is 
made under the Hele-Shaw Beacham patents. 

Steam Turbines.—We have received a catalogue des- 
cribing the steam turbines and turbo-generators made 
by Messrs. Siemens-Schuckertwerke A.-G., Berlin, 


also of some of the large machine tools used in their con- 
struction. The text is in German, 





At | 
600 deg. C., Northumberland coals yielded less coke | 
and gas, but more tar and liquor than Durham coals, | 


Limited, Bakewell, Derbyshire, have sent us some) 


Blacksmiths’ Plant.—A special catalogue showing a | 


32 Rue de Lisbonne, Paris, contains illustrations of | 


with illustrations of machines ahd separate parts and | 


Belt Fasteners.—Messrs. Smith and Davis, Limited 
Hampton-street, Birmingham, have sent us a pamphlet 
describing their Beacon belt fasteners and giving 
particulars of various tests of strength and flexibility. 
A circular relating to Beacon brass chains made of 
folded links has also come to hand. 

Pumps.—Messrs. Blackstone and Company, Limited, 
Stamford, Lines., have issued a catalogue of their 
Unchokeable centrifugal pumps, designed for pumping 
liquids containing solids.’ The list shows eight standard 
sizes, from 1 in. to 8 in., made in cast iron, cast steel, 
bronze, or manganese steel, and supplied in stationary or 
portable forms for belt, motor or oil-engine drives. ~ 

Electrical Machinery.—A recent issue of the Gazette 
published by Messrs. Metropolitan-Vickers Electrical 
Company, Limited, Trafford-park, Manchester, contains 
an interesting review of the machinery produced by the 
firm last year with some excellent illustrations, which 
include all the principal items of electrical equipment for 
both generation and distribution. 

Screwing Dies.—Messrs. Alfred Herbert, Limited, 
Coventry, have sent us a copy of the seventh edition of 
their handbook on the Coventry die-head, giving detailed 
and well-arranged information about the operation, 
cleaning, sharpening, and renewal parts of the tool. The 
construction of these die-heads is a good example of the 
| manufacture of standard interchangeable parts, which 
work together to a very high degree of accuracy. 

Locomotives.—Mr. Frederick A. Perry, 63, Queen Vic- 
toria-street, London, E.C.4, who is agent for Messrs. 
Berliner Maschinenbau A.-G., has sent us a copy of 
a catalogue of the Schwartzkopf locomotives made 
chiefly for South America and also for South Africa and 
India. The text is in English and the catalogue gives 
descriptions and general dimensions for several powerful 
types of en:.ine, with many excellent illustrations. 


E Valves.—Messrs. Gummers, Limited, Rotherham, have 
issued a new catalogue of plunger valves for high-pressure 
steam boilers and pipe lines. These valves are made 
to Mr. H. L. Mason’s patents and are named “ Twintite ”’ 
and “ Trinytite.’”” The bodies are in forged steel for 
| extra high pressures and in bronze for lower pressures, 
with special metal seats, plungers, &c. There is a good 
range of standard sizes for which full dimension tables 
are given. 

Electrical Plant.—We have received from Messrs. 
A.E.G. Company, Berlin, a technical record of last year, 
illustrating and describing many of their products, 
which include a very large range of electrical machines 
and apparatus. We have also received a number of 
their journal Progress, containing descriptions of small 
jand medium power geared turbines, pulverised-coal 
firing appliances and plant supplied for a power station 
on the State oilfields of Argentina, 

Gas.—Messrs. The Gas Light and Coke Company, 
Watson House, Westminster, London, S.W.1, have issued 
a record, or review, of their operations up to the time 
of taking over the Grays and Tilbury and the Pinner gas 
undertakings. The record includes illustrated descrip- 
tions of light, heat and power fittings and appliances 
with ordinary and many special applications, and views 
of the companies offices and works. It also contains 
an excellent map of Greater London showing the com- 
pany’s supply areas. 


General Engineering.—The Review issued monthly by 
Messrs. Skoda Co., of Prague, shows a very extensive range 
of heavy work carried out by the firm, including, in the 
two latest issues, a 15,000-kv.-a. transformer for China, 
a complete sugar factory equipment for Argentina, 
evaporating and distilling machinery for Austria, a large 
cast-steel ships’ stern frame and propeller bracket, 
| gantry cranes, switchgear, tramcars, heavy flywheels, 
| and municipal slaughter-house equipment. The Review 
' gives illustrations and short descriptive paragraphs 
| repeated in five languages. 
| Engineering Products.—We have received a catalogue 
| of the products of the Vickers group of companies, issued 
by Messrs. Vickers, Limited, Broadway, London, S.W.1, 
| giving the names and commercial particulars of the 
| twenty companies and their works and an extensive 
| list of machines, instruments and other products with 
| the name of the works at which they are produced. 
| Messrs. Vickers-Armstrongs, Limited, of the same 
| address, have sent us a catalogue of engines, cranes, 
| pumps, dock-gates and other products for the mechanical 
equipment of docks, wharves, &c. 


Valves and Boiler Mountings.—Messrs. A. Cockburn and 
| Company, Gateside-street, Glasgow, E.1, have sent 
| us a copy of a new edition of their catalogue of boiler 
mountings and steam valves. The catalogue is divided 
into sections dealing with marine safety valves, land 
| boiler mountings, reducing valves, steam stop valves, 
| feed and check valves, and full-way valves, and including 
| bends, tees, expansion joints, distribution valve boxes, 
&e., suitable for high, medium and low pressures, a5 
| pomloah Full dimension tables are given, with line 
drawings for guidance in fitting, in addition to good 
general illustrations. 


Electrical Machinery.—We have received a further 
| batch of very interesting catalogues and pamphlets from 
Messrs. Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa., U.S.A. In addition 
to the Westinghouse International Magazine, there are 
pamphlets dealing with the electrification of the American 
Great Northern Railway, marine geared turbines, turbo- 
electric tow-boats, and ship repairs, and also leaflets 
relating to marine auxiliary turbo-generator units, 
railway motors, machine-tool motors, generators for 
electric-welding, synchronous motors, synchronous 
motor-generators, induction frequency changers, trolley 
parts, fittings, and switchgear. 
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Adopting stresses of 

16,000 lb. per square inch for steel 
and 

600 Ib. per square inch for concrete (1: 2 : 4) 

we next, by the methods already described, 
prove the necessity of treating the structure as a 
Tee beam with neutral axis below the slab. Thus 
by (4) we get 


1593020 

(2 = d) = 0-03692 / = 
\ 34 
= 0:03692 x 216-45 


= 7-99 in. 


On tracing the value of ie 216-45 on the curve 


9 


at 


in Fig. we find the same result. Since the slab 
is 6 in., or less than the above value, the calcula- 
tion must be made for a Tee beam, 


', By (5) 
1593020 
aul 00s x6+-— 
ba) OR x 6 + ee x 5 


+ / [0-045 eee 
\ 


1200 x 34 x6 
= 22-9 in. 


|- 0-926 x 36 


and by (6) 
_ 84 x 6[15 x 22-9 — 20-83 x 6] 
— 400 x 22-9 

We shall use 11}-in. diameter bars giving an area 
of 


a = 4-866 sq. in. 


11 x 0-:4418 = 4-86 sq. in. 
To prove the exactness of the values of h and 
a already found, we can check back to find the 
actual stresses resulting. 
We first find x by the equation 


2 
ee 
and bd+n.a_ 
15 x 4-866 x 22-9 + 4% 38 


iia = Sa ee 
34 x 6 + 15 X 4-866 leis 
We then find f, by 

es 2. | 
© 6. d[z (2h — a) — d(h — §$-2)] 
2 x 1593020 x 8-24 

34 x 6 [8-94 x 30-8 — 6 x 18-9) ~ 990!» 
per square inch, 


and f, by 
fs=nfe (" =) = 


x 


aS 900 x 18 


16,000-0 Ib. 
=a 6,000-0 1 


per square inch. 
By which it is seen the stresses result as anticipated. 








THE WELLAND SHIP CANAL.—XI. 

Tue intake and discharge valves for the locks of 
the Welland Ship Canal are of the Taintor-gate 
(sector) type, and have been standardised through- 
out the locks to three designs. The operating gear 
has also been similarly standardised. Many parts 
of the valves and their appurtenances are uniform 
throughout. The normal valves are 7 ft. wide and 
close culverts 15 ft. high ; the remainder are valves 
6 ft. wide. In the centre wall of the twin-locks, in 
order to economise width as much as possible, valves 
of the latter size are employed. Compared with 
large cylindrical valves as used, for instance, on the 
Panama Canal, the Taintor-gate type of valve makes 
possible a very considerable reduction in wall 
thickness. This is effective, of course, both in single 
and twin locks, but in the latter the saving is much 
greater, on account of economy in the centre wall. 
It is obvious that in the construction of a single 
lock, excavation and mass concrete can be enlarged 
at points where valves are placed, and reduced on 
either side. In the case of a centre wall this is not 
possible, the width for the whole of the chamber 
being governed by the minimum width required 
over any essential features throughout the length. 

The Taintor-gate or sector valve has a number 
of other advantages. As regards power, the con- 
sumption of this type of valve is very much ess 
than with cylindrical sluice or Stoney gate valves, 
besides which it is virtually constant at all points 
ot the travel, the counterbalance requirements also 
being practically constant. There are no sub- 
merged roller trains, or metal rubbing faces to 
wear, and the exposure of contact faces is relatively 
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small, certainly only a fraction of those exposed in a 
cylindrical valve. In the latter the whole circular 
face is exposed to erosion from debris, &c., whereas 
in the sector gate the sill only is liable to suffer. 
These are points of considerable moment in con- 
nection with the cost of valve maintenance. 

As regards design, the sector gate is the only 
form of any of the valves used for this class of 
work for which the stress distribution is statically 
determinate, while we believe it to be a fact that 
the valve cannot develop vibrations such as affect 
the cylindrical type under unfavourable conditions. 
Taking the setting into consideration, the sector 
gate requires less complication in the concrete 
work than other types, and also has advantages 
in that it does not necessitate change of direction of 
flow, as does the cylindrical valve. With the thrust 
taken direct through struts to the reaction beam, 
though the intensity may vary, it is not possible to 
develop “ travelling’? forces as occur with flat 
gates, and are the frequent cause of damage to the 
concrete structure. Finally, it may be stated that 
taken with settings and appurtenances, operating 
machinery and counterbalance, the radial type 
of gate works out by far the cheapest. 

It must be admitted that the Taintor-gate type 
of valve is at some disadvantage as regards water- 
tightness as compared with the Johnson, cylindrical, 
or butterfly types. While in the Welland Canal, 
with Lake Erie to draw upon, this is not of such 
moment as might be the case elsewhere, the results 
obtained with the type of valve and setting adopted 
have proved satisfactory even under considerable 
head. By keeping to small tolerances, reasonable 
water-tightness has been secured without excessive 
cost; at the same time, all parts are designed to 
withstand rough usage and to require a minimum 
of repairs and renewals. No special metals have 
been used for seats or seals. 

The various contracts for the intake and discharge 
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Fie. 408. Tarntor-GatE VaLves ASSEMBLED IN INTAKE HovusE; Lock No. 3. 


valves covered in all 72 individual valves of the 
sector or Taintor-gate tvpe. These are distributed 
as follows :— 














Valves 7 ft. wide. | Valves 6 ft. wide. 
Intake. | Discharge. | Intake. | Discharge. 

Lock No.1 4 4 _ - 
” 2 4 4 ae a 

me 3 os q q | — 
Twin Locks Nos.4 | _ 4 - 4 
» » ow O aa 4 ne 4 
» 9 9» 6 4 4 4 4 
Lock No. 7 ..| 4 4 {| — -- 
» » 8 ae = 4 4 
sy 20 ok 28 8 | 16 
Sed ed 

48 24 


We have already explained that the intakes to 
the lift-locks Nos. 1, 2, 3, 6, and 7 consist of mono- 
liths on the east side of the structures, housing four 
‘standard valves and drawing from pondage, in 
| order to reduce the formation of eddies at the lock 
|entrances. Two valves supply a large culvert on 
the same side of the lock, and two, by means of a 
| cross-culvert under the lock floor, supply the west 
‘side culvert. The intake is arranged in all cases 
at right angles to the lock. This arrangement 
linvolves change of direction of flow, but not due 
| to the valves themselves. The above intake valves 
‘are all 7 ft. wide, as indicated in the foregoing 
|list. The discharge valves for the side walls of 
|Locks Nos. 1, 2, 3, 4, 5, 6, and 7, all 7 ft. 
| wide, are all arranged in pairs, individual valves 
| being separated by a thin party wall, and are in each 
case in the straight run of the levelling culverts near 
the lock gates. Of the 6-ft. valves, 12 are high-head 
discharge valves in the centre wall of the twin Locks 
Nos. 4, 5, and 6. There are also two pairs of 6-ft. 
intake valves, operating under low head, in the 
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VENTELLAND SHIP CANAL, CANADA. 
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centre wall of the last lock. The intake arrangements 
for Lock No. 8 differ from the rest as there is no 
pondage in this case, and the amount of water 
used usually being relatively small, is drawn from the 
lock entrance. The intakes are placed one in each 
side wall, and are fitted with low-head 6-ft. valves. 
The discharge valves are similar. The present 
west wall of this lock may in the future become 
part of the centre wall of a twin-lock structure, 
as already described, and the west wall intake has 
been designed with this possibility in view. 

We propose to deal first with a typical intake, 
and shall then describe the modifications introduced 
in order to cover the requirements of valves for 
other points. In this connection we may, perhaps, 
first refer back to Figs. 222 and 225 to 227, Plates 
XIII and XIV, of our issue of February 7, which 
show typical intakes. These may be considered in 
conjunction with Plate LXVI, which accompanies 
this issue, on which we illustrate, in Figs. 390 to 
392, the standard arrangement of valves used for 
Locks Nos. 1, 2, 3, 6, and 7. Locks Nos. 4 and 5 
are filled directly from Locks Nos. 6. Necessarily 
the structures vary somewhat with the sites, but 
the differences are largely restricted to substruc- 
tural work, &e. 

It will be noticed that the culvert is built on a 
gradient of 1: 5-25 (11 deg.). This, so far as the 
sector valves are concerned, presents the considerable 
advantage of enabling the reaction beam on which 
the valve hinge is set, to be placed somewhat below 
the lintel level, resulting in the chord of the circular 
valve face being more nearly vertical than would be 
otherwise possible. 

With the chord as near the vertical as possible 
the arc of the face plate is reduced, and the weight 
of the valve is therefore a minimum. A second 
advantage arises in operation, for with high velocities, 
when open, the flow of water induces drag, tending 
to close the valve. This has to be counteracted by 
force exerted by the operating gear, and this is 
reduced to a minimum the nearer the chord is to 
the vertical. 

The standard intake valves are raised into the 
shaft above the culvert, by means of rack struts, in 
gear with operating machines set on joists laid on 
the floor of the valve machine house, at coping level. 
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Each gate is counterweighted by means of a concrete 
block, a chain being run from a gusset on the upper 
side of the gate, under a sheave set below floor level, 
as shown in Fig. 390, and then up and over an upper 
sheave centred 30 ft. 3 in. above floor level. 

Drawings of the 7 ft. by 15 ft. standard Taintor- 
gate valves are given in Figs. 393 to 397, Plate XLVI. 
The valves are also well shown in Figs. 408, page 
592, and 419, Plate XLVII. They consist of two side 
plate girders, each supported by three radial struts 
carried back to a point which gives the valve face 
a radius of 20 ft. Between the two side girders 
extend lengths of 12 in. joist section to support the 
valve face plating. The side girder webs are of 
34-in. plate. The face plating is ? in. thick. The 
outside radial arms are of double 6 in. by 4 in. by 
4 in. angles, the central one being of four 4 in. by 
4 in. by § in. angles backed on plate } in. thick. 
Diagonal bracing of 3 in. by 3 in. by 3 in. angle 
extends between the radial struts, and cross bracing 
of the same type between the two side radial frames, 
at the top and bottom, and at the back of the side 
girders ; gussets are of in. plate. The cross bracing 
between the central struts is very similar to that 
shown in Fig. 394, which is a plan of the top bracing. 
At the top front corner the face plating extends 
above the top frame, and in the outside angle at this 
point are two lifting brackets formed of the web 
plate } in. thick, two cover plates } in. thick and 
two further stiffeners ? in. thick, giving a total 
thickness of 3in. In these brackets are two bushed 
holes of 3 in. bore, one for the lifting strut pin, 
and one for the counterbalance connection. 

At the hinge, each radial frame ends in a large } in. 
plate stiffened by two {-in. gusset plates, and on 
each side is fixed a steel hinge casting. The centre 
of this is bored to take a 154 in. diameter bronze 
bush, itself bored to 14 in. to take the hinge pin on 
which the moving hinge has a bearing 1 ft. 5-875 in. 
long. The castings are flanged and ribbed to give 
stiffness, the main diameter being 22 in., and 
diameter over flanges 28 in. At a distance 2 ft. 
from the hinge centre, a 3-in. hole is drilled through 
the hinge gusset plates. This is provided for 
slinging the valve when lifting it out of, or lowering 
it down, its shaft. A 3-in. bar is passed through 
these holes and hooks on chains attached to a yoke 
are passed over its projecting ends. The yoke is 


| suspended from an overhead crane crab. 


A general drawing showing the arrangements 
at the working faces is given in Fig. 409, above. 
At the sill, the metal bottom edge of the face plate 
butts up against a ledge in the sill plate, no other 
seal being required. An enlarged section of the sill 
itself is given in Fig. 400, Plate XLVI. It consists 
of a steel casting, 1 in. thick, with a machined pro- 
jecting ledge 1} in. high. The casting is carried 
on two 7-in. channels fixed, 5 in. apart, to a ? in. 
plate. Fig. 400 shows the method of setting the 
sill by adjusting screws, before filling in the recess 
left for it in the mass concrete. 

The seal at the lintel consists of a 3}-in. forged 
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steel bar carried in a housing on the gate. Figs. 398 
and 399 show the top seal to an enlarged scale, the 
lintel and setting being shown in Fig. 403. The 
actual seal is made by the steel bar resting on one 
side on a machined face inside its housing, and on 
the other on an inclined face on a seal casting 
carried on the lintel. The latter is of box girder 
form, also of channels and plates. Fig. 403 shows 
the provision for setting the lintel before concreting 
in, and also the adjustment provided for fine adjust- 
ment of the fixed lintel seal seat. Adjustment for the 
height of the lintel was provided under the ends of 
the box girder, in recesses in the side walls, as in 
Fig. 409. The sealing bar is held in position by the 
water pressure, and is lifted by its housing when the 
valve rises. 

The side seals are plain machined faces. The 
gates are fitted at the sides with planed 6 in. by 
3} in. by ? in. angles bent to the necessary are, and 
these are carefully set to work close up to planed 
faces of 113-lb. tramway rails, also bent to the 
required arc and set in the side walls so that the 
grooved head faces the culvert. These rails were 
set in recesses, being clamped to threaded anchor 
bolts in the side walls, and to 3 in. by 1 in. cross 
bars in the party walls, the recesses subsequently 
being concreted in, as shown in Figs. 401 and 402. 
Adjustment in this case is by double wedges. The 
machined angles on the gate are furnished with 
slotted holes and the angle is adjusted on the valve 
to suit the rail face. Grooved rails were adopted | 
for the fixed side faces with the idea that the tur- 
bulence induced would tend to reduce leakage 
losses. The side and bottom seals were carefully 
set by means of a standard gauge consisting of a 
stiff braced triangular truss frame, working on the 
fixed hinge bearing, the hinge pin being replaced by 
a skeleton and flanged plugs. 

The fixed hinges are steel castings bored to take a 
14 in. hinge pin 26 in. long, held in the casting 
by two 1} in. managnese bronze bolts, passing 
through the end eyes of the hinge at right angles to 
the axis. One casting of a pair is illustrated in 
Figs. 410 and 411, above. The two castings for a 
gate are centred 5 ft. 44 in. apart. The pin centre 
is 1 ft. 7 in. from the foot of the casting ; the latter 
is bolted to a base casting, in turn fixed to the reac- 
tion beam set in the concrete. The reaction beam 
is a box girder consisting of two 18 in. by 57-7 lb. 
channels and two 1}-in. cover plates, 47 in. wide, 
set in the concrete by means of anchor rods 
and adjusted by set-screws in brackets at each end 
of the girder. The various adjustments to which we 
have referred make it possible with this type of valve 
to correct for displacement of the mass concrete 
due to shrinkage, &c. 

The valves we have described so far are the 
7 ft. by 15 ft. standard valves used for both intake 
and discharge purposes, for most of the work. For 
the high-head (81 ft. 6 in.) discharge culverts in the 
centre walls of the twin-lock structure, valves 6 ft. 
by 15 ft. have been employed, as stated above. In 
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general, these valves are similar to those described. 
The seals, &c., are identical, and practically all the 
scantlings are similar, except for the side girders of 
the gate and the joist stiffeners for the face plating. 
which are smaller. The 7 ft. by 15 ft. gate-valve 
side girders have a maximum depth of 3 ft. 3} in., 
diminishing to 2 ft. 11 in. at the ends. For the 
6 ft. by 15 ft. gates, the figures are 3 ft. 0} in. and 
2 ft. 3fin., respectively. In the smaller gates, the 
joist section stiffeners are 10 in. deep. 
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The 6-ft. valves operating under low-head, in 
Lock No. 8, and the centre-wall intakes of Locks 
Nos. 6, are of much simpler and lighter construction. 
They are built up with only a pair of radial struts 
with shallow girders on each side, and du not call 
for particular comment. The seals are uniform 
with those of the other valves described, as are also 
the fixed hinge castings, reaction beams, &c. 

Reverting to the standard intake arrangements, 
each valve is lifted by means of a rack strut, 





Stator Winpinas or Morors ror Lock MACHINERY. 


coupled to the lifting brackets by means of a 
crosshead and eye castings. The strut is illust rated 
in Figs. 404 and 406. The length is 33 ft.4in. Each 
is built up of two 12 in. by 25 Ib. channels, back to 
back, and spaced 9} in. apart, by lacing bars for 
the lower part, and rack bar and cover plate for 
the upper part. The rack is housed between the 
channels, as shown in Fig. 405. At the lower end is 
a crosshead, 6 ft. 8 in. long, consisting of two <-1n- 
side plates, 1 ft. 11$ in. deep at the centre, tapered 
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to 1 ft. 5§ in. at the ends, stiffened all round the | volt, 66%-cycle, three-phase supply. They have| were, however, details compared with the fact 
outside by 3} in. by 34 in. by 3 in. angles, and | form-wound coils in open slots, to produce a two-tier 


that Newtonian quantum-mechanics was available, 


joined together by four pieces of 12-in. channels at | diamond winding, insulated to withstand a test pres-| which could be used with complete confidence, 


the outer ends, where the lifting pin castings are | sure of 5,000 volts to earth. The motors for the 
Taintor-gate machines are of the squirrel-cage type | tory physical way. 
with motor-operated brakes, and are designed to | 


placed. The lifting pins are 3 in. in diameter. The 
strut works up and down in the frame of the opera- | 


but which was hardly ever talked of in a satisfac- 


The triumphant explanation by Drude of the 


ting machine above, the top end describing in the air exert 95 ft.-Ib. at the synchronous speed of 800} theory of the relationship between electrical and 


the path indicated by the dotted line in Fig. 390. |r-p-m. on 663 cycles, with a slip of 5 per cent., 
The rack is held up to the driving pinion from behind | and arranged to develop twice the full-load torque 
by a guide roller, and since the bottom end of the | at starting with not more than 44 times full-load 
strut moves in the arc of a circle, the distance of | current, while the pull-out torque is not less than 


the strut from the guide roller will vary slightly. 
In order to compensate for this, roller plates, shown 
in Fig. 406, and of varying thickness are fitted to 
the back of the strut. The requisite thickness, to an 


exaggerated scale, is shown in Fig. 407. From the | 


top down, for some distance, the thickness is 


uniform; it then increases slowly to a maximum | 
2 ft. 2 in. from the lower end of the plate, then | 


24 times full torque. The motors have had to be 
provided for the present supply of 66% cycles, but 
capable of similar performance on 60 cycles, which 
may be adopted in the future. 

The motors are of the oil-ring lubricated-bearing 
type, with horizontally split stator and end frames, 
as may be seen in Fig. 422, Plate XLVI, and the 
complete stator, core, and rotor can be lifted out after 


rapidly thinning down. | removing the upper half of the casing. Stator wind- 
The operating machines are illustrated by Figs. | ings of some of the machines are shown in Fig. 418, 
412 to 415, page 594, and in Figs. 420 and 421, | page 594, The machines are all rated for one hour 
Plate XLVI. Fig. 420 shows machines installed | normal output with a temperature rise not exceeding 
at Lock No. 1 with temporary framing carrying | 55 deg. C., and for 10 minutes at twice normal 
the counterweights. Each consists of a motor-driven | Output with a similar rise. The operating machines 
train of gears, mounted on a base plate carried | are designed to open the valves fully in 45 seconds. 
across the valve chamber by 24-in. and 15-in. Each group of motors is controlled locally by 
joists. The motor running normally at 800 r.p.m., manually operated switches mounted on a control 
has a 22-tooth pinion on its spindle, gearing with a desk, with switchgear of the contactor type, com- 
first reduction spur wheel of 121 teeth. A 22-tooth pletely interlocked. Automatic control at the end 
pinion on this shaft gears with a second spur wheel | of travel is provided by geared limit switches, and 
of 121 teeth with a corresponding pinion of 17 teeth intermediate positions are signalled by a travelling 
on the same shaft. The latter is in gear finally |nut on the limit switch. The limit switches are 
with a friction drive, the spur ring of which has | adjustable to the extent of being capable of being 
67 teeth, the final pinion driving the rack bar having | set to close or open circuits within one-thirtieth of 
16 teeth. The latter is carried on a machined shaft, | @ revolution of the desired point. 
7} in. in diam., and the faces of the rack bar| Concluding our description of the standard intake 
channels rest on the shaft on each side of the | arrangements, we may mention the counterweight 
pinion when the machine is idle. When it begins | gear already touched upon. The counterweights for 
to work, the action of the pinion teeth on the rack | each intake valve consists of a hollowed reinforced 
forces the strut back slightly against the fixed | concrete block, 8 ft. 6 in. deep by 2 ft. 10} in. and 
troller guide, above referred to, consisting of a!4 ft. This block, filled with steel punchings to 
bracket carrying two rollers, one for each side of the | secure the proper balance, is suspended from the 
back of the strut. These rollers are 9§ in. diam. | counterweight chain by means of a 1}-in. stirrup 
by 2} in. face. They are keyed to a 2}-in. shaft, |embedded in the block. On the 4-ft. side, the 
revolving in the bracket in a bronze bush. | block is provided at the top and bottom with two 
The friction drive embodied in the last spur gear | sets of clips, bolted to castings let into the concrete. 
is illustrated in detail in Figs. 416 and 417. It is | These clips surround the heads of A.S.C.E. Standard 
introduced to prevent damage to the mechanism | 60-lb. rails set vertically in the side of the shaft to 
in case the valve should meet with an obstruction. | act as guides to the balance blocks. The machinery 
It consists essentially of a gear centre and cover, | and valve chambers are enclosed by a very neat 
both of cast steel and bolted together, being held | type of reinforced-concrete building provided with 
however, apart by distance lugs. The periphery of | side lights, and sufficient relief in the way of cornice, 
both parts is finished to the form of a groove 6} in. mouldings, &c., to present a very satisfactory 
wide and % in. deep, in which the gear ring can | @ppearance. The buildings are 52 ft. long by 


revolve. 
arranged a friction band of cast steel, covered on 
the outside with asbestos fabric. This band is 
split at one point, and diametrically opposite this 
point is formed with a square recess, through which 
fits a square-shanked pin held by the outside 
castings. Between the open ends of the band is 
Placed a hook-shaped lever, having at one end an 
adjusting set screw by which the pressure of the 
friction band can be regulated. The other end is 
fitted with a buffer spring, compressed by an adjust- 
able nut, set to a given load. The spring is of 4§-in. 
round bar, 4% in. in outside diameter, of five coils, 
and of a free height of 63 in. The adjusting set- 
screw is used to take up wear. The arrangement 
normally transmits the drive from the gearing to 
the shaft, but comes into play in either direction 
whenever the resistance offered by the driven shaft 


Between the centre and the cover is | 39 ft. 8 in. inside, and lofty enough to accommodate 


a 15-ton travelling crane on a track 27 ft. 9 in. 
above floor level, by means of which the valves 
can be lifted out of their respective chambers. The 


| thermal conductivities had given the electron theory 
of metals its first real start. This theory was based 
on the simplifying approximation that a metal con- 
sisted of a number of positive ions, which were more 
or less permanently fixed in the positions required 
by the lattice structure of the crystal, together 
with electrons, which were free to move about among 
these ions. The ions were atoms, which had lost 
one or more electrons, and the simplest assumption, 
which should be true for all monovalent metals, was 
that each atom had released exactly one electron. 
The electrons and ions reacted on one another with 
the usual Coulomb forces, but the effect of the 
latter, to a first approximation, was to make the 
interior of the metal an electrically neutral region of 
roughly constant positive potential, so that work 
must be done to extract an electron therefrom, 
and to leave it at rest outside in free space at zero 
potential. Inside the metal the free electrons would 
behave like a perfect gas of uncharged particles of 
mass, m, the mass of the electron. In the next 
approximation there were periodically arranged 
places, near which there was a more or less 
violent deviation from uniformity. Classically, a 
moving electron would suffer collision at these 
places, and the electrical resistance of a metal was 
determined by the rate, at which these collisions 
dissipated the directed momentum in a beam of 
moving electrons. The classical theory included a 
prediction of conductivities of the right order for 
not unreasonable values of the mean free path. 
But it was ruled out by the outstanding difficulty 
that a perfect gas of one free electron per atom 

would necessarily contribute three calories per 
gram-atom per degree Kelvin to the specific 
heat of the metal, whereas no comparable contribu- 

tion was permissible, since the vibration of the 
massive ions satisfactorily accounted for the total 
heat. This, and other difficulties, could have been 
overcome by assuming that only a few free electrons 
were doing all the work. These electrons would 

require to have correspondingly long free paths, 

but classically it was impossible that the free path 

should be much more extended than the atomic 

spacing of the lattice. 

All these, and similar difficulties, had been entirely 

solved by quantum-mechanics, in which a certain 

number of possible stationary states were assigned 

to a system such as that of a single electron in the 

nearly constant potential field provided by the 

above model of a metal. The energy of these states 

was fixed by the condition that solutions of Schré- 





cranes are operated by hand chains from floor level ; 
most of them were supplied by Messrs. Herbert 
Morris, Limited. Fig. 225, Plate XIV, ante, gives a 
good idea of the exterior finish of the intake valve 
machinery houses. 

(To be continued.) 


dinger’s linear differential equation should satisfy 
certain physical requirements. The model re- 
quired the potential energy of an electron to vary 


|rapidly near the surface, while elsewhere it should 


have one or other of two constant values accord- 








RECENT ADVANCES IN THE THEORY | 
OF METALS. | 
Tue twenty-first Kelvin lecture was delivered | 





ing as it was outside or inside the metal. The 
wave equation had next to be solved. This was 
easy if the electrons were confined in a rect- 
angular box. It was then found that, owing to the 
smallness of Planck’s constant and in spite of the 
smallness of m, if the box was a cube with an edge 


before the Institution of Electrical Engineers on of 4 x 10-4 cm., a wave-length of visible light, 
Thursday, May 1, by Mr. R. H. Fowler, F.R.S., | the energies of the possible stationary states lay 
the subject being “ Recent Advances in the Theory so close together that for practical purposes they 











exceeds a predetermined figure, the gearing then | of Metals.” Before the lecture, the Faraday Medal 
slipping and protecting in this way the machine and | was presented by the President (Col. Sir Thomas | 
its motor. The spring is compressed to slip when | Purves), to Professor Sir Ernest Rutherford, O.M., 
the torque reaches 20,000 ft.-lb., which does not | P.R.S. 
Seriously overload the motor, but will hold a torque| The lecturer opened by remarking that he would 
‘of 15,000 ft.-Ib., under which conditions an over- | mainly concern himself with the particular applica- 
load relay would stop the motor. tions and results of quantum-mechanics, without 
The motors for these machines were supplied by | which no real progress could be made in the theory 
the Harland Engineering Company, Limited, Alloa, | of metals. He could not, however, avoid making 
through the Harland Engineering Company ofan attempt to give a simple physical meaning to 
Canada, Limited, Montreal. This firm furnished | some parts of the general theory. The situation 
the motors and control gear for operating the lock | was that within a quite definite field quantum- 
gates (as noted on page 470 ante), the Taintor valves, | mechanics had reached its final form, though it 
Stoney sluices of the regulating weirs, fender gear, | might still need a new Einstein to make its theorems 
&e. They are all of the totally enclosed, weather- | more perfectly relativistic, and a new Lagrange to 
Proof mill type, for intermittent service on a 550-' increase our grasp of complicated problems. These 








|could not be distinguished from the continuous 


distribution allowed by classical mechanics. If 
then, a number of electrons, comparable with the 
number of atoms in the same volume of metal, were 
packed into such a box, and if they did not interfere 
with one another in any way, a distribution of free 
electrons, indistinguishable from the Maxwellian 
distribution of Drude’s theory, would be obtained. 
This distribution would also have the same pro- 
perties, and fail in the same way as a representa- 
tive of an actual metal. In quantum-mechanies, 
however, a composite assembly of two or more elec- 
trons could not be treated by simple combinations 
of the states possible to one electron, This was 
because all equations in quantum-dynamics were 
linear and, whatever the correct physical description 
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possible states of two or more electrons present in 
a single box were confined to a selection only of all 
the states that could be built up by repetition from 
the states of a single electron. The proper selection 
could be described by saying that no two electrons 
could ever be simultaneously in the same stationary 
state. This principle, which was first detected semi- 
empirically by Pauli for a single free atom, must 
be strictly interpreted by saying that in any 
assembly of electrons no two could ever have the 
same four quantum numbers ; three of these quan- 
tum numbers specified the movement of the 
electron, and the fourth the direction of its mag- 
netic axis. 

Quantum-mechanics showed that if initially all 
the electrons obeyed Pauli’s principle, they would 
continue to do so; and it was the introduction by 
Sommerfeld of this statement into metal theory 
which gave the latter its new start. The result was 
that the number of free electrons with kinetic 
energies between E and E + dE was as stated by 
Fermi and Dirac and not as given by the familiar 
distribution law of Maxwell. The former equation 
contained a constant A, which was adjusted so 
that the total number of electrons of all energies 
was correct. This constant was large for electronic 
densities of the order of those in metal, so large, 
in fact, that the distribution would be quite 
unclassical even for copper at 1,500 deg. K. At 
ordinary room temperatures, practically every 
possible electronic state was either occupied by 
one electron or was empty, depending on whether 
he (3 n)3 
8Smr - 
where h was Planck’s constant and » the density 
of the electrons. The specific heat difficulty, 
therefore, melted away, and the change of energy 
content with a change of temperature was very 
small. 

The real crux, however, continued Professor 
Fowler, was what happened in conduction problems, 
as these were not equilibrium states, but states of 
steady flow. Using the new distribution law instead 
of Maxwell’s, Sommerfeld had shown that to give 
the observed conductivities the mean free paths 
must be very long. Though classically this was 
absurd, quantum-mechanically it was just what 
might be expected, since, if the behaviour of an 
electron in a potential with perfectly space-periodic 
variations was examined, it was found that, although 
these variations altered the energies of the stationary 
states of an electron in the box, they did not affect its 
power to move freely through the box in a given 
direction. Such perfectly periodic variations of 
potential could only correspond to a metal which 
was a perfectly pure single crystal at zero tempera- 
ture, assuming that then all the ions were at rest 
relative to each other. In such a substance, how- 
ever, the mean free path of an electron should be 
infinitely long and the substance should possess 
infinite conductivity. This was as it should be, 
but the analysis was hardly yet deep enough. For 
it was certain that even at absolute zero the ions of a 
metal crystal were not at rest in these positions of 
equilibrium, but were oscillating, the whole crystal 
containing a considerable irreducible zero point 
energy of oscillation. When this fact, which at 
first sight appeared destructive of the theory, was 
investigated, it was found that the mean free paths 
could not properly be discussed without examin- 
ing in detail the exchange both of energy and 
momentum, between an electron and the lattice, 
which must occur when a free path was terminated. 
For this termination to take place an electron of 
energy E and momentum p must be transferred to 
one of energy E, and nomentum 7,, and the latter, 
by Pauli’s principle, must be a vacant stationary 
state. Further, the oscillatory state of the lattice 
must change to a new state and absorb the differences 
in energy and momentum between the two. These 
requirements were comparatively easy to fulfil at 
high temperatures, but at low temperatures it 
was difficult for an electron to do anything but 
gain energy, while it was almost impossible for the 
lattice to lose energy, since it was almost in 
its lowest state. Thus the chance of exchanges, 
and thereby the resistance, rapidly diminished. 
The general agreement of the theory with experi- 
ment was excellent over a wide temperature range, 





the kinetic energy was less or greater than 
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while, as so far developed, it gave an explanation 
of reversible thermo-electric phenomena, which 
generally was entirely satisfactory. The various 
thermodynamic relationships were preserved, and 
the Thomson and Peltier coefficients were given 
values of the right general order of magnitude and 
type of variation with the absolute temperature. 
If the potential step at the surface were infinitely 
high, all the electrons would stay for ever in the 
metal, but if the step was finite, a certain number 
of electrons, depending on the temperature, had 
sufficient energy to escape. Since the free paths 
were long, the periodic lattice structures in the poten- 
tial could be ignored and what happened, when 
an electron of kinetic energy E fell on a potential 
step, where to a first approximation the potential was 
a function of the distance from the boundary only, 
could be considered. It was easy to show that the 
motion of the electron parallel to the surface was 
unaffected and that the problem was uni-dimen- 
sional. According to classical theory, a stream 
of electrons of total energy W would always cross 
the boundary if W > B, the summit height of the 
step, and never if W < B. In the quantum theory, 
on the other hand, the electron never crossed the 
boundary if W <C, the final height of the step, 
but always had a non-zero chance of crossing if 
W >C, even though W < B. This chance could 
be calculated and had been shown to be sensitive 
to the nature of the surface layer, which might 
often be a layer of impurity present by accident 
or design. In fact, using perfectly natural assump- 
tions as to the nature of the boundary step, the usual 


>| phenomena of the emission of electrons from hot 


metals, under strong electric fields, and under the 
influence of light could to a first approximation 
be satisfactorily accounted for. The chance of an 
electron going through a region, in which its 
kinetic energy was apparently negative, was large 
if the region was very thin and died away 
exponentially as the thickness increased. 

Heisenberg had shown that when the specific 
interaction of the Coulomb forces between each 
pair of electrons or ions and the magnetic moments 
of the electrons themselves were taken into account, 
the theory gave a beautiful account of ferro-magnetic 
phenomena. To appreciate this, some subsidiary 
effects must first be considered. 

It had been inferred from atomic spectra that 
every electron had a spin, or moment of momen- 
tum, of h/4x, that was one half-quantum, and 
at the same time a magnetic moment of one 
Bohr magneton. As the latter was the magnetic 
moment of any electronic orbit in any atom, in 
which the electron had just one unit, h/2zn, of 
orbital angular momentum, the ratio of magnetic 
moment to angular momentum for the intrinsic 
spin of the electron must be double the ratio of these 
quantities for any electronic orbit. If then each 
free metallic electron carried a Bohr magneton, 
whose axis could be turned along and against any 
imposed magnetic field, it might be asked why the 
alkali and noble metals were not strongly para- 
magnetic with a temperature-dependance similar 
to that of the classical theory of Langevin. The 
answer was that at any reasonable temperature 
Pauli’s principle prevented the accumulation of the 
electrons into states, in which an appreciable excess 
were oriented along the field. Theoretically there 
was a slight temperature-independent paramagnetic 
susceptibility of the same order as the usual dia- 
magnetic one, which, in combination with the 
dia-magnetic effect from the ions, accounted satis- 
factorily for such paramagnetic effects as were 
actually observed in the lighter alkalis. These 
effects were really extremely small, and the idealised 
metals could therefore be regarded as magnetically 
neutral, as they should be if specific interaction 
effects were neglected, and if the monovalent ions 
were assumed to be inert. 

Heisenberg had pointed out that Weiss’s familiar 
theory was a completely satisfactory formal expla- 
nation of the whole body of ferromagnetic pheno- 
mena. The essence of this theory was that there 
must be a rather large term in the total internal 
energy of a ferromagnetic substance, which 
depended on the magnetisation. Granted the 
existence of this term, which was known as Weiss’s 
molecular field, everything fitted together as it 
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should, but the difficulty had been to account 
rationally for its existence, since the actual magnetic 
energies involved were some ten thousand times too 
small. This defect had been removed by Heisen- 
berg’s use of quantum-mechanics. Heisenberg 
started by directing attention to the gyromagnetic 
anomaly. In the Richardson-Kinstein-de Haas 
effect, when a bar of metal was magnetised, it 
simultaneously acquired a proportional angular 
moment of momentum, which could be measured if 
the suspension was sufficiently delicate. Since all 
atomic orbits of electrons had one constant ratio 
for magnetic moment to mechanical moment of 
momentum it might be expected, that a constant 
ratio between the magnetisation and the angular 
momentum generated would be observed, from which 
the ratio of charge to mass for the electron could be 
calculated. This ratio had been found, but for all 
ferro-magnetics was twice what had been expected. 
Though this had been called an anomaly it was 
exactly what would be the result if the magnetisation 
was contributed entirely by the orientation of the 
intrinsic spins of the electrons and not of their orbits. 
It could be assmed, therefore, that the magnetisation 
of a ferro-magnetic was derived entirely from the 
orientation of the spins of its loosely bound or free 
electrons. The energy of Weiss’s molecular field 
could then be accounted for by the effect of the 
electrostatic repulsions and attractions. The latter 
conclusion involved one of the most elegant 
subtleties of quantum-mechanics. It could but 
be introduced by imagining the crystal lattice 
of a metal to be composed of atoms and not 
of ions, and by supposing that that crystal 
lattice was expanded by a continuous growth 
of the lattice constant, until all the atoms were 
rather far apart. The inconsistency between 
this and the older model was only superficial, 
as similar effects could be obtained by putting 
the interactions into the latter. The possible 
stationary states and energies of a large number of 
regularly arranged similar atomic systems, each 
containing one, two or a few electrons in similar 
orbits sufficiently loose for the interactions to 
matter, must therefore be discussed. 

For purposes of illustration attention might be 
confined to two hydrogen atoms in their normal 
state, since a larger number merely introduced 
complications of detail, but not of kind. Here 
again the linearity of the wave functions came in. 
When account was taken of the electrostatic 
interactions it was impossible for there to be a 
stationary state in which one electron was in one 
atom and the other in the other. Even when 
starting from a particular assignment it would 
still be found that after a time, depending on the 
distance apart, the electrons had changed places. 
These exchanges would become quite rapid when the 
atoms were fairly close together, and the related 
energy, the electrostatic interchange energy, would 
become quite large. The system, in fact, had two 
stationary states with quite different energies, which 
varied with the distance apart of the atoms. In one 
the electron spin and magnets balanced each other, 
and the system had no magnetic moment. In the 
other the spins had to be parallel, and the system 
had a magnetic moment of two Bohr magnetons. 
The energy difference of the two states, due to 
the electrostatic interchange term, was of an 
altogether greater order, at least when the atoms 
were fairly close together, than the magnetic energy 
terms themselves. If a number of such pairs set 
parallel and far apart from each other in a magnetic 
field were considered, the latter would alter the 
distribution of all the electron magnets, and 
therefore the number of pairs which were neutralised 
or had a magnetic moment; and, of course, the 
orientation of the latter. The field would therefore 
have to alter the distribution of the pairs among 
these two stationary states and thus the energy 
content of the whole system, the amount of this 
alteration depending on the magnetisation, which 
was very large compared with the magnetic energies 
themselves. This was the true origin of Weisss 
molecular field. The atoms in a real metal lattice 
presented a problem of similar type. As a result 
of calculation Heisenberg had found that for a 
metal in which there was one “active” electron 
per atom the magnetisation in the equilibrium 
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state was obtainable from equations, which were 
substantially the same as those of Weiss. For the 
metal to be capable of ferro-magnetism the inter- 
action energy which gave the energy separation 
between the stationary states of a pair of neigh- 
bouring atoms must be positive, and, in order for 
the Curie point to be at a reasonably high tempera- 
ture, must be large. In a general way these condi- 
tions were rather difficult of fulfilment and, as 
might be expected, ferro-magnetics were rare and 
only found among metals of least atomic value. 
Some interesting results recently obtained by 
Kapitza, though not yet accounted for by quantum- 
mechanics, promised to throw much light on the 
theory of metals. It had been previously believed 
that the resistance of a metal was increased in a 
magnetic field H by an amount proportional to H*. 
Kapitza had shown that this was not true for larger 
fields, and his result had been confirmed by 
Meissner. It appeared, in fact, that random 
disturbances occurred in the metal, which had the 
same effect as an externally applied magnetic field, 
and that the composite effect of these disturbances 
and of the field was proportional to H and not 
to H*. Theoretically this was most surprising, but 
the deductions from this interpretation were too 
interesting to be ignored. By this theory it was 
possible to analyse the ordinary resistance of a 
metal into two parts, an ideal resistance R; and 
an additional resistance AR». The former depended 
only, or mainly, on the temperature and must 
be that which theory had studied hitherto. The 
latter was approximately independent of the 
temperature, but was affected by the mechanical 
state and treatment of the specimen and its content 
of impurities. It should be the same as the 
residual resistance which, as shown by Kammerlingh 
Onnes, sometimes persisted to very low tempera- 
tures, It should also, when deducted from the actual 
resistance, have behind an Rj, which was the same 
for all specimens of a given metal. This it appeared 
todo. Perhaps, too, supraconductivity was due to 


the sudden disappearance of AR» rather than of Ri, | 


which might ultimately tend violently to zero. 

In conclusion, Professor Fowler said that it 
must not be thought that he was too optimistic 
about the present position of the theory of metals. 
He did. however, think that quantum-mechanics was 


| experience. 





capable of propounding a final electron theory of 
metals as well as any physical theory, in which the 
velocity of light could be treated as infinite. But 
the proper model had still to be selected and shown 
to be proper. This meant that part of the complete 
theory of metals was to deduce, from the properties 
of atoms and the principles of quantum mechanics, 
that a collection of atoms with a reasonable energy 
content would form a metal and not a gas. Having 
given the metal, the theory must next specify 
what simplifications might or might not be made 
in the further treatment of conduction. It appeared 
likely that the work, which was now being done, 
would greatly modify the simple model that 
had been used hitherto. But part of his faith in 
quantum-mechanics was that, given any physically 
reasonable model, it provided results, which were 
always in good accord with the requirements of 
It was therefore possible to press 
forward in the confident expectation that we 
were on the right lines, and that progress would 
be sure and not particularly slow. 








OPERATING RESULTS WITH THE 
RECENT EXTENSIONS AT BARTON 
POWER STATION.* 

By H. L. Guy anp H. C. Lams, MM.I.Mecu.E. 


THE original Barton Power Station was commenced 
in 1920, and was described in a paper read by H. N. 
Allott, M.Inst.C.E., and S. L. Pearce, C.B.E., M.Sc., 
M.Inst., C.E., before the Institution of Civil Engineers 
on April 15, 1924. By 1926, it became necessary to | 
provide additional plant. In the design of the exten- 
sions, the following factors were considered to be of 
first importance :— 

(1) Maximum thermal efficiency without radical 
departure from the plant characteristics of the original 
station, and with a minimum addition to existing 
buildings, coal handling, and ash plant. 

(2) Minimum cost of additional civil engineering 
work. 

(3) Simplicity of operation. 

(4) New boilers to include one arranged for pulverised 
fuel firing, so that an accurate estimate could be made 
of the advantages as compared with stoker firing. 








* Paper read before the Institution of Mechanical 
Engineers; North Western Branch at Manchester, on 
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In this paper, the authors hope to show the main 
differences in design and performance between the 
earlier and later plants. The original plant may be 
taken as representing good engineering practice of its 
day, and the improvements are the outcome of five 
years’ research and development on the part of manu- 
facturers and increasing experience in the operation of 
large stations. The character of the extension to the 
origina] station is shown in Fig. 1. 

The new boiler house, which is approximately 90 ft. 
high, 50 ft. long, and 50 ft. wide, lies adjacent to the 
bunker bay of the original boiler house, and local screw 
conveyors carry the coal direct from the old bunkers 
to the new boilers. The new boiler plant consists of 
three units, numbered 10, 11 and 12, respectively. 
The first of these is fired by pulverised fuel, while the 
remaining two have chain grate stokers. The main 
particulars of the new boilers, together with those of 
the original boilers (Nos. 1 to 9) are given in the 
schedule below. 


TABLE I.—Schedule of Boiler Particulars, 

















Boiler Numbers. 10. 11 and 12. 1—9. 
Furnace. 
Firing.. oe Pul- Stokers Stokers 
verised 2°13 ft. 4°8 ft. 
x 20 ft x 16 ft 
Grate area... Sq. ft. -—- 520 §12 
Combustion space Cub. ft. 9,760 4,930 2 of 1,870 
Construction of walls ..| “ Bailey ” Lulof Refractory 
brick. 
Wall face area Sq. ft. 1,370 814 - 
Heating Surfaces. 
Wall tube surface Sq. ft. 2,327 485 | — 
Slag screen surface ” 623 — — 
Boiler screen surface a 13,235 18,487 16,020 
Superheater surface <a 4,150 4,860 6,072 
Economiser surface — 5,010 6,750 11,800 
Air heater surface = | 19,439 28,470 12,080 
Steaming Characteristics. 
At superheater outlet 
Pressure Lb. per sq. in. 375 375 375 
Temperature deg. F. 730 730 730 
Normal evaporation 
Lb. per hour 130,000 130,000 100,000 
Maximum evaporation 
Lb. per hour | 170,000 150,000 120,000 
Average steam for soot 
blowing Lb. per hour 1,650 1,500 1,500 
Auxiliaries. 
Induced draft fan .. H.P. 200 185 95 
Forced draft fans .. me 2x 48 2x 56 68 
Two Fuller-Bonnot Mills ,, 2x % -= 
Exhauster for Fuller-Bonnot 
Mills + Jens sig 2 x 36 - 
Capacity Lb. per hour | 2 8,000 --- - 
One 54-in. Lehigh Mill H.p. 120 _- 
Exhauster for above a 50 -- 
Capacity Lb. per hour 15,000 — 
Stoker motors oe EP = 2 to 43 Group 
drivirg. 
Manufacturer ..| B. and W. | B. and W.| B. and W. 








The pulverised fuel unit was originally installed 
with a water-cooled furnace, constructed on the 
‘“‘Lulof”’ principle, in which the tubes are protected 
with specially-shaped refractory tiles. The method 
of firing used was the bin and feeder system, by means 
of five vertical burners, with two horizontal burners 
in each side wall. When certain operating difficulties 
were experienced with this experimental installation, 
it was decided to remodel it in the “‘ Unit” principle. 
The reconstruction of the furnace on the “ Bailey” 
wall system permitted much greater heat liberation 
per unit volume, and although the actual furnace 
volume was reduced, its effectiveness was considerably 
increased. Horizontal turbulent burners were fitted, 
which also added to the furnace efficiency. To overcome 
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the trouble of “‘ birdnesting’’ originally experienced 
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in the lower rows of boiler tubes, a separate slag | corrosion and scale formation. The question of caustic} Working pressure of boilers... ..=375 Ib. per sq. 
screen was provided across the full width of the furnace, | embrittlement of steels, moreover, came to the fore at : am 
constructed in such a manner as to form at its front | this time, and it was decided that any possibility of ” »  economisers ...=410 ee 
an arch of “ Bailey”’ construction. As the presence | boiler deterioration on this account should be avoided.| yy,+eria] of headers ... i= 


of existing steelwork rendered the introduction of 
water cooling at the front of the furnace impossible, 
this wall was built of high-grade refractory. The 
furnace is now fired by means of four ‘‘ Lodi” turbu- 
lent burners fitted in the front wall, and designed to 
give a reasonably short flame travel. The side and 
rear walls have Bailey blocks of refractory materia] in 
the combustion zone, but in the zone of moderate heat 
immediately above, rough-cast iron blocks are pro- 


Barium hydrate eliminates the sulphate in the water, 
so that the ratio sulphate to caustic soda is finally 
reduced to zero—a condition generally considered liable 
to cause caustic embrittlement. After much experi- 
ment, it was decided to discontinue the use of barium 
hydrate on this account, and to adopt tri-basic 
sodium phosphate, with a small proportion of caustic 
soda, as the neutralising agent. Under this treatment, 
the sulphate to caustic soda ratio is maintained at 
about 3-0; sodium sulphate being added when there 





The faulty tubes, when cut out, show a groove 
across the face of the joint between tube and header, 
Fig. 2. In the formation of a joint, the end of the 
tube is cleaned down to the metal, and is then expanded 
against the header seating. This results in a slight 
belling effect of the tube wall at both sides of the joint. 
After leakage has taken place, small pit holes are 


found at the belled portions on each side of the expanded 
area, and it almost appears as though corrosive attack 





























vided which hold the slag and thus form their own 
refractory. In the cool zone around the top of the 
wall, in the ash hopper and where walls abut, smooth | ~a pir 11.—ComPaRative Tests ON PULVERISED FUEL AND STOKER-FIRED BOILERS. BARTON Power STATION. 
cast-iron blocks are used which prevent the accumula- 
tion of slag. 
; 1 | Test on boiler No. 10 11 

The walls of this furnace are supported from the 
bottom and the ‘“ Bailey’? method of recirculation aan : a - 
has been adopted. The ash hopper is fitted with a General. 

; 2 Method of Firing oh Pulverised Fuel Stokers. 
hydraulically-operated gate and a water spray to| 3 | Date of test .. ‘: I] December 6 to 13, 1929. February 8 to 12, 1930. 
facilitate ash handling. For supplying the wing 4 | Duration of test hours 168 108 
burners, two “ Fuller-Bonnot”’ mills are installed, | Fuel 
each fitted with a separate exhauster and wenekie | 5 | Total fuel fired Ne ag Lb. 2,293,300 1,514,700 
speed exhauster fan. These are slow speed tube mills,! 6 | Average fuel fired perhour .. .. pe 13,650 14,700 
with internal classifier and external separator, and| 7 Moisture per cent. 4°8 10-28 

ticall el oj re The t. t 8 Volatile matter os 27-8 29-5 
are practically noiseless in operation. ihe two centre; 9g | average proximate analysis { Fixed carbon . 54:9 55-0 
burners are supplied by a single 54-in. Lehigh mill, 10 Absolute ash 4 17-3 15-5 
delivering 15,000 lb. of pulverised fuel per hour. 1 Tota’ iy He 100-0 100-0 
When dealing with abnormally wet fuel, a percentage 12 Average gross calorific value as fired B.Th.U. per lb. 11,450 11,114 
of furnace gas can be drawn from the zone immediately Water. 
above the slag screen and passed into the pulverising - jah att aagedw hs a meter Lb. ae ti ae) 
mills. The boiler is equipped with a cyclone grit 15 | Average temperature of feed to economiser “deg. F. 230 304 
arrester, while the soot blowers are of the calorised| 16 - ” » boiler ; ere 308 359 

i -in-h : 
diamond valve-in-head type ; inlet 
Boilers 11 and 12 are of the cross-drum marine; 17 | Average steam pressure .. Lb. persq. in. (gauge) 380 373 
design, having inclined headers in contrast to the| 18 » temperature of superheated steam deg. F. 711 710 
vertical stepped pattern of No. 10 boiler, while firing| 1° » heat input per Ib. above feed temperature vu. ‘nei +200 
is carried out by means of chain-grate stokers. 20 | Total steam used for soot blowing (estimated) Lb. 238,000 154,500 
The primary reason for the installation of No. 10 
boiler as a powdered fuel unit was to provide an| 9, | gotatdryash . .. w.| 37,000" S“4o7g0 | “tongse 800 
os peronae A for direct comparison of the efficiency! 22 | Dry ash per cent. of fuel burned ae "5-54 2-17 "13-2 "0-12 
and convenience of operation of this form of firing} 23 | Average combustible in ash .. per cent. 2-0 19-5 4-4 26-0 
with that of stoker-firing. Careful tests have been Flue Gases. Economiser Outlet. Economiser Outlet. 
made, therefore, on the powdered fuel unit No. 10, 24 | Average CO2 at boiler outlet. . (by volume) per cent. 14-9 12-1 
and also on a stoker-fired unit No. 11, under ordinary} 25 | Average temperature leaving boiler . deg. F. | 640-0 632-0 
working conditions over an extended period. Both| 38 ” ” ea | =: as 
units were in good, clean condition, and no special ‘ ‘s 5 ‘4 | 
steps were taken to ensure an unusually high efficiency. Air. 
The coal burned during test was a dry Lancashire slack 4 Avennge tompesstun of eee tence deg. ¥. | 96-0 i 
of fairly uniform quality, and of approximately} 30 - he } poroenaphions fo eae 206-0 ee 
11,500 B.Th.U. calorific value. It was weighed into} 31 > South —- 294-0 =— 
the bunkers and again at the boiler shutes in the case| 49 Austliary Power. 
of No. 10 boiler. The difference in results given by| 32 | Average consumption of forced draught fans per hour | 
the two methods was only 0-72 per cent., so the mean kw.-hr. | 48-8 170-0 
was used for calculation. The coal for No. 11 boiler} ** ” indineet Goangee Sane os. | wae 
was wetted as it left the bunker, in order to give better| 34 - pulverising mills and exhausters | 
combustion on the grates. The weights shown by | per hour .: kw.-hr. | 171-2 — 
the automatic scales on the boiler shutes was taken 4 » total consumption of auxiliaries gee 360-0 170-0 
for the purpose of the test. The weights and analysis 5 33 or s fired — ial 0-0264 0-0115 
given truly represent the condition of coal as fired. 37 {Conversion factor B.Th.U. in coal per kw.-hr. | 
From the results given in Table II, it will be auxiliary power 15,150 15,150 
seen that the gross efficiency of the pulverised fuel Deductions. | 
unit is 84-2 per cent., while that of the stoker-fired | 38 | Water evaporated per Ib. of fuel fired os Lb. | 8-20 | 8-44 
boiler is 83-7 per cent. After deductions have been| °° Fuel fired per square foot of grate, per hour Lb. | sa | 28-3 
made for the heat equivalent of the power used by | Heat Balance. B.ThU. Percent. | B.ThU. Per cent. 
auxiliary motors, and the steam used for soot blowing, Heat transferrred to — in oe of oe weak’ Bind 67:4 | jae fe 
° ae 4 * th steam in superheater per lb. of fuel | z 11-2 | 1,320 
the resulting net effic lencies are 79 6 per cent. and |e ne water in economiser per Ib. of fuel. . | 640 5-6 460 4-1 
80-9 per cent., respectively. Hence, it would appear | Gross efficiency of unit a as = a 9,640 84-2 9,300 83-0 
that when burning the normal fuel received from = oe or 4 po ag nga Se combustion | 610 5:3 680 He 
~e aati. 6 . : ° eat lost by unburnt carbon inashes_.. ae wre 280 2+4 84 ‘ 
collieries within bad few miles of the station, there 18 no | Heat lost by heating steam formed by hydrogen He 425 3-7 420 3-8 
economy in pulverising. It should be pointed out, ie » evaporation and superheating free moisture | 
however, that the atoker-fired unit contains 32 per) | ? = _ a ae ea eel 4 0-5 | 190 +3 
i : | ” ” adiation, hot ashes, &c. (by difference 43 3-9 51 : 
—_ any ee “mg ig than the pulverised fuel | | Total—gross calorific value of fuel .. ae Sr 11,450 100-0 | 11,114 100-0 
unit, and this clearly has an effect on the relative | | Power used for auxiliaries 400 3-5 175 1-6 
efficiencies. | | Steam used for soot blowing 122 1-1 | 150 1-2 
oe 9,118 79-6 | 8,975 80-9 


In connection with boiler-house maintenance, a | 


| Net efficiency of unit .. 


{ 





well-equipped laboratory forms an important part of the 
station, and is capable of accurate analysis and testing | 


of fuels, water, oils, and metals. The facilities it provides | is 4 danger of the ratio falling below this figure. This | had eaten into the edge of the joint on the water side. 


are nowhere of greater use than in the boiler house. Feed | treatment is still in use, and has been highly successful. 


water is tested daily for oxygen content and alkalinity | 
hence, any air leak is discovered promptly, and any | 


per gallon of water. The chemist is also responsible | 
for the control of feed water treatment. 


boiler drums and tubes, and they are in excellent 
faults can be remedied before corrosion results. The | condition as far as freedom from scale is concerned. 
oxygen content is kept below 0-1 c.c. per litre. The Some corrosion takes place in the economiser tubes, | 
concentration in boiler drums is watched and kept well | nipples and headers. The rate of attack is very slow, 


below the danger point of 100 grains of dissolved solids however, and no tubes have been replaced because of 
|internal pitting or wasting, though the older boilers 


have been in service six years. Very considerable 
The Barton make-up water, which amounts to about | trouble has, however, been experienced on the older 


Very little trouble has been experienced with the 





34 per cent., is taken from the Thirlmere main—a | units, due to leakage at the economiser tube ends, but | 
source of very pure water. In the early life of the | this has been largely confined to the original double- | type, with impulse blading throughoutand multi-exhaust 
station, the only treatment adopted was the addition ended boilers. Particulars of the economisers are | at the last stage. The early stages of expansion occupy 


The area of the joint shows no pitting, but is almost 
invariably black and oxidised. The deep groove 18 
doubtless due to the cutting action of water, and is not 
representative of the conditions at the time when 
leakage first commences. No satisfactory explanation 
has yet been found of these defects. ' 
The general particulars of the turbines in engine 
rooms A and B are given in Table III on page 599. 
Figs. 3 and 4 on Plate XLVIII give views of the 
new turbine, while a section through it is given in Fig. 5 
on page 599. It is of the single flow, double-cylinder 


|a relatively large number of low velocity stages and 


of caustic soda to make the water slightly alkaline. | given below :— ; 
overloads are obtained by by-passing an appropriate 


However, a thin scale containing 94 per cent. calcium 


; : Diameter of tubes... ins ...==4 in. j the 

= — from ery se! formed in oo Temperature of inlet water "= 200 deg. F. | number of —_ — so that - — — a 

nd one or two cases 0 stering were experienced. ~ cable’ ater “71290 deg, F. pressure in the high-pressure end 0: e x Poi 
Barium hydrate was thereupon adopted as the alkaline es inlet gases ... ... =560 deg. F. | within 10 per cent. of that before the stop valve. 4 

agent, and was quite successful in preventing both | outlet gases ... = 370 deg. F. ‘elastically flexible coupling connects the turbine with 
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59-6 miles of double-circuit line. These lines are further 
connected to six transforming stations at Port Dundas 
(Glasgow), Greenock, Saltcoats, Paisley, Motherwell, 
Kirkcaldy, and Abernethy. With the exception of 
those at Dalmarnock, Yoker and Greenock, the sub- 
stations are of the ‘‘ low type,”* while seven—namely, 
those at Saltcoats, Paisley, Port Dundas, Clyde’s Mill, 
Motherwell, Dunfermline, and Kirkcaldy—are of the 
three-switch, two line type, and four—those at Kilmar- 
nock, Portobello, Bonnybridge, and Dundee—are 
designed for three incoming lines and five switches. 
The stations at Motherwell, Kirkcaldy, and Dunferm- 
line are ‘‘ non-extensible,’’ the others being extensible. 
The Dalmarnock station, which is of the “ high- 
extensible ’’ type, is the junction point of two complete 
ring mains, as will be clear from the map, and is equipped 
with seven oil switches, four of which control the lines, 
two the transformers, and one is a ’bus bar coupler. 
Abernethy forms the junction point between the 
grid and the Grampians Electricity Supply Com- 
pany, the connection between the two systems being 
made through two | : 1 ratio buffer transformers. These 
transformers are provided with tertiary windings, so 
that a load up to 5,000 kv.-a. on the company’s system 
can be supplied from the grid at 33 kv. This sub- 
station controls five 132-kv. lines, two of which 
supply Dundee, one Kirkcaldy, and two the Grampian 
Company. 

At Yoker and Port Dundas special switching arrange- 
ments have been adopted, so that a supply at both 
25 and 50 cycles can be given to the Clyde Valley 
Electrical Power Company, until frequency stan- 
dardisation has been completed. To enable this to be 
done the former station is equipped with one 30,000- 
kv.-a. and two 15,000-kv.-a. transformers, while in the 
latter case the units comprise two of 20,000 kv.-a. and 
one of 45,000 kv.-a. capacity. At Greenock the restricted 
nature of the site made it necessary for the incoming 
lines to terminate on a gantry tower, which is thrown 
across a street, while at Dundee, for the same reason, 
the transformers and 132-kv. switchgear are installed 
on separate sites about 1,400 yards apart. The con- 
nection between the two is “ solid,”’ and the two lines, 
by which it is effected, are erected along the centre of a 
double-track roadway. 

The lines which form part of the scheme were 
constructed by Messrs. British Insulated Cables, Limi- 
ted, of Prescot, Lancashire, while the transformers were 
manufactured jointly by Messrs. the Metropolitan- 





Vickers Electrical Company, Limited, of Manchester, 
Messrs. Ferranti, Limited, of Hollinwood, and Messrs. 
the English Electrical Company, Limited, of Queen’s | 
House, Kingsway, London. The switchgear was| 
supplied by Messrs. the British Thomson-Houston | 
Company, Limited, of Rugby, and the Metropolitan- | 
Vickers Electrical Company. The Board’s consulting | 
engineers, under whose supervision the work neg 
carried out, were Messrs. Kennedy and Donkin, 
Broadway-court, London, S.W.1. The chief engineer 
and manager of the Central Electricity Board is 
Sir Archibald Page, to whom we must express our | 
thanks for the loan of most of the photographs | 
illustrating the article. The Board’s District Engi- 
neer for Central Scotland is Mr. A. E. McColl. | 

Contracts for the necessary equipment for the ! 
Central Scotland Scheme were let early in the summer | 
of 1928, it being specified that the first sub-station, | 
that at Dalmarnock, should be ready for operation | 
by June 14, 1929. Actually both Dalmarnock and 
Bonnybridge were switched in on May 17, 1929, and 
Clyde’s Mill followed a few days later. It was also 
originally intended that all the sub-stations should 
be of the conventional steel structure type, but after 
the contracts had been let it was decided that, as 
far as space would permit, the steel structures should 
be replaced by ferro-concrete supports, to which all 
the apparatus should be bolted. These supports have 
a minimum height of 9 ft. to ensure adequate clearance 
for the safety of the operators. The low non-extensible 
stations at Motherwell (40,000 kv.-a.), Kirkcaldy 
(20,000 kv.-a.), and Dunfermline (20,000 kv.-a.), 
the capacities of which are shown in brackets, include 
three oil circuit-breakers, one controlling each trans- 
former, and the other fcr dividing the ring or, in other 
words, acting as a bus section switch. The two 
incoming feeders are bcought straight down to the 
feeder isolating switches, the latter being directly 
connected to two transformer breaker isolating switches, 
and to two other isolating switches, one of which is 
placed on each side of the bus section switch, so that 
it can be completely isolated. The other side of the 
transformer circuit-breaker is connected first through 
an isolating switch, and is then led off through a 
further isolating switch, the sides of these two switches, 
which are remote from the transformer, being connected 
together to form a “ by-pass’? connection. These 
isolators will, of course, be normally open. In each 





} 





* For an explanation of these terms see Messrs. John- 





stones Wright and C, W. Marshall’s paper, loc. cit. 
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station of this type, therefore, the circuit-breaker and 
isolating switches are arranged in such a way that 
all the essential apparatus can be by-passed for 
inspection and maintenance. The low extensible 
stations, of which Bonnybridge (40,000 kv.-a.), Porto- 
bello (90,000 kv.-a.), and Dundee (30,000 kv.-a.) are 
examples are of the same general design as that just 
described, except that the two bus section switches 
are connected in series, and there is a further feeder, 
which is connected through a circuit-breaker and its 
associated isolating switches, so that the mid-point 
between the two bus section switches can be fed. At 
Bonnybridge five circuit-breakers are installed in a 
line. In all cases the ’bus bar structures are A frames 
of reinforced concrete. 

It may be added that the foundations for the oil 
switches, power transformers and auxiliaries consist 
of reinforced concrete rafts, while the isolating switches 
are mounted on trestles or tables of similar material. 
Reinforced concrete posts are also employed for 
supporting the insulators, and as anchors for the 
downcoming lines. At the low non-extensible stations 
the connections have to be crossed to permit the two 
transformer banks to be operated in parallel and, to 
allow this to be done, two three-armed reinforced 
concrete posts about 40 ft. high have been erected. 
These arms carry inverted post insulators, so that the 
phase cross-overs can be brought out, and the by-pass 
connections taken beneath the main transformer 
connections. 

The surfaces of the sites occupied by the sub- 
stations have been laid with clinker and loose stone 
to a depth of 9 in., this foundation being covered 
with a finished gravel surface 3 in. thick. Brick-lined 
trenches have also been excavated to carry the piping 
for the oil-purifying system, while the battery, motor- 
generators, tap-changing apparatus, and other auxiliary 
gear are installed in rough-cast brick buildings, which 
are generally arranged between the two transformer 
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banks. The oil plant house is placed in one corner 
of the sub-station site, the whole being surrounded 
by steel spike unclimbable railings about 9 ft. high. 
Figs. 6 and 7, Plate XLIX, and Figs. 8 and 9, 
Plat2 L, which are views of the stations at Yoker 
and Dalmarnock, will allow these points to be 
appreciated. 

Generally speaking, each sub-station is designed to 

accommodate two transformers, either of which 
(in the case of those which are not directly connected 
to a selected station) is capable of dealing with the 
whole of the requirements of the undertaking it is 
designed to supply, so that the second is entirely 
spare. 
Pat the sub-stations which are directly connected 
to a selected station, the capacities of the trans- 
formers have been jointly determined by the suita- 
bility of the power station to export power to the 
grid and by the load, which the station will have 
to import when operating on a two-shift programme. 

As already mentioned, the transformers employed 
on the Central Scotland Scheme have been supplied by 
three firms. Of these, Messrs. Metropolitan- Vickers 
Electrical Company were responsible for the two 60,000- 
kv.-a. units at Dalmarnock, which are illustrated in 
Fig. 9, Plate L, for two 45,000-kv.-a. units at Porto- 
bello, and one at Port Dundas, and for two 15,000- 
kv.-a. units at Paisley. Messrs. Ferranti, Limited, 
manufactured the two 30,000-kv.-a. units at Clydes Mill, 
the 30,000-kv.-a. unit at Port Dundas, and two 20,000- 
kv.-a. units at Dalmarnock. In addition, they were 
responsible for the transformers at Greenock, Kilmar- 
nock, Motherwell and Bonnybridge, at each of which 
stations two 20,000-kv.-a. units are installed. Messrs. 
The English Electric Company supplied the two 
15,000-kv.-a. transformer units, which are installed 
respectively at Saltcoats and Dundee, and the two 
10,000-kv.-a. units at Dumfermline and Kirkcaldy, 
They also supplied two 15,000-kv.-a. units to Yoker. 
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one of which is illustrated in Fig. 8, Plate L. In 
order that the ’bus bars of the various undertakings 
may be supplied at their declared pressure, the trans- 
formers have had to be designed for secondary pres- 
sures of 3,300, 6,600, 11,000, 20,000, and 22,000 volts 
in the various cases. Where the pressure is 6,600 volts, 
the secondary winding is arranged in two sections, 
which can be operated in parallel, so that a supply can 
be given at 3,300 volts, if required. In the same way, 
the 22,000-volt transformers can be arranged to supply 
at 11,000 volts. 

The large secondary currents, which have to be 
dealt with, when the pressure is as low as 3,300 volts 
or 6,600 volts, introduced difficulties into the arrange- 
ments, and have rendered it necessary, in the case of 
Portobello, where the low-pressure grid connection 
from the power station to the sub-station has to carry 
a current of 4,000 amps, to instal two switches in 
parallel on each transformer bank. 

All transformer banks, whose capacity does not 
exceed 30,000 kv.-a., are of the three-phase type, 
while those above that output are made up of three 
single-phase units. One of the main problems in the 
design of these transformers was to keep the dimensions 
within such limits as would enable them to be trans- 
ported complete, with their tanks filled with oil, on 
trucks, which in turn did not exceed the railway 
loading gauge. Asa result of co-operation between the 
engineers of the Central Electricity Board, the railway 
companies and the transformer manufacturers, a 
special truck with detachable girder sides was designed 
for this purpose. The transformers were slung between 
these sides, and were supported with their bases only 
a few inches above rail level. On arrival at the site, 
the truck was taken apart, the transformers packed up 
and finally moved sideways off the track. In many 
cases, however, owing to the inaccessibility of the site, 
the delivery had to be effected by road. It may be 
noted that these difficulties are not likely to recur, for 
since the orders for the Central Scotland scheme were 
placed, such an advance has been made in transformer 
design, that British firms are now prepared to build 
three-phase transforming units of capacities up to 
75,000 kv.-a., the physical dimensions of which will 
permit them to be transported by rail. 

The general design of the transformers that are being 
employed on the Central Scotland Scheme may 
illustrated by referring to the units manufactured by 
the English Electric Company, Limited, one of which 
is illustrated in Fig. 8. These are all of the three- 
phase type, and incorporate a five-limb core. An 
advantage of this design is that the cross-section of 
the yoke is reduced to about half what it would be 
if the usual three-limb core had been used. The 
consequences are a reduction in the depth of the 
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yokes, and a considerable saving in the overall height. 
The main limbs are of multi-cruciform section, and 
are clamped through substantial castings by a single 
row of bolts. Welded structural steel was used in 
the construction of the frames, with a view to obtaining 
maximum strength with minimum weight, and to 
providing a free oil circulation. Connection between 
the frames and the yokes is made by five bolts at the 
top and bottom of the cores. The windings are of 
the double concentric type, the neutral end of the 
high-tension winding, including the regulating winding, 
being nearest the core. Next to this is the low-tension 
winding with the main line end of the high tension 
winding on the outside. This arrangement, it is claimed, 
results in a reduction in the mechanical stress, and 
permits the desired impedance to be obtained in an 
economical way. The main insulation is of Fuller- 
board, and is split up into a number of layers between 
which the oil can circulate. At both the line and 
neutral ends of the windings, the insulation is graded, 
so that it will withstand a maximum pressure of 30 kv. 
between the turns. Special care has been taken to 
reduce the temperature difference between the copper 
and oil by ensuring that the latter shall be thoroughly 
distributed and circulated. As in the case of all the 
transformers used on the scheme, the neutral of the 
high-tension winding is earthed, thus enabling the 
first cost to be considerably reduced. On the other 
hand, it has the effect, when the test pressure of 
2-73 times the voltage to earth is applied, of raising 
the line ends of the three-phase windings to 208 kv. 
above earth and of increasing the voltage between the 
ends of those phases to 360 kv. To reduce the effect 
of these pressures as much as possible, the winding of 
one phase has been inverted, so that the line end is at 
the top in the centre phase, and at the bottom in the 
other two phases. The line ends of the high tension 
winding are also brought out by flexible stranded 
cable, which is passed up through the centre strand of 
the bushing to the cap at the top. These bushings 
are of the condenser type, and have flashover voltages of 
400 kv. and 320 kv. under dry and wet conditions, 
respectively. The lower voltage windings of all the 
transformers are earthed through a zig-zag connected 
earthing transformer, which also supplies power to the 
sub-station auxiliaries, and through a liquid earthing 


be | resistance, which contains a solution of chloride of 


zine. 

The adoption of the earthed neutral system has 
enabled potential regulating apparatus, operating 
directly on taps brought out from the neutral point 
end of the main 132-kv. winding, to be employed. As 
the potential at that end is rigidly restricted under all 
fault conditions by the solidly-earthed neutral, it 
follows that the potential above earth at which the 

















Fig. 3. Om-Fittep BusHIna. 


tap-changing apparatus operates is also definitely 
limited. This tapping changing range is + 10 per cent. 
on the standard pressure of 132 kv., the operation 
being effected under load from the undertaker’s 
stations under the general direction of the Board’s 
Control Engineer. In the case of the English Electric 
transformers, the necessary gear for this purpose is 
operated on the firm’s well-known camshaft controller 
principle, while on the Metropolitan-Vickers trans- 
formers, the equipment is of the contactor type, a 
reactor being used to bridge the sections of the trans- 
former winding, while the change from one tapping to 
another is being made, and to obtain a mid-point 
running position between each pair of tappings, so 
that the number of both tappings and contactors can 
be reduced. The tap-changing equipment is clearly 
shown in Fig. 8, the motor-operating gear and switching 
cabinet being at the top with the three auto-trans- 
formers below. 

The system of cooling employed varies with the size 
of the transformer. On the 10,000 kv.-a. units, natural 
air cooling is provided, while on the 15,000 kv.-a. 
equipment natural oil circulation or a forced air blast 
is employed. On the larger sizes, a combination of 
the two methods is adopted. The fans, which form 
part of the cooling system, are brought into service 
automatically when the windings reach a pre-deter- 
mined temperature. On the largest sizes of trans- 
former the radiators are separated from the tanks, 
so that they form a self-contained cooler, connection 
between the two being made by large diameter pipes. 
A pump is inserted in the lower pipe, through which the 
cooled oil returns to the transformer, and this is 
started up at the same time as the fan motors and 
assists the oil circulation. There are two of these coolers 
to each transformer, so that one may be taken down 
for cleaning without putting the unit entirely out of 
action. 

In designing the switchgear the two firms concerned 
pooled their resources with the result that complete 
standardisation and interchangeability between their 
products has been realised. The equipment of the 
eight stations in the western ring was supplied by the 
Metropolitan-Vickers Electrical Company and that for 
the other seven stations by the British Thomson- 
Houston Company. Each three-phase circuit breaker, 
the appearance of which will be clear from Fig. 7, Plate 
XLIX, consists of three single phase units of the explo- 
sion pot type with a normal current carrying capacity 
of 600 amps. at 132 kv., and a rupturing capacity 
of 1,500,000 kv.-a., The tanks are constructed 
entirely of steel plate, which is rolled and welded to 
form a single piece unit, the cylindrical wall being 
carried down to the ground, so as to form a mounting 
base. Holes are cut in this wall to give access to the 
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dished bottom of the tank, which is situated some 12-in. 
from the ground. A pebble-filled vent and separating 
chamber is provided in each top plate, and on the 
latter are also mounted the filling and emptying valves 
and oil level gauges. | 
The closing mechanism is solenoid operated and is| 
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completely enclosed in the top plate. Connection to | 
the external actuating devices is made by a rotating | 
shaft, so that the air buffer spaces of the three phases | 
do not communicate. These connections consist of | 
adjustable tubes which are in tension while closing | 
is taking place. The short-circuit energy is utilised | 
to extinguish the arc, a piston action being imparted 
to the contact rod, so that the speed of the break 
increases in proportion to the size of the short-circuit 
interrupted. The duration of the arc and its length 
are also constant for all short-circuit values. As the 
gas bubble is ejected downwards into cold oil the risk 
of secondary explosion or burning of the lining are 
eliminated. The contacts themselves are easily 
accessible and can be removed as a unit by merely 
unscrewing the carrier from the chamber head. The 
moving contacts engage with copper segments, which 
are held by spiral springs. Good contact is thus 
ensured, and this is increased by the magnetic effect of 
the load current. The breaker can be moved in any 
direction by using four jacks, which are carried on cast- 
steel rollers and press against a corresponding number 
of lugs on the tank. 

The terminals of the breaker are arranged in the 
top plate and are borne on conical seatings, so that the 
bushing can easily be set at the desired angle during 
erection. The oil filled bushings, one of which is shown 
in Fig. 3, are made in halves, which are completely 
enshrouded in a porcelain shell, connection being 
effected by a copper tube, which passes right through 
the bushing, and carries an adaptor to which the ex- 
plosion pot carrier is fastened at the lower end. At the 
top this conductor terminates in a glass reservoir cap. 
Six micanite insulating tubes are arranged concen- 
trically round this conductor and are separated from 
each other by wooden wedges. A free circulation of the 
oil and an even distribution of the electrical stress are 
thus ensured. The two porcelain shells are bolted to a 
metal cylinder, which serves as a housing for the current 
transformers and carries the sealing flange of the 
bushing. These bushings are approximately 10 ft. 11 in. | 
long, their tips being 6 ft. 10} in. above the circuit- 
breaker top plate. When the arc horns are set 40 in. | 














apart their dry and wet flash-over voltages are 400 kv. | 
and 380 kv. Their minimum puncture voltage is | 2 
550 kv. Fig. 4. 

The insulators on the isolating switch and other | 
posts are built up of four units, each of which consists | trolled by a backing spring, and are self-aligning over 
of three separate porcelain sheds, which are connected | . wide range of movement. The whole contact is pro- 


together, and between which a resilient bitumastic | 
medium is interposed. Each complete unit has a 

minimum puncture voltage of 250 kv., a wet flash-over 

voltage of 390 kv., and a dry flash-over voltage of 

405 kw., when the arcing hours are 41 in. apart. 

Each insulator is about 5 ft. long, and has a maximum 

diameter of 17in. The strain insulators are of the same | 
type as those used on the transmission lines. 


tected from the weather by an aluminium casing, 
which also acts as a corona shield. The operating 
mechanism is attached to the concrete supporting 
structure and includes both the lever and the inter- 
locking mechanism. When an isolating switch is placed 
immediately next to an incoming feeder an integral 
| earthing switch is included. 

| The current transformers are of the bushing type, and 





tn the low type of sub-station already referred to, when mounted on the circuit-breakers or power trans- 
the post insulators are used to support the conductors, formers, are carried in the terminal bushings of that 
the latter being of the semi-rigid type and placed about equipment. They are constructed of wound strip in 
15 ft. above ground level. At lower levels copper-clad the form of an involute and are designed to have the 
steel tubes, varying from 1} to 3 in. in diameter, have ; maximum section of core, which can be usefully em- 
been used, and these are sufficiently rigid to prevent | ployed in the space available. In this way, the maximum 
any dangerous deflection between fixed points. Thus, | output in secondary volt-amperes is obtainable with- 
when a 3-in. outside diameter tube is used on the | out departing from the simple bushing design. The 
maximum span of 25 ft., its deflection does not exceed | transformers are all wound to have a secondary 
24 in. To prevent erosion inside the tubes the ends | current of 0:5 amp. and, when they are required on 
of the latter are protected by copper caps, which are | the neutral, it has been found possible to make up 
sweated on. } |a triple secondary unit. An interesting feature of 

The strain connections used consist of a multi-| the potential transformers is the compensating device, 
strand conductor, each of which is made up into} which correctly reproduces the exact phase and line 
a tube formed from wrapped copper sheaths. The | voltage on the 132 kv. side of the main transformers. 
electrical conductivity of this tube is good, and it is!This is necessary for the correct operation of the 
also flexible, light and of high tensile strength. Alumin- | protective gear, and is effected by placing current 
copper clamps are employed, as a connection between | transformers in the lower voltage connections to 
the transmission line and the switchgear to prevent | produce a voltage dependent on the load current 
electrolytic action. The special connections used are | flowing. This voltage is impressed on special imped- 
of two patterns. In the first the tube is clamped | ances, which are connected in series with the potential 
by a split casting. This carries two trunnion arms | transformer winding. By means of suitable connec- 
which rest in slots cut in a U-shaped casting, the | tions it is thus possible to compensate the voltage to 
latter being bolted to the post-insulator. The con- | the potential transformer, so that the latter correctly 
nection is thus free to move up and down and to| indicates the magnitude and phase angle of the 132-kv. 
some extent horizontally, so that no bending or| voltage, and at the same time to compensate the 
torsional stress is exerted on the porcelain. The | characteristics of the main power transformers. 
second is of similar design, but the tube is not gripped, | 
so that movement in any direction is possible. | have been described above, ara controlled from special 

The isolating switches, as shown in Fig. 2, page 601,/| panels in the control rooms of the adjacent power 
are of the rotating post pattern, each single pole unit | stations. These panels, one of which is illustrated in 
being mounted. on a channel steel base, to whose ends | Fig. 4, are of the steel cubicle type, the apparatus 
the outer post insulators are also bolted. The contact | being arranged, wherever possible in three horizontal 
arm, which is carried on the centre post, is a heavy | bands, comprising the indicating instruments. control 
gauge copper-clad steel tube with brass contact blades | devices and the relays respectively. Above each panel 
at each end. The fixed contact jaws on the outer | is adiagram consisting of black lines on a white ground 
insulators consist of six fingers, each of which is con- | and including automatic semaphores, which are operated 





The main circuit-breakers in the sub-stations, which | 
| station ’bus bars. In one case 90,000 kv.-a. had to 


| 
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from auxiliary switches on the 132-kv. gear, so that 
the positions of all the circuit-breakers and isolating 
switches areindicated. Thesynchronising, battery, and 
other circuits on this board are made up of tinned 
copper tubular ’bus bars, which are insulated from the 
cubicle side walls, through which they pass, by bushes. 
A complete interlocking system is provided to ensure 
that the various circuit-breaking and other switches 
shall be operated in the correct sequence. 

As already mentioned, each earthing transformer 
is equipped with an. auxiliary winding from which 
a supply can be given at 400/230 volts for operating 
the sub-station auxiliaries and tap-changing gear. 
As each main transformer has its own earthing 
transformer, it is therefore a self-contained unit as 
regards its auxiliary supplies. These supplies are 
controlled from special boards, connection to which 
is made through an oil circuit-breaker. These circuit- 
breakers are connected to ‘auxiliary transformer 
*bus bars” from which the circuits for the control of 
each bank of main power transformers are led. The 
two sets of ‘‘ auxiliary transformer ’bus bars” cannot 
be paralleled. A further set of ’bus bars, known as the 
“station auxiliary ’bus bars,’ can be connected to 
either of the ‘‘ auxiliary transformer ’bus bars” and 
from them are supplied the station lighting, battery 
charging and oil purifying equipment. To facilitate 
operation at night, each station is equipped with four 
flood lights and four fixed .weather-proof light units, 
the former being mounted on two 40-ft. steel posts at 
the transformer end and the latter on the transmission 
tower. When repairs have to be effected at night 
additional illumination is obtainable by the use of 
portable flood lights, which can be connected to various 
plug points in the station. 

Owing to the very large-amount of power involved, 
one of the chief problems has been the connection of 
the low tension side of the main transformers to the 


be transmitted at 6-6 kv., and this has meant using 
six 1 sq. in. cables in parallel] per phase or 36 sq. in in 
all. The total length of cable in this connection is 
24 miles, while in addition 70 ends have had to be 
sealed off. In most cases the cables used for this 
purpose are laid in pre-cast concrete troughing, care 
having been taken to ensure that no damage would 
be caused by the enormous short-circuit stresses, which 
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Fig. 5. 


would be produced between the cables in the event of | a cast-iron pipe 6 in. in diameter and 6 ft. long. This 


a fault occurring. 


It has proved economical to instal oil-handling | and is buried inside the tower base. 
The reason | sisting of nine 10-in. diameter discs in series and 


equipment at most of the sub-stations. 
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| arm of the double-circuit towers are lengthened to 
| prevent any contact should the lower conductor discard 
| its load of sleet or ice before the upper. 

Three types of tower foundations were used. These 
include the Malone anchor, which is made by exploding a 

| charge of dynamite in a previously drilled hole. Where 
|a hole could not be exploded steel grillages were em- 
| ployed. These were fitted with concrete cylinders at 
ground level to protect, the steel work against corro- 
sion and to assist in taking up the lateral shear stresses. 
'In doubtful ground concrete-block foundations have 
been used. This also applies to all the heavier towers. 
These foundations were set with moulds shaped to 
effect economy of concrete and to prevent undue 
|internal stresses. All the foundation stubs were set 
| with the help of a rigid steel template, so that the 
| correct spacing and batten were obtained, while the 
concrete was poured in, care being taken to ensure that 
| the tower was vertical when erected. The towers 
themselves were built up from the ground level panel 
by panel. The insulator strings were put together on 
the ground and hoisted into position by block and tackle. 
To facilitate the running and sagging of the conductors, 
sheave blocks containing lignum vitae sheaves running 
on ball bearings were suspended alongside each insu- 
lator, so that when the wire was pulled out and finally 
sagged up it could easily be transferred to the insulator 
clamp. 

As already stated, the main contractors for this part 
of the work were Messrs. British Insulated Cables, 
Limited, of Prescot. The steel structures were designed 
by Messrs. Milliken Brothers of London, the steel being 
rolled and the towers being manufactured by Messrs. 
William Beardmore of Glasgow and Messrs. William 
Bain of Coatbridge respectively. The insulators were 
supplied by Messrs. Bullers, Limited, of London, and 
the Canadian Porcelain Company, the aluminium by 
The British Aluminium Company, Limited of London 
and the steel wire for the cores by Messrs. Ryland 
Brothers, Limited, of Warrington. About 5,000 tons 
of steel work, 1,200 miles of conductor and 70,000 
porcelain discs were used. 

In addition to the structures of normal design, 
special mention may be made of the towers used at the 
crossings of the Rivers Cart, Clyde and Forth. In the 
first case the towers are 218 ft. high to allow a clearance 
of 186 ft. for shipping at high water. At Renfrew, 
where the Clyde is crossed, the span is 980 ft., the two 
towers being 275 ft. and 283 ft. high respectively, to 
give a clearance of 228 ft. One of these towers is shown 
in Fig. 5. It acts as a strain tower for six conductors. 

From the spectacular point of view the most.important 
crossing is that over the Forth, where the span is 
3,050 ft. and the towers 340 ft. high. This crossing 
which is illustrated in Fig. 10, page 606, gives a clearance 
of 158 ft., or 8 ft. more than the Forth Bridge. All these 
towers, with the one exception mentioned, simply 
carry the weight of the conductors, the strain being 

‘taken on specially constructed stiff towers a span 
length behind the main tower. Each conductor of the 
single circuit across the Forth consists of a 19/0-125-in. 
stranded steel core, surrounded by 80/0-125-in. alu- 

|minium wires, The sag is about 150 ft. and the stress 
| 20,000 lb. The earth wire is insulated, so that it can 
| be used in emergency as a conductor. 

An important problem on a system such as this is 
| continuity of operation, and though experience shows 
| that super-tension overhead lines are satisfactory in 
ithis respect, selective automatic protective devices 


pipe is connected to aleg of the tower by a copper strip | have been provided to ensure the isolation of a faulty 


for this will be clear when it is stated that at Bonny- | fitted with arcing horns and guard rings are used on all 


bridge the switchgear alone contains about 13,500 | 
To control this supply, the switch tanks | the angle at a change of direction does not exceed | have been used where their adoption is economical, 


gallons of oil. 


are connected to permanent pipe lines, which are run | 10 deg. 


to the purifying equipment. This enables a tank to 
be emptied or filled without dismantling any apparatus. 


straight line towers and on single circuit towers, where 


On other towers ten 10-in. discs are used. 
_ There are four standard types of tower for the single 
circuit lines. These are known as straight line, 


The equipment itself comprises a filter, de-hydrator | small angle, medium angle and semi-strain, and large 


and the necessary clean and dirty oil pumps. In| 
addition, clean and dirty oil tanks, each with a capacity | 
of 3,500 gallons, are installed. These are provided | 


with calcium chloride breathers, so that the oil in the | 
tank is kept dry. The whole of the equipment is | 
electrically controlled. 

The design of the various types of towers used for | 


angle and strain respectively. In addition, there are 
three types of double circuit tower, which are known 
as straight line, medium angle and semi-strain, and 
large angle and strain respectively. Generally speaking 
the towers are of the wide base pattern, square in plan, 


improve the appearance of the structure the batter of 


Insulators con- | section in case of need. The methods adopted are 


| both interesting in themselves, and because this is 
one of the few systems of its kind in which earthed 
neutrals are employed. Broadly speaking pilot wires 


|in combination with the Translay type of balanced 
| protection. On sections whose length exceeds 10 miles, 
| however, such an arrangement would be uneconomical, 
| and on these non-pilot protective gear of the impedance 
| type is being employed. A full description of the 
jinteresting apparatus used for this purpose would 
| occupy more space than we now have at our disposal, 
| but it may be said that in the Translay gear, when 
| the conditions are healthy, the two devices at each end 


| with separate footings at each corner leg, while to| of the feeder are balanced, and no current flows 


| through the pilots or relay operating coils. In the 


Supporting the transmission lines, and the details | the corner legs is carried up to the middle cross arm. jevent of a fault this balance is upset, and a current 


of the lines themselves were dealt with at length in | 


All the steel work is galvanised, and the towers were 


| flows through the pilots, thus operating the relays 


Messrs. Johnstone Wright and Marshall’s paper and |fabricated by mass production methods, the parts | and opening the transformer and bus section switches, 


need not be repeated here. The illustrations (Figs. 11 | 
and 12 on page 606) give a good idea of the general | 
appearance of the towers, while Figs. 5 above and 10, 
on page 606 show the special designs used at the places 
where the rivers Clyde and Forth had to be spanned. 

It may be added, however, that the conductors have | 
® cross-sectional area equivalent to 0-175 sq. in. of 
copper and are made up of 30/0-110 in. aluminium 
Wires and 7/0-11 in. galvanised steel wires. The 
earth wire consists of 12/0-11 in. aluminium wires 
and 7/0-11 in. steel wires. The towers are earthed by 
their own footings or where these are in concrete, by 


being cut, drilled or punched to templates and marked 
to facilitate erection on site. The heights of the towers 


‘are designed to give a clearance of 22 ft. under normal 


conditions on a 900-ft. span, but where the contour is 
favourable spans up to 1,200 ft. are being used on 
straight runs. The cross-arms of the suspension towers 
are long enough to give a clearance of 42 in. between the 
guard ring and the bracing when the insulator is 
deflected 45 deg. At large angle positions cast-iron 
weights are used to limit the swing to 22} deg., thus 
obviating the use of very long cross-arms. Further, the 
bottom arm of the single circuit towers and the middle 


so that the faulty section is isolated. The apparatus 
is unaffected by normal switching disturbances or 
by -high-frequency transients, but is responsive to 
both phase and earth faults. The operation of the 
impedance type of protection depends on the impedance 
of the feeder, and is operative up to 110 per cent. of 
the normal value of the latter. Back-up relays with 
straight-line characteristics are also installed, so that 
the operation of the correct relays in graded times is 
ensured if the impedance relays themselves fail to 
act. This equipment has an inverse time charac- 
teristic, will deal with both phase and earth faults, 
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and is definitely directional, as is essential on a ring 
main system. 

It may be added that no special provision has been 
made to guard against lightning, though the continuous 
earth wire acts as a screen, and has so far been effective 
in preventing dangerous surges. The reinforcement 
of the end twin insulation of the transformers and the 
earthing of the neutral are further precautionary 
measures against damage from this cause. 

For purposes of load control, a control point is to 
be established at Dalmarnock. This will be in direct 
telephonic communication with all the power and 
sub-stations, while the loads at these points together 
with the power factor and the position of the circuit- 
breakers and transformer tappings, will also be indicated 
there. The switches themselves will be operated at the 
stations under the direction of the control engineer. 








THE LATE SIR B. LONGBOTTOM. 


WE regret to record the death of Sir Benjamin 
Longbottom, which occurred at Totteridge on Thursday, 
May 1, at the age of 53. This event, coming so shortly 
before the assembly of the Second Plenary World 
Power Conference in Berlin next month, makes it 
necessary to emphasise that Sir Benjamin was 
chairman of the British National Committee of the 
First World Power Conference, which was held at 
Wembley in 1924. The successful organisation and 
carrying through of that meeting was, in fact, largely 
due to his energy, and he was looking forward to 
participating, though in a less important and strenuous 
role, in the forthcoming gathering. 

Benjamin Longbottom was born at Sowerby Bridge, 
Yorkshire, on July 29, 1876, and received his early 
education at Ilkley College and the Heath Grammar 
School in that county. He subsequently served his 
apprenticeship with Messrs. Andrews and Preece, of 
Bradford, and also attended evening classes at the 
Bradford Technical College. In 1894 he joined the 
Phenix Dynamo Company, where he successively 
held positions in the mechanical and electrical shops 
and in the drawing office, while from 1898 to 1900 he 
served with the General Electric Company as outside 
superintendent of their electrical power installations 
and as assistant works manager of their engineering 
department. 

In the latter year he was appointed works manager 
and engineer of Messrs. Electromotors Limited, 
Manchester, but after one year in this position became 
general manager, a position he continued to hold until 
the amalgamation of the firm with Messrs. Laurence 
Scott, of Norwich, when he was appointed a joint 
managing director of the two firms. He was also a 
director of Messrs. Richard Johnson, Clapham and 
Morris, Limited, of Manchester. The former firm 
specialised in the manufacture of electric motors, 
mainly of small output, and had obtained a high 
reputation for first-class workmanship and _per- 
formance. Their factory at Openshaw was recently 
re-organised, and production methods of the most 
modern kind were introduced. 

As a result of his work in connection with the World 
Power Conference, to which we have referred above, 
Mr. Longbottom received the honour of knighthood 
in 1925. He was elected a member of the Institution 
of Mechanical Engineers in 1911, and of the Institution 
of Electrical Engineers in 1909, serving as a member 
of Council of the latter body from 1924 to 1927. He 
was chairman of the British Electrical and Allied 
Manufacturers’ Association from 1922 to 1925, and 
was acting as a vice-president at the time of his death. 
He had also been President of the Manchester Associa- 
tion of Engineers, and had acted both as treasurer of 
the Manchester Chamber of Commerce and chairman 
of its engineering section. He was President of the 
Engineers’ Club, Manchester. 








THE LATE MR. W. WADDELL. 


WE regret to note the death, on April 28 last, at his 
home at Romilly Park, Barry, of Mr. William Waddell, 
late Chief Engineer of the Great Western Railway 
Company, and formerly general manager of the Barry 
Railway Company. Mr. Waddell was born on Decem- 
ber 11, 1863, and after being educated privately, under- 
went a period of seven years’ training, from 1882 to 
1889, under Messrs. Barry and Brunel. In 1889, on 
completing his training, he was engaged by Messrs. 
Forster, Brown and Rees to assist in the setting out 
of the Vale of Glamorgan Railway, and in the prepara- 
tion of working plans and drawings. Two years later, 
he joined the staff of the Barry Railway Company as 
engineering assistant. In addition to the ordinary 
dock and railway maintenance work, the young 
engineer became engaged on operations connected with 
the layout and construction of new railway stations, 
reservoirs, pumping stations and pipe lines, a locomotive 
shop, a hydraulic engine house, movable and fixed 
tips, and a transit shed. In 1893, Mr. Waddell had 





‘England, of concrete and reinforced concrete. 





immediate charge of the boring and blasting operations 
for the formation of the deep-water channel to Barry 
Dock. Four years later he was given the work of 
restoring the Porthrerry viaduct, for which he received 
a special vote of thanks from the directors of the Barry 
Railway Company. 

In 1903 he succeeded his chief, the late Mr. James 
Bell, as engineer to the company, and in March, 1919, 
on the retirement of Mr. T. H. Rendell, became general 
manager of the Barry Railway. As is well known, 
this company amalgamated with the Great Western 
Railway Company in 1921, and in April of the follow- 
ing year Mr. Waddell became docks assistant to the 
Chief Engineer, Great Western Railway. His final 
promotion to Chief Engineer of the Great Western 
System, which position he held jointly with the late 
Mr. J. C. Lloyd, came in January, 1924. He officiated 
at Barry Docks, while Mr. Lloyd’s headquarters were 
at Paddington. Mr. Waddell continued to hold the 
position of joint Chief Engineer for some two years, 
finally retiring at the age of 63. He was for many 
years a member of the South Wales Institute of 
Engineers, and became an associate member of the 
Institution of Civil Engineers on December 2, 1890, 
rising to full membership on January 9, 1906. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Sluice Valves and Kimberley Sockets.—The supply of 
300 four-in. and 25 six-in. sluice valves, and 300 four-in. 
Kimberley sockets. City Council of Johannesburg, 
South Africa; May 22. (Ref. No. A.X. 9501.) 

Structural Steelwork.—The supply, delivery, and 
erection of structural steelwork, &c., for a new erecting 
and wheel shop, Pretoria. The South African Railways 
and Harbours Board, Johannesburg; June 19. (Ref. 
No. A.X. 9505.) 

Grab Crane.—The supply and delivery of one 10-ton 
double-chain steam-driven grab crane, complete with 
whole-tine grab for Durban Harbour. The South African 
Railways and Harbours Board, Johannesburg; July 7. 
(Ref. No. A.X. 9506.) 

Waterworks Plant.—The supply and installation of 
pumping machinery, electric motors, filter and acces- 
sories for the waterworks at Abou-Tig-Nekheila. The 
Egyptian Ministry of the Interior, Cairo; June 25. 
(Ref. No. A.X. 9509.) 

Band-Saw Machines.—A firm in Montreal, Canada, is 
desirous of getting into touch with United Kingdom 
manufacturers of metal-cutting band-saw machines. 
(Ref. No. A.X. 9516.) 

Hydrometers.—The supply and delivery of hydrometers. 
The Post and Telegraph Department, Wellington, New 
Zealand ; June 24. (Ref. No. B.X. 6377.) 

Bolts, Nuts, 4:c.—The supply of bolts, nuts, rivets, 
washers and cotter pins. The Chilean State Railways, 
Santiago, Chile; July 2. (Ref. No. B.X. 6382.) 

Cranes on Railway Trucks.—The supply and delivery of 
two steam cranes for service on 1-435-m. gauge track. 
Each crane to be mounted on a truck and to have a 
hoisting capacity of 50 metric tons with a radius of 
5 m., and 25 metric tons with a radius of 8 m. The 
Argentine State Railways, Buenos Aires; July 10, 
1930. (Ref. No. A.X. 9518.) 








ENGINEERING TRAINING AND 
EDUCATION. 


Durham Bursary.—The secretary of the Junior 
Institution of Engineers informs us that the Durham 
Bursary competition, which has hitherto been confined 
to members of the Institution, has recently been thrown 
open for competition to all young men of British 
parentage, between the ages of 20 and 22, who are in 
course of training for the engineering or allied profes- 
sion. The Bursary was founded in 1908, and has an 
annual cash value of 25]. The competition for the 
Bursary involves the submission of a thesis on some 
engineering, technical, or scientific subject selected 
by the candidate. The final date, in any year, for 
the receipt of theses is August 1. Detailed conditions 
and entry forms may be obtained on application to the 
secretary of the Institution, 39, Victoria-street, London, 
8.W.1. 

Brenforce Travelling Scholarship.—Governed by the 
Council of the Institution of Structural Engineers, the 
Brenforce travelling scholarship, valued at 3001., is 
awarded every three years with the object of encourag- 
ing the esthetic design and artistic development, in 
The 
first award was made in 1927. Candidates eligible to 
compete for the Scholarship must be members, asso- 
ciates, associate-members, graduates or students of 
the Institution, and must be between the ages of 21 
and 35. The competition for the Scholarship will 
consist of an examination in the design of a reinforced- 


concrete structure, and will be held on May 31 next. 
Completed entry forms should be in the hands of 
the Council of the Institution, 10, Upper Belgrave- 
street, London, S.W.1, before May 26. Further 
particulars may be obtained from the secretary of the 
Institution at the address given. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—There is no new feature of 
moment in the Cleveland pig branch of the trade. Stocks 
are not heavy, and the very limited output is well taken 
up. Merchants have only small quantities on hand, and 
makers are able to uphold prices for the small surplus of 
marketable iron after they have made provision for 
their own consuming works, which are still absorbing 
the bulk of the production. A few home sales are 
reported, but business with consumers in Scotland is 
little heard of, and customers abroad are buying next 
to nothing. The outlook is unsatisfactory. Local 
requirements threaten to shrink shortly unless demands 
for products of the consuming plant expand. Prospects 
of movement in that direction are not at all bright. No. 1 
grade of Cleveland is 70s.; No. 3 g.m.b., 67s. 6d.; 
No. 4 foundry, 66s, 6d. ; and No. 4 forge, 66s. 


Hematite.—The embarrassing statistical state of the 
East Coast hematite department has not been materially 
relieved by curtailment of output through the blowing 
out of two furnaces at the Linthorpe Ironworks. Stocks 
are heavy and are still increasing. Makers endeavour 
to take a rather firmer stand, but they are being undersold 
by merchants who have still very substantial quantities 
on hand, and are anxious to lighten their holdings. 
Home demand is quiet, and export inquiries are few and 
small. Quotations are irregular, and it is difficult to 
ascertain terms at which orders might be accepted; but 
iron is offered freely at the equivalent of ordinary qualities 
at 74s., and purchasers state they experience no difficulty 
in satisfying their requirements at less. 

Foreign Ore.—There is no new feature in the foreign 
ore trade. In the continued absence of business, quota- 
tions are nominal. Best rubio is put at 21s. c.i.f. Tees. 

Blast-furnace Coke.—Supply of blast-furnace coke is 
abundant and sales are difficult to put through. There 
are sellers of Durham good medium qualities at 18:., 
delivered to local works, but consumers are not disposed 
to pay that figure. 

Manufactured Iron and Steel.—Business in manufac- 
tured iron and steel is very quiet, and many contracts 
are approaching completion, but quotations are upheld. 
Common iron bars are 101. 15s.; best bars, 11/. 5s. ; 
double best bars, lll. 15s.; treble best bars, 12I. 5s. ; 
iron rivets, 11/. 10s.; packing (parallel), 8/.; packing 
(tapered), 10/.; steel billets (soft), 62. 15s. ; steel billets 
(medium), 77. 10s. 6d.; steel billets (hard), 8/. 2s. 64. ; 
steel rivets, 11/. 5s.; steel ship plates, 8/. 15s. ; steel 
angles, 8. 7s. 6d.; steel joists, 8/. 10s. ; heavy sections 
of steel rails, 87. 10s. for parcels of 500 tons and over, and 
91. for smaller lots; fish plates, 12/. 10s.; black sheets 
(No. 24 gauge), 9/. 15s.; and galvanised corrugated 
sheets (No. 24 gauge), 121. 

Imports of Iron and Steel.—Returns issued this week 
place the total imports of iron and steel to the Tees, for 
the six months ending April 30 last, at 77,460 tons, as 
compared with 92,253 tons for the same months a year 
ago, and 37,700 tons for the corresponding pre-war period 
ending April 30, 1914. Pig iron imported in the past 
six months amounted to 5,687 tons as compared with 
17,919 tons in the same months a year ago, and only 
106 tons in the corresponding period just prior to the war. 

Shipments of Iron and Steel.—Aggregate shipments of 
iron and steel from the Tees during April were only 
60,313 tons, compared with 80,991 tons for the previous 
month. Of the 14,345 tons of pig iron despatched last 
month, 9,090 tons went abroad, and 5,255 tons went 
coastwise ; of the 1,589 tons of manufactured iron loaded, 
1,371 tons went overseas, and 218 tons coastwise ; and 
of the 44,379 tons of steel cleared, 30,188 tons went to 
foreign destinations and 14,191 tons coastwise. Scotland 
was again the chief buyer of pig iron, accepting 4,604 
tons; while Denmark took 2,486 tons; Italy, 1,510 
tons; and France, 1,413 tons. The Union of South 
Africa was the largest purchaser of manufactured iron, 
accepting 421 tons. Principal customers for steel were : 
India, 7,726 tons; Australia, 4,000 tons ; Tanganyika, 
3,198 tons ; Hong Kong, 1,344 tons ; Southern Rhodesia, 
1,299 tons; Canada, 1,163 tons; Lithuania, 1,098 tons; 
and Kenya, 1,019 tons. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—The depression which has gripped 
the local steel and engineering trades shows little sign 
of lifting. Only in isolated instances is progress being 
made. The majority of departments are experiencing 
great difficulty in booking orders to replace expiring 
contracts, with the result that the majority of plants are 
working at reduced capacity as compared with that in 
operation before the Easter set-down. This scarcity of 
work is not only confined to the steel-producing sections; 
but also to related departments. Makers of raw and 
semi-finished steels contemplate a curtailment of output 
unless the demand shows immediate improvement. At 
present they have in hand large stocks sufficient to 
cover the hand-to-mouth requirements of users, who 





show little inclination to enter into forward business 
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Rolling mills are moderately employed. Heavy foundries 
are short of orders, while there is a depressed market for 
forge and foundry iron. Despite the political unsettle- 
ment in India, inquiries for railway rolling stock and 
electrical apparatus are in circulation from that area. 
Among the products required are locomotive boilers, 
overhead travelling cranes, and electrical equipment and 
fittings in connection with a hydro-electric scheme 
contemplated by the Government of Madras. There is 
a fairly healthy demand on home account for similar 
products, while one or two orders have filtered through 
from South America and South Africa. Calls from ship- 
yards for castings and forgings do not represent a very 
large tonnage. A better buying movement in farm and 
garden implements has developed. A feature of the run on 
special metals is the ever-growing demand for stainless 
steel and rustless iron. Though tool steel is not in quite 
such active request as during the past few weeks, makers 
are responsible for a large output. Variable conditions 
exist in the tool trades and gross output is only main- 
tained with great difficulty. Activity chiefly centres upon 
the production of engineers’, farm and garden tools. 
A steady volume of business in files is being done with 
India and Australia, while Japan is taking increased 
supplies of saws. More trade is passing in twist drills 
and milling cutters. The light foundries are also more 
briskly employed in connection with orders for stove 
grates and a varied assortment of light castings. 


South Yorkshire Coal Trade.—Despite the fact that 
the overseas demand for fuel has improved, the general 
position has several weak tendencies. Consumption of 
industrial fuel has been maintained in face of the pre- 
valent depression in the iron and steel trades. Weakness 
has developed in the house coal market, and merchants 
have heavy stocks on hand. The coke position shows little 
change. Foundry and furnace sorts are fairly active 
on both home and foreign account. Gas coke is firm, 
while blast furnace varieties show a slight improvement. 
Quotations: Best branch handpicked, 25s. to 26s, 6d. ; 
Derbyshire best brights, 20s. to 22s.; Derbyshire best 
house, 19s. to 20s.; screened house coal, 17s. to 19s. ; 
screened house nuts, 15s. to 17s.; Yorkshire hards, 
14s, 6d. to 16s.; Derbyshire hards, 14s. 6d. to 16s. ; 
rough slacks, 8s. 6d. to 9s.; nutty slacks, 7s. to 8s. ; 
smalls, 3s. to 5s. 








NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Conditions in the Welsh steam-coal 
trade remain as bad as ever, and the outlook is discourag- 
ing. Demand is of a hand-to-mouth character, and with 
stocks heavy and supplies plentiful, prices are only 
maintained on account of the operation of the stabilisation 
scheme. Regular working at the pits is rendered impos- 
sible by the slackness of trade, and the inability of 
shippers to clear loaded wagons and return an adequate 
supply of empties to the pits. 

A Threatening Outlook.—Following the request. of 
the coal trimmers and tippers for the abolition of night 
work, and that of the coal owners for a 45-hour week or 
90-hour fortnight, a threatening outlook has been 
created. Both requests were refused. As a result, 
the coal trimmers and tippers have decided to take a 
ballot as to whether they will strike to secure continuous 
day-working shifts, while the question of a 74-hours 
day in the collieries is still in the air. A meeting of 
representatives of the trimmers and tippers is to be held 
next week to receive the result of the ballot, but the 
general concensus of opinion is that it will be in favour 
of attempting to force day working on the employers, 
who have already declared that they will strenuously 
resist any effort to alter the present working arrangement, 
which consists of definite day and night shifts with a 
break between the shifts. How far the men will go to 
achieve their object remains to be seen, also whether the 
employers’ resistance will risk a strike. The employers, 
the shipowners, and Great Western Railway, are backed 
in their resistance by the Coalowners’ Association, the 
Coal Exporters’ Association, and the Bristol Channel 
District Association of Shipbrokers, while the men 
belong to the Cardiff, Penarth and Barry Coal Trimmers’ 
Union, the National Union of Railwaymen, and the 
Transport and General Workers’ Union,,. respectively. 

Old Dry Dock Company to Wind Up Voluntarily.— 
Hill’s Dry Docks and Engineering Company, Limited, 
which. was established 48 years ago to take over the busi- 
ness of Messrs, C. Hill.and Sons, is to wind up voluntarily 
because the company, by reason of its liabilities, cannot 
continue its. business. Mr. W.. R. Gresty, of Cardiff, 
has been appointed liquidator. Prior to 1921 the 
Company had paid regular dividends for many years, 
the directors being Mr. C. Gathorne Hill and Mr. C. L. 
Hill, of Bristol; Mr. E. T. Hill, Abergavenny, and 
Mr. T, Allan Johnson (managing director),.Cardiff. The 
Company owns three graving docks—one in the West 
Dock, Cardiff, which was built. 73 years ago, and two 
in the East Docks, Cardiff, completed 47 years. ago. 








BrivisH InpustRIES FarR DEVELOPMENT COMMITTEE. 
~The President of the Board of Trade has set up a 
committee to examine the present position occupied by 
the British Industries Fair, and to consider what means 
can be adopted to increase still further its utility to 
British trade.. The chairmar of the committee is 
Viscount Chelmsford,. and the members, of which there 
are 10, include Lord Barnby, Mr. John Beard, Sir 
Percival Bower, Sir John Corcoran, Sir William J. 
Larke, Mr. Guy Locock, and Sir Gilbert Vyle.-—All 
correspondence should be addressed to the Secretary 
of the Committee, Mr. A. R. Fraser, Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1. 


NOTES FROM THE NORTH. 


Guascow, WEDNESDAY. 

Scottish Steel Trade.—There is no improvement of any 
kind to report in the Scottish steel trade this week, and 
the outlook is as clouded as ever. Home consumers 
have little work of importance on hand, and are specifying 
only for their immediate requirements, while orders from 
overseas buyers would seem to be getting fewer, if that 
were possible. The local shipbuilding industry is very 
quiet, and orders for new tonnage are extremely scarce ; 
steel makers are therefore getting little work from 
one of their best sources. The makers of black sheets 
are still well employed, as order books are well filled 
up for the lighter gauges, and full time is the order of 
the day. For the heavier sorts, the demand is poor. 
Galvanised sheets are very dull, and inquiries do not 
point to any revival as likely to be forthcoming just yet. 
Prices all round are practically stationary, and are 
quoted as follow :—Boiler plates, 101. 10s. per ton; 
ship plates, 8/. 15s. per ton ; sections, 8. 7s. 6d. per ton ; 
black steel sheets, 4 in., 9/1. per ton; and galvanised 
corrugated sheets (No. 24 gauge), 12/. 15s. per ton, all 
delivered at Glasgow stations. 

Malleable-Iron Trade.—There are no new features to 
report in the malleable-iron trade of the West of Scot- 
land, and business is of a hand-to-mouth description. 
Orders are very scarce, and broken time is not uncommon. 
In the steel re-rolling departments quietness is very 
general, and makers are feeling the Continental competi- 
tion rather keenly. Prices are unchanged, and are as 
follow :—‘‘ Crown” bars, 101. 5s. per ton for home 
delivery, and 9/, 15s. per ton for export; and re-rolled 
steel’bars,}7/. 12s. 6d. per ton for home delivery and export. 


Scottish Pig-Iron Trade.—Conditions in the Scottish 
pig-iron trade are no better this week, and the demand 
falls short of output. With the local steel works very 
quiet, deliveries of hematite are poor, while the demand 
for foundry grades is not much better. Prices have an 
easier tendency, but are nominally unchanged, and are 
as follow :—Hematite, 8ls. per ton, delivered at the 
steel works ; foundry iron, No. 1, 80s. 6d. per ton, and 
No. 3, 78s. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, May 3, amounted to 414 tons, 
Of the total, 368 tons went overseas, and 46 tons coast- 
wise. During the corresponding week of last year, the 
figures were 1,112 tons overseas and 24 tons coastwise, 
making a total shipment of 1,136 tons. 

Shipbuilding.—Messrs. William Denny and Bros., 
Limited, Dumbarton, have booked an order for a new 
steamer for the Larne and Stranraer service of the 
London, Midland and Scottish Railway Company. 
This new vessel will have passenger accommodation 
of the most modern description, and will be a distinct 
improvement on the present two vessels on the same 
service, the Princess Maud and: Princess Victoria, 
which were also built at Dumbarton. She will be a 
twin-screw vessel, driven by geared turbines, and the 
steam will be supplied by Babcock and Wilcox boilers. 

Steel Contract.—The contract’ for the constructional 
steel work to be used in the: erection of a large new 
factory at the Great West Road,. London, has been 
secured by Messrs. Fleming Brothers, Bath-street, 
Glasgow. The steelwork forms the greater part of the 
entire contract for the factory, which is being built by 
Tecalemit, Limited, for the purpose of manufacturing 
in this country certain types of lubrication equipment 
which have been previously imported from abroad. 

Locomotive Contract for Glasgow.—The Great Western 
Railway Company has just placed orders for 100 locomo- 
tives, of which the North British Locomotive Company, 
Springburn, Glasgow, have received the contract for 25. 
These will be side-tank engines, 0-6-0 class, and will be 
similar in design to the 50 delivered last year to the 
Great Western Railway. This order is very welcome 
news for the employees at the Springburn works, where 
trade has been so very quiet recently that short time 
has ruled, and quite a number of men have been on the 
suspension list. 





THe Orricers’ (MERCHANT NAvy) FEDERATION.— 
Since the publication of the annual report for 1929 of 
The Officers’ (Merchant Navy) Federation, which was 
commented upon on page 504 of our issue of April 18 last, 
some additional information regarding the activities 
of the Federation has been furnished to us. The Mer- 
chant Service Guild of Australasia has recently joined 
the Federation, and the number of federated officers 
now exceeds. 11,500. The Federation is also making 
representations to the railway companies, suggesting that 
special facilities should be afforded for merchant officers 
and seamen by’ way of. reduced railway fares when 
proceeding on leave from their ship. |The offices of the 
Federation are at 23, Leadenhall-street, London, E.C.3. 





Tue Roya INnstituTIon:—At a general meeting of 
the members of the Royal Institution, held on May 5, 
Sir Robert Robertson, treasurer and vice-president, 
occupying the chair, it was announced that the managers 
had received and accepted from the trustees of the 
Rockefeller Foundation an offer of a donation of 20,0001; 
for the endowment of research in the Davy Faraday 
Laboratory, on condition that the sum of 50,000/. for the 
same purpose should be secured by the Royal Institution 
from other sources before June 30, 1933; with.an addi- 
tional payment of 1,000/. per annum; up to-a total of 
3,000/. for the maintenance of research in the Laboratory 
until such time as-the-capital-payment should be made: 
The thanks of the members were returned to the 
trustees of the Rockefeller Foundation for their generous 





proposal. 





NOTICES OF MEETINGS. 





Socrety or CHEMICAL INDUSTRY. CHEMICAL ENGINEER- 
Inc Group.—To-night, 6.45 p.m., Criterion Restaurant, 
Piccadilly-circus, W.1. Annual General Meeting. At 
7.30 p.m., Annual Dinner. Informal Discussions on 
“The International Abstracting and Classifying of 
Scientific Literature,’ by Sir F. L. Nathan. “‘ Chemistry 
House—The Present Position,’ by Dr. H. Levinstein. 
“The Jubilee Meeting of the Society,” by Mr. H. J. 
Pooley. 

INSTITUTION OF PETROLEUM TECHNOLOGISTS.—Tues- 
day, May 13, 5.30 p.m., Royal Society of Arts, John- 
street, Adelphi, W.C.2, ‘‘ Oil Well Deviation,” by Mr. 
D. P. Rees. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, May 13, 
6.30 p.m., 85-88, The Minories, E.C.3. ‘‘ Developments 
in Powdered Fuel Practice for Marine Service,” by Mr. 
E. V. Green. 

INSTITUTE OF FUEL.—Wednesday, May 14, 6 p.m., 
Chemical Society, Burlington House, Piccadilly, W.1. 
“The Utilisation of Town’s Gas as a Fuel in Heat 
Treatment Furnaces,”’ by Dr. C. M. Walter. 

Royat Socrety or Arts.—Wednesday, May 14, 
8 p.m., John-street, Adelphi, W.C.2. “ Rice Cultivation 
and Treatment,’’ by Mr. C. E. Douglas. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Thursday, 
May 15, 6 p.m., Victoria-embankment, W.C.2, Annual 
General Meeting. Scottish Centre: Friday, May 16, 
7.30 p.m., Technical College, Bell-street, Dundee. 
Kelvin Lecture. ‘“‘ Some Recent Advances in the Electron 
Theory of Metals,” by Mr. R. H. Fowler. 








THE CARBON-BLACK INDUSTRY IN THE UNITED STATES. 
—The total quantity of carbon black produced during 
1929 in the United States amounted to 366,442,000 Ib., 
an increase of 117,652,000 lb. over the total for 1928. 
Some 264,107 million cub. ft. of natural gas was con- 
sumed in the manufacture of the material in 1929. The 
main producing centres were located in Texas, Louisiana, 
Montana, Oklahoma, Utah, West Virginia, and Wyoming. 
Large quantities of the material are used annually in 
the rubber, ink, and paint industries. 





ALTERATION OF TEMPLE MEADS STATION, BRISTOL.— 
The main details of the Great Western Railway Com- 
pany’s new station at Bristol (Temple Meads) have now 
been settled, and work commenced. The new station 
will occupy an area of nearly three times that of the 
existing station, and 15 platforms will be provided 
instead of 9 as at present. It is expected that the longest 

latform will be 1,230 ft. in length, but the lines have 
m arranged in such a way that platforms 3 and 4 
can be used as one platform of 1,300 ft. in length if 
required. Similarly, platforms 7 and 8, and 9 and 10, 
can be used giving a total single platform length of 
1,050 ft. and 1,370 ft., respectively. The alteration 
of the station will necessitate the widening of the bridges 
over the New Cut and the floating harbour, and also 11 
road bridges. The scheme, which will probably take 
four years to complete, will include the quadrupling 
of the line between South Wales Junction and-Portishead 
Junction. The total cost of the whole scheme will be 
in the neighbourhood of 1,250,000/. 

Contracts.—Orders for their Titan and Titan Poumay 
cupolas have been received by Messrs. The Construc- 
tional Engineering Company, Limited, Titan Works, 
Charles Henry-street, Birmingham, for the Birmingham 
Corporation Tramways Department, one of the Indian 
Railways, and other administrations and firms in South 
Africa, Liverpool, Yorkshire, and the Midlands and 
South of England.—Messrs. The Premier Radiator and 
Engineering Company, Limited, Skerne Works, Albert 
Hill, Darlington, have received orders for the water- 
cooled transformer-oil coolers for the new Battersea 

ower station, and also have in hand coolers of the air- 

last type for the south-east, central, and north-west 
England sections of the grid.—Messrs. Williams and 
Williams, Limited, Chester, have secured the contract 
for metal windows for the whole of the factory and 
distributing dep6t which the Ford Company is erecting 
at Stockholm.—Messrs. Robert Stephenson and Company, 
Limited, 25, Victoria-street, London, 8.W.1, have received 
an order from the London and North Eastern Railway 
Company for twenty locomotive boilers, class J 39, super- 
heated, with copper fireboxes and steel tubes. 


PERSONAL.—The Adelaide branch of the British 
General Electric Company, Limited, Australia, has been 
moverl: from Magnet House, 21, Pulteney Street, to 
Industrial Building, King William-street, Adelaide.— 
The Chicago offices of the American Railway Association 
have ‘been: removed to Buckingham Building, 59, East 
Van. Buren-street, Chicago, Illinois, U.S.:A.—A new 
factory’ has, been opened’ in Cambridgeshire for’ the 
manufacture: of: Cement Asbestos flat and corrugated 
sheeting, slates and tiles, by Messrs. Atlas Stone Com- 

ny, Limited,. General Buildings, Aldwych, London, 
W.C.2.—The firm of Messrs. Sir W. G. Armstrong Whit- 
worth and Company (Ironfounders), Limited, has been 
formed for the purpose of taking over and operating the 
business of ironfounders and manufacturers of refined 

ig iron formerly carried on by Sir W. G. Armstrong 
Whitworth and Company (Engineers), Limited. The 
plant and equipment of the foundry is modern and is 
capable of dealing with.castings, weighing up to 35 tons, 
for all classes of general engineering work. The works 
are at Close Works, Gateshead-upon-Tyne, and the regis- 
‘téred office at Scotswood Works, Newcastle-upon-Tyne, 
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Vou. CXXIX. No. 3356. 
THE DESIGN OF HIGH-SPEED 
HEAVY-OIL ENGINES. 


We have frequently expressed our views on the 
tendency of British firms to allow their competitors 
abroad to gain a lead in new developments, and 
should not now return to the subject had we not 
recently heard it suggested that this is sound policy. 
The argument was advanced by an eminent engineer 
on the grounds that the necessary experimental 
work is borne by others, and that when the commer- 
cial stage has been reached, we are able to step in 
and secure a good position in the market in virtue of 
|our ability to improve on existing designs and of 
‘our skill in manufacture. This proposition appears 
| to us to be fundamentally unsound, although at first 
| sight, as pointed out by the engineer in question, 
it is supported by the history of the marine Diesel 
engine. Of these engines, in spite of the meagre 
amount of experimental work carried out in this 
|country, we now manufacture a larger percentage 
|than any other nation for the world market, our 

contribution of engines now building being 457,932 
ih.p., out of a total of 1,559,955i.h.p. It is unneces- 
sary to enter upon the thorny ground of what might 
| have been had our policy been different, as the situa- 
tion as regards these engines is sufficiently explained 
| by our position as the premier shipbuilding nation, 
' which could not be maintained if many of the vessels 
' which we build had to be engined abroad. There 
is, however, little real cause for satisfaction in the 
fact that of about 350 motor vessels of over 1,500 
tons gross completed. this year or on order, some 100 
are being fitted with engines built in this country, 
and of these engines, about 70 per cent. are being 
built under licence. If attention is directed to other 
branches of the engineering industry, it is not difficult 
to find cases, such as those of deep-well centrifugal 
pumps and certain classes of heavy machine tools, 
where the enterprise of Continental makers in carry- 
ing out experimental work has resulted in a virtual 
monopoly. The fact is that while our skill in manu- 
facture remains a great asset, it must be accom- 
panied by more enterprise, if we are not only to 
maintain but improve our position in the world’s 
markets. 

Although figures are not available, it . would 
appear that history has tended to repeat itself in 
the case of the high-speed heavy-oil engine, since 








extent comparable with the petrol engine, their 
advantage from this point of view would soon 
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| vehicle work, although in the two former in parti- 
cular, their increased safety as regards fire risks 
| places them in an advantageous position as compared 
|with the petrol engine. The reason lies‘in the 

fact that none of the designs yet developed can be 
| regarded as entirely satisfactory, and therein lies 
| the opportunity for the British designer. 

Although the cost of the necessary experimental 
|and development work is very far from negligible, 
| it is relatively low when compared with that required 
(for large Diesel engines. It may fairly be said by 
| home manufacturers that the present time is any- 
| thing but opportune to spend even a comparatively 
| small sum in this direction, and the temptation is 
naturally strong to be satisfied with a licence to 
manufacture one or other of the foreign designs, 
on which several years in development work have 
already been spent. There are signs, however, 
that on this occasion our home firms do not alto- 
gether appear to favour such a policy, since a few 
entirely British designs have been put on the market 
in the last two years, and it is an open secret that 
more than one firm of old-established builders of 
heavy-oil engines have experimental designs on the 
test bed. 

One of the difficulties in taking up the manufacture 
of this type of engine for the first time is to decide 
upon the type to be developed. As we pointed out 
in an article some two years ago, the earlier engines 
fell into two groups, namely, those having a single 
combustion chamber in which the injection and 
combustion of the fuel follows the general lines of 
the slow running airless-injection engine, and those 
in which the combustion chamber is divided into 
two parts, an ante-chamber and a main chamber. 
Descriptions of new models of both types have 
appeared in our columns recently, and the inter- 
vening two years have, in fact, thrown little light 
on which is likely ultimately to prevail, or whether 
each has its place in a particular service. Until 
now, there has been little or no differentiation of 
these engines for particular duties except possibly 
in those intended for air service, where every endea- 
vour has been made to cut down weight. In 
general, however, it is clear that the ante-chamber 
type of engine is likely to have a lower efficiency 
than the alternative design, although it is more 
robust, and does not require such a high degree of 
skill in operation, and this would seem to offer 
a fairly definite indication of the more suitable 
uses for each type. Manufacturers of both types, 
however, at present appear to consider them 
equally suitable for heavy rail-car work, for tractors, 
and for commercial-vehicle or marine use. 

Several of the engines now available are designed 
to run at speeds in the neighbourhood of 1,500 r.p.m., 
thus effectively disposing of the old view that in the 
airless-injection engine, the process of vapourising 
the liquid particles, the mixture of the vapour with 
the air, and the subsequent combustion, . would 
necessarily take so long as to render such speeds 
impracticable. Actually, experimental models of 
airless-injection engines have operated successfully 
at 2,500 r.p.m., and there is no reason to suppose 
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petrol engine are in any way impossible. It may 
be doubted, however, whether speeds much above | 
the present limit are practicable with engines of the | 
two conventional types already referred to, the 
higher speeds having only been attained with a 
special type of engine. In a recent paper read 
before the Diesel Engine Users Association, Mr. | 
Ricardo stated that the essential condition for high- | 
speed is sufficient relative motion between the drops 
of fuel and the air, a condition that can be met | 
either by rapid movement of the fuel or of the air, 
or of both, providing that the direction of movement 
isnot thesame. In the conventional single-chamber 
design, a high initial velocity is given to the fuel 
by using a very high injection pressure. With the 
ante-chamber design, the bulk of the fuel, with al 
small proportion of air, is forced at high velocity | 
into the main chamber by the pressure in the ante- 
chamber. The first of these methods is open to the 
objections that the speed at which a jet of liquid 
can issue from an orifice is limited by the tendency 
of the droplets to break up, and by the well-known 
difficulties of timing and metering the fuel. With 
the pre-combustion chamber, the efficiency of the 
engine is lowered by the loss of heat entailed in 
forcing the fuel and air at a high temperature and 
velocity through the holes in the diaphragm between 
the two chambers. 

None of these objections applies to the Ricardo- 
Brotherhood type of engine, which was described 
in our columns at the time of its first introduction, 
and it is with an engine of this type that speeds 
above 2,000 r.p.m. have been attained. It may 
be recalled that this engine is of the sleeve-valve 
type, with a single cylindrical combustion space 
having a diameter about half that of the cylinder. 
The fuel is injected, through a single orifice of 
relatively large diameter, vertically downwards 
near to the wall of the combustion chamber, a 
comparatively low oil pressure only being required. 
The air is admitted tangentially to the cylinder, 
and the rotational speed thus obtained is intensified 
by compressing the whole of the cylinder contents 
into the reduced diameter of the combustion space. 
In the paper already referred to, Mr. Ricardo 
states that indiscriminate turbulence is superimposed 
upon the rotational swirl at the last moment by 
the sudden injection of the air trapped between the 
piston and the flat portion of the cylinder head, 
thus setting up a vortex ring. In this case, the 
necessary rapid relative motion between the fuel 
and the air is secured by sweeping the latter past each 
drop of fuel as it enters the combustion space, and 
carrying away the products of combustion as they 
are formed. Mr. Ricardo mentions that by this 
method, it is possible to utilise nearly 80 per cent. 
of the total oxygen available in the cylinder, thus 
realising an indicated mean pressure of from 135 to 
145 lb. per square inch, and that at any speed at 
which the engine is mechanically capable of running. 
Practically all the small high-speed engines as 
yet developed operate on the four-stroke cycle, 
and so far as this cycle is concerned, the Ricardo 
system appears to be only applicable to sleeve- 
valve engines. Although the latter have recently 
been greatly improved so that they can be run at 
speeds comparable with those attained in petrol 
engines, and with equal reliability, they are an expen- 
sive type of engine to construct, and this somewhat 
limits their field of application. They are also 
somewhat heavier than a poppet-valve engine of 
corresponding power, and from this point of view, 
are not so suitable for aircraft operation. There 
appears to be no sound reason, however, why engines 
of the Ricardo-Brotherbood airless-injection type 
should not successfully be applied in such directions 
as rail-cars and even heavy commercial vehicles, 
since the initial cost of the engine in such cases is 
relatively unimportant. 








THE WORLD POWER CONFERENCE. 


THE second Plenary World Power Conference 
opens in Berlin on June 15, and there is already 
every indication that it will be a great success. 
The attendance is expected to reach between 
3,000 and 4,000, compared with the 1,000 who 
participated in the Fuel Conference held in 


Wembley in 1924. This attendance will include 
some 300 delegates from this country and about 
the same from the United States, while Germany 
will be represented by no less than 2,000 engineers, 
economists, and others interested in the various 
subjects which are to be discussed. In all, repre- 
sentatives of some forty-eight countries will be 
present. For a meeting of this kind to have a 
good measure success, however, quality is more im- 
portant than quantity, and it is satisfactory to 
learn that, from this point of view, the standard 
will be high. For instance, the British delegation 
will not only be representative of all branches of 
engineering, but will include most of the leaders in 
the various sections. The same is true of the other 
foreign countries, while in spite of the size of 
the German contingent we understand that great 
care has been taken that the qualifications of those 
who form it shall be consonant with the importance 
of the deliberations of the Conference. 

The number of contributions that are to be 
presented is as imposing as will be the size of the 
audiences. More than 400 papers have been sub- 
mitted through the various national committees 
and these will be the subject of comment, 
condensation and criticism in a series of General 
Reports, which are being prepared by acknowledged 
experts in the various matters covered by these 
communications. As at Wembley in 1924, the 
whole field of power supply and utilisation will be 
surveyed, while, in addition, a series of special 
lectures on certain broad problems of science, engi- 
neering and economics will be delivered by leading 
authorities. As an indication of the subjects which 
will be dealt with in this way, it may be mentioned 
that Professor Albert Einstein will speak on 
‘* Physical Space and the Problem of the Ether,” 
Professor A. §S. Eddington on “Sub-Atomic 
Energy,” Professor Serruys, one of the leading 
French economists, on “International Political 
Relations and the Development of Rationalisation 
in Industry and Commerce on an International 
Seale ’’ and Dr. Oskar Oliver on “‘ The Politics and 
Finance of the European Super-Power Zone.” 

The papers may, however, be considered as of 
greater importance than these lectures, since they 
will afford an opportunity for the discussion’ of the 
points raised therein by others engaged in the same 
branches of activity, and should result, if handled 
in the right way, in drawing out criticism and 
information, which will be of the highest value in 
assisting further progress. The contributions, which 
are to be presented, have each been sponsored by 
some leading engineering organisation, and have 
also been examined by a special committee before 
being approved. One result of this care is that 
the attempt to avoid duplication between country 
and country has been largely successful. A pre- 
liminary examination of a section of the papers 
shows that they contain important and interesting 
data and opinions. For instance, it appears that 
since 1924 the interest that the State is taking in 
power questions has been revived. This interest is 
not confined to one or two countries, and may 
perhaps be ascribed to the influence of the World 
Power Conference itself. It includes, to take a 
specific example, an examination of the relative 
advantages and disadvantages of public and private 
ownership in electricity and gas supply, and a 
realisation that this problem must be decided on 
a national, if not on an international, basis. 

On the technical side, though there will be few 
descriptions of really important changes in practice 
or theory, there are matters, in plenty, of equal, 
if not greater, interest than mere novelties. Speak- 
ing generally, the desire to obtain maximum 
economies in production and in overhead costs by 
utilising all the power fuel resources available has 
brought the factor of heat economy into special 
prominence in all the large power consuming 
industries. Much attention is also being given to 
the possibilities of effecting a more constant demand 
on the generating plant by interconnecting power 
systems, in some cases internationally, and by 
co-ordinating steam and water power plant on 
scientific lines to ensure the most economic opera- 
tion of both. In more detail, it is evident that the 





London in 1928, and with the still smaller number, 
who were present at the first Plenary Conference at 


problems of the long-distance transmission of power 


many countries, since, in one paper, a description is 
given of a scheme for conveying gas over a distance 
of no less than 1,000 miles, while in others, a 
proposal to transmit electricity to Denmark from 
Germany or Norway, respectively, through a sub- 
marine cable operating at 380 kv. is discussed. 
Again, it is interesting to find that the enthusiasm 
for very high steam pressures and very large power 
units is becoming more temperate. Several authors, 
in fact, express the opinion that the maximum 
economic output of a single turbo-alternator is 
somewhere in the region of 50,000 kw., and raise 
doubts as to whether larger-sized units are justified. 
Sir Charles Parsons, dealing with the same subject, 
argues that the most efficient prime mover is one 
with a very large overload capacity, say up to 
100 per cent., and that such a set is preferable to 
two units with an aggregate output equal to the 
latter figure, both from the operating and financial 
points of view. The problem of storage also 
receives a good deal of attention. Hydraulic 
systems are being investigated in the United States. 
Czechoslovakia and Italy, while in other countries, 
methods utilising steam are being considered. 
Finally, much attention is being given to pro- 
posals for the linking up of electricity and gasworks, 
and on this subject, it is not unlikely that fruitful 
discussions will take place. 

Important as these technical matters are, how- 
ever, it is evident that important work on the part 
of the Conference will lie in dealing with certain 
problems which, though they have their technical 
aspect, are in essence economic and even political. 
This matter is of moment because in power supply 
development has taken place more rapidly in the 
technical than in either of the other two spheres. 
In fact, the difficulty at the present time is not so 
much to effect technical improvements as to create 
a load which will render those improvements 
economically and politically justifiable. To take 
railway electrification as an example of what we 
mean, the majority of the papers on this subject 
do not examine this question from a purely technical 
point of view. Rather they consider it as a poten- 
tial means of effecting greater economy in opera- 
tion and of increasing earning capacity. Again, 
the potential power resources of most countries are 
now well known, and the next step is evidently to 
consider how the various territories, in which these 
coal fields and waterfalls lie, can be economically 
linked up with the markets they are obviously 
destined to supply. A start has already been made 
in this direction, especially in Germany, the United 
States and, as is well known, in this country. 

Enough has, we hope, been said to show that 
a wealth of useful matter will be presented in 
the papers to be read in Berlin next month. 
But, as we pointed out at the time of the Fuel 
Conference in London two years ago, informative 
as the papers and General Reports may be, the 
utility of such a gathering must mainly be judged by 
the discussions which take place upon them. We 
are, therefore, glad to learn that these discussions are 
to be carefully organised, that speakers are to be 
asked to indicate in advance at least the general 
tenour of their remarks, and that an effort is to be 
made to ensure that those who are acknowledged as 
leaders in particular branches shall place their views 
before the meetings. A bold attempt is also to be 
made to overcome the language difficulty by a system 
of “simultaneous broadcast” in the three official 
languages and, though this may lead to a certain 
slowing down of the proceedings, it should at least 
encourage those who might otherwise be deterred 
from participation to play their part when they can 
usefully do so. 

It would not be right to conclude without saying 
a word about the part that Germany is playing in the 
organisation of this gathering. It is not too much to 
record that the Conference will afford a remarkable 
example of that country’s powers of organisation. 
no less than an affirmation on the part of the 
Republic that its status as an industrial unit has 
now been restored. It must be added, too, that 
no attempt is being made to use the meetings as @ 
lever to assist our rival’s export trade. Indee«. 
stress is being principally laid on the international 
features of the Conference, a fact which, it may be 





in various forms are receiving much attention in 


suggested, is one of its greatest recommendations. 
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Moreover, recent occurrences in the political world 
should ensure that the gathering will take place in 
an atmosphere of goodwill, with the result that 
experts in economics, science and engineering will 
be able whole-heartedly to devote their attention to 
those factors, which decide international technical 
and economic problems, and make for a world-wide 
improvement both in the standard of living and of 
industrial production and consumption. 





NOTE. 


Tue British Macuine Toor Inpustry. 


Tue charge that the British engineer still supports 
a tradition of insularity was disproved in two ways 
at the annual general meeting of the Machine Tool 
Trades Association, which took place on Wednesday, 
April 30. At this, it was reported that the scheme 
for encouraging the study of foreign languages 
by employees of the firms in the Association was 
progressing very satisfactorily, about 400 students 
having been enrolled, and assistance given.to them 
at a cost of 3207. In connection with the Machine 
Tool Exhibition proposed to be held about mid- 
summer, 1932, a resolution put forward by the 
Council that members should be permitted to exhibit 
machine tools irrespective of the country of origin, 
was carried, with the proviso that in case accom- 
modation was limited, British machine tools should 
have the preference. This decision removes the 
embargo upon the exhibition of machine tools of 
German origin, which had been in force since the 
war, and, in spite of the clause relative to the space 
available, indicates a policy of broad views in the 
treatment of competitors. The meeting was well 
attended, and the various points brought forward 
were discussed in a very full manner. It was fol- 
lowed in the evening by the annual dinner, which 
was presided over by Mr. W. B. Lang, in the unavoid- 
able absence of the president, Sir Alfred Herbert. 
Mr. Lang, in proposing the toast of “ Our Guests,” 
alluded to the reliability of British engineering 
products, illustrating it by numerous instances, 
such as the fact. that since 1915 he had travelled 
between Glasgow and London on journeys of an aggre- 
gate distance of more than twenty times round the 
world, and had never been held up by any locomotive 
breakdown or other mechanical trouble. This toast 
was replied to by Mr. Loughnan St. L. Pendred 
and Mr. J. T. Brownlie. The toast of ‘“ His 
Majesty’s Ministers”’ was proposed by Sir Arthur 
Balfour, who, in dwelling upon the importance of 
the Navy and Air Force, said he was sure that the 
Secretary of State for Air recognised the value of 
the Association to the service he represented. The 
Rt. Hon. Lord Thomson, in the course of his reply, 
alluded to an interview with Dr. Eckener, who 
had expressed his admiration of the design and 
performance of the airship R101. The toast of 
“The Machine Tool Trades Association” was 
proposed by Sir Gilbert C. Vyle, who expressed 
a high opinion of the educational scheme of the 
Association. In commenting on the loss of employ- 
ment by British workmen due to the importation 
of foreign-made machine tools, he stated that the 
value of such imports had increased from 1-18 
million pounds in 1927 to 1-4 millions in 1928 
and to 2-0 millions, 1929. Mr. Charles Wicksteed 
responded. Alderman Arthur Smith proposed “The 
President,” a toast which was briefly replied to by 
the Chairman on behalf of Sir Alfred Herbert. 








THE IRON AND STEEL INSTITUTE. 
(Continued from page 582.) 
CONTINUING our report of the annual meeting of 
the Iron and Steel Institute, held on May 1 and 2 
last, we now have to deal with the presentation 
of the Bessemer Medals. 


THe BEssEMER GoLD MEDALS. 


As already recorded in ENGINEERING, there 
were, this year, two recipients of the Bessemer 
Gold Medal, namely, Mr. Eugéne Schneider, and 
Dr. W. Rosenhain. Before making the presenta- 
tions, Professor Louis stated that the medal had 
been instituted in 1874, and, in the 57 years of 
its existence, two medals had been awarded simul- 
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taneously on five occasions. It would be remem- 
bered by all present, Professor Louis continued, that | 
Mr. Schneider had been President of the Institute | 
| from 1918 to 1920. He was, of course, the head of 
the famous firm of Le Creusot, founded about the 
year 1800 by his grandfather. His father, Mr. Henri 
Schneider, who succeeded in due course to the 
headship of the firm, extended the works greatly, 
and had established the reputation of the Creusot 





Company as manufacturers of artillery and arma- 
|ments generally. It was interesting to recall 
'that the Bessemer Medal had been awarded to 
Mr. Henri Schneider in 1889, this being also one 
| of the exceptional occasions on which two medals 
| were awarded in the same year. Mr. Eugéne 
Schneider became the head of the firm of Le Creusot 
in 1898, on the death of his father and had actively 
continued its development. Of recent years 
| Mr. Schneider had not confined his activities to 
|Le Creusot, but had acquired interests in other 
| metallurgical works also, prominent among which 
| might be named the Skoda works in Czechoslovakia. 
It was interesting to note that this was only the 
second example of father and son being both 
recipients of a Bessemer Medal, the first case being 
Sir Lowthian Bell (1874) and Sir Hugh Bell (1926). 

In thanking the President and his fellow members | 
for the honour they had conferred upon him, 
Mr. Schneider said that he was the happier in 
receiving the medal because his name had been 
associated with that of one of the greatest British 
scientists, his friend Dr. Rosenhain. The Institute 
had thus honoured, at the same time, science and 
industry, the close alliance of which in iron and 
steel manufacture had proved so fruitful and | 
so indispensable to the great developments of 
recent years. To this alliance he attached the 
greatest importance in the management of the 
works under his control. He was glad to say that 
this hand-in-hand work of industry and science 
had been greatly benefited by the activities of the 
Institute, where, under the same roof, industrialists 
and scientists worked in the closest co-operation 
for the betterment of methods of operation in the 
iron and steel industry as a whole. In conclusion, 
he desired to address a personal word of thanks 
to H.E. the French Ambassador, M. de Fleuriau, 





for having consented to come to this meeting to 
witness the bestowal of the Bessemer Medal | 
upon one of his fellow countrymen. In the course | 
of his speech, M. de Fleuriau recalled the fact that 
he had come to the annual meeting in 1915 to 
represent M. Cambon when the Bessemer Medal 
had been presented to Mr. Pierre Martin, who, 
however, had been unable to be present. M. de 
Fleuriau paid a tribute to the international character 
of the Institute and added that the award of the 
medal to distinguished French metallurgists 
helped further to cement the already close relations 
existing between France and Great Britain. 

When awarding the other medal to Dr. W. 
Rosenhain, the President stated that that gentleman 
had come to this country from his birthplace in 
Australia as an 1851 Research Scholar in 1897, 
and had promptly devoted himself to metallographic 
research with such marked success that in 1899 
he published, witn Sir Alfred Ewing, the famous 
joint paper announcing their discovery of the 
slip-bands in metals that underwent mechanical 
deformation. Since that paper, Dr. Rosenhain 
had done a very large amount of research work 
on metals, especially on behalf of the Alloys of 
Iron Research Committee, and had contributed 
numerous papers, mainly dealing with the micro- 
structure and the physics of metals, to scientific and 
technical societies, whilst his book Introduction to 
the Study of Physical Metallurgy was widely and 
most favourably known. In 1906, he had been 
appointed to the directorship of the then newly 
established Department of Metallurgy in the 
National Physical Laboratory ; he had commenced 
his work there with a staff of four, and had so 
increased his sphere of operation that to-day he 
had no less than 70 workers under his direction. 
The Iron and Steel Institute has every reason to be 
grateful to Dr. Rosenhain for the work that he 
had done and for the light he had thrown upon 
so many of the more obscure phenomena of iron 








and steel manufacture, and perhaps above all for 
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so freely communicating to the members of this 
Institute, the results of his researches. 

After expressing his heartfelt thanks, Dr. Rosen- 
hain stated that his position was that of a leader 
of able and enthusiastic workers. The juxtaposi- 
tion of his name with that of Mr. Schneider was a 
happy augury. It amounted to the pleasant 
recognition of the close co-operation of industry 
and research, which one was happy to see, was as 
fully recognised in France as it was in England and 
elsewhere. He recalled that 24 years previously 
he had stood in that same position to receive the 
Carnegie Silver Medal. On that occasion the 
distinguished French wmetallurgist, Mr. Floris 
Osmond, had received the Bessemer Medal, though 
not in person. He was glad to be able to say that 
Professor Henry Le Chatelier, another great French 
metallurgist to receive the Bessemer Medal, was 
still with them. He would like to add, in conclu- 
sion, that his colleagues and himself at the National 
Physical Laboratory gave food for criticism to the 
members of the Iron and Steel Institute ; at other 
times they provided the criticism. He hoped they 
would continue to do both for many years to come. 


INTERACTION OF GASES AND ORE IN BLAST- FURNACE. 


The first paper put before the meeting was that 
by Professor W. A. Bone, and Drs. L. Reeve, and 
H. L. Saunders, entitled ‘“ An Experimental 
Inquiry into the Interaction of Gases and Ore in 
the Blast-Furnace. Part II.—Carbon Deposition 
at 450 deg. C., and its Influence upon the Ore 
Reduction ; Equilibria between Gases and Ore at 
650 deg. to 1,000 deg. C.” It was presented by 
Professor Bone. The contribution was devoted 
to further exploration of carbon deposition at 
temperatures below 550 deg. C., a comparison 
being made between the relative reducing powers 
of the so-deposited carbon, and of carbonic oxide, 
upon oxides of iron at temperatures higher than 
650 deg. C. Work was also carried out on the 
determination of the CO/CO, equilibrium ratio in 
systems containing Fe,O,, Fe, CO, and CQ,, 
and possibly also deposited carbon, at temperatures 
between 650 deg. and 1,200 deg. C. Furthermore, 
the influence of gas velocity upon the rates of ore 
reduction and carbon deposition at various selected 
temperatures was investigated. We intend to 
reproduce this contribution in a forthcoming 
issue. 

The discussion was opened by Mr. Fred Clements, 
who was of opinion that the paper was in the 
nature of an interim report on the subject. It 
constituted one chapter of the. investigation, 
the value of which could not be estimated until 
the research had been completed. It might be 
objected that the investigation was traversing 
known ground. The answer to this was that the 
results were now placed upon an established basis 
beyond all question, and would serve as a foundation 
for future work. The fact that carbon deposition 
took place had been well known for many years. 
The investigation had shown, however, that carbon 
deposition occurred in two different ways, namely, 
by envelopment and by impregnation. As far as 
his own knowledge went the fact that carbon 
impregnation took place had never been emphasised 
before. In the authors’ experiments, the granules 
of ore were relatively small, and he wondered how 
the impregnation of carbon would be affected by 
the substitution of a lump of commercial ore. 
Moreover, the reactions which had been obtained 
at high temperatures resulted from the use of 
100 per cent. CO. This condition hardly existed 
in the blast-furnace. Some time previously he 
had been called in at a works where a particularly 
heavy slip had taken place in a blast-furnace. 
Fortunately, the furnace had just been tapped ; 
it was, therefore, free from molten metal and slag. 
The net result of the slip had been that the entire 
contents of the furnace had been ejected and the 
material was spread round the furnace over a radius 
of about 30 yards. Amongst all this material he 
had not found more than | per cent. of the lumps 
of ore and coke larger in size than a man’s thumb. 
This seemed to indicate that disintegration of 
coke and of ore went on within the furnace to 
a degree which was not normally suspected. 

Professor H. E. Armstrong said that Bunsen 
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FuEL Economy at SKINNINGROVE. 


The second and last paper taken on Thursday 
morning was by Mr. F. Bainbridge, and dealt with 
““ Developments in Fuel Economy at Skinningrove.”’ 
It was read in abstract by Mr. Bainbridge; we 
commenced the reproduction of this contribution 
to the proceedings on page 588 of our issue of last 
week, and the concluding portion will be found on 
page 617 of the present issue. 

Mr. W. J. Brooke opened the discussion and 
stated that the management of the works with which 
he was connected had been engaged upon a similar 
problem. He considered that ‘‘ heat conservation ”’ 
was a rather better term than “fueleconomy.” By 
careful control of the gas used they had got away, 
at Skinningrove, from the bugbear that blast- 
furnace gas was so variable in pressure, and very 
often in quantity. At his works it had been 


and Playfair had been the first to investigate 
the reactions within the blast furnace, and 
Sir Lowthian Bell had carried the work very much 
further. He could not help feeling that Sir Lowthian 
had never had a successor in this line of investigation. 
He wished to emphasise the extraordinary character 
of the phenomenon of carbon deposition as 
described in the paper. Not only had a small 
fragment of 150 mg. of iron ore brought about 
the deposition of no less than 3 gm. of carbon, 
but the original 150 mg. of ore was fairly uniformly 
distributed throughout the whole mass of the 
carbon. One result of the investigation would 
be to bring the subject of carbon before the 
scientific world. Carbon was an altogether remark- 
able substance, but the fact remained that there 
was little or no science behind the coal and iron 
industries. The steel industry had been developed 
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holder added to the economy and possibilities of 
blast-furnace gas. They had had one installed at 
the Appleby Iron Company ; it had been in opera- 
tion for a few months, and had proved invaluable 
in the efficient regulation of blast-furnace gas. The 
next speaker, Mr. T. M. Service, asked the author 
to give the meeting data regarding the average 
composition of the blast-furnace and coke-oven 
gases produced at Skinningrove ; also the calorific 
value in kg:-calories per cubic metre of the gases. 
Mr. Bainbridge had also shown that, in January, 
1930, under the new conditions, the total coal used 
to convert iron to finished steel was 2-4 cwt. per 
ton of ingots. He, the speaker, would like to 
know how that figure was arrived at, and if it 
were calculated on the producer gas alone. (Mr. 
Bainbridge here stated that the 2-4 cwt. represented 


| the actual coal used; it did not include the coke- 


oven gas.) 


scientifically, but the same could not be said of 
the iron industry. 

The next speaker, Mr. E. C. Evans, stated that 
he had investigated results obtained on 180 furnaces 
working in various parts of the world. If the 
figures for the carbon required for iron-ore reduc- 
tion were plotted as ordinates, and the time, in 
hours, as abscisse, a series of clearly defined hypo- 
bolic curves was obtained forming a “ band” on 
the diagram. Only about 10 per cent. of the figures 
fell outside this band, the remainder were within 





| opinion that the system proposed in the paper was | 


|on the manufacture of steel with blast-furnace and 
| coke-oven gases mixed. They had secured greater 


proposed to overcome the difficulty by the erection 
of a large waterless gas-holder of about 2 million 
cub. ft. capacity, to deal with the blast-furnace gas. 
With regard to the question of the burning of 
coke-oven gas in the open-hearth plant, he was of 





Mr. D. Sillars thought that the use of gas-holders 
| was in the nature of a counsel of perfection. The 
gas-holder was a very desirable adjunct to a blast- 
furnace plant, but it was not obtainable in many 
cases. While he agreed that a burner of the type 
described in the paper was necessary for boilers, he 
was of opinion that it was not required in the case 
of blast-furnace stoves. These would work equally 
| well without burners. The author had indicated 
that, under the old conditions, an average of 33-49 


not the best. His colleagues and himself had now 
been experimenting for three years, at week ends, 


benefits by putting the two gases together through 


it. When speaking of the carbon required for | i : : 
ore reduction he wished to point out that, for the | the regenerators. Their chief difficulty was that | 


purpose of these curves, he had left out of considera- | their coke-ovens “ee hopelessly out of date, and 
tion the carbon burnt to make up for external | MY from 15 to 16 per cent. of surplus gas was 
cooling losses, and that used up in heating the slag. availa ble. : 

The diagram obtained seemed to indicate that| The Lincolnshire ores were poor ores, and large | 
certain general rules governing the operation of the | Mounts of coke had to be used in their reduction. | 
blast furnace could indeed be formulated. Mr. | Correspondingly large quantities of blast furnace 
H. E. Wright, who spoke next, stated that the | 45 were produced, and a proportion of this had | 
blast furnace did one thing very efficaciously, been wasted in the past. They had since carefully 
h to | measured the actual amount of gas used in every 


ewt. of coking coal (equivalent to the coke employed) 
had been used, per ton of iron made, and that, under 
the new conditions, this figure had risen to 34:99 
ewt. He had also shown that the total make of 
uncleaned blast-furnace gas was from 3-3 million 
cu. ft. to 3-7 million cu. ft. per hour under the old 
conditions, and from 3-3 million cu. ft. to 3-8 million 
cu. ft. under the new conditions. He, Mr. Sillars, 
was of opinion that, with the increased coke con- 
sumption indicated, the make of gas ought to be 


namely, it successfully reduced all the iron put into 
it. Furthermore, the modern aim was to effect 
this reduction with the lowest possible coke con- 
sumption. Mr. R. A. Hacking, who next took up 
the discussion, expressed the opinion that the re- 
sults contained in the paper regarding carbon 
deposition were an exaggeration of what could 
obtain in practice. The investigation had shown, 


| some method should be devised to improve the 





however, what could be done when the opportunity | 


was favourable. Professor Louis, in closing the 
discussion, said that although a pessimistic outlook 
had been put before the meeting, regarding the 
lack of knowledge of ironmasters, it could not be 
denied that progress had indeed been made. 


|was interested in the pressure-control systems 


| help thinking that, provided the necessary expense 
His | 


own experience of blast-furnace work extended | 


over a period of more than half a century. 
present-day blast-furnace manager was immeasur- 
ably superior in scientific knowledge to his confrére 
of 50 years ago. 

In the course of a brief answer to the discussion, 
Professor Bone stated that it had been said that 
a commencement had been made with 100 per cent. 
carbonic oxide. Of course, there was always a 
proper proportion of nitrogen in the gas used, 
and the experiment ended up normally with an 
equilibrium proportion. Every proportion of 
CO/CO, was passed, from the “neat” carbonic 
oxide right up to the equilibrium proportion. 
Further, with reference to superimposed curves, it 
must be remembered that the gas coming out of 
the furnace was not the gas that was in the interstices 
of the ore. What was being analysed was, therefore, 


The | 
| inefficient 50-year old steam blowing engines at | 
|Skinningrove ought to be replaced by modern 


/gas CO gave the most radiating flame known to 
| science. 
‘but if much hydrogen were added to the CO the 


only a resultant, and a very complicated resultant. | 


With regard to the point as to whether carbon 
impregnation accounted for very much of the re- 
duction, he would ask the members to bear in mind 
how the iron was reduced. and that most of it, to 
begin with, was in the centre of lumps of ore. 
Something had to reach that iron, and the substance 
doing so was carbonic oxide. If the CO did not 
get to it there was no reduction. His point was that 
the very fact that reduction took place right to 
the centre of the ore showed that carbonic oxide 
reached that position. 


This being the case, it could | 


over 4,000,000 cu. ft. per hour, instead of an average 
of about 3-5 millions. Mr. Bainbridge had also 
stated that, under the new conditions, the calculated 
coal consumption, assuming all pig iron was turned 
into ingots, was 37-14 cwt. per ton of ingots. He 
would like the author to explain how that figure 
had been arrived at. 

The last speaker, Dr. Stottman, was of opinion 
that the question before the meeting was not so 
much one of replacing coal by gas, as of finding the 
most efficient way of applying heat which was used 
uneconomically at the present time. Owing to the 
advanced hour, the President requested the author 
to reply in writing. By way of rounding off the 
discussion, however, Professor Louis stated that 
the contribution under consideration was the first 
reply of the iron and steel industry to the Coal Bill, 
and a very interesting reply it was. 


department, and had come to the conclusion that 


combustion. They had produced a new type of 
burner, and had considered its adoption for coke 
ovens, employing blast-furnace gas as the fuel, 
and taking the whole of the coke-oven gas to the | 
open-hearth plant, there mixing it with blast furnace 
gas. This would effect a considerable saving. He, 


introduced at Skinningrove. These, in turn, how- 
ever, introduced new difficulties, and he could not 


could be incurred, unquestionably the best method 
to adopt was to install large gas-holders. 
Professor W. A. Bone thought that the extremely 


One feature concerning the combustion of | 
The 


lant. 
bO was the enormous amount of radiation. NORMALISING AND Box-ANNEALING OF SHEETS. 
When the members reassembled on Thursday 
afternoon, Professor H. Louis again occupied the 
chair. The first paper on the agenda dealt with 


‘‘Single-Sheet or Thin-Pack Normalising, or Heat 


It was a very peculiar form of radiation, | 


type of radiation was entirely changed, and when 
several per cent. of hydrogen were present the | Treatment versus Box-Annealing of Sheets.” It was 
characteristic radiation of the CO was not obtained. | by Mr. R. Whitfield, who read it in abstract. This 
He was of opinion, therefore, that it was a mistake | contribution to the proceedings will be found on 
to mix hydrogen with carbon monoxide. As | page 583 of our issue of May 2. 

was well known, blast-furnace gas was a lean| The discussion was opened by Professor ©. H. 
gas; it contained from 10 to 12 per cent. of carbon | Desch, who stated that, seeing that the normalising 
dioxide. He suggested, therefore, that the CO, | process appeared to be so greatly superior to 
should be removed from the gas by washing it | box-annealing, it should become generally adopted. 
with water under pressure. This procedure would | It had been stated that the process gave beneficial 
have the effect of augmenting the percentage of | results when employed for sheets to be used sub- 


| CO in the blast furnace gas, thus raising the flame | sequently for various purposes. To the examples given 


temperature of that gas. In addition to this, the | in the paper he would like to add that of transformer 
CO, recovered from the water could be converted | sheets. After seeing what had been accomplished 
to CO and returned to the blast furnace gas, further | by the adoption of electricity in the case of various 
enriching it. By this process it ought to be possible | long furnaces used in non-ferrous metallurgy, he 
to obtain a gas containing from 37 to 38 per cent. |! would like to suggest that electrical heating be 


of CO. It should be added that the washing of | tried for the normalising furnace. If electrical 
| blast-furnace gas by water under high pressure was | heating were employed, it would be possible to 


just as easily deposit the carbon there as reduce the | 


ore. It was not a question of considering the 


technically a feasible process. | regulate the process in such a way that the sheets, 
Mr. J. Henderson said that the author had |on coming out of the furnace, would be quite bright 
stated that it had been found unnecessary to} and unoxidised. It might be that pickling could be 


| consider the use of large gasometers, though the | eliminated. Mr. A. T. Kathner, who spoke next. 


diffusion of the carbon from the outside, as it was | fluctuations in the blast-furnace gas pressure were | said that experiments in this direction were under 
known that the gas went right through to the| very considerable, owing to the absence of double | way in the works of the Detroit Edison Company. 


centre because it reduced all the iron. 


Thus, | bells. 


He had then described the regulator employed | and it was hoped that the results would be published 


carbon deposition could take place in the centre of | at Skinningrove. He, Mr. Henderson, would like to | within a year or so. 
the lump of ore as easily as outside it. 





say, from personal experience, how much a large gas- Mr. J. Fallon considered that there was 0 
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question or argument but that the normalised sheet 
could be used much more effectively for deep stamp- 
ing than the annealed sheet. One sentence con- 
tained in the paper puzzled him, namely: “Consider 
two sheets, both given a 40 per cent. reduction by 
cold-rolling, and passing through a single-sheet 
normalising furnace at different speeds. ...” He 
did not know of any manufacturer who would go 
to the trouble of giving sheets a 40 per cent. reduc- 
tion by cold-rolling, and then undo all that cold 
work by a subsequent normalising. He did not 
see the object of cold rolling before normalising. 
Furthermore, Mr. Whitfield had said that the tem- 
perature employed in box-annealing was not higher 
than 750 deg. C. He could assure him, however, 
that thousands of tons of sheets were box-annealed 
at temperatures in the neighbourhood of 900 deg. C. 
The treatment at a temperature of 750 deg. C. 
mentioned was what was usually termed “ white 
annealing’ in the industry. When speaking of 
box depreciation, the author had placed this at 
2s. 6d. per ton of annealed sheets. In his own 
experience, the actual figure was 1s. 4d. per ton for 
the boxes themselves, and 3d. per ton for the 
dishes in which the boxes were placed, making a 
total of ls. 7d. per ton, which was very different 
from the 2s. 6d. mentioned in the paper. The 
actual fuel consumption in a modern box-annealing 
furnace was 1} cwt. per ton of sheet. On the other 
hand, he had not heard of a disc furnace in which 
the fuel consumption was less than 3 cwt. per ton 
of sheet. The possibility of utilising electric heating 
had been put forward. Taking two normalising 
furnaces, 180 ft. in length, giving an output of, 
say, 1,300 tons per week, and supposing one to be 
heated by electricity ; placing the cost of current 
at $d. per unit, and granting an efficiency of 100 per 
cent., he calculated that the furnace heated by 
electricity would cost 65,000/. a year more than 
that heated by the usual methods. Consequently, 
he was of the opinion that the heating of large 
tonnages of steel by electricity in this way was 
out of the question, for the present at all events. 
Mr. Whitfield, in his reply, said that his figure 
of 2s. 6d. for depreciation, per ton of sheets annealed, 
had been questioned. He had used a total of 
24 ewts. of fuel per ton of sheets as a basis for calcu- 
lation. Generally speaking, the depreciation of 
the boxes in box annealing was proportional to the 
fuel consumption. The lower depreciation men- 
tioned by Mr. Fallon was due to the adoption of a 
more efficient furnace. Regarding cold rolling, 
one of the differences between the English and 
United States practices was that in the latter country 
sheets were rolled hotter than was the case in 
England. In England cold rolling was used to a 
greater extent to save fuel, we cold rolled more for 
the purpose of reducing than for finishing. Box 
annealing at a temperature of 900 deg. C. had 
certainly been carried out, but so far as he knew, 
this was not usual. Some remarks had been made 
concerning the use of electricity for bright anneal- 
ing. He was of opinion that it did not follow that 
the electric heating alone would ensure a bright 
surface on the sheets. It would still be necessary 
to have an inert atmosphere present to prevent the 


tions, top rolls were exposed to draughts from doors 
and windows. 

Mr. A. Allison said that the author had stated 
that the degree of surface hardness of a roll ranged 
from 52 to 56 on the scleroscope scale. He would 
like to inform Mr. Mort that his own maximum was 
his (Mr, Mort’s) minimum. He had never had a 
figure below 56 except in the case of low-carbon 
rolls. The author had said that it was a much 
debated point whether a roll should be annealed 
or not soon after casting. He himself had found 
that when rolls were cast on a Friday they were 
not removed from the moulds until the following 
Monday. They were thus allowed to remain in the 
mould for 24 hours longer than was the case with 
rolls cast earlier in the week. They had thus been 
subjected to a kind of mass annealing on account 
of the lapse of time between casting and finishing, 
and the fact remained that they gave rather better 
results than rolls cast on, say, a Monday. When 
investigating the life of rolls the author had said 
that rolls carrying high carbon, manganese or silicon 
had yielded a very short life under first-class work- 
ing conditions. He, Mr. Allison, agreed in regard 
to the carbon, but he did not think that the man- 
ganese or the silicon affected the life of the roll. 
With regard to depth of chill he was of opinion that 
a chill depth of rather more than # in. was desirable, 
and he agreed with the last speaker that { in. 
was preferable. In this connection, however, he 
would like to know how the author measured chill 
depth, the method employed was of importance. 
He fully agreed that an eccentric chill in a roll 
would lead to failure. Taken altogether, Mr. 
Mort’s paper had done something towards clearing 
the air and smoothing over the differences of opinion 
which existed between the roll maker and the roll 
user. 

Mr. D. F. Campbell said that the author had 
referred to the electrical heating of rolls by induction 
in the United States. As he had also mentioned, 
many of the heaters used were of the electric resis- 
tance type. The latter heated the chilled surface 
of the roll and were not so good as the induction 
heaters, which generated heat within the body of the 
roll. The induction heaters employed used stan- 
dard-frequency and not high-frequency current. 

Mr. J. Shaw said that early in his paper Mr. Mort 
had stressed the necessity for correct alignment and 
levels. He was betraying no confidence when 
saying that Mr. Bennett, of The Tata Iron and Steel 
Company, Limited, had stated that by paying atten- 
tion to those two points and to efficient lubrication 
he had halved the breakage of rolls in certain mills. 
The author had dealt with the factors affecting 
the right contour to which the bodies of the rolls 
should be dressed and showed that this was not stan- 
dard even for the same mill, but depended on the 
hardness of the roll and the temperature of working. 
To this he himself would add that the concavity 
had to be reduced with the life of the roll owing 
to reduction of chill by dressing and the annealing 
effect of the hot sheets. Another cause of breakage, 
to which the rolls were liable every time the mill 
was held up owing to a broken coupling box, etc., 
were “‘ stickers,” i.e., the retention of the hot sheet 





oxidation of the steel. 
SHeet-Mitu Rotts. | 

The second paper considered on Thursday 
afternoon was entitled, ‘‘Tin- and Sheet-Mill 
Rolls. Their Treatment, Performance, and Pre- 
mature Failure in Service.” It was by Mr. E. R. 
Mort, who read it in abstract, and will be found on 
page 615 of the present issue of ENGINEERING. 

Mr. G. H. Strick, who opened the discussion, 
said that when he was a manufacturer of iron rolls, 
many years ago, he had rather more silicon in the 
pig-iron he employed than was to be found in the 
average analysis given in the early part of the paper. 
Instead of about 0-75 per cent., he generally used 
from 1 to 1-25 per cent., and this satisfied the roll 
manufacturers of that day. Moreover, for a tin- 
Plate roll he would employ a depth of chill of 
§ in. rather than the } in. mentioned. That expo- 
Sure to cold-air currents was a factor in the breakage 
of top rolls had not always been recognised. Whereas 
bottom rolls were partly under the floor and, in 
addition, were protected by the heat of the founda- 








between the stationary rolls. The effect of this 
was noted at once when the roll was redressed. 
Within his knowledge no roll had given a full life 
after receiving this treatment. Mr. Mort had 
quoted Melaney’s statement to the effect that 90 per 
cent. of all sheet- and tin-plate rolls broken were 
due to conditions arising from warming. them up 
too rapidly at some time or other in their existence. 
Whether this statement was agreed with or not, 
the fact remained that the utmost care was necessary 
and that the fuel-oil method described in the paper 
was a step in the right direction. How far this 
process was fool-proof was not, however, stated, 
and unless some definite method of control were 
fixed, the method was open to abuse. 

If care were needed in warming up, almost the 
same degree of care was necessary at the end of the 
week’s work, when cooling down took place. Mills 
were sometimes shut down while the rolls were 
nearly at the full working temperature, and with the 
top roll exposed to cold draughts from an open-ended 
shop. Again, when rolls were taken out for re- 





cold plate. These and similar treatment tended to 
shorten the life of a roll. Mr. Mort had stated that 
it was essential that the analysis of the roll material 
should be such as to ensure maximum strength. 
He could not agree with this dictum, and, as a 
result of recent investigations it had been found that 
iron of that character was too unyielding in subse- 
quent service. It was not always wise to judge the 
character of a roll by its analysis alone without 
knowing the full history of its manufacture. 

Mr. H. S. Carnegie said that gas and oil roll 
preheaters were certainly cheaper than electric 
heaters ; nevertheless, the latter possessed advan- 
tages. In induction heating the roll was covered 
over with an asbestos sheet, and this covering 
over of the rolls, to hold in the heat, might well be 
adopted at the end of each shift. The author had 
said that a fair life for heavy sheet-mill rolls was 
from 175 tons to 200 tons of sheets per ton of roll. 
Did these, and other similar figures contained in 
the paper, refer to preheated rolls, or did they 
concern rolls heated by rolling ‘‘ narrow ” iron. 

The author signified his intention of replying to 
the discussion in writing, and the meeting there- 
fore passed on to the next paper on the agenda. 
This will be reported in our next issue. 


(T'o be continued.) 





AERONAUTICAL PROGRESS, 
1914 TO 1930.* 


By Proressor RicHARD VYNNE SouTHWELL, F.R.S. 

In 1912 Mr. Mallock addressed this Institution on 
the subject ‘* Aerial Flight,’ andin 1914 Dr. Lanchester 
took as the subject of his James Forrest Lecture, 
“The Flying Machine from an Engineering Stand- 
point.” In Dr. Lanchester’s lecture of 1914, and in 
the lecture by Mr. Mallock of two years’ earlier date, 
I have been able to ascertain the views held by two 
very prominent members of Mr. Asquith’s Advisory 
Committee for Aeronautics, some years after that 
committee had initiated its programme of experimental 
research, but before its deliberations had begun to 
be affected by the pressure of urgent need. 

Dr. Lanchester, as an engineer speaking to engineers, 
was at pains to give reasoned estimates of the gains 
which might be expected to accrue from improved 
design—in speed, range, and the like. Naturally his 
forecast of the rate of future progress has been sur- 
passed by actual achievement in the years that lie 
between, but when we make allowance for the accele- 
rating influence of war, it is hard to find any direction 
in which he underrated what was practicable, except 
I think in one—the internal-combustion engine. 

Roughly we may say that the qualities which we 
demand of the aeroplane are three in number—safety, 
comfort and performance. But safety and comfort 
in 1914 were hardly qualities that men associated 
with the idea of mechanical flight. 

Dr. Lanchester began his lecture by emphasising 
the high resistance of the aeroplane as compared with 
other forms of transport. According to his figures 
a slope of | in 50 is sufficient for the motion under 
gravity of a road vehicle with pneumatic tyres, 
1 in 80 for a sleigh (with wooden runners) on smooth 
ice, and as little as 1 in 400 for a train moving slowly 
on rails. Compared with these figures the least slope 
along which an aeroplane can descend steadily under 
gravity seems very steep. Mr. Mallock remarked in 
1912 that no aeroplane possessed a gliding angle as 
flat as 1 in 7, and that 1 in 5 was more nearly what 
might be expected. According to Dr. Lanchester, 
the military trials of the same year gave no result as 
good as 1 in 7, but he quoted the figures 1 in 12 for 
the Wright machine and 1 in 13-5 for the Voisin. 
Present-day figures show little if any advance on 
these, 1 in 10 being about the flattest gliding angle 
of an aeroplane fitted with a water-cooled engine, 
and that machines with air-cooled engines are slightly 
less efficient. The gliding angle of the Fairey Postal 
aeroplane (1 in 14-5 about) is a quite outstanding 
result. The Fairey is a clean machine, the Wright 
a “flying Christmas tree” ; but the Wright machine 
had an advantage in going slow. The basic price 
for lifting power, as Dr. Lanchester clearly showed, 
becomes less as the span (or wing breadth) is increased, 
but when efficiency is the paramount consideration, 
as in the gliders, greater spans are practicable, and 
flatter gliding angles can be achieved. A gliding 
angle of something like 1 in 20 has been, in fact, 
attained. 

From the standpoint of forced landings in restricted 





* Thirty-Sixth James Forrest Lecture delivered before 
the Institution of Civil Engineers on May 6, 1930. 
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spaces, steep gliding angles may be desirable. The 
Autogyro of Sefior de Cierva can descend at angles 
as steep as 36 deg., the Atlas at 24 deg. to the hori- 
zontal. The latter is a two-seater aeroplane by 
Messrs. Armstrong Whitworth, having unslotted 
wings. Lift slots of the Handley Page type give smaller 
landing speeds, but do not, as a rule, modify the 
gliding angle appreciably. 

Speed is a requirement which conflicts with that of 
mechanical efficiency, for ‘‘ at high speed the 
body resistance of the machine becomes dispropor- 
tionately high.” According to Dr. Lanchester the 
highest speed at the military trials of 1912 did not 
touch 70 m.p.h. He spoke of 80 m.p.h. as within 
the range of future possibility for a machine weighing 
1,200 1b., and he remarked that a demand for higher 
speeds was likely to be met, and he found it ‘* difficult 
to believe that any great reduction in weight can be 
effected on the best figures available to-day, without 
an undue sacrifice of reliability.” 

To-day passenger craft have cruising speeds com- 
monly of the order of 95 m.p.h.; military machines 
can fly at nearly twice that speed; and the world’s 
record (held by Squadron-Leader Orlebar: Super- 
marine 8.6 with Rolls-Royce engine) is 357-7 m.p.h. 

Dr. Lanchester, in 1914, estimated the limiting 
range of the aeroplane as about 600 miles, but said 
that evidently there was a possible chance of crossing 
the Atlantic if a general eastward air current exists 
at high altitudes, ‘‘ sometimes estimated at 20 m.p.h. 
to 30 m.p.h.” 

Level flight involves a resistance which is roughly 
proportional to the load carried, and which rises 
sharply with the speed. Long range demands a 
heavy load of fuel, and the highest possible figure 
for “‘miles per gallon.” Evidently, then, there is 
some optimum speed; the aeroplane should fly 
neither very fast nor very slow. 

In September of last year, Coste and Bellonte, 
in a Breguet machine, with a 600-h.p. Hispano engine, 
flew a distance of 4,912 miles in a non-stop flight. 
Range has depended always upon the engine, but in 
different ways at different times. In 1906, when the 
first official record (220 m.) was won by Santos Dumont, 
a flight began when the engine could be induced to 
start, and it stopped with the engine. Later the 
engine dominated the stage as fixing the weight 
which had to be lifted, but now (if we permit refuelling 
in flight) the working life between overhauls is again 
the deciding factor, flights of 420 hours’ duration 
and upwards having been made in America. 

In 1914, Dr. Lanchester remarked that for service 
purposes climbing power was essential, and in illus- 
tration he quoted from two specifications of the 
Royal Aircraft Factory :— 
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hour. Minute. 
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The Air Ministry has furnished me with repre- 
sentative figures for comparison, as follows :— 








| Normal Rate Equiva- 
a Flight of lent 
| Speed. | Climb. | Gradient. 
Miles per | Feet per 
hour. Minute. 
Day bomber reconnaissance 
aeroplane .. =. an 177 1,450 1 in 10 
Single-seater fighter aero- 
plane ae ss =: 174 1,700 lin 8-4 








Altitude, of course, is a different problem, and it 
was practically untouched in 1914. Just one year 
ago Neuenhofen of Germany, in a Junkers aeroplane 
with a Bristol Jupiter engine, ascended to 41,795 ft. 
At this height the temperature is about 60 deg. C. 
below that at ground level, and the atmospheric 
pressure has fallen to less than one-fifth of its normal 
intensity. 

Finally, a word about structural design—the problem 
of adequate strength. The principles have not changed, 
and still, as in 1914, our Load Factors Committee has 
to choose between two possible alternatives: either 
“to define the worst that the pilot is able to do and 
specify the factor by which the normal stresses must 
be multiplied in order to represent the actual stresses ”’ ; 
or to “specify arbitrarily a factor of safety, and 
. . « tell the pilot just what he is permitted to do, and 
just what he cannot undertake without risk.”* Still, 





* Proc, Inst. C.E., vol. excviii, pages 247, 266, &c. 





if the pilot is anxious to wreck his machine, the way 
to do so is the same. While his aeroplane is diving at 
high speed, he must suddenly jerk his elevator into the 
position corresponding with its landing speed, and so 
impose upon the wings a load which is multiplied in 
some large ratio—the square of the ratio which these 
two speeds bear to one another.* 

Progress, however, has been made, although the 
problem has become more difficult ; for speeds have 


- | increased beyond all expectation, and when we double 


the speed we increase the load four-fold. It cannot, 
I think, be claimed that the aeroplane of to-day is 
much stronger than that of 1914—in relation to the 
duty which it is required to perform; but we cannot 
now afford to build a machine which its pilot cannot 
break. 

Safety has been attained, with some approach to 
comfort. Aerodynamic efficiency has been slightly 
improved, in spite of increased speeds. Range has 
been multiplied by more than 13, rate of climb by 3, 
altitude by nearly 3, speed by nearly 4, and structural 
design has not fallen behind. I have spoken of metal 
construction in relation to strength, and I have empha- 
sised that performance, in general, depends upon the 
engine rather than on the aerodynamic properties of 
the aeroplane. Let us, then, consider what advances 
have been made in engine design during the last 
16 years. 

Dr. Lanchester mentioned that many engines, 
at the time of his lecture, combined with a weight 
horse-power factor of about 4, a degree of economy 
that compared well with the best automobile practice. 
I have already quoted his opinion that great reduction 
of weight was not likely to be effected, unless by 
considerable sacrifice of reliability. Progress has been 
greater than Dr. Lanchester foresaw. I have extracted 
the following figures from an article in Aircraft 
Engineering dealing with the Aero Show of 1929 :— 
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Name. | Type. | Bhp. Weight| Fuel. 








Lb. per| Lb. per} Lb. per 
b.h.p. | b.h.p.- | b.h.p.- 
hour. | hour. 
Armstrong Sidde- | Radial | 400 (at| 2-32 0-57 | 0-026 


ley Jaguar air-cooled —" 
t.) 
Bristol Jupiter Radial 515 1-75 | 0-52 | 0-028 
IX.F air-cooled 
Napier Lion XI ..| Broad 530 1-88 0-50 | 0-024 
arrow 
water- 
cooled 


Rolls-Royce H.X. | 60deg.Vj| 825 1:77 0-488) 0-013 
water- |(at4,000 
cooled ft.) 




















The Napier “Lion” VIIs—a racing engine of 
875 brake horse-power—is credited with a “‘dry 
weight’ of only 1-06 lb. per brake horse-power. Its 
figures for consumption are not available. 

This reduction of weight has not entailed a sacrifice 
of reliability. The . Imperial Airways frequently 
obtain 400 hours running between overhauls; on the 
Jaguar geared engine they are even getting 600 hours. 
These are extreme figures, indicating the benefit of 
working normally below ‘full throttle” ; but even in 
Iraq as much as 200 hours is often attained, and an 
average figure is 250-300 hours. 

But when range is increased, economy in fuel con- 
sumption becomes more important than low weight 
per horse-power. It is clear that much can be done ; 
for recent experiments have shown that among identical 
aircraft, flying together in formation, some use 50 per 
cent. more fuel than others. Research is now in 
progress, aimed at the perfection of an automatic 
device for keeping the fuel-air mixture correct, both 
for change of altitude and with change of engine 
throttle. 

Improvement in thermal efficiency can come only 
from higher compression ratios. But these introduce 
difficulties through overheating of the valves, and it 
seems possible that for this reason the sleeve-valve 
engine may come into more general use. Alternatively, 
the Diesel engine, with its more efficient cycle, may 
prove to be practicable without undue cost in weight. 
The engines of R101, though heavy, consume 20 per 
cent. less fuel than the average petrol engine.t 

Among other tendencies of modern design I may 
mention the employment of the wing surfaces them- 
selves for cooling; the use of special cooling fluids 
of high boiling point (e.g., ethylene glycol), with 
consequent reduction in the frontal area of the radiator ; 
the development of cowling and of other devices (e.g., 
the ‘“‘Townend ring”’’)t for lessening the resistance 
associated with the air-cooled engine; the increasing 
preference for speed reduction gears; the development 
of ‘“‘superchargers’’ for high-altitude flying; and 





* In exceptionally tight turns (such as are demanded 
in the Schneider Trophy race) loads have been multiplied 
by more than six. 

tD. R. Pye, The Aeroplane, March 26, 1930, page 522. 

+ Aircraft Engineering, April, 1930, pages 83-89. 


recognition of the importance of designing aeroplane 
and engine as a single structure. 

In essentials the aeroplane has not greatly changed 
since 1914. The relative advantages of monoplane 
and biplane (discussed by Dr. Lanchester) are still a 
matter of debate.* Inventors, of course, are always 
with us, casting doubts on the question whether the 
evolution of the conventional aeroplane is rightly 
described as a “‘ survival of the fittest’? ; whether it 
is not rather advancing towards a cul de sac, as did the 
mammoth and the dinosaur. Three recent attempts 
to break away from tradition are the Pterodactyl, or 
tailless aeroplane, of Capt. G. T. R. Hill, the Autogyro 
of Sefior de Cierva, and the Helicogyre of Signor 
Isaaco. 

None of these innovations has sufficiently established 
itself, as yet, to be properly included in my review. 
Capt. Hill’s original (light) aeroplane proved to be 
very satisfactory in regard to stability and control, 
and he is at present engaged at the Westland Works 
in producing a heavier machine. The Autogyro, as 
everyone knows, has been flown successfully, and it 
has proved to be very safe both to fly and (what is 
even more important) to land. But it appears (I am 
quoting the expressed opinion of the Director of Scien- 
tific Research) that we may have to be content with a 
drop in top speed, rate of climb and fuel economy, in 
order to reap the great advantages which it possesses 
in respect of safe landing. Sefor de Cierva has himself 
given this year a comparison of existing Autogyros of 
several types with the best equivalent aeroplanes. 
He summarises the position thus :—Top speed, 5 to 
10 per cent. less; rate of climb, 20 per cent. less ; 
steepness of climb, 50 per cent. less; minimum hori- 
zontal speed, 50 per cent. less. And landing, mean- 
while, is losing its terrors for the ordinary aeroplane, 
now that Mr. Handley Page has introduced the “ auto- 
slot.” 

As for the Helicogyre the more conservative of us 
are inclined, perhaps, to look with some apprehension 
upon a design of which the principles are, in so literal 
a sense, revolutionary. 

The Advisory Committee for Aeronautics, appointed 
by Mr. Asquith in 1909, served (as its name suggests) 
in a purely advisory capacity, rendering its reports to 
the Prime Minister. In those days, of course, both the 
Admiralty and the War Office had separate and 
independent flying services. But in 1920 the Com- 
mittee was reconstituted, with new terms of reference, 
as the Aeronautical Research Committee. I believe 
(and I say this deliberately, with some knowledge 
of other scientific committees) that in the Aeronautical 
Research Committee of this country we can show the 
world a model of what organisation for the control of 
wide-range research should be. Its special character- 
istic, I think, is the close personal association, effected 
by regular meetings, of its official members (the men 
who are actually engaged in the work) with its unofficial 
and external members—men who can contribute 
general ideas and suggestions, based on a knowledge 
of allied subjects. The Air Ministry has realised, in 
devising an organisation for the committee, that the 
external members, to be effective, must be prepared 
to work hard and regularly; and in making this 
demand it has recognised (what is sometimes for- 
gotten) that the scientist and the engineer, no less 
than the lawyer or the doctor, is entitled to remunera- 
tion for the time which he expends. It has relieved 
the committee of the burden of executive control, 
whilst retaining for it an effective voice in the guidance 
of fundamental research. 

Until 1925, the office of Director of Research was 
held for short terms by officers of the Royal Air Force. 
Since that date, control of research for the Air Ministry 
has been entrusted to a permanent civilian Director of 
Scientific Research, responsible to the Air Council 
through the Air Member for Supply and Research. 
It would be difficult, I think, to exaggerate the import- 
ance of this change, or the advantages which have 
accrued both to research and to research workers. 
Dr. Lanchester said relatively little about stability, 
considering that ‘‘ the engineer can well afford to leave 
the questions of this character in the hands of the 
specialist.” He remarked that stability had, up to 
date, been treated too closely on mathematical lines, 
and gave it as his deliberate opinion that there was 
very little room for useful work unless rigidly and 
directly supported by experiments.t Almost as_he 





spoke, the work was being done at the National Physical 
| Laboratory and at the Royal Aircraft Factory, where 
| Edward Busk, by small changes in the position of the 
| centre of gravity and in the areas and arrangement 0: 
the tail surfaces, succeeded in transforming the unstable 
BE2A into the stable BE2C. Busk was killed in 
November, 1914, and the work which I have just 
described was completed before the War. But it 


* Cf. W. S. Farren, “ Monoplane or Biplane, R.Ae.Soe. 
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may reasonably be claimed that safety is a “‘ post-1914 ” 
achievement ; for increased performance has on the 
one hand lessened the relative dangers of gusts and 
eddies, and on the other hand it has introduced potential 
dangers of its own. 

Stability alone is not sufficient provision for safety. 
Until stability was understood—so long as every aero- 
plane called for constant vigilance on the part of its 
pilot, to avoid what Dr. Lanchester termed “ cata- 
strophic instability’—no problem could be more 
urgent. But, understanding of the classical theory 
has not been found a sufficient equipment against the 
dangers of the air. Problems have arisen, out of 
accidents in flight, for which Bryan’s methods (based 
on the theory of small oscillations) are not adequate. 

It is hardly necessary, to-day, to describe the 
phenomenon of “spinning.” Practically everyone 
knows the circumstances; that “stalling” of the 
wings results in a tendency of one wing to drop, and the 
initiation of a spiral motion (which may be perfectly 
steady). Now, stalling may occur inadvertently. It 
is specially liable to occur when the pilot is endeavour- 
ing to climb as fast as possible, in order to avoid some 
obstacle which isin his path. And the steadiness of the 
spin is its peculiar danger; unless a recovery is made 
the aeroplane will continue spinning, right into the 
ground. Many fatal accidents occurred in this way 
during the war, when training had to be hurried, and 
pilots flew with very little experience. 

In normal flight, an increase in the angle of incidence 
means an increase in lifting power; but eventually a 
limit is reached (the stalling angle) beyond which further 
increase of the angle does not increase, but decreases, 
the lift. If then the pilot tries to climb too rapidly, and 
“stalls ” his wings, the nose of his aeroplane will go 
down, and he will begin to descend—still with his wings 
at a large angle to the relative wind. Now comes in 
the tendency to “ autorotation.”” Any tendency to 
rotate, in either direction, will now be seized upon by the 
wings, and the aeroplane will descend, steadily turning, 
in a state outside the pilot’s power of control. And this 
is the important point—his instinct is to try to pull his 
nose up, to avoid the ground ; but his only chance of 
safety is to put it down, so as to reduce the angle of his 
wings to the wind. Now that this is understood, 
spinning, except close to the ground, has no terrors for 
the skilled pilot. It is, in fact, a manceuvre of some 
value in air fighting. For this advance we are indebted 
to the courage of Major Goodden and Professor Linde- 
mann, who dared to put their aeroplanes deliberately 
into a spin, and proved that recovery could be effected 
by pushing the stick forward ; and to the insight of 
Professor Bairstow, who suggested, in 1918, that the 
explanation of the paradox was to be found in “ auto- 
rotation.” 

But the danger of the spin is not yet gone entirely. 
I think it was in America that attention was first 
directed to the “flat”? spin. It appears that in some 
circumstances the rotation may become so rapid that 
the centrifugal forces overpower the aerodynamic, and 
the aeroplane, more or less rapidly, assumes an attitude 
nearly horizontal. 

The aeroplane, then, is no longer boring its way down 
a cork-screw path, but falling like a leaf—almost flat, 
and with a high rate of spin. And now the trouble is, 
that in these circumstances the fin and rudder (which 
should check the motion) are largely ‘“‘ blanketed ’’ by 
the body and tail surface. Possibly some revolutionary 
change in design (as a tail set back behind the fin) will be 
necessary if this danger is to be removed entirely. 
Weight distribution, too, is important, since there are 
gyrostatic couples tending to hold the nose up. The 
rate of turning is fast (as high as one complete revolution 
in one second), and the axis of spin may coincide very 


closely with the centre of gravity. Naturally the | flutter is prevented, more than half the battle is won. 
physiological effects are serious, and a pilot may lose the | The question then arises—would pilots have insuper- 


judgment which is necessary for control. 


We cannot yet say that a satisfactory solution of the | which the sense of “feel” is largely removed ? 


“flat spin” problem is in sight. Eventually, we may 
hope, the problem of spinning will be solved—in the 
sense that no aeroplane will exist that cannot, at the 
pilot’s will, be brought out from a spin that has started. 
But even then we shall not have disposed of the whole 
difficulty ; for recovery must entail time and height, 
and we shall not have saved the pilot whose machine 
begins to spin at a low height above the ground. 
What is wanted is something more—that attainment 
of the stalling angle shall not involve a loss of adequate 
control. To Professor Melvill Jones belongs the credit 
for having first focussed attention on the ‘“ problem of 
low speed control.” In 1920 he was instrumental in 
Starting a systematic investigation which led to 
ultimate victory in 1925, when an aeroplane modified 
in accordance with the sub-committee’s recommenda- 
tions was proved at Farnborough to be capable of 
flying steadily and straight, and of performing normal 
evolutions, as well above as below stalling incidence. 
The phenomenon of autorotation, which makes its 
appearance when the stalling incidence is attained, 
implies that any tendency of the wing to “ roll” as the 
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result of an accidental disturbance, will (so to speak) 


be seized by the aerodynamic forces and maintained. 
To check the roll the pilot must have recourse to his 
controls; but at stalling incidence conventional 
ailerons are almost useless for this purpose, in that they 
apply but a weak correction to the roll, and this at the 
cost of considerable resistance (or ‘‘ drag”) which 
causes the sinking wing to recede. So we have the 
first stage in an approach to that steep spiral descent 
which we have termed a spin. What is wanted, clearly, 
is a control which has power to lift the falling wing tip 
and at the same time to push it forward—a control, 
that is to say, which tends to rotate the aeroplane about 
an axis pointing forward and down. It was found that 
a rudder of no impracticable size was able to: restore 
the aeroplane to an even keel, if used to force the 
dropping wing forward, and so to generate a: rolling 
moment in the sense to lift it up again. But although 
the pilot can, given a sufficiently powerful rudder, 
restore his aeroplane to an even keel and keep it there, 
no rudder, however powerful, will in itself provide a 
satisfactory control over all the motions which he may 
desire to make. 

What proved to be a solution was a balanced aileron 
of the “ Bristol-Frise”’ type, combined with a leading- 
edge slot of the kind evolved by Mr. Handley Page. 
The combined device was, I believe, originally due to 
Mr. H. B. Irving of the National Physical Laboratory, 
who received last year the Wakefield Gold Medal of 
the Royal Aeronautical Society for his share in the 
work that I am describing. Depression of the aileron 
is accompanied by a simultaneous opening of the slot, 
with the result that stalling (at the wing tip) is delayed ; 
raising of the aileron leaves the slot shut. The result 
is a turning action about an axis which points forwards 
and downwards by some 10 or 15 deg. from the wing 
chord. 

More recently, Mr. Handley Page has succeeded in 
devising an automatic mechanism—the “ auto-slot”’ 
—which will produce a like effect. The auxiliary aero- 
foil at the leading edge is fitted in such a manner 
that the aerodynamic pressures to which it is subjected 
keep it shut at normal angles of incidence, but cause 
it to open (with a consequent increase in lifting power) 
as the stalling angle is approached. The device is 
amazingly effective, and it has rapidly come into general 
use on all classes of aeroplane. But the question is 
still open, whether its automatic action cannot usefully 
be made dependent in some way upon the precise posi- 
tion in which the pilot has put his ailerons. Research 
on this and on allied problems is proceeding at Farn- 
borough and elsewhere. : 

Increasing speeds have brought new problems in 
their train, of which the most subtle is the phenomenon 
of wing-flutter, due primarily to the fact that whilst 
aerodynamic forces increase with the speed of flight, 
the elastic constants of the materials used are inde- 
pendent of the speed. An aeroplane, therefore, has a 
certain ‘“‘critical speed’’ of flight, below which a 
‘* flutter’ (however started) will die out, above which 
it will be maintained. The worst (as being the most 
probable) type of flutter is that which involves motion 
of the ailerons. This motion may cause the stick to 
be wrenched from the pilot’s hand; and in a conven- 
tional aeroplane, provided that the wings vibrate in 
antiphase (so that one aileron is going down as the 
other goes up), it is opposed by no resistance other 
than the relatively small constraint which can be 
exerted by the pilot himself. But suppose that we 
made the aileron control as nearly irreversible as is 








the steering control of the average car? Just as road 
shock to the wheels are, by this means, prevented from 
being transmitted to the driver’s arm, so, in the aero- 
plane, any tendency of the ailerons to flutter would 
be resisted by the irreversible control. And if aileron 


able objections to the idea of an aileron control in 


What mainly stands in the way of comfort is noise— 
from the engine and from the airscrew. The noise 
from a high-speed airscrew is of particularly painful 
quality, and it would seem that trouble must be ex- 
pected as tip speeds approximate to that of sound. So 





we enter the field of hydrodynamics of a compressible 
fluid, a subject equally painful from the mathematical 
standpoint. In their scientific aspects these problems 
are as fascinating as any that confront us, and as 
difficult. They are not only problems in physics, but 
problems in physiology—and one might add, of psy- 
chology. When, for example, the two engines of an 
aeroplane get out of step, with a consequent production 
of “‘ beats,” a passenger is apt to think that the safety 
of the aeroplane is endangered. It appears that the 


building of our new airships. Some remarks on this 
subject will bring to a close the technical part of my 
lecture. Nearly five years ago, when the designs of 
R100 and R101 had just been started, I ventured 
to plead, in an address to the British Association, 
for suspense of judgment until their problems should 
have been worked out. I suppose it was too much 
to expect, in days when the sham “expert” is rarely 
asked for his credentials. Both ships have been 
launched and flown, with results which by any 
reasoned standard must be acknowledged as wonderful. 
On the day when these words were written, particulars 
were given by The Times of two new airships which 
have recently been laid down for the United States 
Navy; and these leave no doubt that American 
designers, at least, are convinced of the merits of 
the Cardington design (R 101). 

The problem of form was, with low resistance to 
combine the shortest length and the most robust form 
that is possible, remembering always that a high price 
must be paid for poor controllability, in large (and 
therefore heavy) fins and rudders, and in mechanical 
gearing to bring these controls within the steerman’s 
power. One of the main improvements in the new 
designs is their relatively small “fineness ratio” 
(length/maximum diameter), compared with former 
airships. I think that the chief reason for the proved 
excellence of these new forms (R 100 and R 101 are 
| closely similar) is to be found in the mathematical 
continuity of their profiles. Notwithstanding Prandtl’s 
work on the “ boundary layer,” we have very little 
exact knowledge of the factors which constitute “‘ good 
form”; but I think we may reasonably expect that 
air which is streaming round the envelope needs to be 
protected from any “ shock ’’ such as discontinuities of 
curvature would produce. Given the external form, 
and systems of loading which will tend to bend the 
hull in both the vertical and the horizontal plane, 
structural considerations would suggest that advantage 
be taken of the envelope’s depth and width to incorpor- 
ate deep lattice girders in these two planes. This is, 
however, impracticable since there must be no inter- 
ference with the freedom of the gas bags. 

A gas bag may conceivably leak, and this possibility 
supplies an additional argument for subdividing the gas 
space. If one compartment is empty, and if it is separ- 
ated from those which adjoin it by anything in the 
nature of continuous bulkheads, these bulkheads will be 
exposed to an unbalanced pressure from the gas bags 
in the adjoining compartments. That is the reason 
why, in R 101, nothing in the nature of the Zeppelin’s 
wire-web bulkhead is provided. Instead, the structure 
consists of a cigar-shaped skin, reinforced at intervals by 
specially stiffened rings. In R 10] the largest ring has a 
diameter of about 130 ft. and a radial depth of only 
10} ft. ; it weighs only 2-34 tons, but when suspended in 
the shed from its highest point and loaded with 6 tons 
applied to the two lowest joints, its stiffness was such 
that the vertical diameter extended by only 4-1 in.— 
no more than a steel rod of the same length would 
extend if loaded to one quarter of its breaking stress. 

Lastly, a word on the problem of mooring—the key 
problem of airship operation. Uninformed people are 
apt to think of the airship as leaving the haven of her 
shed to brave the perils of the air. It would be nearer 
the mark to say that she is never so safe as when in the 
air; her difficulties confront her when she wants to 
return home. 

As matters stand there is one mast only at Cardington, 
one in Egypt, one in India, one in Canada, and one in 
contemplation at Durban. The most pressing need of 
airships is an elaboration of ‘“ ground organisation.” 
If they succeed, more mast, sheds and the like will follow 
inevitably, just as harbours and docks have multiplied 
naturally with the expansion of shipping. 














Motor VEHICLE REGISTRATIONS IN THE UNITED 
Srates.—According to a statement prepared by the 
Commercial Secretary, H.M. Embassy, Washington, 
U.S.A., and issued by the Department of Overseas Trade, 
23,121,589 private cars, taxis, and omnibuses_ were 
registered in the United States during 1929. Adding to 
this the number of motor lorries and tractors registered, 
the grand total for 1929 was 26,501,443, an increase of 





2,008,319, or 8-2 per cent., over the previous year’s 
figure. 

Rattway Buinpine Activities In Cutna.—We learn 
from a recent issue of The Chinese Economical Bulletin , 
that the surveying of the Shiuchow-Pingshek section of 
the Canton-Hankow Railway has been completed and 
construction work started. The Ministry of Railways 
has remitted a first sum of 400,000 dols. to the Canton- 
Hankow Railway administration, and will continue 








sensation of sound varies only with the logarithm of 
the intensity, so that a million-fold reduction from the 
physical standpoint is felt as a reduction to one-sixth. 
This shows how enormous are the difficulties confront- 
ing us, if we would make a silent aeroplane. 

I have omitted to say anything as yet of what 


to remit 200,000 dols. monthly until the line is completed. 
The surveying of the routes of two important projected 
Government railways, namely, the Nanking-Canton, 
and the Hunan-Yunnan lines, has been partially com- 
pleted. A large railway workshop is to be opened this 
year at Mukden. It will be used for the manufacture 
of various types of railway material and for the repair 





I personally hold to be the outstanding achievement 
of aeronautical engineering since 1914—that is, the 


of the locomotives of the Government railways in north- 
east China, 
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LABOUR NOTES. 


ADDRESSING the opening meeting of the Amalga- 
mated Engineering Union’s National Committee, at 
Manchester, on Tuesday, Mr. J. T. Brownlie, the 
President, said that in January of this year a resolu- 
tion was passed by the Engineering Joint Wages Move- 
ment appointing a deputation to approach the Engineer- 
ing and Allied Employers’ National Federation request- 
ing them to submit the unions’ claim for a general 
advance in wages to arbitration. Further, that failing 
any agreement they should approach the Government 
to set up an inquiry on the lines of the present investi- 
gations in the cotton and iron and steel industries. 
The employers were not agreeable to submitting the 
claim to arbitration, and it was suggested from the 
employers’ side that a joint committee should be set 
up to investigate wages conditions in this country and 
abroad. This suggestion was not acceptable to the 
engineering unions and a deputation was instructed 
to approach the Government. 








The Prime Minister indicated by letter that he did 
not view with favour the request for an investigation 
into the state of the engineering trade. Mr. MacDonald 
pointed out that the trade comprised a large number of 
sections concerned with different products and sug- 
gested that under the present economic circumstances 
it would scarcely be possible to hold a single investiga- 
tion into all the trades concerned, even if it could be 
shown, which was not the case, that there were such 
grounds for an inquiry as moved the Government to 
investigate the conditions of the cotton and iron and 
steel trades. Mr. MacDonald referred the union to 
the Minister of Labour. He was asked to reconsider 
his decision, and he again replied that the union should 
see the Minister of Labour. They had again asked him 
to receive the deputation himself, accompanied by 
Miss Bondfield. What the result of the correspondence 
would be he could not say. Industry was confronted, 
Mr. Brownlie added, with one of the greatest problems 
that human society was ever called upon to solve. 
Conditions were arising under which there had got to 
be a reduction in the hours of labour, but he boldly 
said that they could not get any further reduction of 
hours apart from safeguarding. 





On April 28, 1930, the numbers of persons on the 
registers of employment exchanges in Great Britain 
were 1,158,100 wholly unemployed, 447,300 temporarily 
stopped, and 93,000 normally in casual employment, 
making a total of 1,698,400. This was 38,087 more 
than on April 14, the increase being mainly due to the 
continuance of Easter stoppages, and 534,592 more 
than a year before. Figures are not available in respect 
of April 21, 1930 (Easter Monday). 


The employers in the gas industry and the trade 
unions to which their employees belong have reached 
an agreement under which compensation will be paid 
to workers who are displaced by rationalisation or 
amalgamations. Only men who have been in the 
continuous service of one of the amalgamated under- 
takings for at least three years will be eligible for com- 
pensation. The purchasing undertaking will pay 
compensation for loss of employment on the following 
scale :—Fifty years of age or over, two weeks’ pay for 
every year of service; over 45.and under 50, one 
and a half week’s pay for every year; under 45, one 
week’s pay for every year. Special provision is made 
for men displaced from one job who secure another 
at a lower rate of wages, and they will have compen- 
sation based on the difference between the old rate 
of wages and the new. Alternative employment is 
defined as work for which the man is suitable. If 
the man receiving compensation dies before the pay- 
ments are completed, the balance will be payable to 
his dependents. 


According to an official statement circulated by the 
Shipbuilding Employers’ Federation, the first quarter 
of the current year has been one of the worst experi- 
enced for several years in regard to orders for new 
ships. Orders for cargo boats, it is stated, have been 
almost negligible ; tanker orders, which have been so 
notable a feature of recent months, have now practi- 
cally ceased ; and several of the firms engaged on liner 
work are completing the last vessels under construction 
and dispensing with large numbers of workpeople, 
since they have been unable to secure other passenger 
work or warship work to follow that which is being 
fulfilled. The orders returns of the Shipbuilding 
Employers’ Federation show that 69 per cent. of the 
firms did not receive a single order during January, 
84 per cent. did not get an order in February, 80 per 
cent. did not obtain an order in March, and 50 per cent. 
did not receive a single order throughout the whole 
of the quarter. A large proportion of the 1,614,000 
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tons under construction at the end of March in Great 
Britain is in the completion stages. Since half a 
million tons were commenced in the December, 1925, 
quarter, it is expected that a similar amount will be 
launched in the June quarter of this year, whereas 
with the smaller amount of work ordered and com- 
menced during the March quarter and the even smaller 
quantity which, obviously, will be commenced in the 
June quarter, there must be an early reduction in the 
amount under construction and increasing unem- 
ployment. Prospects for the immediate future, it is 
added, are not bright. The serious depression in 
shipping and the great increase in tonnage laid up (from 
352,659 tons in January to 892,154 tons in April) which 
includes even new ships that have not made a single 
voyage, have made orders and even inquiries, scarce, 
and practically no cargo boats are now being ordered. 


The weekly official organ of the Internationa! Labour 
Office states that several associations of French 
employers have recently defined their attitude towards 
the immigration of foreign labour into France. The 
point of view of these associations, both in the mining, 
metal and engineering industries, and in that of building 
and public works, is that since the French labour 
market is suffering from an increasing shortage of 
labour, immigration should not only be continued, 
but should be developed and facilitated. According to 
a report for 1929, submitted to a general meeting of 
the Federation of Metal and Mining Industries, the 
principal consequences of the shortage are an increase 
in the instability of labour and an extension of the 
practice of enticing workers from one employment to 
another; a rise in wages, which may bring about 
an exaggerated and perilous increase in costs ; a growth 
in importance of all questions relating to the introduction 
of foreign labour, and of all measures and institutions 
tending to stabilise labour, in particular those con- 
nected with housing; finally, a profound change in 
the constitution of industry itself in order to reduce 
to the lowest possible level the quantity of labour 
required in production, and consequent development 
of machinery, rationalisation, &c. In the presence of 
such a situation, the emploving class finds itself 
compelled, it is stated, to strengthen its organisation 
and to avoid isolated action aiming at immediate and 
individual advantages. The growing importance of 
the housing question is emphasised, especially in 
connection with the need of the employers to introduce 
entire families of foreign workers in large numbers. 


In regard to immigration during 1929, the report 
draws attention to the increase in the total number of 
foreign workers required by the undertakings affiliated 
to the Federation. For the iron mines, the number 
was 9,450 in 1929, as against 6,400 in 1928, and for the 
metal works it was 14,250 in 1929, as against 4,600 
in the previous year. In response to the 23,700 
applications made by these undertakings in 1929, 
18,160 foreign workers were introduced, 8,250 for the 
iron mines, and 9,910 for metal works. Negotiations 
in regard to immigration programmes are taking on 
the character and complexity of diplomatic conversa- 
tions, and the governments of the countries of emigration 
wish to have a voice not merely in the conditions of 
recruitment, but also in the conditions of employment 
of labour, and sometimes even go so far as to interfere 
with the prerogatives of national sovereignty. Hence 
arises the necessity for French employers and the 
French Government to seek as many sources of recruit- 
ment as possible. The Federation, by agreement with 
the authorities in the countries concerned, has instituted 
an organisation for the recruiting of labour in Roumania 
and Jugoslavia, which will shortly begin its work. 
Finally, difficulties continue to occur in connection 
with immigrant labour, including the problem of the 
enticement of workers from their employment, and 
agreements have been reached between employers in 
many districts with a view to overcoming this difficulty. 


In a speech delivered on March 13, Mr. Dalbouze, 
President of the Union of French Engineering Indus- 
tries, dealt with the same question. He estimated 
the decline in labour available in France at 300,000 
units in each of the coming years. He laid special 
emphasis upon the necessity of undertaking only 
important works in proportion to the possibilities of 
introducing foreign labour into France. 


In his report for the first quarter of the current year, 
Mr. Appleton, the General Secretary of the General 
Federation of Trade Unions, says :—‘‘ There are very 
few disputes to record. The whole of those affecting 
the Federation have resulted in claims which total 
but 5087. 7s. 6d. The ensuing quarter will tell a 
different story, for disputes have occurred which 
threaten to involve the Federation, and the unions 


pounds. Outside the Federation, a voluntary fund 
has been started. It indicates sympathy—always a 
precious thing; but it is doubtful whether the total 
financial result will equal three days’ Federation benefit. 
The fund may encourage some of those involved in the 
struggle—that is the intention behind it; but it will 
have another consequence: it will emphatically 
demonstrate the superiority of the Federation’s method 
over the casual collection.”” The number of affiliated 
societies is 91, of which 59 are on the higher scale, 
29 on the lower scale, and 3 on both scales. The 
total membership is 526,103, of whom 300,264 are on 
the higher scale, 214,009 on the lower scale, and 
11,830 on both scales. 





At a meeting in New York, of the American Arbitra- 
tion Association, Mr. A. D. Whiteside, president of the 
Wool Institute, asserted that the government of 
commerce had not developed in keeping with the idea 
of eliminating every obstacle which might retard the 
rapid growth essential to industry, and expressed the 
opinion that an Arbitration Board, with Government 
recognition, was required, to prevent unnecessary 
stoppages of work. Mr. Lucius R. Eastman, president 
of the American Arbitration Association, maintained 
that arbitration was a source of relief from the troubles 
and anxieties of business, inasmuch as it prevented 
prolonged disputes by helping each party to see the 
other’s point of view. He expressed the belief that 
in the future, banks would insist on arbitration clauses 
in all contracts before making loans to organisations. 
An analysis of the results of arbitration cases in the 
United States, during the period 1865-1928, was given 
in a recent issue of the Labour Bureau’s official organ. 
The study showed that of a total of 423 cases examined 
for which sufficient data were available, 299 of the 
arbitration decisions (70-7 per cent.) were made in 
favour of workers and 110 (26-0 per cent.) in favour 
of employers, while 14 (3-3 per cent.) were ‘‘ mixed 
decisions,” 7.e., decisions partly in favour of one side 
and partly in favour of the other. 


A Geneva report of a meeting in Budapest of the 
Hungarian Federation of Trade Unions states that the 
Congress noted the far-reaching transformation now 
taking place in capitalist society, and asserted that the 
technical rationalisation that was taking place in 
private industry without any consideration for those 
engaged therein was increasing unemployment and 
making it permanent. For this reason, it was declared, 
an irreconcilable breach was being made between an 
unprecedented capacity to produce and an abysmal 
fallin the capacity toconsume. The workers organised 
in the trade union movement of Hungary were not 
opposed in principle to the officially stated purpose of 
rationalisation, that of bringing the most modern 
methods of technical development to the promotion of 
economic life ; but the present method of rationalisation 
although producing an increase in the quantity of 
commodities produced, did not lead, it was declared, to 
an advancement of the common-weal, inasmuch as it 
considered only the possibility of increasing profits for 
private industry and not the interests of the community. 


Until recently, it was possible in Germany to employ 
workers under 16 years of age on night work in iron and 
steel works. A new: Order, which came into force on 
April 1, prohibits this practice after a short transitional 
period. Night work in iron and steel works is not 
now permissible for boys under 16, although in con- 
tinuous process undertakings they may be employed in 
the second shift until 10 p.m. 


A report adopted by the All-Australian Trade Union 
Congress declared against a court of conciliation and 
arbitration composed, as the existing court is, of 
judges, and in favour of the appointment of a court 
composed of a president, who should be a judge, and 
such conciliation commissioners as would enable the 
affairs of each industry to be collectively and expedi- 
tiously dealt with. Among the recommendations 
submitted was one that conciliation committees should 
be appointed representing employers and employees, 
under the chairman of the conciliation commissioners ; 
that there should be no appeal from the decision of 
the conciliation committee or the industrial magis- 
trate; that conciliatory and arbitral powers should 
not be exercised by judges: that prescribed conditions 
should be laid down in the Act, providing that no 
award should prescribe hours exceeding a weekly 
maximum of 44 or a basic wage which would not 
maintain at least the basic wage standard obtaining 
in 1928. It was further proposed that absolute 
preference should be given to members of any regis- 
tered organisation covered by an award, and ve 
penalties in respect of strikes and lock-outs should be 








concerned, in the expenditure of many thousands of 


abolished. 
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TIN AND SHEET-MILL ROLLS.* 
By Eric R. Mort, B.Sc. 


Tue sheet plant to which the data in this paper 
relate comprises 16 hot-mills of the single-stand type— 
that is, there are no roughing stands, all bars being 
broken down and finished off on one pair of rolls. 
Gauges of sheets rolled range from 6 B.G. to 31 B.G. 
(0-198 in. to 0-011 in.) inclusive, in widths up to 50 in., 
and lengths up to 144 in. On 12 mills, the roll-body 
diameter is 32 in., and 28 in. on the remaining four 
mills. Body lengths range from 38 in. to 56 in. in 
conformity with the widths of sheets in demand. 
For the period covered by most of the data (two years) 
plant operations approached 100 per cent. of capacity. 
Rolls for use in tin and sheet-mills are almost invariably 
made of cast iron, having a chilled skin approximately 
3 in. deep. At the present time, probably all rolls 
in use are cast solid. The question of analysis is 
treated in detail by Allison,t who says that ‘‘ Silicon is 
the dominating factor in determining the depth of chill ; 
manganese content in excess of 0-36 per cent. has the 
effect of reducing chill depth; with moderately low 
sulphur and phosphorus contents, and manganese less 
than 0-36 per cent., the depth of chill is inversely 
proportional to the silicon contents ; the total carbon 
should not exceed 3-30 per cent. for a satisfactory length 
of service; and the sulphur contents should not be 
too high. ” 

Compositions should vary within narrow limits; in 
practice, however, a considerable diversity is found. 


Fig. 2. HEATING CURVE OF A 
Sain x 32 IN. DIA. MILL 
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An average analysis would be as follows, but it is 
known that a number of makers do not aim for this :— 


Total Carbon. Phosphorus. Sulphur.Manganese. Silicon. 
3-00 0-47 0-11 0-40 0-73 
per cent. 

Of late years, certain roll-makers have introduced 
a small percentage of molybdenum, the addition being 
made to the metal as it flows from the melting furnace 
to the ladle. 

The degree of surface hardness will range from 52 
to 56 on the scleroscope scale, but usually a variation 
in both hardness and analysis will be found in different 
parts of the roll-face. In a section through the roll 
there are seen the chilled outer skin, an intermediate 
area known as the mottle, and, finally, the grey-iron 
core. The wedding of the chill to the core, resulting 
in the mottle, should have a well-knit appearance, 
showing the gradual merging of the grey iron into the 
chill; this gradual merging is important, because the 
coefficient of expansion of the chilled portion is approxi- 
mately double that of the grey-iron core. 

Regarding the contours to which the bodies are 
dressed, this was recently discussed in detail by Mort, 
who states that ‘the degree of concavity is deter- 
mined by the following factors: Character of chill, 
roll dimensions, size and gauge of sheets to be rolled, 
working temperature, method of contour control, if 
any, and mill production.” Generally speaking, harder 
rolls expand more than mild ones. As the body length 
increases, the concavity decreases, the converse being 
the case with increase of diameters. As pack lengths 
extend, so should the concavity. As pack widths are 
raised, the concavity is diminished. The lighter the 
gauge, the less the concavity required. 

Whether a roll should be annealed or not, soon after 
casting, is a much-debated point, and little data 
would appear to have been published on this subject. 
Assuming that no previous heat treatment has been 
applied, great care should be exercised in bringing the 
roll up to the working temperature for the first time ; 
it should be done gradually, and without subjecting 
the roll to undue strains, in order that all stresses 
Temaining in the casting may be removed safely. One 
of two methods of heating may be adopted: First, by 
heat of compression and conduction from rolling hot 
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packs, and, secondly, by electricity, steam, oil, or gas 
flame. In raising the roll temperature by the first 
method, the procedure is to commence with narrow 
orders, preferably of the heavier gauges, and thus 
impart heat to the middle of the rolls, so as to remove 
the concavity. As soon as a straight line of contact 
between the roll faces is established, this occurring when 
the bodies have attained the correct working tempera- 
ture, the maximum width of sheets for which the rolls 
have been dressed may be rolled. The time taken to 
raise the roll temperature to the required limit depends 
mainly on the roll dimensions and the rate of working. 
This method is unsatisfactory in that the quality of 
the sheets rolled during the warming-up period is 
usually poor, and also there is not at all times a demand 
for this class of material, hence the development of 
other methods of preheating. 

One of the earlier forms is described by Melaney, but 
although heating by hot water has its advantages, the 
low maximum temperature attained caused its super- 
cession by other means. In the United States, twenty- 
five to thirty years ago, natural gas having a calorific 
value of about 1,000 B.Th.U. per cubic ft. was tried, 
but it was found that the flame produced by this 
heating agent was so intense that the chilled skin was 
heated very rapidly and disruption resulted. According 
to Fox, the electrical heating of rolls was first developed 
at the Inland Steel Company’s plant, near Chicago, in 
1922. The heater used was of the resistance type, and 
since that time this type of heater has gained wide 
favour at tin and sheet-mills in the United States. 
There are now very few mills in America that are not 
preheated at the beginning of each working week. 
A later development is an induction type of electric 
heater, the invention of K. Younghusband. 

The capital outlay involved in the installation of 
electric heaters, and the high operating costs where 
electrical current is comparatively dear, has caused mill 
operators in Great Britain to seek a cheaper method, 
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with the result that fuel oil is now making considerable 


the necks and wobblers as 14,100 Ib., the calculation 
of the heat efficiency is a simple matter : 


(18,650 x 48 + 14,100 x 13-5) x 100 
218 x 19,730 
= 25-23 per cent. 


The cost was 0-348d. per Ib. x 218 = 6s. 4d., and the 
heat input per hour per ton of roll was 12,373 B.Th.U. 

When raising rolls to the desired working tempera- 
ture by rolling or by preheating, and also when this 
temperature is attained, the importance of correct 
draughting is pre-eminent. In no circumstance should 
the draught exceed 25 per cent. ; sometimes it should 
be well below this figure. 

It is also advantageous that the screw-pins be so 
operated that each pass is positive or active, the 
reduction on the first pass being such as to admit of 
a gradual closing of the screws on each succeeding one. 
According to Fox, “‘ finishing mills are usually operated 
at temperatures between 550 deg. F. (288 deg. C.) and 
750 deg. F. (399 deg. C.) at the hottest point. Tests 
made by the United States Steel Corporation a few 
years ago proved that the chilled portion of the roll 
has the greatest resistance to breakage stresses at 
about 750 deg. F. (399 deg. C.). The strength diminished 
only slightly at lower temperatures down to 350 deg. F. 
(177 deg. C.), below which point a material weakening 
was found. At temperatures above 750 deg. F. 
(399 deg. C.) the strength was found to diminish until 
at a temperature of 875 deg. to 900 deg. F. (468 deg. to 
538 deg. C.), which is a low red heat for cast iron, 
breakage occurred readily under comparatively light 
stress.” During the whole of the working week, close 
observation should be maintained on the roll tempera- 
tures, the rollers’ judgment being periodically checked 
by means of surface pyrometers. As noted above, 
the surface temperature of the body in the middle 
should not exceed 400 deg. C., so that the average 
temperature of the roll will be then well below this 
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figure. When the rate of production is such that it 
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headway in sheet mills in this country. The capital 
outlay is a fraction of that required for electrical 
installations, and operating costs are such that oil has a 
decided advantage over electricity if the price of current 
exceeds, say, 0-25d. per unit. As far as the author is 
aware, nothing has been published concerning the 
heating of rolls by fuel oil, and a brief description of 
the equipment and methods in use at the plant with 
which he is connected may be of interest. 

A centrally-situated storage tank, with a capacity 
of about 10 tons, is placed at an elevation of about 
15 ft. Running parallel to the roll train, under the 
mill standing, is the service line from the storage tank ; 
it is connected by short branches to points where 
suitable connections are made to the burners. Aft2r 
careful consideration and extensive tests, a burner in 
which steam was used for atomisation was selected. 
Preference was given to steam as an atomising agent 
for the following reasons: In the first place, a steam- 
line connection to the mills, for roll-cooling purposes, 
was already in existence; and, secondly, the installa- 
tion of an air-compressor, motor for driving, and the 
necessary air-pipes, was deemed an uneconomic 
proposition, because the period of operation would not 
exceed 8 hours per week. 

During the time of heating, the rolls are enveloped 
by sheet-steel hoods, surmounted by a short chimney, 
which assist materially in conserving the heat 
absorbed. Fig. 2 represents a typical heating curve 
for a 44 in. by 32-in. diameter mill. A light grade 
of fuel oil was used, having the following properties :— 
Specific gravity, 0-91; viscosity, 70 sec. Redwood at 
100 deg. F. ; and calorific value, 19,730 B.Th.U. per lb. 
Heating was commenced at midnight, and continued 
for 6 hours; the oil consumption was 218 lb., that is, 
about 36} lb. per hour. During this period, the 
peripheral speed of the rolls was about 7 ft. per minute, 
and the only delay was of 19 minutes’ duration, from 
5.10 a.m., for coupling up the train. On the resump- 
tion of heating, the rolls were revolved at rolling speed. 
The average temperature rise of various parts of the 
rolls was as follows :— 


, Middle 245 deg. C. } Average, 
Bodies { Ends 184 deg. C. f 215 deg. C. 
Necks ... a 65 deg. C. } Average, 
Wobblers 50 deg. C. J 57-5 deg. C. 


The heat content of cast-iron at 215 deg. C. is 48 
B.Th.U., and at 57-5 deg. C., 13-5 B.Th.U. per lb. 
Given the weight of the roll bodies as 18,650 lb., and 








tends to raise the temperature above 400 deg. C., the 
employment of cooling agents becomes necessary. 
Two methods of roll-cooling are in general use— 
namely, cold water sprayed on to the necks and 
wobblers, and a mixture of steam and air blown on 
to the body middles. An effective water spray is 
a closed-end pipe extending the length of the neck, 
with }4-in. diameter holes bored at 1-in. intervals, the 
flow being regulated by an ordinary valve. ; 

The design of steam and air blowers is not quite so ‘; 
simple, and a number of types have been experimented 
with from time to time. With most of them the steam 
consumption is extravagant, and efforts were recently 
made to design a blower which would make the most 
efficient use of the steam employed. This has been 
successfully accomplished in a single-jet blower of 
the design shown in Fig. 4. (Most or all blowers now 
in use are of the multi-jet type.) The orifice at the 
emission end is flared to dimensions corresponding to 
the roll-body length. Following on steam consumption 
trials, it was found that a jet of 0-085-in. bore gave 
satisfactory results, and this size was adopted for the 
entire roll train. The circular disc shown in the 
diagram is used for controlling the air supply, and by 
means of the steam valve and disc, a very fine adjust- 
ment of the blast saturation temperature is possible. 
Under normal conditions, a blast saturation tempera- 
ture of 50 deg. to 55 deg. C. yields admirable results, 
the roll contours being kept under absolute control. 
With a combination of water sprays and steam blowers 
in the hands of well-trained rollers, the control of roll 
contour can be most effective, and makes high sheet 
production possible without overheating. 

Roll Performance.—Given a roll of right analysis 
and good physical properties, the question of the “‘ life ” 
or performance arises. British roll manufacturers 
claim that 12 weeks—192 eight-hour turns—constitute 
a fulllife; the life, therefore, is based on time, tonnage 
produced not being taken into consideration. While 
users do not accept this basis as being at all equitable, 
it must be admitted that the subject bristles with 
difficulties, and it is not easy to suggest a basis accept- 
able to both makers and users. For sheet-mill rolls, 
an equitable basis suggested would be one that covers 
both weight of roll and weight of sheets (converted to 
a No. 24-gauge basis) produced during the life, that is, 
a ‘tons of sheets per ton of roll”’ basis. At tinplate 
mills, where production is calculated in boxes of 
31,360 sq. in., the basis would be, base boxes per ton 
of roll. From experience, a fair range for heavy 
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sheet-mill rolls would be 175 tons to 200 tons of sheets 
per ton of roll, and for tin-mill rolls, 4,500 boxes to 
5,000 boxes per ton of roll. The tin-mill suggestion 
covers mills of the double-stand type. 

Fox says: ‘‘ The importance of the question of roll 
breakages is evidenced by the records of one plant 
which show that only 15 per cent. of the rolls are 
discarded, due to the fact that they have been dressed 
down below the chill. The other 85 per cent. are lost 
through breakage. Some of the rolls serve over 100 
days, and some serve less than 10 days. The average 
for this plant is about 47 days.” The ultimate fate of 
rolls at the author’s plant during the years 1928 and 
1929 is shown in Fig. 7. A salient feature is the 
disappearance of spalling in the latter period. 

The premature failure of rolls may be classified under 
the following heads :— 

(1) Complete Breakage.—These fractures are of 
various types, such as (a) straight through body middle ; 
(6) diagonally across bodies at varying angles; (c) 
through neck fillet and extending diagonally across 
the body ; (d) straight through fillet ; and (e) fractured 
wobbler. 

(2) Cracked Body.—Occasionally a fissure appears in 
a roll, which does not extend completely through. It 
may only be as deep as the chill, or, as sometimes 
happens, a few inches only of the core holds the two 
portions together. This type of failure is very rare. 

(3) Spalling.—This may be defined as the chipping 
away of the body extremities, from the bearings out- 
wards, as shown in Fig. 8. 

(4) Shot-Holes—The depth of these holes varies, 
with a corresponding extent of damage to the sheets 
being rolled. When the shot-holes are so deep as to 
render it impossible for the cold-rolling mill to remove 
successfully the embossments or protuberances on the 
sheets, the roll must be returned to the lathe for further 
dressing, or scrapped when this proves ineffectual. 

(5) Mottle.—This term denotes rough patches on 
the body, due to exhaustion of the solid chill. 

(6) Chill Fracture—This is a disruption of the 
chilled skin, pieces of varying extent and depth leaving 
the core. The depth of the cavity corresponds roughly 
with that of the chilled skin (see Fig. 8). 

(7) Damage caused by the Entry of Tongs, &c.— 
Occasionally the injury to rolls is superficial and easily 
repaired. Sometimes, in the case of old rolls, the chill 
approaches exhaustion, and then the damage proves 
irreparable. 

There are numerous causes of roll breakage; the 
maker is responsible for a proportion, while the 
remainder are due to the user. Dealing with the 
maker’s responsibilities, it is essential that the analysis 
be such as to ensure maximum strength, and that 
the physical properties be of a sufficiently high standard 
to produce the requisite degree of surface finish. The 
specification of the grade of surface finish rests with 
the mill operator, and this should be done with the full 


knowledge that endurance and high finish are qualities | 
Usually, | 


that are not always embodied in one roll. 
one of these two properties is gained at the expense of 
the other. 

The mill operators’ views on finish having been 
conveyed to the maker, the responsibility for analysis 
is the latter’s entirely. The unfortunate divergence 
of opinion among makers on this fundamental question 
is the cause of much discussion when the user attempts 
to trace a breakage to faulty analysis, and thus hold 
the maker accountable. It is the practice, at this 
plant, to analyse samples of rolls that have rendered 
good service, and the figures given on page 615 are a 
fair average. Unquestionably the analyses of rolls 
that have survived very few shifts in service have 
differed considerably from these figures, usually in the 
carbon, manganese, and silicon contents. In these 
cases there has been no hesitation in ascribing the 
failure to faulty analysis. Cases may be cited of rolls 
carrying either high carbon, manganese, or silicon, 
that have yielded a very short life under first-class 
working conditions. 

Regarding chill depth, there is a consensus of opinion 
among makers and operators that about } in. is desir- 
able. As already stated, the chill should be regular in 
depth, on both top and bottom ends. It is possible 
for the user to measure tae chill on the ends only, but 
it is often discovered, usually after a breakage, that 
the depth increases towards the middle, sometimes to 
the extent of }in. Whilst departure from the specified 
depth of, say, in. is not in itself a cause for rejection, 
rolls bearing 14-in. chills have given excellent service 
at these mills, it is often found that, when rolls have 
broken after a short life, the chill on the body middle 
has been heavy, with an analysis showing high carbon 
and silicon contents. When a roll possessing an 
eccentric chill is heated, there is a variation in the 
intensity of the internal strains corresponding with 
the differences in the chill depth, and this is a cause 
of breakage for which the maker usually accepts 
responsibility without question. 

At any well-directed plant, roll breakages, traceable 
to bad dressing or millwrighting, very seldom take 





place. The first effect of these faults is discernible in 
the inferior product sent from the mill affected. 
Inferior product should always call for prompt corrective 
measures. Too rapid heating on the warming-up shift 
or during preheating by artificial means may cause a 
breakage on that or the succeeding shifts, owing to 
the difference in the coefficients of expansion already 
referred to. Frequent and violent fluctuations in the 
roll temperature make it more susceptible to breakage, 
especially in the case of very hard rolls; hence, all 
possible steps should be taken to maintain the mills at 
a safe predetermined working temperature. While the 
lowering of a mill’s temperature may be accomplished 
fairly easily and safely by means of a steam and air 
mixture, the restoration of heat to a mill after rapid 
cooling is attended by great risk. In the case of mills 
unequipped with gas heaters, the mill must be raised 
again to the working temperature by rolling, and it 
frequently happens that conditions in the mill at 
these periods are not favourable to safe working, 
owing to the rapidly-changing contour of the rolls 
and localisation of stresses. 

To illustrate this point, suppose that a mill or set 
of mills has to cease rolling in the primary or inter- 
mediate stages of a heat, on account of, say, an engine 
stoppage or other trouble. Should the idle period 
be of such duration as to cause an appreciable altera- 
tion in the roll contour, obviously the shape of the 
semi-finished packs (in section) in the furnaces will 
not conform to that of the rolls in their changed 
condition. The concavity of the rolls will have 





increased, and therefore undue pressure will be exerted 
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autumn, 32-95 per cent. During 1929 (Fig. 10, 3) 
this order was changed, the position then being: 
Spring, 18-05 per cent.; summer, 21-30 per cent. 
winter, 26-25 per cent.; autumn, 34-40 per cent. 
Combining the figures for the two years (Fig. 10, c), 
the order becomes : Winter, 18-10 per cent. ; spring, 
22-15 per cent.; summer, 26-15 per cent.; autumn, 
33-60 per cent. It is commonly believed that cold, 
frosty weather has a detrimental effect on rolls, and 
Fig. 10, B, tends to confirm this opinion, but Figs. 10, a, 
and 10, c, may be used in refutation. It should be 
noted, however, that when atmospheric temperatures 
are low, precautions for protecting the hot rolls against 
keen draughts are usually redoubled. 

Taking the days of the week on which breakages 
occur, it appears difficult to draw any useful deduction, 
excepting perhaps that on Mondays the breakage hazard 
is at its maximum. A further view commonly held is 
that the risk is greater during the first part of a shift 
than later, owing to the freshness of mill crews, &c., 
following on a break between shifts, but observations 
made do not confirm this. During 1928, by far the 
greater proportion of breakages took place during the 
period from midnight to 6 a.m., and steps were taken 
to ensure closer supervision during the night-shift. 
A distinct improvement was secured during 1929. 
The proportion of top and bottom rolls broken in all 
mulls was as follows :— 
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1928. 1929. 
percent. per cent. 
Top eos 56-80 52-46 
Bottom ... 43-20 47-54 
Fig 8. SPALL & CHILL FRACTURE. 
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on the edge of the pack as it passes through, as in 
Fig. 9. The result will be a flow of steel to the 
middle, with undue strains thrown on the rolls at that 
point, which will often result in a straight break through 
the centre. In order to restore heat to the body 
middles quickly, and thus regain the lost contour, 
narrow packs should be rolled, and the customary 
draught somewhat reduced, following on with the 
semi-finished heat when the objective has been reached. 

The temperature at which the necks are maintained 
is also a prime factor. When this is excessive, the 
outward flow of heat from the body middles is retarded 
owing to the smaller differential, and this conduces to 
a gradually climbing body temperature, which, if not 
checked, soon rises to danger point. Again, on very 
hot necks, it is impossible to ensure efficient lubrica- 
tion; hence, it is easy to see that unless promptly 
attended to, a breakage due to high temperature alone 
may quickly ensue. With one hot neck only, the 
danger is still present, a diagonal body breakage often 
resulting, owing to the stresses of varying intensity set 
up at either end of the roll. 

It very often happens, however, that a breakage 
occurs when a mill is in an ideal condition and producing 
excellent sheets. When this takes place, it is usually 
discovered that the cause lies in excessive draught. 
A question often discussed among mill operators is 
whether the susceptibility of a roll to breakage is 
greater at one season than at another. A series of 
charts, based on two years’ operations, are submitted, 
which may prove interesting. Fig. 10, annex2d, 
shows the percentage of breakages for the various 
seasons—winter (comprising January, February, and 
December) ; spring (March, April, and May); summer 
(June, July, and August); and autumn (September, 
October, and November). In 1928 (Fig. 10, a) it 
will be observed that the order is :—Winter, 12-50 per 





cent. ; spring, 25 per cent. ; summer, 29-55 per cent. ; 


Top rolls thus preponderated slightly. Regarding 
leading and trailing mills, there being four leading mills 
in the train, the figures for 1928 are: Leading mills, 
23-86 per cent.; trailing mills, 76-14 per cent. Of 
the leading mill rolls, 71-45 per cent. were top rolls. 
In 1929, only 13-12 per cent. of the rolls broken were 
leading mill rolls, and of these 62-50 per cent. were 
top rolls. From these figures, it appears evident that 
the torsional stresses play a minor role so far as roll 
breakages are concerned. 

The determination of the percentages of rolls broken 
at the various stages of the heat, made it obvious that 
the first matching pass is the most dangerous to the 
roll. The chief contributory cause of breakages on 
this pass is the lack of judgment on the part of rollers 
in realising the influence of the length and temperature 
of packs on the strain placed on the rolls. To illustrate : 
A pair of bars is drawn from the furnace at the correct 
working temperature and rolled to stipulated length, 
the first pass after matching being given after the 
screw-pins have been slackened in accordance with the 
regulations governing safe working. This pair may 
be followed by another at a lower temperature, 1n 
consequence of which, unless due precautions are 
taken, the length before matching is too short. The 
result is a matched pack cooler and thicker than its 
predecessor, and, unless the screw-pins are adjusted 
to compensate for these two adverse factors, the risk 
of breakage is raised appreciably. 

That the human element is solely responsible for 
a proportion of the breakages is indisputable. Furnace 
design and operation, if faulty, will contribute to 
breakage by producing bars and/or packs improperly 
heated. Here, again, the rollers’ judgment plays its 
part in estimating the temperature, and deciding 
whether a bar or pack should be passed through the 
rolls. 

Generally, spalling is due to faulty mill conditions, of 
which the following may be enumerated : (a) Insufficient 











nw OW Over ere ee 


—e 


1g 
Is 
Is, 
Of 


Is. 


re 
at 
ott 


at 


he 


ire 


its 
ed 
isk 


ace 
to 
rly 
its 
ing 
the 


, of 


ent 











May 9, 1930.] 


ENGINEERING. 





617 














chamfering by the roll-turners; (b) rolls constantly 
maintained too “hollow”; (c) body length too 
small to accommodate properly the width of sheets 
rolled; (d) high roll temperature; and (e) splashing 
of water from necks on to body. Allison states that 
shot-holes are due to casting the roll at too low a 
temperature. Frequently the trouble is barely dis- 
cernible on the lathe, the shots dropping from the roll 
whilst in commission. From investigations made on 
rolls that have failed from chill fracture, it is concluded 
that the defect is due either to: (a) Chill of uneven 
depth, with its resultant irregular coefficients of 
expansion; (5) occluded gases in the grey-iron core 
directly beneath the chill; or (c) a chill having a too 
sharply-defined line of demarcation between itself and 
the core. Frequently (6) and (c) are both found in one 
roll, and Allison attributes them to a high casting 
temperature. 








DEVELOPMENTS IN FUEL ECONOMY 
AT SKINNINGROVE.* 
By Frank BarnBRIDGE. 
(Concluded from page 590.) 


Cleaning of the Surplus Gas.—As increasing amounts 
of blast-furnace gas became available, the spare 
Theisen gas-washer was put into continuous operation, 


Fig 6. DIAGRAM OF APPLICATION OF Fig.6, FLOW-SHEET OF GAS AT SKINNINGROVE 
: COKE-OVEN GAS JETS TO 


ditions in the furnace, however, it has been shown that 
the roof and walls play no vital part in indirect heat 
exchange, and the bath receives its heat directly from 
the burning gases. How extremely important, also, 
is the part played by soot particles in luminous flames 
during heat radiation has been demonstrated by 
research on the laws of gas radiation. 

Application of Coke-Oven Gas.—A consideration of 
the coke-oven gas supply indicated that, in addition 
to the amount being consumed by the soaking pits and 
wash-heater, there should be, with careful regulation, 
|a further surplus available for use in the melting shop, 
| although, in the past, this supply had been too spas- 
modic and irregular for satisfactory continuous applica- 
tion. Further, the conversion of another of the 
soaking pits to both gas and air regeneration during 
the strike, permitted the use of blast-furnace gas only, 
with a further liberation of coke-oven gas for use 
elsewhere. 

An attempt was made to feed a supply of coke-oven 
gas into the slag pocket of one of the open-hearth 
furnaces, just below the gas uptake, but this did not 
permit of satisfactory manipulation, and results were 
erratic. The necessity for some means of supplying 
the gas direct to the hearth of the furnace was 
apparent, and, after several attempts, suitable water- 
cooled burners were devised, which fed the gas into 
the mouth of the main gas port, the burners entering 
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throwing a greater load upon the preliminary static 
washer and its water supply. The position of 
Skinningrove has always called for the greatest con- 
servation of water, and it became obvious that, if 
further wet-cleaning of gas was required, some re- 
arrangement of existing supplies would be necessary. 
It was found possible to do this by re-circulating a larger 
proportion of the water already used in the Theisen 
washers and second half of the preliminary static 
washer. Within the last three months, a new and larger 
type of Theisen disintegrator has been installed, bring- 
ing the total clean blast-furnace gas supply up to 
1-45 million cub. ft. per hour. 

Coke-Oven Gas.—The use of coke-oven gas in the 
open-hearth furnace has developed along two main 
lines, namely, the application of the cold, neat gas 
direct to the laboratory of the furnace, and mixing 
the gas with blast-furnace gas in definite proportions 
and regenerating the mixture before combustion. 

Coke-oven gas is eminently suited to both methods, 
and, although each has its own supporters, there is 
probably considerable value in both. Views on com- 
bustion in the open-hearth furnace have changed 
considerably, and, for a long time, two opinions have 
been in opposition. The old practician considered a 
well-directed flame the most important, whilst the 
theoretical man gave preference to rapid combustion 
in the least space. The influence of the roof and side 
walls on heat transmission was also a matter of dispute. 
As the result of investigations into temperature con- 





* Paper read before the Iron and Steel Institute, 


on either side of the mouth at such an angle as to 
cause the coke-oven gas to mix with the lower part of 
the producer-gas stream whilst still being considerably 
blanketed from the roof by the upper part of the same 
stream. The design and method of fitting these bur- 
ners to the port-end is shown in Fig. 6. 

The restarting of the second battery of coke ovens 
made still further quantities of coke-oven gas available, 
and the installation of burners to all the open-hearth 
furnaces and the mixer has now been completed, 
together with a booster for supplying the gas at a 
pressure of 15-in. water-gauge, which, in turn, has 
relieved all back pressure on the ovens themselves. 
It was also found possible to dilute the coke-oven gas 
supply to the wash-heater with a small quantity of 
blast-furnace gas, by means of a fan and a simple 
non-return valve, with beneficial results both in the 
heating of the bars and economy in gas. Within the 
last three months, as supplies became available, it 
has been possible to augment further the producer- 
gas supply to the open-hearth furnaces by admitting 
approximately 100,000 cub. ft. of blast-furnace gas 
and 30,000 cub. ft. of coke-oven gas per hour directly 
into the producer-gas main, at such a position as will 
allow of intimate mixing with the producer gas and the 
carrying forward of the tarry bodies therein; it is 
hoped to increase these quantities in the near future. 

Control of Gas Distribution.—In order to secure the 
full benefit from the available gas, methods of control 
were instituted by the provision in the first place of 
a suitable electric recorder and a series of diaphragms, 
which would permit of its use on any one of the main 


the need was soon felt for simultaneous readings on 
all mains, and experiments were carried out to determine 
a suitable formula for orifice plate readings, with the 
result that a series of simple differential gauges, 
throughout all clean gas systems, has been estab- 
lished. With the increased pressures of gas obtained 
throughout the works, it was early demonstrated that, 
as long as these supplies were made available, the 
heaters in charge of the soaking pits, &c., would use 
on occasions all the gas at their disposal, and a very 
considerable amount of work has had to be done to 
educate the men in the proper combustion of the gas. 
This did not entirely obviate the difficulty, and an 
electrical regulator was designed to operate a valve 
in such a way as to keep the pressure of the coke-oven 
gas supply to the soaking pits and wash-heater at a 
constant value of 2-in. water-gauge. These regulators 
have been installed at Skinningrove, both on the blast- 
furnace and coke-oven gas supplies, and it has been 
found unnecessary to consider the use of large gas- 
ometers, though the fluctuations in the blast-furnace 
gas pressure are very considerable, owing to the 
absence of double bells. 

A regulator for jointly controlling the quantity of 
both blast-furnace and coke-oven gas to be admitted 
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| | 
| Old Conditions. | New Conditions. 
—_ Cubie Ft. Per | Cubic Ft. Per 








Hour. Hour. 
Total make of uncleaned blast- | 3-3 to 3-7 | 3-3 to 3-8 
furnace gas .. | million | million 
Total cleaned blas-furnace gass 900,000 | 1,450,000 
Cleaned blast-furnace gas dis- | 
tribution : | 
Gas engines and blower wal 650,000 | 780,000 
Soaking pits and wash- | 
heater... ‘ee “el 250,000 230,000 
Mixer | Principally at 315,000 
|  week-ends 
Producer-gas main | Nil Up to 125,000 
Surplus coke-oven gas : | 
Soaking pits, wash-heater, 
and boilers ; ..| Probabiy 45,000* 
| 150,000 
Mixer ‘ag ‘es ..| Only at week- 24,000 
ends 
Open-hearth furnaces eat Nil 83,000t 
Producer-gas main .. «al ” 38,000 
Supply tolocal gasworks... pe 3,000 








* No coke-oven gas to boilers. 
+ Increased output of surplus coke-oven gas due to improved - 
conditions at ovens and to the installation of volume-meters, 


to the producer-gas main has been designed on some- 
what similar lines, but working on differential pressures, 
and is now practically completed. The design of the 
regulator is such that any predetermined volume of 
either gas is supplied up to the limit of the gas avail-’ 
able. A Synchroflo regulator controls the steam 
pressure to the producers and ensures that the correct 
pressure of the three mixed gases supplied to the 
melting furnaces is maintained. cs 

Resultant Economies.—An idea of the present dis- 
tribution of gases at Skinningrove, as compared with 
the approximate conditions existing prior to the 
general strike, may be obtained from the two flow- 
sheets shown in Fig. 8 and the data given in Table I. 

It is hoped to go still further with the application 
of mixed gases to the producer-gas main, and larger 
mains are at present being installed for this purpose. 
At the time of writing, it has been found possible to 
work the open-hearth furnaces and the mixer during 


TABLE II, 


Old } 7 
1 see New 
aren \Cond itions. 
| Monthly — 
Yield. ben 
Item 1.—Make of pig iron (tons) ; | 15,645 | 16,645 
Item 2.—Iron converted into steel (tons) | 7,957 | 11,440 
Item 3.—Make of steel ingots (tons) ..| 10,572 | 14,913 
Item 4.—Coking coal equivalent to coke | | 
used. Cwt. pertonofiron .. .-| 33-49 | 34-99 
Item 5.—Total coal used to convert iron | | 
to finished steel. Cwt. per ton of | 
ingots... na ‘a aa .-| 6-99 | 2-40 
Item 6.—Total coal used (inclusive from 
calcined ironstone to finished sections), | | 
excluding coal used for saleable pig | | 
iron. Cwt. per ton of ingots .. --| 82-20 29-24 
Item 7.—Total coal used (inclusive from | 
calcined ironstone to finished sections), 
including coal used for total make of | 
pigiron. Cwt. per ton of ingots 56-55 41-45 
Item 8.—Calculated coal consumption, | 
assuming all pig iron is turned into | } 
steel. Cwt. per ton of ingots .. +] 40-48 | 87-14 





the week-ends, when the mill is not in operation, 
entirely on the blast-furnace and coke-oven gas avail- 
able at the time, without any producers in operation. 
The average monthly yields and consumptions for the 
last four months during which both batteries of coke 
ovens were working prior to the strike, and those for 








London, on Thursday, May 1, 1930, Abridged. 


gas conduits. This proved entirely satisfactory, but 


January, 1930, are given in Table II. The coal used 
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for calcination and locomotives is not included in the 
figures. No coal is used for reheating or wash-heating 
ingots, as blast-furnace and coke-oven gas only is used 
in these furnaces. 

Item 5 is probably the real indication of the fuel 
reduction, and is approximately equal to 32,000 tons 
of coal per annum. Items 6 and 7 are only included to 
show how the balance of departmental outputs tends 
to reduce the overall coal consumption. It must be 
remembered that, owing to the geographical position of 
Skinningrove, it is uneconomical to make a true 
basic iron, and all steel has, therefore, to be made from 
Cleveland iron. At present, it is necessary to purchase 
further power in the form of electricity from outside 
sources, but recent investigations show sufficient waste 
heat to be available on the works more than to com- 
pensate for this item, and a scheme is under con- 
sideration for its utilisation in waste-heat boilers. In 
conclusion, no claim is made at Skinningrove for any 
special novelty in the use of cleaned blast-furnace and 
coke-oven gas, nor in the methods of use, but it is 
believed that the lines on which the management 
has worked to obtain the extra benefits set forth | 
above will be of interest generally. 











HIGH-LIFT TIPPING-GEAR FOR 
MOTOR LORRIES. 


THE tipping gear which we illustrate in Figs. 1 to7 
on this page and opposite, is of unusual interest 
owing to the exceptionally high lift obtainable. The 
gear is manufactured by Messrs. Bromilow and Edwards, 
Limited, Foundry-street, Bolton, and is made in two 
forms, as shown in Figs. 1 and 2. In the simpler 
form shown in Fig. 1, a single lift is employed, and with 
this arrangement it is possible to tip a load over a wall 
6 ft. in height. The body is hinged to a sub-frame, 
and the latter is connected to the main chassis frame 
by four swinging arms, as shown. When the sub- 
frame is lowered it rests on top of the main frame, and 
is held in position by four brackets bolted to the latter. 
The body is elevated by means of two hydraulic rams, 
each of which is of the telescopic type, with outer and 
inner concentric plungers. The maximum height of 
the sub-frame is fixed by the travel of the outer plunger, 
the latter reaching a stop when the sub-frame is 
approximately 3 ft. above the main frame, and the 
arms have swung through an angle of 75 degrees. At 
this point the inner plunger commences to rise, causing 
the body to tip, and the tipping action continues until 
the inner plunger also reaches a stop, when the body 
is at an angle of approximately 35 deg. with the 
herizontal. 

The arrangement shown in Fig. 2 differs from that 
described in that there are two sub-frames, and the 
ram is provided with three in place of two concentric 
plungers. The height to which the upper sub-frame 
is elevated in this case is approximately 6 ft. from the 
main frame, and material can be tipped over a wall 
9 ft. high. 

The arrangement of the mechanism is shown in | 
detail in Figs. 3 to 7, the first two figures referring to | 
the single-lift arrangement, and the last three to the 
double lift. It will be seen from Fig. 4 that the ram | 
cylinder is pivoted on the main frame of the chassis, | 











and that with the body in the lowered position the 

upper end is inclined forwards. As the body is raised | 
the upper end swings over towards the rear. The 

upper ends of the ram plungers are mounted in a 

cradle, the ends of which carry rollers which register | 
with the inside of the sub-frame channel, thus serving 

to lift the sub-frame while allowing the ram freedom 

to swing. With the dcuble-lift arrangement shown in | 
Fig. 6 two cradles are provided, the rollers on the | 
ends registering respectively with the upper and lower 
sub-frames. The pins by means of which the sub- 
frames are pivoted to the outer and middle ram plungers 
are clearly shown in Fig. 5, together with the trunnions 
on the cylinder body which serve to support the ram 
in the cross-frame attached to the main frame. This 
cross-frame is shown in plan in Fig. 7. The cradles | 
are built up from 4 in. by 2 in. by j-in. channels, and | 
the swinging arms are steel castings. The pump which | 
supplies oil to the rams is mounted in the position | 
shown in Fig. 4, and is driven by a special shaft from | 
the gear-box. It is of the makers’ standard recipro- 
cating type with three plungers, and is controlled from 
the driver’s cab. 








British PropucTION oF P1G-IRON AND STEEL.— 
The number of blast furnaces in operation at the end of 
March, according to the monthly note of the National 
Federation of Iron and Steel Manufacturers, was 157, 
a net decrease of five since the beginning of the month. | 
The production of pig-iron in March amounted to | 
665,800 tons, compared with 607,000 tons in February | 
and 590,500 tons in March, 1929. The March output of | 
steel ingots and castings amounted to 826,100 tons, | 
compared with 776,400 tons in February and 859,900 
tons in March, 1929. } 


HIGH-LIFT LORRY-TIPPING GEAR. 


CONSTRUCTED BY MESSRS. BROMILOW AND EDWARDS, LIMITED, ENGINEERS, BOLTON. 











Fie. 1. Sryeue-Lirr Gear. 
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THE DISTRIBUTION OF STEAM IN 
LARGE FACTORIES.* 
By Franots Carnecie£, C.B.E. 
(Concluded from page 588.) 


III.—Accountina ACCURATELY FOR Unir Cost oF 
STEAM AT GENERATING AND User CENTRES. 


THE cost of steam generation and distribution, it is 
submitted, can only be obtained by a system of works 
accountancy which will furnish the management with 
current and up-to-date returns of unit costs under the 
various items of expenditure which go to make up 





* Paper read before the Institution of Mechanical 
Engineers, on Friday, April 25, 1930. Abridged. 





the total costs. Such a system was introduced into 
the Ordnance factories some eight years ago by Mr. R. 
Townsend, C.B.E., Director of Factories, War Office, 
and its value has been demonstrated again and again, 
not only in the costs of the products but in the costs 
of services, such as electric power, gas, steam, Xc. The 
application of this system to steam costs has put into 
the hands of the management an excellent instrument 
by which they are able to see where costs can be pruned. 
Cost sheets including technical details are prepared, 
circulated, and discussed in considerable detail by the 
departmental staff concerned. Those expenses which 
are within the control of the supervisory staff are 
sent to them periodically for scrutiny ; frequently they 
are able to put their fingers on the weak spots and 
suggest ways and means of reducing costs. In order 
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to facilitate comparison of the details in different periods 
all the services are costed in periods of four weeks. 

In building up the actual costs careful consideration 
was given to the question of the main and subsidiary 
heads under which they should be recorded. This was 
done with the object of simplifying comparison and to 
allow the cause of any undue increase in cost to be 
quickly traced. The division made is here shown: 
(a) Operating Costs: Fuel.—This is subdivided into 
the heads which are affected by the price and quality 
of the fuel supplied, namely :—(1) Actual purchase 
price of fuel; (2) Cost of unloading and delivery to 
boiler-house ; (3) Cost of disposal of ashes. Boiler-house 
Labour.—(1) Stoking ; (2) Coal wheeling; (3) General 
labour. Water Supply.—The cost of boiler cleaning 
is included as it is affected principally by the success 
of the water treatment. (1) Cost of water; (2) Water 
softening and treatment; (3) Boiler cleaning. Mainten- 
ance Services.—This is it:mised for each portion of 
the main plant and buildings. (6) Overhead Costs.— 
This includes general supervision, depreciation of plant 
and buil lings, general services of the factory, rates, &c. 
(c) Distribution.—All costs in connection with the 
mains, steam-traps, &c., are included, due allowance 
being made for the steam lost in condensation. 

The technical results obtained in each boiler-house 
as shown on the weekly record, are summarised for 
each four-weekly accounting period. An analysis of 
steam costs is then made on another form. This infor- 
mation has proved most useful, not only in checking 
and improving the results obtained from the installed 
Plant, but has also provided a basis for forecasting 
with confidence the financial effect of any projected 
alteration in methods or policy. A summary of this 
sheet, is also prepared and circulated to the heads of 
the production departments, so as to keep them in touch 
with the costs of their steam supplies. 
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IV.—Creoxine Steam ConsUMPTION. 


In order to allocate the correct charges for steam to 
each user it was necessary to check the consumption 
and account for the steam used. It was comparatively 
easy to criticise the design and performance of the 
appliances used and to remedy the more obvious defects, 
but to check wasteful use of the supplies was more 
difficult, and required a closeness of supervision and 
contact with the work being done in the production 
shops quite beyond the powers of the small staff re- 
sponsible for th control of distribution. It was neces- 
sary, therefore, to secure the active co-operation of the 
production staffs towards the avoidance of waste, &c. 
This was not easy. Arguments based upon the cost of 
the supply to the factory were met at first with the 
attitude that as steam costs were allocated to shops 
on a percentage basis it was of little use for a foreman 
to exert himself to obtain savings which would not be 
credited to his shop but shared among others. It thus 
became necessary to determine and allocate the actual 
steam consumption of each shop with reasonable 
certainty. Two lines of attack upon this problem were 
pursued. 

(a) Metering.—The possibility of actually metering 
the steam was considered. A 3-in. diameter main was 
adopted as the smallest on which it was financially 
sound to provide an accurate meter. Thirty-nine meters 
were installed on the larger and more important mains. 
It was decided to adopt an orifice plate type of meter 
in which the differential pressure due to the steam-flow 
was communicated to a mercury U-tube, the movement 
of which was transmitted electrically to suitable indi- 
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cating and integrating instruments. This allowed the 
groups of recording instruments to be centralised in 
convenient positions in the boiler-houses, and gave 
centralised control of the main distribution system. 
At the commencement some difficulties were encoun- 
tered, chiefly on account of the novel character of the 
instruments, but when the staff had become used to . 
them, they proved both accurate and reliable, and have 
assisted very greatly in securing efficient control. The 
number of instruments in use was extended to fifty, 
the new ones purchased being of an improved type. 

(6) Estimation of Steam Used on each Consuming 
Appliance.—In order to subdivide the quantities of 
steam indicated upon each meter, it was decided to 


Taste VII.—Technical Results of Boiler-House 


























Concentration. 
Prior to On 
— concentra- | completion 
tion. of schemes. 
Plant 
Boiler-houses in use oa ws 7 9 
ve in reserve .. oe _ 3 
Total 47 12 
Boilers installed .. int Fer 228 66 
»  inuse ~ 110 39 
Operatires— 
Men employed on steam production 
on maximum load :— 
Leading stokers and stokers 112 41 
Coal wheelers i ae 42 13 
Boiler and flue cleaners .. - 43 6 
Water-softening attendants we 3 3 
Running repairs j oe “4 12 : 
General labourers .. 16 4 
Total 228 74 
Steam Production.—Per annum ip 
thousands of pounds .-| 1,000,000 920,000 
(approx.) 
Thermal Ejficiency.—Average not 70-7 
ascertained per cent. 











work upon a basis of actual consuming units, each 
unit being assessed at a certain hourly rate of steam 
consumption, arrived at where possible by actual 
test, the actual time during which such units were 
Finally, the oppor- 
tunity was taken to combine this work with the 
control of the main steam distribution, and the 
two records are bound in the same book, the same 
man being held responsible for both records in 
his particular district. The figures recorded show the 
actual hours of supply of steam to each consuming 
appliance. As an example of what has been accom- 
plished, it was found, to begin with, that the amount of 
steam actually shown upon the meters as being con- 
sumed by a group of shops was very considerably in 
excess of the preliminary assessment arrived at in the 
manner indicated above. The foremen and assistant 
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foremen concerned were informed that the new system 
of allocation of steam to their shops was based on actual 
fact, and that if the savings in consumption were realised 
they would actually be credited to them. This had 
the desired effect, for in the course of twelve months 
the meters began to show that less steam was actually 
being consumed than given by the assessment figures, 
and the reduction in steam consumption for the same 
work was in the neighbourhood of 20 per cent., due to 
the careful adjustment of the steam supply to the work 
being done instead of leaving it full on during the time 
of use. When the monetary value of such a reduction 
was estimated, it was found that the system had fully 
justified itself. 

Before leaving this record of what has been accom- 
plished with comparatively little alteration to the plant, 
it may be as well to give in a tabular form the technical 
records of the operation of the scheme; this is shown 
in Table VII. The capital cost of the scheme was amply 
justified, and enabled the steam bill to be reduced to 
nearly one-third its previous amount. 


V.—GENERAL RESULTS OF STEAM INVESTIGATION. 

The author submits figures, based upon his experi- 
ence at Woolwich with many types of boiler plants, in 
the hope that they may be useful to other members 
who muy be faced with similar problems. When con- 
sidering the relative economy of steam production of 


various types of boiler plant in common use, and) 


a33033ing their comparative advantages for any parti- 
cular case, it is necessary to have definite figures for 
the prices of the various grades of fuel available and 
the rate of wages paid. The comparative cost figures 


So far as the Roya] Arsenal is concerned, they appear 
to show clearly the advisability of working toward 
centralising the steam generation during peace condi- 
tions in one boiler-house taking its fuel direct from 
steam colliers. 

General Conclusions.—(1) That in factories where 
steam is generated in separate and scattered boiler- 
houses it is economical to concentrate the supply of 
steam, either at definite steam-load centres, or at one 
centralised steam-production centre, dependent on the 
size of the factory and on local considerations. 

(2) That where a considerable steam load exists within 
a prescribed area in which there is a large high-pressure 
steam-generating plant, eg., an electric generating 
station, possessing facilities for the economical purchase 
and handling of its coal, a common supply of steam may 
be given therefrom at a lower cost than the supply from 
separate boiler plants. If power requirements also exist 
in the area, the use of bleeder turbines in conjunction 
with the common steam supply may give still greater 
economy. The adoption of such a system would entail 
special care in the treatment of feed-water owing to 
the high percentage of make-up entailed. 

(3) That, provided a reasonably large total load is 
assured, steam may be economically distributed for the 
heating of buildings and for cooking purposes, &c., to 
considerable distances from a central generating plant 
at a price per therm not greater than the cost of solid 
fuel burnt in small local heating installations, whilst 
its greater cleanliness and ease of control are of distinct 
advantage, and are gained at a much lower cost than 
that of either gas or electricity. 

(4) That the relative cost of generation of steam in 


Fig. 19. RELATIVE ECONOMY OF VARIOUS TYPES OF BOILER PLANT UNDER WOOLWICH CONDITIONS 
LOAD FACTOR 30 PER CENT. 


t of Steam in Pence per Thousand Lb. (Load 
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factor 302)based on Figures given in Paper. 
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given in Fig. 19, are based upon the following, which 
are approximately correct for a large riverside factory 
in London equipped with its own facilities for accepting 
delivery by water :— 
Delivered to 
Boiler-House 


Bunker. 
es. d, 
Coal, steam, screened North Country ; 
average calorific value as delivered, 
12,500 B.Th.U, per lb., per ton <* @S0e S 
Coal, washed peas, for mechanical 
stokers; average calorific value as 
delivered, 11,000 B.Th.U. per Ib., 
per ton soe “ee oe -- 18 3 
Coal, washed — delivered direct 
from ship to boi'er-house, per ton... 17 0 
Coal, small, suitablo for pulverised fuel 
firing; average calorific value, | 
12,000 B.Th.U. per lb., per ton 14 9 | 
Coal gas, per therm oe re 0 5 
Stokers’ wages, per week of 47 hours 56 0 


Coal wheelers’ wages, per week of 47 
hours ... as cas $e i Oe 
The effect also of variations of load upon the thermal 

efficiency of the plant must be considered. For this 
purpose it is assumed that the plant is being operated 
for fifty-two weeks per ainum during normal factory 
hours. These are: day shift working, 7 a.m. to 5.30 
p-m.; double shift working, 6 a.m. to 10 p.m.; and 
three-shift working, 6 a.m. to 2 p.m., 2 p.m. to 10 p.m., 
and 10 p.m. to 6 a.m. Full advantage is taken of the 
provision of units of plant to operate only so many 
units per day as are necessary to carry the peak load 
for that day. When boilers are out of use fires are 
supposed to be drawn. 

To show the relative economy of various types of 
plant under the conditions in the Ordnance Factories 
when worked at a 30 per cent. load factor, calculations | 
have been made and the results plotted, upon a capacity 
base, in Fig. 19. Before action is taken, such figures | 
should be worked out to suit the local conditions of | 





Water- Boilers with 
Tube Boulers with Compartment Stokers 
Water TubeBoilers with Stokers, 
Air Heater & Direct Delivery of 
Z 3 4 5 6 7 8& 30000 2 
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various types and sizes of boiler plant is affected greatly 
by local considerations, not the least of which is the 
proximity to a suitable coal supply, and the method of 
internal handling of this material. In the case of a 
factory which has facilities for taking in sea- or rail- 
| borne coal at its own wharf or siding, a centralised 
boiler-house receiving its coal direct from the vessel or 
siding has an immense advantage compared with a 
series of scattered boiler-houses to which the coal must 
be delivered at an additional cost of several shillings 
per ton. In such a case it is manifestly cheaper to dis- 
tribute steam in bulk over any distance normally found 
in a single factory than to deliver specially a corres- 
ponding amount of coal. 

(5) That the relative effects of capital expenditure 
| and labour charges depend upon the scale of operations 
| and the load factor upon the plant, as well as upon the 
type of plant installed. The thermal efficiency of the 
| plant is affected not only by its general design, and the 

care with which its heating surfaces are proportioned 
| and arranged, including the waste-heat recovery plant, 
but also by the heat capacity of the plant itself, and by 
the extent and arrangements of the radiating surfaces 
from which stored heat can be lost during periods of 
idleness or low load. 

(6) That the effect of large heat capacity in a plant 
is most deleterious when short-period intermittent 
working is imposed by the load conditions, for example, 
with Lancashire type boilers. For reasons given pre- 
viously, it is found that bringing up the output of a 
boiler to full load involves the loss of at least one hour’s 
full fuel consumption as compared with steady full-load 
working. 

(7) That the transmission of high-pressure steam 
over any distance normally found in a single factory is 
perfectly feasible and practical from the purely technical 
point of view, and that the efficiency of a properly- 
| planned distribution system can be made much higher 
than is generally supposed. 

(8) That the economical aspects of long-distance 





each factory to show what savings, if any, may be/| distribution or conveyance of steam depend entirely 


effected by a scheme of boiler-plant concentration. | 


upon the relative costs of generating steam in centralised 








as compared with scattered boiler-houses, and upon the 
size of the factory, it being necessary to gain in increased 
economy and efficiency of generation more than the 
losses in an extensive distribution system. 

(9) That technical records are essential to the man- 
agement of a steam production and distribution plant, 
if thermal efficiency and financial economy are to be 
obtained. 

(10) That a cost-accounting system is necessary to 
enable accurate detailed costs to be in the hands of 


| the management for examination and criticism at the 


earliest date possible after the actual expenditure. 
The records provided by such a system at once throw 
into relief any high points in the cost of production and 
distribution, and suggest ways and means by which a 
reduction in cost may be effected. 

Though this paper deals with the economical genera- 
tion and distribution of steam in the Royal Ordnance 
Factories, Woolwich, it is thought that members 
associated with other large establishments might find 
therein information which would enable them to reduce 
costs in this direction. For the experimental and 
technical investigations made, and for invaluable 
assistance rendered in the preparation of the paper, 
tables and figures, the author desires to record his in- 
debtedness to Mr. Newton Booth, B.Sce., his assistant 
mechanical engineer. 





CATALOGUES. 


Compressors.—T wo bulletins giving particulars of many 
installations of compressors are to hand from Messrs. 
Rateau Company, 28, Russell-square, London, W.C.1. 


Motor-Car Supplies.—Some notes on heavy oil engines, 
light aeroplanes, and industrial vehicles are given in the 
house journal ‘‘ Accessory ’”’ issued by Messrs. Brown 
Brothers, Limited, Great Eastern-street, London, E.C.2. 


Cement.—Descriptions and illustrations of roads, docks, 
factories and public buildings, constructed of Ferrocrete 
and Snowcrete are given in the bulletin issued by Messrs. 
The Cement Marketing Company, Limited, Portland 
House, Tothill-street, London, 8.W.1. 


Electrical Machinery.—Turbo-generators, motors, 
transformers, automatic pumping stations, and turbo- 
blowers are described, with some informative text and 
good illustrations, in the two latest numbers of the review 
issued by Messrs. British Brown-Boveri Limited, 56, 
Victoria-street, London, S.W.1. 


Commercial Motor Vehicles.—The gazette issued by 
Messrs. The Associated Equipment Company, Limited, 
Southall, Middlesex, illustrates several omnibuses built 
by the firm and a number of other vehicles, including road 
sprayers, cess-pit emptiers, and wagons for which A. E. C. 
driving units have been supplied. 


Oil Engines.—A catalogue of two-stroke, solid-injection 
oil engines is to hand from Messrs. Nydqvist and Holm, 
A.-B, Troéllhatten, Sweden. The text, which is in English, 
gives full descriptions of the principal working parts, 
and includes tables of sizes of engines from 70 h.p. to 
360 h.p. with from two to six cylinders. 


Coal-Mining Plant.—Messrs. Goodall Clayton and 
Company, Limited, Hunslet, Leeds, have issued a new 
catalogue of colliery machinery illustrating many inter- 
esting examples of pit head-gear, coal screens, elevators, 
conveyors, picking belts, tub and wagon tipplers, aerial 
ropeways, and carbonising plants with coke-handling 
machinery. 

General Machinery.—The latest number to hand of the 
journal issued by Messrs. Escher Wyss and Company, 
S.A., Zurich, Switzerland, contains descriptions of their 
products, including salt-works plant, fish-offal treating 
plant, a large electrically-welded pipe line and three of 
the turbines for the Shannon power station. The firms 
London office is at 20, Grosvenor-gardens, S.W.1. 


Electric-Motor Control Gear.—Messrs. Brookhirst 
Switchgear, Limited, Chester, have issued a pamphlet 
illustrating a number of machine tools and woodworking 
machines in which their electric motor control gear has 
been incorporated. Special equipment for each type ot 
machine is made, the designs being arrived at in co- 
operation with the machine-tool makers, with the object 
of making the machine self-contained and conveniently 
controlled. 


Driving Ropes.—A catalogue to hand from Messrs- 
Frank Wigglesworth and Company, Limited, Shipley: 
Yorks, aims very successfully, at giving all necessary 
practical information about rope driving, including 
short-centre drives up to several hundred horse-power, 
at ratios up to 7 to 1. A large number of the latter 
are illustrated, consisting mainly of drives from small 
pulleys on electric motors to large pulleys on machines 
or line shafts. The list of standard drives in stock, and 
a further list of sizes made to order cover a very large 
range of requirements. They are known as Texrope 
drives. 

Steels—Four new catalogues to hand from Messrs. 
English Steel Corporation, Vickers Works, Sheffield. 
deal with the following products: A new steel specially 
suitable for rolling forging, drop stamping, and welding 
under the hammer or electrically, named Cammell’s 
Supertough C.20; standard rivet snaps for use with 
pneumatic hammers; standard chisels for pneumatic 
hammers ; and case-hardening boxes of special material 
in a considerable variety of shapes and sizes. In all 
cases dimensions, tests of quality and working instructions, 
are given. 
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A SIMPLE TRANSMISSION DYNAMO- 
METER. 
By E. Grrren and C. M. Wurre. 


THE measurement of the power consumption of 
any machine while it is actually working under 
normal conditions presents a problem which has led 
to the design of various forms of transmission dyna- 
mometer. These being for the most part of the 
torsion-meter type, depend for their action upon 
the twisting of a shaft. The apparatus required to 
measure the twist must be delicate, thus necessitat- 
ing highly-skilled workmanship in construction, and 
careful handling in operation. Moreover, a con- 
siderable space is required to accommodate the 
necessary length of shaft. 

The dynamometer described below was designed 
to overcome these disadvantages. The torque re- 
action principle has been adopted, enabling the 
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centre distance it is unnecessary to provide means 
for tightening the chain, which is of the inverted 
tooth type, 1} in. wide and 8 mm. pitch. The 
sprockets and gear wheels are of steel, the latter 
being hardened ; all four are keyed to their respective 
shafts. Self-aligning double-row ball bearings are 
used to support the shafts, the inner races of the 
bearings being located on their respective shafts 
by suitable distance pieces. The outer races are 
located where necessary by means of spring rings 
which expand into suitable recesses in their hous- 
ings. The aluminium casing or frame is in halves 
with a horizontal joint passing through the centre 
lines of the bearing housings. This construction was 
adopted to give easy access to the parts in view of 
the experimental nature of the instrument. Split 
housings for ball bearings are, of course, to be 
avoided as a general rule, but in the present case 
the halves of the aluminium casing were bolted 








size, while the vertical dimensions are identical with 
those of the main casing. Since the centre line of 
the compensating chamber is 400 mm. from the 
pivot, and the main oil bath is 48 mm., it follows 
that the centroid of the combined oil surface is 
vertically below the pivot, irrespective of the amount 
of oil in the system. Therefore, the balance of the 
system, as a whole, is unaffected by variation of oil 
level. 

While there is no reason to suppose that the 
balance, once adjusted, might subsequently change, 
nevertheless, there are occasions when it is desirable 
to be able to verify the accuracy of the setting. For 
example, when a consulting engineer is called in to 
carry out an impartial test of commercial plant, it 
is essential that he shall satisfy himself that all 
measuring devices are correctly set and adjusted. 
In the case of the experimental instrument described, 
this consideration did not arise, and no direct 
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transmitted torque to be measured directly, instead | together with fitted bolts before the bearings were 


of being indicated by a minute elastic deformation. | bored, thus reducing to a minimum the risk of | 


Extensive tests of the instrument have been carried | distortion of the outer races of the bearings. The 


out, and have shown that the original aims with | lower half of the casing forms an oil bath for the | 


regard to a high degree of accuracy have been fully | gears, the teeth of which are just immersed. The 


provision was made to permit a rapid’ verification 
of the zero equilibrium. It was considered that 
should the need arise, it would be a simple matter to 
disconnect the chain. In a commercial instrument, 
however, provision would be made to disconnect 





attained, and this with a design which is essentially | splash from the gears ensures adequate lubrication | one or other of the wheels from its shaft, a sliding 
robust, foolproof and compact. |for the chain and bearings. An inspection cover is | key or simple clutch being used for the purpose. 
Figs. 1, 2 and 3 show the general arrangement. It | provided on the top of the upper half of the casing.| In considering the foregoing description, it should 
should be mentioned here that the particular instru-| The torque arm Gis a light box section aluminium | be borne in mind that the original aim was to design 
ment shown replaces a flanged coupling between | casting bolted to the main casing. This arm carries | an instrument considerably shorter than the torsion 
two machines, and that it was designed to transmit | the hardened steel knife edge J, from which the | meter type. At the same time, it was necessary 
10-h.p. at 2,000 r.p.m. The power is transmitted | weights are suspended. A light spring balance may | that the accuracy of measurement should be of the 
from shaft A to shaft B through the layshaft C by | be used in the usual manner above the arm to read order of 1 per cent., and further, that this degree of 
means of the chain D and spur gears E. The main |sub-multiples of the individual weights. The whole | accuracy should be maintained at reduced loads, 
casing or frame, F, pivots about the shafts A and B | instrument is balanced about the axes of the shafts | even down to one-tenth full load. ) 
which are coaxial. With this arrangement the torque | A and B, an adjustable counterpoise K being pro- When figures are given describing the accuracy 
reaction on the casing is equal to the arithmetic sum | vided at the end of the torque arm. of measurement in connection with any instrument, 
of the input and output torques. The combined| Addition of oil to the oil bath might be expected | they are frequently of an optimistic nature, giving 
reaction is balanced by a load applied at the end | to destroy the balance, since the oil bath is offset | the accuracy of measurement at full load. Many 
of the horizontal arm G, so giving a direct measure- | with regard to the pivoting axis. To compensate |of the errors met with remain approximately 
ment of the transmitted torque. |for this, a small chamber L has been provided. | constant in magnitude over the range of measure- 
Fig. 4 shows the transmission gear with the casing | This chamber, which is in communication with the | ment, so that frequently an error of 1 per cent. at 
removed. The shafts are 1-in. diameter throughout | oil bath by the pipe M, is really a distorted replica | full load implies an error not far short of 10 per cent. 
and the centre distance is 96 mm. This distance is | of the lower half of the main casing. The linear | at one-tenth full load. In view of this, it will be 
the pitch circle diameter of the gear wheels which | appreciated that in the present case, the permissible 


; : 48 
have 24 teeth of 4 module. On such a short horizontal scale of the chamber is af 400 of full | magnitude of errors of the constant type was limited 
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to a figure consistent with an accuracy of one part 
in a thousand at full load. 

As described later, the results of extensive tests 
have shown that, over the complete working range, 
the dynamometer does actually measure a trans- 
mitted torque with an accuracy of plus or minus 
one-half of one per cent. That this accuracy has 
not been obtained by any sacrifice of simplicity of 
construction, is clear from the foregoing description 
and photographs. There are no delicate parts 
whatsoever, nor, indeed, any parts liable to give 
rise to mechanical trouble. The robust nature of 
the construction eliminates the need for any special 
care in handling, and the instrument is essentially 
suitable for use under workshop conditions. Further, 
the working parts are of a type readily obtainable, 
the limits of accuracy being those of ordinary com- 
mercial products. 

As regards performance under actual working 
conditions, the dynamometer has been in regular 
use for the last six months in the Engineering 
Laboratory of King’s College, London, and has 
proved to be silent, reliable, and entirely satisfactory. 

In a dynamometer of the type described here, 
the torque reaction on the casing is the sum of the 
input and output torques. In general, the torque 
to be measured is the output torque, which differs 
from the input torque, by a small amount depending 
upon the internal friction of the mechanism. 
Therefore if the combined reaction on the casing 
were simply divided by two, a somewhat erroneous 
result would be obtained, owing to the inclusion of 


in Fig. 5. The arms of the brake and the dynamo- 
meter were of equal length, and these arms were 
directly coupled to the ends of the cross-lever, 
whose arms were made in the ratio of two to one, 
to take into account the fact that the dynamometer 
reads twice the transmitted torque. With this 
arrangement, since each part had been independently 
balanced, the whole system, except for the internal 
friction, was in equilibrium for all conditions of 
speed and load. The internal friction was accord- 
ingly directly measured by weights hanging from 
the dynamometer arm. 


Fig.6. 
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half the internal friction. Before this difficulty can 
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form of ratios. In the present case, the variables 
or potential variables include :— 


W_  ([Mj_ mass of dynamometer 

g [ we gravitational acceleration. od 
ete 

p (al density of lubricating oil. 


M : +20 OT Li . 
bw & 4 viscosity of lubricating oil. 


a8 


speed of rotation, revolutions. 


h {Lj depth of oil in oil bath. 
M L? : 
Ty [: T2 | transmitted torque. 


ML? 
Ty [vas “| frictional torque. 


In this list the symbols in the square brackets 
indicate the dimensions of each of the variables. 
Taking these into account, the general relation 
connecting the variables may be written* 

[ uw = WNE ph? Tep Typ 
*Lwop’ 98)’ 





W Weg? wigs | ~ 

or, multiplying the first term by the second and, 

dividing the fifth by the fourth, then solving for the 

fifth : 
ng, [HWS pit Te p 

melliiieitate ER eo,” wel 

in this equation ¢, is some unspecified function 

which can only be determined by experiment. Its 

nature is most readily found by plotting T, against 

T;. This has been done, and some typical results 

are shown in Fig. 6. It is seen that a sensibly 
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be overcome, it is necessary to’ know the manner in 
which the internal friction varies with change of 
working conditions. To this end, tests were 
carried out over a very wide range of conditions, 
and the laws connecting the variables determined. 
These laws were found to be of a simple nature ; 
the major part of the friction being directly propor- 
tional to the torque, and independent of the other 
variables. As explained later, this part of the 
friction was mechanically subtracted from the 
measured torque, by the simple expedient of making 
the torque arm slightly longer than its nominal 
dimension. 

It may be pointed out that, although the accurate 
determination of the internal friction presented 
considerable difficulty, nevertheless, it appeared 
particularly desirable to obtain reliable data, since 
the dynamometer wa; the first of this design. 
The tests took the form of a direct comparison 
between the dynamometer and a friction brake of 
the band type, which had been previously tested to 
determine a suitable allowance for windage. Fig. 5 
shows the dynamometer mounted between the brake 
and an electric motor. The obvious method of 
testing would have been to compare the weights on 
the brake arm with those on the dynamometer arm, 
but this process, unfortunately, involves the sub- 
traction of two nearly equal quantities, and the 
resulting small difference would be unreliable unless 
a very high degree of accuracy were attained in 
measuring each of the larger quantities. To avoid 
this difficulty, the subtraction was performed 
mechanically by means of the long cross-lever seen 


The variables under consideration included 
speed, load, oil level and viscosity. The speeds 
ranged from 2,200 r.p.m. down to 200 r.p.m., the 
torques from 50 lb.-ft. down to zero, while the 
viscosity of the oil ranged from 4-5 C.G.S. units 
down to 0-7 C.G.S. units. The oil level was varied 
by j-in., the maximum variation permitted by the 
design. 

Here, as in most engineering problems, several 
variables are involved, and a systematic treatment 
is desirable. The principle of dimensional homo- 
geneity provides the most suitable basis for this 
purpose, and the test results have been analysed 
accordingly. The essential feature of the principle 
is the underlying idea, widely recognised of course, 
that any problem should be described in terms of 
ratios built up from relevant variables ; that is—in 
terms of numbers extracted from the problem itself. 
In fact, it may be stated, as a generalisation, that 
a problem is incomplete if recourse must be made 
to the arbitrary standards of measurement in order 
to describe it. And any conclusion resulting from 
the study of such a problem will, in general, only 
apply to the one set of conditions under considera- 
tion. It is easy to see that the friction torque in 
the dynamometer, if expressed in terms of pounds 
and feet, can be expected to apply to only one 
particular dynamometer working at one particular 
load, but if the friction is expressed as a fraction of 
the transmitted torque, then it becomes far more 
general, and may, perhaps, apply to other sizes also. 

In applying the principle of dimensional homo- 
geneity, all the variables must be considered in the 
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linear relation connects friction and load, and that 
the slope of the line is practically the same for a 
variety of conditions—that is, for a range of values 
of each of the terms of g,. This characteristic 
holds throughout the complete range of the instru- 
ment, the relation between friction and load being 
of the form T; = A T;, -+ T,, where A is a constant 
for all conditions, and T, (the friction at no load) is a 
relatively small fraction depending upon the con- 
ditions of the test. The value of A was found to be 
0-015.+ Actually this part of the friction effect is 
automatically subtracted by making the dynamo- 
meter arm 1-015 times its nominal length, and there 
remains only T, to consider. 

To determine which of the conditions govern the 
no load friction T,, it is only necessary to substitute 
T, in place of T, ; and, remembering that there is now 
no transmitted torque to consider, the equation 
becomes 

T) = Wig Sa AL dd 
oT pk: hsp’ Fiat Ww 
¢, as experimentally determined is shown in Fig. 7, 
where no load friction is plotted against the first 


term of the function, namely, ~— (actually for 
convenience the cube root of this term is used). It 


Phil. Mag., Vol. xlii, page 


N?n WN 6 | 





* See E. Buckingham, 
696, 1921. 

+ Aslightly higher value than 0-015 appears to fit the 
data of Fig. 6. There was, however, an error of 0:21 
per cent. in the lengths of the arms of the cross lever 
and this error was ignored to avoid labour in calculation. 
The value for A has been corrected to eliminate the 





previous neglect of the error. 
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will be seen that all the points conform to a single 
line within the limits of experimental accuracy, 
from which it follows that the second and third 
terms of ¢, are without influence, and so may be 
disregarded. Fig. 7 shows that T, varies from 
0-02 Ib. at 18 in. to 0-22 lb., a total range which is 
less than 1 per cent. of the full load torque. A 
counterpoise of 0-12 lb. may therefore be used with 
fair accuracy to compensate approximately for T,, 
in which case the error due to the approximation will 
not be greater than + 0-3 per cent. at full load, a 
figure close enough for most purposes. For precise 
results, particularly at light loads, the actual value 
of T, may be read from Fig. 7 and applied as a 
correction, or, alternatively, a movable counterpoise 
may be used. 

The high degree of accuracy actually attained 
during the tests is clearly shown in Figs. 8 and 9. 
Here all the tests under load are collected, and the 
discrepancy between the dynamometer and the 
friction brake is plotted against load and speed 
respectively. The dynamometer readings have been 
corrected in accordance with the expression T; = 
0-015 T,; + Ty, where T, is taken from the mean 
line shown in Fig. 7. It will be seen that over the 
whole range all the points may be said to lie within 
+ 4 per cent. of the true value. There is no syste- 
matic deviation, except perhaps for a slight down- 
ward trend in Fig. 8, which is due to the neglect, as 
explained previously, of the error of 0-2 per cent. 
in the cross-lever used in the tests. These figures 
indicate that even at one-tenth full load, the 
dynamometer may certainly be relied upon to give 
an accuracy of measurement of 1 per cent. 

A particular advantage of the dimensional 
method of treatment used above is that the experi- 
mentally determined functions ¢g, and ¢, are not 
necessarily restricted to one particular size of 
mechanism, but may be expected to apply also to a 
wide range of sizes, provided, of course, that the 
general design is not materially altered. In short, 
three additional variables, or potential variables 
(in this case—size, density of oil, and gravitational 
acceleration) may be introduced into the problem 
without, in theory, involving any additional experi- 
mental work. In practice, some additional evidence 
is certainly required before the results can be accepted 
as applying to other sizes of mechanism ; and in the 
present case, in the absence of tests on other 
dynamometers, this evidence is not available. 
Such additional evidence is rendered necessary by 
the possibility that some important term may have 
been omitted from the original statement of the 
problem. All methods of theoretical treatment are 
subject to this risk, and any particular method can 
only be justified ultimately by its success in enabling 
experimental results to be predicted. 





THE INTERNATIONAL RAILWAY 
CONGRESS, MADRID. 


As many of our readers are probably aware, the 
first of the series of International Railway Congresses 
was held in Brussels in 1885, in connection with 
the Jubilee of the Belgian Railways, and since 
that time congresses have been held at intervals 
of a few years in various European capitals, and 
also in Washington, D.C. The ninth congress was 
held in Rome in 1922, and at that congress it was 
decided to hold the tenth congress in Madrid in 
1927. Subsequently, however, it was thought that 
the International Railway Congress Association, 
which organises the congresses, should participate 
in the Railway Centenary celebrations held in this 
country in 1925, and the tenth congress was conse- 
quently held in London in that year. The deferred 
Madrid congress, which thus forms the eleventh of 
the series, is now in progress, the formal opening, 
by H.M. The King of Spain, having taken place at 
the Senate House in Madrid in the afternoon of 
Monday, the 5th instant. 

It may be appropriate to explain here that the 
object of the Association is to facilitate the progress 
and development of railways by holding periodical 
Congresses, and by means of publications. It is 
composed of State Railway Administrations and 
other administrations directly concerned with the 
working of public-utility railways in countries 


a Permanent Commission composed of ex-presidents 
of the sessions of the congresses, ex-officio members 
and elected members, the latter being chosen to 
represent the different nations concerned. From 
the Permanent Commission is formed an Executive 
Committee who hold office for the period between 
two congresses. Attendance at the congresses is 
limited to officers and members of the Permanent 
Commission, delegates appointed by the various 
participating administrations, governments and 
organisations, secretaries of the sections into which 
the work of the Association is divided, and reporters 
appointed to deal with the subjects to be discussed 
by the sections at the congresses. The first business 
at each congress is the election of officers of the 
Permanent Commission, and at subsequent sectional 
meetings the officers of the sections are elected. At 
present there are five sections dealing, respectively, 
with Ways and Works, Locomotives and Rolling 
Stock, Working, General Matters, and Light 
Railways and Colonial Railways. Various subjects 
covered by the main heading are discussed in each 
section, the discussions being based on reports 
prepared for different countries or groups of 
countries. Abstracts of the sectional discussions 


necessary, of any opinions expressed at the general 
meeting, are inserted in the minutes. 

At the Madrid Congress, the morning of Monday, 
May 5, was occupied with meetings of the Executive 
Committee and the Permanent Commission, the 
President of the latter, M. E. Foulon, director 
general of La Société Nationale des Chemins de 
Fer, Belges, afterwards receiving the delegates at 
the Senate House, where the meetings are being 
held. As already stated, the session was formally 
opened by H.M. The King of Spain in the afternoon. 

His Majesty, in opening the meeting, called upon 
the Spanish Minister of Public Works and Transport, 
and the Minister, Sefior Matos, referred to the great 
scientific value of the Congress, and expressed 
gratitude to the Government and Administrations 
that had sent representatives to the Congress and 
to the Commission, which had decided to hold the 
Congress in Madrid. He expressed appreciation of 
the international character of the work of the 
Congress, and of its value to the progress of the 
human race. The President of the Association, 
M. Foulon, who followed, expressed thanks to 
H.M. The King for having consented to open the 
Congress, and to the Minister of Public Works and 
Transport for the appreciative reference he had 
made to its work. He then briefly outlined the 
development of the Association, remarking that, 
at the present time, it comprised 42 Governments 
and 230 Administrations, working some 387,500 
miles of railway. The preparations for the deliber- 
tions about to open, he said, had been made by 
collecting from the railway administrations of 
the world a mass of data which had been analysed 
by the reporters of the sections, and he had no 
doubt that the work of the Congress would prove 
both important and useful. After referring to 
the progress of Spanish railways during the last few 
years, he concluded by expressing the hope that 
these would continue to contribute to the develop- 
ment and prosperity of the country. 

The next speaker, Sefior Don Felix Boix, Presi- 
dent of the Delegation of the Spanish Railway 
Companies, said the Spanish companies fully appre- 
ciated the honour done them in holding the eleventh 
congress in Spain, and remarked that while the 
Spanish railways could not compete with many 
foreign lines with regard to intensity of traffic and 
organisation of services, efforts were being made to 
improve and perfect them. He hoped that the 
opportunity afforded to the delegates of travelling in 
Spain would enable them to appreciate the peculiar 
characteristics of the country which rendered rail- 
way development difficult. 

The President of the Association, M. Foulon, 
then expressed thanks for the appreciative references 
to the work of the Congress made by the previous 
speakers, and proposed that His Excellency, Sefior 
Matos and his predecessor, Count Guadalhorce, 
should be made honorary vice-presidents of the 
Association. He also nominated Sefior José Gaytaén 


are submitted to a general meeting held towards | 
the end of the congress, and, after the addition, if | 


as President of the Session, and the following 
gentlemen as vice-presidents: Sefior E. Maristany, 
Marquis of Argentera, General Manager of the 
Madrid, Saragossa and Alicante Railway Company ; 
Sefior E. Boix, Administrator-Director of the North 
of Spain Railway Company; Sefior L. Morales, 
Vice-President of the Higher Council of Spanish 
Railways and President of the Administrative 
Council of the Spanish National Western Railway 
Company; and Sefior Valenciano y Mazeres, 
Administrator of the Madrid, Saragossa and Alicante 
Railway Company. 

Sefior Gaytan de Ayala, after expressing apprecia- 

tion of the honour conferred upon him in electing 
him President of the Session, explained that it was 
necessary to elect two general secretaries and three 
attached secretaries to complete the Congress com- 
mittee. For the former, he proposed M. Paul 
Ghilain and don Auguste Krahe, and for the latter, 
Sir Henry Fowler, Herr Wolf and Don José Garcia- 
Lomas. He took it that these gentlemen might be 
regarded as elected unanimously. Continuing, 
Sefior de Ayala explained that the Congress was to 
have been held in Madrid in 1927, but had been 
deferred for the reason mentioned above. He 
welcomed the delegates, and thanked them for their 
attendance, expressing the view that the work of 
the Congress would assist in the progress and 
perfection of a system of transport which did much 
for the cause of peace and mutual understanding 
between nations. Referring to M. Foulon’s remarks 
on the development of Spanish Railways, Sefior de 
Ayala said that Spain possessed a network of over 
10,000 miles of line which, although at present 
insufficient to meet the requirements of the country, 
would be rapidly increased. The relative backward- 
ness of the country, he said, was due to the political 
and economic unrest of the second half of the last 
and the past decades of the present century, to 
the geographical characteristics of the country, 
which involved the construction of long and costly 
lines, to the sparse population amounting to only 
47 inhabitants per square kilometre, and to their 
unequal distribution between the central and 
coastal areas and frontiers. Under the existing 
conditions, the capital at first invested in railway 
undertakings did not produce sufficient return to 
encourage further expenditure, but at the present 
time, real progress was being made, largely through 
the instrumentality of Count Guadalhorce. Under 
his regime, the construction of new lines had 
been commenced by the State, and, by judicious 
financial assistance, a number of existing lines had 
been improved. He hoped that the result of this 
policy would be the production of a railway system 
commensurate with the political and geographical 
importance of the country. 
The whole of the six Sections, under which the 
technical proceedings of the Congress are con- 
ducted, met on Tuesday, May 6; it would, how- 
ever, be inconvenient to attempt to deal with the 
proceedings day by day, as many subjects are dis- 
cussed at more than one meeting, and we accordingly 
propose to begin with the series of important 
reports on locomotives, which were dealt with by 
Section IT on May 6 and 7. 


Locomotives oF NEw TyPEs. 


At the first meeting, on May 6, of Section II, 
Locomotives and Rolling Stock, Dr.-Ing. W. 
Wechmann, Director of the German Railways, was 
elected President, and Mr. R. Andre, of the Madrid, 
Saragossa and Alicante Railway, and Mr. Weiss, of 
the Swiss Federal Railways, were elected vice- 
presidents. Dr. Wechmann called on Mr. Paul 
Koller to read a summary of the reports on 
Question V, dealing with new types of locomotives, 
particularly of the turbine and internal-combustion 
engine types. Five reports were prepared on this 
subject, of which we give the following abstracts. 

The first report was presented by Mr. A. Lipetz, 
consulting engineer to the American Locomotive 
Company, and was confined to American railways. 
It was stated that the first two Diesel locomotives in 
the world were built by the General ElectricCompany 
in 1917 and 1918. They had 200 brake horse-power 
engines and their use was confined to yard work. 
One of them was still in operation. The first rail- 
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had a 300 brake horse-power Ingersoll-Rand engine. 
This became the prototype of the 60-ton oil-electric 
locomotive, built in large numbers by the General 
Electric, American Locomotive, and Ingersoll- 
Rand companies. Larger engines with two 300 
brake horse-power motors of the same type followed, 
and more recently, locomotives with one or two 
engines of 750 and 1,330 brake horse-power had 
been placed in service. It appeared that the use of 
Diesel locomotives was mainly confined to the United 
States, Canada, and the Argentine. 

The different types of locomotives in use were 
described in the report, and it was pointed out that 
all the motors were of the high-speed light-weight 
type, the speed varying between 500 r.p.m. and 
800 r.p.m. With the exception of the Beardmore 
engines, which weighed about 20 lb. per horse- 
power, the weight of the engines in service was from 
55 lb. to 63 lb. per horse-power. The weight of the 
moderate-speed engine usually represented from 
12 per cent. to 18 per cent. of the total weight of the 
locomotive, so that if the weight of the engine could 
be reduced by 50 per cent., this would only amount 
to 6 per cent. to 9 per cent. of the total weight of 
the locomotive. For shunting and freight service 
extra weight might be desirable, and in other cases 
it appeared probable that the saving in cost of the 
mechanical parts of the locomotive due to a lighter 
engine would be offset by the higher price of the 
engine. There therefore appeared to be an econo- 
mical limit to the weight of the engine, and the 
author considered that this lay between 40 lb. and 
50 lb. per horse-power. He also considered that in 
the future the engine speed would lie between 
500 and 800 r.p.m. 

The straight six-cylinder vertical type of engine 
predominated, although the 12-cylinder V type was 
also in use. Straight-eight cylinder engines had not 
been employed. All the engines in use worked on 
the four-stroke cycle, and all, with two exceptions, 
were of the airless-injection type. All the loco- 
motives in use employed electric transmission, 
although one with geared transmission would soon 
be tested on the Boston and Maine Railway. The 
electrical equipment throughout was either of 
General Electric or Westinghouse design. In the 
former, the generator was excited through a 
separately excited field from an exciter, the latter 
being energised from a storage battery. The current 
from the main generator passed through a differen- 
tial series field, in addition to the commutating 
field, before passing to the series motors. The 
opening of the engine throttle first established a 
contact for the storage battery circuit, thus ener- 
gising the exciter. If the load was less than the 
output of the generator, the flow of current through 
the differential series field dropped and the ener- 
gising of the generator field was increased, resulting 
in a higher generator voltage corresponding with the 
higher speed of the motors. The speed of the latter 
thus became automatically stabilised in accord- 
ance with the load, drawing substantially constant 
energy corresponding to the output of the engine. 
In the Westinghouse system, the control was pro- 
vided by an electro-magnetic torque governor, but 
no information was given in the report of this 
arrangement. 

In concluding his report, the author stated that 
the oil-electric locomotive had established itself in 
America for shunting purposes, but had been practi- 
cally confined to areas where its comparative smoke- 
lessness gave it an advantage over steam locomotives. 
In order to realise the economies possible at the 
prevailing cost of fuel, material and labour, it 
appeared that it must be utilised to the extent of 
about 2,200 hours per year. Future developments 
depended upon the relative cost as compared with 
steam engines, and particularly depended on the 
possibility of reducing the first cost of the oil- 
electric locomotive. In an appendix, brief details 
were given of a number of new locomotives which 
had been put into service after completion 
of the report. These included a 375-h.p. engine 
for the Buenos Ayres Great Southern Railway with 
Beardmore engine, a 1,300-h.p. Krupp locomotive 
for the Boston and Maine Railway, a 1,000-h.p. 
Baldwin-Knudsen locomotive, and a _ 1,000-h.p. 
Baldwin-Krupp locomotive. No operating data 
for any of these engines was available at the time of 
preparing the report. 








The second report, prepared by Mr. R. E. L. Maun- 
sell, Chief Mechanical Engineer of the Southern 
Railway, covered the British Empire, China and 
Japan, and was confined to brief descriptions of the 
Ljungstrém turbine locomotive built by Messrs. 
Beyer, Peacock and Company, Limited ; Sentinel- 
Cammell steam rail coaches or locomotives in use 
on the London Midland and Scottish Railway, the 
Nigerian Railway, and the Great Indian Peninsula 
Railway; a London and North-Eastern Diesel- 
electric locomotive ; and a locomotive of the same 
type for the Japanese Government Railways, under 
construction in Germany at the Esslingen Works. 
A description of the Beyer Peacock turbine loco- 
motive will be found on page 771 et seq, of vol. cxxiv 
of ENGINEERING, and of the Sentinel-Cammell rail 
coach on page 6 of vol. cxviii. 

The Diesel electric locomotive for the London and 
North Eastern Railway was being prepared by the 
conversion of an existing electric locomotive on the 
Newport and Shildon line. The locomotive was 
of the eight-wheel double bogie type with indepen- 
dent motor drive to each of the four axles. A 
1,000 brake horse-power Beardmore engine was being 
installed, coupled to an 800-volt direct current 
generator, separately excited. The locomotive 
weighed 90 tons, and had a maximum starting effort 
of 40,000 lb. The continuous rating was 775 h.p. at 
rail at 27 m.p.h., and the engine would be used for 
heavy main line goods and mineral traffic. The 
locomotive for the Japanese railways was of the 
2-6-2 type, and was fitted with a M.A.N. engine 
direct coupled to a 750-volt direct current shunt 
generator, excited by a separate machine, driven 
through gearing. There were two motors, one on each 
side of a jack shaft, and driving the latter through 
gearing. The jack shaft was connected to the driving 
wheels by outside rods. The locomotive was 
required to start a train of 500 tons, excluding the 
engine, on a gradient of 3 per 1,000, and to attain 
a speed of 154 m.p.h. on this gradient. It was further 
required to maintain a speed of 3} m.p.h. on a 
gradient of 17 per 1,000, 283 yards long, with the 
same load, and to attain a speed of 37 m.p.h. when 
running light. 

The only operating details given in the report were 
those relating to the Beyer Peacock turbine loco- 
motive. It was stated that the locomotive had 
undergone extended trials on the London Midland 
and Scottish Railway, the maximum load hauled 
in regular service being about 750 tons up a three- 
mile grade of 1 in 120 at a speed of about 20 m.p.h. 
On a trial run with a 400-ton passenger train, a 
drawbar horsepower of 1,200 had been recorded, 
and the highest speed recorded had been 76 m.p.h. 
With 500 ton trains, the coal consumption had 
averaged 0-11 lb. per ton-mile, excluding the engine, 
and the water consumption had been about 4 
gallons per mile. It was stated that the difference 
in capital cost on a basis of ten engines would be 
about 70 per cent. greater than a normal engine. 
No figures were available as regarded the cost of 
repairs or maintenance. 

The third report, covering Belgium, France, 
Italy, Portugal, Spain, and their Colonies, was 
presented by M. Cossart, of the French Nord 
Railway. It was stated that no turbine locomotives 
had been built in any of the countries covered by 
the report, but details were given of the designs of 
two engines of this type, the construction of which 
was under consideration in France. 

The only Diesel locomotives in use were two be- 
longing to the Tunisian Railway Company, and a 
locomotive undergoing tests on the Italian State 
Railways, but a Diesel rail coach was in use in Italy, 
and a second rail coach in Spain. The first of the 
locomotives on the Tunisian railways was put into 
service in 1923, and was built by the Diesel-Electricka 
Wagn Aktiebolaget, Visteras. It hada length of 34 ft. 
7 in. anda wheel base of 22 ft. 11$in. The total weight 
in working order was 29-5 tons. The engine was a 
six-cylinder V model, with a bore of 7} in. and a 
stroke of 93% in., and developed 120 h.p. Air 
injection was employed. The locomotive was of the 
Diesel-electric type, the generator being direct 
coupled to the engine. The generator was of the 
constant-output variable-voltage type, and was 
automatically cut out of action if the power required 
exceeded 80 kw. In service, the average consump- 
tion on lines with gradients up to 1 in 50 had been 








found to be about 0-025 Ib. per ton mile, including 
the weight of the locomotive. The second loco- 
motive was placed in service in 1924, and was con- 
structed by the Compagnie de Constructions 
Mécaniques of Paris in conjunction with the Com- 
pagnie Francaise de Matériel de Chemins de fer. 
The former firm supplied the engine, while the 
electrical units were supplied by the Compagnie 
Electro-Mécanique. This engine had a total 
length of 34 ft. and a wheelbase of 20 ft. 24 in. 
The total weight in working order was 85,320 lb. 
The engine was an eight-cylinder Sulzer V model. 
It had a cylinder bore of 84 in. and a stroke 
of 114 in. The engine was of the ante- 
chamber type. The Ward-Leonard transmission 
system was employed. The engine drew a load of 
124 tons up a gradient of 1 in 37-5, 1} miles in 
length, at a speed of 10-6 m.p.h. The fuel con- 
sumption was 0-043 Ib. per ton mile, including the 
weight of the locomotive. 

The Fiat rail coach in use on the Italian State 
railways was described on page 7 of the current 
volume of ENGINEERING, and the rail coach in use 
on the Pampelune-San Sebastian railway, con- 
structed by Messrs. William Beardmore and Com- 
pany, was described on page 497 of vol. cxxvi. 

The locomotive for the Italian State railway was 
built by Messrs. Ansaldo, of Genoa, and had just 
been put on test. It was of the 4-6-2 type, the 
total length being 46 ft. 7 in., the wheelbase 33 ft. 
5 in., and the total weight in working order 207,234 
Ib. The adhesive weight was 106,792 lb. The 
engine was a horizontal six-cylinder model of the 
Junker two-stroke type with a bore of 13 in. and a 
piston stroke of 18f in. M. Cossart makes the 
statement that the engine crankshaft is coupled by 
connecting rods direct to the driving wheels. The 
engine had a speed range of 15 r.p.m. to 250 r.p.m., 
and the valve gear was reversible. The fuel was 
injected by means of compressed air. The normal 
brake horse-power of the engine was 700, but the 
power could be increased to 1,100. Loads of 300 tons 
to 500 tons could be drawn at a speed of 34 m.p.h. 
over tracks of varying profile. The maximum draw- 
bar horse-power was 450, the maximum tractive 
effort 8,818 lb., and the fuel consumption was 
0-019 Ib. to 0-032 Ib. per ton-mile. 

The fourth report was presented by Mr. P. 
Koller, of the Czechoslavakian State Railways, 
and covered all countries, excluding America, the 
British Empire, China, Japan, Belgium, France, 
Italy, Portugal, Spain and their colonies. It was 
stated that, of the countries covered, it was mainly 
in Switzerland and Sweden that new types of 
locomotive had been built and tested, such as the 
Ljungstrém in Sweden, and the Zoelly in Switzer- 
land. After discussing the characteristics of turbine 
locomotives, the Ljungstrém turbine locomotive of 
the Swedish State railways was described. The 
design of this locomotive, which was put into 
service in 1927, was based on that of the earlier 
model of the same type built in 1921, and now 
withdrawn from service. Full details of the 
earlier model were given on page 64, et sec, of 
vol. cxiv of ENGINEERING. In the later design, the 
total length had been slightly increased, with a 
corresponding increase in weight. The boiler 
pressure had been reduced from 300 Ib to 284-5 lb. 
per square inch, and the cooling surface of the 
condenser had been nearly doubled. 

The author next described the Zoelly turbine 
locomotive built by Messrs. Escher Wyss and 
Company, of Zurich, and the Krupp turbine loco- 
motive, representing a development of the Zoelly 
system, built in 1924 for the German State railways. 
A description of the first of these engines will be 
found on page 292 of vol. cxii of ENGINEERING, 
and of the second on page 481 of vol. cxxvi. Further 
particulars of the Krupp engine were given on 
page 280 of the present volume. Although new 
types of locomotive in Germany formed the subject 
of the next report, particulars of the Maffei turbine 
locomotive, the Henschel combined reciprocating 
and turbine locomotive, and the Schmidt-Henschel 
high-pressure locomotive were included in the paper. 
The first of these engines will be dealt with in con- 
nection with the German report, while details of 
the others were given respectively on page 480 of 
vol. cxxvi of ENGINgErIna, and on page 198 of 
vol. cxxii, 
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A high-pressure non-condensing locomotive had | volume, of ENGINEERING, and test results were also 
also been built at the Swiss locomotive works in | given in the latter article. The Maffei locomotive 
1927 to 1928, to the designs of Mr. Buchi. This | was built somewhat later than the Krupp engine. 
was described in ENGINEERING, vol. cxxvi, page 51. | The boiler was of normal type, but with the blast pipe 
This was a tender locomotive of the 2-6-2 type, | replaced by a suction fan. The pressure was 313 Ib. 
with a boiler pressure of 850 lb. per square inch. | per square inch. The turbine was placed over the 
The boiler was relatively short and high, so that | bogie and drove a lay shaft, coupled to the driving 
there was room at the front to accommodate the | wheels by rods, through double gear. The turbine 
engine. Steam from the water-tube boiler was itself, in contradistinction to the Zoelly design, 
superheated to 752 deg. F., and passed to a single-| was not a pure pressure compounded machine, 
expansion three-cylinder uniflow engine with a a two-stage Curtis wheel being inserted in front 
maximum speed of 750 r.p.m. Exhaust steamfrom of the six-stage simple impulse turbine. The 
the engine and feed pumps was used to raise the | reversing turbine was a two-stage Krupp model. 
temperature of the feed water to 176 deg. F. to|The admission of steam to the turbine was rather 
194 deg. F. The water was further heated to| more finely regulated than on the Krupp engine. 
482 deg. F. by means of a gas heater. The |The turbine exhaust was passed into two water- 
products of combustion were at first also utilised |cooled surface condensers, which were carried 
for air preheating, but this arrangement was | longitudinally, and not transversely as on the 
subsequently abandoned as being of little value. | Krupp engine, projecting above the running board. 
The engine crankshaft was geared to a jack shaft, |The auxiliaries which called for high speed, such 
from which the coupled wheels of the locomotive |as the fans and cooling water pump, were driven 
were driven. The boiler had a lower drum on! by a steam turbine installed on the tender, while 
each side, and an upper drum at the centre,|on the Krupp design the pump was located on 
connected by three transverse partitions and by |the engine. The cooling tender resembled the 
the water tubes. The central partition divided the | Krupp, but the numerous tubular elements arranged 
boiler into two chambers, the back chamber forming | in rows, which provided the cooling in the Krupp 
the firebox. In the first chamber were the vertical tender, were replaced by closely packed perforated 
superheater tubes and the horizontal feed-water copper plates, between which air was drawn by the 
heater tubes. The weight of the boiler was approxi- | fans, while the water in finely divided spray form 
mately 20-2 tons. This locomotive had run 18,640 | flowed down over them from above. 

miles in regular service, and the efficiency of the! The leading dimensions of this locomotive were, 
boiler for a combustion rate of 51 lb. per square | diameter of driving wheels, 5 ft. 8f in.; diameter 
foot had been found to be about 80 per cent., of bogie leading wheels, 2 ft. 9} in.; diameter 
falling to 70 per cent. for a combustion rate of |of truck trailing wheels, 3 ft. 11} in.; coupled 
92 lb. per square foot. The production of steam | wheel base, 13 ft. 1} in.; total wheel base, 36 ft. 
in the two cases was 5,840 lb. and 9,700 Ib. |7 in. ; overall length, 44 ft. 7 in.; overall height, 
per hour. An economy of 35 per cent. to 40 per | 14 ft. 0} in.; and overall width, 10 ft.4 in. The 
cent. in fuel consumption, and 47 per cent. to | heating surface of the firebox was 140 sq. ft., that of 
55 per cent. in water consumption, had been estab- | the tubes was 1,579 sq. ft., and that of the super- 
lished over a normal locomotive. The maximum | heater was 549 sq. ft. The grate area was 37-7 
horse-power recorded was 1,050, and the maximum | sq. ft., the weight in running order was 102-4 tons, 
tractive effort 17,860 lb. The efficiency was | and the average tractive force was 24,250 lb. The 
represented by a fuel consumption of 1-76 lb. per | overall length of the tender was 34 ft. 7} in., and 
brake horse-power hour. the running weight was 66-8 tons. 

After stating that a locomotive with a Léffler; The engine had been in regular service for some 
boiler had been ordered by the Deutsche Reichsbahn, |time on the express trains between Munich and 
the author discussed the problems associated with | Niirnberg, but trials early in 1929 with a dynamo- 
the design of Diesel locomotives. In the countries | meter car showed very high consumption results. 
dealt with in the report, three large locomotives of | The reversing turbine, in spite of running in vacuum, 
this type had been built, a 2-10-2 type with electrical | led to considerable loss by fan action. A diaphragm 
transmission for the Soviet railways ; a 4-10-2 type | was, therefore, fixed between the forward and reverse 
with mechanical transmission for the same railways ; | turbines, so that it was impossible for exhaust steam 
and a 4-6-4 type with pneumatic transmission for the |from the former to blow into the latter, but the 
Deutsche Reichsbahn. | result of this alteration was not yet available. 

The first of these locomotives was built in 1924; The author next described an exhaust turbine- 
by the Maschinenfabrik Esslingen, and developed | driven tender fitted to a 4-6-0 superheated passenger 
1,200 h.p. A six-cylinder M.A.N. non-reversible | locomotive. The turbine could be supplied with 
engine was employed with Brown-Boveri trans- | either wet or superheated steam. The steam supply 


desired working pressure of 853 Ib. per square inch 
was not reached, the highest average pressure 
recorded being 772 Ib. per square inch. The highest 
sustained power reached was 1,355 effective h.p. 
Coal consumption reached a minimum of 2-33 lb. 
per h.p.-hour with coal having a calorific value of 
12,760 B.T.U. per lb., which represented an improved 
heat consumption of 13,500 B.T.U. per Ib. at the 
draw-bar. The total coal consumption went hand 
in hand with a satisfactory heat consumption in the 
steam per horse-power per hour, and represented a 
saving of from 7 per cent. to 12 per cent. as compared 
with a good normal locomotive. The proportion of 
high-pressure steam to the total was 64 per cent. at 
low load, and at 1,355 h.p. it fell to 55 per cent. 
The boiler efficiency with a coal consumption of 
about 55 lb. per square foot per hour, representing 
500 h.p., was 70 percent. With a maximum output 
of 1,355 h.p., representing 132 lb. per square foot 
per hour, the efficiency was 62-5 per cent., or rather 
below that of a good new boiler. Various alterations 
were made to the engine, and the results given were 
somewhat improved upon, but the general conclu- 
sion was reached that the thermal results given 
by the locomotive, represented by a fuel economy 
of 8 per cent., were too small to justify the compli- 
cated design. The reason why greater economy 
was not obtained lay in the fact that the proportion 
of high-pressure steam, from which alone the thermal 
improvement could be obtained, was approximately 
only one-half of the total steam used. It was 
mentioned that designs had been worked out in 
which the proportion of high-pressure steam would 
be increased to above 80 per cent., and also that a 
locomotive fitted with a Léffler boiler was nearing 
completion. 

Dealing finally with the Diesel locomotive, a unit 
with direct drive had been built for the Prussian 
State Railways in 1914, starting with compressed 
air. This locomotive was not successful. The 2-10-2 
locomotive with a M.A.N. engine for the Soviet 
railways was next referred to, mentioned in the 
previous report. In 1924, a 120-h.p. Diesel loco- 
motive with hydraulic transmission was built at 
the Linke-Hoffman works at Breslau, and subse- 
quently three other locomotives with the same 
system of transmission were built respectively by 
the Mannheim Motorwerke, Henschel and Son, 
and the Motor-Lokomotiven-Verkaufsgesellschaft 
of Baden. It was stated that, as a result of tests on 
these engines, the hydraulic transmission had not 
reached the efficiency required, and that the price 
paid for power in such locomotives outweighed 
their advantages. An efficiency at the drawbar of 
at least 22-4 per cent. was considered essential, and 
the highest efficiency reached by any of the four 





engines was about 17-5 per cent. The second loco- 
motive for the Soviet railways, referred to in the 


mission. Gearing was introduced between the |of the turbine was automatically regulated in| previous report, was then discussed, and the author 


motor and driving axle, witha 14 to 86 ratio. The | quantity by the operation of the usual reversing | 


total maximum efficiency of the engine had been | gear screw. When running light, the connection | 
found to be 24 to 26 per cent. The second loco- | between the reciprocating engine and the turbine | 
motive for the Soviet railways was also fitted with a | was entirely shut off, so that the entry of air to the | 
1,200 h.p. M.A.N. engine, but of the reversible type, turbine was prevented. The main forward turbine | 
and with oil instead of water cooling for the pistons. | was of the three-stage Zoelly type with a maximum | 
The transmission was fitted with an electro-magnetic speed of 9,200 r.p.m., and a single-dise reversing 
clutch, the armature being provided with friction turbine was fitted on the same shaft. The turbine 
discs which allowed slip. The gear box was pro- | drove the lay-shaft through double gearing, and the 
vided with three forward speeds, the gears being lay-shaft was connected to the driving axles by 
constantly in mesh and provided with magnetic | outside rods. The turbine exhausted into a con- 
clutches. An efficiency of 90 to 96 per cent. was|denser of the evaporative-surface type, which 
recorded for the transmission when exerting a large served both for steam condensation and for the 
tractive effort at low speeds, and of 80 per cent. at cooling of the circulating water. On the trials, 
high speeds. The flexibility had been found to be |the coal consumption was higher than that of an 
appreciably lower than for either a Diesel-electric | ordinary engine up to 510 h.p., but above this figure 
or steam locomotive, three speeds had been found the turbine tender engine was more economical. 
insufficient and the friction plates in the clutch had |The highest continuous output was 1,030 h.p., 
been found to wear rapidly. The third locomotive | which was 270 h.p. in excess of a normal engine. 
will be referred to in connection with the next report.| The Schmidt-Henschel high-pressure locomotive 
The last report in Subject V was presented by | was next described, of which details were given on 
Professor Nordmann, of the Deutsche Reichsbahn, page 198 of vol. cxxii of EnarnerRine. The fol- 
and was confined to Germany. After discussing the | lowing trial results were given in the report. The 
general principles of the turbine locomotive, the | first trials were made between Wildpark and Magde- 
author passed on to a description of the Krupp-|burg.. The section was of a level character, and 
Zoelly and Maffei designs, and mentioned that a|an average through speed of 50 m.p.h. was called 
design was under consideration for a turbine loco- | for. The pressure in the various heating elements in 
Motive working at a pressure of 853 Ib. per square | the high-pressure boiler proved to be very irregular, 
inch. The Krupp-Zoelly engine was described on|the pressure in one element always exceeding the 
page 481 of vol. cxxvi, and page 280 of the present | designed value of 1,280. lb. per square inch. The 














then described a Diesel locomotive with air-pressure 
transmission, built in 1924 by the Esslingen Loco- 
motivfabrik in conjunction with the M.A.N. Com- 
pany. It was found that this system gave inferior 
results as compared with either mechanical or 
electrical transmission. The effective continuous 
power output of this engine was 1,000 h.p. at 
400 r.p.m. ‘Ihe working air pressure was 6-5 
atmospheres, the temperature at the locomotive 
cylinder was 608 deg. F’., and the tractive power at 
the rail was about 24,000 lb. The maximum speed 
was 60 m.p.h. 

Mr. Koller’s summary covered all the above 
reports except that by Mr. Lipetz, the translation 
of which was not available at the time the summary 
was prepared. Thediscussion was divided into two 
parts, dealing with steam locomotives and internal- 
combustion engines, respectively. The first speaker 
in the discussion, Professor H. Nordmann, stated 
that the main point in connection with turbine 
locomotives was the reduction of the steam con- 
sumption of the auxiliaries. Under the best run- 
ning conditions the steam consumption of a turbine 
locomotive was 40 per cent. less than that of a similar 
engine of the reciprocating type, the figure falling 
to 20 per cent. under high-speed running conditions, 

Sir Henry Fowler mentioned that the operation 
on the London, Midland and Scottish Railway, of 
a locomotive of the Ljungstrém type had given 
rise to no difficulty with regard to the principle 
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involved, the only troubles encountered being in 
connection with minor details. The most important 
question was that of the first cost, which was such 
that he thought no appreciable over-all economy 
would be realised. Several speakers discussed the 
question of condensers for turbine locomotives, 
after which the discussion turned on the matter of 
high-pressure locomotives. Professor Nordmann 
drew attention to the facts relating to the Schmidt- 
Henschel locomotive given in the above report, 
and Mr. T. Bals inquired as to the maintenance 
costs of the fire box in this type of engine. In 
answer to this question, Professor Nordmann stated 
that the difficulties experienced with the Brotan | 





superheat, Mr. Lentz reported that the majority of 
new locomotives in all classes of service, constructed 
during the period, had boiler pressures ranging 
from 210 to 250 lb. per square inch. At the present 
time, there were over 1,500 locomotives having 
pressures of 225 lb. and upwards, more than 50 of 
these having pressures between 265 and 284 Ib. 
per square inch. There were no indications that 
the use of higher boiler pressures had resulted in any 
appreciable increase in maintenance cost. One 
railway company had had considerable experience 
during the past three years with pressures of from 
250 to 300 lb. per square inch, and the results so 


far as maintenance of staybolts, flues, boiler sheets, | 


with a maximum travel of 9 in. Experience, 
however, had not been sufficient to show whether 
such a travel with the Walschaert gear on passenger 
locomotives was good practice, due to the acute 
angles necessitated in the gear. Various valve gears 
in use on American locomotives were described, 
including the Gresley inside gear for three-cylinder 
locomotives, and the Baker, Young and Southern 
gears. It was stated that some twelve thousand sets 
of the Baker gear were in service, while the Southern 
gear had been applied to 2,155 locomotives. The 








extent to which the Gresley and Young gears were 
| in use was not stated. 
The second report, covering the British Empire, 


type of firebox had not arisen with the high-pressure | and so on, had been entirely satisfactory, although China and Japan, was presented by Mr. H. N. 


locomotives on the German Railways, as the water | further experience was desirable. The increase 
/in pressure and corresponding higher superheat 


in the closed circuit was distilled. 
The discussion was continued at the meeting on | temperatures had had no bad efforts on valves, | 


the following day, and in the course of this dis- | cylinders, or rod packing. The practice of limiting | 
cussion Mr. H. N. Gresley referred to the high-| the maximum cut-off to the cylinders had been | 
pressure locomotive on the London and North | a most important factor in the general increase in 
Eastern Railway. He stated that simplicity had boiler pressure. The limited cut-off locomotive | 
been one of the main considerations in the design | had, in general, been designed to produce a tractive | 
of this engine, and for that reason the pressure had_ effort equal to that with unlimited cut-off by increase | 
been limited to 450 Ib. per square inch. Particular of pressure rather than by increasing cylinder | 


care had been taken to reduce heat losses by radia- | diameter. | 
tion. | As regards the use of alloy steels, one Canadian 


form this committee. On the following morning | improved type of Schmidt superheater, over 1,800! 


the conclusions drawn up by the Committee were | locomotives in America having been fitted with the 
adopted. In accordance with these conclusions, | superheater in question, out of a total of 49,000 
railway companies and administrations were recom- | fitted with superheaters of the Schmidt type. 
mended to encourage efforts to create new types It had been found that with the improved type, 
of locomotives and to improve the existing sustained capacity at high speeds was increased 
Stephenson type by facilitating the initiative of | 20 to 25 per cent. over that with the older type. 
locomotive builders ; to develop, in particular, the Curves were given in the report representing the 
use of extra-high steam pressures and the internal- | performance of three similar engines, one without 
combustion engine type of locomotive; to carry | @ superheater, the second with one of the original 
out trials of new types of locomotives, and publish | Schmidt type, and the third with one of the improved 
the results of such trials; and to co-operate with | type. The minimum coal consumption in the three 
a view to the erection of locomotive experimental cases, in the order stated, was 3-35, 2-2 and 2-05 lb. 
stations. It was added to the last conclusion that | per indicated horse-power-hour, while the corres- 
international collaboration between such stations ponding maximum outputs of the locomotives were 
would facilitate progress in scientific locomotive | 1,470, 1,920, and 2,100 i.h.p. 
design. After discussing various improvements in minor 
: locomotive details, such as the multiple throttle 
IMPROVEMENTS IN THE STEAM LocoMoTIvE. built integral with the superheater endie and the 
The subject of improvements in the steam loco- | employment of superheated steam for auxiliary 
motive forming Question VI, was discussed in | apparatus, Mr. Lentz deplored the fact that devices 
Section If at the meeting held on May 7, the | for preventing entrained moisture from being carried 
five reports on the subject being summarised by |from the boiler by the steam were not more used 
Mr. R. P. Wagner. |in America, as their absence necessitated a consider- 
The first report was presented by Mr. W. L.| able portion of the superheater being used as an 
Lentz, of the New York Central Railroad Com- | annex to the boiler, thus involving a larger super- 
pany, and dealt with advances made in America| heater than would otherwise be required. On the 
between the years 1920 and 1928. It was pointed | subject of feed-water heaters, it was stated in the 
out that in the period under review, 6,500 million | report that some 5,500 locomotives in America 
dollars had been spent by the U.S.A. railways were fitted with such appliances. The results of 
for new and improved equipment. The greatest | tests were given of locomotives with and without 
operating efficiency and economy in the history | heaters. Without the heater, an evaporation of 
of the lines was reached in 1928, in spite of the fact | 42,500 Ib. per hour was obtained at a coal rate of 
that reduced traffic had to be faced during the first 120 Ib. per square foot of grate per hour, the 
ten months of the year. The average load per | corresponding figure for the locomotive fitted with 
train was 2-6 per cent. greater in the first ten months | a heater being 51,250 Ib., giving a net increase of 
of 1928 than in the corresponding 1927 period, while | 20-6 per cent. without burning additional fuel. 
the distance travelled each day per freight train It was stated that air pre-heaters had not yet been 
averaged 307 miles, an increase of about 20 per cent. | applied to locomotives in the United States. 
over that for 1923. The coal consumption per! he report closed with a discussion of valve 
1,000 gross ton-miles was 125 Ib, in 1928, compared | gears, in which, after dealing with the advantages 
with 129 Ib. in 1927. It was stated that the | of limited cut-off, Mr. Lentz stated that the Wals- 
building of compound locomotives had been practi-|chaert valve gear had practically superseded the 


The President having turned the discussion on to | railway company had 52 locomotives in which | 


Gresley, Chief Mechanical Engineer, London and 
North Eastern Railway. Dealing first with 
increased boiler pressures, it was stated that the 
increase in boiler pressure on certain classes of 
engines had given some economy in fuel and water 
consumption, whilst at the same time, there had 
been an increase in cost of maintenance of fire- 
boxes. Higher pressures had resulted in more 
powerful locomotives being built within the loading 
gauge limit. The Great Northern of Ireland 
Railway had experimented with 200 Ib. per square 
inch in place of 170 Ib. per square inch, on eight 
4-4-0 express locomotives, and the London and 


the question of internal-combustion engine locomo- silicon steel was employed for the construction of | North Eastern Railway had fitted fifteen 4-6-2 


tives, Sir Henry Fowler remarked that, in engines | the boilers, the use of this steel permitting an 
of this type, electrical transmission was the most | increase in pressure from 200 to 250 lb. per square | 
satisfactory, although it showed the highest first | inch, with little change in design, size, or weight. 
cost. Under working conditions it did not always | Similar results were obtained with 44 locomotives 
lead to economics. A number of speakers referred | employing nickel steel for the same purpose, a 
to the question of maintenance costs with various | gain in strength of about 29 per cent. being obtained 
types of transmission, and of the daily mileage as compared with the carbon steels usually employed. 
run. Subsequently the discussion turned on the | Steam temperatures representing from 250 to 300 
wording of one of the conclusions arrived at by | deg. F., or more, of superheat were considered good 
Mr. Koller concerning the construction of an practice in America. Many engines were operating 
international testing plant for locomotives. It with steam temperatures above 700 deg. F., and a 
was decided to refer this matter to the consideration | few with temperatures between 800 and 825 deg. F., 
of a small sub-committee, and Messrs. Koller, | representing approximately 400 deg. of superheat. 
Gresley, Renevey and Wagner were appointed to | There had been a marked increase in the use of an 


| express locomotives with boilers having the working 

pressure increased from 180 to 220 lb. per square 
‘inch. In the case of the Great Northern engines, 
no noticeable difference in fuel and water consump- 
| tion had been found. A careful series of dynamo- 
|meter tests had been carried out by the London 
| and North Eastern Railway with 4-6-2 type engines 
| having 180 and 220 Ib. perssure, the diameter of the 
|cylinders employing the higher pressure being 
‘reduced so as to obtain the same tractive effort. 
| Throughout the tests, the engines were worked 
‘with full regulator as much as possible, variation 
in the power required being obtained by varying 
the cut-off. The results of the tests were tabulated 
in the report, and from the figures it appeared that 
the water consumption was 26-3 and 26-7 lb. per 
drawbar horse-power-hour for the lower and higher 
pressures respectively, while the corresponding 
figures for coal were 3-20 and 3-26. The average 
coal consumption per square foot of grate area per 
hour was 51-9 lb. for the lower pressure, and 49-0 
for the higher pressure. There was no noticeable 
increase in maintenance costs due to increasing 
the pressure, except in the case of the London and 
North Eastern Railway, who reported that there 
was a marked increase in the amount of repairs 
required to fireboxes. 

On the question of superheat, no appreciable 
increase had been reported as a result of increasing 
the boiler pressure ; 750 deg. F. appeared to be the 
highest temperature that could generally be regarded 
as satisfactory in locomotive work, although 
temperatures as high as 800 deg. F. had been 
recorded. Below 750 deg. F. there was no difficulty 
with packings or lubrication, but with London 
| Midland and Scottish engines fitted with oil burners, 
in which the superheat often reached nearly 
800 deg. F., difficulties arose with the packing. 
These, however, were overcome by changing the 
composition of the white metal employed. 

As regards feed-water heaters, it appeared that 
heaters of the exhaust-injector type were most 
widely used. Heaters of the open type were, 
however, becoming more widely used owing to 
their higher efficiency. No railways reported that 
they were fitting heaters of the type in which the 
water was heated by the combustion gases. Of 
the heaters in use in which the feed water passed 
through tubes heated on the outside by exhaust 
steam, the Weir, Elesco, and Coffin were most 
commonly employed ; while of those in which the 
exhaust steam came into direct contact with the 
water, the most commonly employed were Worthing- 
ton Simpson, Weir, Dabeg, A.C.F.I., and Yamanato. 
Feed-water heaters of the Davies and Metcalfe type 
generally showed a saving in fuel consumption of 
24 per cent. to 4 per cent., but one railway reported 


| 


cally discontinued before 1920, so that all the| Stephenson. The increased size of locomotives | a saving as high as 8 per cent. With heaters of the 


figures given referred to single-expansion engines. 
On the question of increased pressures and higher 








had necessitated long valve travels, and there | type in which the steam did not come into contact 
were a considerable number of engines now operating 





with the water, the South Indian Railway reported 
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a saving in coal of 24 lb. per mile. The general 
experience with these heaters was that there was 
a marked falling off in fuel economy as the tubes 
became coated with scale. The greatest savings 
were shown with the type of heater with direct 
contact between the exhaust steam and the feed 
water, a saving of 8 per cent. to 10 per cent. being 
recorded by the London and North-Eastern Railway 
with A.C.F.I. heaters. No railway had reported 
the results of experiments on air pre-heaters. 

On the subject of valves and valve gears, the 
general conclusion reached was that the employment 
of poppet valves was increasing. There was also 
a marked tendency with piston valves to give more 
lap on valves, with longer valve travel. Tests on 
the London Midland and Scottish Railway on 
4-6-0 four-cylinder express engines showed a saving 
in coal consumption of 22 per cent. with Caprotti 
gear, as compared with engines fitted with piston 
valves and the Walschaert gear. The London and 
North-Eastern Railway were experimenting with 
Lentz valves actuated by a rotating camshaft, but 
experience was at present insufficient to give the 
fuel economy obtained. 

As regarded other points on which information 
had been obtained, it appeared that there was no 
standard design of smokebox layout. Efforts had 
been made in connection with blast-pipe arrange- 
ments to improve the blast and to reduce back 
pressure. Improvements in engine efficiency had 
resulted in the smoke not being lifted clear of the 
boiler. Several experiments were at present being 
made to remedy this, and some re-design of the 
front end might be necessary to overcome the 
difficulty. Replies to the questionnaire sent out 
showed that compounding was not being extended 
except on a few railways using Mallet engines. It 
was stated that the usual arrangements of ashpan 
and dampers, brick-arch and fire-hole door met all 
requirements, that the use of thermic syphons could 
only be justified under special circumstances, and 
that there was a marked tendency towards the 
adoption of regulators of the double-beat balanced 
type. Steam driers had met with little success, 
while soot-blowers had been widely introduced. 
Boosters had been introduced in two countries only, 
and had given satisfactory results. The use of 
special alloy steels for coupling rods and motion 
parts was becoming more general, and had effected 
a reduction in weight of reciprocating and revolving 
parts. No railways reported the use of light alloys. 

The third report was presented by M. A. Parman- 
tier, of the Paris, Lyons and Mediterranean Railway, 
and covered the countries of France, Italy, Portugal, 
Spain, and their colonies. As in the previous 
reports, the first subject dealt with was increased 
boiler pressure, and it was stated that it has been 
found that the pressure could be increased from 
227 lb. per square inch to 284 lb. per square 
inch without difficulty. Other general conclusions 
on this question were that the use of special steels 
in the construction of boilers should be kept in 
view, and that increased boiler pressures were 
equally valuable in simple or compound engines. 
The experiments carried out on increased pressure 
on each railway were given separately, and on 


662 deg. F. for simple-expansion locomotives should 
be generally employed. It was stated that in 
order to arrive at the correct proportions of the 
superheater parts, the ratio of the area of the steam 
passages through the superheating elements to the 
grate area should be taken into account, together 
with the ratio of the superheating surface to the 
heating surface, and the ratio of the resistance 
opposed to the passage of the gases through the 
nest of flue tubes to that through the boiler tubes. 
The layout adopted for the superheaters and for the 
parts connected with superheating had tended to 
become uniform, superheaters with large flue tubes 
being almost exclusively used, together with piston 
valves. It had been found that the displacement 
and mechanical lubricators ensured that the lubri- 
cation was ample and regular, provided that they 
were fitted with non-return valves, and finally, 
that when the superheat was high, cast-iron piston- 
rod and valve-spindle-rod packing should be used. 

Air preheating had not been applied on any of 
the railways covered by the report. Feed-water 
heaters were stated to be in extensive use, the closed 
type being more common than the open type. A 
variety of different heaters were giving satisfaction, 
and there did not appear to be any particular 
design which was definitely superior to others, and 
which could be recommended for general adoption. 
The question of weight might be the deciding factor 
in selecting a particular design. Particulars were 
included in the report of the feed-water heaters in 
use on the different railways. From these it was 
shown that 40 of the 46 engines on the Damas- 
Hamah Railway were fitted with heaters of the 
Worthington closed type; 29 out of 35 on the 
Smyrna-Cassaba Railway were fitted with heaters 
of the same type; and 65 per cent. of the 1,483 
engines on the Alsace-Lorraine Railway were fitted 
with heaters, also of the same type. Following 
this, the North of Spain railways had equipped 
32 per cent. of their 1,130 engines with closed heaters 
of either the Worthington or Dabeg types, while 
20 per cent. of the 5,032 Paris, Lyons and Medi- 
terranean engines were also so equipped, a large 
variety of heaters being in use on this railway. The 
remaining railways had equipped from 2 per cent. 
to 11 per cent. of their engines with heaters. 

As regarded valve gears, it was stated among the 
general conclusions that long valve travel improved 
the efficiency, and enabled engines to run more freely 
at high speeds; that the Gresley gear offered sub- 
stantial advantages from the point of view of 
construction and maintenance, particularly in the 
case of simple-expansion engines ; and that the use 
of poppet valve gears was on the increase. The 
majority of the railways covered by the report 
employed the Walschaert gear, and the French 
Est railway had carried out trials with long stroke 
motion. Comparative trials between locomotives 
fitted with long stroke and ordinary gear showed a 
saving in fuel of over 4 per cent. in favour of the 
former. 

Among other conclusions, it was stated that 
improvements in the efficiency of the blast pipe and 
front end arrangements had been the object of 
many trials, good results having been obtained by 





the French Est Railway an engine built for a work- 
ing pressure of 284 lb. per square inch had been | 
in service since April, 1926, and, it was stated, | 
had given no trouble. On the French Nord and | 
the Paris, Lyons and Mediterranean Railways, new | 
designs at higher pressures had been projected but | 
not yet built. On the Italian State railways | 
comparative dynamometer tests had been carried | 
out with two superheater simple-expansion engines, | 
one with a boiler pressure of 170 lb. per square | 
inch and the other with a pressure of 227 Ib. per | 
square inch. The higher pressure showed a 5 per | 
cent. fuel economy. The same result was obtained 
With other locomotives, with the result that the 
Italian State Railways have decided to raise the 
pressure from 170 Ib. to 198 lb. or 227 lb. per square 
inch in 1,200 locomotives. 

Considerable space was devoted in the report to 
the question of superheating, which had been 
Investigated with particular care by the French 
tailways during recent years. Among the conclu- 
sions reached were that temperatures of the order 
of 752 deg. F. for compound locomotives and | 








using multiple cones and petticoat pipes. The French 
Est railway was making use of alloy steels for 
eccentric rods and combination levers, together with 
certain other parts, and had secured a saving in 
weight for the parts concerned of some 30 per cent. 
They were also using light aluminium alloys for 
various parts such as guides, oil boxes, slide valves 
embodying a steel frame, brackets, etc., the saving 
in weight being from 50 to 60 per cent. 

The fourth report was presented by Mr. T. Bals 
of the Roumanian State Railways, and covered all 
countries except America, the British Empire, 
France, Italy, Portugal, Spain, together with 
their colonies, China and Japan. On the sub- 
ject of increased boiler pressure, it was stated 
that in the countries covered by the report, 
there was not, generally speaking, any tendency to 
raise the pressure above the usual present-day 
maximum of 200 Ib. per square inch for simple 
engines and 227 Ib. per square inch for compounds. 
On engines fitted with superheaters in the majority 
of the administrations concerned, the steam was 
superheated to a temperature of 620 to 665 deg. F., 


some engines reaching 700 deg. F. when working 
heavily. There was a tendency to increase present- 
day temperatures in order to obtain the maximum 
fuel economy within the limits imposed by the 
efficient lubrication of the parts in contact with the 
steam. It would appear that the limit was in the 
region of 720 deg. F. It was suggested that in 
fixing the dimensions of superheaters, consideration 
should be given to the ratio of the resistances 
offered to the passage of the gases by the evaporative 
surface tubes and superheater flues, respectively. In 
general, superheaters with large tubes were preferred, 
but a number of administrations had adopted tubes 
of small diameter, and stated that they were satis- 
factory, no serious difficulty having been experienced 
in keeping the tubes clean. In superheaters with 
large tubes, dampers had generally been abandoned, 
and in some cases a large air valve was mounted on 
the header. Some administrations, however, con- 
sidered that dampers were necessary, and continued 
to use them. 

Dealing next with feed-water heating, it was 
stated that the majority of the railways had obtained 
good results from heaters using part of the exhaust. 
The exhaust-steam injector was widely used, and 
was cheap to maintain while giving a satisfactory 
economy. Surface feed-water heaters were widely 
used on the railways covered by the report, In 
practice, neither the draught nor the degree of 
superheat appeared to be affected by the use of feed- 
water heaters, and the amount of oil introduced 
into the boiler was negligible. It was stated that 
no ordinary locomotives had up till the present been 
fitted with air pre-heaters. 

As regards valve gears, the Walschaert type 
was now the most widely used. The practice of 
driving more than one valve from each set of gear 
was common, but independent gears were generally 
preferred in spite of the higher first cost and mainte- 
nance charges involved. Limited cut-off gears 
were not in use, but a number of railways had tried 
poppet valve gears, of which the Lentz gave the 
most promising results. 

Among the minor questions that had been investi- 
gated, it was stated that the fixed blast pipe nozzle 
was widely used, and had given satisfactory results. 
Multiple exhausts had been adopted by certain 
railways, especially for powerful engines. Various 
systems had been tried for improving the draught, 
some of which had given promising results. A 
number of railways had conducted tests with devices 
intended to lift the smoke. Trials had been carried 
out by a number of administrations with water 
tubes through the firebox, supporting the brick arch, 
but the results of this work were not yet available. 
Regulators with mushroom valves were widely 
used, and regulators placed between the superheater 
and the cylinders appeared to offer advantages for 
shunting engines. The use of special steels was 
confined to crank-axles, crank-pins, and motion 
parts, together with bar frames of heavy engines. 
The use of light alloys had not been developed. In 
conclusion, it could be stated that many companies 
did not appear to consider the advantages of com- 
pounding superheater locomotives sufficient to 
justify its use. In every case, the method was only 
applied to powerful engines with four cylinders. 
The fifth and final report was presented by Mr. 
R. P. Wagner, of the German State Railways, and 
covered Germany only. It differed from the four 
previous reports in that some of the most recent 
experimental work carried out in Germany was 
included, such as that on the Maffei turbine loco- 
motive. The general order of the previous reports 
was retained. In the introductory remarks, it was 
explained that the Deutsche Reichsbahn had 
inherited a number of engines of the most varied 
types from a large number of previously independent 
lines, and these had to be replaced by as few standard 
types as possible. The question of improvement 
was followed along two independent lines, the 
development of entirely new types such as the 
turbine and Diesel locomotive, and the systematic 
development of existing types. Speaking generally, 
it was stated that in the latter direction, com- 
pounding, superheating, and feed-water heating had 
all resulted in considerable economies, but further 
progress was considered possible. Ten years ago, 








the prevailing pressure on the Deutsche Reichsbahn 
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was 170-7 lb. per square inch, but more recent 
engines, having a pressure of 199-1 lb. per square 
inch has shown appreciable economies as a result 
of the higher pressure. In spite of certain boiler 
troubles with these locomotives, it was decided to 
adopt either this pressure or in some cases 227-6 Ib. 
per square inch, for the new standard engines. The 
boiler troubles of the earlier types were overcome 
by using almost vertical firebox walls, with con- 
tinuous widening of the water space in the upward 
direction, thorough rounding off at all changes of 
section, and careful provision for expansion on all 
surfaces exposed to high temperature stresses. 
Engines having a pressure of 227-6 lb. per square 
inch showed an economy of 4 to 5 per cent. over 
those having a pressure of 199-1 Ib. per square 
inch. Above 227-6 lb. per square inch difficulties 
occurred with ordinary boiler materials, due to the 
question of weight, unless an engine with a greater 
thermal efficiency, such as the turbine, was employed. 
With the Maffei turbine locomotive, for example, the 
boiler weight of the standard locomotive was not 
reached until the pressure was raised to 312-9 lb. 
per square inch. The Stephenson boiler could be 
retained on a normal locomotive for higher pressures 
if special materials were used, and experiments were 
being conducted along these lines with a pressure of 
355 Ib. per square inch. The boiler of the Maffei 
locomotive did not deviate from the recognised form, 
except in the thickness of the walls and the size | 
of the stays. The firebox had a cylindrical top, | 
vertical walls, and strong but flexible staying. The 
flat surface of the back plate above the firebox was 
tied to the main boiler barrel by cast-steel brackets 
and four stays. The weight was 39-73 lb. per 
square foot of heating surface, which was 36 per cent. 
greater than that of a boiler for 227-6 Ib. per square 
inch. The boiler had given rise to no difficulties of 
any kind in service. 

A considerable proportion of the report was 
devoted to the question of superheating, and a 
number of designs of superheater were discussed 
in detail. It was staced at the ou set of this 
section that more importance had been attached 
to increasing the superheat than to higher steam | 
pressure, on the grounds that economies from the | 
former were more important, and could be obtained | 
by comparatively simple means. 
laid down for a superheater were that it should give a | 
superheat up to 752 deg. F. with the least addition of | 
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the firebox to utilise the high-temperature gradient. 
The return bends were brought within 1143 in. of 
the rear tube plate, but soon burnt out. This 
distance was, therefore, increased to 238 in., but 
improvements in the manufacture of the return 
bends enabled 15? in. to be adopted as standard 


for the larger engines of the Reichsbahn, giving a 


superheat temperature of 662 deg. F. The front 
return bends were modified later to give the Schmidt 
form with large tubes. Experimental work was 
carried out with the Schmidt and Borsig medium- 
tube superheaters, but as the results were not 
altogether satisfactory, it was decided to direct 
attention to effecting further improvements in the 


The requirements | regulation pattern, with a view to a further increase 


of superheat by simple means. Elements of the 
Platz-Jakobsen, Deutsche Evaporator, Dauner, and 


weight and with economical flue-gas temperatures, | Uddeholm were tested in turn, but did not justify 
that it should be moderate in first cost and main- | departure from the regulation type. As a result of 


tenance, and should be accessible. 


The Reichsbahn | further work on the latter, it was found that the 


superheater in general use was of the horizontal | requirements for obtaining increased superheating 
tube type, with threefold steam return, and it was | were that the ratio of the mean gas cross-section in 
appreciated that it was desirable to extend it towards ‘ the tube to the frictional surface of the walls should 
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be as uniform as possible for all smoke and fire 
tubes in the boiler, and that the dimensions of the 
heating surface should be chosen according to the 
requirements of the steam side rather than the steam 
velocity. The best value for the ratio referred to 
was found to be 1 to 400. The latest form of super- 
heater, based on these considerations, was described 
in the report, and test results were given. 

After discussing the design of regulators, the 
author passed on to a consideration of valve gear. 
The Walschaert gear had generally been retained, 
and one of the most important problems was the 
adaptation of the gear to increased temperature. 
Valve bushings had been made a press fit in the 
cylinder block, but this practice was abandoned in 
favour of a parallel ground bushing sealed with a 
copper-asbestos ring. It was stated that the question 
of the cylinder arrangement for large superheater 
engines, whether compound or single expansion, was 
dealt with on a strictly comparative basis in con- 
nection with the new standard locomotives. Ten 
express engines of the standard series were built as 





four-cylinder compounds, and ten as two-cylinder 
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I TRELLING TOWER AT BEUTHEN, SILESIA. 
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AERIAL COAL TRANSPORTER WITH 
TRAVELLING TOWER. 

Amone the duties imposed on owners of large 
generating stations, gasworks and other industrial 
plants by present conditions is the necessity of main- 
taining a sufficient stock of fuel, so that they may 
j be able to carry on their work during periods of 
|temporary shortage or cessation of supply. As a 
|result storage grounds of adequate capacity are now 
| becoming a feature of such undertakings. The 

mechanical equipment for depositing and reclaiming 
| the coal thus stored is extremely varied. Frequently 
| the coal is unloaded on to a conveyor, which extends 
| over the centre of the storage ground, and it is then 
_ distributed into heaps by wing conveyors or other 
| devices. Alternatively, telphers can be used in place 
| of conveyors. An interesting storage plant of large 
capacity of the aerial transporter type has recently 
| been built at the pit bank of the Hohenzollern colliery of 
| the Graflich Schaffgotschasche mines at Beuthen, Silesia, 
| by Messrs. J. Pohlig A.-G., of Cologne, and certain 
| unusual features have been incorporated in its design. 
' The installation embodies a fixed tower with a moving 
| one'working over an arc of a circle at a distance of 950 ft. 
from the fixed tower. 

An illustration of this transporter is given in Fig. 1, 
while its layout and the details of the fixed and 
moving towers, which form its main supports, as well 
as of the carriage by which the coal is handled, will be 
clear from the general view, elevations and sections 
which appear in Figs. 3 to 20, Plate LI. As will 
be seen, in this transporter the inclined leg of the 
moving tower runs on a track, which is carried on a 
semi-circular sloping concrete platform. The towers 
are connected by a ropeway with a span of 290 m. 
(951 ft. 6 in.) on which the trolley, the details of which 
can be seen in Fig. 12, Plate LI, is carried. A view 
of the fixed tower and the carriage appears in Fig. 24, 
page 638, while the moving tower is depicted in Fig. 25 
on the same page. The carriage itself is used either to 
transport tubs or a grab, so as to enable the equipment 
to be operated in the way described below. 

The chief object of this transporter is to allow 
grades of coal, for which there is no immediate sale, to 
be stored, until a favourable market can be found for 
them. The storage ground is separated from the pit 
bank proper by a railway embankment, across which 
the coal is brought from the pit by a plate conveyor, 
carried on a bridge. This conveyor distributes the 
coal to three bunkers, one for each of the three different 
grades normally handled. These bunkers are in- 
corporated in a reinforced concrete silo, which can be 
seen to the left of the fixed tower on the extreme 
right of Fig. 1, as well as in Fig. 24. The bunkers 
discharge into tubs having a capacity of 10 tons; 
these are mounted on a turntable, so that they can 
first be brought under the chutes of the bunker, and 
then moved round under the carriage of the transporter. 
| This operation can be effected whatever the position 
'of the transporter. This turntable, with the tubs in 
| place, is illustrated in Fig. 2. The aerial carriage 
| transports these tubs over the storage ground, where 
their contents are tipped at any convenient position. 
| For reclaiming the coal from the storage ground the 
tubs are replaced by a grab with a capacity of 7 tons. 
| This takes the coal back to the bunkers, whence it 
\is again fed on to the plate \conveyor for trans- 
| port to the washery, or loaded into railway wagons 

for dispatch to consumers. 





AERIAL TRANSPORTER WITH TRAVELLING TOWER. 


CONSTRUCTED BY MESSRS. J. POHLIG A.-G., ENGINEERS, COLOGNE. 
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but in connection with the subject of feed-heating, 
Sir Henry Fowler mentioned that he had obtained 
particularly satisfactory results with exhaust steam 
injectors on the London, Midland and Scottish 
Railway, and was fitting them as standard on all 
future engines. Several speakers, including Sir 
Henry Fowler, stated that they had obtained satis- 
factory results with the Caprotti valve gear, and 
Mr. Parmantier, referred, in connection with the 
question of draught and exhaust, to the importance 
which the P.L.M. Railway attached to the provision 
of variable blast pipes. Mr. Bals, however, expressed 
a preference for a blast pipe with a fixed nozzle, 
particularly when the enginemen were not very 
expert. 

This completed the discussion on the question of 
improvements in the steam locomotive, and the 
conclusions arrived at in connection with new types 
of locomotive were considered to cover this.subject 


also. (To be continued.) 


simple-expansion units. Tests showed that above 
about 750 effective horse-power, the compound 
engine gave an improved performance over the simple 
of about 6 per cent., but at the usual smaller loads the 
simple engine was more economical. As a result 
of these and other tests, only two-cylinder simple-- 
expansion engines have been built since 1927 by 
the Deutsche Reichsbahn. For high superheat, cast- 
iron cellular stuffing boxes with combined packing 
and labyrinth glands, had been found preferable 
to glands with white-metal rings. 

The concluding portion of the report was devoted 
to feed heaters, and it was stated that, in addition 
to the systematic use of exhaust-steam feed heaters, 
exhaust-gas feed heaters of several designs were tested. 
The majority of the latter showed an economy 
of only 2 to 3 per cent., but the heater used on the 
Krupp turbine locomotive enabled an additional 
5 per cent. of the heat units in the coal to be re- 
covered from the flue gases. This locomotive was 
described on page 280 of the current volume of 
ENGINEERING. 

Mr. Wagner’s summary was divided into sections 
covering increase in steam pressure, superheating 
and feed heating, air-preheating, valve gear, 
draught and exhaust, and miscellaneous questions. 
There was no discussion on the first two sections, 








MARKING OF IMPORTED BELTING AND REFRACTORY 
Bricks.—The Board of Trade has informed us that 
draft Orders in Council were recently laid before Parlia- 
ment in pursuance of Section 7 of the Merchandise Marks 
Act, 1926, requiring an indication of origin to be shown 
on imported strap butts, machinery belting, tiles of 
earth or clay, and refractory bricks, blocks, and tiles. 
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Turning ‘to the constructional details of the tran- 
sporter, the fixed tower consists of two lattice girder 
legs, supported by heavy concrete foundations and 
meeting at a platform 20-6 m. (68 ft.) above ground 
level. This platform carries a superstructure, ‘on 
which the sheaves for the various operating ropes are 
mounted, and to which the carrying ropes are secured. 
This superstructure is 16 m. (52 ft. 6 in.) high, so that 
the total height of the tower is 36-6 m. (120 ft. 6 in.). 
The pull on this tower is taken up by a double- 
tie of girder construction, the details of which are 
given in Fig. 4, Plate LI. The cabin from which 
all the movements of the transporter, including that 
of the movable tower, are controlled, is also mounted 
on the fixed tower, and is clearly visible in Fig. 24. 
As indicated in Fig. 10, the moving tower and the rope- 
way can be worked through a maximum angle of 32 deg. 
30 min. on each side of the centre line of the fixed 
tower, and the turntable is arranged so that the 
tubs can be picked up from it, whatever the position 
of the ropes supporting the carriage. 

Details of the construction of the moving tower 
are given in Figs. 15 to 20, Plate LI. As will © 
be seen, this tower, which is also illustrated in Fig. 25, 
consists of a vertical lattice member 35-65 m. (116 ft.) 
high overall, which carries the sheaves and counter- 
weights pertaining to the various operating ropes 
and the shackles for the carrying ropes. The pull on 
the tower exerted by the carrying ropes, load, &c., is 
counteracted by a large mass of concrete at the base. 
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Both the tower and the counterweight are supported 
by two inclined reaction legs shown in Fig. 16, the 
lower end of the tower and the splayed feet of the 
inclined legs being connected by lattice bracing. A 
distance girder keeps the lower ends of the inclined 
struts, apart, as shown in Figs. 16 and 20, Plate LI. 
At their upper ends, the inclined legs are connected 
to the vertical member at a height of 26 m, (85 ft. 3 in.) 
from the ground. As indicated in Figs. 16 and 17, 
Plate LI, and in Fig. 25, the lower ends of these 
legs are carried on two bogies, which run on a 1-m. | 
track. This track is inclined to the vertical to take the | 
thrust, and is mounted on a concrete base built to the | 
are of a circle. The distance from centre to centre 
of these bogies is 13 m. (42 ft. 8 in.), while the distance | 
from the centre of the vertical tower to the centre | 
of the track is 21 m. (68 ft. 10 in.). Each bogie has 
four wheels running in pairs on two rails. The bogies | 
are pivotted to the legs in such a way as to allow | 
freedom of movement both lengthwise and transversely. | 
In this way, any unevenness that may occur in the | 
track is not transmitted to the structure, and does 
not affect the distribution of the weight. 





to the tread, so that there is no side thrust on the 
wheel flanges. 
The transporter is electrically operated by a 270-h.p. 


motor, which is installed at ground level in a hut at | 


the base of the fixed tower, the various movements, 
as already mentioned, being remotely controlled from 
a cabin on this tower. A view inside this hut, showing 
the motor and the drums for the haulage and closing 
ropes, respectively, appears in Fig. 21. These drums 
are always in use, whether tubs are being unloaded or 
coal is being grabbed. The total load of 14 tons is all 
supported on one carriage, which runs on two carrying 
ropes, each of which is 64 mm. in diameter. Both the 


The bogies | 
are kept in position on the rails by rollers fixed normal | 


closing and haulage or traction ropes form an endless | 


system, and are kept in tension by counterweights | 
on the moving tower. These counterweights are shown 


in Fig. 17, Plate LI, and are also visible in Fig. 25. | 


This arrangement permits the heavy rope carriers 
which are usually employed for the closing and emptying 
ropes, and which are subject to frequent breakdown, 
to be eliminated. An important feature is that power 
is transmitted from the motor to the closing and 


emptying drums through an intermediate drum on ! 


the carriage, as shown in Fig. 22. The connection 
between the intermediate and closing and emptying 
drums is made through gearing, as illustrated diagram- 
matically in Fig. 23. The ropes operating the grab, 
therefore, are entirely separate units from the main 
ropes. 

The opening drum is brought into engagement 
by a brake and clutch. By the system employed 
the main ropes are exposed to much less wear than 
when they are carried over secondary drums and 
sheaves on the carriage, and subject to stress each time 
the grab is closed. Moreover, should it become necessary 
to replace a closing or opening rope, this operation only 
requires the substitution of a comparatively short 
length, instead of a replacement having to be effected 
over the whole span. By the employment of this 
intermediate drum on the carriage, the emptying rope | 
does not have to be taken back to the winding engine, 
the brake and clutch, which brings it into engagement, 
being operated in a simple manner by an endless control 
rope, which, like the others, is kept in tension by a 
counterweight on the moving tower. This rope is 
driven by a 3-h.p. motor, which is also controlled from 
the driver’s cabin. As this control rope drum revolves 
it takes up one turn of the endless rope and simul- 
taneously pays out another. This drive is made 
to move a lever on the carriage, which operates the 
clutch, either to right or left, as shown in Fig. 22 
There is no risk that the drag or accelerating forces 
will cause any unintentional movement of this lever 
to take place, while the carriage is in motion, since 
conditions of equilibrium are maintained by the tension 
to which the rope is subjected. The ropes by which 
the lifting and lowering motions are operated are double, 
to prevent any twist being transmitted to the carriage, 
while the traction rope is single. 

As already stated, the maximum total weight of the 
loaded carriage is 14 tons, the capacity of the tubs 
and grab being 10 tons and 7 tons respectively. The 
hourly capacity of the transporter, when the tubs are 
being used is 187 tons, assuming eighteen round trips 
to the centre of ,the storage ground, and allowing 
50 seconds for attaching and detaching the tubs 
respectively. When the grab is employed for recover- 
ing the coal, about 150 tons per hour can be handled, 
on the assumption that a full load is lifted each time. 
The transporter has now been in successful operation 
for some time. For purposes of comparison it may be 
added that the capacity of the conveyor plant used 
on the storage ground at the Hams Hall Station, 
Birmingham, is 100 tons per hour. This Hams Hall 
installation is a good example of a modern British 
coal-handling plant. 
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HYDRAULIC PRESS WITH FLEXIBLE PLATEN. 


MESSRS. FLUID PRESSES, LIMITED, ENGINEERS, LONDON. 
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FLEXIBLE-PLATEN HYDRAULIC 
PRESS. 


A CHARACTERISTIC of engineering development often 
overlooked, but none the less really existent, is that 
of a machine or apparatus originally devised to meet 
the requirements of a particular industry and afterwards 
proving of great utility in quite unrelated processes. 
What is very likely to prove a case in point occurs 
in connection with the flexible-platen hydraulic press 
which we recently saw in operation at the works 
of Messrs. Lancegaye Safety Glass, Limited, The 
Palace of Industry, Wembley, and which is illustrated 
in Figs. 1 and 2 on this page. The press is being used, 
as may be readily inferred, in the manufacture of that 
almost indispensable concomitant of modern motoring, 
safety glass. 

This product, as is well known, consists of two 
layers of glass cemented to a layer of flexible 
transparent material sandwiched between them, the 
process of making the three layers mutually adherent 
necessitating an even temperature over the whole 
surface, while an even pressure is being applied. Ordi- 
nary sheet glass, such as is used in this compound glass, 
has rarely a perfectly level surface and the close contact 
to maintain uniform pressure everywhere is therefore 
difficult when working with the ordinary hydraulic 
press having rigid platens, even when the platens are 
covered by blankets, or have spring levelling devices. 

This difficulty has been surmounted in an ingenious 
and effective way in the press now described by making 
the platens with a flexible surface. This surface is 
formed of sheet rubber, and the pressure is applied by 
admitting water from an accumulator behind it. A 
moment’s thought will show that the method not only 
ensures uniform pressure at all parts of the surface, 
however irregular that surface may be, but that the 
pressure is applied everywhere normal to the surface, 
that is, there are no horizontal or angular unbalanced 
components tending to cause displacement of the layers 
of material being handled. Apart from this, the flexible- 





ig. a, 
WWI 
ian 


~ YY 


























N Uj 
N LZIG 







N \\y, KK Q 
NY = Uy. Rc III 
WN rs 


WV UOMO 
YM 







Ny 


Wi 


L; 
(2030.8) UI 


platen press has several other outstanding advantages. 
It follows, from the fact that the pressure surface accom- 
modates itself to irregularities in the surface pressed, 
that several pieces of glass may be treated together, 
and that, within reasonable limits, these pieces may 
differ in thickness. This not only gives greater freedom 
in selection of the raw materials, but increases the 
output of the flexible-platen press. The flexible-platen 
press has also great certainty of action, and there is no 
possibility of breakage by the application of pressure. 
It is very unlikely that this form of press will remain 
of use only in the safety-glass industry ; there seem 
possibilities in the way of veneers, ply-wood, electrical 
insulation and, no doubt, in other industries some of 
which may have been awaiting such a development. 
Having dealt with the general features of the flexible- 
platen press, an actual example may be described 
in some detail. This is shown in Fig. 1, and is the 
latest of four presses installed by Messrs. Lancegaye. 
The first two embody the hydraulic flexible-platen, 
but movement is given to the platens by an ingenious 
eccentric system in the one case and a toggle joint 
system in the other, both being hand-operated and 
therefore somewhat slower in operation than the press 
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THE TRANSIT CONCRETE MIXER. 














shown in Fig. 1. The general design of this press 
appears at first sight from this figure to be somewhat 
conventional, consisting as it does of a double-daylight 
press with a hydraulically-operated bottom table and a 
fixed, but adjustable, top table. A closer inspection, 
however, will show the four flexible platens, 7.e., two 
attached to the top and bottom tables respectively, and 
two fitted to the surfaces of a heating element 
suspended between the tables. The construction of a 
pair of platensis shown in the somewhat diagrammatic 
section, Fig. 2. The two rubber diaphragms and the 
way in which they are secured is quite clear. The space 
between them contains the glass to be pressed, which 
is laid on the lower diaphragm. Both diaphragms 
are then inflated by water at the required pressure 
and temperature and the compression of the layers of 
the product is thus effected. 

The figure shows both platens in contact as regards 
the edge of the frame, and it is to place them in this 
position,that the hydraulic ram is provided under the 
bottom table, as shown in Fig. 1. This ram only holds 


the plategyin position and puts no pressure on the glass. 
The h filic pressure on the glass is provided to the 
diaphra; by the pipes at the right-hand side of the 


press in the figure. The other pipes contain steam for 
heating the water contained in the platens. This is 
done by specially arranged coils in the water spaces, 
the disposition of which has needed considerable 
experiment to ensure uniform distribution of heat 
over the surface of the diaphragms. As these are in 
intimate contact with the material to be heated, the 
heat transfer is both rapid and effective. Radiation 
losses can be made good by adjustment of the steam 
supply. Referring again to Fig. 1, the apparatus on 
the right-hand side of it requires comment. This 
comprises a multipoint electrical thermometer, and two 
hand pumps with gauges. The indicating and pump- 
ing installation is temporary, and has been removed 
since the photograph was taken, a hydraulic accumula- 
tor actuated by a 6-stage motor-driven centrifugal 
pump having been substituted for the hand pump, 
and the instrument stand made in a more permanent 
form. 

When the glass has been put in the press, it is 
necessary to keep it under pressure for some 
20 minutes. The pressure is gradually raised from 
120 lb. to 200 Ib. per square inch, and the temperature 
from 90 deg. to 170 deg. F. These figures refer to 
the manufacture of glass about ¥ in. to } in. thick 
overall, such as that used for motor-car windscreens 
and windows. With glass for other purposes some 
variations in procedure are necessary. This is not 
surprising seeing that the glass is made up to about 
#} in. thick for ships’ sidelights, and down to about 
3; in. for aircraft. Curved glass can be dealt with 
by the standard platens, so long as the arc is not 
too great, as plenty of play is allowed in the 
diaphragms. These are so attached to the top platens 
that they do not hang down and interfere with the 
charging of the pieces, while on the bottom platens 
they rest upon a grid in the water space. The corners 
of the platens, as regards the attachment of the 
diaphragms, are well-rounded, an important detail 
from the point of view of the life of the diaphragms. 
The manufacture of more sharply-curved forms of 
the glass is being experimented with. Probably 
this and other processes will largely resolve into a 
matter of suitable jigs, the application of the pressure 





per se not presenting any difficulties. In this connection 
it may be noted that by dividing the platens with 
suitable vertical partitions, different pressures can be 
applied to different parts of the same article, or to 
different articles, at the one operation. 

An account of the manufacture of the safety glass 
itself may be found of interest at this point, though it 
can only be a brief one. Ordinary commercial glass 
of various weights and sizes is kept in stock and 
drawn as required. It is delivered into a series of 
dust-proof rooms, entered through air locks, and is 
washed in a special machine having a series of wet 
and dry rollers. From the washing machine the 
polished sheets of glass travel on a rubber belt conveyor 
to the coating machine, where a layer of dope is 
deposited from rollers. The glass is then passed on 
to another belt conveyor, of such a length and 
travelling at such a speed that the sheets are dry 
by the time they reach the end, which they do at 
intervals sufficiently wide apart to give an attendant 
opportunity of lifting them on to a table and inserting 
a sheet of the cellulose acetate between each pair. 
The pairs are then bound together by gummed paper 
strips, and examined for entrapped dust or flaws. 
They are then passed out of the dust-proof rooms, and 
are taken on a conveyor to the press. 

Upon leaving the press the sheets are cleaned and 
inspected, and, after the protruding celluloid has been 
trimmed off, are taken into stock. The stock sheets 
may be readily cut by an ordinary diamond first on 
one side and then on the other. They are then 
heated, near the cut, over, say, an electric stove, which 
operation causes the cut to open sufficiently to admit 
the point of the knife which is used to sever the 
celluloid. The operation of cutting can thus be done 
locally, and no sealing or protection of the edges is 
required. When desired, however, the edges of the glass 
can be ground polished at the works, which is done by 
carborundum wheels and wooden buffing wheels. 
A well-equipped laboratory forms part of the works, 
and in it we witnessed several interesting impact 
tests on various thicknesses of glass. The glass 
“starred ’’ in all directions from the point of impact, 
in some cases forming a very intricate and symmetrical 
network of cracks. The glass did not splinter, how- 
ever, and as a matter of fact the large majority of the 
cracks could not be felt by passing the finger over 
them, thus showing the completeness of the adhesion. 
The development of the flexible-platen hydraulic 
press for other purposes than the manufacture of 
Safety glass is in the hands of Messrs. Fluid Presses 
Ltd., 1, London Wall Buildings, E.C.2. 








PrrsonaL.—Owing to ill health, Mr. P. Howard has 
resigned his position as general manager of the Singapore 
branch of Messrs. The General Electric Company, Limited, 
and Mr. R. C. Giggins, of the Kuala Lumpur branch of the 
Company, has been appointed to fill the vacancy.—After 
May 17, the registered office of the London Iron and Steel 
Exchange, Limited, will be at 28, Essex-street, Strand, 
London, W.C.2, where all communications to the secretary 
should be addressed.—Messrs. James Neill and Company, 
(Sheffield), Limited, Composite Steel Works, Napier- 
street, Sheffield, have acquired an extensive site adjoin- 
ing their works. As soon as this is cleared, a modern 
two-storey factory will be erected.—The offices of our 
contemporary, The Engineer, have been removed from 
33, Norfolk-street, to 28, Essex-street, Strand, London, 
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THE TRANSIT CONCRETE MIXER. 

THE practice of selling ready-mixed concrete was 
introduced in the United States about ten years ago, 
the concrete being manufactured at a large central 
plant and distributed in motor vehicles fitted with 
either an ordinary tipping body, or with a special body of 
the open tank type, in which the mix was agitated during 
transit by means of paddles driven from the engine. 
The latter provision enabled the concrete to be con- 
veyed for distances which would have been impossible 
in the case of ordinary tipping bodies without serious 
segregation. It is evident, however, that even with 
the agitator type of body, the distance over which 
the wet concrete could be conveyed was still limited, 
owing to the tendency to set, and about five years 
ago, a system of portable mixers was introduced 
to overcome this difficulty. This system is now 
being introduced into this country by Messrs. The 
British Steel Piling Company, Limited, 544, Parlia- 
ment-street, Westminster, the concessionnaires for the 
Paris Transit mixer used in the United States. 

The first demonstration wagon, which consists of 
a Paris mixer mounted on a Sentinel rigid six-wheeled 
chassis, is illustrated in the figure on this page. It 
has a capacity of 5 cubic yards, and is fitted with 
Messrs. Bromilow and Edwards’ hydraulic end tipping 
gear. The mixing drum is made with welded joints 
throughout, and is provided with internal blades of 
the usual helical type. Two machined steel rings are 
fixed to the drum, and these rest on the lower rollers 
visible in the figure. The rollers themselves are 
mounted on a substantial frame, built up from channel 
sections, bolted to the main chassis frame. Inter- 
mediate wooden strips are introduced to serve as shock 
absorbers. 

A description of the Sentinel chassis was given in 
ENGINEERING, vol. cxxviii, page 41 (1929), and it 
is therefore sufficient to state that, for the portable 
mixer, the engine crankshaft is extended through the 
casing on the near side, and carries two sprocket 
wheels. From the outer of these wheels, a chain is 
taken to drive the pump for the tipping gear, and 
from the inner sprocket, a heavier chain is taken to 
drive a special worm-gear box mounted on a frame 
cross-member above the engine. The drive from the 
worm-gear box is by a horizontal shaft, running below 
the mixer drum, to the back of the vehicle. From the 
rear end of the shaft, the drive is again taken by chain 
to a box containing a combined differential and reduc- 
tion gear, and finally, the output shaft from this box 
is carried forward for a short distance, and terminates 
in a pinion engaging with a large gear ring mounted 
on the mixer cylinder. In the Sentinel wagon, the 
engine can, of course, be run in either forward or 
reverse with the vehicle stationary, so that the drum 
can be rotated in either direction in the same circum- 
stances. The roller paths are protected by guards, 
as shown in the figure, and light guide rollers are 
provided at the top of each path. 

In operation assuming that the materials are drawn 
from a central depot, as would normally be the case, the 
dry aggregates in the required proportions are delivered 
into the drum through a chute inserted into the opening 
at the rearend. At the same time, the exact quantity 
of water for the required mix is introduced into one 
of two tanks mounted above the drum, the second 
tank being also filled with water. The rear opening 
in the mixing drum is provided with a cover fitted with 
a bayonet joint, and when this is closed, the vehicle is 
driven to the site of the work with the drum in rotation. 
The speed of rotation is approximately 10 r.p.m. at a 
road speed of 20 m.p.h. Five minutes before the site 
is reached, the driver opens a cock which allows the 
measured quantity of water to enter the drum, and the 
process of mixing the concrete then commences. The 
drum is kept in rotation while it is being emptied, 
the motion assisting the discharge. The tipping gear 
is similar to that described on page 618 of our issue 
of last week. It should be explained that during 
the elevation of the body, which rises to an angle of 
about 40 degrees, the final transmission shaft of the 
drum-revolving gear remains parallel with the drum 
axis, while the remainder of the driving mechanism 
retains its original position on the chassis, this action 
being rendered possible by the introduction in the 
drive of the differential, already referred to. After 
the drum has been discharged, the wagon is withdrawn 
from the site, and the drum flushed out by passing the 
contents of the second tank through it. It will be 
clear that with this system, the concrete is being 
manufactured under the most favourable conditions, 
as the proportions and quality of the aggregate are 
under strict control, and that the results obtained 
are therefore likely to be better than if it is being 
manufactured in small quantities on the site of the 
work. This has proved to be the case in practice in 
the United States, where repeated tests of the transit 
mixed concrete on all types of construction have shown 
that a very uniform quality of material with a high 
strength factor is obtained. 
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LETTERS TO THE EDITOR. 


STRESS AND STRENGTH. 


To THE Eprror or ENGINEERING. 


Srr,—The leading article in your issue of April 25, 
emphasising the desirability of using empirical data in 
many problems of stress and strength, will set practical 
engineers wondering once more what is the true elastic 
limit of a number of materials commonly used in 
engineering construction. 

With the constantly recurring difficulty of deciding 
the elastic limit of, for example, various grades of high 
tensile steel or of the cast metals, comes the regret that 
theory and —— cannot attain closer alliance in the 
fundamental subject of stress and strain with particular 
reference to transverse breaking loads. 

To cast a doubt, however, on Hooke’s Law as the 
true criterion of an elastic material is to raise a storm of 
protest from engineers who see their basic conceptions 
shattered and themselves involved in a morass of new 
ideas. Some such feelings must have been occasioned 
in the chemical brotherhood when the basic idea of the 
indivisibility of the atom was smashed beyond repair 
and a broader basis substituted. 

Meanwhile engineers cling to Hooke’s conception of 
an elastic material, but rightly disregard its results, 
when occasion demands, in favour of empirical data. 
This wise reliance on practical experience should 
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reassure engineers that they can continue to design 
safely by accustomed methods even although the 
inadequacy of Hooke’s criterion of elasticity is officially 
recognised. z 

As a matter of close interest to this subject the 
imperceptible divergence of a line from its ‘‘ straight” 
part may be studied by plotting some such line as is 
shown in the figure in accordance with the equation 
given thereon. Equation to line OC referred to | 
rectangular co-ordinates OA, OB, is 6b = av. 
Where ais measured along O A from O and is given 
any value from O to 1:0 and 6 is measured perpen- 
dicularly from the base line OA. The equation 
represents an infinite family of curves. In the ex- 
ample drawn above the value assigned to n = 10. 

The example given underlines the difficulty of the 
research engineer who is asked to determine the 
‘* Limit of Proportionality”’ and “‘ Elastic Limit” of 
materials with curved stress-strain lines. But the 
production of a theory, usable in practice, which 
would take this curvature into account should not be 
impossible when the necessary testing, unbiassed by 
preconceived notions, is an accomplished fact. 

I am, Sir, yours faithfully, 
A. C. Vivian. 
Dunrobin, 
Mount Grace Road, 
Potters Bar. 

May 8, 1930. 

[Some forty years or so ago, Professor Bouasse, as the 
result of an elaborate series of experiments on wires 
subjected to torsion, came to the conclusion that there 
was no such thing as an elastic limit, and that if suffici- 
ently delicate means of measurement were employed 
the stress-strain curve would prove to have some 
curvature even from its very commencement. Lord 
Kelvin, moreover, found that a steel spring vibrating in 
air came to rest much more quickly than could be 
accounted for by the resistance of the air, which 
again indicates that Hooke’s law is inexact, though, 
in most cases, it undoubtedly provides a very close 
approximation to the truth over a considerable range of 
stress. In fact, if we neglect the hysteresis disclosed 
by Kelvin’s experiment and assume that the strain e 








is a function of the stress p solely, we have e = f(p). 
Expanding the right-hand side of this equation by 
Maclaurin’s theorem we get 


¢ = flo) + pf'(o) + pf"(o) + &e. 


Since the strain vanishes when the stress does, the first 
term of this equation is zero, and if f’(0) is very small 
compared with f’(o), we get e = pf’(o) as a first approxi- 
mation, and thisis Hooke’s Law. In the vast majority 
of cases of interest to the structural engineer this 
approximation suffices. A formula for stress-strain, 
sensibly the same as that proposed by our corres- 
pondent, has, we believe, been repeatedly suggested in 
the past, and in particular, in'a treatise entitled ‘‘ Elasti- 
citat und Festigkeit,” which was published in the 
eighties of last century. The real trouble confronting 
engineers is not, however, the need of an accurate 
formula for the stress-strain relationship but the 
absence in many cases of any simple relationship 
between stress and strength.—Ep. Ena.] 








THE THICKNESS OF BOILER TUBES, 


To THE Eprror of ENGINEERING. 

Sir,—I have read with interest the article on “‘ The 
Thickness of Boiler Tubes ” in your issue of April 25. 
The question of boiler tube thickness depends primarily 
on temperatures and pressures to which the tubes will 
be subjected. In determining the thickness of the 
tubes, due consideration must first of all be given to 





the type of steel used in their construction. The 
steels used are generally of the semi-killed or rimming 
kinds. These types of steel show no pipe, the ingot 
contains blowholes, and it is these which have com- 
ensated for the shrinkage cavities. There is also 
considerable segregation in this type of steel. With 
the tendency to use higher temperatures and pressures, 
the nearer it is possible to obtain homogeneous steel 
for boiler tube construction the better, for it is from 
the segregated material that many of the troubles of 
boiler tubes arise. The attached photograph, taken 
from a normal billet of tube steel, shows clearly the 
areas of segregation, and that the material is not 
homogeneous. The thickness of the tubes now used 
has not been based on calculation alone, for reduction 
of thickness has been advocated by several engineers 
for some time, yet no serious attempt has been made 
to reduce the present thickness. 
On purely theoretical grounds, and by taking no 
account of the inherent weaknesses and lack of homo- 
eneity of the steel, a reduction might be considered, 
ut it is the material that governs the present thickness, 
and therefore no reduction in thickness could be made 
with safety with the present material. The type of 
steel now used in tube construction has given satisfac- 
tory results, and not because it is without defects. The 
segregated areas, by careful manufacture, have been 
forced into the centre of the tube wall, and therefore 
there is a reasonable thickness of good steel before any 
segregated areas are reached by corrosion, &c.; by 
further drawing, then, the chance of this good layer of 
protection being broken down is increased. If reduc- 
tion is to be seriously considered then, the steel now 
used must be improved. Improvement can only 
come by engineers demanding stricter metallurgical 
examination. Macroscopic examination gives reliable 
information, coupled with sulphur prints and the 
analysis of the steel. 
Yours faithfully, 
F. A. Ruppocx, 
Lecturer in Metallurgy. 
Royal Naval College, 
Greenwich, 8.E.10. 


[May 16, 1930. 





THE CANADIAN BUDGET. 
To THE Epiror oF ENGINEERING. 


Smr,—The Canadian Budget, which has just been 
introduced into the Parliament at Ottawa, indicates 
emphatically the attitude assumed by the Government 
of the Dominion towards the burning and vital question 
of inter-Empire trade. 

The Hon. Charles A. Dunning, Minister of Finance, 
justly received an ovation in the Canadian House of 
Commons at the close of his speech, the keynote of 
which was that ‘within the British community of 
nations lies the greatest measure of opportunity for 
mutual development of trade, because of our common 
heritage, kindred institutions, and common patriotism ”’ 
—words which will be echoed by all true Empire 
patriots in this and other countries of the British 
Commonwealth. 

The extension of the British preference and British 
free entry represents substantial aid to the British 
manufacturer in competing in Canada against foreign 
imports. Its total value is difficult to assess, but it 
may be taken as a fact that it gives the British manu- 
facturer and producer a better chance of securing an 
extra gross annual trade of a value between 40,000,000/. 
and 60,000,000/. It is not, however, only the cash 
value, at the moment, of these preferences which the 
British should consider, but the fact that at this 
difficult moment for British trade, and on the eve 
of an Imperial Conference of incalculable possibilities, 
Canada comes forward offering a substantial tariff 
reduction. 

Various reasons have impelled the Government of 
this great Dominion to increase the British preference. 
First and foremost it is because Canada wants to do 
more business within the Empire and because its 
people are British in sentiment and largely so in race. 
No doubt other factors enter into the question, such 
as irritation at the tariff policy of the neighbouring 
republic, to mention one, but the fact remains, which 
is well understood by all those who visit the Dominion 
and make an earnest attempt to understandits people 
and policy, that Canada to-day is more anxious to 
do business of a reciprocal character with Great 
Britain than at any time during the past twenty 
years. 

It is to be hoped that the British people will rise 
to the occasion and take advantage of this opportunity, 
and, above all, that responsible heads of British 
industry will make a gyre of visiting Canada and 
studying on the spot the conditions and possibilities 
of that country. . 

T an, Sir, i 
Yours truly, 
CHaRrLis 4 Lisi. 

New Barnet, ei“ 

Herts. bas 
May 6, 1930. 








THE MANUFACTURE OF PORCELAIN 
AND STEATITE INSULATORS. 


THE growing consumption of electricity in this 
country, though still regarded as unsatisfactorily slow 
in some quarters, has at least brought with it an 
increasing demand for insulating materials. These 
materials may be conveniently divided into two 
classes, ceramic and non-ceramic. The latter—which, 
of course, includes paper, oil, rubber, and their deriva- 
tives—is mainly used for protecting the cables and wires, 
which form a part of, or are employed to connect the 
various apparatus to the source of supply. The former 
may be similarly classified into two sub-divisions, the 
large insulators, which are required for carrying high- 
tension overhead lines, for supporting the *bus bars 
and isolating switches for controlling those lines, and 
for other correlated purposes, and the fittings, which 
are an essential part of heaters, tumbler switches, 
ceiling roses, fuse-holders, and other smaller apparatus 
of many kinds. It is the first of these sub-divisions 
which, for obvious reasons, has recently shown the 
greatest development, and has necessitated consider- 
able investigation into the methods of manufacture and 
into the properties of the finished product. ‘ 

These points may be illustrated by a short descrip- 
tion of the new factory of Messrs. Steatite and Porce- 
lain Products, Limited, at Stourport, Worcestershire, 
which we recently had an opportunity of visiting. As 
a matter of history it may be mentioned that this 
firm was established in 1907 in south-west London to 
manufacture the magnesia rings and nozzles, which 
are used on incandescent gas mantles. This business 
is still carried on, but, owing to the increasing use of 
electric lighting, the annual output has fallen from 
80,000,000 in 1920 to 36,000,000 at the present time. 
It was therefore decided to extend the business to 
cover the whole range of ceramic electrical insulating 
materials, and arrangements were made with the 
Hermsdorf-Schomburg and Steatit-Magnesia Com- 
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panies in Germany, in conjunction with Imperial 
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Fie. 3. Tunnet KILN. 


Chemical Industries, Limited, and Falk, Stadelmann 
and Company, Limited, in this country, to build a 
modern factory for the manufacture of porcelain and 
Steatite insulators. It was also decided to establish 
a high-tension and mechanical research laboratory to 
investigate the properties of these products. 

The works at Stourport are the results of this policy, 
that location being chosen owing to its clear atmosphere 
and the fact that both rail and water transport facilities 
are conveniently available between it, the Stourbridge 
fireclay deposits and suitable coal supplies. The first 
unit of the factory, with the exception of the prepara- 
tion building and silos, is a one-story structure and 
covers four acres, but a site of some 70 acres in all is 





available for extensions. The factory is so laid out in 
relation to the railway that the material passes smoothly 
through it from its receipt to its dispatch as a finished 
product. As cleanliness is an important factor in the 
manufacture of porcelain for insulating purposes, the 
whole of the internal steelwork is enamelled and, as 
will be seen, other precautions have been taken to 
prevent the intrusion of ferrous material into the mix. 

The principal raw materials used in the manufacture 
of high-tension porcelain are china clay, plastic kaolin, 
quartz, and felspar. These are chiefly obtained from 
Cornwall and Dorset and are delivered by railway to an 
unloading bay on a level higher than the factory floor. 
Each consignment, after sampling, is unloaded by a 


OF MESSRS. STEATITE AND PORCELAIN PRODUCTS, LIMITED. 





Fie. 2. Avutromatic STEATITE PREss. 


short band conveyor, which is carried on a runway so 
that it can be brought over the wagons, into the storage 
bins. It passes from these bins into a disintegrator, where 
it is broken up to a standard degree of fineness and is 
then discharged into a silo, of which there are 22 in all, 
each with a capacity of 30 tons to 40 tons. The con- 
veyors used for the latter purpose are equipped with 
phosphor-bronze buckets, and the stoneware silos are 
fitted with ebonite mouthpieces, Further analyses of 
the materials are made at this stage, while, as an addi- 
tional assurance that purity shall be maintained, there 
is no communication between the storage and prepara- 
tion buildings, except over the silo floor. The raw 
materials from the silos are delivered to an automatic 
weighing machine. This has a capacity of 2 tons and 
will weigh to an accuracy of 0-01 per cent. It is 
controlled by a combination lock, so that unless the 
exact quantity of each material required for the mix 
has been admitted, its contents cannot be discharged, 
Each charge is also tested to determine the relative 
fineness of its particles. 

The contents of the weighing machine are discharged 
directly into one of four ball mills, which are built up 
of 2-in. steel and are lined with porcelain blocks 5 in. 
thick. Grinding is effected by flint pebbles, the size and 
weight of which are checked at intervals, and is carried 
out for a definite number of revolutions. Two motors 
are employed for driving the mills, one of 45 h.p. for 
starting, and a second of 15 h.p. for running. On the 
completion of the grinding process the material is 
blown by compressed air into porcelain-lined mixing 
vats, one of which is visible on the left of Fig. 1, whence 
it passes through a set of magnets and sieves, so that 
any iron or large pieces are removed. It is then 
pumped into a filter press, which is illustrated on the 
right of Fig. 1, where it is subjected to a standard 
pressure for three or four hours. These presses are 
arranged at such a height that a truck can be run 
underneath them and the finished cakes dropped, simply 
by operating a lever. The cakes are taken on these 
trucks to storage cellars, where they remain for three or 
four weeks in an atmosphere of constant humidity to 
increase their plasticity. They are next kneaded in 
kneading machines, to eliminate any entrapped air 
and to ensure a constant consistency. This process 
occupies from two to three hours, after which the 
resulting blocks are taken to the turning shop. 

To manufacture a standard insulator the clay is 
cut into pieces from which a ball is made. The first 
worker throws this ball into a sugar loaf and then 
beats the latter into a plaster mould of the rough shape 





of the insulator. This mould is handed to a second 
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worker, who forms the clay with a shaped tool on 
which there is an arrangement for making the undercut. 
After being allowed to dry slowly, it is then passed to 
a third worker, who brings its underside to the exact 
final shape, while a fourth shapes the outside with a 
former and places it on a plaster bat, on which it is 
taken by an elevator to the drying ovens. As the size 
and shape of an insulator have an important bearing 
on its electro-mechanical properties, a sample product 
is cut into sections at least four times a day and its 
dimensions checked. This enables any necessary 
correction in the shaping tools to be made. It may 
be added that models of the insulators are cast in 
plaster in a special shop, reproductions being taken 
from these models for use in the factory. 

In the drying ovens the insulators are exposed to moist 
air, so that they dry from the inside outwards, the 
humidity being gradually reduced and the temperature 
gradually increased. This ensures against the formation 
of cracks, which might not otherwise be noticed until 
the electrical tests were made. The next process is 
glazing, which is effected on an automatic glazing 
machine. This is arranged so that only the part which 
is to be glazed receives a coating of highly refractory 
felspathic mixture, and that this coating is uniform. 
The exact composition of this glaze and its expansion 
relative to the body have an important bearing on the 
ultimate mechanical strength of the insulator. The 
insulators are now ready fcr firing, but before describing 
the furnaces used for this purpose it may be mentioned 
that to prevent direct contact with the flames, the in- 
sulators are enclosed in saggars of highly refractory fire- 
clay. These saggars are formed in plaster and cast- 
iron moulds by a process similar to that used in making 
the insulators themselves, and are fired in the top 
chambers of the same round kilns, in which the large 
pieces such as bushings are treated. 

The firing equipment consists of a tunnel kiln, the 
charging end of which is illustrated in Fig. 3, and two 


round kilns, which are used for the purpose already | 
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ferred to the trucks. The firing operation occupies 
72 hours, at the end of which the insulators are 
first examined for mechanical or glazing faults, 
and are then transferred to the routine testing 
room. The kiln is fired by clean producer gas of 
constant composition at constant pressure. This 
gas is generated in two rotary producers, which are 
situated in a separate building, and after cleaning and 
scrubbing enters the kiln through 56 burners, each of 
which can be adjusted separately, so that the tempera- 
ture and condition of the gas at any point can be 
regulated. The temperature is controlled by five 
platinum-rhodium pyrometers and a Fery optical 
pyrometer, while Seger cones and test cups are placed 
on each truck; frequent analyses of the gas are also 
made. 

In the routine testing room the insulators are tested 
for 15 minutes at their flash-over voltage, while all 
the steel and malleable iron fittings are subjected to 
a load 50 per cent. above normal before assembly. 
After assembly each insulator is tested mechanically 
to 25 per cent. above its working load on the 
machine illustrated in Fig. 6, and is then subjected 
to an impulse voltage of 200 kv. and a high-frequency 
test of 150 kv. at a frequency of from 120,000 to 
150,000 cycles. Finally, each insulator is tested at 
its flash-over voltage for 15 minutes. In addition, 
a proportion of each batch is sent to the research 
laboratory and tested as described below. 
| Before dealing with this part of the factory, how- 
| ever, a short description may be given of the methods 
| adopted in manufacturing steatite insulators. Steatite 
|is a combination of magnesium oxide and silica in 
| Varying proportions, and, though it is found in many 
| parts of the world, practically the only deposit from 
| which insulators of suitable electrical properties can 
| be made is in Bavaria. It has a much higher 
| tensile and bending strength than porcelain, and has 
| been largely used in the manufacture of the solid core 
and stick insulators employed in railway work, as well 











mentioned. Most of the high-tension products are, | as for insulators for high-frequency telephony and in 
however, dealt with in the former kiln, which is 320 ft. | the production of pressed articles of high accuracy and 
long, and will accommodate 50 trucks simultaneously, | strength. Moreover, when finely powdered, it can 
one truck being charged per hour. The saggars are | be pressed in a dry state to give an article which is 
brought up to a low-level loading platform by a/| strong enough to be dropped on to a band conveyor, and 
continuous conveyor, from which they are trans-/ this property is made full use of at Stourport. The 





Fie. 5. 30-Ton Trnsitze Trestina MAcHINE. 


preparation of the raw steatite follows the same lines 
as those detailed in the case of the porcelain. The 
material, after being separated, dried, disintegrated 
and ground, is passed to the pressing machines. One 
of these machines, which were designed by the Steatite 
Magnesia Company of Berlin, is illustrated in Fig. 2. 
Its operation is entirely automatic, and by the use of 
specially designed tools and dies a large variety of 
articles can be manufactured on mass production lines. 
In this connection an important point is that on firing 
at 1,450 deg. C., steatite only contracts 8 per cent., 
as against 18 per cent. for porcelain, so that high 
accuracy and speed of assembly are possible, the neces- 
sary tolerance being only 2 per cent., while with 
porcelain 5 per cent. must be allowed. The articles 
after pressing are sprayed with a leadless glaze, and are 
then fired in a tunnel muffle kiln. The present 
capacity of this department is upwards of 200,000,000 
pieces per annum. 

The research laboratory is equipped with apparatus, 
which allows both the electrical and mechanical 
properties of the insulators to be exhaustively examined. 
It includes a high-tension room, mechanical laboratory 
and fog room, together with an open-air testing field, 
where endurance tests can be made under normal 
atmospheric conditions. The high-tension room is 
4,300 sq. ft. in area and 45 ft. high, and is lighted 
entirely by artificial light. It is equipped with a 
single-phase 500-kv.-a. alternator, from which a supply 
is given at normal frequency and 6,000 volts to the two 
450-kv.-a. testing transformers illustrated in Fig. 4. 
When these two units are supplied in parallel a pressure 
of 1,000 kv. between poles can be obtained, and this 
can be increased to 1,200 kv. to earth by using the 
normal cascade connection. To allow pressures below 
50 kv. to be measured accurately the generator voltage 
can be reduced to 3,000 volts by using an auto- 
transformer, while smooth and accurate regulation 
is ensured by employing a direct-coupled exciter, 
which, in its turn, is supplied from a battery. This 
equipment is connected to a bus-bar from which the 
high-tension rectifier, fog room, mechanical laboratory 
and open-air testing field are supplied, interlocks being 
provided so that not more than one of these circuits 
can be fed simultaneously. The isolating switches are 
mounted on the roofs of the buildings. Voltages at 
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Fia. 7. VIBRATION Test FoR INSULATORS. 


high frequencies are obtained from a Tesla trans- | 
|solid matter. The mist is obtained by suspending 


former, which forms another item in the laboratory 
equipment. This enables the conditions, which 
occur in high-tension lines, when parts of the system 
are caused to oscillate at their natural frequency by 


are charged by an unsmoothed unidirectional current, 
enables the effect of a direct lightning stroke to be 
imitated. 

For this purpose the condensers. are charged in 
parallel through high resistances, and are discharged 
on to the object under test in series. In this way, 
it is stated, pressures exceeding 1,800 kv. have been 
obtained. The unidirectional current for charging the 
condensers is obtained from a Delon mechanical 
rectifier, which allows a voltage double the peak 
voltage of the transformer supplying the current for 
rectification to be obtained. The above tests can be 
applied to insulators under normal conditions or 
under artificial rain, while, in addition, investigations 
can be made in a special room under conditions of 





. ; | of the fog room. A 
lightning surges, to be simulated. In addition, an | 
impulse plant, in which two high-voltage condensers | of two types. In the first the pin is secured in the 












































heavy fog, mist, salt spray and artificial fouling by 


the insulators for a considerable time in a refrigerator 
and then removing them to the higher temperature 


The high-tension insulators made by the firm are 


porcelain by cement, while in the latter, which is 
the type which is being used on the Grid, a spiral 
spring of high-tensile steel wire is placed on the head 
of the pin, and is forced through the neck of the 
hollow cylindrical space in the head of the insulator 
so that it can expand in the larger cavity into which 
that neck opens. The spring is retained in position 
by a serrated collar and clip, and after its insertion 
the neck is filled with a lead alloy, so that no relative 
movement of the two parts is possible, and a good 
distribution of the mechanical and electrical stresses 
is obtained. The tension on the pin is converted into 
a uniform compression over the whole of the interior 
of the insulator and the mechanical strength of the 





cement, while tests show that the pin will shear 
before it can be drawn out of the porcelain. 

For testing these insulators a 30-ton testing 
machine, which we illustrate in Fig. 5, has been 
installed at Stourport. This has been specially 
designed for the purpose, and can also be used for 
compression tests. In addition, the tensile strength 
of test pieces is ascertained on a 10-ton machine, 
which is equipped with a number of auxiliary parts 
so that torsion and bending tests can be made on all 
types and sizes of insulators. Another interesting 
machine is illustrated in Fig. 7. This has been 
designed for carrying out vibration tests on insulator 
posts in accordance with the specification of the 
Central Electricity Board. As will be seen, a spring- 
loaded rod is attached to the top of the insulator 
string, and is moved backwards and forward by an 
eccentric which is driven by a small motor. Torsional 
tests are carried out in a similar way, while endurance 
tests on isolating switches are effected on a machine on 
which five columns of insulators are mounted. Four of 
these carry a standard isolating switch contact and the 
fifth a rotating switch arm. The latter is driven by 
compressed air, and can be adjusted for speed of 
operation and contact pressure. The central column is 
therefore subjected to impact torsional forces, and 
the outer to impact bending and vibration stresses as 
in service. A bus-bar runs over all these machines 
so that they can be employed for electro-mechanical 
as well as mechanical tests. 





THE LATE MR. J. WEMYSS 
ANDERSON. 


Mr. Joun Wemyss ANDERSON, whose death 
occurred on May 4 at the age of 62, was a leading 
authority on the subject of refrigeration, and had 
been connected with this branch of engineering, 
which has lately assumed increasing importance, 
during the whole of his professional career. It may be 
said, too, that he was directly responsible for develop- 
ments, which have recently taken place. For in 1909 
he was asked by the Institution of Mechanical Engineers 
to report on refrigeration, and in so doing laid down 
the lines along which further research should proceed. 
The result was the formation of a Research Committee, 
of which Sir Alfred Ewing was chairman and Anderson 
himself a member. 

Mr. Anderson was born at Stoke, Devon, on January I, 
1868, and received his early education at the Park 
Grammar School, Plymouth. After attending classes 
at the Devonport School of Art for a year, he was 
apprenticed, first to Messrs. James Jack and Company, 
engineers, of Liverpool, and then to the Kilbourn 
Refrigerating Company in the same city. Simul- 
taneously he was a pupil at the Liverpool School of 
Science and University College, where he obtained a 
first-class certificate and prize in engineering, as well 
as the Earl of Derby’s science prize. In 1891 he 
obtained a Whitworth Exhibition. 

On the completion of his apprenticeship he remained 
with Messrs. Kilbourn as draughtsman and was 
engaged with them until 1893 in the design of refrig- 
erating machines and cold storage buildings. He was 
also responsible for the supervision of the plant during 
erection and for its testing on completion. In 1893 
he was appointed assistant lecturer in engineering at 
University College, Liverpool, but after holding this 
position for two years set up in practice on his own 
account as a consulting engineer. Not unnaturally, 
he devoted himself to cold storage work, and among 
the plants carried out to his design may be men- 
tioned those erected by Messrs. Ashton Brothers, of 
Wigan, and the Central Stores of the Liverpool Cold 
Storage Company. He acted as consulting engineer 
to the latter concern for many years. In the meantime, 
however, he had not altogether severed his connection 
with the University and when, in 1903, he was 
appointed Lecturer on Design and Drawing and Dean 
of the Faculty of Engineering he ceased to practise 
as a consulting engineer, though, as we have already 
indicated, he retained his interest in the development 
of refrigeration. This is shown by the fact that he 
was appointed to the John William Hughes Chair of 
Engineering Refrigeration in the Liverpool University 
in 1920, a position which he held until his retirement 
from active life in 1924. 

During the war, when the Department of Scientific 
and Industrial Research established a Cold Storage 
Research Board, Professor Anderson was appointed 
a representative of the Ministry of Food. He was 
also a member of the Ice and Cold Storage Association 
and had served as president of the Liverpool Engineer- 
ing Society. He was elected a member of the Institu- 
tion of Civil Engineering in 1905 and of the Institution 
of Mechanical Engineers in 1892.. He was the author 
of a well-known text-book on refrigeration and of a 
number of papers on the same subject, and on vapour- 
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THE LATE MR. DANE SINCLAIR. 

Mr. Dane Srvciarr, whose death we regret to 
record, occurred on Tuesday, May 6, at Weybridge, 
was 78 years of age, and played a leading part in the 
early days, in the development of telegraphy and 
telephony at home and abroad. Recently, too, he has 
been concerned in stimulating progress in the auto- 
matic operation of the equipment required in the 
latter system of communication. In addition, the 
firm, of which he was for many years the chairman, 
has been instrumental in carrying out improvements 
in the manufacture of the cables and wires used in 
power supply and communication circuits, and in 
erecting overhead lines for the same purposes. The 
transmission system in Central Scotland, of which a 
description appears on page 599 of our issue of last 
week, is a notable example of the latter activity. 

Mr. Sinclair was born at Caithness on June 6, 1852, 
and joined the telegraph department of the North 
British Railway Company twenty years later. In 
1875, he was appointed inspector of telegraphs under 
the Japanese Government, and remained in that 
country for five years. On his return, he obtained 
a position with the Dundee and Arbroath Joint Rail- 
way, but in 1882 was appointed engineer of the Glasgow 
District of the National Telephone Company. Shortly 
afterwards, as the result of his advice, this concern 
amalgamated with the United Telephone and the 
Lancashire and Cheshire Telephone Companies, and in 
1892, Mr. Sinclair became engineer and electrician-in- 
chief of the entire concern, a position which he held 
until 1902. During this period, it was decided to 
convert the whole of the telephone system of Great 
Britain from single to double-circuit working, and 
considerable pressure, including legal action, was 
brought to bear to ensure that this change should be 
accomplished as quickly as possible, even in districts 
where financially it was hardly justifiable. In 1896, 
he was appointed jointly with Mr. (afterwards Sir 
John) Gavey to value the trunk system of the National 
Telephone Company on its sale to the Post Office, 
while, in addition, he was largely responsible for 
introducing methods of standardisation into the 
equipment used in telephonic working. 

After ten years as engineer and electrician-in-chief 
of the National Telephone Company, Mr. Sinclair was 
appointed general manager of the British Insulated 
and Helsby Cables, Limited (now known as the British 
Insulated Cables, Limited), which had been formed 
by an amalgamation of the British Insulated Wire 
Company and the Telegraph Manufacturing Company. 
This firm under his guidance has risen to a leading 
position in the cable-manufacturing world. As an 
indication of this it may be recalled that the recent 
contracts it has carried out include the overhead 
equipment required for electrifying railways in both 
Western Australia and India. The firm also acquired 
the Strowger automatic telephone patents, and some 
years ago formed a company for their development 
which is now known as the Automatic Telephone 
Manufacturing Company. As is well known, this 
system, in a modified form has been adopted by the 
British Post Office, and has lately been applied to the 
operation of the totalisator. 

Mr. Sinclair was elected a member of the Institution 
of Electrical Engineers in the year 1893, and had 
served on the Council of that body. 








INTERNATIONAL Exposition OF AMERICAN IMPORT 
TRADE, NEw Yorxk.—-What is claimed to be the first 
import exhibition to be held in any part of the world, is 
to take place at the Grand Central Palace, New York, 
U.S.A., from August 4 to 9 next. No goods made in 
the United States w'll be admitted, the exhibition being 
devoted strictly to manufactures from other parts of 
the world. The United States buys a considerable 
quantity of British merchandise, and this exhibition 
affords a unique opportunity for our manufacturers to 
extend and consolidate their connections in this market. 
The representatives for Great Britain and Northern 
Ireland and the British Dominions overseas are Messrs. 
The International Trade Exhibitions, Limited, Broad 
Street House, London, E.C.2. 





HaRBoUR DEVELOPMENTS AT CocHIn.—The Port of 
Cochin is situated on the West Coast of India, in Latitude 
9 deg. 58 min. N., and is the only safe and sheltered 
harbour in British territory between Bombay and Cape 
Comorin. Developments are taking place with the 
object of converting the port into a first-class harbour. A 
dredged channel leads into the harbour and is practicable 
at all seasons of the year for vessels of 28 ft. draught. 
At the present time three vessels up to 475 ft. in length, 
and one vessel 400 ft. long and having a maximum 
draught of 20 ft., can be accommodated. It is expected 
that five berths for large steamers and two berths for 
steamers up to 400 ft. in length will be available shortly. 
The port is connected with the hinterland by rail and 
water transport. The railway facilities, however, are 
to be greatly increased in the near future. The principal 
imports are rice, piece goods, hardware, metals and 
European manufactured‘ goods. The chief exports are 
coir yarn, fibre and rope, mats and matting, coconut-oil, 
rubber, oil cake, tea, spices, teak and rose w: 
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TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Vacuum-Brake Gear.—The su ply of vacuum-brake 
gear (metal parts). The South African Railways and 
Harbours Board, Johannesburg; June 19. (Ref. 
No. A.X. 9556.) 

Air Compressor and Motor.—The supply of a yroup 
air compressor, electric motor, and petrol engine for the 
workshops of the town of Antwerp. The Antwerp 
Municipal Council; May 22. (Ref. No. A.X. 9567.) 

Miscellaneous Stores.—The supply of general stores, 
including coal baskets, fire bricks, hack-saw blades, 
various chemicals, polishes, emery cloth, and fireclay. 
The Director-General, Ports and Lighthouses Adminis- 
tration, Alexandria, Egypt; May 29. (Ref. No. C.X. 
3268.) 

Passenger Motor- Vehicle Chassis.—The supply of one or 
more chassis for passenger motor vehicles to seat from 
30 to 35 persons. The South African Railways and 
Harbours Board, Johannesburg; June 26. (Ref. No. 
A.X. 9559.) 








BOOKS RECEIVED. 


United States Bureau of Mines. Bulletin No. 314. 
Quarry Accidents in the United States during the Calen- 
dar Year, 1927. By W. W. Apams. [Price 15 cents.] 
Miners’ Circular No. 33. Adva Mine Rescue 
Training. PartI. Mine Gases and Methods for Their 
Detection. By J. J. Forses and G. W. Grove. 
ag 20 cents.] Washington: Government Printing 


ce. 

Stoomleidingen Stoomdrukreduceerioestellin Condens- 
waterafvoerinrichtingen. By Professor Ir. F. K. Tx. 
Van IreRSoN. Deventer, Holland: A. E. Kluwer. 
{Price 1-60 Florin.] 

Ohio State University. Engineering Experiment Station. 
Bulletin No. 52. Single-Wire Transmission Lines for 
Short-Waves Antennas. By W.L. Everitt and J. F. 
Byrne. Columbus: Ohio State University. 

Department of Overseas Trade. EF. ic Conditions in 
East Africa, September, 1929. Report. By C. Kemp. 
London: His Majesty’s Stationery Office. [Price 
2s. 9d. net.] 

Department of Scientific and Industrial Research. The 
Deterioration of Structures in Sea Water. Tenth 
(Interim) Report of the C of the Institution of 
Civil Engineers. Edited by J. Purser and H. J. 
Grosz. London: His Majesty’s Stationery Office. 
[Price 2s. net.] 

Home Office. Report on Effects of Asbestos Dust on the 
Lungs, and Dust Suppression in the Asbestos Industry. 
By E. R. A. MEREWETHER and C. W. Price. London: 
His Majesty’s Stationery Office. [Price ls. 3d. net.] 

Transactions of the Institution of Engineers, Australia, 





or) 








Vol. VIII. 1927. Sydney: Offices of the Institution. 
Department of Overseas Trade. E tc Conditi in 
Brazil, November, 1929. Report. 8. G. Irvine. 


London: His Majesty’s Stationery Office. [Price 
2s. 6d. net.] 

Department of Overseas Trade. E 
in the Union of South Africa. 1929. 
N. Exmstre. London: His Majesty’s 
Office. [Price 2s. net.] 

State of Illinois. Division of the State Water Supply. 
Bulletin No. 28. Illinois River Studies, 1925-1928. 
By C. 8. Borurr and A. M. Buswett. Urbana, Il. : 
State Water Survey. 

United States Bureau of Standards. Miscellaneous 
Publication No. 101. Report of the Twenty-Second 
National Conference on Weights and Measures. Washing- 
ton, June 4-7, 1929. Washington: Government 
Printing Office. [Price 30 cents.] 

Department of Scientific and Industrial Research. Lwubri- 
cation Research. Technical PaperNo.1. The Analysis 
of Commercial Lubricating Oils by Physical Methods. 
London: His Majesty’s Stationery Office. [Price 
ls. 9d. net.] 

Reports of the Imperial Ec ic C itt Fourteenth 
Report. A Survey of the Trade in Rubber Manu- 
factured Goods. London: His Majesty’s Stationery 
Office. [Price 6d. net.]} 

Personen und Giiterbahnhiéfe. 
Berlin: Julius Springer. [Price 28-50 marks, ] 

Elektrische Maschinen. Vol. II. Synchronmaschinen 
und Einankerumformer. By Dr.-Ing. Rupot¥ RIcHTER. 
Berlin: Julius Springer. [Price 39 marks.] 

Transmission Networks and Wave Filters. By T. E. 
SHear. London: Chapman and Hall, Limited. 
[Price 32s. net.] 

The Theory of Electrical Artificial Lines and Filters. By 
A. C. Barttetr. London: Chapman and Hall, 
Limited. [Price 13s. 6d. net.] 

Canada. Department of Mines. Mines Branch No. 701. 
Mica. By H. S. Srence. Ottawa: Department of 
Mines. Mines Branch. [Price 30 Seite: 

Department of Overseas Trade. E ic Ci 


Ree ais 


Report. By 
tationery 








By Dr.-Ing. Orro Brum. 


ditions in 





Hungary, 1928-29. Report. By E. H. Muvtock. 
London: His Majesty’s Stationery Office. [Price 
ls. 6d. net.] ° 


Die Hebezeuge. Berechnung und Konstruktion der Hinzel- 
teile, Flaschenziige, Windenund Krane. Eighth edition, 
revised and enlarged. Brunswick: Friedr. Vieweg 
und Sohn, Akt.-Ges. [Price 20 marks. ] 

Reports of the Progress of Applied Chemistry. Vol. XIV. 
1919. London: Society of Chemical Industry. [Price 
7s. 6d. Non-members 12s. 6d.] 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


More Blast-Furnaces Out of Action.—Of the 93 blast- 
furnaces erected on the North-East Coast only 33 are 
now blowing. In normal pre-war days between 65 and 
70 furnaces were in action, but prior to 1914 the output 
capacity per furnace was considerably below that of 
modern plant. Following suspension of operations at 
two hematite furnaces at Linthorpe Ironworks and a 
basic furnace at Newport Works, Messrs. Palmer and 
Company are damping down a Cleveland furnace and a 
hematite furnace at Jarrow ; moreover one that has been 
re special iron has been damped down at 
Dinsdale, ore blast furnaces are likely to become 
inoperative in the near future. 

The Cleveland Iron Trade.—Business in Cleveland 
pig iron has dwindled to very small proportions. The 
limited output is well taken up, chiefly for local use, 
but stocks, while not inconveniently big, are larger than 
is desirable and are not likely to be reduced. Obstacles 
to transactions with customers in Scotland and on the 
Continent are as difficult as ever to overcome. A little 
Midland iron is still being used on Teeside. No. 1 Cleve- 
land is 70s.; No. 3 g.m.b., 678. 6d.; No. 4 foundry, 
66s. 6d.; and No. 4 forge, 66s. 

Hematite.—East Coast hematite iron prices are, if 
anything, slightly firmer, producers making an effort 
to uphold values now that output has been reduced, 
but production is still excessive and stocks are heavy. 
Merchants have still substantial quantities on hand and 
are underselling producers. The latter quote on the 
basis of ordinary qualities at 74s., but customers state 
they experience no difficulty in satisfying their require- 
ments on lower terms. 

Foreign Ore.—Not only is imported ore unsaleable, 
but consumers are unwilling to add to their stocks by 
accepting supplies as they fall due under running con- 
tracts. Nominally best rubio remains at 21s. c.if. Tees. 

Blast-Furnace Coke-——Durham blast-furnace coke 
is plentiful. Business is difficult to put through, and 
17s. 6d. for good average qualities delivered to local 
users is the usual sellers’ quotation. 

Manufactured Irun and Steel.—Business in manufac- 
tured iron and steel matures very slowly, but market 

rices are upheld. Common iron bars are 10/. 15s. ; best 

ars, 111. 5s.; double best bars, 117. 15s.; treble best 
bars, 12/. 5s.; iron rivets, 112. 10s.; packing (parallel), 
8l.; packing (tapered), 107. ; steel billets (soft), 67. 15s. ; 
steel billets (medium), 7/. 12s. 6d.; steel billets (hard), 
8i. 2s. 6d.; steel rivets, 11l. 5s.; steel ship plates, 
81. 15s.; steel angles, 81. 7s. 6d.; steel joists, 82. 10s. ; 
heavy sections of steel rails, 87. 10s. for parcels of 500 tons 
and over and 9/. for smaller lots; fish plates, 12/. 10s. ; 
black sheets (No. 24 gauge), 92. 15s.; and galvanised 
corrugated sheets (No. 24 gauge), 12/. 








Contracts.—Messrs. The Hunslet Engine Company, 
Limited, Leeds, have received an order from The Crown 
Agents for the Colonies for one 2-6-2 type, metre-gauge 
locomotive with outside cylinders 15 in. by 22 in., for 
the Tanganyika Railway.—Orders for Yarrow land boilers 
have been received by Messrs. Yarrow and Company, 
Limited, Scotstoun, Glasgow, W.4, from H.M. Dockyard, 
Devonport; Heera Mills, India ; Geertruidenberg Power 
Station; Nijmegen Power Station; the Japanese 
Government; the Savoy Hotel, London; Ellangowan 


Paper Mills; and Messrs. J. Lyons and Company, 
Limited, Cadby Hall, London. Many of the above are 
repeat orders. 





British Giass ConvENTION.—The second Convention 
of the British Glass Industry will be held at Buxton 
from September 17 to 20 next. Mr. Walter Chance 
will preside over the Convention proceedings. On the 
first day there will be a reception by the President, 
while, on September 18, there will be an official welcome 
by the Mayor and Corporation of Buxton, to be followed 
by the Presidential Address and a conference on 
“Elimination of Waste in the Glass Industry.” On 
September 19 there will be a conference on “* Marketing 
Methods in the Glass Industry,” and another on 
“Publicity and Propaganda in the Glass Industry. 
The last day will be devoted to a general discussion 
on the Convention itself, opened by the Chairman of 
the Convention, Mr. Bagley. A brochure- 
programme is in preparation, and will shortly be 
obtainable from the Hon. Secretary, Mr. G. Marchand, 
Aldwych House, Aldwych, London, W.C.2. 





THe Royat Sanrrary Instrrute.—As already an- 
nounced in ENGINEERING, the 41st Congress and Health 
Exhibition of the Royal Sanitary Institute will be held 
at Margate from June 21 to 28 next. The preliminary 
programme of the Congress is now available. The 
function is divided into six sections, and seven con- 
ferences have been arranged. The President of the 
Congress is Lord Cornwallis, Chairman of the Kent 
County Council, and that of the engineering and architec- 
ture section, Sir Henry P. Maybury. The conference of 
engineers and surveyors will take place under the chair- 
manship of Lieut.-Col. E. B. Martin. The business 
meetings of the congress will be held every morning, 
from June 24 to 27, starting at 10 a.m., while the afternoons 
of those days, and the whole of June 28, will be devoted 
to visits and excursions. Full particulars regarding the 
Congress and the Exhibition may be obtained from the 
secretary of the Institute, 90, Buckingham Palace-road. 
London, 8.W.1. The local offices for the functions are 
at 40, Grosvenor-place, Margate. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—There is little indication of the 
revival that was hoped for after the holiday stoppage. 
Practically all the old basic trades, and most of the 
newer industries, complain of the paucity of new business. 
Inquiries for steel, engineering products, and tools of 
the types in which South Yorkshire makers specialise, are 
fairly numerous, but an almost general absence of large- 
scale orders is reported. Consequently, there is consider- 
able speculation as to the future. The trades of this 
district appear to be suffering from a universal contrac- 
tion in buying which is not only hampering other British 
centres, but is adversely affecting foreign production. 
The latest returns for the Sheffield area, namely, those 
relating to March, show an output of steel aggregating 
over 112,000 tons, which was substantially larger than 
that for the preceding month, and was also well ahead 
of the total for the corresponding month last year. 
Statistics relating to the Lincolnshire area indicated 
comparable advance. Unfortunately, these returns do 
not reflect the current position. Since the end of March 
there has been a marked fall in the demand for both 
basic and acid steel. Several furnaces that were damped 
in the Sheffield district have not been recommissioned, 
while Lincolnshire steelmakers are adjusting the rate of 
production to allow for the absorption of surplus stocks. 
Official prices for raw and semi-finished materials of all 
descriptions are mainly unaltered, but the market bears 
evidence of the keen competition which exists for the 
limited volume of new business in circulation. Quota- 
tions: Siemens acid-steel billets, 91. 10s.; hard basic 
steel billets, 97. 2s. 6d. to 91. 12s. 6d.; medium hard 
basic, 71. 12s. 6d. to 81. 2s, 6d. ; soft basic billets, 6/. 10s. ; 
Lincolnshire foundry iron, 75s. 6d. ; Derbyshire foundry 
iron, 73s. 6d. ; Derbyshire forge iron, 69s. 6d. ; crown iron 
bars, 112.; iron hoops, 12/. ; steel hoops, 91. 58. to 101. ; 
basie-steel scrap, 55s. Development of the British 
refractories industry has called for the provision of special 
plant for milling, grinding, and disintegrating at quarries. 
Slightly more work is forthcoming on home railway 
account, but plants that are largely dependent on 
foreign orders are having a hard struggle to preserve 
satisfactory returns. Both rolling mills and forges are 
irregularly employed. The special-steel trade, like tool 
and implement manufacture, is good in parts. 


South Yorkshire Coal Trade.—The prevailing undertone 
is slightly more hopeful. Current demand on export 
account is a shade better, though forward business is 
still keenly sought. Inland needs are restricted, owing 
to the difficulties experienced by the basic industries, 
and collieries are carrying stocks. The market for 
smalls is severely hit by the slump in the Lancashire 
demand. The easier conditions of the coke market 
account for the arrangement of contracts at a lower 
level. House coal is quiet at the new rates. Most 
collieries have adopted an all-round reduction of ls. 6d. 
per ton in pit-head prices, but in some cases best sorts 
have declined 1s. and inferior grades 2s. Quotations : 
best branch hand picked, 25s. to 26s. 6d.; Derbyshire 
best brights, 20s. to 22s.; Derbyshire best house, 19s. 
to 20s. ; sereened house coal, 17s. to 19s. ; screened house 
nuts, 15s. to 17s.; Yorkshire hards, 14s. 6d. to 16s. ; 
Derbyshire hards, 14s. 6d. to 16s. ; rough slacks, 8s. 6d. 
to 9s.; nutty slacks, 7s. to 8s. ; smalls, 3s. to 5s. 








INSTITUTION OF ELECTRICAL ENGINEERS: WESTERN 
CenTRE.—The summer meeting of the Western Centre 
of the Institution of Electrical Engineers will be held 
from May 23 to 26, at Sedbury Park Hotel, near Chep- 
stow. The annual general meeting will take place at 
6 p.m., on May 23, and this will be followed by a dinner 
at the invitation of the directors of the West Gloucester- 
shire Power Company, Limited. Saturday morning, 
May 24, will be spent in exploring the neighbourhood, 
and in the afternoon,, the ruins of Chepstow Castle will 
be visited. In the evening, the Western Centre dinner will 
take place at the Hotel. The morning of May 26 will be 
devoted to a visit to the’works of Messrs. Edison Swan 
Cables, Limited, Lydbrook. The honorary secretary of 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—The past week has not brought 
out any improvement in the state of the Scottish steel 
trade. The demand from all quarters is still very poor, 
and the continuous running of plant can only be obtained 
with much difficulty. Overseas buyers are passing very 
few orders at the present time, and when the all-round 
depression at home is added to this factor it means much 
quietness at the local works. Shipbuilding contracts, 
upon which the local industry depends so much, are 
extremely scarce, and there seem to be few inquiries for 
new tonnage. In the black-sheet trade the heavier sorts 
are dull, but quite a fair business is going through for 
the lighter gauges. Galvanised sheets are quiet. Prices 
are steady and are quoted as follow :—Boiler plates, 
107. 10s. per ton ; ship plates, 8/. 15s. per ton ; sections, 
81. 7s. 6d. per ton ; black steel sheets, } in., 91. per ton ; 
and galvanised corrugated sheets (No. 24 gauge), 12/7. lis. 
per ton, all delivered at Glasgow stations. ~ 


Malleable-Iron Trade.—The West of Scotland malle- 
able-iron trade is still at a very low ebb and broken time is 
general. Fresh business is extremely difficult to secure, 
and tonnages specified are mostly small. The re-rollers 
of steel bars are also suffering from a scarcity of orders and 
in neither branch is the outlook at all good. Prices are 
unchanged as follow :—‘ Crown ”’ bars, 10/. 5s. per ton 
for home delivery, and 9/7. 15s. per ton for export ; and 
re-rolled steel bars, 7/. 12s. 6d. per ton for home delivery 
and for export. 


Scottish Pig-Iron Trade.—No change has taken place 
in the Scottish pig-iron trade, and the demand is rather 
slow. The output is still more than equal to all calls, 
despite the fact that only twenty-seven furnaces are 
at present in blast. Orders from the steel works for 
hematite are poor, and consumers of foundry iron are not 
passing on many orders. Official quotations still rule, 
and are as follow :—Hematite, 81s. per ton, delivered at 
the steel works ; foundry iron, No. 1, 80s. 6d. per ton, and 
No. 3, 78s. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, May 10, only amounted to 511 tons. Of that 
total 469 tons went overseas and 42 tons coastwise. 
During the corresponding week of last year the figures 
were 1,553 tons overseas and 156 tons coastwise, making a 
total shipment of 1,709 tons. 








LECTURES ON TROPICAL HyGIENE.—The next series 
of lectures and demonstrations on tropical hygiene, 
which are intended for those outside the medical 
profession proceeding to the Tropics, will be given by 
Lieut.-Colonel G. E. F. Stammers from May 28 to 30, 
and from June 2 to 6, from 5.30 to 7 p.m. Syllabuses 
and full particulars may be obtained on application 
to the Secretary of the London School of Hygiene and 
Tropical Medicine, Keppel-street, Gower-street, W.C.1. 





7,200-H.P. Etectric Locomotive For THE Swiss 
FeperRaL RatLways: ADDENDUM.—-In our. issue of 
April 18, page 509, we gave some particulars of a 7,200- 
h.p. locomotive ordered from the Ateliers de Construction 
Oerlikon by the Swiss Federal Railways. We are 
informed that in connection with this locomotive the 
drive will be transmitted to the axles by the Universal 
individual axle drive of the Swiss Locomotive and Machine 
Works, Winterthur, who have received an order direct 
for these parts. The two firms are co-operating in the 
construction of the complete machine. 





NATIONAL Sarety Concress, LIVERPOOL.—A congress, 
covering various aspects of accident prevention, both in 
the street and in industry, will be held under the 
auspices of the National ‘‘ Safety First’ Association, 
119, Victoria-street, London, 8.W.1, at Liverpool, from 
May 20 to 22 next. The Congress proceedings will 
comprise the reading and discussion of Ww oy at the 
Liverpool Town Hall on the mornings of May 21 and 22, 





the Centre is Mr. C. T. Allan, 27, Newport-road, Cardiff. | 





INsTITUTION oF Gas ENGINEERS.—A conference | 
promoted by the Institution of Gas Engineers will be | 
held in Leeds from June 2 to 6. The business meetings | 
of the Conference will commence in the Victoria Hall | 
of the Town Hall at 10.15 a.m. on June 3, when the | 
members will be received by the Lord Mayor. The 
President, Mr. C. 8. Shapley, will deliver his presidential 
address, and this will followed by the reading of 
a paper by Professor J. W. Cobb, on ‘‘ The Institution 
and the University: Teaching and Research.” The 
afternoon of June 3, the morning of June 4, and the 
whole of June 5 will be devoted to the reading and 
discussion of papers, comprising ‘‘ The Preparation of a 
New Road Binder,”’ by Mr. C. F. Broadhead; ‘‘ Heat 
Transmission, with Particular Reference to Modern 
Methods of Expressing Convection Data,” by Dr. M. 
Fishenden ; ‘‘ Gas Dehydration,” by Dr. E. W. Smith ; 
z The Function of Coke Ovens,”’ by Mr. E. G. Stewart ; 
‘Experiments with a Waterless Gasholder,” by Mr. 
F. Prentice; and ‘* Benzole Recovery, with Particular 
Reference to Gasworks Practice,” by Messrs. W. H. 
Hoffert and G. Claxton. The afternoon of June 4 
will be devoted to visits to the workshops of the Leeds 
Gas Department and to the University of Leeds. A 
motor tour in Wharfedale has been arranged to take 
place on June 6. Members are reminded that application 
forms, stating their requirements for the meeting, should 





be in the hands of the Secretary, 28, Grosvenor-gardens, 
London, S.W.1, by May 19. 





at simultaneous sessions, one dealing with public safety 
and the other with industrial safety. The speakers will 
include Sir H. Maybury, Sir F. J. C. Pole, and Messrs. 
J. R. Howard Roberts, J. Beard, G. Stevenson Taylor, 
and R. Beveridge. Visits have been arranged to Messrs. 
Lever Brothers’ works at Port Sunlight, and to the 
Liverpool Docks. 





Tue Instirure or Metats.—As has already bee™ 
stated in ENGINEERING, the 1930 Autumn Meeting of 
the Institute of Metals is to be held at Southampton 
from September 9 to 12. In the evening of September 9, 
the ninth annual autumn lecture will be delivered in 
the Chantry Hall. On September 10, a general meeting 
of members will be held in the Chantry Hall, and a civic 
welcome will be extended by the Mayor of Southampton, 
after which the reading and discussion of papers wi 
take place. The afternoon will be devoted to a visit 
either to Portsmouth Dockyard or to works and places 
of interest in the neighbourhood of Southampton. 
On the morning of September 11, further papers will be 

resented for discussion and in the afternoon the Cunard 

.M.S. Mauretania will be inspected and a visit paid to 
the works of Messrs. Harland and Wolff, Limited, and 
to the floating dock. Friday, September 12, will be 
devoted to all-day motor trips either in the New Forest 
or round the Isle of Wight. For the convenience of 
members who are free during the week-end following the 
Southampton meeting, a:trip to Cherbourg and back has 
been arranged. The party will leave Southampton 
on the Mauretania at mid-day on Saturday and will 


NOTICES OF MEETINGS. 





Royat Metgeorotoeicat Society.—Wednesday, May 
21, 5 p.m., 49, Cromwell-road, South Kensington, S.W.7. 
“Dr. Moltchanof’s Method of Automatic Signalling 
of the Results of Sounding of the Upper Air,” by Sir N. 
Shaw. ‘Seasonal Foreshadowing,” by Sir G. T. Walker. 
** Instruments for Obtaining Dry and Wet Bulb Tempera- 
tures,”” by Mr. A. C. Best. 

Royat Instrrution.—Friday, May 23, 9 p.m., 
Albemarle-street, W.1. ‘“‘Some Scientific Instrument 
Makers of the 18th Century,” by Mr. R. 8S. Whipple. 











NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—No improvement has occurred in the 
Welsh steam-coal trade, and the outlook shows no signs 
of encouragement. In fact the reverse is the case, 
In addition to threatened labour troubles, the policy of 
Russia in dumping coal in Canada and the United 
States at uneconomic prices, and the declared intention 
of invading the European markets is causing Welsh 
colliery owners and coal exporters much concern, in 
view of the increased cost of production likely to be 
created if the Coal Mines Bill is adopted in its present 
form. Already pits are suffering losses, and trade is 
insufficient to keep collieries working regularly, which 
has meant a big increase in working costs. If orders 
at current prices cannot be secured sufficient to keep 
the mines working, the prospects for the future in face 
of the Russian competition cannot be considered other 
than gloomy, especially when it is known that the Russian 
coal is mined under labour conditions which compare 
so unfavourably with ours. In the past week only 
443,560 tons of coal were exported from South Wales as 
foreign cargo, which was 66,000 tons less than in the 
preceding week. Clearances to France were lowered 
from 133,000 tons to 131,000 tons, and to Italy from 
57,000 tons to 49,000 tons, but to Brazil raised from 
36,000 tons to 51,000 tons. Canadian clearances also 
suffered a set-back from 47,000 tons to 15,000 tons. 
Stocks of coal remained considerable, it being computed 
that no less than 1,500,000 tons were standing in the 
railway sidings. Moreover, the demand was insufficient 
to absorb current production, notwithstanding the fact 
that pits were compelled to effect temporary stoppages 
on account of the lack of trade and consequent shortage 
of empty wagons. In the circumstances buyers experi- 
enced no difficulty in obtaining their requirements on 
the basis of the minimum scheme of 20s. for best Ad- 
miralty large and 13s. 6d. for best bunker smalls. With 
regard to the Egyptian State Railway contract for 
250,000 metric tons of large coal, delivered at Alexandria 
over the next five months, it is reported that the whole 
of the order has been placed with the Maris Export 
and Trading Company, Limited, at 26s. 54d. per metric 
ton c.i.f. Alexandria. The Maris Company is associated 
with the Powell Duffryn Steam Coal Company- Limited 
and Stephenson Clarke and Associated Companies, 
Limited. 

Iron and Steel.—Shipments of iron and steel goods in 
the past week totalled 13,506 tons, compared with 
16,051 tons a week earlier. Exports of tin-plates fell from 
11,447 tons to 6,830 tons, but of black-plates and sheets 
were raised from 1,706 tons to 1,720 tons, galvanised 
sheets from 1,572 tons to 2,163 tons, and other iron and 
steel goods from 1,326 tons to 2,794 tons. 








Report on GENEVA Motor anp Cycte SHOW.— 
A confidential report on the Motor and Cycle Show, 
held at Geneva from March 21 to 30 last, has been 
prepared by the Department of Overseas Trade, 35, Old 
Queen-street, London, 8.W.1. United Kingdom firms 
desirous of receiving a copy of this report should com- 
municate with the Department, at the above address, 
quoting Reference No. A.X. 9480. 





ProposeD New Ou. Dock, Panama CanaL.—We 
notice in a recent issue of The Panama Canal Record that 
designs and estimates are being prepared for the construc- 
tion of a new oil dock at Cristobal to replace the existing 
wooden structure now used for berthing tank ships dis- 
charging fuel oil. The proposed. new dock is to be of 
conerete, 600 ft. in length, with an apron 30 ft. in width 
through the entire length and wharf face. The wharf 
space, extending 300 ft. in each direction from the 
centre, is to be provided with timber pile clusters to 
give a total berthing space of 1,200 ft., permitting two 
oil-tank ships to use the wharf simultaneously. 





Tue Zacres Sprinc Farr.—The Department of 
Overseas Trade informs us that, according to reports 
received from H.M. Consul at Zagreb, Jugo-Slavia, 


will | the Spring Fair in that town, which closed on April 14, 


was a moderate success. It was fairly well attended 
in spite of somewhat unfavourable weather. There 
were altogether 147 exhibitors, 48 of whom were 
German, 28 United States, 24 Austrian, 22 Czecho- 
slovakian, 14 French, and 11 British, The motor-car 
and motor-cycle portion of the Fair appears to have 
been successful, and 173 cars, 61 motor-cycles, and 
350 cycles were purchased by visitors. Few tractors 
were disposed of in the agricultural machinery section 
of the Fair, but a fair number of reapers, threshers, and 
other smaller machines were sold. In conclusion, it may 
be of interest to add that Zagreb is the principal town 
of Croatia, now a province. of Jugo-Slavia. It stands 
close to the river Save and, prior to 1914, was called 





return on the Berengaria on Tuesday morning. 
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Offices for Publication and Advertisements, 
35 — in Bedford Street, Strand, London, W.C. x 


esire to call the attention of our readers 
the bee that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 


somewhat similar titles. 
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The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
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or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 
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FOUNDING ON CLAY. 


OF all materials on which structures may be 
based, clay is, perhaps, the most variable in sup- 
porting properties. Ability to carry load with- 
out undue settlement may indeed vary, using 
the common standard of resistance, from 1 ton 
to 7 tons per square foot. The rocks may be 
definitely classified, and show no such difference 
for any given variety. The gravels exhibit but 
small variation. Sand, if dry and restrained, is 
a good carrier, and varieties of mud and peat, though 
of little supporting value, will hardly show so much 
irregularity as does that material which may be 
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requirements of the engineer than are those to be 
found in a paper by Professor Housel, relevant to 
and Gotch, Limited, Wellington, /+h_ matter describing experimental work carried 


classed as clay. It is a material difficult to describe 
in such wise as to give any definite idea of its 
qualities. In time past the only information 
relating to the carrying ability of clays has been 
based on the results of practice with reference 
to particular clays in particular localities. Some 
twenty years ago, however, studies of the behaviour 
of clays under pressure were attempted, notably by 
Professor Terzaghi who approached the matter 
experimentally in great detail, insisting, as a result 
of his studies, that bearing capacity depended upon 
certain prime factors—cohesion, moisture, permea- 
bility. He contended that pressure and moisture 
content of clays are as definitely related as stress 
and strain in solid bodies. His conclusions are, 
however, less to the point with respect to the 


This deals with the study of foundations upon 
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basic principles applied to materials of a cohesive 
and plastic nature—that is to say, to clays of 
various consistencies. The author makes it clear 
that his investigations relate to the material upon 
which a structure may rest, and have no reference 


plasticity and coherence, is not so readily deter- 
mined, or so informing when found, and it is 
probable that the engineer in the field would much 


652 | prefer the simpler tests carried out under his own 


eye to a determination in a distant laboratory. 

In an account of his experimental work Professor 
Housel affirms, no doubt with truth, that clay may 
under some conditions behave as a plastic solid, while 
under other conditions it may be a viscous liquid. 
Tests were made on a stiff yellow clay, on plastic 
= | yellow clay, and on a blue clay, named in order 
of stiffness, showing penetrations of the core 
sampler to 12 in. of depth under 18, 10, and 6 
standard blows respectively. Whereas the stan- 
dard testing apparatus of the American Society of 
Civil Engineers is designed for testing an area of 
1 sq. ft. only, it was decided in this inquiry to test 
four different sizes of 1 sq. ft., 2 sq. ft., 4 sq. ft., 
and 9 sq. ft., and on plate forms both round and 
square, this being done for readier comparison 
with other tests of either form. The first tests 
were made on yellow clay, in open pits, 8 ft. or 9 ft. 
deep and 6 ft. square, the bearing plates being of 
the areas defined above, when it became evident 
that the results were greatly affected by the varying 
influence of the free marginal areas of different 
amounts, an influence eliminated in later tests by 
ensuring that the pit was cut to fit the plate edges. 
From a detailed discussion of the various effects 
observed, particularly of the effects of flow, more 
or less restricted, in causing a lateral pressure below 
and away from the plate margins, one simple 
conclusion may be stated. The carrying capacity 
of an area is apparently a function of the area 
and of the perimeter of the plate, the resistance 
being made up of two separate factors, one of 
which is dependent on the perimeter of the area, 
called perimeter shear, and the other dependent on 
pressure upon the area itself. The relation of these 
quantities in feet and square feet gives what is 
conveniently described as the perimeter-area ratio. 
For an infinitely large area this ratio may become, 
for the square form, of zero value, while for an 
infinitely small area it approaches infinity. 
Perimeter shear may thus be so great, relative to 
the pressure on unit area, as to furnish a large part 
of the total bearing capacity. This proportion 
diminishes as the perimeter becomes relatively 
less, till for large square areas resistance is propor- 
tional to area simply, though perimeter is always 
of some importance for areas long and narrow— 
the condition most favourable to the development 
of shear resistance. Generally, for similar figures 
small areas are more effective load carriers per 
unit of area than larger areas. As in hydraulics, 
resistance to flow in a pipe diminishes with the 
reduction of perimeter/area ratio, so with clays 
under pressure, resistance becomes less with a 








to the details of the structure itself except as to 


similar reduction. The bearing capacity “limit ’’ to 
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which shear and pressure resistance contribute is 
understood to be that load per unit of area beyond 
which progressive settlement takes place. The 
“limit ” marks, in fact, the transition point at 
which a material which has been following approxi- 
mately the laws of solids changes to action typical 
of the liquid state. In the making of tests, time 
was found to have an important bearing on results. 
With the application of each load increment 30 
minutes’ intervals were allowed, the greater part 
of any measurable settlement occurring as soon 
as the load was added, with some small increase 
during the first 15 minutes and very little during 
the remainder of the time. Some part of settle- 
ment deformation under load was found to be 
elastic, as distinct from plastic flow. In one 
instance, the bearing-capacity limit having been 
reached, load was removed at the same rate at 
which it had been applied, when the total elastic 
rebound was 20 per cent. of the original settlement. 

Professor Housel, by study of the results for 
various-sized plates upon the three clays tested, is 
able to separate the effects of perimeter shear and 
pressure on unit area, and to present a simple 
straight-line formula to assist in the determination 
of loads in practice, which may be useful. 

In the choice of safe loads in advance of strict par- 
ticulars as to the nature of a soil some uncertainty 
is difficult to avoid, indicating the more general 
practice of soil examination at an earlier stage than 
is usual, but a knowledge of fundamental principles 
should be a useful safeguard in any instance. 
Experience of actual cases in particular soils has 
hitherto been largely relied upon—experience allied 
with sound judgment; but the judgment, useful 
though it may be, cannot be communicated from 
one to another, rendering any strict and reliable 
method of determining safe loads for foundations 
of much value. 

This summary notice of Professor Housel’s work, 
for a more complete account of which we must refer 
our readers to a recent pamphlet on the subject,* 
indicates, it is believed, the essential points of the 
inquiry with respect to the clays tested, though the 
study is extended by him in an endeavour to make 
it of more general use. 








CHARING CROSS BRIDGE. 


Tue negotiations regarding the proposed road 
bridge across the Thames at Charing Cross and the 
correlated removal of the existing railway station 
to a site on the other side of the river have now 
reached a stage where it seems desirable to review 
the position, especially as it is a little difficult to see 
what, in the interests both of London and the coun- 
try as a whole, the next step should be. 

It may be recalled that, as a result of conferences 
with the Southern Railway Company and other 
interests and with the approval of the Ministry of 
Transport, the London County Council promoted a 
Bill which, inter alia, provided for the construction 
of a new road bridge in place of the present railway 
bridge and for the transfer of the existing station 
to a site closely adjacent to the river on the Lambeth 
side. This site, which is known as the Lion Brewery 
site, was adopted, after a number of alternatives 
had been investigated, on the grounds that it was 
the best from the points of view of cost, street and 
railway traffic, convenience and architectural treat- 
ment. The Bill received a second reading in the 
House of Commons during the present session and 
was then referred to a Select Committee. This Com- 
mittee, after hearing the case for the Bill, but not 
that of its opponents, accepted the scheme as far 
as the north side of the river was concerned, but 
objected to the site on which it was proposed the new 
station should be built and adjourned the proceed- 
ings to allow a further investigation of the alterna- 
tives. 

The Parliamentary Committee of the Council, in 
co-operation with the Southern Railway Company, 
and in consultation with the Ministry of Transport, 
thereupon examined the claims of five sites, which 
had been suggested by the Select Committee them- 





* A Practical Method for the Selection of Foundations 
based on Fundamental Research in Soil Mechanics. By 
W.'S. Housel, Assistant Professor of Civil Engineering, 
University of Michigan. Engineering Research Bulletin, 
No. 13. [Price 1 dol.] 


selves, and four others, in which the new station 
was placed to the east of Waterloo-road at or near 
the present Waterloo Junction. Some of these 
schemes were new and some were old, but re-exami- 
nation only confirmed the view that the Lion 
Brewery site was the best, not only for the reasons 
we have already mentioned, but because it would 
necessitate a minimum disturbance of valuable pro- 
perty. It was, however, found possible to meet the 
Select Committee’s suggestions in such matters of 
detail as the removal of the turn-table and coaling 
stage at the new station, so that they should not 
be visible from the approach road to the bridge, 
the restriction of goods traffic on the same lines as 
those now existing at Charing Cross, and the design 
of the new station buildings to conform generally 
with the architectural scheme. 

In a statement to the Select Committee, embody- 
ing the results of this ré-investigation, the County 
Council pointed out that the construction of the 
new bridge was essential, if the traffic facilities of 
London were to be improved, but was only practic- 
able if the existing station were moved to Lambeth. 
Moreover, it was inevitable that the further the new 
station was placed from the riverside the greater 
would be the inconvenience to railway passengers. 
Further, it was improbable, as had been assumed by 
the Select Committee, that the value of the site 
| adjoining the river on the Lambeth side would be 
increased automatically by the erection of the 
bridge to anything comparable with those ruling in 
Westminster, while setting back the new station 
from the bank would mean that no grant could be 
obtained from the Road Fund towards the cost of 
constructing an embankment and gardens. The 
result, in such an event, would, therefore, be that 
the Lambeth riverside would remain much as it was 
at present. For these reasons the Council refused 
to accept the responsibility of abandoning the Lion 
Brewery site or to submit an alternative, if that site 
were rejected. Rejected, however, it was last week 
on the grounds that to put the station where the 
| Council proposed would be a blot on the whole 
scheme. 

The position thus created was considered by the 
London County Council at their meeting on Tuesday, 
when Sir William Ray made the important point 
that it had not been recognized either by the Com- 
mittee or by the opponents of the Bill that the 
Council’s freedom in this matter was limited both by 
finance and by the fact that the railway company 
could not be compelled to move the station, except 
by a public measure. He pointed out, in support of 
this argument, that some of the alternative schemes 
would cost 30,000,000/., and involved sites for the 
new station, which the railway company refused to 
accept. 

The important question, however, as Sir William 
recognised, is what is to be done next. Parliament, 
which is financially interested in the scheme to the 
extent of 75 percent. of the cost, will not accept 
the Lion Brewery site and the London County 
Council can or will submit no alternative. It has 
been suggested that the Bill should be re-submitted 
and the Council would probably be willing to pursue 
this course. On the other hand, the Committee’s 
opinion was that “ something better could be done,” 
so that the advantages of bald re-submission are 
not clear. The only remaining course appears to be 
for the Government to introduce its own Bill and 
to include in it such powers as are necessary to carry 
a scheme of their own through. This might be 
difficult to do, and in any event, would take time. 
In the meanwhile London’s traffic problem cannot 
be toyed with while people wrangle, and it may be 
necessary to abandon the Charing Cross scheme 
altogether and seek a solution by improving other 
bridges. Such a course is, however, hardly likely to 
meet with public approval, and it is to be hoped 
that some better way out will be found. 











Precision Rott-Grinpina Maocnine: ERratum.— 
In connection with the description of the precision roll- 
Tinding machine, constructed by Messrs. Churchill 
fachine Tool Company, Limited, given on page 538 ante, 
it was stated that the transverse drive was transmitted 
from the motor to the rack and pinion through Hele- 
Shaw hydraulic gear. In justice to Mr. T. E. Beacham, 
Dr. Hele-Shaw’s colleague, we should point out that the 
gear actually employed is the Hele-Shaw-Beacham 
gear,*manufactured by Messrs. Greenwood and Batley 
Limited, Leeds. 








THE INFLUENCE OF TECHNIQUE 
ON RESEARCH. 


Tue twentieth annual May lecture of the Insti- 
tute of Metals was delivered at the Institution of 
Mechanical Engineers, Storey’s-gate, Westminster, 
London, S.W.1, on the evening of May 7, by Major 
F. A. Freeth, F.R.S. 

The chair was taken by the President of the 
Institute, Dr. R. Seligman. Major Freeth, who 
had chosen as his subject, ‘‘The Influence of 
Technique on Research,” opened his lecture by 
saying that research was generally recognised as 
being of the greatest importance to science, dis- 
covery, and industry; science and discovery were 
advanced by research, and industry, in the long run, 
was dependent on the first two. It was possible, 
continued Major Freeth, to lay down a number 
of maxims, which had been the means of stimulating 
discovery in the past, and would certainly serve 
again in like manner in the future. One of the 
most obvious and important of these was a proper 
control of the variables of nature, and the possibility 
of manipulating matter and subjecting it to treat- 
ment under the most varied conditions. This was 
what he wished to be understood by the term 
“technique.” If a statistical analysis were made 
of the variables under which every chemical and 
physical experiment had been conducted during the 
last 100 years, it would be found that an overwhelm- 
ing majority of these experiments had been made 
within those conditions, say, of temperature and 
pressure which were very easily attained, namely, 
those near to the ordinary conditions of our human 
existence. It might be argued that surely these 
were the most important. The reply to this 
contention was, that such a criticism would not 
hold in the present case, because it was manifest 
that the future progress, prosperity, and develop- 
ment of the Institute of Metals depended very 
largely upon improved technique, i.e., upon the 
further conquest of these very difficult variables of 
nature, which, indeed, had already been under- 
taken. 

Some of the discoveries made by the late Professor 
Kamerlingh Onnes, of the University of Leiden, 
might now be considered, as, for instance, supracon- 
ductivity. The change involved, as was well known, 
was a remarkable one; at a certain temperature, 
resistance practically vanished. The reason that 
this phenomenon had not been discovered earlier 
had been due to the enormous physical experimental 
difficulty in attaining a sufficiently low temperature. 
Like all other technical difficulties, once they were 
overcome, time and experience made repetition of 
the work easy. Liquid helium used to be extremely 
rare, but it was now handled by the litre. 
Turning to industry, the results achieved, during 
the past decade, by the new pressure technique of 
the chemical technologist, were remarkable. He 
had long been convinced that the study of metals 
was as yet almost in its infancy, and this 
in spite of the voluminous and magnificent work 
which had been accomplished hitherto. Metal- 
lurgical progress depended upon the manner in 
which the very difficult conditions inseparable from 
work in this sphere could be manipulated. 

The question might be asked as to why technique 
progressed so slowly; why, in fact, did people usually 
resist new experimental methods? In a very great 
number of cases it would be found that a particular 
school of research had been built up on a technique 
devised by itself, and perfected after a long. series 
of disappointments and difficulties. If this tech- 
nique depended upon the particular personal skill 
of an individual, the outlook was still less promising. 
Consequently, when a new technique came into 
evidence, there was a pride in the old one and, 
very often, a real difficulty in taking up the new 
one. 

On the other hand, the difficulties would be 
nothing like so great as they were if all labora- 
tories of any standing possessed reasonable mech- 
anical facilities for carrying out experimental work. 
It was one thing to be shown or told of something 
new, which one could not carry out, and a totally 
different matter if one were able to put it instantly 
into execution. In his opinion, the general mech- 
anical facilities for research in this country were 
poor. Our mechanics and glass-blowers, for 
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instance, were not good enough and, even if they 
were, they were not sufficiently numerous. Of 
course, there were some excellent British glass- 
blowers and very good mechanics, but the difficulty 
was that they very seldom had an opportunity 
of handing on their skill and experience to anyone 
else on a systematic system. 


Holland, a country with which he was very mind, and bringing it to bear on the well known 
familiar, was more fortunately placed. Throughout | fact that metals were not as strong as they ought 
the whole of the Netherlands, in universities, | t0 be, it was not being unduly optimistic to suggest 
technical schools, and in industry, there was an| that, very probably, within the next ten years, 
extraordinarily high standard of experimenta]|™etals and alloys of a much greater strength 
skill available for the research maker. That had | than were available at present would be produced, 
not always been the case, and the present situation | #24, moreover, that this would come about almost 


was no accident. It was due to the genius and entirely by improvements in technique. Again, 


foresight of the late Professor Kamerlingh Onnes. 
About forty-five years ago he had planned an 
attack on the physics of low temperatures, which 


occupied him until his death, and was still going | The one great difficulty in putting ideas, such as those 


forward. Professor Onnes had realised, at the 
outset, that an experimental technique and a 
standard of skill, hitherto unheard of, would be 
needed, and also that he would require far larger 
numbers of men than could be obtained casually. 
He therefore started the now famous Society for 
the Education of the Instrument Maker, which was a 
remarkable institution. It comprised a large 
number of people, many of whom were not actively 
engaged in research work, who subscribed towards 
the fund of the Instrument Makers’ School at 
Leiden. The course at that school lasted about 
five years. Only those who, like himself, had 
had the pleasure of working with its finished 
products could realise their extraordinary effi- 
ciency and originality. It might be objected 
that it would be difficult to find a body of people in 
Great Britain, who would subscribe to a scheme 
similar to that of the Leiden Institution, with no 
direct connection with science or industry. Ad- 
mittedly it was not likely, but it was by no means 
impossible. There was in Bristol a society—whose 
labours, incidentally, did not receive anything like 
the credit they deserved—who subscribed every year 
a considerable sum of money to the service of 
research, although it had, on the whole, no direct 
connection with science. There was no doubt 
that a reasoned appeal to the right people in this 
country would almost invariably be answered 
favourably. 
Up till the present, Major Freeth continued, his 
remarks had been entirely of a general character. 
He would therefore turn to the examination of 
the importance of technique to those engaged in 
the study of metals. Research workers in metallurgy 
were faced with problems of the most extraordinary 
difficulty, which had brought forth in the last 
30 years many brilliant solutions. Considering but 
two of these and, in the first place, microscopy, it 
was interesting to try to ascertain what would be 
the position of the modern metallurgist with- 
out his microscope and its elaborate technique. 
The second example which he had in mind was 
the induction furnace. This was comparatively a 
new weapon, and one which was not used as much 
as it ought to be, mainly, perhaps, on account of 
the rather heavy initial expense incurred when 
installing the larger sizes. The British Cast-Iron 
Research Association was a case in point. This 
Association which was doing most valuable work 
under considerable difficulties was not equipped 
with a reasonably-sized induction furnace. If 
this were otherwise, the opinion might be ventured 
that discovery would advance at a much greater 
rate than was the case at present. While on 
the subject of research associations the suggestion 
might be put forward that even though the individual 
members of an industry might not be able to 
support a research department of their own, they 
Should be possessed of a certain minimum of experi- 
mental equipment which would enable them to 
repeat the best of the results which had been 
obtained by the labours of their research association, 
in order that they might experience the great 
benefits of first-hand acquaintance with experi- 
mental work, which benefits it was almost impossible 
to overstate. 
Great changes had taken place in the prime- 
mover during the lives of the majority of those 


considerably in efficiency owing to the use of the 
turbine, which, however, in turn, was threatened 
by the Diesel engine. Bearing these matters in 
mind, he would like to venture the opinion that 
there was little, except money and courage, standing 
in the way of the immediate development of the 
gas turbine. With this train of thought still in 


there was no reason, at the present time, why an 
installation should not be erected capable of generat- 
ing an electrical pressure of, say, ten million volts. 


outlined above, into execution, was the financial 
one. There were many phenomena which required 
large-scale apparatus, and a very great deal of 
expenditure before they could be realised. Moreover 
they might fail. Consequently, the only conclusion 
which could be arrived at was that there were 
certain aspects of research which could only be 
taken up by such authorities as Governments. 
The results obtained might be so far-reaching 
that the whole question was very well worthy of 
the thoughtful attention of an enlightened Govern- 
ment. ' 








THE IRON AND STEEL INSTITUTE. 
(Concluded from page 611.) 
METALLOGRAPHY OF ANCIENT IMPLEMENTS. 


Tue third and last paper considered on Thursday 
afternoon dealt with ‘The Metallography of Some 
Ancient Egyptian Implements.” It was by Sir 
Harold Carpenter and Dr. J. M. Robertson, and 
was read by the former in abstract. The authors 
stated that, with the assistance of Sir Flinders 
Petrie, nine representative iron specimens had been 
selected from his Egyptian collection at University 
College, London, and these had been duly examined 
under the microscope. The specimens comprised 
a portion of a sickle, knives, a chisel, a hoe, and 
axe-heads. It was clearly demonstrated by the 
results of the examination of the specimens that 
the Egyptians were able to produce, in small articles, 
a great variety of properties by means of carburisa- 
tion and heat treatment. Considering the speci- 
mens according to age, the two oldest, which had 
probably been made about 1200 B.c., had been car- 
burised but not quenched ; the next oldest, which 
were supposed to date from 900 B.c. to 700 B.c., 
were carburised and quenched; while the latest 
specimen, probably made in the second or third 
century A.D., had been carburised, quenched, and 
tempered. It appeared, therefore, that the art of 
heat treatment had certainly advanced during 
the period 1200 B.c. to a.p. 200. So far as the 
authors were aware, the facts disclosed in the 
present work constituted the first definite evidence 
that carburising, quenching, and the advantages 
of heat treatment generally were understood many 
centuries before the Christian era. It had often 
been suggested that such operations had been 
performed, but no evidence had been obtained. 

Colonel N. T. Belaiew, who opened the discussion, 
said that for the first time evidence had been brought 
forward to show that there had been definite 
metallurgical progress in Egypt from the 18th 
to the 19th Dynasties. Dr. W. Rosenhain, who 
spoke next, said that Japanese swords of very 
considerable antiquity had already been examined 
metallographically. There seemed to be every 


considered in the paper were very considerably 


now published should finally set at rest these 
suspicions. Professor Louis, who closed the dis- 
cussion, said*that he was inclined to think that 
Sir Harold was crediting ancient metal workers 
with some of his own knowledge. Many years 
ago he had visited the Malay Peninsula and had 
witnessed the primitive methods used in the 
manufacture of kris, or native knives. In some 
cases the crude processes employed had turned out 
good knives, but many of those manufactured were 
of inferior quality. He felt that in considering 
ancient specimens, such as those described by the 
authors, one must allow a very large margin for 
chance. 

Owing to the advanced hour, the authors were 
asked to reply in writing, and the President 
adjourned the meeting until 10 a.m. on the following 
day. 

Attoys ror UsE at Hico TEMPERATURES. 
When the adjourned meeting opened at 10 a.m. 
on Friday, May 2, Professor Louis again occupied 
the chair. The Secretary announced that Andrew 
Carnegie Research Scholarships, for 1930-31, had 
been awarded to Mr. K. G. Lewis, at Manchester 
College of Technology, to Mr. D. R. Malhotra, at 
Jamshedpur, India, and to Dr. J. M. Robertson, 
at the Royal School of Mines, London. It was 
also announced that the Williams Prize had been 
gained by Mr. W. E. Simons. 

The first paper considered by the meeting bore 
the title, ‘Some Alloys for Use at High Tempera- 
tures. Nickel-Chromium and Complex Iron-Nickel- 
Chromium Alloys.” Part I of the contribution, 
which summarised and discussed the general 
results of the investigation, was by Dr. W. Rosenhain 
and Mr. C. H. M. Jenkins, and was submitted to 
the meeting by Dr. Rosenhain. Part IT contained 
a detailed account of the experimental methods 
employed and of the results obtained, and was by 
Messrs. C. H. M. Jenkins, H. J. Tapsell, C. R. 
Austin, and W. P. Rees. We hope to reproduce 
this paper in a future issue of ENGINEERING. 

The discussion was opened by Dr. W. H. Hat- 
field who considered that the authors had tackled 
a very broad subject. Only those who had worked 
in this field could appreciate the enormous amount 
of work involved. Even when a binary system was 
being explored a very large number of alloys had 
to be made. Passing on to ternary, quaternary, 
and more complex systems, the problem became 
vast indeed. The subject was beyond mathe- 
matical treatment and intuition was necessary. 
A study of the paper showed that the authors had 
been wise in their choice of alloys and had been 
successful in giving an empirical survey of the 
systems involved. They had produced a mass of 
constructive data which steel makers would employ. 
Dr. Rosenhain and his co-workers, however, had 
ignored the question of economics, and in a steel- 
works this had, of necessity, to be taken into 
account. 

The authors had carried out numerous experi- 
ments in which they had subjected their speci- 
mens to a stress somewhat above the limiting 
creep stress. He did not think that that informa- 

tion was much more valuable than the ordinary 
tensile tests given in the paper. Certain structures 
must resist deformation at high temperatures, and 

what was required was a knowledge of the stress 

which an alloy could withstand indefinitely without 

deformation. He would like the authors to define 

what they meant by “annealing.” Another term 

should have been used for an alloy which was to be 

employed at high temperatures. The term “ soften- 

ing” would have been preferable. Furthermore 

the speed at which these alloys were cooled from the 

annealing or softening temperature was fundamental 


reason to believe, however, that the materials | from the point of view of their properties. 


He would like to ask the National Physical 


older. All these ancient specimens furnished good | Laboratory to increase existing knowledge regarding 
examples of the stability of heat-treated and|the constitution of these complex alloys, about 
tempered steels. Japanese swords had already | which little was known. No reference had been 
furnished an example of this stability, but the|made in the paper regarding the comparative 
specimens now under discussion showed that not | capacity of these alloys to resist scaling and oxida- 
only a hardened steel, but a tempered steel could|tion. The authors had said that certain of their 
retain its structure for some thousands of years. | alloys were better in the cast than in the wrought 
In the past, some engineers had hesitated to use|condition. It should be borne in mind that that 
heat-treated and tempered steels because they | statement would tend to encourage people to adopt 








present. They had seen the use of steam develop| thought they might not be stable. The evidence! castings, and it should be emphasised that unless 
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the cast material were produced in the simplest 
form of casting or of ingot it was not sound. If 
the casting specified were intricate, defects in the 
material would arise. 

Mr. J. ¥. Kayser said that, in spite of the fact 
that the iron present in the authors’ alloys was low, 
these materials were of great interest to the steel 
maker. The information contained in the paper, 
however, was in his opinion at least 10 years late. 
He had been surprised to find that only one cast 
had been made to each analysis. In cases such as 
the present, a “ freak’? casting was sometimes 
obtained which it was subsequently impossible to 
repeat. Each of the author’s casts should certainly 


had been limited to a maximum size of between 
20 Ib. and 30 lb. The complex alloys, however, 
were fluid and cast satisfactorily. Dr. Hatfield 
had. made some comments regarding annealing and 
rapid cooling. Some work had indeed been done 
in this direction. A series of nickel-chromium 
alloys had been annealed at 1,250 deg. C. after 
being lightly deformed or hot rolled; a portion 
of the specimens had been slowly-cooled after the 
annealing treatment, and the remainder had been 
quenched. As indicated in the paper, there was 


|no appreciable difference in hardness after the two 


treatments. 





have been repeated three times. His own experience 
confirmed the findings of the authors, namely that, | 
in general, certain cast alloys have superior proper- 

ties at high temperatures to those of the same 

alloys in the forged condition, It sometimes oc- 

curred, however that the cast alloy showed a 

tendency to disintegrate. 

The next speaker, Mr. E. H. Saniter, stated that 
the difficulty encountered by the authors’ during 
the melting of their alloys, namely “ bridging ” 
might have been overcome if some neutral slag, such 
as silicate of alumina had been included in the 
charge. This would not only have floated to the 
top and destroyed the bridge, but would also have 
had some washing effect and removed some of 
the impurities in the melt. It had come as a 
surprise to him that it should have been necessary 
to deal with deoxidation under the circumstances of 
manufacture in vacuo. He was also rather sur- 
prised that the authors had selected such a material 
as magnesium—a volatile metal. They had used a 
50/50 Ni-Mg alloy, however, and this may have 
improved matters, but he would be interested to 
know how this alloy had been manufactured. The 
authors had said that the magnesium did not appear 
to deoxidise the low-carbon melts, and probably, 
in the other cases, the magnesium had received the | 
credit for what the carbon was doing. When 
speaking of the analysis of various cast and rolled 
alloys the authors had said that some of the 0-04 to 
0-09 per cent. of magnesium found to be present 
might exist as oxide entangled in the alloy. He 
was inclined to think that none of the magne- 
sium present in the alloys was in the metallic form. 
Aluminium, used with care, might have given better 


Dr. W. Rosenhain, who also replied, said that the 


‘conditions under which they had carried out the 


investigations were of a peculiar kind. Dr. Hatfield 
thought that their exploration of the field had not 
been quite complete. He quite agreed, but, on the 
other hand, their resources were not unlimited. 
For instance, they could not make large castings 
because their furnace equipment was limited. 


All that they claimed was that they had carried out | 


a reasonably good survey of these difficult materials 
with the limited means at their disposal. He 
fully agreed that the ordinary rapid tensile test at 
high temperatures did not take the place of a creep 
test. On the other hand, their prolonged tensile 
tests, based on the time occupied to produce 
rupture under stresses somewhat above the limiting 
creep stress of the material, might, he thought, be 
taken as resembling creep tests. Mr. Colbeck was 
apparently under a misapprehension. Most em- 
phatically, they had not said that an alloy 
possessing good heat-resisting properties at high 
temperatures could not always be relied upon to 
give good ductility at room temperatures. What 
they had said was that the type of heat-resisting 
material demanded was one which was strong at 
high temperatures and yet could be forged or worked, 

He also was of the opinion that the examination 
of the constitution of these complex alloys should 
be undertaken. Without the requisite funds, 
however, they themselves could not carry this out. 
In answer to Dr. Hatfield, quantitative scaling 
tests had not been undertaken. Nevertheless, a 


Department, Woolwich, and the results would be 
communicated, in writing, by Dr. R. H. Greaves. 


ALLoys OF IRON wiTH SILICON. 


The third paper placed before the meeting on 
Friday morning, constituted Part IX. of the 
Alloys of Iron Research, and dealt with “The 
Constitution of the Alloys of Iron with Silicon.” 
It was by Drs. J. L. Haughton and M. L. Becker, 
and was read in abstract by the latter, who stated 
that the constitution of the alloys of iron with 
silicon had been determined, using materials of 
much greater purity than had been available pre- 
viously, and taking every precaution to avoid 
contamination of the alloys. Very considerable 
differences had been shown to exist between the 
present results and those of previous observances, 
and these were doubtless due in part to the purity 
of the materials utilised in the investigation now 
under discussion. This paper is reproduced on 
page 653 of this issue. 

The only speaker in the discussion, Professor J. 
H. Andrew, said that he always looked upon work 
with which Dr. Haughton’s name was connected 
as final. For this reason he regretted that, when 
referring to the small area, usually known as the 
8-y loop, from 1,400 deg. to 900 deg. C., and involv- 
ing the change from 8- to y-iron, the authors should 
have said that this had been so accurately deter- 
mined by other investigators that it was not 
| necessary to redetermine it. He was not quite 
|so sure that this was the case. This portion of the 
| diagram was most important when dealing with 
| transformer irons. Transformer irons depended on 
| the fact that the iron was in the «-state right from 
| the temperature of freezing to the ordinary tem- 
perature. Detailed information regarding this 
matter was imperative, and since the authors worked 
| with extremely pure materials it would be a great 
| advantage if they could redetermine accurately this 
| portion of the diagram, taking, say, 10 alloys, the 
| contents of silicon of which increased in steps of 
0-2 per cent. In his reply, Dr. Haughton said 
| that, with reference to the point raised by Professor 
| Andrew, they had indeed stated in the paper that 











visual examination of alloy No. 183, and of various | they had examined four alloys in the particular 
others, had shown that their resistance to oxidation | range involved, and had found that their results had 
was extraordinarily good. Mr. Kayser had suggested | agreed very closely with those of earlier workers, 


that their results were 10 years late; he had, how- | and especially with those of H. Esser and P. Ober- 
ever, in no way substantiated this statement.|hoffer. The matter might, however, be further 
Their results were certainly not 10 years late from | examined, and, if considered necessary, additional 
the point of view of published data. What investi- | work might be carried out on this portion of the 
not like to doubt their word but he found this iia poss HS omg pe MaaRRE- 
difficult to accept. nothing was made available, was another matter. 

Mr. E. W. Colbeck thought that the authors had |The fact remained that when they started the 
made a rapid survey of an extremely large field. | present research, the information regarding the | 
He was of opinion that a rapid tensile test, at high | alloys investigated was meagre and inadequate. | 
temperatures, as carried out in the present investi- ; Alloys, Carbon Monoxide and Carbon Dioxide.” 
gation, separated the promising alloys from the CHRoMIUM-CopPeR STRUCTURAL STEELS. | It was by Dr. M. L. Becker, who, when presenting 
inferior materials. In castings, the question of The second paper considered on Friday morning | it to the meeting, stated that the ultimate object of 
size was important. In general, the authors’ | hore the title, ‘“Chromium-Copper Structural the research was to throw light upon some of the 
castings had a wall thickness of 2in. In his opinion, | §teels,” and was by Mr. J. A. Jones, who read it abnormalities in the behaviour of cast-irons at 
a few tests on the effect of mass and of greater jn abstract. The author concluded that within the elevated temperatures, as well as to suggest possible 
wall thickness would have yielded instructive range of composition investigated, the best proper- | means for inhibiting growth, scaling, &c., of cast- 
results. He would like to know what happened to | ties were obtained in a steel containing 0-3 per iron and steels. The interconnection between the 
the carbon during the prolonged tests occupying | cent. of carbon, 0-5 per cent. of manganese, 0-9 per | graphitising, carburising, and oxidising reactions 
50 days or 200 days. Was there, for instance, a cent. of chromium, and 1:2 per cent. of copper. | under the varying conditions occurring in practice 
migration of the carbide to the grain boundaries, |The mechanical properties of this steel compared | could not be predicted from available data. It was, 
or did an aggregation of carbide particles occur? favourably with those of the best manganese- therefore, necessary to determine the effect of tem- 
In conclusion, he wished to emphasise that it was silicon structural steels, and were better than those perature and pressure upon the equilibria between 
necessary for heat resisting alloys, not only to obtainable in structural steels containing high | the solid phases, iron, iron carbide, &c., and the 
possess good properties at high temperatures, but manganese only. We intend to reproduce this gases CO and CO,. The aim of the investigation had 
also to be reasonably tough and ductile at ordinary | contribution in a future issue of ENGINEERING. | been to determine the quantitative influence of the 
temperatures. An alloy which was brittle at The first speaker in the discussion, Mr. G. R.| temperature and carbon content of solid solutions 


results than magnesium. Finally, the authors 
had said that the soaking of their nickel-chromium 
alloys, at 1,250 deg. C., had brought about the 
aggregation of the non-metallic particles. He did 





CARBURISING AND GRAPHITISING REACTIONS IN 
Tron-Carson ALLOys. 

The next paper taken was entitled “ Carburising 

and Graphitising Reactions Between Iron-Carbon 








room temperatures was useless. 

In the course of his repiy, Mr. C. H. M. Jenkins 
stated, in answer to Mr. Saniter, that the non- 
metallic inclusions met with in the alloys tested 
were unlike those encountered in steels. These 
inclusions arose from chromic oxide, which, at first, 
had been held in solid solution. The crust formed 
at the top of their ingots, was only } in. deep, and 
he rather doubted whether a layer of material 
floating on the top of the metal, as suggested by 
Mr. Saniter, would have helped matters. The 
crucible, at all events, had been effectively covered 
during melting. Regarding the point raised by 
Mr. Colbeck concerning the size of ingots, they 


Bolsover, stated that, coming as a sequel to the | upon the composition of a gas consisting of CO and 
information contained in Mr. Jones’ previous paper, |CO,. A further object had been to compare the 
‘these chromium-copper steels constituted a useful carbon vapour pressures of carbon and of iron 
addition to the low-alloy structural steels that were | carbide by means of the gas equilibria. A new 
being developed. Mr. F. W. Harbord, who spoke method, by which equilibria between the gases and 
next, said that these materials, which had a higher | carbon or steel could be studied, had been devised. 
tensile strength than ordinary mild steel, would | In this method, the partial pressure of CO, in the 
find many applications. Professor Louis, at the | reacting gas was controlled by varying the tempera- 
close of the discussion, asked Mr. Jones if he had ture of a dissociating carbonate (strontium carbo- 
any data to give regarding the corrosion-resisting | nate). By subtracting the known CO, tension from 
properties of these chromium-copper steels. Mr./|the measured total pressure, the CO tension was 
Jones, in a brief reply, said that the work on the obtained. From these values the composition of the 
corrosion-resisting properties of these materials had gas in equilibrium with carbon or steel could be 
been carried out after he had left the Research deduced. The method had been used to determine 














May 16, 1930.] 


ENGINEERING. 


643 








the compositions of the gas in equilibrium with 
steels of varying carbon content. The results had 
been plotted for a number of temperatures, and, 
broadly speaking, this temperature-composition dia- 
gram confirmed that already published by Johansson 
and von Seth.* 

The composition of the gas in equilibrium with 
graphite had been found to vary over a range of 
temperature from 650 deg. to 1,000 deg. C., in 
accordance with determinations made by previous 
workers. The gas in equilibrium with iron carbide 
plus saturated solid solution, was found to be richer 
in CO than that in equilibrium with graphite at the 
same temperature. The carbon vapour pressure of 
iron carbide must, therefore, be higher than that of 
pure carbon, at any rate between 650 deg. and 1,000 
deg. C. It would therefore, appear that graphite 
was stable with respect to iron carbide over this 
range of temperature. This inference was not in 
accord with the views of Matsubara or Johansson 
and von Seth, who considered the carbon vapour 
pressure of carbide to be lower than that of graphite 
at temperatures above about 800 deg. C. 

The only speaker in the discussion, Dr. A. 
Bramley, congratulated the author on the ingenious 
manner in which he had avoided what was a 
difficult gas analysis. He rather questioned, 
however, whether in avoiding this he had not 
stepped into another difficulty. If by any chance 
the control of temperature—which was necessary 
in these reactions—was not all that it should be, 
the relatively large amount of “dead ” space in the 
apparatus would begin to count rather heavily. 
Referring to his apparatus No. 2, the author had 
said that this was essentially a small transparent 
silica bulb of about 10 m. capacity fused to a silica 
tube measuring 30 mm. by 5 mm. Dr. Bramley 
thought this tube exceedingly short, and wished to 
know if this was not a mistake for 30 cm. Later 
on in the paper the author had referred to a steel 
containing 0-51 per cent. of carbon, and had said 
that this carbon content, being higher than desirable, 
had been reduced to 0:09 per cent. “in a manner 
referred to later.” He had been unable to find 
in any subsequent portion of the paper how this 
reduction had been effected. In another place 
the author had implied that 3 minutes was long 
enough to secure equilibrium. This, in his own 
opinion, seemed an extremely short time, and he 
felt that hours rather than minutes were required 
for equilibrium to be established. 

The author having intimated his desire to reply 
to Dr. Bramley in writing, the meeting passed on 
to the next paper on the agenda. 


Errect oF Maitine ConpDITIONS ON GREY 
Cast Irons. 


The fifth contribution considered by the meeting 
on Friday morning was by Dr. A. L. Norbury and 
Mr. E. Morgan, and bore the title “The Effect of 
‘Melting Conditions on the Microstructure and 
Mechanical Strengths of Grey Cast Irons Containing 
various amounts of Carbon and Silicon.” It was 
presented by Dr. Norbury, who stated that the 
experiments made had confirmed the refining 
action of superheating on the graphite structure. 
It had also been found that steel additions acted 
in a similar manner, additions of only 1 per cent. or 
2 per cent. of steel having a remarkable action on 
the graphite. Additions of 40 per cent. ferro- 
silicon, on the contrary, were found to have a coarsen- 
ing action on the graphite, the irons produced 
having pearlitic matrices and high mechanical 
properties, if of suitable total carbon and silicon 
contents. Additions of 10 per cent. ferro-silicon, 
60 per cent. calcium silicide, and 5 per cent. nickel 
silicide were made to ladles of cupola metal, which 
would have solidified white without such additions ; 
the resulting test-bars were grey and had good 
mechanical properties. 

Bubbling nitrogen through crucible melts was 
found to have no appreciable effect. Using hydrogen, 
and hydrogen and nitrogen simultaneously, however, 
the passage of the gas appeared to improve the 
mechanical properties by removing slag from the 
melt. On adding iron oxide scale to a melt which 
had been saturated with hydrogen, a brisk evolu- 





* See ENGINEERING, vol. cxxii, page 461 (1926). 





tion of gas occurred, as if the oxide were combining 
with hydrogen to form steam. Bubbling carbon 
dioxide through the melt caused the formation of 
considerable quantities of finely divided slag, prob- 
ably a silicate. Additions of iron oxide to the melt 
produced a frothy slag, incandescence and thicken- 
ing of the melt; they also caused the removal of 
manganese, silicon, and carbon by oxidation. 

Microscopic examination showed that the mech- 
anical strengths of the grey irons were dependent 
on their microstructure, on the amount and distri- 
bution of the graphite flakes, and on the nature of 
the matrix. In other words, they depended on 
whether the matrix was pearlitic or ferritic, and on 
how much silicon was in solid solution in the matrix. 
Trons having compositions near to the eutectic con- 
tained graphite flakes evenly distributed through- 
out the matrix, while irons having lower carbon 
contents than the eutectic contained islands of 
austenite distributed throughout the matrix. The 
term ‘‘ eutectic’ was used for the binary complex 
in the ternary iron-carbon-silicon system. In pearlitic 
irons the strength and hardness increased as the 
total carbon decreased, and as the distance below 
the eutectic composition increased. Areas of super- 
cooled graphite associated with ferrite in otherwise 
pearlitic irons caused a considerable lowering of the 
strength and hardness. In ferritic irons the strength 
and hardness increased as the distance below the 
eutectic increased and as the size of the graphite 
flake decreased. In ferritic irons the strength 
decreased, but the hardness increased as the silicon 
content increased. 

There was no discussion on this paper. 


STEELS CONTAINING CHROMIUM. 


The last paper on the agenda bore the title, ‘“ The 
Properties’ of Some Steels Containing Chromium,” 
and was by Mr. A. R. Page and Dr. J. H. Partridge. 
The contribution was read in abstract by Dr. Part- 
ridge, who stated that the experiments described 
had been originally designed to determine certain 
properties of steels which might be suitable for the 
exhaust valves of air-cooled internal-combustion 
engines. The two most important properties were 
good mechanical strength combined with toughness 
at ordinary and elevated temperatures, and resist- 
ance to oxidation or scaling at temperatures to 
to which an exhaust valve might be heated under 
bad engine conditions. This temperature might 
occasionally reach 800 deg. or 900 deg. C. The above 
properties had been determined on a series of 
materials all containing chromium, namely, two 
plain chromium steels, six silicon-chromium steels, 
four high nickel-chromium steels, and a cobalt- 
chromium steel. We intend to reprint this paper 
in a future issue of ENGINEERING. 

As no member intimated his desire to discuss the 
paper, the President stated that-the remaining two 
papers on the list, namely, “The History of 
the Cementation Process,” by Mr. D. Brownlie 
and Baron de Laveleye, and “‘ The Corner Ghost in 
Steel Ingots’ by Dr. 8S. Maita, would be taken as 
read and discussed by correspondence. He then 
thanked the authors of all the papers for their 
contributions and intimated that the annual meeting 
had come to anend. Votes of thanks to the Insti- 
tution of Civil Engineers for the accommodation 
they had kindly afforded for the meeting, and to 
the President, terminated the proceedings. 


ANNUAL DINNER. 


The annual dinner of the Institute was held at 
the Connaught Rooms on Thursday, the Ist inst., 
the President, Professor Henry Louis, being in the 
chair, and the company present including many 
representatives of foreign countries. The Insti- 
tute has for very many years had an international 
membership, but on this occasion it was particularly 
appropriate that France and Czechoslovakia should 
be represented. In view of the presentation on 
the morning of the same day of Bessemer Medals 
to Monsieur Eugéne Schneider and Dr. Rozenhain, 
these gentlemen were both present, and in recogni- 
tion of the distingui position of the former 
in the metallurgical industry of France, the French 
Ambassador, Monsieur de Fleurian, attended the 
dinner. The immediate connection between the 
Institute and Czechoslovakia is furnished by the 





projected Autumn Meeting to be held in Prague in 
September, and the Society of Czechoslovakian 
Engineering, from which the invitation for the meet- 
ing has been received, was represented by Dr. C. 
Loevenstein. The Government was represented by 
the President of the Board of Education, Sir Charles 
Trevelyan, who appeared to attribute his presence 
to his family relationship to Sir Hugh Bell rather 
than to the dignity of his office. He proposed the 
toast of “The Iron and Steel Institute,” to which 
the President replied in a speech reminding his 
hearers of the difficulties British manufacturers 
had in making proper provision for obsolescence of 
plant in view of the scale of taxation, to which 
they were subjected. The toast of “ The Guests ” 
was proposed by Sir Hugh Bell; he took an opti- 
mistic view of the future and the iron and steel 
industry. In this he was supported was Sir Peter 
Rylands, who replied to the toast of the ‘“‘ Indus- 
tries,” proposed by Monsieur Eugéne Schneider. 
Monsieur Schneider spoke of the almost limitless 
possibilities of the industry, and suggested that the 
potential demand of the world was far above the 
production of the year 1929. _The French Ambassa- 
dor replied to the toast of “‘ the Guests.” 








THE ROYAL SOCIETY 
CONVERSAZIONE. 


Tue first conversazione of this year of the Royal 


Society was held on Wednesday, May 14, when Sir 


Ernest Rutherford, O.M., now in the fifth year of 
his presidency, welcomed a large number of fellows 
and visitors. He was supported by Sir Henry 
Lyons, Lord Rayleigh, and the secretaries, Dr. 
H. H. Dale and Dr. F. E. Smith; the latter suc- 
ceeded Sir James Jeans last November in this 
office. Professor D. M. S. Watson gave the same 
discourse, on the Flight of Pterodactyls, twice in 
the course of the evening. Non-geologists may 
have felt doubtful whether the pterodactyls were 
really believed to have been able to fly in the way 
which they saw illustrated in their school days. 
Professor Watson showed that these peculiar 
animals were, indeed, apparently as perfectly 
equipped for flight as the now living birds. The first 
reconstruction of a small pterodactyl, found about 
150 years ago in Bavaria, was indeed remarkably 
correct. That animal had a long. stiff tail, ending 
in a horizontal fin ; some of the large fossils, up to 
24 ft. wing span, were tailless, one of the sugges- 
tive peculiarities. Weight-saving was in these 
reptiles carried to an extreme, and the articulations 
between their bones had the perfection of machi- 
nery. The study has made clear what movements 
the wings would be able to perform, and the type 
of flight might give suggestions for the design of 
aeroplanes. The exhibits were not very numerous. 
We propose to refer to some of the novelties of 
more direct interest to our.readers, though on such 
occasions there is much of interest pertaining to 
welfare, hygiene and progress generally. 

There was only one historical exhibit, by Mr. 
R. 8. Whipple, an early Italian globe, believed 
to be the only example known. The hollow 
globe, 9 cm. in diameter, was made up of two 
hemispheres of silver, joined internally by a bayo- 
net clip. According to the inscription on the globe, 
it was engraved by Paolo de Furlani, known as 
a Venetian trader in maps in the second half of 
the Sixteenth Century. The statement of author- 
ship is identical with that of an oval map by Gastaldi, 
first issued in 1560, but the geography appears to 
be copied from the gores of Florianus, the prototype 
of this representation being Mercator’s double- 
heart-shaped map of 1538. The first of two astrono- 
mical exhibits, photographs of the new planet 
beyond Neptune, taken on March 29 and April 2, 
with exposures of an hour, came from the Radcliffe 
Observatory, Oxford. That the magnitude of 
the star was only 15 would hardly strike the ordinary 
man ; the disc, which has sometimes been described 
as hazy like a comet, looked fairly well defined on the 
photograph (taken with the 24 in. Grubb refractor), 
though it showed another star, of magnitude 3-5, 
in the group Gemini as a big disc. The other 
exhibit was a recording microphotometer, desigried 
and made by the Cambridge Instrument Company 
for the Solar Physics Observatory, Cambridge. 
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graphs and spectrograms of maximum sizes of 
12in. by 10 in. Light from an incandescent lamp 
falls through a slit on to a photoelectric cell ; 
the slit width controls the plate area to be studied 
at the time. The photo-electric current passes 
through a Koch resistance cell and is measured by a 
Lindemann electrometer, the pointer of which is 
projected on to the camera so that final measure- 
ments can be taken within 2 or 3u. The plate 
is mounted on a carrier with three degrees of free- 
dom; this is moved by a motor-driven screw, 
which screw also drives the rotating drum, there 
being two pairs of friction flanges (one at each 
end of the drum) so that the ratio of drum-speed 
to plate speed may be either 10 to 1 or 50 to 1. 
By the aid of a separate microscope the plate 
under examination can be observed throughout 
the measurement. Remarkable outlines of stellar 
nebulle and other determinations, made with this 
machine, were exhibited. 

Another exhibit of the Cambridge Instrument 
Company is the Leakey-Harper drawing machine, 
made for Mr. L. S. B. Leaky, of Cambridge, especially 
for the study of skulls and similar objects, of which 
undistorted photographs are difficult to obtain. 
The machine shown makes a clear drawing, correct 
for measurements, of a skull in 44 minutes, whilst 
the preparation of a good drawing would be a 
matter of a full day. The specimen is not touched 
at all during the process, which is very essential for 
measurements on delicate objects. The object is 
placed on a glass plate in a box, between two inclined 
mirrors. Three views, one direct and two reflected, 
are thus seen and their traces can be drawn on the 
horizontal sheet over which the style of the machine 
is guided. By rotating the base plate, three more 
views can be taken in another position. 

A machine for a somewhat allied purpose, 
though of a very different type, was shown by the 
Forest Products Research Laboratory, of Oxford. 
In this machine, which is one of the devices for 
investigating the anatomical structure of timber, 
the proportion of the fibrous tissues to the pore 
space is measured. A slice of the timber is cut by a 
microtome, and a picture of the slice, in trans- 
mitted light at magnification 10, is thrown on a hori- 
zontal sheet of paper, on which the annular rings, 
the more or less parallel fibres and the pores, &c., 
are seen. The instrument is a kind of flat slide rule 
with two scales, which are moved longitudinally by 
two screws, and a pointer; the pointer is moved 
across the fibres or groups of other elements. The 
machine is due to Mr. 8. H. Clarke, of the Labora- 
tory. 

The Woolwich Research Department showed an 
optical arrangement for examining the bores of 
long ¢ylinders or guns. The observer sits in front of 
the horizontally-mounted tube and looks at the 
cross wires at the near end of a periscope tube, which 
is pushed into the gun or other object to be examined. 
At the far end the periscope carries part of a 
cylindrical fluorescent screen, a lamp and mirror. 
The screen can be pulled in and out. If a flaw is 
noticed somewhere in ordinary light or fluorescent 
light it can be located with the aid of the cross wires, 
and can further be examined—as can be any 
portion of the gun, which is mounted so that it can 
be rotated—by X-rays. The X-ray tube is placed 
outside the specimen ; a voltage of 250,000 may be 
needed to penetrate through half an inch of steel. 
The other Woolwich exhibits illustrated the changes 
sometimes observed in copper crushers (7.e. cylinders 
about 3-in. long be submitted to crushing tests.) 
Any such copper specimen will show some initial 
orientation in the X-ray pattern obtained by taking 
a vertical axial slice out of the specimen and 
sending the beam normally through it. As the 
deformation by the crushing increases the pattern 
changes ; when the material is soft and unsuitable, 
the pattern is finally quite broken up. 


(To be continued.) 








Apvisory CouNncit FoR SCIENTIFIC AND INDUSTRIAL 
Rrsearcn.—Sir Ernest Rutherford has been appointed 
Chairman of the Advisory Council of the Department 
of Scientific and Industrial Research in succession to 
the late Sir William McCormick, as from October 1 
next, Professor V. H. Blackman will serve as Chairman 
until October. 
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Fie. 5. New Bripa@e in Position. 


REPLACEMENT OF THE FOLKE- 
STONE HARBOUR SWING BRIDGE. 


Durie the week-end from May 10-12, the old timber 
swing bridge, carrying the Southern Railway across the 
inner harbour at Folkestone, was demolished and 
replaced by a steel bridge, which had been erected 
on a staging parallel to the timber bridge during the 
previous six weeks. 

The new bridge was constructed by the Horsley 
Bridge and Engineering Company, Limited, of Tipton, 
from designs by Mr. George Ellson, M.Inst.C.E., of the 
Southern Railway. The distance between abutments 
is 132 ft., and the bridge is supported on a centre 
pier 32 ft. square, leaving two openings, each 50 ft. 
wide, for the passage of vessels. The overall length 
of the bridge is 135 ft., and its width 23 ft. 14 in. from 
centre to centre of the outer main girders. These are 
9 ft. in depth at the centre, and 6 ft. 2 in. at the ends. 
The top and bottom flanges are 2 ft. wide, and the 
stiffeners, placed 5 ft. apart, have 4-in. gusset plates 
secured by 4-in. by 4-in. by }-in. angle irons. The 
angle irons between the webs and frame plates are 
6 in. by 6 in. by § in. The end cross girders are 
curved to a radius of 67 ft. 6 in., and these and the 
straight cross girders 3 ft. from either end are 
2 ft. 74 in. deep. The centre longitudinal girder is 
1 ft. 4 in. in width and 6 ft. 74 in. deep for the greater 


part of its length, and 2 ft. 11 in. deep at the ends, 
where it rests on the cross girders. The stretchers 
are of rolled steel 1 ft. 3 in. deep by 7 in. wide, and 
placed 5 ft. apart. The bridge carries two tracks, the 
up and the down being 11 ft. 6 in. apart from centre to 
centre. The rails are carried on longitudinal timber 
bearers, 18 in. by 7 in. The roller track is 24 ft. in 
diameter, carried on a bed of prepared concrete blocks, 
which were placed in position after the old bridge had 
been removed. The locking bolts and the turning 
gear are hand operated, as that part of the inner harbour 
at Folkestone which is enclosed by the railway is now 
rarely used except for small motor craft. 

The old bridge was constructed in 1892-3 from the 
designs of the late Mr. James Brady, Chief Engineer 
to the South Eastern Railway, and was a good example 
of heavy timber construction. It is well shown in 
Fig. 1. It consisted of three main girders of pitch 
pine, heavily braced, and with cross girders and cover 
plates of steel. The centre towers, supporting the 
round steel suspension rods, were added later as the 
rolling stock became heavier. . 

The arrangements for the demolition of the old bridge, 
and moving the new bridge into position, provided that 
the contractors should have possession of the works 
from 4 p.m. on Saturday, May 10, to 3 p.m. on Monday, 
May 12, the cross-Channel services being diverted to 
Dover in the interval. 





The annexed views reproduced in Figs. 1 to 5 were 
taken at intervals between 4 p.m. on May 10 and 
4.30 p.m. on May 12. As soon as the bridge was 
handed over for demolition it was attacked with 
oxy-acetylene blowpipes and with saws, and was 
removed in sections from either end. For a time the 
programme was carried out to schedule, but, naturally, 
after the removal of the upper members of the wooden 
trusses and the cross girders, the speed of demolition 
was reduced, and it was not until noon on May 12 
that the old bridge had entirely disappeared. Fig. 3 
shows one truss of the old bridge removed, and Fig. 2 
shows the new on its temporary staging. Fig. 4 
shows the preparation of the new roller path. The 
transfer of the new bridge, weighing 275 tons, from 
its temporary staging, as shown in Fig. 2, to its 
final position, shown in Fig. 5, was carried out without 
a hitch. One hour was occupied in the operation, the 
distance traversed being 30 ft., and at 4.30 p.m, 
May 12, the new bridge was in position. The work 
was carried out under the personal supervision of Mr. 
C. Gribble, Assistant Chief Engineer, Southern Railway, 
and Mr. J. Shaw, Divisional Engineer, of Ashford. 








LAUNCHES AND TRIAL TRIPS. 


‘“* ALFRED JONES.’’—Single-screw cargo motorship for 
the African trade ; eight-cylinder, single-acting, Harland— 
B. & W. airless-injection engine. Launch, April 29. 
Main dimensions, 370 ft. by 51 ft. 6in. by 33 ft. 6 in. 
Built by Messrs. Harland and Wolff, Limited, Govan, 
Glasgow, for Messrs. British and African Steam Naviga- 
tion Company, Limited, Liverpool. 


“City or BarcreLona.’’—Single-screw locomotive- 
carrying and general cargo steamer ; four-cylinder, triple- 
expansion engine. Trial trip, April 30. Main dimen- 
sions, 425 ft. by 58 ft. by 29 ft. 9 in. Built by Messrs. 
Barclay, Curle and Company, Limited, Glasgow, for 
Messrs. Ellerman Lines, Limited, Liverpool. 


“* MaRon,”’--Twin-screw cargo motorship ; six-cylinder, 
four-stroke, single-acting engines, supplied by Messrs. 
The North Eastern Marine Engineering Company, 
Limited, Wallsend, and arranged to work with Biichi 
turbo-chargers. Trial trip, April 30. Main dimensions, 
426 ft. 6 in. by 56 ft. by 31 ft. 9in. Built by Messrs. The 
Caledon Shipbuilding and Engineering Company, Limited, 
Dundee, to the order of Messrs. Alfred Holt and Company, 
Liverpool. 


“ BRADBURN.”’—Grain-carrying and _ general-cargo 


steamer; quadruple-expansion engines. Trial trip, 
April 30. Main dimensions, 400 ft. by 54 ft. 3 in. by 
28 ft. Built by Messrs. William Gray and Company, 


Limited, West Hartlepool, for Messrs. Leeds Shipping 
Company, Limited, Cardiff. 

“ Tarna.”’—Ore-carrying steamer ; 
engines. Trial trip, April 30. Main dimensions, 384 ft. 
by 52 ft. 3 in. by 28 ft. 3 in. Built by Messrs. John 
Readhead and Sons, Limited, West Docks, South Shields, 
for Messrs. Frank C. Strick and Company, Limited, 
London. 

“South Arrica.’’—Twin-screw oil-tank motorship ; 
two-stroke Wallsend-Sulzer oil engines. Trial trip, 
May 3. Main dimensions, 499 ft.. by 65 ft. 6 in. by 
39ft.9in. Built by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, Wallsend-on-Tyne, for Messrs. 
A/S. Noruega, Oslo, Norway. 

‘**TRISBANK.”’—Twin-serew cargo motorship; five- 
cylinder Sulzer-type Diesel engines. Trial trip, May 8. 
Main dimensions, 440 ft. by 57 ft. by 38 ft. 7in. Built 
by Messrs. Workman Clark (1928) Limited, Belfast, for 
Messrs. Andrew Weir and Company, London. 


“NEw ZEALAND.”—Twin-screw oil-tank motorship ‘ 
four-cylinder Barclay Curle-Doxford opposed-piston 
airless-injection oil engines. Trial trip, May 9. Main 
dimensions, 483 ft. by 65 ft. 3 in. by 36 ft. 9 in. Built 
by Messrs. Barclay, Curle and Company, Limited, Glas- 
gow, for Messrs. Erling H. Samuelsens Rederi, Oslo, 
Norway. 

“Cape GuaRpArul.’’—Steel screw trawler. 
May 12. Main dimensions: 140 ft. by 24 ft. 6 in. by, 
14 ft. Built by Messrs. Cochrane and Sons, Limited, 
Selby, for owners at Hull. 

“Cape Kanin.”—Steel screwtrawler. Launch, May 14. 
Main dimensions, 140 ft. by 24 ft. 6 in. by 14 ft. Built 
by Messrs. Cochrane and Sons, Limited, Selby, for owners 
at Hull. 
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Britisn Propuction or Pia-[Ron AnD SteeL.—The 
number of blast furnaces in operation at the end of April, 
according to the monthly memorandum issued by the 
National Federation of Iron and Steel Manufacturers, 
totalled 151, a net decrease of 6 since the beginning of the 
month. The production of pig iron during April 
amounted to 619,600 tons, compared with 665,800 tons in 
March and 611,300 tons in April, 1929. The April 
output of steel ingots and castings amounted to 696,100 
tons, compared with 826,100 tons in March, and 808,600 
tonsin April, 1929. A portion of the decline, at all events, 
is due to the Easter-holiday stoppage. The figures 
nevertheless, reflect a downward tendency. The weekly 
official report of the London Iron and Steel Exchange, 
however, emphasises that while the British iron and steel 
industry is suffering from depression, this is also affecting 
practically every country in the world. Furthermore 
although business is worse than for the past year or two, 





the home is more active than most of the foreign markets. 
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LABOUR NOTES, 

Last week’s meeting in Manchester of the Amalga- 
mated Engineering Union’s National Committee 
rejected a proposal to the effect that the organisation 
should withdraw from the Engineering Trades’ Joint 
Wages Movement, and dissociate itself from the offer 
made to the employers of arbitration on the wages 
question or a Government enquiry into the state of the 
industry. The proposal was submitted by Mr. W. 
Pitt (London) who declared that the Union and its 
members had nothing to gain by arbitration, and that 
an enquiry into the state of the industry could be of 
little value. Mr. J. Tanner (London), who seconded 
the resolution, said that arbitration would be of no 
more value to the engineers than it had been to the 
textile workers. ‘Two members of the Executive 
Council, Mr. Brownlie and Mr. Swales, and the 
General Secretary, Mr. Smethurst, opposed the pro- 
posal. Mr. Brownlie said that the interests of the 
various unions with members employed in the industry 
were interwoven, and the A.E.U. would not be looking 
facts in the face if it imagined that it could move 
forward alone. Mr. Swales invited the Committee to 
remember the need for maintaining the solidarity of the 
workers, and Mr. Smethurst said that their case was 
so strong that he was prepared to submit it to an 
arbitrator. The resolution was defeated by 17 votes. 





On Thursday an amendment, which subsequently 
became a substantive motion, was passed, calling for 
payment of the full district rate of wages to all adult 
labour employed on machines in engineering establish- 
ments. At the opening of Friday’s meeting, Mr. 
Brownlie moved that the resolution be rescinded. 
By passing it, he said, the Committee had put the 
Executive Council in an invidious and untenable 
position. The Executive Council had agreed with the 
Engineering and Allied Employers’ National Federa- 
tion as to a basis of negotiations on the machine ques- 
tion, and the effect of the resolution, if it stood, would 
be to prevent it proceeding with the negotiations. The 
employers would have to be told that the basis of 
negotiations had changed, and that would probably 
result in the General Workers negotiating by themselves, 
or in conjunction with the Transport Workers, leaving 
the Amalgamated Engineering Union out. Mr. 
Smethurst said that assuming that the resolution stood, 
that the Executive met the employers, and that it 
received a decided “ No,” which it would, what was 
the next step ? Was it suggested that they should put 
the men on the street ? It was eventually decided by 44 
votes to eight to rescind the resolution. 





A resolution calling for a ballot vote of the members 
for or against giving notice to the employers terminating 
the York Memorandum—otherwise the Provisions for 
Avoiding Disputes—was heavily defeated. 





Mr. S. Ratcliffe (Manchester) moved a resolution on 
the subject of rationalisation which described the 
movement as a “ growing menace,” and instructed the 
Executive Council to collect data in order that members 
of the organisation generally might be made aware of 
the dangers ahead, and a policy be formulated to meet 
the situation. Mr. Tanner said that to endorse ration- 
alisation meant assisting British employers to produce 
goods more cheaply than they were produced in other 
countries where the same thing was happening. That 
meant, he argued, a general lowering of the standards 
of the workers. Mr. J. T. Dixon (Darlington) said 
that rationalisation had got to come because it was 
the perfection of » system under which we lived. 
What he was concerned about was that when ration- 
alisation was perfected they should be strong enough 
to exploit its results. Mr. Pitt declared that rationalisa- 
tion would provide higher wages, shorter hours, 
better conditions, and cheaper commodities. The 
resolution was carried unanimously. 





Man and Metal, the journal of the Iron and Steel 
Trades Confederation, believes that the first effect of 
the ratification by the British Government of the 
Washington Hours’ Convention will be to stop over- 
time, and that, it says, will lead to the absorption of 
large numbers of unemployed men. “It is a brutal 
system,” the writer continues, ‘‘ that permits employers 
to work one section of the community excessive hours, 
whilst another portion, equally skilled, equally efficient, 
and equally ready to take their share of the burden, 
are not permitted to work at all. This is false economy. 
It may be good politics to so arrange matters as to 
try and convince the workers of the country that the 
Labour Party after all is no good because it cannot 
maintain trading conditions, but it is not good national 
economy and ought to be put an end to at the earliest 
opportunity.” 


The Executive Council of the Association of British 
Chambers of Commerce has a resolution on the 
question of wages in sheltered occupations, which 





-affecting other Departments, or covering a wide field, 





| 


declares that the heavy charges and high cost of 
living and production resulting from the failure to 
secure adjustment of wages to economic conditions, | 
especially in the case of municipalities, utility com- 
panies and other sheltered occupations, are contributory 
causes to the present difficulties in carrying on the | 
large basic industries and in maintaining the export | 
trade of the country. The resolution urges the 
Prime Minister “to consider, with the Economic 
Advisory Council, the effect of wages rates in these 
sheltered occupations on industry as a whole, and 
to take such steps as are possible to direct attention 
to the responsibility to make adjustments which will 
assist in the removal of the serious disabilities under 
which the country is suffering and are making it 
increasingly difficult to compete with foreign countries.” 





In a letter which it has addressed to Miss Bondfield, | 
the Minister of Labour, the Policy and Parliamentary | 
Committee of the National Union of Manufacturers | 
expresses regret that a draft of the Government’s 
Hours of Industrial Employment Bill was not circulated 
in advance to interes organisations so that the 
measure’s effect on industry might have been accurately 
gauged before it was introduced in Parliament. The 
Union’s objections to the ratification of the Washington 
Convention are, it is stated, in no way removed by the 
Bill. As drafted, the letter goes on to say, the Con- 
vention ‘‘ provides for a number of exceptions which 
are open to various interpretations, and the result of 
its ratification may well be that, while the limits of 
working hours would be:closely adhered to here, other 
countries would continue to a large extent on their 
lower standards. That this is no idle forecast is 
clear from the terms of the Bill introduced by the 
Italian Government, in which power is taken to add 
to the maximum normal duration of work a period 
not exceeding two hours a day, or twelve hours a 
week, or an equivalent average duration spread over a 
fixed period, for the purpose of permitting undertakings 
to cope with exceptional increases of work.” An 
expression of hope is added that the Bill will not be 
proceeded with until the Government are in a position 
to secure an equivalent interpretation of the Convention 
by all the signatory Powers and also its application to 
the United States of America. 





During April, the home branch membership of 
the Amalgamated Engineering Union increased from 
195,540 to 195,717, and the colonial branch member- 
ship from 27,143 to 27,173. The number of members 
in receipt of sick benefit decreased from 5,939 to 
5,653, and the number in receipt of superannuation 
benefit increased from 10,524 to 10,572. The total 
number of unemployed members increased from 
16,437 to 17,535. 





As Mr. Brownlie informed last week’s meeting of the 
A.E.U. National Committee, the Prime Minister is 
still being pressed by the Engineering Joint Trades 
Committee to receive a deputation on the wages 
question. The letters which have passed between 
the Prime Minister and the President and Secretary 
of the Joint Committee are published in the May issue 
of the Amalgamated Engineering Union’s Monthly 
Journal. Dealing with the point that an investigation— 
similar to those taking place in the cotton and iron and 
steel industries—should be set up for the engineering 
trade, Mr. MacDonald said: ‘‘ There is one obvious 
difficulty which must, I think, have occurred to you. 
The engineering trades differ from the cotton and steel 
industries in that they comprise a large number of 
sections concerned with the manufacture of entirely 
different products, and that the economic circum- 
stances of these sections vary. It would scarcely be 
possible, therefore, to hold a single investigation into 
all these trades, even if it could be shown, which up 
to the present is not the case, that there are grounds 
for such an inquiry similar to those which moved the 
Government to investigate the conditions of the cotton 
and steel industries.” 





On the other point, namely, the request that he 
should receive a deputation, the Prime Minister said : 
‘“‘T think it would be the best course for you to go 
into the whole matter with Miss Bondfield. From the 
contents of your letter. it would seem that your approach 
to the Government arises directly out of wage negotia- 
tions ; and in such cases the Minister of Labour is the 
appropriate Minister responsible for handling the 
matter, though she can, of course, if questions arise 


always bring other Ministers into the discussion, or, 
if need be, consult myself.” In their replies to the 
Prime Minister, the Joint Committee’s President and 
Secretary made two main points. One was that the 
resolution passed by the {full meeting of Executive 
Council representatives specifically instructed the 





Minister and the other that “‘the attention of the 
Government ’’ was particularly to be directed “to 
the statement of Sir Allan Smith regarding wages and 
social services.” 





Particulars of an interesting decision by the Demar- 
cation Committee of the Federated Admiralty Con- 
tractors, are given in the latest issue of the Amalga- 
mated Engineering Union’s official organ. The Boiler 
Makers and Iron and Steel Shipbuilders’ Society 
claimed (a) the fitting and fixing of all handrails, 
stanchions and supports in engine room, boiler-room 
and the approaches thereto; (b) the fitting of all zinc 
and other corrosive slabs. The finding of the Com- 
mittee was that the work should be done by engineers. 
In a note on the award, Mr. Brownlie says: ‘ In 
rebutting the claim of the Boiler Makers’ Society, the 
Unions’ representatives directed attention to the fact 
that the work in question was allocated to engineers 
by a decision of a previous Demarcation Committec, 
January, 1914, and submitted that nothing had trans- 
pired in the interim to justify a reversal of that 
decision.” 





Addressing the annual eonference of the Federation 
of Engineering and Shipbuilding Trades, which opened 
at Blackpool on Monday, Mr. W. Sherwood, the Presi- 
dent, said that the scientific re-organisation of industry, 
which was in progress, created its own problems for 
the workers, and only ‘effective trade union action 
through a federated power could secure an increase 
in the standards of living and shorter hours of labour. 
He definitely asserted that unemployment in the 
industry must and could be solved by the introduction 
of the shorter day, shorter working week and higher 
wages. 


On Tuesday, the conference passed a resolution 
declaring that it viewed with great alarm the process 
of rationalisation in the shipbuilding industry and the 
resultant concentration of production in fewer ship- 
yards. It noted that the object of National Ship- 
builders’ Security, Limited, was to close what, in 
their judgment, were redundant yards, called upon 
the shipbuilding employers to offer alternative employ- 
ment without loss of status or income to those displaced 
within the industry, or alternatively to grant com- 
pensation for loss of employment, and instructed the 
emergency committee to request the shipbuilders to 
meet to consider the whole problem. 





The Ministry of Labour estimates that on April 28, 
1930, there were approximately 9,798,900 insured 
persons aged 16 to 64 in employment in Great Britain. 
This was 89,500 fewer than a month before, and 448,300 
fewer than a year before. On May 5, 1930, the numbers 
of persons on the registers of Employment Exchanges 
in Great Britain were 1,168,300 wholly unemployed, 
449,500 temporarily stopped, and 94,200 normally in 
casual employment, making a total of 1,712,000. 
This was 13,614 more than a week before, and 579,295 
more than a year before. The total on May 5, 1930, 
comprised 1,213,800 men, 48,000 boys, 403,000 women, 
and 47,200 girls. 





During April, 1930, the average numbers of persons 
on the registers of Employment Exchanges in Great 
Britain were 1,153,547 wholly unemployed, 429,558 
temporarily stopped, and 95,276 normally in casual 
employment, making a total of 1,678,381, of whom 
1,116,964 were men aged 21 and over, 86,148 men aged 
18 to 20, 42,183 boys aged 14 to 17, 332,998 women 
aged 21 and over, 57,300 women aged 18 to 20, and 
42,788 girls aged 14 to 17. 


The writer of the editorial notes in the May issue 
of the Electrical Trades Union’s official organ says :— 
“* For a change we have to complain of lack of employ- 
ment, which has brought about a much larger propor- 
tion of unemployment in the contracting industry 
than we have experienced for some years. There is no 
definite reason why it should have occurred now, 
because, normally, this is a time when unemployment 
is at a minimum. From inquiries made, we have been 
informed that while there is more building going on 
than ever, we are suffering from the fact that, so far 
as electrical installations are concerned, most of the 
contractors are unable to get on with the work. 
Whether this is, or is not, one of the arguments that 
are being used for rationalisation in industry, which. 
after all, can only mean balancing the production of 
each section in the industry, the fact remains that, 
so far as we are concerned, the work is still to be done, 
and, therefore, the present slump can only mean that 
later on the demand for labour will balance itself.’ 
The writer’s conclusion is that “‘ there is something in 
the whole system of employment that requires drastic 





Committee to seek an interview with the Prime 


alteration.” 
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OLEO-PNEUMATIC SHOCK ABSORBER FOR AEROPLANES. 


CONSTRUCTED BY MESSRS. THE BLACKBURN AEROPLANE 


B 











(1918. A) 


Bottom of Strut 


OLEO-PNEUMATIC SHOCK 
ABSORBER FOR AEROPLANES. 


To absorb the shocks which would otherwise be 
imposed upon the structure of an aeroplane when 
taxying over @ rough aerodrome and when landing 
after a flight, it is necessary to incorporate some 
form of elastic element in the structure between the 
landing wheels and the fuselage. This was formerly 
composed of a bunch of strands of braided rubber cord, 
but now usually consists of a telescopic strut incor- 
porating a special form of oildash pot. It is, of course, 
impracticable to design a shock absorber which will 
protect a machine from damage if it approaches the 
ground at too high a vertical velocity and the usual 
practice is to allow for a vertical velocity of about 
12 ft. per second. The stroke of the telescopic strut 
may be up to about a foot, and the design is generally 
arranged so that the reaction between the landing wheels 
and the ground is uniform throughout the stroke. 

The strut of which a longitudinal section is given 
in Fig. 1 on this page, has been designed by Mr. A. H. 
Crawshaw, B.Sc., of Messrs. The Blackburn Aeroplane 
and Motor Company, Limited, of Brough, Yorkshire, 
and is fitted on the aeroplanes constructed by that firm. 
It is interesting in that compressed air is used as the 
elastic medium, a high pressure being employed in 
order to reduce the weight and size of the component. 
We understand that a working pressure of 850 lb. 
per square inch is being employed successfully, the 
pressure being retained for considerable periods in 
service, since great care has been taken to reduce 
leakage to a minimum. Although drawn, for con- 
venience, in the horizontal position in Fig. 1, the strut 
is, of course, used vertically. Its general design can 
be followed from the illustration, and will be seen to 
comprise a cylinder in which a tubular ram works 
through a gland, while a stationary piston, attached 
to the bottom end of the cylinder by a tube, fits 
inside the tubular ram. In assembling the strut, 
it is filled about three-quarters full with a thin non- 
freezing oil, the viscosity of which does not vary 
greatly with the temperature, and air is forced in 
through the needle-valve B by means of a water-cooled 
hand pump having a small bore and a long stroke. 
The connection between the pump and the valve 
is made by means of small-bore copper tubing, and a 
gauge is fitted to indicate the pressure reached. The 
needle valve is then screwed down and the pump dis- 
connected. The internal pressure, of course, ensures 
that the strut will be fully extended, the holes R in the 
ram then coming opposite the needle valve. With 
the strut in the vertical position, the needle valve is 
slightly opened and oil is allowed to escape, the valve 
being closed as soon as air begins to leak out. The 
object of this procedure is, of course, to ensure that 
the strut is filled with oil to the correct level. The 
pump is then re-connected to the needle valve and air 
pumped in until the required working pressure is 
obtained, after which a small quantity of oil is forced 
in by the pump to seal the needle valve and also to 
provide a small surplus for checking the level on a 
Subsequent occasion. After screwing down the needle 
valve, disconnecting the pump and screwing on the 
dust cap, the strut is ready for use. 

With regard to the action of the strut, it should be 
explained that Fig. 1 shows the various movable parts 
approximately in the positions they would occupy if 
the machine were standing at rest on the ground. 
[t will then be clear that, in taking off, the strut can 

telescope with but little resistance, the oil flowing 
through the comparatively large holes D from one 
side of the piston E, which forms the inner end of the 
tubular ram, to the other. The flow of the oil through 
the holes, however, damps the movement sufficiently 
‘o prevent periodic oscillations. When the machine 
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it to extend, and the sliding valve F in the piston E 
then comes into contact with a plate valve G carried 
by the stationary piston H. Continued movement of 
the ram causes the valve F to close the holes D in the 
piston E, so that, when the machine is landing and the 
strut is again compressed, oil is forced through the 
narrow annular passage between the piston E and the 
central tube K, and also through the holes J in this 
tube. As the ram moves downwards, the holes in the 
central tube are passed one by one, thus reducing 
the area of the passage for the oil, and, by suitably 
spacing these holes, the required uniform resistance 
to the compression of the strut can be obtained. 
It should also be noticed that, as the ram begins to 
move downwards, the sliding valve F is moved upwards, 
relatively to the piston E, by means of the spring L, 
thus uncovering the holes D. The relative movement 
of the sliding valve, however, is limited by the rate 
at which oil can pass into the annular space M through 
the holes N, and the latter are so proportioned that the 
holes D are not uncovered until the landing stroke 
and the subsequent recoil stroke have been completed. 
They are, however, essential to allow comparatively free 
movement of the ram during taxying, as without them 
the strut would behave as if practically solid during 
this operation. To avoid bumping when the machine 
leaves the ground suddenly, oil is trapped in the annular 
space between the sliding valve F and the central tube 
K, by a flange Q formed on a sleeve screwed on to the 
tube. The valve F is bored to a slight taper, so that 
the clearance space through which the oil passes is 
reduced as the strut extends. 
A load-deflection curve for the strut is reproduced 
in Fig. 2, and it will be noticed in this that the air load 
has been drawn for compression in accordance with 
the laws PV = constant and PV! = constant. It 
has been found, by experiment, that the air obeys the 
latter law during landing strokes, and it is suggested 
that the cooling shown by the value of the index is 
due to the jet of oil which squirts up the central tube 
into the air space during the compression stroke. 
It will be seen from the curve that the machine stands 
under full load with the strut compressed to about half 
its complete stroke, and that the maximum air load, 
when the strut is fully compressed, is about 4 times 
the normal load. The hydraulic load is fairly constant, 
at about twice the normal load, for the first part of 
the compression falling off rapidly to zero before the 
end of the stroke is reached. Attention may also be 
called to the fact that the total strut load rises instead 
of being uniform, but the reason for this is that the 
geometry of the undercarriage changes as the strut 
is compressed, and the latter is designed to give a 
uniform load on the wheels, and thus a uniform retarda- 





leaves the ground, the air pressure in the strut causes 
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As already stated, and as shown by the diagram, Fig. 
2, a fairly high initial pressure is necessary for the air in 
the strut, and it is, of course, essential that this pressure 
should be maintained in service. Leakage can only 
occur in three places, viz., through the gland A, the 
needle valve B, and the bottom plug C. The gland 
rings are of the S.E.A. type, supplied by Messrs. Ronald 
Trist and Company, Limited, and the external surface 
of the ram on which they work is finished dead smooth. 
Dust and dirt must, of course, be carefully excluded 
from the stream-line fairing surrounding the strut, in 
order to prevent any scoring of the ram. The points 
of the needle valve and plug are casehardened and 
make their own seatings on the sharp edges of the metal 
into which they are screwed. Both are below the oil 
level so that any leakage which may occur through 
them is of oil, and not of air, and the pressure drop in 
the latter is but slight. As a result of the precautions 
taken to prevent leakage it is found, in practice, that 
the struts only require to be pumped up at iatervals 
of about six months. 








THE INTERACTION OF GASES AND 
ORE IN THE BLAST FURNACE,* 


Part II.—Caruon Deposition at 450 Dea. C. AND 
Its INFLUENCE UPON THE ORE REDUCTION; EQUItri- 
BRIUM BETWEEN GASES AND ORE AT 650 Dea. TO 
1,000 Dua. C. 


By Professor W. A. Bonz, D.Sc., F.R.S.; L. REEVE, 
Ph.D.; and H. L. SaunpErs, Ph.D. 


In the authors’ previous papert the principal investi- 
gations bearing on fuel economy, on the interactions 
between gases and ore, and on the factors and laws 
governing both reaction velocities and equilibria in 
the blast-furnace, were reviewed. Also, an experimental 
method was described, specially designed for investi- 
gating the interactions between iron ores and oxides 
of carbon, when the latter are diluted with the same 
proportion of nitrogen as in blast-furnace gas. It 
consisted essentially in circulating successive charges 
of blast-furnace gast (CO + 2N,) through a closed 
system containing the ore at some constant temperature, 
and the results of experiments at temperatures up to 
650 deg. C. were detailed. 

The present programme of work comprises (inter 
alia) such matters as: (i) The further exploration of 
“carbon deposition ’’ at temperatures below 550 deg. 
(ii) a comparison between the relative reducing powers 
of the so-deposited carbon and of carbonic oxide upon 
oxides of iron at temperatures higher than 650 deg. C. ; 
(iii) the determination of the CO/CO, equilibrium ratio 
in systems containing Fe,0,, Fe, CO, and CQ., and 
possibly also deposited carbon, at temperatures between 
650 deg. and 1,200 deg. C. ; (iv) the ascertainment of 
the separate and combined influences of such factors 
as temperature, the ‘distance potential,” of the 
gases from their resultant equilibrium point, and gas 
velocity upon the rates of ore reduction and carbon de- 
position, respectively, at various selected temperatures; 
(v) the influences of both steam and hydrogen, respec- 
tively, upon the various furnace reactions; (vi) the 
possible influences of the coke and of the decomposition 
of the limestone contained in the burden upon the 
principal reactions proceeding in the various zones 
of a blast-furnace ; and (vii) in so far as may be found 
possible, ‘the devising of standard apparatus and 
laboratory methods for comparing the reducibilities, of 
different ores by the furnace gases at temperatures 





* Paper read before the Iron and Steel Institute, 
London, on Thursday, May 1, 1930. Abridged. 

+ See ENGINEERING, vol. cxxiii, page 564 (1927). 

¢ Throughout this paper such an experimental mixture 
containing approximately CO + 2N, will be referred to 





tion to the machine. 


as blast-furnace gas. 
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and during times of contact corresponding with those 
actually prevailing in various parts of the furnace, 
as well as their susceptibilities to carbon deposition 
in the upper region of the furnace. The present paper 
will be mainly concerned with the consideration of 
the first four points. 

The ore used as the standard of comparison through- 
out the experiments recorded herein was a Cumberland 
hematite (ore A of the last paper), kindly supplied by 
Messrs. The Barrow Hematite Iron Co., of the following 
percentage composition : 


Ore A. 
Per cent, Per cent. 
Fe,0,... . 82-36 Manganese ... Trace 
Sid... |... 14-63 Hi, 0 (free) 0-60 
Al,05... 0-23 Phosphorus ... Trace 
CaO ... 0-90 Sulphur .-- Trace 


In the work on high-temperature equilibria, ore B, 
kindly supplied by Messrs. Guest, Keen and Nettlefolds, 
Limited, was also employed, its composition being as 
follows : 


Ore B. 
Per cent. Per cent. 
Fe,03... . 75-41 CaO ... wal 
sid, 8-58 H,O(free) ... 2-74 
Al,6s..- 1:32 H,O (combined) 8-29 


In each case before use, the ore was thoroughly dried 
by being heated in a current of dry air at 650 deg. C. 

Section I.—Carbon Deposition at 450 deg. C. and its 
Influence upon the Ore Reduction at Higher Tem- 
peratures.—The authors have devoted considerable 
attention to the experimental study of the phenomenon 
of carbon deposition at its optimum temperature 
(about 450 deg. C.), and to ascertaining the influence 
of the so-deposited carbon upon the reducibility of an 
ore (Fe,0,) at temperatures between 700 deg. and 
750 deg. ¢., for it seemed important to establish by 
direct experiment whether or not (and if so under what 
conditions) carbon impregnation and/or carbon depo- 
sition in the upper regions of the furnace may be 
regarded as having a favourable influence upon the 
reduction of the ore lower down in the furnace. 

For this purpose a circulation apparatus and pro- 
cedure, substantially the same as that described in the 
previous paper, but with such modifications in detail as 
seemed necessary to the new objective, was employed. 
[In principle the method consisted in gradually depositing 
carbon at 450 deg. C., upon a charge of from 25 grm. 
to 50 grm. of ore A, by maintaining it in a closed system 
at that temperature and circulating over it successive 
charges of blast-furnace gas at the temperatures re- 
ferred to. The effect of this, after causing reduction 
from the Fe,O, to the Fe,O, stage or thereabouts, was 
first of all gradually to impregnate the ore with carbon, 
and then to deposit further carbon uponit. By the term 
“carbon impregnation” is meant a separation of 
minute particles of carbon by contact action between 
carbonic oxide and oxide of iron within the pores or 
interstices of the ore, as distinguished from a more 
deposition of a flaky carbon upon its outer surface, 
e.g., an enveloping of ore granules with carbon. With 
a virgin ore the former process precedes the latter up 
to a certain point, after which the two seem to occur 
simultaneously for a while, deposition predominating 
more and more as the time goes on. 

Both processes are truly catalytic, in the sense that 
not only do they occur at the boundary surfaces between 
the solid and gaseous phases, but they also both depend 
upon the presence of a catalyst (in the present case, 
Fe,0,) without which no carbon at all will separate out 
from the gases. And from the authors’ experiments 
it would seem that the process can go on practically 
without limit so long as traces of oxides of iron are 
present to act as nuclei for the contact action. The 
extraordinary character of the phenomenon was illus- 
trated by an experiment in which the reaction tube 
temperature was maintained at 450 deg. C. for the 
whole time. At the commencement, the exhausted 
reaction tube contained a single fragment of ore 
(Fe,0,) weighing 150 mg. On introducing a charge 
of blast-furnace gas into the system the ore was first 
reduced to about Fe,0,, its colour being darkened, 
whereupon carbon deposition commenced. On circu- 
lating successive charges of blast-furnace gas, the 
carbon deposition continued until at the end of the 
experiment 3 gm. of carbon had been deposited. In 
other words, the original cre had brought about the 
deposition of no less than twenty times its own weight 
of carbon from the gases. 

Disintegrating effects of Carbon Impregnation.—An 
important feature of the carbon deposition is its dis- 
integrating influence upon the ore, for by the conclusion 
of the experiment, the original 150 mg. of ore was 
fairly uniformly distributed throughout the whole mass 
of the carbon; on qualitative analysis, each one of a 
number of particles of carbon taken indiscriminately 
from various parts of the mass was found to contain 
iron. The rate of such carbon deposition and concur- 
rent ore disintegration would naturally depend upon 


ment in question extended over a fortnight, it need 
not be supposed that when large masses of ore are in 
contact with the furnace gases at 450 deg. C. a long 
time is required to effect a considerable degree of 
carbon impregnation and/or deposition, for such is 
by no means the case. 

Mechanism of Carbon Depesition.—Carbon deposition 
in the system 2 CO—C + CO, is powerfully catalysed 
not only by iron and its oxides but also by the deposited 
carbon itself. Their experiments have led the authors 
to regard freshly reduced iron as the most powerful 
of these three catalysts, although FeO and Fe,O, act 
quite readily, and even more so than does the carbon. 
Some previous investigators have concluded that carbon 
deposition is connected with simultaneous carbide 
formation; but while under certain conditions this 
may possibly be so, the authors have so far found 
hardly any evidence of it in their experiments. The 
manner in which the carbon deposition was propagated 
in the experiment just referred to rather suggests that 
it is connected with carbonyl formation. Here, again, 
experiments have afforded no direct proof; and as 
in the authors’ case the deposition began and spread 
rapidly in circumstances precluding the resultant 
presence of free iron, the formation of an intermediate 
carbonyl may be doubted, although the authors still 
have anopen mind on the subject, and reserve tho 
matter for future investigation. 

Yet another point to consider in connection with 
carbon deposition is the very large volume increase as 
the process advances. The quantity of carbon 
obtained at the end of the experiment described above, 
for instance, was nearly two thousand times the volume 
of the original 150-mg. piece of ore taken. Therefore 
whenever considerable carbon deposition occurs in 
the blast furnace its initially beneficial disintegrating 
influence may degenerate later on into a mere clogging 
effect with consequent irregularities in furnace opera- 
tion. 

Optimum Conditions for Carbon Deposition.—On 
circulating successive fresh charges of blast-furnace 
gas over ore A, although carbon deposition com- 
menced slowly at as low a temperature as 275 deg. C., 
about 450 deg. C. has proved to be the most favourable 
temperature for it (as indeed Sir Lowthian Bell found) 
with both ore A and ore B. But, as shown in the 
previous paper, it does not set in rapidly at such 
temperatures until the reduction has reached the 
Fe,0,4 stage, after which it predominates over all other 
reactions. On progressively raising the temperature 
above this optimum point carbon deposition falls off, 
until at some higher temperatures—for example, 
600 deg. C. to 700 deg. C., according to the nature of 
the ore—it ceases to play any material part in the 
reactions until some 85 or 90 per cent. (according to 
the temperature) of the possible ore reduction has 
been effected. It is therefore a phenomenon pertaining 
chiefly to the upper part of the furnace, and probably 
does not come into play in the middle zones of the 
blast-furnace until the penultimate stages of ore reduc- 
tion have been reached. 

Although the authors have made several attempts 
to determine how the presence of small quantities 
of hydrogen and steam, respectively, in blast-furnace 
gas affect the speed of such carbon deposition upon 
the ore at 450 deg. C., so far unforeseen experi- 
mental difficulties have prevented the authors from 
obtaining sufficiently decisive results to warrant their 
dealing with the matter in this paper; they are 
continuing the work, however, and expect to do so on a 
future occasion. 

Comparative Reducibilities of an Ore by Impregnated 
Carbon and Carbonic Oxide, at 750 deg. C.—The question 
whether such deposited carbon or carbonic oxide is 
the more powerful reducing agent in regard to Fe,O, at 
the temperatures prevailing in the middle portions of 
the blast-furnace seemed to be of paramount importance 
to both the theory and practice of blast-furnace 
smelting, for until a decisive answer could be given 
from direct experiment, it would be impossible to 
say whether, and if so in what circumstances, carbon 
deposition in the upper parts of the furnace should be 
encouraged as being ultimately favourable lower down 
in the furnace. The experimental method finally 
adopted for this purpose consisted in making com- 
parative measurements of the rates of reduction at a 
temperature of 750 deg. C. of two similar charges of 
ore A by carbonic oxide and by carbon with which it had 
been impregnated at 450 deg. C. 

Each of two such samples was first submitted to a 
slow uniform stream of calcium-chloride-dried air 
for 6 hours at 650 deg. C. in the reaction tube of the 
apparatus, in order that they might be in the same 
state of dryness and porosity. One sample was then 
impregnated with carbon by exposing it at 450 deg. C. 
for a time to the action of successive charges of blast- 
furnace gas until sufficient carbon had been deposited 
within it to effect subsequently at least 50 per cent. 
reduction; thus, a 25-gm. charge was impregnated 





the amount of ore present; and although the experi- 





with some 3} gm. of carbon. Meanwhile, the other 


sample was similarly maintained in a vacuum at 
450 deg. C. for the same period, so that both “ similar 
ore charges’ had thus been kept at the same tem- 
perature for the same time. The temperature of the 
ore charge impregnated with carbon at 450 deg. C. was 
then quickly raised to 750 deg. C., and its rate of 
reduction at that temperature by the impregnated 
carbon was determined under such conditions that, 
starting in vacuo, the partial pressure of the oxides of 
carbon evolved was maintained at about 4 atm. (the 
partial pressure of those gases in blast-furnace gas), 
all others being excluded from the system. Compara- 
tive experiments were then made on the rate of reduc- 
tion of the other ore by blast-furnace gas at 750 deg. 
C. The experimental conditions were kept as nearly 
constant as possible, velocity measurements in each 
case being made throughout a considerable range of 
the reduction process. It may be noted in passing 
that, for all practical purposes, the rate of reduction 
of the carbon-impregnated ore by its own carbon 
was found to be unaffected by the presence of dry 
nitrogen in the system. 

Before dealing with the results of these comparative 
experiments, however, it is necessary to emphasise 
again the importance of distinguishing between two 
extreme cases of carbon deposition on an ore, namely, 
(i) where the ore is thoroughly impregnated with 
carbon so that the carbon is distributed throughout 
the interstices rather than around the ore, and (ii) where 
the carbon is merely deposited around the granules 
rather than within them. Between these two extremes 
there may be any number of intermediate conditions, 
for the investigation has shown, as might be expected, 
that the velocity of ore reduction by such deposited 
carbon depends very largely upon the intimacy of 
contact between the carbon and the oxides of iron. 
Hence such carbon as is deposited at 450 deg. C., within 
and throughout the pores and interstices of an ore, is 
much more effective in reducing it at 750 deg. C. 
than is carbon deposited around and outside the oxide 
granules. Moreover, carbon acting from within the 
granules, by virtue of its more intimate contact with 
the ore, is not only the more potent in reducing the 
ore, but it also assists reduction in the furnace by its 
disintegrating influence during that reduction. 

It should be understood that the comparative 
experiments had reference only to an ore in condition (i) 
—namely, when impregnated with carbon—which 
is the more favourable for reduction by carbon. The 
experimental results showed decisively that, over an 
“ore reduction range ”’ between about 20 and 75 per 
cent., such impregnated carbon is a much more powerful 
reducing agent than carbonic oxide at 750 deg. C. 
This is proved by the results of two typical comparative 
experiments with similar ore charges detailed in the 
following tables. Table II refers to the rate of reduc- 
tion at 750 deg. C. of one ore charge by the carbon 
with which it has been previously impregnated at 
450 deg. C., and Table III to a strictly comparable 
test showing the rate of reduction by blast-furnace 
gas at 750 deg. C. of an unimpregnated but otherwise 
similar ore charge. The figures speak for themselves. 

The vastly greater rates of reduction observed 
throughout the first of the two foregoing experiments 
may be attributed to the combined operation of two 








TaBLe II. Initial State of Charge: 25 grm. of ore A + 
3°22 grm. of carbon. 
Index of Rate of 
Percentage Carbon Average CO/COg} Ore Reduction ; 
Reduction | Remaining in Ratio in Percentage 
of . Ore. Charge. Gm. | Evolved Gases. | Reduction of 
Ore per minute. 
22-8 2-96 1-62 0-812 
24-1 2-91 1-62 0-435 
25-2 2-87 3-56 0-714 
27-0 2-81 3°56 0-39 
27-6 2-78 3-56 0-664 
30-0 2-70 4-18 0:34 
35-6 2-47 4°37 0-324 
41-3 2-24 4-47 0-405 
46-0 2-04 6-2 0-26 
52-1 1-80 5-7 0-22 
57-8 1-59 4:6 0-25 
63-8 1-11 4-06 ie 3 
70-8 0-84 3-69 0-32 
71:6 0-82 3-30 0-14 
72°5 0-78 —_— 0-115 
73-5 0-75 4-0 0-100 
76-7 0-63 3-75 0-052 














causes—namely, (i) the intrinsically superior reducing 
power of impregnated carbon over that of carbonic 
oxide within the interstices of the ore, and (ii) the 
fact that at 750 deg. C. the CO/CO, equilibrium ratio 
for the system 2CO — C + CO, is much greater than 
those for the systems CO + Fe,0,— 3Fe0 + CO, and 
FeO + CO—Fe+CO,. Thus, the equilibrium ratio 
for the first system at } atm. is 5-65, as compared with 
0-45 and 1-8 for the two last-named iron systems 
respectively. 

Attention may also be directed to the CO/CO, 





ratios in Table III. Whereas in the carbon-reduction 
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experiments (Table II) these ratios were for the most | traced out the general influence of carbon deposition | other words, that there will be an abrupt transition 
part between 3-5 and 4:5 (say, about 4) over the| upon ore reduction at 750 deg. C., the next step was the | from one to the other as the 11-1 and 33-3 per cent. 
ore-reduction range 25 to 75 per cent., in the case of | determination of the equilibrium conditions in such | ore-reduction points are passed through—because there 
the carbonic-oxide reduction (i.e., blast-furnace gas) | dry systems as Fe,0,+CO— 3FeO + CO, and FeO + | would always be some overlapping at each transition 
Taste III. CO — Fe + CO, (from which free carbon was excluded) | point ; this was borne out by the experimental results. 
at temperatures between, say, 700 deg. C. and 1,000 deg. | An inspection of the results and of the corresponding 
Index of Rate of |C» Which are those chiefly concerned in the actual | curves showed at once that, at all temperatures, the 
Percentage Percentage Limits Ore Reduction ; | ore reduction in a blast-furnace. reaction 3Fe,0, -+- CO—2Fe,0, + CO, is practically 
Reduction Limits of of CO/CO> Percentage The apparatus was essentially the same as that | irreversible, as indicated by the first horizontal portion 
of Ore. COz in Gases. Ratio. el p eget already described in the previous paper, but certain | of the curve remaining practically at zero up to 11 per 
* | modifications to extend its scope have been added for | cent. of oxygen removal. The equilibrium CO/CO, 
the sake of convenience; herein it is termed the | ratios for the other stage of reduction up to about 80 to 
pats 0 to 65 | © to 4:5 0-091 “standard” form of apparatus. As used for these | 90 per cent. of the total oxygen removal were as fol- 
WOT. Se ba ’ i ae experiments, it consisted of a closed system comprising | lows :— 
mite to 6-3 2, to 4-3 0-078 the following opm (a) A quartz reaction tube Pha Fear Pee 
35-0 to 37- 4 ee 0-034 containing one of the ores upon which experiments eg. C. deg. U. deg. U. 
eg 39 a — i Fay oe were being conducted, maintained at a selected con- Ore afr oe oer “7 — 
eve . 4-52,, 6:55 | 6-6 ,, 4-2 0-027 stant temperature; (6) manometers; (c) a circulating Fe,0 Mite oO. 0-4 “35 0-25 
54-1 to 66-755 | 6.55 |, 9-68 | 4-2 2:5 0-022 ump; (d) a suitable drying agent (calcium chloride) Comes ee vg 
9-68 », 11-08 | 2-5, 1-85 ba fo AI the gases nding feet in a constant h - Fad aeregrn %8" osuanion als 5d 
73+5 to 74-84 2-61 o 4-98 [1178 J a8 0-082 ’ me wre] de slrondy sinter. the incereneiPiiiby of the i 
cB a PROS! Fe] SS | pige cunsamun cotcornario me |e garumion tage oll experi i han by 
. Be ae THE GASES AT VARIOUS STAGES each curve up to about the 10 per cent. ore-reduction 
experiments, they naturally fell as the composition of OF DEOXIDATION OF ORE B. Se P t of th t following 10 to 30 
the gas approached the equilibrium ratio for the sys- TEMPERATURE, 975°C. BORPSs ORES FORTE 15 FM _— COO. nl ng a 
| tems in question. The figures also show the rapid : cent. ore-reduction range, the (CO, ratio line is 
| deceleration of the rate of the ore reduction as the again almost horizontal, but at a higher level, corre- 
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Fig.5. EQUILIBRIUM CO/COz RATIO IN 
THE GASES AT VARIOUS STAGES 
OF DEOXIDATION OF ORE A. 

850°C. 
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composition of the gases approaches the equilibrium 
ratio. The authors, therefore, think there can be little 
doubt that the carbon impregnation of an ore at 
450 deg. C. or thereabouts in the sense referred to 
(that is, the carbon being distributed throughout 
the interstices of the ore rather than around it) should 
be encouraged in the upper regions of the furnace as 
materially promoting the rate of ore reduction lower 
down. This, however, assumes one extremity of the 
possible conditions of carbon deposition. At the other 
extremity is the case in which the carbon is deposited 
merely around the ore granules rather than within 
and throughout their interstices; in this case its 
direct contact action upon the ore is at a minimum, 
with the result that its ore-reducing effect is slower 
than that of carbonic oxide at the same temperature. 

Section II.—Gas Equilibria Conditions in the Systems 
Fe,Oy + CO— FezOy_, + CO, at Temperatures between 
750 deg. C. and 975 deg. C.—In the previous paper it 
was shown that the phenomenon of carbon deposition 
rapidly diminished as the temperature rose beyond 
450 deg. C., and at length became inappreciable at 
some higher temperature, which for ore B was 650 deg. 
C., but which, as has since been found, for ore A 
18 more probably about 700 deg. C. This applies 
up to at least the first 85 per cent. of the possible 
ore reduction, beyond which point (as will be seen 
presently) carbon deposition reappears at all tempera- 
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scopic condition (moisture, 0-03 per cent. only) through- 
out any given experiment; (e) a series of capacity 
bulbs providing a choice of four different gas volumes, 
enabling the quantity of oxygen removed from the 
ore in any one experiment to be regulated; and 
(f) @ mercury pipette sampler, permitting any number 
of gas samples to be taken for analysis during the 
course of an experiement. 

Six series of experiments (three with each of the 
two ores A and B respectively) at temperatures of 
750 deg. C., 850 deg. C. and 975 deg. C. were carried 
out. Foreach ore and at each temperature, the CO/CO, 
equilibrium ratios were plotted against the percentage 
of ore reduction. Curves, typical of the series are shown 
in Figs. 5 and 8, above. Fig. 5 refers to ore A at 
850 deg. C., and Fig. 8 to ore B at 975 deg.C. The 
stages through which the ore reduction presumably 
passed were :— 

Percentage of original O removed 

Fe,0,—-Fe,0,—-FeO—-+-Fe 
0 ll-1 383-3 
corresponding with the reactions : 
3Fe,0, + CO= CO, + 2Fe,04, 

Fe,04 + CO— CO, + 3FeO, 
and FeO + CO— CO; + Fe, 
of which the first named is practically irreversible, 
but each of the other two reversible. It is hardly 


sponding with the reversible Fe,0, -+- CO—CO, + 
3FeO stage; while for most of the 30 to 85 per cent. 
ore-reduction range the line reached a third and still 
higher horizontal position corresponding with the 
reversible FeO + CO = CO, + Fe stage. At the 
transition stages between the various systems mentioned 
there was a tendency towards overlap, the composition 
of the solid being more complex than would corre- 
spond with one single system only. It will also be 
seen that, in accordance with theory, the equilibrium 
ratios are dependent only upon the temperature and 
the stage of reduction of the ore, but are independent 
of its nature, except in cases where other reducible 
oxides, limestone, &c., are present in quantity. 





Fig.10. CURVES ILLUSTRATING THE RATE OF APPROACH 
TO EQUILIBRIUM OVER THE RANGE OF REDUCTION 
FROM 30 TO 65 PER CENT APPROXIMATELY 
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On comparing their results with the corresponding 
figures obtained by previous workers, the authors 
find them in closest agreement with those obtained 
by Matsubara in 1921, which were as follows :— 


Temperature. 
Stage. ; 750 850 975 
deg. C. deg. C. deg. C. 
Fe,04,—-FeO 0-5 0-36 0-24 
FeO —-Fe =a reer 2-0 2-33 


The practical identity of their results with his may, 

perhaps, be regarded as having settled a much-disputed 
question ; if so, it will require a revision of the diagram 
published by Eastman in 1922 constructed from what 
he considered to be the most concordant figures then 
available. In the previous paper a redrawing of his 
diagram was reproduced, but simpler axes were used— 
namely, (i) the percentages of CO in a gaseous phase 
(CO + CO, only), and (ii) temperatures (deg. C.); 
thereon were also plotted Rhead and Wheeler’s results 
for the equilibrium in the reversible system 2CO-——C + 
CO, with temperature, and in the light of the present 
results it is now apparent that a revision, more particu- 
larly of the equilibrium curve IIb (the system FeO-Fe- 
CO-CO,) will be necessary. The diagram, revised as 
far as is now possible from the authors’ new data, 
is shown in Fig. 9, the ordinates being percentages of 
carbonic oxide in the total CO + CO, present in the 
gas phase. Its further revision will be completed as 
and when new data for the temperature range 350 deg. 
C. to 650 deg. C. become available. 
Attention is specially directed to the fact that, with 
both ores and at all temperatures, reactions involving 
carbon deposition began to intervene during the last 
10 to 15 per cent. of the ore reduction when metallic 
iron was rapidly accumulating in the charge, and this 
had the effect of rapidly increasing the CO/CO, ratio 
equilibrium figures at each temperature. It was 
apparent that from this point onwards the dominating 
factor at each temperature was the 2CO —C + CO, 
reaction with its high CO/CO, equilibrium ratio. 








tures ; at any rate, up to the temperature of 975 deg. C. 
reached in the experiments. Accordingly, having 





to be expected, however, that under given conditions 
the three stages will be sharply differentiated—or, in 





Sintering.—During the course of the experiments a 
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good deal of evidence has been forthcoming that if 
either of the ores in question, after reduction to the 
FeO stage, is maintained at temperatures of 750 deg. C. 
and upwards for a considerable time, its reducibility by 
blast-furnace gas is sensibly diminished—a circum- 
stance probably due to the ore becoming less permeable 
by the gas owing to sintering at its surface. The time 
required for that tendency to manifest itself appre- 
ciably at these temperatures is longer in the experi- 
ments than would affect matters in the blast-furnace, 
but in laboratory experiments it is not negligible 
when an ore may have to be maintained at such 
temperatures for many days, and must be guarded 
against. Doubtless, at still higher temperatures the 
tendency would be greater, and might affect both 
furnace practice and laboratory work. The authors 
have, therefore been most careful to ensure its elimina- 
tion in their experiments. 

_ Times Required for the Attainment of Equilibria.—In 
view of the importance of knowing how the times 
required for the attainment of equilibria in such a 
reversible system as FeO + CO — CO, + Fe compare 
with those during which the gases are in contact with 
the charge in a blast-furnace, the authors have deduced 
from their experimental results the data for ores A and 
B, respectively, shown by curves in Fig. 10, (page 649) 
in which the continuous lines refer to ore A and the 
dotted lines to ore B. In order to simplify the reading 
of these curves the rates of approach of the gaseous 
phase to equilibrium (expressed as percentages of the 
CO, equilibrium values in each case) for each ore and 
each experimental temperature have been plotted as 
ordinates against time in seconds* as abscisse. The 
curves thus drawn show the degrees and rates of 
approach to the equilibrium state over the 30 to 65 per 
cent. ore-reduction range in each case. 

In addition to showing that, at all temperatures, ore 
B was more quickly reduced than ore A by a blast- 
furnace gas of given composition, the curves indicate 
how much more rapid is the movement of the gases 
towards equilibrium at all temperatures during the first 
second or two of contact as compared with their 
relatively slow movement afterwards; indeed, the 
movement slows down considerably in the neighbour- 
hood of the equilibrium point, especially in the case of 
ore A. It is clear from the curves that the times of contact 
required for the attainment of equilibrium in the system 
FeO + CO—CO, + Fe between 750 deg. and 975 deg. 
C., though longer, are quite comparable with the actual 
times of contact in the blast-furnace ; therefore, it is 
quite possible for the gases to approximate to the 
equilibrium condition of inactivity between such 
temperatures in a blast-furnace, especially under 
comparatively slow driving, and the above results show 
generally how rapidly their deoxidising power over the 
ore slows down as the CO/CO, equilibrium point is 
approached. 

In view of these results, and of the considerations 
arising therefrom, it would seem important to ascertain 
the CO/CO, ratios and corresponding temperatures at 
various levels in British furnaces smelting typical ores, 
and especially in the main ore-reducing range 700 deg. C. 
to 1,000 deg. C., or thereabouts, under both fast 
and slow driving; because, until such information is 
available, it is difficult to correlate the results of labo- 
ratory experimental work with actual furnace condi- 
tions, and what is more important still, from a practical 
point of view, to gauge and compare the relative ore- 
reducing effects at the various furnace levels under 
different rates of driving. 

Section III.—An Apparatus for Measuring the 
Relative Velocities of Reaction between Ore and Gases at 
Various Temperatures.—To obtain reliable comparisons 
of the relative velocities of the different possible 
reactions between the ore and the gases under conditions 
prevailing in the blast-furnace is a task presenting the 
most formidable experimental difficulties and which 
hitherto has scarcely been attempted. Since their 
previous paper, however, the authors have devoted 
much time to devising a satisfactory apparatus and 
experimental method for the purpose, and this part 
of their work has been almost a separate research 
in itself, 

The authors think it is »ssential in any apparatus 
designed for the purpose not only to include means 
for circulating the blast-furnace gas over the ore at 
velocities comparable with those in the blast-furnace 
under usual driving rates, but also to ensure that, 
notwithstanding such high velocities, the gases shall 
be preheated to the experimental reaction temperature 
before coming in contact with the ore. Accordingly, 
they have designed their apparatus so that gases may 
be circulated through the reaction zone containing 
the ore, not only at any desired temperature, but 
also at velocities of anything up to 50 ft. per second, 
and in such a manner that they are preheated to the 





the adequate preheating of the gases, it was necessary 
to provide for their rapid cooling after leaving the 
reaction zone, as otherwise there would be such incon- 
venient temperature gradients in the parts of the 
apparatus outside the reaction tube as to render it 
impossible to make accurate pressure readings or even 
to keep the joints in the apparatus gas-tight while 
maintaining the high speed of circulation. 

The original designing, construction, installation 
and testing-out of this apparatus and the experimental 
method embodied therein occupied about a year, 
and it is now successfully operating in the laboratories 
in readiness for the further investigation of reaction 
velocities and the like which are in contemplation. 

In order, however, to ascertain the potentialities of 
the apparatus, a long series of tests was carried out to 
determine the relative velocities of reduction at 650 
deg. C. of a standard charge of ore A by blast-furnace 
gas throughout the whole of the first 90 per cent. of 
its reduction range, combined with every possible 
change in the gas composition up to the equilibrium 
CO/CO, proportion. In other words, the velocities 
were measured under two simultaneously varying con- 
ditions—namely, (i) the state of ore reduction and 
(ii) the gas composition. 

The results bring out the following interesting points : 
(i) As might be expected, the greater the, what 
may be termed, ‘“‘distance-potential of the biast- 
furnace gas from equilibrium,” the faster the velocity 
at which it reduces the ore; (ii) the further the ore 
reduction proceeds the less becomes its rate of reduc- 
tion with all compositions of blast-furnace gas, although 
there is a tendency (especially marked with gas con- 
taining less than 7-5 per cent. of carbon dioxide) 
for the velocity to be fairly constant over the middle 
range (40 to 60 per cent.) of ore reduction. 

Some preliminary experiments have been carried out 
to ascertain how the velocity of ore reduction may be 
influenced by variations in the gas velocity between 
wide limits. On a priori grounds it might be expected 
that an increase in the velocity would favour speedier 
ore reduction, principally on account of the increased 
attenuation of films of inert gases at the ore surfaces, 
and of the increased renewal and diffusion of carbonic 
oxide molecules within the pores and interstices of 
the ore. So far the results of these preliminary 
experiments support this view qualitatively, but they 
have not yet beer carried far enough to enable any 
quantitative relations between gas velocity and rate 
of ore reduction by the same blast-furnace gas at 
any given temperature to be deduced. 

Summary of Results.—The principal new results 
described in this paper may be conveniently summarised 
as follows: Carbon deposition, due to the reversible 
reaction 2CO —C + COs, begins at quite low tem- 
peratures (for instance, slowly at 275 deg. C.) and 
its optimum temperature is about 450 deg. C.; it is, 
however, a catalytic phenomenon in the sense that 
it does not occur in the absence of a suitable catalysing 
surface. Iron, Fe,O4, and FeO are all powerful 
promoters of carbon deposition at temperatures up 
to between 650 deg. C. and 700 deg. C., and round 
about the optimum temperature there appears to be 
no limit to its progress. At higher temperatures, 
however, the phenomenon becomes inappreciable 
until nearly 90 per cent. of the possible ore reduction 
has been completed, when it again becomes prominent. 
Such carbon deposition in the blast-furnace at tem- 
peratures between 275 deg. C. and 700 deg. C. may 
result in either or both a carbon-impregnation and/or a 
carbon-envelopment of the ore granules, the former 
being beneficial to ore reduction but the latter scarcely 
so. The carbon deposited in the pores and interstices 
of carbon-impregnated ore granules is a much more 
powerful ore reducer than carbonic oxide at 750 deg. C. 
Carbide formation (if any) seems always to be con- 
ditioned by the presence of free iron in a system 
containing both oxides of carbon and an ore undergoing 
reduction. 

Determinations of CO/CO, equilibrium ratios in the 
systems Fe,0, + CO — 3FeO + CO, and FeO + CO 
— Fe + CO, have been made at temperatures of 
750 deg. C., 850 deg. C., and 975 deg. C., with results 
very closely agreeing with those previously obtained 
by Matsubara. Measurements have been made of 
the rate of approach to equilibrium over the 30 per cent. 
to 65 per cent. ore-reduction range using the two ores 
A and B, and they indicate that ore B is more readily 
reduced than ore A. Sintering occurs when charges of 
partially reduced ores are maintained for considerabie 
periods at temperatures above 750 deg. C. A special 
apparatus has been devised to permit of the detailed 
study of relative reaction velocities between blast- 
furnace gases of any given composition and iron ores 
at all stages of reduction, at all temperatures up to 
1,200 deg. C., and provision has been made for the 


It will thus be seen that the authors have now 
reached a very promising point as regards the valid 
determination of relative of werd measurements under 
varying conditions in the blast-furnace, at any rate 
up to a temperature of, say, 1,200 deg. C., and it is 
only a question of time before results will become 
available, provided that the present experimental 
arrangements and staff are maintained. The authors 
are also nearing the completion of that part of their 
work relating to means and apparatus for instituting 
standard ore tests—a subject with which they hope 
to deal in a further paper within the next year. They 
would, however, welcome the active interest and co- 
operation of blast-furnace chemists and managers in 
connection with the many issues raised by their experi- 
ments, for it is only by means of a proper liaison 
between the work in the laboratory and the blast- 
furnace itself that its full benefit and fruition can be 
ensured. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS ; NORTH - WESTERN 
BRANCH. 


A meetiIne of the North-Western Branch of the 
Institution of Mechanical Engineers was held on 
Thursday, April 10, when a paper on ‘* The Economical 
Production and Distribution of Steam in Large Fac- 
tories ’’ was presented by Mr. Francis Carnegie, C.B.E. 
We commenced to reprint this paper in an abridged 
form on page 585 ante, and conclude it on page 618 of 
our issue of last week. It was presented in London 
on Friday, April 25, and the discussion arising from 
this reading was reported on page 579 avite. 

The chair at the Manchester meeting was occupied 
by Mr. H. L. Guy, who, in calling for a vote of thanks 
to Mr. Carnegie, commented on the fact that the 
paper was being read at Manchester before it had been 
given in London, a somewhat unusual procedure. 
The vote of thanks having been accorded by acclama- 
tion, the discussion was opened by Mr. W. F. Carey, 
who said that the paper had a particular interest to 
those concerned in the generation and distribution of 
steam at Billingham, where the conditions might be 
compared with those at Woolwich. At Billingham all 
the boilers were concentrated on a site which had a 
radius of about 250 yards. They were relatively large 
modern water-tube boilers with capacities ranging from 
12 tons at 180 lb. pressure per square inch to 100 tons 
per hour at 700 Ib. pressure per square inch. The 
steam load was generally 500 tons to 600 tons per 
hour, mostly generated at a pressure of some 700 Ib. 
per square inch. The steam was passed through 
turbo-alternator sets generating electricity, and 
was then distributed at 275 lb. per square inch; in 
addition a certain amount of steam, for heating, was 
distributed at 65 lb. per square inch. The factory 
worked on continuous shift manufacturing chemicals, 
and load conditions were steady for long periods. 
The transmission distances ranged up to a mile for 
high pressure steam, and in one instance for the low 
pressure. The low-pressure distribution was less 
economical than the high-pressure distribution, and 
long distances were in this case avoided as far as 
possible. The 275 lb. per square inch steam exhausted 
from the primary turbines was used for driving non- 
condensing reciprocating engines and also non-con- 
densing turbines, the exhaust from which was used for 
evaporators. In addition, there were mixed-pressure 
turbines which were arranged so as to balance the low- 
pressure steam requirements, either supplying 4 
shortage or avoiding the necessity of blowing off a 
surplus of low pressure steam. 

All the large users of steam had it supplied to them 
through recording flow meters. The accuracy of these 
meters ranged up to about 4 per cent., but by care- 
fully averaging the results a mean accuracy of about 
2 per cent. was obtained. The cost of the meters had ‘ 
been cut down by the creation of an instrument depart- 
ment in the factory, which not only installed and 
maintained instruments, but also constructed portions 
of them in many cases. The steam production and 
distribution was subject to a costing system based on 
four-weekly periods and run on very similar lines to 
that describedin the paper. Since steam was generated 
at 700 lb., 275 Ib., and 180 Ib. per square inch and was 
supplied also at different pressures, costing of steam 
by weight naturally gave rise to anomalies and, in 
consequence, it had been decided to charge the several 
consumers on the basis of the available energy supplied 
measured in kilowatt-hours. It had been found 
inexpedient to meter the’ steam in kilowatt-hours 
mainly because such a system did not readily permit 
instruments to be checked against each other. How- 
ever, all steam was costed in kilowatt-hours available 
above 29 deg. C., i.e., the energy equivalent of the 


adiabatic heat drop from the initial state-point to 
29 deg. C. A pressure of 0-51 1b. per square inch, 
or a temperature of 29 deg. C., was considered to be 
a vacuum which gave the best balance between cooling 


experimental temperature before coming in contact | determination of the extent to which variations in the 
with the ore. Moreover, in addition to providing for | speed of gas flow over the ore surface, at rates com- 
as | parable with those obtaining in the blast-furnace, 
| influences these reaction velocities. 








* Assuming 50 per cent. of voids. 





Se 


“~=~a raw « 


ee ee de ee 


= 


May 16, 1930.] 


ENGINEERING. 


651 








water and steam energy changes for a condensing 
installation, and was left as a fixed sink temperature 
year in and year out. The fixed sink temperature was 
introduced in order to avoid complications if the sink 
temperature were allowed to vary with the weather, 
and so continually alter the cost of the steam. A 
further advantage was that the correction factors which 
had to be applied to the flow meters were very much 
simpler. The available energy in kilowatt-hours per 
ton of steam plotted on this basis was shown in Fig. 1. 

Continuing, Mr. Carey said that the lagging used 
for the steam mains was generally similar to that 
described in the paper, but flange boxes were used over 
the joints. The use of slag wool as lagging material 
was under consideration, as it worked out to about 
half the cost of the present magnesia lagging. The 
thickness of lagging used was designed to give a 
balance between investment costs and heat losses. 
With regard to pressure drop, the mains had been 
designed from the uncorrected Stanton and Pannell 
results. The largest were about 20 in. in diameter. 
Since the irregularities in these large mains were 
small relatively to the diameter, it was not surprising 
that the pressure drops measured were only some 


Fig.l. AVAILABLE ENERGY OF STEAM. 
SINK TEMPERATURE 29°C. 
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2 to 3 per cent. greater than those recorded by Stanton 
and Pannell. An investigation into the design of mains 
had shown that there was in general a constant speed 
which was independent of diameter and gave the 
best balance between capital cost andlosses. For mains 
carrying steam at 290 lb. per square inch absolute 
and 320 deg. C., this economic speed had been found to 
be about 100 ft. per second, for saturated steam at 
30 1b. per square inch absolute it was 60 ft. per second. 

A question of some considerable importance was 
whether it was cheaper to supply steam energy from a 
centrally operated plant to an engine or turbine driving 
a particular machine, or whether it was cheaper to 
transform the steam into electrical energy on the spot 
and transmit it by cables. The question was an 
involved one and brought in the relative efficiency of 
electric motors, turbines and alternators, together with 
capital costs. The main factor was, however, energy 
efficiency, and the results of an investigation in this 
direction, carried out upon figures supplied by most of 
the leading makers in the kingdom, was shown in 
Fig. 2. From these data a second set of curves had 
been plotted, as shown in Fig. 3, in which an attempt 
had been made to divide the field into which machines 
should be electrically driven and which steam-driven. 
It would be seen that the governing factors were size 
of drive and distance from the power station. The 
greater the power of the drive the better it was suited 
for steam, but as the distance from the power station 
increased so did also the range of the electrical drive. 
In Fig. 3 the whole area was divided into steam, 
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electric, and doubtful cases. The selection of drive 
was determined by observing which area contained 
the point obtained by plotting kilowatts against 
distance from the power station. When the point 
fell in the doubtful area it was necessary to give the 
matter more detailed consideration, e.g., the speed 
range required and its effect on energy consumption. 
These facts could not be embodied in a diagram of this 
na ture. 

Finally, Mr. Carey expressed the opinion that the 
conclusions given at the end of the paper could not be 
the subject of much argument. It seemed clear that 
both the use of a centralised boiler plant and the 
transmission of steam as far as it could be economically 
distributed was, in general, correct practice. 

Mr. G. P. Kingham, in referring to the economic 
velocity at which steam could be transmitted, said 
that Table VI of the paper showed a range of velo- 
cities varying from about 160 to 1,200 ft. per second. 
What was the maximum velocity at which steam 
could be economically distributed ? Another point 
arose in connection with the same table, in which a 
figure of 0-3-lb. calories per square foot per hour 
per degree Centigrade temperature difference had 
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been taken for the radiation losses. The actual 
radiation loss had been calculated upon the super- 
ficial area of the bare main. As the calculations 
of the thermal efficiency of long-distance transmission 
depended upon the degree of radiation losses, it would 
seem important to have a reliable figure. In this 
connection the amount of 0-3 calories seemed too 
low for a bare main, and more like that obtaining from 
the surface of the lagging, which surface was naturally 
the greater of the two. An interesting feature which 
appeared from the figures was that under certain 
circumstances the actual loss of heat energy in the 
steam could be greater from change of velocity than 
from actual radiation. This clearly indicated the 
importance of correct design of steam mains. He was 
engaged upon some problems concerning steam distribu- 
tion in the works in which he was engaged, and the 
paper, he was sure, would prove very helpful. One 
other question might be put as to what actual tests, if 
any, had been carried out on the pressure drop with 
wet steam. With wet steam, the problems became 
more complicated, as, while parts of the condensate 
were trapped, other portions were probably carried 
along with the flow, and might tend to form a film on 
the interior of the main. Such a film, owing to the 
much higher viscosity of water as compared with steam, 
might increase the friction loss considerably. 

Mr. H. W. Brighten said the paper gave evidence of 
three important things, the first of which was the 
great economies which must have been effected at 
Woolwich Arsenal by the re-arrangement of the steam 


services. The second was the large amount of precise 
data, based upon accurate experimental work, which 
was given. The paper would, no doubt, long be used 
by engineers as a check on their steam pipe results. 
The third was the summary of very important con- 
clusions given in a series of general results. He had 
himself carried out several years ago some similar, 
though smaller, experiments to those recorded in the 
paper. It had been difficult to convince some people’ 
concerned that his proposal was feasible, but the 
results actually obtained agreed very well with those 
described in the paper. He would like some informa- 
tion as to the return of the condensed steam in the 
large installation under consideration. Unless the 
bulk of the condensed steam was returned, it seemed 
that there would not only be a considerable loss of 
heat, but there would be a considerable cost involved 
by having to treat large quantities of raw town’s water 
for make-up speed. Again, the larger the amount of 
condensate the purer would be the water, and less 
trouble would be experienced in the boilers and pipe 
lines. 

It had just been suggested that the figure of 0-3 Ib. 
calories per square foot of surface per degree difference 
of temperature was on the low side. He had recently 
been concerned in some tests in which the steam 
temperature was about 900 deg. F., and the room 
temperature 60 deg. F. The pipe was 9 in. in diameter, 
and was lagged with 1 in. of hard-setting composition, 
then 2 in. of 85 per cent. magnesia, and, finally, asbestos 
sheeting. The radiation loss per square foot was about 
0-2 B.Th.U. The system of costing described in the 
paper was an efficient one provided the various items 
were all correctly charged by the operators concerned. 
Seasonal charges also must be considered, as these 
affected the readings, while there was also the problem 
of what charges had to be made for, say, week-end 
work. + 

Mr. D. L. Thornton commented on high steam 
velocities. He had been concerned with a plant 
having an evaporative capacity of about 200,000 Ib. 
per hour. The boiler pressure was 300 Ib. per square 
inch, and the velocity was about 3,000 ft. per second. 
Trouble had been experienced from vibration. The 
difficulty mentioned in the paper of separating the 
bolts and nuts of flanges when covered by lagging 
was interesting, as he had had similar experience with 
a Diesel engine installation. It had occurred to him 
that a possible explanation lay in the actual coalescence 
of the contact surfaces of. the two parts, as the late 
Sir George Beilby had suggested occurred with some 
other metals. 

Mr. Eccles said that in the average factory there 
was usually a large amount of ignorance about the 
steam distribution system on the part of the engineer 
concerned. The present paper was therefore likely 
to be of great use, particularly in cases where a complex 
problem had to be dealt with. It would, for example, 
give the engineer some ideas of what points to watch 
in arriving at the final answer, and some idea also of 
what that answer was likely to be. When a more or 
less centralised steam system had been adopted it 
lent itself to the production of very cheap electrical 
energy by generating steam in high-pressure boilers 
and exhausting it into the steam supply system. For 
example, in a case where, after reorganisation, the 
average steam demand appeared to be in the neigh- 
bourhood of 250,000 Ib. per hour, and if this were 
delivered to the turbine at, say, 650 lb. per square 
inch pressure and 800 deg. F. temperature, and 
exhausted into the works system at one point at 275 Ib. 
per square inch and 650 deg. F., something like 
5,000 kw. would be available at an overall thermal 
efficiency, including the boiler-house, of about 70 per 
cent. This was a very attractive scheme. 

It was interesting to note that the very fact of 
measuring the steam supply had caused the depart- 
ments concerned to use less steam, and it was still more 
interesting to notice that when the measurements of 
the hourly rate of consumption of the individual 
steam-using plant in these departments was taken 
and a standard set up, still further economies were 
obtained. He felt, however, that this form of measure- 
ment was rather negative, and if the more positive 
form of measuring the losses or wastage of each 
department could be set up, still further economies 
would be attained. It would appear that it was much 
more important to correct costing to report direct 
losses to the head of the department rather than 
anything else. It was rather unfortunate for industry 
that costing systems should, as a rule, be operated 
by people who had no particular knowledge of the 
processes concerned, and who were more interested in 
accounting per se. This created a tendency to show up 
the figures in such a way as not to be directly useful 
to the process people concerned. The costing figures 
given in the paper, it seemed to him, had been produced 
rather with the idea of the managing director looking 
at them than for the use of the men in the boilerhouse. 





Mr. G. A. J. Begg inquired as to what items were 
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included in the charge on the stokers in the cost per 
1,000 Ib. of steam given in the paper. Working the 
figures out on the coal basis, the cost came out at 
about ls. 6d. per ton of coal burned. A modern 
stoker should not run above more than 6d. or 7d. 
per ton for repair charges, and he would like to know 
what other items were covered by the difference 
between this figure and the 1s. 6d. he had just referred 
to. 

Mr. Carnegie then replied to the discussion. He was 
interested, he said, in the account of the work at 
Billingham, but the problems at the two places were 
really of a different order, At Billingham the steam 
apparently was distributed from a comparatively small 
area. At Woolwich, steam had to be transmitted from 
an area of 1,300 acres. Again, at Billingham the boiler 
steam pressure was much higher than at Woolwich. 
He fully agreed with Mr. Carey that low-pressure steam 
production was much less economical than producing 
it at high pressure. The accuracy of the meters used 
at Woolwich was about 2 per cent. The method of 
charging costs on the available energy in kilowatt 
hours, as described by Mr. Carey, was most interesting, 
but it needed a little study before pronouncing a definite 
opinion. The method used at Woolwich showed the 
cost pretty accurately, and it was possible to ascertain 
by comparison, with both their own results and those 
of other factories, that their costs were reasonably 
low. 

The economic velocity at which the steam could be 
delivered, as queried by Mr. Kingham, depended very 
largely on the actual pressure. It was therefore 
impossible to lay down a hard and fast rule. At Wool- 
wich the velocity at a pressure of 100 lb. per square 
inch was about 300 ft. to 350 ft. per second, but higher 
velocities were possible. The radiation losses were 
always calculated on the area of the metal surface. 
That was the only way in which the relative heat 
losses of various methods of lagging could be com- 
pared. No tests had been made at Woolwich with 
wet steam. Mr. Brighten’s comments regarding 
economies might be illustrated by some figures. The 
system had cost 48,686/. The load had come down a 
great deal, but their activities had extended consider- 
ably, and they were producing practically 1,000,000,000 
lb. of steam perannum. After allowing for all external 
factors, such as difference in the cost of coal, &c., 
an economy of 100,0001. a year had been effected. 

Continuing, Mr. Carnegie said that the condensed 
steam was taken back into the system, Great care 
was needed in the proportions of the different feed 
waters used, as they had had a lot of trouble with 
certain water-tube boilers, The amount of condensate 
returned was between 30 per cent., and 40 per cent., 
and the difference had to be made up with town’s 
water. The water treatment plant described in the paper 
had made considerable improvements, and a system 
for feeding the water tube boilers referred to with as 
much condensate as possible, leaving the treated town’s 
water to other boilers, was being worked out. It was 
true that the load factor was low, taking it on the whole, 
but the question of the employment of steam accumu- 
lators at some future date was under consideration. 
With reference to the costing system, there had been 
a little trouble at first with the stokers and charge 
hands in making up the sheets, but these men had 
great interest in the matter now and were carrying 
out their duties very well indeed. He recognised the 
difficulty about seasonal charges. This costing system 
provided for the actual cost being included in each 
four-weekly period as they occurred, so that they got 
a varying price for the steam during the whole of the 
year. This was averaged out over a period, and a total 
charge made on an average basis. 

The point regarding very high steam velocities, and 
resultant intense vibration of the mains raised by Mr. 
Thornton, was important, but so far as they were con- 
cerned there had been very little trouble in that direc- 
tion. This gentleman’s suggestion regarding the cause 
of the seizing of the bolts and nuts was interesting. 
They had not come to any conclusions themselves, 
but had found it very difficult to break a joint in 
respect of removing the bolts. Mr. Eccles’ view that 
losses rather than efficiencies should be emphasised 
was also of interest. The reports at Woolwich were 
not sent through to the stokers but, on the other hand, 
they were not held by the managing director. The 
whole of the superintendents saw them, and also the 
managers and shop managers. The reports were 
watched from all quarters, and it was to the officials’ 
interests to see that the costs in all directions were as 
low as possible. The method had been justified by 
the results obtained. He was not sure that he had 
appreciated at the moment what was involved in the 
question put by the last speaker, and he would reply 
to it subsequently in writing. 








Tue InsTITUTE OF TRANSPORT.—The Hon. Sir Arthur 
Stanley has been elected President of the Institute of 
Transport, and will take office on October 1 next. 


HIGH-PRESSURE TOGGLE-OPERATED VALVES. 


CONSTRUCTED BY MESSRS. SCHUTTE AND KOERTING COMPANY, PHILADELPHIA, U‘S.A. 




















HIGH-PRESSURE VALVES WITH 
TOGGLE OPERATING GEAR. 


THE accompanying figures show an _ interesting 
application of the principle of the toggle lever to the 
valves of modern steam plants using very high 
pressures. The valves illustrated in Figs. 1 and 2 are 
made by Messrs. Schutte and Koerting Company, 
Philadelphia, U.S.A. Apart from the additional 
closing power given in ordinary working by this device 
it would appear that a contributory factor to the adop- 
tion of the design is the tendency of the present day 
to submit high pressure boilers to hydrostatic test 
with the various valves in place, when the power 
required to seat them, against the test pressure, is 
much more than normal. Another advantage claimed 
for the toggle gear is that valves fitted with it are 
much more suitable for situations having limited head 
room than those having the usual vertical spindle and 
horizontal handwheel. The general construction of the 
gear will be clear from the figures. The valve illustrated 
in Fig. 1 is a feed stop valve for a working pressure of 
2,000 lb. per square inch, and is 6 in. in diameter. 

The valve illustrated in Fig. 2, is more elaborate as 
concerns its working parts. This type is known as 
the triple duty valve, and is so called as it acts as an 
ordinary screw-down stop valve; as a non-return 
valve functioning automatically when the pressure in 
the boiler falls below that in the pipe line, from a rup- 
ture in the boiler or a decrease in rate of evaporation 
from any cause; and as a positively closed valve when 
the non-return valve is to be prevented from rising 
due to, say, a break in the pipe line. This type of 
valve is, of course, used when boilers are connected 
in battery. The first of these functions is performed by 
holding down the disc of the valve by the toggle- 
operated spindle when the handwheel is turned. The 
automatic non-return action takes place independently 
of any movement of the toggle gear, and ‘ chatter” 
is prevented, when the pressure fluctuates due to 
engine regulation, by the piston on the upper part of 
the valve spindle. This piston is very little smaller 
in diameter than the valve disc and, in consequence, 
the closing blow on the valve seat is kept small. 
The hole in the piston prevents it compressing the 
steam behind it, and so increasing the force of the blow, 
but it does not interfere with the balancing action, 
owing to its small area. 

A counterbalancing effect is also obtained by the 
rod screwed into the end of the valve spindle and passing 
through the screw-down spindle. As its outer end is 
only subject to atmospheric pressure, as will be clear 
from Fig. 2,'the arrangement gives an unbalanced area 
equal to the area of the rod, and, in consequence, the 
weight of the valve disc spindle, &c., when it is floating. is 
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considerably diminished with a resultant decrease in the 
pressure drop of the steam passing the valve. Careful 
tests made on valves fitted with this unloading rod, as it 
is called, have shown that the pressure drop through 
them is 1 1b. less than through the same valves without 
therods. The upper piston seen in Fig. 2, formed integ- 
rally with the screw-down spindle is the emergency 
device which performs the third function of the triple 
duty valve. This piston is larger in diameter than 
the valve disc, and is subjected to steam pressure from 
the boiler, thus giving a positive closing load on the 
valve as long as that pressure remains. When, how- 
ever, the valve has closed in an emergency it is locked 
more permanently at leisure by the handwheel and 
toggle gear. The valve spindle is, of course, free to 
move downwards independently of the toggle gear 
when an emergency occurs. At each end of the cylinder 
in which the piston works is a small pipe. The upper 
pipe is either connected directly to the boiler or to some 
other point where it is anticipated that there will always 
be the highest pressure. The lower pipe communicates 
with the atmosphere through a valve. This valve 
is closed when the system is working normally, and 
the cylinder is kept full of steam on both sides of the 
piston by means of a small hole in the piston allowing 
steam to pass toits underside. There is thus no action 
on the main valve. The opening of the lower pipe 
to the atmosphere causes an immediate decrease in 
pressure on the lower side of the piston which then 
descends and holds down the valve by means of the 
free spindle. 

The release of the steam from below the piston is 
controlled in one of three ways. The first of these is by 
the use of a simple hand-operated valve. As this, 
however, is usually situated at some distance from 
the main valve a slight delay in the operation of the 
emergency piston, due to the time taken for a sufficient 
reduction in pressure to take place, is apt to occur. 
Control from a distance is, then, more often made by 
an electrically-operated pilot valve situated close to 
the main valve and actuated by push buttons. This 
system can also be modified so that automatic closing 
occurs when a fall of pressure to a pre-determined 
point has taken place at the outlet of the main valve. 
The third method, also automatic, is that of actuating 
a spring loaded pilot valve by means of a diaphragm, 
on the upper side of which the boiler pressure acts 
while the pipe line pressure is admitted to the lower 
side. A fall of pressure on the latter upsets the balance 
of the diaphragm, and the pilot valve opens with a 
resultant release of ssure under the emergency 
piston followed by the closing of the main valve. 
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THE CONSTITUTION OF THE ALLOYS 
OF IRON WITH SILICON.* 


By J. L. Havenron, D.Sce., and 
M. L. Brecker, Ph.D. 

THE present is the ninth paper embodying results 
of the Research on the Alloys of Iron which is in 
progress at the National Physical Laboratory under 
the auspices of the Alloys of Iron Research Committee. 
The work is being carried out under the direction of 
Dr. W. Rosenhain, F.R.S., who has set out the aims 
and purpose of the work in the first paper of the 
series. The constitution of the alloys of iron and 
silicon has been studied by many investigators, 





high purity, which is regarded as essential to the 
determination of an accurate equilibrium diagram. 
It is the possibility of using materials of high purity 
and of employing experimental methods that have 
been developed in order that the alloys may not. be 
contaminated during melting and observation, that 
justifies the present reinvestigation of an alloy system 
which has already been studied by many workers. 
The iron used in the present investigation was prepared 
by special methods, starting from electrolytic iron 
free from sulphur. The composition is given in Table I. 
It will be seen that the impurities amount to Little 
more than traces. 





The silicon was prepared by a method described in 


were prepared and studied in the present research, 
but it is possible that very small amounts of silica 
may have been present, although microscopic examina- 
tion showed no signs of any oxide impurity. The 
analytical determination of oxygen in alloys of this 
type is difficult and somewhat uncertain; it was not 
attempted in the present investigation. 

Preparation of the Alloys.—The alloys were prepared 
in the majority of cases by melting the iron and silicon 
together in vacuo in the high-frequency induction 
furnace. In alloys containing less than about 50 per 
cent. of silicon, a violent exothermic reaction was 
observed. This, no doubt, materially assisted in 
bringing about complete fusion. With alloys containing 

more than about 70 per cent. of silicon, 
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but, in spite of this, large areas on the diagram 
either remain incompletely determined, or show wide 
divergencies between the results of different workers. 
As will be shown later, it seems probable that these 
differences, which in some cases involve divergences 
in temperature data amounting to over 150 deg. C., 
are in a large measure due to impurities in the 
materials used. The results obtained by some of the 
former workers will be referred to later, when dealing 
with the diagram in detail. 

Materials Used.—Much of the earlier work of the 
Alloys of Iron Research was devoted to the preparation 
of iron and of the alloying elements in a state of very 





, * Communication from the National Physical Labora- 
bere being Part IX of the Alloys of Iron Research, read 
fore the Iron and Steel Institute, London, on Friday, 
May 2, 1930. Abridged. 





silicon, complete absence of oxide was 
not assured’ as the material, on solution in acid, left 
a small insoluble residue which probably contained 


TaBie I.—Analyses of Materials Used. 


























Tron. | Silicon. 
Blements| Sample I. ‘sample IL | Elements.| Sample I. |Sample IT. 
| 
Per cent. | Per cent. | Per cent. | Per cent, 
Cc *005 0-01 | Fe --| 0-04 0-041 
Si 0-002 0-02 | Al --| 0-03 0-044 
Mn Nil — Ca ..| 0017 Nil 
Ss on bi Trace Insoluble; 0-04 0-046 
i oe --| 0-008 0-002 
Cu SI Nil Nil 
L 
silica, Care was taken, as described below, to avoid 





oxidation or other contamination of the alloys which 


alloy. 
of the composition aimed at, the element which was 
present in larger amount being generallly lost propor- 
tionately more freely than the other. This was par- 
ticularly the case in the high-silicon alloys, the 
resulting melts sometimes containing 5 per cent. less 
silicon than was calculated. 

The earlier alloys were melted in alumina pots. It 
was discovered, however, that in certain circumstances 
the pot was attacked and aluminium introduced into 
the melt. The difficulty was overcome by using pots 
made of silica. Water-ground quartz was fi at 
about 1,550 deg. C., reground, pressed into pots and 
refired. The alloys containing aluminium have not 
been used in the determination of the diagram, 
although their composition and the arrest points 
observed are marked thereon. 

Thermal Analysis.—Heating and cooling curves 
were taken:—(1) In the high-frequency furnace. 
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(2) In the carbon ring furnace (using glazed muffles) 
in hydrogen. (3) In the gradient furnace. These 
curves were used for determining the lower temperature 
transformations and the 4~y change point. The rate 
of heating and cooling adopted was of the order of 
20 deg. C. per minute, the points indicated on the 
diagrams being usually the mean of two heating and 
two cooling curves. The above rate was found to 
give concordant results so far as the primary solidifi- 
cation temperatures were concerned, but arrests due 
to changes occurring in the solid state (for instance, 
the peritectic reaction near 1,030 deg. C.) showed 
considerable hysteresis both on heating and cooling. 
The divergence, which frequently amounted to 30 deg. C. 
was found to be lowered by reducing the rate of heating 
and cooling to less than 10 deg. C. per minute. It is 
noteworthy, however, that the mean value did not 
vary more than about 5 deg. C., provided that the 
rates of heating and cooling were about equal. 

Magnetic Tests.—Magnetic permeability tests were 
made on a number of the alloys in order to fix the 
temperature at which the permeability changed 
suddenly. The details of the apparatus used will be 
published elsewhere, but the arrangement may be 
briefly described as follows: The specimen, in the form 
of a rod about 3 mm. in diameter, and between 2 and 
3 cm. long, was prepared by forcing molten alloy 
into an evacuated silica tube. From the rod so 
obtained a suitable length was broken off. The 
specimen, after the desired heat treatment, was put 
into a platinum-wound electric furnace, which also 
carried a winding for compensating the field due to 
the heating current, and a third winding through 
which the magnetising current flowed. Outside this 
was a water jacket on which was wound a search 
coil. An alternating current was passed through the 
magnetising winding, and the search coil was connected 
to two low-frequency amplifying triodes, and one 
rectifying triode. The output from the latter was 
taken, via a counter-e.m.f. arrangement, to a thread 
recorder, on which the temperature was also registered. 
With this apparatus curves were obtained over a 
range of temperature from 0 deg. to 600 deg. C. Rates 
of heating and cooling of the order of 1 deg. C. per 
minute were used. 

Dilatometry.—The specimens made for measuring 
the permeability were also used for measuring the 
dilatation. A short sample, about 2 cm. long, was 
employed, and the capacity dilatometer designed by 
Rosenhain and Prytherch* was used. The dilatometer 
furnace was wound with ‘ Brightray” wire, and 
measurements at temperatures up to 1,100 deg. C. 
were easily carried out. 

Heat Treatment.—Heat treatment was carried out 
in a thermostat-controlled furnace. In general, the 
specimens were annealed for a few hours at tempera- 
tures not very far below that of the solidus, slowly 
cooled to the required point, and held there for some 
hours when the annealing temperature was high, or 
for several days when it was low. 

Microstructure—Many of the alloys were very 
difficult to prepare for microscopic examination 
owing to their extreme brittleness. In a few cases it 
was necessary to mount the specimen in a special 
waxt in order to prevent it from flying to powder 
during grinding and polishing. 

The Diagram: Solidification Area.—The results 
obtained are plotted in the diagram, Fig. 1, page 653. 
In the « solid solution region the liquidus and solidus 
here keep very close together, and fall from the 
melting point of pure iron to 1,195 deg. C., where 
a eutectic with the « phase (the compound FeSi) 
is formed. The curvature of the liquidus in this 
region is curious. Most of the earlier workers have 
observed something similar. It is not certain whether 
the liquidus and solidus actually meet at about 
14 per cent. of silicon—they certainly approach very 
close together. The liquidus and solidus were deter- 
mined in the usual manner—that is, from thermal 
curves and quenchings respectively. 

In the ¢ area the liquidus rises steeply to 1,410 deg. C., 
and falls again to a eutectic with ¢, which occurs at 
1,213 deg. C. Fig. 3, page 653, shows the diagram 
in this region, together wish the results of Kurnakoff 
and Urazoff, of Guertler, and of Bamberger and his 
colleagues. The points marked as stars on two of the 
curves correspond to two of the alloys containing 
aluminium. In the case of the 25 per cent. alloy it 
will be seen that the liquidus is raised by about 50 deg., 
and a second point is introduced; while in the case 
of the 39 per cent. alloy the eutectic point is appreciably 
lowered. Bamberger’s alloys contained 0-3 to 0-4 
per cent. of aluminium and the same amount of 
manganese and calcium taken together, while other 
workers used alloys containing as much as 0-4 per 
cent. of phosphorus and 0-2 per cent. of sulphur. 





* See ENGINEERING, vol. cxxviii, page 361 (1929). 
+ This wax is the material used for the purpose of 
making vacuum-tight joints. 





It seems probable that some, at least, of the divergences 
between the different authors may be due to the 
various impurities present. 

Typical microstructures of this area are shown in 
Figs. 14 (29-4 per cent.), 16 (36-2 per cent.), and 
18 (46-6 per cent. of silicon), on page 653. The first 
shows « + ¢, while the others show « + ©, the latter 
existing as a eutectic with e. 

The € phase is probably the compound FedSis. 
This area is one in which the greatest divergence 
exists amongst earlier workers, as can be seen in 
Fig. 3. A solid phase €, the mean composition of 
which corresponds with the compound Fe2Si;, separates 
over a range of composition of 8 per cent., and forms 
eutectics with ¢ and silicon at about 51 per cent. and 
59 per cent. respectively. The two eutectics occur at 
temperatures of 1,213 deg. C. and 1,208 deg. C., 
respectively. The a-e eutectic occurs at 1,198 deg. C. 
That the melting point of three eutectics should lie 
so close together is remarkable. 

In the silicon area the liquidus rises, at first rapidly, 
and then more slowly, to the melting point of silicon. 
The solubility of iron in silicon must be quite small, 
as an alloy containing 5 per cent. of iron, slowly 
cooled from 1,150 deg. to 1,000 deg. C. and annealed 
there for 24 hours, showed large amounts of C. 

Transformations in the Solid Phases—The a-y 
transformation zone is shown in Fig. 1. This has 
been so carefully worked out by other investigators 
that it was considered necessary to examine only 
four alloys. The results obtained agree very closely 
with the earlier ones. With regard to the solubility 
limit of silicon in iron the homogeneous « area 
extends to 18-5 per cent. of silicon at the eutectic 
temperature. With a fall of temperature there is 
little change of solubility until 1,030 deg. C. is reached, 
when the solubility falls to 15 per cent. at about 
800 deg. C. Thermal curves show a marked arrest 
point at about 1,030 deg. C. The points do not lie 
well on a straight line, either for specimens cooled 
from the liquid, or for specimens which were annealed 
for 24 hours at 1,150 deg. C. and cooled slowly to 
600 deg. C. The position given to the line is, however, 
probably not very far from the truth. The line was 
placed at 1,020 deg. C. by Murakami, who showed 
that the arrests are due to the reaction : 

a + FeSi = Fe;Sio. 
This interpretation is confirmed in the present work, 
mainly by magnetic observations. 

Many of the alloys showing the arrest at 1,030 deg. C. 
also showed a very small arrest at 950 deg. C. The 
arrest was so small as to be masked by minor variations 
on an irregular curve, but it occurred so frequently 
on good curves that there is little doubt that it exists, 
though, like the point near 1,030 deg. C., it is somewhat 
variable in temperature. The microscope throws little 
light on the question. The alloys are very brittle, 
difficult to polish and more difficult to etch, but they 
appear to show no difference between specimens 
annealed and quenched above and below the line. 
This is confirmed by the dilatometer, which shows 
the 1,030 deg. C. point clearly, but gives no indication 
of a point at 950 deg. C. This part of the diagram 
is in an admittedly unsatisfactory state at present, 
but it would require a very large amount of further 
work to clear it up thoroughly. 

The magnetic transformation point (f-x) was 
investigated partly by thermal and partly by magnetic 
methods. As shown in Fig. 9, page 653, silicon lowers 
the transformation rapidly till it meets the 7 phase 
boundary at 490 deg. C. and 14-5 per cent. of silicon, 
after which it runs horizontally to 25 per cent. of 
silicon (the composition of Fe,Sig). The alloys with 
more than 14-5 per cent. of silicon gave erratic results 
at first, but it was found that by a previous anneal 
at 1,100 deg. C., followed by slow cooling lasting 
about 60 hours, concordant results were obtained in 
the magnetic tests. The two alloys with 23 per cent. 
and 24-8 per cent. of silicon contained aluminium, 
and it will be noted that the points they gave lie at 
appreciably higher temperatures than the others. The 
magnitude of the change in these alloys, also, was 
much greater than in the pure materials, and prevented 
the possibility of making an accurate determination 
of the end point of the horizontal part of the line. 
This is yet another example of the importance of 
using pure materials in a research of this kind. 

A second magnetic change point was found to occur 
in these alloys at 82 deg. C. This had previously been 
discovered by Murakami, who placed the line at 
100 deg. C. As the transformation stretches right 
across the 7 field, it is obviously a transformation in 
this phase. It is not a little remarkable that in the 
case of the alloys of iron with carbon, phosphorus, 
sulphur, and silicon, a magnetic transformation has 
been found to occur in the intermetallic compound 
most rich in iron in the series (Fe,C, 215 deg. C.; 
Fe,P, 420 deg. C.; FeS, 296 deg. C.; and Fe,Sig, 
82 deg. C.). Possibly further investigation would 
show that it occurred in all such compounds. 





CATALOGUES. 


Electric Lighting.—Messrs. Philips, 39, Rue d’Ander- 
lecht, Brussels, have sent us a folder illustrating their 
electric lamps, flood lights, and schemes of facade 
lighting for shops and public buildings. 

Pressure Gauges.—A catalogue of pressure and vacuum 
gauges and the necessary fittings is to hand from 
Messrs. Budenberg Gauge Company, Limited, Broad- 
heath, near Manchester. Prices and dimensions are 
stated. 

Conveyors.—A_ roller conveyor or track with solid 
steel rollers is illustrated in a circular to hand from 
Messrs. The Universal System of Machine Moulding 
and Machinery Company, Limited, 13, Wilson-street, 
London, E.C.2. 

Machine Tools.—A new catalogue of machine tools 
is to hand from Messrs. George Cohen, Sons and Company, 
Limited, Park Royal-road, North Acton, London, N.W.10, 
giving short particulars of a considerable range of new, 
rebuilt and second-hand machines. 

Laundry Machinery.—A folder illustrating several 
types of steam presses and other machines for cleaning 
and finishing clothes is to hand from Messrs. British 
American Laundry Machinery Company, Limited, 
Underhill-street, Camden Town, London, N.W.1. 

Welding.—Messrs. Alloy Welding Processes, Limited, 
Forest-road, London, E.17, have issued a circular 
giving particulars of their hire-service terms for welding 
equipment, and a pamphlet describing microscopic 
examinations of some welds made by their process. 

Valves.—Messrs. G. Dikkers and Co. (Engiand) Ltd., 
Avenue Chambers, Southampton-row, W.C.1, have sent 
us a circular illustrating their ‘‘ Balder”’ steam valves, 
of forged steel, for high pressures and superheat. These 
valves are made for pressures up to 1,500 Ib. per square 
inch, 

Portable Compressors.—A circular illustrating the 
practical advantages of their portable oil-engine-driven 
rotary air compressors, specially designed for high-speed 
towing on the road, is to hand from Messrs. Bernard 
Holland and Company, 17, Victoria-street, London, 
Sy A 

Switchgear.—A new edition of their catalogue of metal 
clad compound-filled internal isolation switchgear is to 
hand from Messrs. Switchgear and Cowans, Limited, 
Old Trafford, Manchester, giving particulars of design 
and construction in greater detail than in the former 
edition. 

Electric Motors.—Messrs. Crompton-Parkinson, Limited, 
Guiseley, Leeds, have sent us two very useful booklets 
dealing with the practical work of installing and main- 
taining their motors, together with catalogues of ‘‘Klosd ”’ 
motors, auto-synchronous motors, colliery motors and 
transformers. 

Locomotives.—Messrs. The Superheater Company, 
Limited, Bush House, Aldwych, London, W.C.2, have 
issued, as part of their catalogue literature, a translation 
of the description of the Schmidt high-pressure locomo- 
tive, written by Mr. R. P. Wagner, Chief Engineer of 
the German State Railways. 

Electro-Medical Apparatus.—A catalogue describing 
their diathermy outfit is to hand from Messrs. Watson 
and Sons (Electro-medical), Limited, 43, Parker-street, 
Kingsway, London, W.C.2, who also send a catalogue 
of X-ray couches, screening stands, tube stands, &c. 
Prices are stated in both catalogues. 

Railway Signals.—Messrs. Westinghouse Brake and 
Saxby Signal Company, Limited, 82, York-road, King’s 
Cross, London, N.1, have issued a description of the 
colour-light automatic signals supplied to the Great 
Indian Peninsula Railway. Two installations are 
described in full detail, with many illustrations. 

Locomotive Valve Gear.—Messrs. Lentz Patents, 
Limited, 54, Victoria-street, London, S.W.1, have 
issued a description of the Lentz oscillating-cam poppet- 
valve gear for locomotives. Practical instructions are 
given for engine drivers and fitters on repair and main- 
tenance work. The illustrations are exceptionally 
good. 

Colliery Equipment.—Messrs. Mavor and Coulson, 
Limited, 47, Broad-street, Glasgow, S.E., have issued 
new leaf catalogues describing their 16-in. gear for 
driving electric shaker conveyors, flame-proof controllers 
of the horizontal oil-immersed type, and flameproof 
oil-immersed motor starters combined with automatic 
oil-immersed circuit-breakers. 

Fans.—Messrs. De Bothezat Impeller Company, 
Incorporated, 1922, Park-avenue, New York, U.S.A., 
have sent us some interesting catalogue publications 
describing their disc pressure fans, and including two 
papers dealing with the efficiency of fans. The company 
manufactures complete units for forced draught, refrige- 
rators, heaters, and ventilation purposes. 

Switchgear and Lamps.—Messrs. The General Electric 
Company, Limited, Magnet House, Kingsway, London, 
W.C.2, have sent us a catalogue of ironclad switchgear 
for home supply, factory, mining and exposed service. 
A list of Osram gas-filled projector lamps has also 
come to hand. In both catalogues prices are stated, 
and illustrations and dimensions are given enabling 
a selection to be readily made. é 

Electrical Machinery—A number of catalogue publi- 
cations are to hand from Messrs. Bull Motors, Limited, 
Ipswich, containing a full list of alternating and direct- 
current motors up to 300 h.p., direct-current generators 
up to 220 kw., and motors specially suitable for mines, 
traction, cranes, and marine service, wireless, &c. The 
firm also makes motor generators, engines, reduction 
gears, petrol-electric locomotive equipment, &c. 
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ZUYDER ZEE RECLAMATION WORKS  ; 
MEDEMBLIK PUMPING STATION. 
By J. W. Turerry. 


THE completion of the first step in the great 
reclamation scheme, by which over half a million 
acres will be added to the arable area of the Nether- 
lands, was made a probability for this year, by the 
opening of two pumping stations of the new north- 
west polder of the Zuyder Zee, on February 10, by 


Figs. 2 and 10 of the paper entitled ‘“‘ Engineering 
Features of the Zuyder Zee Works,” read by the 
present writer, before the British Association in 
September, 1928. This paper was reproduced in 
ENGINEERING, vol. cxxvi, page 305 et seg. From 
these figures it will be seen that the north-west 
polder occupies a bay at the north-west corner of 
the Zuyder Zee, and is bounded on the north by 
the island of Wieringen. The process of enclosure 





consisted, speaking generally, of building an em- 


of crops appear to be growing very satisfactorily. 
The chief difficulty in the preparation of the soil is 
the elimination of its saline constituents, but by 
1940, or perhaps a year or two earlier, the reclaimed 
district should have reached its maximum agricul- 
tural value. It is impossible, of course, to give a 
general photographic view of the area owing to its 
extent, the main embankment being 11 miles in 
length, but the view of this particular work stretch- 





ing to the horizon, given in Fig. 1 on this page, con- 











Fie. 1. Srre or MepEMBLIK Pumpine StaTION witH Enciosine Dam. 
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the Minister for Public Works, M. Reimer. The 
word completion is used in the sense that the water 
at present overlying the enclosed area of this polder 
can now be pumped away, and work on roads, drains 
and ditches to render the soil fit for cultivation can 
then be commenced. The present article, which is 
illustrated by Figs. 1 to 31, on this and following 
pages, and Plates LIT, LIII and LIV, describes the 
pumping station at Medemblik, together with its 
ancilliary works, other portions of the work in con- 
nection with the north-west polder being dealt with 
subsequently. To enable the position of the station 
to be correctly identified, reference should be made to 
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bankment from the town of Medemblik, situated 
on a promontory at the south-west corner of the 
bay, to Den Oever, at the extreme eastern point of 
Wieringen, and of closing the channel between 
that island and the mainland by two dams with a 
storage lake between them. 

The polder as now enclosed has a soil area of 
49,000 acres, the land consisting of 80 per cent. of 
heavy rich clay, with 10 per cent. of light clay and 
10 per cent. of sand. That this land will ultimately 
prove of great agricultural value is shown by the 
condition of the small experimental polder at Andyk, 
a few miles to the east of Medemblik, where a variety 





veys some idea of the scale of the operations. It is 
not proposed to give details of the construction of 
the embankment at the moment, but, referring to 
the figure, it may be pointed out that it is continuous 
from the shore, the rectangular enclosure thrown 
across it, in the centre of the figure, being only of a 
temporary nature to permit the erection of the pump- 
ing station and its intakes and outlets. The view 
is taken from the church tower at Medemblik, and 
the water on the right-hand side is that of the Zuyder 
Zee, that on the left-hand side overlying the polder 
and now being pumped out at the rate of 884-5 mil- 
lion gallons (4 million cub. m.), per day, an operation 
which reduces the level daily by about 0°787 in. 
(2cm.). The depth of water over the whole area, of 
course, varies, but at the corner at which the pump- 
ing station is situated, and which is the deepest part, 
the bottom is between 15 ft. and 16 ft. below normal 
sea level. The tidal rise in this part of the Zuyder 
Zee is only from 8 in. to 12 in. 

The pumping station at Medemblik is electrically 
operated, the current being supplied from the 
50,000-volt main transmission lines, by way of 
Alkmaar. It is stepped down at the station by 
three three-phase transformers, each with a capacity 
of 1,000 kv.a., and having high-tension switchgear, 
to 3,000 volts. There are three motor-driven 
horizontal centrifugal pumps each of a normal 
capacity of 86,000 gallons per minute at 107 r.p.m., 
and with an average head of 20 ft. The normal 
capacity here spoken of is when the pumps are 
engaged in draining the reclaimed polder; that is, 
removing rain water and other accumulations. For 
this purpose it is estimated that the Medemblik 
pumping station will have to work 1,430 hours per 
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year with three pumps, the power required being 
calculated at 2,500,000 kw.-hours. Assuming the 


coal at the generating station to cost 17s. a ton, | 


the cost of 1 kw.-hour works out at 6d. from 7 a.m. 
to 7 p.m. and 5d. from 7 p.m. to 7 a.m. It may 
be mentioned here, however, that the station will 
normally only be employed in draining the southern 
part of the polder, that is, about three-quarters of 
the whole area. The remainder will be drained by 
the other station at Den Oever, which, moreover, 
will assist the Medemblik station in times of heavy 
rain. Another point, too, is noteworthy in connec- 
tion with the reference above to the initial draining 
of the entrapped sea water from the polder. It 
will be realised that during this operation the 
average head will be much less than when normal 
drainage is being effected, and, in consequence, the 
pumps are at present fitted with a special type of 
impeller having four blades instead of the five of the 
permanent pumps. These impellers give a maximum 
efficiency with the smaller head obtaining during 
the emptying operation, and will be removed when 
the enclosure is cleared. They will be kept in 
reserve for emergencies such as a sudden inundation 
or repairs to the working impellers. 

The description of the pumping station is best 
commenced with some reference to its erection, and 
for this, Fig. 1 in conjunction with Fig. 21, Plate 
LITI, should be first consulted. A _ section of 
the temporary enclosing bank is given in Fig. 2, 
while Fig. 3 shows the structure of the main 
embankment in its vicinity. The general construc- 
tion of the main embankment will be dealt with 
later. 
Ordnance datum, the mean sea level is 3 in. below 
this. The sea bottom, 15 ft. to 16 ft. below N.A.P., 
consists of soft clay, and fine sand, and measures 
had accordingly to be taken to prevent subsidence. 
All along the site of the dam, a trench was dredged 
to a depth of 10 ft., and having a bottom width of 
140 ft. This was filled with sand dumped from 
hopper barges. The proportions of both the 
temporary bank and the adjacent portion of the 
main embankment are given in the figures, which 
require no other comment except, perhaps, that 
the boulder clay facing is protected for some 
distance above the water line by stone pitching and 
below it by mattresses of brushwork. This is 
shown in Fig. 2a. The temporary bank enclosed 
an area of 460 ft. by 490 ft., and before the bank 
was completed, the sea bottom was dredged away 
for a depth of 3 ft. to make a clean floor to work 
upon. The bank was then closed and the enclosure 
drained by pits. Subsequently the area for the 
foundations of station and subsidiary works was 
excavated to a depth of 35 ft. below N.A.P. 
Wooden piles were then driven as shown in Fig. 8, 
Plate LIII, the subsoil consisting of a somewhat 
uncertain series of alternating alluvial layers of 
peat, clay, and sand. A raft of reinforced concrete, 
20 in. thick, was next constructed on top of the 
piles, and upon this was built a large mass of concrete 
forming at once the foundations of the pump house 
and the pump casings and races. In spite of the 
weight of the foundation and the superstructure 
and its contents, the amount of subsidence has 
proved barely measurable. 

The building forming the superstructure and also 
the foundation block is shown in section in Figs. 17 
and 18 of our Plate. It consists of two stories above 
the pump room, and is built of reinforced concrete 
throughout. The highest point is 102 ft. above 
the underside of the foundation raft. The pump 
room is situated partly ‘n the upper part of the 


foundation block. Above this is the motor room, | 


with a switch gear room, transformer room, and 
offices. A portion of this floor is shown in Fig. 19, 
Plate LIII. Above the engine room is another 
floor, shown in the adjoining Fig. 20, which houses, 
in cells at each side of a corridor, transformers and 
the high-tension oil switches. A workshop is also 
provided on this floor. Precautions against flooding 
have had to be taken in the design of the building, 
for, although in normal working the machinery 
floors will be on the land side far above the drainage 


canal level, when the pumps started on the 
preliminary drainage work, the entrapped water 


The line marked N.A.P. is the Dutch | 
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| the reclaimed land has to be guarded against, and 
| to meet such contingencies, the whole building has 
| been made watertight for a height of 2 ft. 8 in. 
| above N.A.P., and a watertight door has been pro- 
vided for the pump room. 

| Turning now to the intake and discharge passages, 
it is necessary to refer again to Fig. 21. From this 
it will be seen that the intakes radiate from the west 
side of the building with a separate forebay to each, 
while the three outlets discharge into one bay. 
The polder is divided into four sections, of which 
the first is drained by the Den Oever station, the 
arterial drains from the second, third, and fourth 
sections leading respectively to the three pumps at 
Medemblik. These drains have a width of from 33 ft. 
to 40 ft., the bottom near the pumping station being 
8 ft. 6 in. below the final level of the lowest or fourth 
section, that is 32 ft. 10 in. below N.A.P. The 
intakes and forebays lie on a fan-shaped extension 
of the foundation raft, 65 ft. 8 in. long. The 
reinforcement of this extension immediately under 
the intakes is seen in Fig. 4, Plate LII, while 
Fig. 5 shows the work at a later stage of construc- 
tion. Two views of one of the forebays are given in 
Figs. 6 and 7, also on Plate LIT. The openings 
on the left side of the intake seen in Fig. 6 are 
passages between the intakes. 

In the view shown in Fig. 7 the framework for 
the sluice gates is seen, and, in the background is 
|the pump house in course of erection. The general 
lay-out of the intakes is best seen in Figs. 8 
|to 11, Plate LIII. In Fig. 9 the communicating 
| passages are clearly seen. These are provided so 
that any pump may be used to drain any channel, 
|or that the water may be diverted from any pump 
undergoing overhaul, or, again, for connecting more 
| than one pump to any particular section. Suitable 
sluice gates and penstocks are provided for effecting 
these changes, and the arrangement also makes it 
possible to dispense with any reserve in pumping 
capacity. 

The intakes continue without change of level into 
the pump races. These are of a uniform height of 
5 ft., but taper in width from 16 ft. 5 in. to 11 ft. 6 in. 
in a length of 30 ft. The transition from horizontal 
|to vertical has been carefully designed, so that, 
|together with the taper, it provides a uniform 
gradually accelerated velocity to the water, thus 
preventing the formation of eddies. The discharge 
conduits, which are made of reinforced concrete, are 
carried on a pile foundation. Their construction 
is shown in Figs. 8 and 9 and 12 to 16, Plate LIII. 
| They are practically parallel in width, but the 
| height increases towards the outlet, and the bottom 
|rises by 10 ft. to a level 14 ft. 10 in. below N.A.P. 
The sectional area close to the pumps is 6 ft. 3 in. 
|wide by 5 ft. 7 in. high. At the outlet they are 
'6 ft. 6 in. wide by 11 ft. 6 in. high, gradual increase 
| in cross section conducing to higher efficiency in the 
|pumps. They are connected to the main building 
| by an expansion joint. Each conduit can be shut 
off by a greenheart door and two steel penstocks, 
one of which is operated electrically. 

The construction of the pump is specially note- 
worthy, inasmuch as the helical casing is formed of 
concrete, that is, it is a cavity in the foundation 
block. This is well seen in Figs. 26 and 27, page 657. 
As originally designed, cast-iron casings were pro- 
vided for, but partly owing to anticipated difii- 
culties with the large castings which would have 
been necessary, the internal radius on the discharge 
side being over 11 ft., and partly due to a saving 
of 3,500/. in cost, if the concrete type construction 
| was used, the latter was decided upon. As will 
be seen in Fig. 27, there are cast-iron rings in the 
immediate neighbourhood of the periphery of the 
impeller, while Fig. 26 shows that the discharge 
edge is made of cast-steel. The latter expedient 
is adopted to prevent damage by pieces of wood 
or other debris discharged with the water. Other- 
wise the casings are unlined. As was to be expected 
when a helical surface had to be constructed in 
concrete, the necessary shuttering was very com- 
| plicated, and may be said to approximate to 
| patternmaking. One of the forms is shown in 
| course of construction at the makers’ works in 
Fig. 22, Plate LIV, while in Fig. 23 are seen the 








in the enclosed area was approximately at N.A.P.| forms for the inlet portions in place on the site. 


level. 


On the other hand a possible inundation of | The best general idea of the casing forms is, how- 





[May 23, 1930. 


ever, obtained from Fig. 24. This figure also shows 
the shuttering for the walls at the boundaries of 
the foundation block. This, in the main, is of mass 
concrete, but the portion near the pump casing is, 
as will be realised from the figure, strongly rein- 
forced. The figure also shows the manholes and 
penstock frames in place, parts that can be identified 
on the right hand of Fig. 27. 

The beds for the cast-iron linings round the 
impeller were finished to allow }-in. clearance, 
and, after the rings had been centred, this space 
was grouted with cement mortar. The placing of 
the casing forms was, on account of their size and 
possible displacement when pouring and ramming, 
a somewhat difficult operation, but the accuracy 
of the work was such that, after removal of the 
forms, the centre of the middle pump was only 
fs in. out of the line joining the centres of the 
wing pumps. The internal surface of the casings 
was found to be quite satisfactory, as is shown by the 
photograph of one of them, reproduced in Fig. 25, 
Plate LIV. The concrete was finally cured by being 
coated with a fluate, Lithurine M (Mg FI, Si F!,), 
and the treatment was completed by the application 
of a thin coat of asphalte to reduce the friction of 
the flowing water still further. 

The normal working impellers are of cast-iron 
with 5 blades, and are 8 ft. 2 in. in diameter. When 
employed in the draining of the polder, as distinct 
from the removal of the entrapped sea water, the 
total head will vary between 15 ft. and 24 ft. 6 in., 
according to the levels of the water in the different 
drained sections, and that in the central lake which 
will remain when the whole reclamation scheme is 
completed. But occasion may arise when these limits 
would be extended to from 9 ft. 2 in. to 31 ft. 6in. 
The pumps had, therefore, to be designed for this 
duty without loss of efficiency, and between the 
limits given, the efficiency will be from 83 per cent. 
to 85 per cent. This has been determined experi- 
mentally by scale models, one-seventh full size, in 
the hydraulic laboratory at Delft. Both the 4-bladed 
and 5-bladed impellers were made the subject of 
careful research as to their general shape and 
dimensions, and also blade contour. A view of one 
of the four-bladed impellers is given in Fig. 28, 
page 657. The impeller is coupled to the motor by 
a forged steel shaft 20 ft. long and 8-7 in. in 
diameter, the lower part of the shaft being made 
of Firth’s stainless steel, as it will be in contact 
with sea water during the preliminary pumping 
period. The vertical bearing is of lignum vite in 
a bronze shell under a packing gland containing 
hemp treated with graphite and grease. The 
weight of the rotor, 12-3 tons, with the shaft and 
impeller, 7 tons, is taken by an adjustable Michell 
bearing with white metal pads, the positions of 
which are shown in Fig. 26. 

The position of the motors on the floor above 
the pumps is shown in Fig. 27, while their general 
| appearance is well seen in Fig. 30, page 658. The 
weight of the stator, 19-7 tons, is taken on a rein- 
forced concrete slab, 2 ft. thick, between two beams 
|of the same material, 5 ft. wide by 3 ft. deep. The 
| motors are 3,000-volt asynchronous three-phase ma- 
| chines, of 900 effective h.-p. at 107 r.p.m. and 50 
periods. The speed may be varied between 88 and 
120 r.p.m. by a Scherbius speed regulator. This 
| machine has been fitted in order to maintain, as far 
| as possible the maximum efficiency of the pumping 
| sets, under different conditions of head. Its action 
may be followed with the aid of the wiring diagram 
shown in Fig. 31, page 658. The motor of the regu- 
lator, the auxiliary machines, and the lighting circuit 
are supplied with current at 380 volts for the two 
former and 220 volts for the latter, from the trans- 
former at the top of the figure. The regulator 
is put into operation by the switch at the right 
hand of the figure, and the pump motor is started 
at 3,000 volts by the switch and rheostat at 
the left hand. When regulation of the pump 
motor is required, the regulator switch near the 
starting rheostat is put into the position indicated 
by the dotted lines in the figure and the armature 
of the regulator is thus put in series with the rotor 
of the pump motor by means of the slip rings shown. 
If the regulator voltage then counteracted the slip 
of the pump motor, the rotor current would naturally 
decrease, and the rotor would not develop sufficient 
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torque to drive the pump at the required speed. 
| The speed would then decrease until the slip had 
| increased sufficiently to pass the necessary current 
| through the rotor to bring up the speed again. 
| If, on the contrary, the regulator voltage worked 
| with the slip, then the rotor current would increase 
| too much, with a resultant increase of the torque 
'and speed of the rotor. This increase would 
| continue until the slip had weakened sufficiently to 
| restore correct working conditions. The voltage of the 
| Scherbius regulator must have exactly the frequency 
| required, and its field is therefore excited from the 
| pump motor slip rings by way of the transformer 
| and regulating rheostat in the centre of the figure. 
| When, however, the motor is running at 107 r.p.m., 
| there will be no slip and consequently no excitation 
| of the regulator field. The regulator is accordingly 
| provided with a second exciting winding supplied 
|by current from the small frequency changer 
| driven by bevel gear from the pump motor armature. 
|The frequency changer is supplied with current 
| from the 380-volt mains, and by its connection with 
| the rotor of the pump motor supplies current at its 
| commutator of the correct voltage and frequency. 
Fie. 28. Four-BiapED Pump-IMPELLER FOR PumPinc OvuT PoLDER. Instead of operating exactly in the same or in the 


Forms FoR Pump CasINGs IN PLACE ON SITE. 
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THE ZUYDER ZEE RECLAMATION 
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opposite direction, the regulating current from the 
Scherbius apparatus may be of different phase 
angle from that of the pump motor. In this case, 
the current in the rotor is no longer a pure power 
current but contains a wattless component. This 
wattless current must be deducted from the excita- 
tion current supplied from the 380-volt main, and 
it is possible to adjust it by means of the regulating 
rheostat so that the regulator will supply the whole 
excitation current, and the motor will then run with 
unity power factor. To effect this, the regulated 
current for the Scherbius apparatus from the voltage 
transformer must pass through the regulating rheo- 
stat again. The Scherbius apparatus, in consequence 
not only regulates the speed of the pump motor but 
also provides phase compensation. It may be 
noted here that the Scherbius regulator is patented 
by Messrs. Brown, Boveri, of Baden, Switzerland. 
The main transformers which are of the normal 
type, made by Messrs. Smit, Limited, Slikkerveer, 
are situated in the upper storey, which also houses 
storage batteries for operating the penstocks and 
auxiliary machinery used for lighting should a 
breakdown occur on the main transmission line. 
The pumps are manufactured by Messrs. Werkspoor, 
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INTERIOR OF MEDEMBLIK PUMPING STATION. 


Limited, Amsterdam. The total cost of the 
pumping station was about 100,000/., of which 
30,0007. were spent on the pumps and electric plant. 
The operating costs have already been referred to. 
These include attendance, which is comprised of 
one chief machinist, two assistant machinists, and 
one helper. The material used in the building 
includes 4,000 cubic yards of mass concrete and 
5,300 cubic yards of reinforced concrete. A good 
idea of its design and position may be gained from 
Fig. 29, above. The enclosing bank, which was 
only employed for construction purposes, has, of 
course, now been dredged away. 

Mention should be made of the fact that the 
views reproduced in Figs. 22 to 25, 29 and 30 are 
the copyright of Messrs. Werkspoor, while in the 
case of Fig. 1, it belongs to Messrs. Vereenigde 
Fotobureaux, and Fig. 28 to Mr. J. de Vos. 

(T'o be continued.) 





MOLYBDENUM PRODUCTION IN THE UNITED StTatTEs.— 
During 1929 a total of 419,400 short tons of molyb- 
denum ore was treated in the United States, yielding 
4 million pounds of metallic molybdenum, an increase 
of 17 per cent. over the previous year’s total. 
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THE INTERNATIONAL RAILWAY 
CONGRESS, MADRID. 
(Continued from Page 629.) 
CONTINUING our reports of the sectional meetings 
of the International Railway Congress at Madrid, we 
propose to deal in the first instance with the earlier 
proceedings of Section I., Ways and Works. 


RELATIONS BETWEEN RAILWAYS AND SEAPORTS. 


At the first meeting of this section, Sir Charles 
Morgan, C.B.E., was elected President, and Signor 
Fiori, Mons. P. Levy, and Mons. Desprets, Vice- 
Presidents. Sir Charles Morgan said it was proposed 
to discuss the Question IX of the relations between 
railways and seaports jointly with Section II], 
and the two sections thereupon met under the joint 
presidency of Sir Charles Morgan and Mons. le 
Besnerais, President of Section IIT. 

Three Reports were presented on this question 
and covered the lay-out of maritime stations, the 
arrangement of outer and inner basins with a view 
to the most efficient lay-out of sidings, methods of 
operating and rate fixing, and loading and discharg- 
ing appliances. Mr. C. M. Jenkin Jones, Super- 
intendent of the North-Eastern Area, London and 
North Eastern Railway, submitted a report on 
practice in America, the British Empire, China and 
Japan ; Mr. Ulysse Lamalle, Director of Operations, 
Belgian National Railway Company, on practice in 
Belgium, France and their Colonies ; and M. Edilio 
Ehrenfreund, Chief District Engineer, Italian State 
Railways, and M. Ludovico Belmonte, Head Inspec- 
tor, Operating Department, Italian State Railways, 
on practice in all other countries. 

Mr. Jones’ report separated his own summary 
of the subject, from the much longer summary of 
replies received to a detailed series of 28 questions. 
The countries whose railways and ports contributed 
replies included Great Britain, Canada, South Africa, 
the Gold Coast, the Soudan, New South Wales, India, 
Ceylon, the Federated Malay States, Argentina, 
Japan, and Southern Manchuria. The questions 
covered the wide field of the subject in considerable 
detail, and included not only present practice but 
possible modifications. 

A few examples will illustrate the kind of informa- 
tion that was elicited. The informant was ask 
to estimate the quantity of traffic that justified the 
provision of a concentration yard at a port, and the 
quantity that justified the construction of separate 
concentration yards for inward and outward traffics. 
The answers showed considerable difference of 
practice, turning in many instances on local con- 
ditions. In particular, while most railways were of 
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the opinion, expressed by the London and North 
Eastern, thatseparate concentration yards for inward 
and outward traffic were desirable, the Japanese 
Government Railways had not found them 
necessary, and the Buenos Ayres and Pacific 
considered one yard preferable. Similarly, where 
several railways served the same port, almost all 
railways preferred a common yard for all, where 
local circumstances allowed it, but the Pennsylvania 
Railroad Company unreservedly recommended a 
separate yard for each company, with the possible 
exception of coal traffic under special conditions. 

Most systems found little or no difficulty in recon- 
ciling the interests of the railways and the port, 
but instances were given of conflict of interest, in 
which there was need for greater supply of wagons 
or closer co-operation between shippers and the 
transport services. A considerable amount of 
information was given as to the types, operation 
and capacity of cranes. Several of the United 
States systems did not employ them at all. 

Mr. Lamalle’s report, while adhering roughly to 
the same divisions of the subject as were adopted in 
the questionnaires, consisted in a discussion in 
separate chapters of the general principles involved, 
illustrated by a copious supply of examples and 
plans to show how geographical and other local 
circumstances affected the application of these 
principles. By this method of treatment it was 
possible to exhibit not only the details of the 
practice of the larger ports, to which the report 
was confined, but also the circumstances which 
commended them instead of others that were 
applied elsewhere. 

Messrs. Ehrenfreund and Belmonte pointed out 
that the subject of the relations between railways 
and sea ports was being dealt with by the Congress 
for the first time. Their report laid stress on the 
extreme differences between the characteristics of 
different ports, and under the headings of harbour 
stations, docks and water lay-outs and working, 
loading and unloading equipment, methods of 
working, and tariffs, illustrated these differences in 
detail from the practice of various ports. 

The conclusions from the reports were then dis- 
cussed seriatim, the discussion turning largely on 
the question as to whether it were preferable to 
employ a single station or concentration yard, or 
several, Another point discussed was whether or 
not directions should be given as to the minimum 
curve to be accepted, this question not exclusively 
concerning the lay-out of railways in ports. It was 
finally concluded that directions should be given 
in order to guide authorities responsible for the con- 
struction of a new port. As a result of the discus- 
sion, the following conclusions were finally agreed 
to: 

(1) In principle, one harbour concentration 
yard is preferable, but several may be justified 
under certain geographical conditions; if the 
volume of traffic exceeds the capacity of a single 
concentration yard; or when certain classes of 
traffic are ensured by special trains independent of 
the general services. 

(2) The stations should have separate groups of 
sidings and running lines for inwards and outwards 
traffic. 

(3) The yard should be sufficiently large to take 
up the repercussions due to temporary cessation of 
traffic movements in either direction. 

(4) The concentration yard may be used for 
shipping, local and through railway traffic, so long 
as the limit of capacity of a single yard is not ex- 
ceeded and the organisation of the maritime service 
does not suffer. 

(5) The shunting may, with advantage, be con- 
centrated in the harbour station, and the shunting 
at the quays limited to sorting to hatches and 
destination order when loading direct into ships, or 
to shed or warehouse bench order. 

(6) Ample holding tracks should be provided at 
the quays to ensure continuity of service at the ships 
or sheds. 

(7) Wagons discharged at the quays should not 
be passed empty to the concentration yard if they 
can be reloaded at quays to which they have ready 
access, 


(8) Consignments for export should not be split 


volume that continuity of loading can be main- 
tained. 

(9) The lay-out of harbours, and particularly the 
orientation of jetties and moles, should permit of 
the adoption of easy railway curves. For normal 
gauge, a curve of 120 m. (6 chains) is considered to 
be the minimum. It is desirable to increase this to 
150 m. for rails used by the larger type of loco- 
motive (normal gauge). 

(10) It is important not only that the quays be 
constructed of sufficient width in relation to the 
size of the dock, but also that sufficient space should 


their lines methodically in order to allow such speed 


of commerce. 
(11) There should be at least three tracks along- 


to give the best working facilities. 


preferable to turntables and traversers for shunting 
purposes. 

(13) At quays where road vehicles are largely 
used, quay tracks with grooved rails sunk to the 
ground level are convenient, and this arrangement 
permits towing motors to be used in place of ordinary 
locomotives for shunting duties. 

(14) The capacity of quay cranes should not 
exceed the weight of the bulk of the articles to be 


be reserved on the quay for the railway to lay down | 


of movement to trucks as will meet the requirements | 


side the quays with crossings at intervals in order | 


(12) Switches should be used generally and are | of treated wooden sleepers in proportion to its cost. 


vibration of heavy traffic, to be subject to gradual 
weathering. and, disintegration of the concrete, 
and in the patterns that had been tried to be liable 
to failure of the fastenings and blocking, and to give 
insufficient insulation between the rail and sleeper. 
The desirable characteristics for satisfactory concrete 
sleepers were considered to be resistance to shock and 
vibration of heavy traffic, a satisfactory fastening 
for rail or chairs, a roughened surface against the 
ballast so as to provide as much frictional resistance 
as is obtained from wood, and where track circuits 
are used, adequate and anti-creeping arrangements 
permitting reasonably permanent insulation, so as to 
| insure positive operation of the signalling system at 
all times and in all conditions of weather, and to 
| prevent leakage of electric current, such devices 
being so applied as not to cause the sleeper to 
| roll. 





| From the economical point of view, such a sleeper 


| 


| would have to be assured of a life longer than that 


Mr. Freeman’s study of the data submitted from 
the countries to which his report related, led him 
to the opinion that no concrete sleeper had yet 
been tried which would meet all the above 
requirements. The report included designs showing 
details of typical and representative sleepers, some 
of which had been reported on favourably. Among 
the latter were the Maine and Bates sleepers of the 
block and tie-rod type, and a design of road-bed 





lifted. Dual capacity cranes are economical and 
provide for occasional lifts which are heavier than | 
the normal. Cranes should be arranged to give | 
free movement of wagons along the quays and to 
have sufficient reach to plumb the wagons on the 
quay lines and the farther side of the ships’ hatches. 
Cranes of the luffing type have many advantages. 
High-capacity floating cranes are considered to be 
the most satisfactory means of handling heavy lifts. 
For loading and unloading wagons and sorting and 
storing traffic in sheds and warehouses, travelling 
bridge cranes fitted with revolving jibs which can 
be projected through the shed sides over outside 
wagon tracks are efficient. The number of quay 
cranes per berth is considered to be as important a 
consideration as the determination of their capacity. 
The number should not be less than the normal 
number of hatches in vessels regularly using the 
ort. 

, (15) In order to retain to a port any specific 
traffic, it is indispensable that special accommoda- 
tion be reserved for that traffic and adequate 
handling appliances provided, 


CONCRETE SLEEPERS. 


The Section then passed to the consideration of 
Question I, concerning “‘ The Use of Concrete and 
Reinforced Concrete on Railways.” The three 
reports were, however, all divided into two parts, 
referring respectively to ‘“‘ Concrete Sleepers” and 
“Concrete and Reinforced Concrete Buildings,” and 
it will be a convenience to maintain this division 
in our report. 

The reports were presented by Mr. F. B. Freeman 
Chief Engineer, New York Central Railroad, in 
respect to America, Great Britain, its Dominions 
and Colonies, China and Japan. Mr. Jullien, Chief 
Permanent-Way and Works Engineer of the Paris- 
Orleans Railway, and Mr. Claise, Controller of New 
Works and of Railway Track and Buildings at 
the French Ministry of Public Works, in respect 
to Belgium, France, Italy, Portugal, Spain, and 
their colonies, and Switzerland, and Mr. E. Krick 
(Yugoslavia), Engineer-Inspector to the Yugo- 
slavian State Railways in respect to other-countries. 
As we have said, the question was dealt with in 
two parts, referring respectively to concrete sleepers, 
and to concrete and reinforced-concrete structures. 
Mr. Freeman’s report on concrete sleepers was 
based on replies to questionnaires sent to 99 
representative railroads, 77 of which either did not 
answer, or reported that they had no experience. 
Of the 22 railways reporting experience, 14 were 
in the United States, 2 each in Great Britain and 
India, and 1 each in Ceylon, China, Ireland and 
Japan. None of the reported railways found 
concrete sleepers economical as compared. with 
treated wood sleepers, and in addition to their 
high cost they appeared to most systems that had 





up en route unless the traffic is passing in such 





used on the Pere Marquette road. Mr. Freeman 
expected that, in the light of past experience, 
experiments which were being continued might 
lead to a satisfactory design, although except in a 
few countries where wood sleepers were scarce or 
relatively dear, they would have to be used for 
other reasons than economy. 

The reinforced concrete road-bed on the Pere 
Marquette, referred to above, of which a quarter 
of a mile had been installed at the end of 1926, 
was ona line over which passenger traffic from 
Detroit to Chicago and elsewhere had to pass, 
including locomotives weighing 321,000 lb. with 
264,000 lb. on the five driving axles. In this 
design the rail was secured direct on the concrete 
bed without the use of chairs or of any cushioning, 
except a thin sheet of bituminous felt placed under 
each rail to provide insulation and to compensate 
for minor irregularities in the bearing surfaces 
of the steel and the concrete. Though in other 
respects somewhat similar, this construction differed 
from that used with satisfactory results at the 
New York terminus of the New York Central 
Railway in having no wood blocking, and in 
being used for high speed operation. According 
to recent reports it was giving satisfactory 
results. 

The report of Messrs. Jullien and Claise recorded 
much greater progress in the use of concrete sleepers, 
and some more encouraging results, including some 
recent experience on a small scale with tramways. 
In accordance with the recommendations included 
in the report on the subject to the Rome Congress 
(1922), the types of reinforced concrete sleepers 
in use had now been reduced to two, in which the 
sleeper was either formed by two massive blocks 
under the rail, connected by a transverse tie, or was 
constructed as a reinforced concrete beam, which 
took the rail load and transmitted it to the ballast. 
In most cases, too, effect had been given to certain 
suggestions made in the same report for passing 
coach-screw fastenings into hardwood treenails 
instead of metal, interposing wooden packing 
between the sleeper and the bottom of the rail, 
and omitting tamping under the central portion 
of the sleeper. 

The various reports of 1922 for the countries 
in question had shown that up till that date 
concrete sleepers on their railways had met with 
little success, though on some lines they had been 
tried on a considerable scale. In particular, the 
Italian State Railways had put 300,000 reinforced 
concrete sleepers into use on their main lines, and 
had been compelled to take the whole of them up 
and relay them in station yards. Nevertheless, the 
present report showed that the technical study of 
the subject had been pursued with unabated energy. 
Experience had led to the disuse of a number of 





tried them, to be unable to stand the shock and 


types, not always because they had shown that 
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they could not be made technically satisfactory, 
but because some other type seemed to offer a 
more immediate prospect of success. 

While the number of types which were being used 
in considerable quantities was very small, several of 
the systems using them regarded various new types 
as deserving of consideration, and it was thought 
accordingly that the period of development was far 


from being at anend. The Italian State Railways, , 


after trying a number of designs on a small scale, 
had concentrated on improved forms of the 
Valeri longitudinal sleeper and the F.S. pot sleeper. 
The trials of these sleepers were said to have been 
too recent to enable a final judgment to be given, 
though the Italian authorities were sufficiently 
satisfied to have ordered 7,500 of the Valeri and 
170,000 of the F.S., which were in course of being 
made. In the other countries almost the only types 
being used on a considerable scale were the Vagneux 


and the Calot, which appeared in both the normal | 
and the pot form with a variety of modifications, 


improvements on which were still being made and 
tried out. One or other or both of these types were 
found in considerable numbers on the Nord, Paris 
Lyons and Mediterranean, and the Paris-Orleans 
systems. The Paris-Orleans had been using rein- 
forced concrete sleepers in considerable numbers 
since 1922, following on experience dating back 
to 1909. On their secondary lines they had now 
140,000 in use, or about one-fifth of the total 
number in service, in addition to 60,000 pot 
sleepers, laid in sections of which the character 
was not specified. 

Divergent opinions had been expressed by the 
various companies in regard to the service (speed, 
number, and weight of trains, and nature of ballast) 
to which reinforced concrete sleepers were suitable. 
At present various systems imposed various limita- 
tions on their use, such as restricting them to second- 
ary lines, prohibiting hard ballast or alternatively 
large-sized ballast in conjunction with them, and 
forbidding them on curves of small radius. The re- 


porters did not, however, regard these limitations as | 
absolute or final, and stated that up till now there | 
appeared to be theoretically no technical reason why | 


the concrete sleeper should not take the place of the 
wooden sleeper in all cases. From the economical point 
of view the comparison was difficult. The available 


data related to costs at quite different times and | 


market rates. The weight of concrete in one type 
of sleeper might be double that in another, and the 
weight of steel half as much again. 
moreover, would be affected by the quantities in 
which the sleepers were made, and when they were 
made by the railway company in works already 
busy with other forms of concrete construction 
it became not only difficult to assess the overhead 
charges but also impossible to compare them. 


The cost, again, of wooden sleepers was said to vary | 


in different districts, and according to the quantity 
of creosote used, from 35 francs to 56 francs, the cost 
price of the Vagneux concrete sleeper, in November, 
1928, being estimated at 55 francs. On the whole, 
the first cost of concrete sleepers was considerably 
more than that of wooden sleepers, but it was ex- 
pected that a sleeper in reinforced concrete would 
cost less to maintain, and last longer, so that the 
annual cost of concrete sleepers might work out the 
same as that of wooden. The question could not 
be decided finally until the various improvements 
necessary to perfecting concrete sleepers had been 
worked out, and the life of the sleepers known. 
As yet no method of calculation of ferro-concrete 
sleepers, had been evolved, and it appeared necessary, 
as well as much more certain, to carry out actual 
tests on them in the road. Most of the railways, 


including those who had used large numbers of | 


reinforced concrete sleepers, had made no arrange- 
ments for inspecting them before laying them down, 
whether they were home manufactured or purchased. 
The French test was to break a proportion and 
examine the reinforcing bars and the quality of the 
concrete. The Nord, the Est and the French State 
railways had, moreover, carried out tests on a rail 


attachment by means of extractometers, which | 
While until now | 


had to stand a pull of 5 tons. 
the value of a sleeper had been determined solely 


The cost, | 


confirm the result of the smallest modification 
and thus impeded the progress of design. The 
Paris-Orleans Company had therefore designed a 
hydraulic test machine to be applied to sleepers 
|six months after manufacture, by which stresses 
| comparable in direction and intensity with those 
| met with in service were applied to the sleepers, 
| and the pressures with the corresponding deflections 
of the sleeper in the plane of application of the load 
were registered. In this way stress-deflection 
diagrams could be obtained for both the ends and 
the centre section. A general observation made 
with this machine was that, while the concrete 
cracked under tension before the maximum bending 
moment had been reached, a sleeper did not fail 
under the maximum compression that the machine 
could apply, even with cracks a centimetre wide. 
It was inferred, therefore, that the presence in the 
road of slightly cracked sleepers did not present 
any danger. 

Though all kinds of cements had been used, no 
uniform difference had been detected between them. 
High tensile steels had not been used. 

No special precautions were prescribed for laying 
reinforced concrete sleepers except for the Calot, 
a transverse reinforced-concrete beam. With this, 
tamping by shovel, and providing a properly levelled 
bed, were generally recommended, and all lines 
employing this type excavated a trench midway 
between the rails, so as to prevent the sleepers 
from being packed under the centre, a practice which 
had been found to cause many breakages of the 
sleepers. On some lines the packing was stopped 
still further away from the centre. The extra 
labour involved in these measures was found to be 
largely offset by the ballast saved. 

On the question of immediate extension of the 
use of reinforced concrete sleepers, opinions seemed 
to differ. The only company which at present was 
extending their use was the French Nord, which was 
counting on the possible saving in maintenance 
and the longer life expected from the reinforced 
sleeper. Owing to the higher present cost of 
manufacture compared with the wooden sleeper, 
| the Paris-Orleans Railway was now restricting the 





'extension of the use of concrete sleepers, which it 
|had been carrying on for the last few years. The 
' other lines also, while continuing trials, were awaiting 
more conclusive results before proceeding with 
‘extensions. The facts showed, however, that, at 
any rate, considerable progress had been made. It 
was significant, too, that the Paris-Orleans railway 
| was about to lay 3,000 sleepers in an electrified part 
of the line, where the train speeds reached a speed of 
68 miles an hour, and the axle weights of the loco- 
| motives were over 19 tons. The reporters pointed out 
| that reinforced concrete sleepers had not been used 
long enough on lines with heavy traffic and fairly 
high speeds to enable any definite conclusion as 
to their life to be formed. Like steel sleepers, there 
was a probability that their employment might be 
justified on secondary lines and in the colonies. 
From investigations made by the Orleans adminis- 
tration it appeared possible, moreover, that works 
equipped for the mass production of concrete sleepers 
near a river from which supplies of sand and gravel 
could be taken on the spot, might reduce their cost 
below that of wooden sleepers, which at present 
were cheaper. 
The main conclusion at which the reporters 
arrived was that, while it was hoped that on 
lines with light traffic the present higher price of 
reinforced concrete sleepers might be offset by 
‘longer life and lower maintenance, their economical 
use on lines carrying heavy, fast and numerous 
trains remained a more or less open question, and 
trials on such lines should be continued. Experi- 
ments should also be undertaken in regard to 
methods of rail attachment, and to the advantages 
and drawbacks of the various kinds of ballast from 
the point of view of the life of the sleepers. An 
appendix gave designs and a variety of details in 
regard to the principal types of concrete sleepers 
which had been tested in service on a large scale. 
The countries not dealt with in the above reports 
but included in that of Mr. Krick, with few excep- 
tions, still possessed extensive supplies of timber. 





by its actual service in the road, this method had | They had not yet carried out on a large scale tests 


the disadvantage that it took several years to 


‘with reinforced concrete sleepers. Mr. Krick, 


therefore, had not presented any conclusions on the 
questions here discussed. 


CONCRETE AND REINFORCED-CONCRETE 
STRUCTURES. 


As the result of 99 questionnaires sent out by 
Mr. Freeman, 58 replies were received, 42 of which 
reported the use of concrete for building works. 
Of these users, 24 were in the United States, six in 
Great Britain, and three in India, the remainder 
being distributed over eight other parts of the world. 
The answers received showed, almost without excep- 
tion an increasing confidence in the value of reinforced 
concrete for building construction, both on a smal! 
and a large scale, due principally to the desire for 
permanent buildings, reduced maintenance, and 
avoidance of fire risks. In a large measure the 
increase was based on the satisfactory results which 
had been obtained from work already done, but 
an important part had been due to improvements in 
materials and methods of use. Even where the cost 
of building made entirely of concrete or reinforced- 
concrete, had been higher than that of combinations 
of steel framing and concrete or brick, there was 
a general sense of the value of concrete and rein- 
forced concrete for floors and platforms. In the 
few instances where failures had been reported, 
they had been attributed generally to improper 
design, improper materials, or poor workmanship. 
Increasing attention was being given to securing 
dense concrete by controlling the water-cement ratio 
and grading and regulating the mix. Among other 
advantages, the Southern Pacific Railroad mentioned 
that a causeway exposed to salt water had shown no 





signs of deterioration after 18 years. Systems such as 
the Southern Manchurian and the Aitchison, Topeka 
and Santa Fe, found also that reinforced-concrete 
buildings offered good resistance to earthquakes. 
From some reports it appeared that the material 
might be attacked in the presence of an excess of 
corrosive gases. In most conditions, however, the 











claim for permanently negligible extent of main- 
tenance and avoidance of fire risks seemed to be 
borne out by all reports. On one or two systems, 
practically every kind of building used in the railway 
service had been constructed in reinforced-concrete. 

The report of Messrs. Jullien and Claise, on the other 
hand, was directed principally to the use of con- 
crete or reinforced-concrete in bridge work, enquiries 
having disclosed no important modification in the 
method of using these materials for ordinary 
buildings, for which its suitability had been recog- 
nised fully at the Rome Congress. 

A recent modification of practice was that consider- 
able use was being made of Ciment fondu and other 
rapid hardening cements, not only for the large 
saving they effected in the cost of shuttering, but also 
because through the heat released during setting it 
was possible to continue the work during frost. 
The Paris, Lyons and Mediterranean railways, for 
instance, was enabled by its use to construct a 
road bridge during the winter, in the absence of 
which work in hand would have had to be dis- 
continued. The materials used were first raised 
above freezing temperature, and the mixing water 
was heated to from 15 deg. to 18 deg. C. (59 deg. to 
69-4 deg. F.), and certain other precautions were used. 
By tests carried out on the work it was found that 
concrete made with Ciment fondu acquired strength 
enough in setting to prevent it from being injured 
by frost, and even in a thickness of only 20 centi- 
metres (8 in.) could be used at a temperature of 
— 15 deg. C. (5 deg. F.). Other precautions had to 
be taken with thicker blocks, and details were given 
of special properties of the cement which required 
attention if it was to work safely. In addition to 
the extra strength obtained from these special 
cements use had also been made of high-tensile 
steel, by which it had been found possible to 
increase the factor of safety by 25 per cent. 

Mr. Krick described a large number of different 
applications of reinforced concrete which had been 
made by railways in the countries included in his 
report. The materials were widely used for bridges 
and culverts. The general opinion was expressed 
that in no case should rails or sleepers be laid direct 
on the concrete structure of a bridge. While 
bridges of concrete and reinforced concrete were used 





to a considerable extent and in a considerable variety 
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of designs, the replies did not suggest that the same | 

was true of station buildings or platform shelters. | 
Among railway buildings they were used most widely | 
for locomotive sheds. The information in regard 

to their use for chimneys was inconclusive, but there 

was nothing to displace the reporter’s statement that 

in any case such chimneys must be lined with brick 

to a sufficient height to prevent the concrete from 

being affected by hot combustion gases. On 

economical grounds almost all the railways preferred 

concrete to reinforced-concrete for ashpits, except 

where through the nature of the ground, precautions 

against settlement were required. Other uses for 
which the material was employed successfully were 
turn-tables, pit walls and water tanks. On a number 
of systems the use both of concrete and of reinforced 

concrete for the lining of tunnels had been satis- 

factory, a protective coating being provided against 
corrosive gases. Some analyses by the South 
Austrian railways tended to show that reinforced 
concrete could be used for tunnels without danger 
to the reinforcement, if protected with a coating of 
concrete about 3 em. (17 in.) thick. 

The discussion on the subject of concrete 
sleepers, was taken first, but Mr. J. E. Rivera 
remarked that many railway under bridges had 
been constructed successfully in Spain and their 
employment was being extended. Dr.-Ing. O. Miiller 
stated that numerous experiments with concrete | 
sleepers had been made by the Reichsbahn with but 
little success, but experiments were now being made 
with sleepers having inserts of asbestos cement, 
into which coach screws could be screwed directly. 
M. Quinquet gave an account of the use of rein- 
forced concrete sleepers on the P.L.M. Railway, in 
the course of which he mentioned that the two chief 
difficulties encountered were the quality of the 
ballast and the rail fastenings. M. Cambournac 
pointed out that the usual static tests on sleepers 
could give no real indication of the behaviour of the 
concrete under dynamic loading, and added that 
special attention must be given to the cleanliness 
of the aggregate ; Mr. Rivera, however, expressed the 
opinion that a small proportion of clay in the aggre- 
gate had the effect of increasing its resistance. 

At the termination of the discussion the Section 
adopted the following conclusion :— 

Considerable progress has been riade in concrete- 
sleeper design, the details of the rail support and 
fastenings, and the suppression of centre ballast 
having been given particular attention. Recent 
installations provide the necessary resilience at the 
rail support and at the same time appear to give 
electrical insulation between the rails. The suppres- 
sion of centre ballast and elimination of the central 
portion of the sleeper have reduced both weight and 
cost, and have also produced a sleeper which is better 
able to withstand shock and vibration. The present 
position of the question appears to be very encourag- 
ing, but the difficulties have been by no means over- 
come. Investigations should be continued, taking 
into consideration the question of first cost. It is 
advisable to carry out systematic tests in the labora- 
tory to investigate the resistance of concrete to dy- 
namic repeated stresses, varying both the nature and 
the size of the aggregate, as well as its cleanliness. 

The Section next discussed the second part of 
the question, viz., the use of reinforced concrete for 
buildings. The conclusion finally adopted was to the | 
effect that the subjects of improvements in methods | 
of concrete making, better cements and aggregates, 
and improved methods of reinforcement were of | 
vital importance in order to obtain stronger and | 
more durable concrete. These should be given | | 
further study, together with methods of more accu- | 
rate prop ortioning by controlling the water-cement | 
— The question of special cements should be | 

followed up, and investigations should be made into | | 
the precautions necessary to avoid the attack of | 
the concrete, and the corrosion of the steel in struc- | 
tures near the sea or exposed to chemical action. | 
In the case of under bridges, systematic observa- | 
tions should be made to obtain information on the | 
behaviour of these structures in service under | 


dynamic stresses. | 








| 


MACHINES FOR SIMPLIFYING STATISTICAL WORK. 
At the first meeting of Section IV. General, on 


Northern of Spain Railway, was elected President 


\lamps of different colours indicated, whether an 
| official is in or out, 
May 6, Sefior J. Moreno, Comte de Fantao, of the | engaged. Belt conveyors were used, for instance, 
n the new express goods and parcel despatch 


| of this Section and Dr. -Ing. B. Schwarze, Sir Walter 
Nugent, Bt., Mr. Pretorian and Mr. Markovitch were 
elected Vice- Presidents. Question XIV, first dis- 
cussed, was entitled “‘ The Use in Railway Work of 
Machines for Simplifying Statistical and Account- 
ancy Work.” Dr.-Ing. Tecklenburg read abstracts 
from his resumé of the reports received from Mr. W. 
E. Eppler, Messrs. Bruneau and Boistel d’Welles, 
and Dr.-Ing. Tecklenburg and Dr.-Ing. Gaier, and 
gave the conclusions which he had reached from the 
study of these reports, of which we give abstracts 
below. 

The first of the three reports, presented on 
behalf of America, Great Britain, Dominions and 
Colonies, China and Japan, was drawn up by 
Mr. William E. Eppler, of the Delaware and Hudson 
Railroad, and was limited in its detail to the practice 
of his company and of the Railway Accounting 
Officers Association, of Washington, D.C., which 
has members all over the world. The report 
opened with a short historical retrospect on census 
taking and statistics collecting. In this it was 
stated that Dr. Herman Hollerith, of the United 
States Census Bureau, introduced his system of 
recording information by punching holes into 
strips of paper and cards in 1880; the system 
was adopted for the census returns of 1890 and 
was first utilised for commercial purposes by the 
New York Central Railroad in 1896. The various 
machines now in general use, the report acknow- 
ledged, had not yet simplified railway accounts 
and statistics in the sense of making them less com- 
plex. The method of compilation was simplified, but 
the determining factor was the actual utilisation of 
the results. 

The greater economy and efficiency claimed | 
might be real or fictitious, but there were | 
certainly various devices to suit different conditions | 
without the monotony incident to clerical work. 
The leading idea was to translate written infor- 
mation into numerals and to summarise many 
data on printed cards divided into 34,. 45 or 
80 columns, distinguished by different colours for 
different classes and by their diagonally-cut-off 
edges, so that the misplacement of a card in a 
wrong packet would be at once detected. A card 
punched was inserted in the verification punch 
which, if correct, would pass it on, but would stop 
it if a hole had been perforated incorrectly. 

Report No. 2, covering all the other countries 
except Germany, was compiled by Messrs. Bruneau 
and Boistel D’Welles, of the French Midi and 
Orleans railways. They had received 90 replies 
from 147 administrations addressed, of which 
33 used calculating and 11 statistical machines. The | 
conclusions point to the importance of such statistics | 
for the rationalisation by a special advisory organisa- | 
tion. The concentration of the work in offices of | 
some size would often constitute, in itself, the essential | 
condition for the use of machines ; but such central 
offices would have to be utilised for different kinds | 
of work to admit an efficient use of the machinery, | 
and statistical machines should not be adopted | 
unless combined operations demanded such assist- | 
ance. The use of ticket printing machines at stations | 
and of punching machines at agencies should further | 
be examined. | 

Report No. 3 (Germany), by Drs. Tecklenburg | 
and Gaier, both of the Berlin central offices of the | 
State Railway Administration, was divided into | 
two sections, card punching machines and other | 
| office machines and auxiliaries. Several appen- | 








offices which were generally adopted at the railway 
stations last November. The man checking the 
consignment note sat in the centre of a vertical 
semi-cylinder in which thousands of invoice plates, 
printed by pedal machines, were stacked in vertical 
columns ; each man had his own stamp, and could 
thus be traced. 

In the discussion on the reports, M. Bruneau 
expressed agreement with the conclusions reached 
by Dr. Tecklenburg, but called attention to the 
variations in goods nomenclature which constituted 
an obstacle to the use of machines in preparing 
statistics of international traffic. In replying, 
Dr. Tecklenburg said he thought this difficulty 
could be gradually overcome. Mr. Hondl supported 
this view, stating that the Czechoslovakain State 
Railways had already adopted the perforated-card 
system for three special items of international traffic. 
Mr. Bruneau having asked for information as to the 
extent to which the perforated card system had 
been adopted in Germany for international traffic 
statistics, Dr. Gaier stated that these machines had 
been tried in Germany since 1926, and had given 
very satisfactory results. The German Railways 
had, however, experimented at the same time with 
another system, without perforated cards, for use 
in connection with small consignments on which the 
freight charge did not exceed three marks. It was 
thought that this system would simplify and accele- 
rate the work, as well as cheapen it. Dr. Gaier also 
stated, in reply to a question by another delegate, 
that ticket-issuing machines of recent design showed 
a considerable advance in comparison with earlier 
models and had simplified and speeded up the 


| primary accounting and statistical records, so that 


considerable economies in staff had been effected. 
He added, that the ticket-issuing machines of the 
A.E.G. and Messrs. Siemens & Halske had both given 
satisfactory results. There was little, if any, differ- 
ence between the two designs. 

On the President’s proposition, the following con- 
clusions were then unanimously adopted :— 

(1) The efforts to make the operations necessary 
for the carrying on of correspondence, accounting 
and statistical work more economical, are a part of 
the great question of measures to be taken for 
rationalisation. The objective may now and then 
be reached by pure and simple rationalisation, but 
more generally by rationalisation coupled with 
mechanisation. 

(2) In order that when choosing the means, the 
appropriate ones may be selected, it appears worthy 
of recommendation, that every administration 
should set up a special department whose duty should 
be to investigate uniformly the basic questions con- 
cerning rationalisation and mechanisation and 
which, with its accumulated knowledge, should 
'stand behind the detached departments in an 
advisory capacity. 

(3) The common axiom governing mechanisation 
should be: The introduction of office and similar 
technical apparatus is justified when, after taking 
into consideration purchase and high amortisation 
costs due to rapid depreciation, savings are made 
or indirect advantages, such as the quickening or 
improving of work, are gained, such as will offset 
the costs. 

(4) Accurate judgment on the economic results of 
mechanisation presupposes the existence of com- 
| parative accounting. The prompt production of the 
costs incurred by the introduction of machines and 
the working out of the costs of mechanical methods 


|dices gave particulars on train service reports by | should, therefore, have careful attention. 


guards, respecting passengers and goods, engine | 


(5) The degree to which machines are occupied has 


'drivers’ reports, traffic charts, loaded wagons | considerable influence on the cost of mechanical 


control, goods despatching, and advance checking | operation. 


The policy of keeping the machines 


'of waybills at goods stations. The Reichsbahn | fully employed is, therefore, of the utmost import- 


already handled some 90 million cards every year| ance in the organisation of the work ; 


in many 


| in 32 offices, by a staff of 675 persons and 79 tabulat- | cases, the centralisation of work will be a preliminary 


| ing, 87 sorting, and over 1,300 punching machines, | step. 


|and further applications, ¢.g., for stock-keeping in 
repair shops, were contemplated. A wide use was 
made of calculating machines ; many ticket windows 
were fitted with ticket-printing machines ; in offices 
belt conveyors took documents to different rooms ; ; 


somewhere in the house or 





(6) The office machines, mechanical installations 
and similar apparatus at present to be found in the 
use of the railway administrations, are of extra- 
ordinary diversity; on account of the continued 
progress in this sphere, each administration must in 
future choose in the light of the common point of 
view previously developed, the machines which are 
best suited to its particular needs and operations ; 
an interchange of ideas at a later date is to be 
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recommended, on the experience accumulated, 
especially that concerning machines built solely 
4 railway purposes such as ticket printers and the 
like. 

(7) An advance of the very greatest importance 
in statistical and accounting operations is to be seen 
in the introduction for statistical purposes of 


Pierre Jourdain, managing director of the North- 
Eastern Secondary Railways of France, was based 
upon the information supplied by 33 out of the 90 
companies or organisations addressed. Most of 
the replies came from the African colonies of the 
States mentioned and from the Dutch East Indies, 
and technical particulars were given about the 
locomotives, carriages, sleeping cars, Diesel-electric 





machines (the so-called perforated card machines). 
Their advantage lies in the possibility of carrying 
out investigations more rapidly and more accu- | 
rately and in the possibility of deepening the re- | 
searches and opening up areas which could not be | 
reached by purely manual methods. Enquiry is, 
therefore, possible into questions which, up till now, 
have been closed to investigation, especially on the | 
economic side, and this makes possible the elucida- | 
tion of important scientific problems regarding | 
railway operation (cost problems). 

(8) The wider general introduction of the per- | 
forated card system will provide advantageous | 
possibilities for international co-operation, especially | 
in the matter of reciprocal accounting, and perhaps | 
for the question of international traffic statistics. | 
It is recommended that developments in this | 
direction should be watched and that, later, they | 
should form the subject for further discussion. 





PENETRATION Railways. | 
At the first meeting of Section V, on Tuesday, | 


engines and loco-tractors, and track weeders, &c., in 
use in these countries. The loco-tractors, it was 
stated, gave satisfaction in Tunis where water was 
scarce and of poor quality; the 120-h.p. tractors 
were equipped with six cylinder, four-cycle engines 
running at 500 r.p.m.; the 250-h.p. machines 
were supplied with 8-cylinder four-cycle Sulzer 
motors. 

In some of the colonies considered the pene- 
tration railways were in the first instance also 
advocated as means of pacification. In many 
cases, errors had been made by the insufficient 
preliminary study of the country and its resources. 
Temporary narrow-gauge lines were not recom- 
mended ; when they were successful, their improve- 
ment and expansion became very costly. There 
were five gauges in use on African lines: 0-6 m., 
1 m., 1-055 m., 1-067 m., 1-44 m. (ranging from 
1 ft. 118 in. to 4 ft. 8? in.); the smallest gauge was 
only used in the Congo, the 1-055 m. gauge only 
in Algiers, whilst the largest gauge would probably 


May 6, Dr. Antonio Crispo was elected Chairman, |b® adopted on the Trans-Sahara route. The 


and Messrs. Jacobs, Lagasse and Gimenez Lom- |further construction of new feeder lines seemed to 
bardo, as Vice-Presidents. The first subject for have received a decided check since 1914. This 


discussion in this section, Question XVII, was | ¥4 attributed to several causes, to the expense of 
Penetration Railways, and the reports on this sub- the general improvement of labour conditions, to 
ject were summarised by Mr. Pierre Jourdain. The | political restrictions placed upon the raising of tariffs, 
following are abstracts of these reports :— |and particularly to the competition of motor lorries 

The first report was that from America, the and coaches, and of transport vehicles owned by 
British Empire, China and Japan, drawn up by business firms and of private cars. Tramways would 


Sir Ashley Biggs, late agent (general manager) of | 
the Madras and Southern Mahratta Railway, and | 
Mr. C. W. Lloyd Jones, agent of the Nizam’s 
Guaranteed State Railways, India. Replies to | 
the questionnaire had been received from 24° 
companies, comprising the main railways of Great | 
Britain, the railways of India and Malaysia, | 
South, West and East Africa, two railroads of the 
United States, the Argentine railways, and the | 


have to improve the speed and frequency of their 
cars ; feeder railways should not unnecessarily be re- 
stricted by local authorities in adjusting their 
tariffs, and motor transport and public transport 
services should be regulated to limit the effects of 
competition. 

The third report (comprising all the countries 
not mentioned in the other two reports), drawn up 
by Mr. Enrico Mellini, Chief Inspector of Railways, 





Government railways of Japan and Chosen. The | Tramways and Motor-Cars Headquarters at Rome, 
report defined a penetration railway in a new stated that of the 70 railway administrations 
country as a railway constructed in a country so ‘addressed as belonging to the International Associa- 
far of primitive means of transport, but not neces- | tion, only 18 had replied, and the information given 
sarily uncultivated or unpopulated. Whatever the | by six of these was of little or no value, being 
potential traffic, such a railway would pass through |entirely negative. The only information of interest 
an initial period of light traffic involving changes | concerned the feeder railways. The states that 
of crops, the creation of new industries, road con- | Supplied information, which was mostly summed 
struction, formation of markets, modification of | Up in notes in the report, were Egypt, Switzerland, 
business methods and further colonisation. The | Sweden, Norway, Denmark, Finland (which has no 
problems of feeder railways were similar, but involved | penetration lines in operation or under construction), 
also competition with modern road transport. J ugoslavia, Czechoslovakia, Roumania and Italy. 
Most replies deprecated road construction preli- |The details of the report were practically limited 
minary to railway construction. The construction | to the Italian colonies in Africa, which the railways 
of a railway might fully be justified, although the | helped to fit for colonisation. These were: Tripoli 
net revenue would be insufficient to give a fair (347,500 sq. miles, mostly yet uncultivated with 
return on the capital. In such cases, reduction of 550,000 inhabitants) ; Cyrenaica (211,670 sq. miles, 
expense should not be allowed to hinder future 225,000 inhabitants) ; Erythrea and Italian Somali- 
development. Uniformity of gauge was of the|land. In Tripoli the railway skirted the coast, 
utmost importance, and the gauge should be tested | one branch running into the interior; in Cyrenaica, 
with due regard to the development of the railway | the railway system consisted of a series of arcs 
system, and not be made dependent upon tem- | connecting the trade centres near the coast ; each 
porary financial expediency. Road transport might | of the last two colonies had only one line with pro- 
be preferable to rail transport in hilly country with | jected branches. The motor competition was strongly 
scattered traffic and a fair passenger, but light felt, and moderate rates were recommended ; light 
goods traffic. railways, it was pointed out, should not be operated 
The financial support given to private penetration | With an infrequent service of slow trains. 
railways should be expected to return a fair interest, | After summarising the reports, Mr. Jourdain 
consistent with the risks of the undertaking. The | proposed that, for purposes of discussion, the 
penetration railways should be planned so as to | question should be divided into two parts, viz., 
become an essential part of the future system and penetration railways and feeder railways. With 
to connect with neighbouring systems. Attention | regard to the former, he suggested that special 
should be paid to canvassing for trade, improvement | attention should be devoted to the gauge question. 
of feeder roads, distant booking agencies, and the |In the subsequent discussion, several delegates 
laying of telegraph and telephone lines. Agree- | gave particulars of the gauges adopted in various 
ment with road transport services should be | penetration railways with which they were con- 
encouraged, and passenger traffic should be catered |nected. Mr. Mellini remarked that the 0-95-m. 
for by light and relatively fast trains. Rolling | gauge of the Italian North African Colonies was 
stock, stations, permanent way, &c., were also|chosen because that gauge had been adopted in 
discussed in the report. Southern Italy, and Mr. Jacobs referred to the 
The second report (for Belgium, France, Holland, | adoption of the 1-067-m. gauge for the Cape to 
Portugal, Spain and their colonies), drawn up by Mr. | Cairo Railway, adding that the Belgian Nationa] 


Light Railways Company had practically completed 
the unification of its lines, having adopted a gauge 
of 1m. Mr. Jourdain expressed the opinion that 
there was practically no difference between the 
1-067-m. and 1-m. gauges from the point of view of 
stability. 

Speaking on the second part of the question, 
relating to feeder railways, Mr. Suza expressed 
the opinion that public authorities should assist 
in the construction of light railways as they did in 
the construction of roads. Mr. Biraghi was of a 
similar opinion, and Mr. Jacobs remarked that in 
Holland, the public authorities assisted in the 
improvement of light railways by granting a mono- 
poly to the companies concerned. The Chairman 
here remarked that the Italian Government assisted 
in the modernisation of light railways by contri- 
buting annual payments of 20,000 to 30,000 lire 
per km. In connection with electrification, the 
sums paid annually amounted to 40,000 lire per 
km. Mr. Jourdain mentioned that, in France, 
the government bore 50 per cent. of the cost of 
electrification. 

The Chairman then put to the meeting a conclusion 
formulated by Mr. Van Noorbeeck, relating to 
penetration railways, to the effect that it was 
desirable that there should be a uniform gauge 
for the penetration railways in each country and this 
conclusion was adopted. On the following day, the 
meeting discussed the second part of the question 
relating to feeder railways, and adopted the follow- 
ing conclusions: That lines of which the working 
results in deficits, or must do so in the future, 
should be closed down unless the state, province or 
town concerned could cover such deficits in order to 
conserve the national equipment ; that lines closed 
down should be replaced by motor services ; and 
that the working conditions of the remaining lines 
should be improved with the financial assistance 
of the state, provinces or municipalities concerned. 
With regard to the attitude to be adopted towards 
motor competition, reference was made to the con- 
clusions on this subject adopted in conjunction with 
Sections III and IV, which we shall report in a 
subsequent issue. 


ELECTRIFICATION OF SECONDARY LINES. 


The above subject, Question XIX, was discussed 
in Section V at a meeting held on May 9. The 
two reports, of which we give abstracts below, 
were summarised by Mr. Jourdain, in the absence 
of Mr. L. Sekutwicz. The first report by Mr. 
Sekutwicz, manager of the Omnium Lyonnais, 
Paris, stated that neither the gauge, nor the general 
importance of railway lines, could be accepted as a 
satisfactory criterion for a definition of secondary 
lines. It might, however, be agreed that the traffic 
on secondary railways would be less intense and their 
permanent way would be lighter, the gradients 
steeper, the curves sharper, and the locomotives 
less powerful. Most of these conditions were finan- 
cially unfavourable to electrification, which absorbed 
large amounts of capital. The cases of new electric 
lines and of existing lines to be electrified had to 
be distinguished. A new line could be constructed 
with steeper gradients and curves of smaller radius, 
and the rolling stock and materials be bought with- 
out having to scrap other material. The advantage 
of substituting hydro-electric power for coal might 
be counterbalanced by the higher costs of importing 
rolling-stock. Thus, in France the electrification 
of all the secondary lines would only save 450,000 
tons of coal per annum out of the total of 
7,200,000 tons used by the great railway systems. 
With respect to national defence one had to consider 
that the electrification made a country like Switzer- 
land, which had no coal, less dependent upon the 
goodwill of her neighbours, but also made the 
communication system more vulnerable. On the 
other hand, rapid electric train service had secured 
increased receipts. As yet electrification had only 
been applied to a small part of the existing lines. 
In France only 6 per cent. of the lines had, before 
the war, justified electrification from the economical 
point of view, and in most countries (except Switzer- 
land) the extent of lines equipped for electrification 
was still very small. 

The report proceeded to discuss, in three parts, 








the advantages and the possibilities of electric 
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traction on secondary lines, and to describe some 
lines. The advantages included reduced staff, 
better use of the staff and stock, suppression of 
waste of coal, water and oil during stoppages, 
and reduction of maintenance costs for equal 
service. The principal systems considered were 
single phase at 16% or 25 periods, and direct current 
at 1,500 volts or more. Both direct and alternating 
currents were said to give equal satisfaction. Single- 
phase supply required more costly and heavy 
rolling stock, although this consideration was not 
serious on locomotives, and also interfered more 
with telegraph and telephone lines, but higher 
voltages could be used with fewer sub-stations. 
Modern mercury rectifiers allowed of using higher 
pressures (3,000 volts or 4,000 volts) on direct- 
current supply ; 3,000 volts was mostly sufficient 
for secondary lines. All high-tension supplies in- 
volved the necessity for producing on the train 
low-tension currents for lighting. The selection of 
the system mostly depended upon the available 
supply. Three-phase supply complicated the con- 
tact lines too much, and the use of one phase only 
from a three-phase supply on the Camargue line 
in France, disturbed the three-phase distribution. 
Three-phase supply was, however, recommended 
when working with current regeneration was neces- 
sary. With 50-cycle single-phase motors, good 
commutation was difficult. Most lines were fed 
from substations with rotary converter groups at 
25 or 16 periods. The efficiency of these substa- 
tions was only 70 per cent. to 80 per cent., but they 
served their purpose. The single-phase overhead 
lines were fed at 6,000 volts to 15,000 volts. Accu- 
mulator traction would appear to be suitable 
for secondary railways, and experiments were still 
being carried out in France and Italy. On the 
whole, however, the battery weights proved pro- 
hibitive. The general advantages of standardisa- 
tion were less marked on secondary lines than on 
main lines. 

The second part of the report on the possibilities 
of electric traction, compared the fuel and electric 
energy consumption with respect to train weight, 
traction resistance and haulage work, and arrived 
at the conclusion that, except in the case of new 
lines, of energy at low price and dear coal, electric 
traction would not offer advantages unless it 
yielded increased revenue. Particulars were given 
of the Belgian National Light Railway Company 
with direct current lines totaling 4,511 km. long, 
the French Jura Company with 141 km. steam and 
52km. electric; the Fayet-Chamonix Railway 37 km. 
long, 600 volts direct current; the North Milan 
Railways, 255 km. long, 3,000 volts direct current, 
the Rhaetian Railways operating with Brown, Boveri 
and Oerlikon locomotives, single-phase, 11,000 volts 
with pantograph collectors, and the Camargue Rail- 
way, 124 km. long, partly single-phase, 6,000 volts 
at 25 periods. 

The second report, dealing with all countries out- 
side Europe, drawn up by Mr. D. Eugenio Rivera, 
inspector-general of the bridge and road services of 
Spain and general manager of the Tangier-Fez 
Railway, and Mr. J. M. Garcia-Lomas, of the North 
of Spain Railway Company, stated that but little 
useful information had been received in response to 
the questionnaire. Inquiries had, therefore, been 
made of railway companies not belonging to the 
Association, and the technical Press had been studied 
to enable them to compile a great deal of data. The 
conclusions drawn were that complete electrification 
of secondary lines was, in general, economically 
possible only in countries where electric energy was 
widely distributed and obtainable under conditions 
which favoured growth of population and increase 
of traffic. Incomplete electrification might be a 
solution for both secondary and main lines in 
Sparscly populated districts, faced with competition 
from other means of transport, when complete 
electrification was not justified. 

Detailed information was given respecting Japan 
and Chosen (Korea); the latter country operates 
the South Manchurian Railway in Chinese territory. 
India was adding about 1,000 km. every year, especi- 
ally in secondary lines, to its railway system which 
consisted of 64,000 km., mainly steam-worked main 
lines. The railways of the Dutch East Indies were 
also sicam lines. In the Union of South Africa, 





only Natal and the suburbs of Cape Town had 
electric lines. For Morocco, general electrification was 
planned; in Tunis, Diesel-electric locomotives were 
on trial; Madagascar still relied on wood fuel. 
In Canada, of 60 urban and inter-urban electric 
railways only seven paid dividends in 1927, and 
26 closed with deficits in spite of increased passenger 
traffic, partly owing to motor-coach competition. 
The United States, in 1928, had some 250,000 miles 
of steam-lines, 10 per cent. of which carried half 
the total traffic, and 40,000 miles of urban and inter- 
urban electric lines. There was little electrification 
in Mexico; but relatively more in Guatemala and 
Costa Rica, and a considerable amount in Cuba, where 
pantograph collectors were used on the Hershey 
Railroad for sugar transport, and pefrol-electric 
motor coaches for passenger traffic. 

The seriousness of the road transport competition 
could be judged from the fact that, though general 
business volume was estimated to have trebled in 
the United States since the war, the railway 
passenger traffic was actually decreasing. The 
electrification of secondary railways was only ex- 
tending in countries where the development of rural 
distribution of electricity was favourable. As regards 
Colonial railways, the question had not even arisen, 
and lines with an important goods traffic had little 
to gain by electrification, contrary to widely-held 
opinions. With respect to flexibility of passenger 
traffic, the motor coach offered advantages on 
secondary lines. Particulars were given in the report 
as to petrol-motor coaches of 30 h.p. to 40 h.p.; 
steam coaches with trailer cars taking up to 150 
passengers ; electric accumulator coaches of 150 h.p. 
and of similar capacity; motor coaches and oil- 
engine and Diesel-electric coaches up to 500 h.p. 
These latter in particular were cheap in working, 
though of high initial costs, and had great possibili- 
ties for the development of the secondary railway 
goods traffic. 

In the discussion which followed the reading of 
the summary, Mr. P. Lo Balbo called attention to 
the advantages of accumulator vehicles, and 
M. Jourdain mentioned that, from the point of view 
of subsidies, the French Government regarded these 
vehicles as equivalent to electrification. He added 
that the extension of the system was impeded by 
the unfavourable conditions offered by the manu- 
facturers of accumulators in the matter of mainten- 
ance. Further discussion took place on the relative 
advantages of the high-tension continuous current 
and single-phase systems of traction and the follow- 
ing summary was finally adopted: From the 
technical point of view, railway administrations 
have to make a selection between the high-tension 
continuous current and single-phase systems of 
traction, both of which have proved their suitability. 
Recent improvements in mercury-vapour rectifiers 
have facilitated the development of the high-tension 
continuous current system which has been made 
possible by the use of motors with commutating 
poles. From the economic standpoint, however, 
electrification is generally only justifiable in the 
case of lines possessing features favourable to the 
system, and particularly in the case of new lines. 
In new countries, however, it may be in the interests 
of the community to cover the cost of electrification 
by national or provincial taxation. When it is 
desired to avoid the installation of contact lines, use 
may be made of self-contained electrically-operated 
rolling-stock, or of rail motor vehicles. 


(To be continued.) 








SuRVEY OF NATIONAL CoAL RESERVES,—In connection 
with the physical and chemical survey of the national 
coal resources, the Department of Scientific and Industrial 
Research has recently appointed a committee to deal 
with the West Yorkshire coal area. The object of the 
Survey is to investigate the characteristics of the various 
coal seams in the country with a view to their utilisation 
to the best advantage. The Survey is now in active 
operation in most of the coalfields. Committees have, 
for some time past, been dealing with the Scottish, 
Northumberland and Durham, South Yorkshire, Notting- 
hamshire and Derbyshire, North Staffordshire, and 
South Wales areas, in each of which has been established 
a fully-equipped coal-survey laboratory. The work in 
Lancashire and Cheshire is carried out for the Department 
in the laboratories of the Lancashire and Cheshire Coal 
Research Association. Arrangements are in hand for the 
establishment of a further laboratory to deal with the 
coalfields of Warwickshire, Cannock Chase and South 
Staffordshire, and Leicestershire. 





THE WELLAND SHIP CANAL. 
XI*—(continued). 

Tue discharge valves have been already described, 
but the floor level of the culverts being 81 ft. 6 in. 
below coping level, the strut type of gear illustrated 
in Figs. 390 and 391, Plate XLVI, ante, does not 
suffice. So far as we are aware this is the highest 
head for which valves of the sector type have been 
adopted. To meet these requirements the operat- 
ing strut, again of channels and lacing bars, but 
without rack, is completed by cable gear, the top 
of the strut being guided at a point down the shaft 
by means of a radius frame. The arrangement is 
illustrated in Figs. 423 to 428, page 664. It will 
be noticed that the bottom strut, 34 ft. 4 in. 
long between centres, is attached at the upper 
end to a triangular-braced frame of 15 ft. 5 in. 
radius, whose splayed legs are hinged to castings 
centred 6 ft. 44 in. apart, set on the face of a ledge 
in the shaft some 28 ft. below coping level. This 
radius frame arrangement is well shown in Figs. 
424 and 428; it is seen in side elevation in Fig. 423. 

In the cable gear and winding-drum winch 
arrangement adopted for these high head valves, 
instead of the rack strut and pinion drive, two 
steel-wire cables are attached to the pin at the top 
end of the bottom strut and radius frame. These 
are best seen in Fig. 423. One of the cables is 
carried directly up to and wound round a 30-in. 
diameter drum, the other being taken first down 
to a sheave set in the wall facing the radius frame, 
and then up to the winding drum, round which 
it coils in the opposite direction, so that when 
one rope winds in, the other pays out. Both ropes 
are fitted with spring shackles, which are shown to a 
larger scale in Fig. 429, and the drive incorporates 
the friction gear, as described earlier. The first 
reduction is, however, in this instance by worm and 
spur, instead of by straight pinion. Drawings of the 
cable operating machines are given in Figs. 430 
to 432, page 665. In this arrangement the strut, of 
course, does not project above the machine when the 
valve is raised, for which reason this design was 
adopted for the machines on the lock walls. The 
counterweights, provided, as in the case of the intake 
valves, with clips and guides, are, in this arrange- 
ment, accommodated inside the shaft, and the 
machinery at coping level is only enclosed within 
a small housing. . 

These buildings, which follow in general finish the 
lines adopted at the intakes, and illustrated by 
Fig. 225, Plate XIV ante, are only 12 ft. 2 in. high. 
The interior section housing the pair of discharge valve 
machines measures 19 ft. 4 in. by 22 ft. 2 in. No 
cranes are provided, it being the intention to handle 
the discharge valves by means of the gate-lifting 
pontoon referred to in a previous article. In order 
to allow for this, the valve house roofs have a mov- 
able section which can be lifted off to give access to 
the valves. The opening thus provided is 12 ft. by 
21 ft. 6 in. clear. The walls and parapet of the 
buildings are of reinforced concrete as in the intake 
valve houses. The movable roof sections are 
supported at the ends on ledges inside the parapet, 
and along the side by angle framework filled in 
with copper louvres, set back some distance from the 
parapet. The removable roof sections are con- 
structed of channel framework with cover plating. 
In the arrangement of the discharge valves the 
hinge has to clear the top of the culvert, and the 
chord of the circular face is necessarily inclined to the 
vertical, to a greater extent than was necessary 
with the intake valves, but not sufficiently so to 
constitute a material disadvantage. The reaction 
beam is the standard box girder of two 18-in. by 
57-7-lb. channels and two plates 3 ft. 11 in. wide 
by 1} in. thick. 

A considerable departure from either of the above 
arrangements was made in the case of the low-head 
valves, used at Lock No. 8, and the centre wall of 
Locks Nos. 6. The arrangement employed in this 
case is shown in Fig. 433, page 672. 6-ft. valves of 
much lighter design are used, as already stated, and 
the depth of sill makes an operating strut unneces- 
sary, and, of course, out of the question if pro- 
jection above the valve machine was to be avoided. 





* The first part of Article XI appeared on page 592, 
ante. 
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Fig.426. SECTION D.D. : 
pian tad. Sit eine the closure, the cable end has had to be fixed at a | 
—_—— — = = ___. | point somewhat higher than the sheave itself. For | /; 
aR: Soar ee | this purpose the top radius frames have been fitted | 
VJ T\Y Re | with a Y-shaped angle-iron frame extending upwards | 
BHI] / | | : behind the face to a height of about 6 ft. 4 in., | (1881.F.) 
1 xa Se | and while the lifting cable is carried down the face- | 
--- | plate of the valve and is attached to the valve not | 
— s ———4- | far from the base, the valve closing cable is carried 
x ~ As TAS a ya | over the apex of this extension frame and fastened | : : caren an 
“4 Vj Vi a | to an adjusting block behind it. In order to provide | ’ 
a IL F = |for slackness in the lifting rope, when closing, a} pit. The counterweight is hung in the bight of the 
——aAacae se i | 15-in. jockey pulley is provided, carried by a braced | cable, the end of which is fastened to the main 
ees: — =:----— | radius frame, 5 ft. long between centres, and fitted | beam of the frame, the movement being thus halved. 


. > > ¥ =e ee 
net R . o.0.8 ase le 


| with safety chains. This ensures the cable keeping | The weight consists of five blocks, 3 ft. 9 in. by 
Cable gear has, therefore, been employed, coupled | in line with and entering correctly the slot between | 3 ft., and together 4 ft. 8} in. deep. These are 
to the valve framework. Two l-in. cables are | two sections of the lintel seal, which is divided | of cast iron in order to obtain the desired weight 
taken up to coping level, and wound on the drum | into two for these valves. | with small dimensions. The weights rise and 
of a worm-driven machine standard with the} The counterweight arrangement is necessarily | fall in pits which they fit loosely, and are not 
pattern described above and illustrated in Figs. | modified, owing to the impossibility of providing | provided with the clips and rail guides used in other 
430 to 432. | the travel possible in the other cases. The counter- | cases. 

Since the bottom sheave for the down-pulling rope | weight chain is carried from the valve up over a| With regard to materials employed, these were 
had to be placed well above the lintel level, in order | sheave on a dwarf steel framework on the lock wall. | required to conform to A.S.T.M.  specificat ions, 
that such a pull might be exerted to the end of! This is 6 ft. 3 in. high and spans a counterweight | where such were available. Manganese stee] castings 
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were required to show an analysis of between 11 
and 133 per cent. manganese, and to pass a bend 
test on a 4-in. by 2-in. section specimen bent cold 
round a 1-in. bar to an angle of 180 deg. Monel 
metal was required to have a composition of : Cu 
(min.) 23 per cent., Ni (min.) 60 per cent., Fe (max.) 
3-5 per cent., Al (max.) 0-5 per cent., Mn (max.) 
3-5 per cent., C and Si together (max.) 0-8 per cent. 
The following mechanical tests were imposed : Yield 
point, Ib. per square inch, bars 40,000, plates 
30,000 ; tensile strength, lb. per square inch, bars, 
80,000, plates 65,000 ; elongation in 2 in., per cent., 
bars 30, plates 15; bend test, bars 180 deg., plates 
120 deg. The specimen was }-in. in dia. by 2}-in. 
(2 in. gauge length). 

The costs for a bank of four 7-ft. by 15-ft. stan- 
dard valve, hinges, &c., and operating gear worked 
out as shown in Table VIII in the next column. 

The standard bulkheads used for unwatering all 
the Taintor gate valves consist of single-sheathed 
frames, 14 ft. 11 in. wide and 15 ft. by 10 in. high. 
These are formed of 11 horizontal members of 
15 in. by 42-9 lb. joist section, and two end verticals 
of the same size. The outer face is of } in. plating. 
The inner side is only furnished with diagonal plate 
bracing. A white oak sealing strip is fitted on 
the web and between the flanges of the bottom 
horizontal, and a 6 in. by 8 in. strip of similar 
timber extends down the sides and along the top, 
on the inner face of the bulkhead. 

Two 6 in. diameter valves are provided in the top 
girder, the seatings being of phosphor bronze and 
the valves of manganese bronze. The valves, 
illustrated in Figs. 434 to 436, page 672, are carried 
by screwed rods which extend to a crossbar, fitted 
with a lifting shackle. The cross bar passes through 
a plate lifting eye fixed to the girder, and is 
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allowed some 2} in. of play vertically in the latter. 


‘When the lifting tackle is attached to the lifting 


shackle, the first effect of an upward movement 
is to lift the valves 2 in. or so off their seats. 


TABLE VIII.—Costs for a Bank of Four Standard 7 ft. 
by 15 ft. Valves. 





ee 
| Intake Valves. 


Discharge Valves. 








Weight. | Cost. | Weight. Cost. 
| 





| | Dols. Dols. 
Hinge girders and | } 


castings .. --| 72,368 5,855-41 | 68,210 | 5,694-50 
Bolts, frames and | | 

gratings --| 11,730 | 1,122-09 | 40,763 | 3,928-98 
Placing above by | | | 

concrete contrac- | } 

tor at 2}¢. perlb.| — | 2,096 - 40 cc 2,724-33 
Four Taintor valves, | | } 

7 ft. x 15 ft. ..| 115,655 | 10,315-15 | 115,290 | 10,277-82 
Sills, lintels, guide | | | 

rails, &c. .. --| 21,141 | 1,992-56 | 20,722 | 1,925-73 

| | 


Strut, sheaves, ra- | 
dius frames, 
counterweight 

Operating machines 31,482 

Installing of machin- 


| | 
..| 45,998 | 7,537-31 | 48,616 | 7,975-96 
5,601-60 | 47,351 | 8,588-80 


ery and valves ..| — 4,634-40 — 4,634-40 
Motors, limits 
switches, controls | —- 


Installing wiring Ee a: 





6,620 -00 
528-00 


$52,898 -52 


| 6620-00 | — 
528-00 | — 





| 

| | 

} 

Peer el | 

Totals .. |$46,802-92| | 





This lets water in to the space between the bulk- 
head and the sector valve it was protecting, for 
equalising purposes, before the bulkhead is 
withdrawn. 

In addition to the main levelling culvert valves 
above described, there are certain other valves in 
the lock structures, most of which, however, may 
be dismissed briefly. There are valves, for instance, 
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in connection with equalising culverts, leading 
to the space between the double gates in locks so 
provided. In such connections two 4 ft. by 4 ft. 
sluices are furnished at the south end of Locks Nos. 6 
and one at the north end of Lock No. 7, all with sills 
21 ft. below coping level. There are also four 
5-ft. by 6-ft. 6-in. sluices at lock floor level at the 
north end of Locks Nos. 6 and two at the north end 
of Lock No.7. All the foregoing are hand operated 
by screw-gear in pits sunk below coping level. 
5 ft. by 6 ft. 6 in. sluices are provided at the north 
end of Lock No. 8 at 41 ft. below coping level, 
hand operated. 

The large culvert on the west side of Locks Nos. 
7, 6, 5 and 4, supplying the power house, is furnished 
with an 8 ft. by 8 ft. sluice, hand or machine operated, 
with sill 43 ft. below coping level at its mouth, 
at the south end of Lock No. 7. This consists 
of a cast-iron gate with horizontal and vertical 
ribs, as shown in the section Fig. 438, page 672, 
working against a cast-iron frame, the seats con- 
sisting of bronze strips let into both the face of the 
valve and of the frame. An outside elevation of the 
frame is shown in Fig. 437. The valve is held 
tight against its face when closed by means of 
wedges. of which there are two to ensure tight 
closure along the sill, four up each side and two for 
the lintel. The bottom wedges are illustrated in 
Fig. 450, the wedge being carried on the gate by 
studs, for which the holes are slotted. Adjustment 
is provided by a locked screw at the heel, forcing 
the toe of the wedge up against a slanting fitting 
strip on the frame. The side wedges are shown 
in position in Fig. 437, and in detail in Figs. 451 and 
452. Each extends slightly further back from the 
frame face than the one below, in order that the 
wedges may clear the blocks on the side frames when 
the valve is lifted. In this case the adjustment is 


~ | provided on the side frame blocks as shown in 


Fig. 452. The top wedges are shown in section in 
Fig. 449. In this position the clip, instead of being 
on the frame as at the side, has to be fixed on the 
valve, and the clip itself is provided with adjustment 
as will be clear from the drawing. The nut of the 
operating screw of this valve is provided with 
spring buffing gear, to take up shock and keep the 
valve home against its face without the risk of 
exerting so much pressure as to cause it to jam. 

This valve is furnished with a 50-h.p. motor and 
limit switch. The pinion, driven by the motor 
through bevels, has a 9}-in. face. It drives a 
spur wheel of only 33-in. face. The latter is 
mounted on a screwed sleeve, forming a revolving 
nut on the screwed valve stem. The sleeve is 
carried in ball bearings in a casting held down 
inside the head frame by 6 coil springs. The 
latter are compressed if the motor drives the 
valve hard down, allowing the sleeve to rise, and 
the spur to ride up the pinion. 

Under the supervision of Mr. Alex. J. Grant, 
M.E.I.C., Engineer-in-Charge, the work of designing 
all valves and their equipment was carried out by 
Mr. F. E. Sterns, with Mr. J. B. McAndrew re- 
sponsible for the mechanical and electrical work. 
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LABOUR NOTES. 


Wriirne in the latest issue of his organisation’s 
Trade Report, Mr. Findlay, the General Secretary of 
the United Pattern Makers’ Association, says :— 
“There is a singular lack of interest just now in our 
Association’s work. Last month, on such a serious 
matter as ‘For continuing with or for withdrawal 
from the Joint Trades Wages Movement ?’ we had 
a vote of 2,343. Not more than a fourth of those 
eligible to vote took the trouble to vote, and by a 
majority of 47 we are now committed for a period to 
the policy of splendid isolation. It is a job that calls 
for a united team, full of enthusiasm and esprit de 
corps for the craft and club—the spirit that can sink 
self for the good of the cause or Society. I do not 
desire to be uncharitable when I say that that spirit 
at the moment is sadly lacking in our midst.” 





Alluding to unemployment, Mr. Findlay points out 
that the Association’s figure has steadily risen since 
the beginning of the year owing to ‘‘ causes which are 
world-wide.” ‘‘ The fact that so many are unemployed 
makes it so much the more necessary,”’ he says, “‘ that 
those members more fortunate should always have it 
in mind that it is each member’s duty to help in this 
matter by pressing foremen and managers to start 
other workmen, and by not working overtime except 
under special circumstances which must be reported 
to the branch.” The total number of unemployed 
members is returned as 804, and the total membership 
as 11,156. 





The annual report of the United Pattern Makers’ 
Association states that in 1929 there was a net increase 
in the membership of 162, the total at the end of the 
year being 11,120. The gross income was 76,8511. Os. 4d., 
as compared with 87,8571. 17s. lld. in 1928, and the 
gross expenditure 69,1581. 5s, 8d., as compared with 
78,1361. 6s. 5d. The trade union figures also show 
decreases. The income declined from 52,585/. 15s. 2d. 
to 49,3351. 13s. 10d., and the expenditure from 
42,7571. lls. 8d. to 42,245]. 12s. 10d. In 1921 and 
1922 the Association paid out in excess of income 
178,068/. During the three following years, the income 
exceeded the expenditure by 35,798/., but in 1926 
there was an excess of expenditure over income of 
7,3941. 9s. 6d. The ‘“‘ shortage caused by the slump” 
has, therefore, not yet been fully made up. Moreover, 
Mr. Findlay points out, ‘since 1921 we have made 
no apportionment of contributions to either of the 
three benefit funds—Contingent, Assistance and 
Tool Assurance. Next year we must replenish the 
Tool Insurance Fund at least, if not all three.” The 
year has nevertheless been the Association’s best 
since 1920. ‘Given such another,” Mr. Findlay 
says, ‘‘we should be able to begin building up our 
General Fund again in 1931.” 


At a meeting in London of the National Federation 
of Professional Workers, the following resolution was 
passed unanimously :—‘‘ This meeting notes that the 
International Labour Office, at the forthcoming session 
next month, will be considering a proposed draft 
convention concerning the regulation of hours of work 
in commerce and offices, and that the draft is based 
entirely on the 48-hour week, making no mention 
of the two protective clauses foreshadowed by the 
questionnaire of last year; and it therefore requests 
the general purposes committee to impress upon the 
Government the seriousness of this omission and the 
undesirability of making the 48-hour week the inter- 
national standard for clerical, administrative, and 
professional workers, without at least putting in the 
forefront the reservations referred to above. It further 
urges the general purposes committee to do its utmost 
to obtain from the Government an assurance that they 
will closely co-operate at Geneva with the other 
delegations in an endeavour to bring the proposed 
Convention into line with the above.” 





According to a statement issued last week by the 
Ministry of Labour, a total of 45,918,000/. was paid out 
in unemployment benefit last year. The aggregate 
amount paid out, since the Unemployment Insurance 
Act came into operation in 1912, was 423,380,000/. 
If to this is added 62,448,000/., the amount paid in 
out-of-work donations by the Exchequer during the 
years 1918-1924, the total becomes 485,828,000/. 
The amount of outstanding Treasury advances to the 
unemployment fund is now 41,160,000. 





The agreement recently arrived at by the parties to 
the National Joint Industrial Council for the electricity 
supply industry on the subject of the wages of generating 
and sub-station engineers and their assistants is com- 
mented upon by the contributor of the editorial notes 
in the Electrical Trades Unions’ monthly journal. 





One of the objects of the negotiations, ‘“‘ especially so 
far as the employers were concerned, was,”’ the writer 
says, ‘‘ to establish a flat rate for all the areas, which 
flat rate was only to be varied by the zoning system. 
This intention has been realised, but none the less, the 
zoning will become very shortly a burning question, 
as already many of the super-stations are being placed 
in zones which at present are lowly graded ; but it will 
at least force the employees to realise the necessity of 
establishing kilowatt capacity as a basis of payment.” 





The directors’ report submitted at the annual general 
meeting of the Iron Trades Employers’ Insurance 
Company, Limited, stated that in 1929, the premium 
income amounted to 719,3591. which, with 103,119]. 
dividends and interest on invested funds, profit on 
realised investments, and 59,558/., the balance brought 
forward from the 1928 account, made the total receipts 
882,036/. The amount paid and set aside in respect of 
compensation and incidental expenses, during the same 
period, amounted to 540,014/., and after providing for 
expenses of management, directors’ fees, hospital 
donations, staff trust fund appropriation, &c., and 
transferring 15,6781. to investments reserve fund, 
there remained a balance on net revenue account of 
263,875l. It had been decided to transfer the profit 
on realisation of investments, namely, 8,178/. 8s. 3d., 
and also a sum of 7,500/. from the net revenue account 
to the investments reserve fund, making that fund 
57,3461., from which it had been decided to transfer 
50,0001. to the general reserve fund. It was recom- 
mended that a return of 20 per cent. of the Workmen’s 
Compensation premium paid for 1929, together with 
a bonus of 124 per cent. on which Income Tax had 
already been paid, making a total of 32} per cent., be 
made to the present policy holders entitled thereto. 





In moving the adoption of the report, Sir Frederick 
Henderson, the chairman, said that a certain number 
of firms had retired from business owing to industrial 
depression, but the Association had nevertheless 
improved its position by adding 142 firms to its member- 
ship, with an annual premium income of approximately 
50,0001. This was the Association’s Jubilee, and no 
fewer than 50 firms were on its books that were there 
in 1881. During the 50 years of the undertaking’s 
existence, the aim of the management had been to 
render honest, faithful and efficient service, and their 
consistent striving to realise it had made the Associa- 
tion what it was—not only a mutual company with 
the largest Workmen’s Compensation premium income, 
but one which had the largest Workmen’s Compensa- 
tion premium income of any company, proprietory or 
otherwise. The report and accounts were adopted 
unanimously, 





At a meeting in Birmingham of the West Midlands 
Joint Industrial Council (Local Authorities), the 
Executive Committee recommended the adoption of 
the following scale of holidays in the district: one 
year’s service, eight days; two years’ service, nine 
days; three years’ service, ten days; four years’ 
service, twelve days; and that the existing provision 
as to pro rata holidays for less than twelve months’ 
service be continued. The recommendation was con- 
firmed, and the necessary instructions were given for 
its circulation to local authorities for adoption. Several 
Local Authorities in the area have already adopted the 
twelve-day maximum. 


The contributor of the editorial notes in the May 
issue of The Industrial Review, an official organ of the 
Trades Union Congress General Council, declares that 
the case for the workers in the wool industry is 
one ‘‘which cannot be impugned as a matter of 
economics, justice or common humanity, and is recog- 
nised as such by everybody who has taken the trouble 
to examine the facts of the situation. It would seem 
from the statements made in the capitalist Press that 
the employers fondly anticipate victory through the 
despair and consequent disloyalty of sections of the 
workers, and it is easy to perceive that they regard 
the fear of starvation as the factor most likely to count 
in the long run. No calculation could be less well 
founded, or more likely to do lasting injury to the 
industry ; and no action of the employers could have 
had a more immediate effect in rallying to the wool 
workers the support of their comrades in other 
industries.” 





A New York State Committee on “Stabilisation of 
Industry for the Prevention of Unemployment” has 
presented a preliminary report to Governor Roosevelt 
in which are suggested practical measures for relief in 
the present emergency and stabilisation proposals 
having for their object the eventual elimination of the 
causes of unemployment. ‘‘ The problem of irregular 
work,” the Committee says, “‘is one of the great social 
problems of'our time, and to aid in its solution is to 
help the cause of social betterment as effectively as by 











much more obvious philanthropic effort. The slump 
is not necessarily an act of Divine Providence, but « 
problem to be faced and worked out quite like othe: 
business problems. The present mass-production 
methods of American industry probably are here to 
stay, at least for many years to come; and the con- 
tinued success of large-scale production, of quick 
turnover, and instalment buying hinges upon steady 
employment for the individual. Unemployment is 
not only harmful from a social point of view, but 
wasteful and expensive from a business point of view ; 
and a man out of work is a drag upon his family, his 
community and upon industry itself, which might 
have kept him a consumer if he had been working and, 
therefore, able to buy in normal volume.” 





The May issue of the Journal of the National Asso- 
ciation of Heating, Ventilating, and Domestic Engi- 
neering Employers contains the terms of settlement of 
the demarcation difference which has troubled the 
industry for so long. The section concerned was that 
which deals with domestic hot-water services. The 
agreement is to last for six months from March 11, 
and is declared to be “‘ without prejudice to future 
discussion.” The parties to it are: the National 
Federation of Plumbers and Domestic Engineers 
(Employers), the National Association of Heating, 
Ventilating and Domestic Engineering Employers, the 
United Operative Plumbers and Domestic Engineers’ 
Association, and the National Union of Operative 
Heating and Domestic Engineers and General Metal 
Workers. Districts in which amity exists are to 
continue without alteration. Where a local under- 
standing is working between the parties, such under- 
standing is to remain undisturbed. Where disputes 
arise or are occurring, the domestic hot-water services 
are, during the currency of the agreement, and without 
creating a precedent, as nearly as possible to be halved 
on a capital value basis, and a Reference Committee 
of the parties is set up to determine (if difficulties 
should arise) the capital apportionment. Every effort 
is to be made by all the parties concerned to prevent 
disputes. The Reference Committee has, since the 
signing of the agreement, decided that where disputes 
arise the jobs shall be halved on the basis of labour value 
instead of capital value. 





The fourteenth session of the International Labour 
Conference, which opens in Geneva on June 10, is to 
discuss the question of hours of work in coal mines—on 
a report prepared by the International Labour Office. 
The report consists of two parts, namely, an analysis 
of the deliberations of the Preparatory Technical 
Conference, and a survey of the considerations on which 
the Draft Convention appended to the report has 
been based. The Draft Convention, which has been 
prepared by the Office, provides that in all coal mines 
work shall be so organised that the time spent in the 
mine by any worker does not exceed 7} hours in the 
day and 45 hours in the week. Provision is made, 
however, for a transitional period of three years, 
during which the time spent in the mine may be 
7} hours a day and 46} hours a week. 





The term “time spent in the mine”’ is defined as 
the period between the time when the worker enters 
the cage in order to descend and the time when he 
leaves the cage after reascending. Collective methods 
of calculating the time spent in the mine are recognised 
exceptionally, on the understanding that they shall 
be abandoned as soon as possible. Provision is made 
for the suspension of the Convention in certain cir- 
cumstances. The annual reports to be submitted 
under Article 408 of the Treaty are to be examined each 
year by a special committee consisting of one Govern- 
ment representative, one employers’ representative and 
one workers’ representative of each country ratifying 
the Convention. 





On May 12, the numbers of persons on the registers 
of Employment Exchanges in Great Britain were 
1,173,300 wholly unemployed, 468,500 temporarily 
stopped, and 97,700 normally in casual employment, 
making a total of 1,739,500. This was 27,504 more 
than a week before, and 634,838 more than a year 
before. The total on May 12 comprised 1,236,600 men, 
47,200 boys, 409,200 women, and 46,500 girls. 





On April 1, the United States Senate adopted an 
Act providing for a 44-hour week throughout the year 
for all labourers, helpers, skilled or semi-skilled workcrs 
and mechanics employed by the Federal Government, 
other than those employed in the postal service and the 
Government printing office. On Saturdays, the working 
day will be of four hours, and will be paid for as a jull 
day. Heads of departments may fix the half-day on 
another day than Saturday, if the nature of the work 
requires it. 
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THE EAST ENGLAND ELECTRICITY 
SCHEME. 


In accordance with Section 4 of the Electricity 
(Supply) Act of 1926, the Central Electricity Board, on 
May 7, published a scheme for East England,* which 
they had received from the Electricity Commissioners. 
This is the eighth scheme which has been published 
since the formation of the Board 34 years ago, the 
others covering Central Scotland, South-East Engiand, 
Central England, North-West England and North 
Wales, Mid-East England, North-East England and 
South-West England and South Wales.t There only 
remain to be published twu schemes for Scotland to 
complete the re-organisation contemplated. In other 
words, 72 per cent. of the total area of Great Britain 
has been covered. This area contains 97-5 per cent. of 
the population, and consumes 99-2 per cent. of the 
electricity sold. As usual, the scheme was accom- 
panied by a pamphlet of Supplementary Particulars, 
which gives details of the financial and technical data 
on which the scheme itself is based. We understand 
that the publication of the scheme has been delayed, 
owing to rival applications for distribution orders from 
the electricity undertakings in the area. Otherwise it 
would have been incorporated in the South-East 
England area, of which logically it forms a part. 





wash /f 


‘J 











OHUNTINGDON get 











REFERENCES. 
SS Boundaries of Areas. 
ae Principal Main 
Transmission Lines. 
--—. Secondary Main 
Transmission Lines. 
Generating Stations. 

@ (Selected) 

2 132,000 Volt i 
Transtornang Stations 
LowerVo Tr 7 

@ pir yi hing Stations’ tations. 

(2052) 





le 
‘ Zax : wast ' Fa : 







ENGINEERING. 


667 











48-2 million kw.-hours, or 61-kw.-hours per head of 
population. It is estimated that the sales will reach 
162-7 million kw.-hours in 1937-38 and 221 million 
kw.-hours in 1943-44, these figures representing 
206 kw.-hours and 280 kw.-hours per head of popu- 
lation, respectively, on the basis of the 1921 census. 
This development will, it is hoped, be realised, in spite 
of the fact that, at present, more than one-half the area 
is without a supply, by the erection of networks of 
secondary transmission lines radiating from Norwich, 
Yarmouth, Lowestoft, Ipswich and King’s Lynn, and 
through the activities of the East Anglian Electric 
Supply Company Limited. The main lines will form a 
ring with those in the adjoining South-East England 
district, so that continuity of supply should be secured. 

At the present time, there are eleven generating 
stations in the area, of which only two, those at South 
Denes (Yarmouth Corporation) and Thorpe (Norwich 
Corporation), have been selected. As far as possible, 
the base load will be dealt with at the first of these, 
owing to the low cost at which it can obtain its coal 
supplies. The remaining requirements will be met from 
Norwich and by the import of power, while King’s Lynn 
will continue to work under temporary arrangements. 
The plant now installed in the selected stations has a 
capacity of 42,750 kw. and extensions to it are con- 
templated as follows: In each of the years 1932-33, 
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The area dealt with covers 3,438 sq. miles and its 
extent is shown on the accompanying map, which also 
indicates the positions of the selected 132,000-volt 
transforming stations, when these are not at the selected 
stations, and of the lower voltage transforming stations, 
as well of the routes of the main and secondary trans- 
mission lines, The population of the area, at the last 
census, was approximately 788,880, representing an 
average density of 230 persons per square mile. The 
scheme itself specifies the area, the stations which are 
selected and the main transmission lines, which are to 
be erected by the Central Electricity Board. It also 
imposes on the owners of certain stations the obligation 
to work in accordance with the Board’s instructions as a 
temporary measure. The scheme is accompanied by 
four appendixes, The first of these describes the area. 
The second details the selected stations and the 
extensions which it is proposed shall be made to them. 
The third appendix gives the proposed routes of the 
principal and secondary transmission lines and the 
positions of the transforming stations, while the fourth 
gives a list of the stations which are to be worked under 
temporary arrangements. 

According; to the Supplementary Particulars, the 
maximum load in the area during 1928-29 was 26,059 
kw., and it is estimated that this will reach 61,225 kw. 
in 1937-38 and 82,500 kw. in 1943-44. During the 
first of these years, the electricity sold amounted to 





* East England Electricity Scheme, 1930. Price 
ls. 6d. net; Supplementary Particulars. Price 3s. 6d. 
net. London: H.M. Stationery Office. 

tT See ENGINEERING, vol. cxxiii, pages 584, 636 (1927) ; 
Vol. exxiv, page 464 (1927) ; vol. exxv, page 454, 811 
(1928); vol. exxvii, page 162 (1929); vol. cxxviii, 





page 22 (1929); and page 119, ante. 


1935-36 and 1939-40, a 15,000-kw. set will be installed at 
South Denes, and a similar set at Thorpe in 1941-42. 
Between now and 1943-44 it is proposed to withdraw 
9,000-kw. of plant, so that the total generating capacity 
in the area at the end of that period will be 93,750 kw. 

The transmission system which it is proposed to 
erect is clearly indicated on the accompanying map 
and need not be further described, except to say that 
the carrying capacity per circuit will not be less than 
50,000 kw. at 132,000 volts, and that the lines will be 
joined to the selected stations at Peterborough and 
Ipswich in the area of the South East England scheme. 
The system comprises about 131 circuit miles of line, 
the erection of which will result in the release for 
revenue-earning purposes of about 22,580 kw. of plant 
now kept as spare and representing about 383,860/. of 
capital. There are to be three 132,000 kv.-a. trans- 
forming stations with an aggregate capacity of 100,000 
kv.-a., and two lower voltage transforming stations 
with an aggregate capacity of 10,000 kv.-a. 

The cost of the extensions to the generating plant is 
given as 306,074/. It is also estimated that the cost of 
the transmission system will be 594,328/., and that the 
full advantages of the scheme can be secured with a 
distinct saving in capital and expenditure over what 
would be necessary if the present system were continued. 
The expenses of the Central Electricity Board are 
averaged at 0-075d. per kw.-hour and are to be capita- 
lised until the end of 1935-36. After that a sum of 
54,2061. is set down for capital charges. The expendi- 
ture of the Board is given as 193,745/. in 1931-32, 
506,137/. in 1932-33, 533,9751. in 1933-34, 563,344. in 
1934-35 and 594,328/. in 1935-36, including capitalised 
interest. The estimated expenditure and revenue of the 
Board indicate a progressive reduction in the cost of 


generation from 0-3187d. per kw.-hour in 1932-33 to 
0-2854d. in 1937-38 and a similar reduction in the 
| charge per kilowatt-hour for electricity sold to author- 
|ised undertakers from 0-4123d. in 1932-33 to 0-3769d. 
| in 1937-38. 
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GREEN AND SEASONED TIMBERS. 


| In testing timbers, when the results are to be employed 
|in the design of timber structures, it is desirable that 
the tests should be made on structural sizes. These, 
however, have the disadvantage not only of being 
costly, but also of giving results which represent the 
average of properties not necessarily constant through- 
out the length of timber tested, but varying to unspeci- 
fied extents in different specimens even of the same 
species, and, indeed of the same tree according to the 
nature and extent of the defects—knots, diagonal 
grain, checks, splits, &c.—they respectively contain. 
Apart, therefore, from their expense, the results of 
such tests are not comparable with each other, and 
for many purposes they must be supplemented by 
other tests made on specimens sufficiently small to 
be free from accidental defects such as those instanced 
above. In this connection it has been found, from 
tests on large specimens, that defects, such, for instance, 
as knots, of a given size, affect the strength of all 
species of timbers in much the same way. By making 
allowance for such defects in a given structural timber, 
it is therefore possible to infer its strength and to 
select timbers suitable for a specific purpose, on the 
strength of data obtained from small clear specimens 
free from defects. Such tests, moreover, can be 
used not only for comparing one species with another, 
but also for studying the effects of origin, treatment, 
and other elements of life history on timbers of the 
same species. Accordingly, an important part of the 
work of the Forests Products Research Laboratory in 
timber mechanics is being directed to accumulating 
a large number of these tests on small, clear specimens. 
An account of the methods used in these tests has 
already been given in these columns.* The mechanical 
tests adopted for this purpose are in all respects similar 
to those used at various laboratories throughout the 
Empire, and in the United States of America, so that 
the results are directly comparable with those of what 
already are upwards of two million tests made elsewhere. 

A second progress report which has now been pub- 
lished on the results obtained in respect to the mech- 
anical and physical properties of British-grown timberst 
brings the tables and tests published in the first progress 
report up to the present time. The previous report 
dealt with five home-grown timbers in the green condi- 
tion, viz. ash, Douglas fir, European larch, Corsican pine, 
and Scotch pine, and the nine species of which consign- 
ments have since been investigated included beech, 
common elm, Dutch elm, and oak, in addition to 
several consignments of species already included, but 
grown in different parts of the country, thus providing 
data in regard to the effect on mechanical properties of 
the circumstances of growth. Of these 14 consignments, 
11 were tested in the seasoned (air-dried to 12 per cent. 
of moisture) condition, as well as green. Each consign- 
ment consisted of five or more trees of a single species, 
identified with great care to avoid the inclusion of 
hybrids. The general local conditions, including 
elevation, aspect, soil and vegetation, together with 
the time of year at which the tree was felled, its age, 
diameter and height, are given in the report, and 
a record is made for reference showing the orientation 
in the growing tree of the sticks from which the speci- 
mens were cut. The sticks were divided into two 
groups, which were both side and end matched, so that 
the tests on green and seasoned timbers were strictly 
comparable. The extent of work involved in obtaining 
the data may be inferred from the fact that over 
12,000 tests were required for the purposes of the 
results included in this report, and details are given of 
the number of tests of each kind applied to each con- 
signment in the green and in the air-dried condition, 
so as to give an indication of the degree of authority 
to be attached to each result. 

The trees were taken from various parts of England 
and Scotland, at elevations lying between sea level 
and 1,000 ft. above it. They ranged in age from 
47 years for a Douglas fir to 194 years for a common 
elm; in diameter at breast height from 9 in. for a 
European larch to 54 in. for a common elm; and in 
height from 43 ft. for a Dutch elm to 120 ft. for a 
Douglas fir. The mechanical tests applied were for 
static bending, impact-bending, compression parallel 
to grain and perpendicular to grain, hardness, shearing 
parallel to grain, cleavage (resistance to splitting), and 
tension perpendicular to grain. 














* See ENGINEERING, vol. cxxviii, page 487, et seg. (1929). 
+ Department of Scientific and Industrial Research, 
Forest Pretest Research, Project No. 1, Progress Report 
No. 2. Tests of Some Home Grown Timbers in their Green 
and Seasoned Conditions. H.M. Stationery Office. Price 





ls. net. 
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the six consignments of conifers, the 


weakest under most tests was the Corsican 
pine from Norfolk, though the same species 
grown in Hampshire was the strongest 
both in the green and in the seasoned 
condition, and investigations are now in 
progress with the object of showing up 
possible structural differences. The in- 
crease in strength produced by seasoning 
may be only slight, or may run up to as 
much as double or more, according to 
either the species or the test. Almost 
always, however, seasoning not only did 
not increase but actually caused some re- 
duction in the resistance to impact bend- 
ing, to cleavage, and to tension perpen- 
dicular to the grain. With one exception, 
in fact, seasoning never produced any 
great increase in resistance to these tests, 
while the results from five consignments, 
covering several species, showed consider- 
able reduction. 
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The most notable feature of these results is that they | ; : 
GRAVITY BOAT DAVIT. 


afford, for the first time, an opportunity of comparing | 
THE gravity boat-davit which we illustrate in 


the properties of home-grown timbers in the green and | 
in the air-seasoned conditions. A difficulty in obtain- | 

ing uniform results with oven-dried material has made | Figs. 1 to 7 on this and the opposite pages and 
it necessary to postpone calculating results based on | which is known as the Taylor gravity davit, is note- 
the dimensions of oven-dried timbers until a suitable | worthy as combining a luffing motion with the out- 
method of drying has been standardised. In the | board rolling motion commonly associated with the 
meantime, the comparison of the mechanical properties | gravity method of launching. It has been recently 
of the green and the air-seasoned timbers show some | introduced by Messrs. Samuel Taylor and Sons (Brierley 
interesting results, which have a high value because | Hill), Limited, Brierley Hill, Staffs, and was first 
the closeness with which each pair of specimens (green | fitted to the Union-Castle Line motorship Llangibby 
and air-seasoned) is matched enables the results to be | Castle. A characteristic of the davit, as will be evident 
interpreted without any allowance having to be made | from the figures, is its simplicity of construction. This 
for structural differences within the species. For the | is, in part, attained by the use of steel plates and 
most part, the effect of seasoning is seen to be to | rolled sections, castings being entirely dispensed with. 
increase the strength of ‘timber by whatever test it is | It will be necessary to examine Figs. 1, 2 and 3 together 
measured. The extent of this increase, where it occurs, |in order to understand both the construction and 
varies very widely, both with the species and the test | working of the davit. The lifeboat does not rest 


applied, and remarkable variations appear on com-| upon chocks but is suspended, when in a stowed 
paring the results of the same species grown in different | position, by solid links from the luffing arm and lashed 
localities and circumstances. 


Thus, for example, of | inboard by gripe gear of a somewhat conventional 
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type. The luffing arm is of hollow rectangular 
section and has an approximately L-shaped contour. 
It is hinged near its lower end, between the sides of 
a carriage made of steel plate and of roughly-triangular 
outline. The carriage runs upon three pairs of 
flanged rollers, two pairs of which engage with the 
upper side of the channels forming the tracks, and 
the third with the lower side. The latter pair take 
the tilting moment due to the weight of the boat. 

The lower end of the luffing arm also carries a pair 
of rollers which normally run inside the channels of the 
tracks as shown in Fig. 2. When in this position, the 
arm is virtually locked to the carriage and, being 
retracted, the weight of the boat is taken directly on 
the jaw at its outer end. This is clearly shown in 
Fig. 1, in which the course of the lowering rope from 
the boat to the winch can also be traced. The arm, 
as already stated, is held in position by the rollers on 
its lower end, and, therefore, the only pull upon the 
rope of any importance is that of the component of 
the weight of the boat and carriage tending to make 
them slide down the trackway. As long as the gripe 
gear, which also holds the carriage in place by a 
trigger, is in position, it follows then that the rope 
can be removed for examination or replacement 
without disturbing the boat. 

In launching the boat, an operation shown in Fig. 3, 
the gripe gear having been released and the carriag> 
tripped, the latter commences to roll down the track 
with a constantly accelerating motion, until it reaches 
a point where the lower flanges of the track channel 
are cut away. The luffing arm is then automatically 
released from its fixed position relative to the carriage, 
due to the rollers on the bottom end leaving the track, 
and the arm, by the weight of the boat, swings outboard 
as shown, transferring the weight to the rope. The 
speed of the arm and the boat increase as the arm 
swings over to its extreme position, while that of the 
carriage is checked. This deceleration of the carriage 
takes place with remarkable smoothness and it pulls 
up in its final position without shock or jar. The load 
on the rope due to the weight of the boat is almost 
constant, as the angle it makes between the top pulley 








of the luffing arm and the top pulley of the carriage 
is about the same on each side of a horizontal centre 

















ilar 


es 
el 
ly 


e, 
he 


ye 








MAY 23, 1930.] 


ENGINEERING. 





669 








GRAVITY BOAT DAVIT AND WINCH. 
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line through the latter. This is a valuable feature, as 
it is not necessary to make provision for a sudden 
increase in the pull of the rope. 

The central disposition of the rope pulleys relative 
to the track eliminates any tendency to twisting during 
either launching or hoisting inboard. There are, of 
course, two tracks per boat and these may be made 
independent of the ship’s structure ; that is, they are 
not an integral part of it, and can, therefore, be added 
or removed as desired. The separation of the carriage 
and luffing arm from the track is effected by removing 
the bottom pair of rollers from the carriage and the 
pair from the arm. This permits all the moving parts 
to be lifted off the tracks. It should be noted that the 
rollers of the carriage are on through axles and are 
not overhung. Lubrication is carried out by the use 
of a grease gun, which is coupled to the various points 
concerned by a nipple so designed that there is only a 
minimum of projection. The rope pulleys on the 
luffing arms and those at the top of the carriage, which 
are likely to be neglected on account of their position, 
are fitted with roller bearings, the others on the carriage 
and those of the tracks are fitted with self-lubricating 
Senet a system of a reservoir with felt pads being 
used, 

The proper working of a gravity davit depends largely 
upon the employment of a suitable winch. In the 
examples illustrated in Figs. 1 and 3 this is placed 
below the boat. The tracks are supported at their 
inner ends by a deck house, but when a clear passage 
way is required under the tracks, the winch is situated 
on the top of the deck house. This is the arrange- 
ment generally preferred, but there are cases in 
which no deck houses are available. Where this is 
so, the method shown in Fig. 7 is adopted, the 
tracks being supported by carrying their inner 
ends on vertical columns connected by a cross 
girder. The winch may be either hand operated or 
electrically operated. An example of the latter is 
shown in Figs. 4 and 5. The frame is made of steel 
plates, the bearing shells, which are lined with phosphor 
bronze, being bolted to them as shown in Fig. 6. 
In the latest type of winch, however, ball bearings 
mounted in steel housings are fitted throughout. 
Steel spur gears with machine-cut teeth are employed 
throughout and the whole of the mechanism, including 








INSTALLATION ON M.S. “ LLANGIBBY CASTLE.” 


arrangement by which the two drum shafts can be 
safely rotated independently when adjusting the 
length of ropes either when they are new or have 
stretched unequally. 

The first-mentioned device is particularly valuable 
in the case of an emergency, as the speed of the descent 
is determined by an automatic controlling brake, and is 
thus not liable to become excessive if the gear is 
carelessly handled. The brake, which is of the 
centrifugal type, is mounted on the second shaft and is 
wholly enclosed. It can be seen at the left hand of Fig. 6. 
The main brake is shown at the right hand of the figure. 
It is of the band type, the load being applied by a 
weighted lever. The Board of Trade regulations lay 
down that in a boat-lowering winch the main brake 
shall be such that it must always return to its “on” 
position immediately it ceases to be held by hand in 
the ‘‘ off” position. With a brake of the ordinary 
type constructed to meet this requirement, it is 
necessary to hold the brake off while the load is being 
hoisted. This is not always easily effected, particularly 
in those cases where, in an electrically-operated winch, 
the controller is placed on a lower deck than the winch. 
Messrs. Taylor have surmounted the difficulty by the 
ingenious connection of the brake drum to the second 
shaft through a ratchet and pawl mechanism. This 
is seen on the right-hand of Fig. 6, and works in 
an oil bath. When the boat is being lowered, the 
brake can be used in a normal manner by relieving 
the band of the pressure due to the weight to any 
extent desired, though excessive speed is prevented 
by the automatic brake previously referred to. It is 
unnecessary to release the brake when the boat is 
being hoisted. 

The second of the two special features previously 
mentioned consists of provision for sliding the pinion 
on the third shaft out of gear with the spur wheels on 
the rope drums. This shaft, as shown in Fig. 4, is 
between the two drums, and, by disconnecting it from 
them, each can be adjusted independently of the 
other to correct any differences in the lengths of the 
two ropes. The operation of sliding the shaft along is 
no more than is met with in gear-changing in many 
machines, but it is necessary to prevent the possibility 
of the pinion being left out of gear, in which case the 





boat would fall without any sort of check upon it 


the motor, is enclosed within movable water-tight | immediately the gripes were slipped. The third shaft 
covers of steel, Messrs. Taylor considering this method | has, accordingly, been made with a collar which bears 


of construction to be more satisfactory as it provides 
complete accessibility. Two important features of the 
Taylor winch are a device for controlling the lowering 
cf the boat at any pre-determined speed, and an 


| 





hard up on the bearing shell on the side frame remote 
from the pinion when the pinion is in gear. To slide 
the shaft along then, together with the attached 
pinion, it is necessary to remove the bearing completely, 


and as it must be replaced when reassembling the 
machine, the shaft must be pushed back into the correct 
position, and the danger of leaving the pinion out of 
gear is eliminated. 





THE ROYAL METEOROLOGICAL 
SOCIETY. 


THE usual monthly meeting of the Royal Meteoro- 
logical Society was held on Wednesday, April 16, in 
the Society’s Rooms, 49, Cromwell-road, South Ken- 
sington, Mr..R. G. K. Lempfert, C.B.E., M.A., Presi- 
dent, being in the Chair. The two following papers were 
discussed :—‘‘ The Electric Field of Overhead Thunder- 
clouds,” by S. K. Banerji, D.Sc. Changes in the electric 
field produced by eighteen thunderclouds during their 
passage over the Colaba Observatory in 1929 were 
discussed in the paper. The observations suggested 
that the majority of them were of the unitary type, 
and had their front part negatively charged, the central 
part positively charged, and the rear negatively 
charged. A few were of the double type and pro- 
duced changes in the field as if two thunderclouds of 
unitary type had passed over in succession. In those 
thunderclouds which caused heavy rainfall, fluctuations 
in the central positive field, sometimes very rapid and 
violent, were found to occur on account of loss of 
charge by rainfall, or increased concentration of positive 
charge owing to increased vertical current, in agree- 
ment with the breaking-drop theory. The monsoon 
clouds produced an electric field which was pre- 
eminently negative during periods of rainfall. The 
observations appear to support the breaking-drop 
theory of the origin of electricity in non-thunderstorm 
rain. 

“The Great Siberian Meteor and the Waves, Seismic 
and Aerial, which it Produced,” by F. J. W. Whipple, 
D.Sc. On June 30, 1908, a great meteor fell in Siberia, 
probably the largest meteor which has fallen in 
historic times. The blast of air produced by the meteor 
devastated the forests over an enormous area. 
Russian scientist, Leonard Kulik, explored the region 
in 1927, and found the numerous holes in which, it is 
presumed, the fragments of the original meteor are 
buried. Although the descriptions of eye-witnesses 
are very vague, the time at which the meteor fell can 
be determined accurately, for the impact of the meteor- 
ites caused seismic waves which were recorded at four 
observatories. The most distant of these observatories 
was Jena. Remarkable waves recorded by sensitive 
barographs in England on June 30, 1908, were dis- 
cussed by Dr. W. N. Shaw at the time ; the coincidence 
of date was noticed by Mr. C. J. P. Cave in 1929, and 
it is now clear that the air waves were produced by the 
meteor. The waves took five hours to travel from 
Siberia to England, the velocity being a little greater 
than that of the waves due to the famous eruption 
of Krakatoa. In a written contribution to the discus- 
sion of Dr. Whipple’s paper, Mr. Spencer Russell 
recalled the unusual sunset effects which were observed 
on the Continent and in England on June 30, 1908, and 
the succeeding nights. As seen from Epsom the 
northern sky was of a suffused red hue varying from 
pink to an intense crimson. On the night of July 1 
and July 2, twilight was prolonged to daybreak, and 
there was no real darkness. 


APPLIANCES IN CANADA. 


THERE has been much discussion in recent years as to 
the effect of the operations of the Chicago Fire Under- 
writers’ Testing Laboratory on the market in Canada for 
British-made electrical appliances, and it is of interest to 
note that in the last few months the tendency has been 
for the material used in Canada to be submitted not to 
Chicago but to the testing laboratory of the Ontario 
Hydro-Electric Power Commission. The difficulty in 
the way of marketing British electrical appliances has 
not, of course, always been connected with the question 
of approval for the actual appliance itself; sales 
problems also arise when there is a question of fitting 
imported equipment with other material of North 
American manufacture. 

Ten years ago, Ontario adopted legislation making 
the approval of electrical apparatus and electrical 
inspection compulsory in the Province. Two years ago 
Quebec took similar measures, and a year later Sas- 
katchewan followed suit. It has now been officially 
adopted in six Provinces, Alberta having recently 
come into line, while it is approved by special bodies 
such as the Western Canada Underwriters’ Association, 
whose jurisdiction extends over Manitoba, Alberta and 
Saskatchewan. The Canadian Electrical Code, to 
which we have often referred, now makes it possible 
for all the Provinces to be covered by one type of 
appliance, andtesting laboratories are likely, before long, 
to be set up by the National Research Council at 





Ottawa. In the meantime, much of this kind of work 
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is being carried out by the Ontario Hydro-Electric 
Power Commission at Toronto, whose staff visits 
factories in approximately 57 places in Canada and 
81 in the United States. 

The testing department of the Commission was 
established three years after that body began to supply 
power, although the building was not erected until 
1913, being enlarged in 1917-18. In 1917, the capital 
investment in the laboratory was 46,000 dols., and in 
1919 it had risen to 136,000 dols. It is now 195,000 
dols. The cost of operation last year was 158,000 dols., 
64 persons being employed. In the testing laboratory 
17 persons are employed, but inspectors are sent out to 
upwards of seven hundred different factories in North 
America, as the stamp of the Commission has now 
achieved very wide recognition. Much work is also done 
in connection with the inspection of component parts 
of machines or structures, as well as of materials 
for concrete and other necessary elements in power 
installations. The department is also concerned with 
engineering research, as well as in various branches of 





Mr. Jonn Ernest Rawortu, whose death, we 
regret to record, occurred in St. Thomas’s Hospital, 
London, on Wednesday, May 14, had had both a 
direct and an indirect connection with ENGINEERING 
for many years. In 1905 he became associated with 
the late Sir W. Lloyd Wise as the compiler of the 
ENGINEERING Illustrated Patent Record, and since 
1910 has continued to contribute that useful feature 
to our columns. In later years he has been assisted 
in that work by his partner, Mr. E. W. Moss. His 
indirect connection was that he was the nephew of 
the late Mr. B. A. Raworth, who was for many years 
joint-editor of this journal. He bore a remarkable 
facial resemblance to his uncle, and had many personal 
characteristics in common with him. 

Mr. Raworth was born at Chesterfield on October 5, 
1876, and received his early education at the Southport 
Grammar School and the Grocers’ Company School, 
Hackney, London. He then proceeded to the Northern 
Polytechnic, where he went through a course of engi- 
neering training and subsequently attended classes 
at the Regent Street Polytechnic and at Finsbury 
Technical College. It is not easy to say a great deal 
about the useful professional life which followed, for 
during the whole of the remainder of his career he 
acted as a patent agent. He was articled to Messrs. 
Lloyd Wise and Company, and remained in their 
service until he joined Mr. J. G. Lorain in 1905. Very 
shortly afterwards, however, he commenced practice 
on his own account and from the very beginning 
specialised in electrical work, a branch of science and 
engineering which even then, and obviously to a still 
greater degree in later years, has attracted a great 
deal of attention from inventors. In 1919 he entered 
into partnership with Mr. E. W. Moss, the practice 
being subsequently carried on under their joint name. 

Mr. Raworth was a Fellow of the Chartered Insti- 
tute of Patent Agents and had served on the Council 
of that body. He was also a member of the Verband 
Deutscher Patentanwilte, and an associate of the 
Institution of Electrical Engineers. 








INSTITUTION OF ELECTRICAL ENGINEERS: SovuTH 
MIpLAND CENTRE.-—The summer meeting of the South 
Midland Centre of the Institution of Electrical Engineers 
will be held on July 2 when a visit will be paid to the 
hydro-electric plant of the North Wales Power Company, 
Limited, at Maentwrog, Merionethshire, North Wales. 
The party will lesve Snow Hill station, Birmingham, 
at 9.20 a.m. and will arrive back at that station at 
9.55 p.m. on the same day. Members intending to 
take part should communicate with the honorary 
secretary of the Centre, Mr. H. Hooper, 65, New-street, 
Birmingham, not later than June 12, 

Personal.—Messrs. Burton, Griffiths and Company, 
Limited, have erected new and larger headquarters and 
demonstration rooms at Montgomery-street, Sparkbrook, 
Birmingham.—On May 7, Major W. H. C. Coates, of 8, 
St. James’s-square, 8.W.1, terminated his engagement 
with Messrs. The English Electric Company, Limited, 
with whom he had been connected since their inaugura- 
tion in 1919.—Mr. H. Nimmo, electrical inspector and 
adviser to the Government of Burma, has been appointed 
chief engineering inspector of the Electricity Commission, 
in succession to Col. T. C, Ekin, who has retired under 
the age limit.—Messrs. Joseph Adamson and Company, 
Hyde, Cheshire, have purchased the goodwill of Messrs. 
Thomas Beeley and Son, Limited, Hyde Junction Iron 
Works, near Manchester, together with their patterns, 
drawings and other records of their past work.—Owing 
to the continued expansion of their business, the licensees 
for France, Switzerland, and the Netherlands, of Messrs. 
Wild-Barfield Electric Furnaces, Limited, Holloway, 
London, N.7, namely, La Compagnie Frangaise “‘ Wild- 
Barfield,’’ have recently taken extensive new premises 
at 110, Avenue du Général Michel Bizot, Paris.—Mr. 


H. T. Tizard is to succeed Sir J. J. Thomson as President | Kelly's Directory of Merchants, Manufacturers, and Shippers 


of the Association of Special Libraries and Information 
Bureaux, in September next, 





TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, S.W.1, particulars | 
of tenders invited by various bodies in the British | 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained | 
on application to the Department at the above address, | 
the reference number given being quoted in each case. | 


Portable Ventilating Sets.—The supply of three port- | 
able ventilating sets capable of extracting 130 cub. metres | 
(4,591 cub. ft.) of free air per minute. Main Drainage 
Department, Egyptian Ministry of Public Works, Cairo ; 
June 21. (Ref. No. A.X. 9589:) | 


Electric Pumping Stations.—The supply and erection | 
of 15 electric pumping stations, complete with pumps, | 
motors, switchgears and pump houses at the isolated 
basins between Esna and Aswan. The Mechanical and | 
Electrical Department, Egyptian Ministry of Public | 
Works, Cairo; August 17. (Ref. No. A.X. 9594.) | 


Motor Watering Cart.—The supply of a motor watering | 
cart of a capacity of 2,500 litres, together with a pumping | 
device for filling. A firm in Sarajevo, Yugoslavia; | 
June 5. (Ref. No. A.X. 9597.) | 


Electric Gas Compressors.—The supply of two electric- | 
ally-driven gas compressors with a minimum hourly 
capacity of 20,000 cub. metres (706,330 cub. ft.) of gas 
at a pressure of one metre water column. Copenhagen 
Lighting Department, Denmark; June 12. (Ref. No. 
A.X. 9598.) 


Road Roller.—The supply and delivery of one 12-ton 
motor-driven road roller of the three-wheeled type. 
Municipality of Alexandria, Egypt; June 17. (Ref. No. 
A.X. 9608.) 

Locomotive Boilers—The supply of 24 locomotive 
boilers, with copper fireboxes. The South African Rail- 
ways and Harbours Board, Johannesburg; June 5. 
(Ref. No. A.X. 9620.) 














BOOKS RECEIVED. 


Aeronautical Research Committee. Reports and Memo- 
randa. No. 1217. Conditions for the Prevention of 
Flexural-Torsional Flutter of an Elastic Wing. By 
R. A. Frazer and W. J. Duncan. [Price 9d. net.] 
No. 1268. Experiments Relating to the Flow in the 
Boundary Layer of an Airship Model. By L. F. G. 
Smmmons. [Price 6d. net.] No. 1276. The Effect of 
Span on Aircraft Performance. By W. G. Jennings. | 
[Price ls. net.] No. 1282. Full-Scale Experiments on 
High Tip Speed Airscrews. Comparative Performance 





Trials of Three Airscrews of Different Sections. By 
W. G. Jennines. [Price 6d. net.] London: His 
Majesty’s Stationery Office. 

Betriebsmittelkunde fiir Chemiker. By M. Dotcu. 


Leipzig: Otto Spamer. [Price 18 marks.] 

United States Bureau of Standards, Research Paper 
No. 129. Reliability of Fusible Tin Boiler Plugs in 
Service. . R. FREEMAN and Others. [Price 
10 cents.] Circular No. 380. Architectural Acoustics. 

5 cents.] Washington: Government Printing 

ce. 

Eisenverbrauch und Wirtschaftlichkeit im Eisenbetonbau. 
By Dr.-Ing. E. Rowe. Berlin: Wilhelm Ernst und | 
Sohn. [Price 8 marks.] 

Willing’s Press Guide 1930. London: Willing Service. 
[Price 2s. 6d. net. ] 

Directory of Paper Makers of Great Britain and Ireland, 
1930. London: Marchant Singer and Company. 
[Price 5s. net.] 

Proceedings of the Institute of British Foundrymen. Vol. 
XXII. 1928-29. Manchester: Offices of the Insti- 
tute. 

United States Bureau of Mines. 
of the United States, I1:25. Natural Gas in 
1928. By G. R. Hopkins and H. Backus. [Price 
5 cents.] Bulletin No. 316. Commercial Possibilities 
of the Texas-New Mexico Potash Deposits. By J. 8. 
Wrotn. [Price 25 cents.] Technical Paper No. 474. 
Accidents at Metallurgical Works in the United States 
During the Calendar Year 1928. By W. W. Anas. 

[Price 10 cents.] Washington: Government Printing 

Office. 

Ohio State University. Engineering Experiment Station. 
Bulletin No. 54. Cold Crushing Strength of Fire 
Brick. By H. K. Mrrra. [Price 25 cents.] Circular 
No. 20. A Decade of Progress in Highway Research. 
By F. H. Eno. Columbus: Ohio State University. 

Mines Department. Safety in Mines Research Board. 
Paper No. 58. Steel Pit Props. By T. ASHLEY and 
Others. London: His Majesty’s Stationery Office. 
[Price ls. net.] 

Department of Scientific and Industrial Research. 
Report of Test by the Director of Fuel Research on the 
“* Babcock’ Low-Temperature Carbonisation Plant 
Installed at the Dunston Power Station of the Newcastle- 
upon-Tyne Electric Supply Company, Limited. Test 
carried out June 25 to 30, 1929. London: His Majesty’s 
Stationery Office. [Price 9d. net.] 

Department of Scientific and Industrial Research. Index 


Mineral Resources 


to the Literature of Food Investigation. Vol. I. No. 2. 
September, 1929. Compiled by E. GLENNIE. 
London: His Majesty’s Stationery Office. [Price 


2s. net.] 

Ministero det Lavari Pubblici. Ufficio Idrografico del Po. 
Contributo allo Studio del Trascinamento dei Materiali 
Nell’Alveo dei Torrenti. By Proressor Ine. M. 
Gianpotri1. Parma: Ufficio Idrografico del Po. 


Vols. [and II. London: Kelly’s 


of the World, 1930. 
[Price 64s. post free. ] 


Directories, Limited. 





| steel billets (hard), 87. 2s. 6d. ; steel rivets, 110. 5s. ; 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business is extremely 
quiet and the outlook is regarded as gloomy. Buyers are 
more disinclined than ever to negotiate for forward 
supplies, and business is chiefly confined to transactions 
in small lots to cover early needs. Quantities of Cleve- 
land pig stored at makers’ yards are hardly incon- 
veniently large, but are greater than ironmasters care to 
carry and are not likely to be reduced. Second hands 
have little Cleveland pig to offer, but are selling occasional 
parcels of Midland iron for consumption in this district. 
Most of the limited make of Cleveland iron is still used 
at producers’ own consuming works. A few small home 
sales are reported, but trade with firms in Scotland and 
overseas is almost at a standstill. No. 1 Cleveland is 
70s.; No. 3, g.m.b., 67s. 6d.; No. 4, foundry, 66s. 6d. ; 
and No. 4 forge, 66s, 

Hematite.—East coast hematite iron is abundant. 
Recent curtailment of make has tempted producers to 
endeavour to take a rather firmer stand, but stocks are 
heavy and output is still excessive. Merchants are still 
keen sellers and are offering iron at rates below those asked 
by manufacturers. Home demand is on a disappointing 
scale, and export inquiries have dwindled to almost 
vanishing point in face of the comparatively low figures 
at which Continental hematite is offered to consumers 
abroad, Makers’ quotations for East coast hematite 
are based on ordinary qualities at 74s. 

Foreign Ore.—Foreign ore is inactive. Not only are 
consumers off the market, but they are very unwilling to 
add to their already large stocks by accepting deliveries 
against running contracts. The nominal price of best 
rubio is 21s., c.i.f. Tees. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful and very slow of sale. Local users look for 
further fall in values and are not disposed to negotiate 
for forward supplies. Good medium qualities are on 
sale at 17s. 3d., delivered to works in this area. 

Manufactured Iron and Steel.—Conditions in the various 
branches of manufactured iron and steel are little 
altered. Inquiries for one or two descriptions of material 
are just a little better, but actual business matures very 
slowly. Works are in need of better specifications for 
heavy steel. Sheets are selling rather more readily than 
of late. Quotations remain steady. Common iron bars are 
101. 15s. ; best bars, 117. 5s. ; double best bars, 117. 15s. ; 
treble best bars, 12/. 5s. ; iron rivets, 11/7. 10s.; packing 
(parallel), 8/2.; packing (tapered), 10/.; steel billets 
(soft), 62. 15s.; steel billets (medium), 7/. 12s. 6d. ; 
steel 
ship plates, 8/. 15s. ; steel angles, 8/. 7s. 6d. ; steel joists, 
8l. 10s.; heavy sections of steel rails, 8/. 10s.; fish 
plates, 12/. 10s.; black sheets (No. 24 gauge), 9/. 15s. ; 
and galvanised corrugated sheets (No. 24 gauge), 121. 








Tue INSTITUTE OF TRANSPORT.—A congress and sumn- 
mer meeting of the Institute of Transport will be held 
at Glasgow from July 8 to 12 next. On the mornings 
of July 8, 9 and 10 three papers will be read and 
discussed, namely, “‘ Railway Amalgamation and its 
Effect on the Workshops,’ by Mr. E. J. H. Lemon, 
‘*“The Economics of Port Development and Administra- 
tion,” by Sir G. C. Buchanan, and ‘‘ Long-Distance 
Omnibus Services—their Place in the National Scheme 
of Transport,” by Mr. W. J. Thomson. In the after- 
noons of these three days visits will be paid to locomotive, 
carriage, shipbuilding and motor-car works in Glasgow 
and neighbourhood. On Friday, July 11, there will be 
an all-day cruise on the Firth of Clyde in the new London, 
Midland and Scottish Railway turbine steamer Duchess 
of Montrose. An excursion to the Forth Bridge and 
Edinburgh has been arranged for July 12. Members 
are requested to acquaint the secretary of the Institution, 
15, Savoy-street, Victoria Embankment, London, W.C.2, 
of their intention of being present at the meeting not 
later than June 2. 





Joint MEETING OF BRITISH AND GERMAN SOCIETIES 
oF Guass TEcHNOLOGy.—The next meeting of the 
Society of Glass Technology will be held jointly with the 
Deutsche Glastechnische Gesellschaft from May 26 to 
June 3. The visiting delegation will be welcomed at 
Sheffield on May 26, and between that date and June | 
will undertake a programme of works visitation and 
social engagements. The visits will cover Sheffield, 
Chesterfield, Castleford, Knottingley, St. Helens, Stour- 
bridge, and the London district. Joint meetings of the 
technical committees of the societies will be held on 
June 2, and the general session for the reading and 
discussion of papers will follow on June 3 at the Institu- 
tion of Mechanical Engineers, Storey’s-gate, London, 
S.W.1. The programme will comprise ‘‘ The Structure 
of Silicates,’”’ by Professor W. L. Bragg; “A Study of 
the Chemical Reactions in the Making of Soda-Lime- 
Silica Glass,” by Professor W. E. 8. Turner; ‘‘ Some 
Experiments on the Cascade Method of Melting Glass, 
by Mr. T. C. Moorshead; ‘“ Volatilisation from Soda- 
Lime-Silica Glass,’ by Mr. H. W. Howes; “ Influence of 
Thermal History on the Properties of Glass,”’ by Dr. E. 
Berger; ‘‘Currents and Temperatures in the Glass 
Tank,” by Professor G. Gehlhoff ; “Development and 
Trend of Mechanical Production of White Hollow Glass- 
ware; Production of Hollow Glass without Mouthpiece, 
by Dr. A. Wendler; and ‘“ On the Theory of the Consti- 


tution of Glass,” by Professor E. Zschimmer. Full 
particulars regarding the meeting may be — 
arnall- 


from the Secretary, Society of Glass Technology, 
road, Attercliffe, Sheffield. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—It is difficult to estimate whether, as a 
whole, the local steel and engineering trades are making 
headway or are falling back. Here and there marked 
activity is found, but, on the other hand, there are 
numerous instances where substantial concerns have 
curtailed output following a busy period. The latest 
returns from bulk iron and steel works show that, while 
output during the past year reached something like 
record proportions, profits were extremely meagre. 
This, of course, reflects the keen competition for new 
business that has prevailed not only among British 
makers, but abroad. The difficulties of the current 
position are indicated by bankers’ clearing house returns, 
which show a fall for the week ending Saturday last of 
approximately 100,0007. as compared with the corre- 
sponding week last year, while the aggregate clearings 
for the current year are down by over 2,000,000/. as 
against those for the relative period in 1929. While the 
older industries in this neighbourhood have benefited 
from machinery de-rating and reduced railway rates on 
certain materials, production costs are still abnormal 
as compared with those of foreign rivals. The Sheffield 
Chamber of Commerce has just issued a warning state- 
ment urging that it is impossible for British industry to 
continue to shoulder the present excessive burdens and 
hope at the same time to retain its prominent position 
in the world’s markets. The statement adds: ‘“‘ Without 
a considerable curtailment of national expenditure 
conditions are likely to go from bad to worse, until the 
day arrives when the possibility of a general industrial 
revival is out of the question. The present path is slowly 
but surely leading to disaster, involving all classes of 
the community.”’ Bulk buying is still needed in the 
basic iron and steel trades. Although production has 
been curtailed, outputs are sufficient to meet current 
requirements. Buyers are pressing for reductions in 
iron and steel quotations, but there is no official move- 
ment inthis direction. The latest official prices are as 
follow :—Siemens acid-steel billets, 97. 10s.; hard basic- 
steel billets, 9/7. 28. 6d. to 91. 12s. 6d.; medium hard 
basic-steel billets, 7/7. 12s. 6d. to 81. 2s. 6d.; soft basic- 
steel billets, 67. 10s.; Lincolnshire foundry pig iron, 
75s. 6d. ; Derbyshire foundry pig iron, 73s. 6d. ; Derby- 
shire forge iron, 69s. 6d.; crown iron bars, 11J.; steel 
hoops, 9/. 10s. to 10/.; iron hoops, 12/.; basic-steel scrap, 
55s. The season in agricultural steel makes slow progress. 
Firms that are usually busy with advance bookings at 
this time of the year for ledger plates and all kinds of 
cutters and knives, have thin order books, though early 
developments are expected. A contraction in output of 
colliery by-product plant is also reported. Useful 
contracts have this week been booked from Government 
Departments. These include bullet-proof plates and 
steel bars for the War Office, crankshafts for the Admi- 
ralty, pipes and steel tyres for the Crown Agents for 
po Colonies, and electrical equipment for the Post 

ice. 


South Yorkshire Coal Trade.—A somewhat brighter 
tone prevails. Better business is in prospect on export 
account, though the alteration of the subsidy appears 
to have had a disturbing influence. The demand for 
prompt business, however, shows an improvement. On 
the whole, supplies are ample to meet all needs. Inland 
business is overshadowed by the weight of stocks existing 
at colliery sidings and in depéts. Gas coal is a somewhat 
more active market, and the demand for best quality 
house coal is a shade better, though in both instances 
stocks are held. A moderate business is being done in 
furnace and foundry coke, with prices on the easy side. 
Quotations :—Best branch hand-picked, 25s. to 26s. ; 
Derbyshire best brights, 20s. to 22s.; Derbyshire best 
house, 19s. to 20s.; screened house coal, 17s. to 19s. ; 
screened nuts, 15s. to 17s. ; Yorkshire hards, 14s. 6d. to 
16s. ; Derbyshire hards, 14s. 6d. to 16s. ; rough slacks, 
8s.6d. to 9s. ; nutty slacks, 7s. to 8s. ; smalls, 3s. to 5s. 








MARKING OF ImPporTED Motor VeEnIcLES.—The 
Standing Committee appointed by the Board of Trade 
will hold an inquiry at 11.30 a.m. on Monday, July 7, 
and at 10.30 a.m. on July 8 (further meetings being 
held on July 14 and 15, if necessary), as to whether 
imported motor cars, vans, lorries and other motor 
vehicles, internal-combustion engines of all descriptions, 
chassis units, parts and fittings, and magnetos, batteries, 
and ignition plugs of all descriptions should be required 
to bear an indication of origin. ‘The inquiry will be 
held at the Board of Trade Offices, Great George-street, 
“London, S.W.1. Communications should be addressed 
to the secretary, Mr. E. W. Reardon, at that address, 





_ Contracts.—Messrs. Blackstone and Company 
Limited, Stamford, have received orders for an 8-in. 
sand pump and steam engine for the Poole Harbour 
Commissioners and a vertical-spindle, electrically-driven, 
unchokeable, unscreened-sewage pumping plant for the 
Southwell Rural District Council.—Messrs. General 
efractories, Limited, Wicker Arches, Sheffield, have 
received an order from New Zealand for their new 
‘Dreadnought ” high-alumina firebrick for use in 
-onnection with oil-fired furnaces.—Messrs. Beecroft and 
Partners, Limited, Retort Works, Mappin-street, Shef- 
field, have been entrusted with the supply of the whole 
of the plant and materials for a steel foundry at the 
Port Said Engineering Works, Egypt. These include a 
steel melting furnace manufactured by Messrs. British 
+urnaces, Limited, Chesterfield, and a cupola and ladles, 
constructed by Messrs. Constructional Engineering 
Company, Limited, Birmingham. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 


The Coal Trade.—Conditions in the Welsh steam 
coal trade remain as unsatisfactory as ever, while the 
outlook is rendered discouraging by threatened labour 
troubles, due to the demand of the trimmers and tippers 
for the abolition of night work in respect to coal loading, 
and the refusal of colliery workers to spread the 74-hour 
day over the period of a week or fortnight. The 
shipping position is easy, and stocks of coal considerable, 
the demand being slow. The number of loading berths 
vacant at the Cardiff, Penarth and Barry docks has 
lately varied from 18 to 38, the latter being the highest 
total for many months, while, on Saturday, only 
28 vessels were under the tips, which represents an 
exceptionally small total. In the circumstances it is 
not to be wondered at that foreign shipments of coal 
have fallen to low levels. The total of 400,490 tons 
for the past week was 43,000 tons less than the quantity 
handled in the previous six days, and with the exception 
of holiday weeks, represents the smallest aggregate for 
the year, comparing with 619,850 tons in the first week 
of 1930. At the commencement of the year exports 
to France ranged from 163,000 tons to 215,000 tons 
a week, but in the past week totalled only 126,000 tons, 
while Italy, although taking the 1,000,000 tons a year 
fixed under The Hague agreement, took only 72,000 tons 
in the past week compared with 105,000 tons in the 
first week of the year and 96,000 tons in the middle 
of February. Exports to Spain, too, have dropped 
from 33,000 tons at the beginning of 1930 to 14,000 
tons, and to Argentina from 49,000 tons to 12,000 tons. 
Cardiff last week shipped only 228,000 tons compared 
with 366,000 tons at the commencement of the year, 
Newport 79,000 tons against 103,000 tons, Swansea 
65,000 tons against 88,000 tons, and Port Talbot 25,000 
tons against 49,000 tons. It is estimated that well over 
1,000,000 tons of coal are standing on the railway 
sidings. In fact, the sidings are so full that in many 
cases coal cannot be moved from the collieries except 
to come straight on to the docks for shipment, which 
means in some instances that boats must be in berth ready 
to receive coal before it can be removed from the pits. 
The result is that, with the poor demand wagons cannot 
be cleared with sufficient rapidity to provide collieries 
with a supply of empty trucks, and consequently 
temporary stoppages are of frequent occurrence. Prices 
are only maintained at stabilisation levels, based on 
20s. for best Admiralty large and 13s. 6d. for best bunker 
smalls, by the operation of the minimum prices scheme, 
and even at these figures collieries cannot obtain 
sufficient orders to enable regular working to be 
maintained. 

Iron and Steel.—Exports of iron and steel goods last 
week amounted to 14,515 tons compared with 13,506 tons 
in the previous week. Shipments of tin-plates and 
terne-plates were raised from 6,830 tons to 8,447 tons, 
and of other iron and steel goods from 2,799 tons to 
3,990 tons; but those of black-plates and sheets were 
lowered from 1,720 tons to 392 tons and of galvanised 
sheets from 2,163 tons to 1,686 tons. 








LauncH OF FRENCH SUBMARINE ‘“ DIANE.”-—The 
630-ton submarine Diane, built for the French Navy by 
Messrs. Chantiers et Ateliers Augustin Normand, was 
launched at Le Havre on May 13. The vessel is the first to 
be launched of a series of five submarines under construc- 
tion in the Chantiers Augustin Normand. The propel- 
ling machinery, in all cases, will consist of Vickers- 
Normand engines. 





THE INSTITUTION OF ELECTRICAL ENGINEERS.—The 
Council of the Institution of Electrical Engineers has 
awarded a number of premiums for papers read during 
the 1929-30 session, or accepted for publication. These 
include the Institution Premium to Mr, H. H. Harrison ; 
the Ayrton Premium to Messrs. B. A. G. Churcher 
and A. J. King; the John Hopkinson Premium to 
Mr. L. C. Grant; the Kelvin Premium to Mr. T. G. N. 
Haldane ; the Paris Premium to Messrs. H. A. Humphrey, 
D. M. Buist, and J. W. Bansall; and the Duddell Pre- 
mium, in the Wireless Section, to Mr. J. E. P. Vigoureux. 





INSTITUTION OF MUNICIPAL AND County ENGINEERS. 
—The 57th annual general meeting and conference of 
the Institution of Municipal and County Engineers 
will be held at Scarborough from July 9 to 12. On the 
morning of July 9 the incoming President, Mr. J. P. 
Wakeford, will deliver his presidential address, and the 
afternoon will be devoted to visits to places of interest 
in Scarborough, Bridlington and Forge Valley, and to 
an inspection of Irton Waterworks. The Conference 
proper will take place on July 10, morning and afternoon, 
when five papers will be discussed, namely, ‘‘ The 
Holborn Explosions and Fires, December, 1928,” by 
Mr. J. E. Parr; ‘‘ Post-War Developments in Scar- 
borough,” by Mr. H. W. Smith; “The Purification of 
the Water of Swimming Baths,”’ by Dr. H. T. Calvert; 
“The Waterworks Undertaking of the Tees Valley 
Water Board,” by Mr. G. R. Collinson; and ‘‘ Some 
Notes on Estimating the Cost of Public Works,” by 
Mr. W. Muirhead. The annual dinner will be held at 
the Grand Hotel at 7.15 p.m. on July 10, The whole 
of Friday, July 11, will be devoted to excursions to 
York, Hull, Bridlington and Whitby. A further tour 
to places of interest in Scarborough will take place on 
the morning of July 12. Members are reminded that 
completed application forms should be returned to 
the Secretary of the Institution, 84, Eccleston-square, 
London, 8.W.1, not later than June 16, 


NOTICES OF MEETINGS. 





Royat Instirution.—To-night, 9 p.m., Albemarle- 
street, W.1. ‘‘Some Scientific Instrument Makers of 
the 18th Century,” by Mr. R. S. Whipple. Friday, 
May 30, 9 p.m., ‘‘ The Metal Crystal,” by Sir H. C. H. 
Carpenter. 

INstTITUTE OF PHysics.—Tuesday, May 27, 5.30 p.m., 
Institution of Electrical Engineers, Victoria-embank- 
ment, W.C.2, Presidential Address. ‘‘ The Influence of 
Physical Research on the Development of Wireless,” 
by Dr. W. H. Eccles. 


Royat ArronauTicaL Socrety.—Friday, May 30, 
6.30 p.m., Royal Society of Arts, John-street, W.C.2. 
Wilbur Wright Memorial Lecture. ‘‘ The Development 
and Progress of Aircraft Engines,” by Mr. H. R. Ricardo. 








NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—Depression still prevails in the 
Scottish steel trade, and the outlook on all sides is rather 
uncertain. Home consumers are not in a position to 
place orders ahead, and their current requirements are 
small, while export business shows no sign of opening 
out. Some of the shipyards have still a moderate amount 
of work on hand, but the majority have few vessels on 
the stocks. The general inquiry for material is extremely 
poor. In the black-sheet trade the position shows 
no change, with makers fairly well off for business in 
light sheets, but all report a meagre demand for the 
heavier gauges. Galvanised sorts are in poor request 
at the present time. Prices are nominally unchanged, 
and are as follow :—Boiler plates, 10/. 10s. per ton; 
ship plates, 8/7. 15s. per ton; sections, 8/. 7s. 6d. per ton ; 
black steel sheets, } in., 9/. per ton; and galvanised 
corrugated sheets (No. 24 gauge), 12/. 15s. per ton, all 
delivered at Glasgow stations. 

Malleable Iron Trade.—Nothing fresh falls to be re- 
ported in connection with the malleable-iron trade of the 
West of Scotland, and all the works are quiet. The 
current demand is of the smallest description, and 
broken time continues at most establishments. The 
re-rollers of steel bars are very similarly placed for 
business, and prospects are not very reassuring. Prices 
are unchanged, and are quoted as follow :—‘* Crown” 
bars, 107. 5s. per ton for home delivery, and 91. 15s. 
per ton for export; and re-rolled steel bars, 7/. 12s. 6d. 
per ton for home delivery and for export. 

Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade a dull tone continues, and dealing is on a small 
scale. The consumption at home of both hematite and 
foundry iron has fallen off considerably during recent 
months, while shipments abroad are much under normal. 
Prices are being maintained at the agreed rates, which 
are as follow :—Hematite, 8ls. per ton delivered at the 
steel works ; foundry iron, No. 1, 80s. 6d. per ton, and 
No. 3, 78s. per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig iron from Glasgow Harbour for the week 
ending Saturday last, May 17, amounted to 286 tons. 
Of that total all but 6 tons went overseas. During the 
corresponding week of last year the figures were 474 tons 
overseas and 66 tons coastwise, making a total shipment 
of 540 tons. 





Wortp Power ConFERENCE, BERLIN.—The secretary 
of the International Executive Council of the World 
Power Conference, 63, Lincoln’s Inn Fields, London, 
W.C.2, informs us that the latest date for the registration 
of new members of the forthcoming plenary conference 
in Berlin is Saturday, May 31. 





British Ramway Trarric Recerprs.—The railway 
traffic receipts of the four British group railway com- 
panies totalled 25,075,000/. during the first eight weeks 
of the present year, against 24,882,000/. for the corre- 
sponding period of 1929. Passenger, parcel, and mer- 
chemuiian traffics realised substantially increased receipts, 
but those from coal and coke traffic showed a decrease. 





MARKET For Lieut Locomotives, TURKEY.--A short 
report on the market for light locomotives in Turkey 
has been prepared by the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1. United 
Kingdom firms desirous of receiving a copy of this report 
should communicate with the Department, at the above 
address, quoting Reference No. A.X. 9599. 





British STANDARD SPECIFICATION FOR COPPER CON- 
puctors.—A specification dealing with hard-drawn 
copper solid and stranded circular conductors for over- 
head power-transmission purposes, and designated 
No. 125—1930, has recently been issued by the British 
Engineering Standards Association. This is a revision 
of the 1924 edition, and differs from the previous issue 
in certain minor points of an editorial nature, designed 
to bring it into line with the 1930 revision of Specification 
No. 215, which deals with aluminium conductors for 
overhead power transmission purposes. The new publi- 
cation lays down standards for copper conductors with 
regard to the mechanical and electrical properties required 
for overhead power lines and prescribes tests to ensure 
compliance with these requirements, The sizes of 
primary and secondary conductors are given in separate 
tables which are unaltered from the previous edition. 
Copies of the specification may be obtained from the 
BESA, Publications Department, 28, Victoria-street, 





Westminster, London, 8.W.1, price 2s. 2d, post free. 
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SOME MODERN BOILER PROBLEMS. 
Ir is not many years ago that in power station 
practice an evaporation of 3} lb. of steam per square 
foot of heating surface was considered not only 
satisfactory, but as about the limit of what was 
practicable without a great sacrifice of efficiency. 
There was thus an enormous and rapidly increasing 
disparity between the dimensions of the prime 
mover and of the steam generator. As many as 
five boilers were required to supply the steam 
to a turbine of what would to-day be considered of 
very moderate output. It was obvious to many 
observers that fundamental improvements in boiler 
design and construction were long overdue. Experi- 
ment had proved that an evaporation of as much as 
70 lb. per square foot of heating surface was possible, 
and the margin between this and that then usual, 
was so large as to justify the belief that outputs 
could be increased by several fold, whilst. still 
maintaining reasonable thermal efficiencies. As the 
event has proved, this latter conclusion erred on the 
side of pessimism, since whilst it is now possible to 
supply from a single boiler the whole of the steam 
needed for a turbine of 100,000 kw. rating, this extra- 
ordinary advance in output has been accompanied 
by an almost equal improvement in efficiency. 
There has, moreover, been at least a proportionate 
increase in the flexibility of working. Thus, the 
stokers for the new Battersea station are credited 
with the capacity of working satisfactorily at all 
rates of firing between 300 and 2,100 Ib. of coal per 
lineal foot of furnace front. The boiler efficiency 
will still be quite good even when the rate is 1,800 Ib. 
per lineal foot. It is interesting to compare these 
figures with the belief, general a few years ago, 
that it is impossible to secure economy with a rate 
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of combustion much in excess of 25 lb. per square 
foot of grate area. a 

Whilst some modern automatic stokers can now 
provide for the taking of peak loads, without the 
assistance of a steam storage system, it seems to 
be admitted that firing with pulverised fuel must be 
adopted when outputs of the order of one million lb. 
of steam per hour are required. Whilst experiments 
with this system date back several decades, it was not 
till about 1916 that much success was attained and 
subsequent progress has depended mainly in the 
recognition of the fact that it was volume of the 
combustion chamber rather than the area of its 
floor which was of prime importance. 

Following this came realisation of the fact that 
heat transfer by radiation was very much more 
effective that by convection and conduction. There 
have been many attempts to deal with this radiation 
problem on a purely theoretical basis. Indeed, a 
discussion of this kind forms a substantial section 
of Dr. Petrie’s recent report to the Manchester 
Steam Users Association. In this Dr. Petrie, the 
announcement of whose sudden death we greatly 
regret to see, has followed largely the work of 
Dr. Shack, published in the Zeitschrift fiir technische 
Physik in 1924 and 1925. Dr. Petrie pointed out 
that Stefan’s formula applied in strictness only to 
black body radiation, and proposed to base the 
theory of radiation in boiler furnaces on the fact 
that strong absorption bands in the infra-red 
region characterise the spectra both of CO, and 
water vapour. According to figures quoted in the 
report the three principal bands for CO, lie respec- 


80 | tively between wave-lengths 2-36 to 3-02 u, 4°01 


to 4°80 u, and 12-5 to 16°5 yu. The corresponding 
figures for steam are said to be between 2°24 
and 3:27 nu; 4:8 and 8-5 pu and between 12 and 
25 u. Other writers state, however, that there 
are also in water vapour strong absortion bands 
lying between wave-lengths 1-35 and 1-42 yu. It 
is, of course, a commonplace that a body radiates 
energy of the same wave-length as it absorbs, 
and it is suggested, therefore, that radiation of 
the wave-lengths stated is what is effective in 
the combustion chamber of a boiler fired with 
pulverised fuel. 

This view accords well with the experiments of 
Callendar and Julius, who analysed the radiation 
from a Bunsen burner, but is not free from diffi- 
culty. Absorption and radiation are inverse 
phenomena, and if, for example, the radiation 
emitted in forming a molecule of CO, is of wave- 
length 2-36 , then the absorption of radiation of the 
same wave length should dissociate the molecule. 
The total heat of formation of such a molecule from 
CO is, however, 4-71 x 10-12 ergs, whereas the 
energy associated with a wave-length of 2-36 u is 
only 8-32 x 10-18 ergs. No doubt the process of 
chemical combination is complex, and may take 
place in stages, but there is a wide gap to be filled 
between the shortest of the wave-lengths cited 
above, and the radiation which should be emitted 
if the combination were effected in a single step. 
Moreover, although the flame of pure hydrogen 
burnt at atmospheric pressure is invisible in the 
dark, it becomes luminous when the gas burns 
under pressure, and a similar rule applies to 
carbon-monoxide. It seems certain therefore that 
the infra red radiations in question must be due 
to some secondary cause and not be the direct 
result of the chemical combination. 

In boiler furnaces the flame is always luminous, 
and in a paper read before the World Power Con- 
ference in Japan, Dr. G. E. K. Blythe concludes 
that the radiation in these is mainly due to the 
incandescent carbon particles, which presumably 
behave nearly as the theoretical black body radia- 
tor. If this view be correct, the problem is con- 
siderably simplified, but there still remains the 
difficulty of assigning an appropriate temperature 
to the flame. Faraday showed that platinum with 
a fuzing point of 1,790 deg. C. could be melted in 
a candle flame, but an optical pyrometer directed 
on Faraday’s candle would undoubtedly have 








indicated a much lower figure. 

Pyrometers of this type have proved very satis- 
factory for ascertaining the temperatures of metal- 
lurgical furnaces, the radiation from which can be 
regarded as of the black body type. In such furnaces, 
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however, there is little transfer of heat to the walls, | to its new situation as a small state. In spite of 
whilst the walls of a boiler combustion chamber are | the check produced by the disorganisation of 
As | transport which arose from the severe weather in 
was shown by Callendar in a report to the Gaseous | the winter of last year, the year 1928 was the best 
Explosions committee of the British Association, for internal development that the Republic had 
flames are very transparent, even to their own | had. 


at a much lower temperature than the flame. 


radiations, and a fortiori to radiations of different 
wave-length. 





perature of furnace gases was recognised in an | 


important paper on “Radiation in Boiler Fur- | of 1927. For the time being, the full extent of the 
developments that are contemplated cannot be 
reached, owing to the unfavourable condition of the 
Mr. B. N. Broido, who stated that erroneous figures | world’s money markets, and it may be opportune 
were obtained by the U.S. Bureau of Mines in| to consider shortly the position in which Austria 


naces,” contributed in 1925 to the Proceedings of | 
the American Society of Mechanical Engineers, by | 


certain tests of a Stirling boiler. He quoted | 
some experiments on boiler furnaces, by Messrs. | 
Kreisinger and Barclay, who measured apparent | 
temperatures with thermo-junctions ; of which one 
series consisted of wires 0-008 in. in diameter, and 
the other of 3 in. rods. By comparing the two sets 
of readings, the flame temperature, as it would be 
measured by a wire of infinitely small diameter, was 
estimated by extrapolation. In the course of 
these experiments, it was found that with water- 
cooled furnace walls, large errors were incurred 
by enclosing the pyrometer in a tube of 1} in. 
diameter. It would seem, therefore, that in this 
case, a8 in so many others, the engineer must be 
content to rely on the physicist merely for the form 
of his equations, adjusting the coefficients involved 
in accordance with the results of actual experiment. 
A good deal of work has already been done along 
these lines, and some interesting and instructive 
papers on modern boiler developments were con- 
tributed to the proceedings of the Japanese World 
Power Conference. 

Another of the difficulties discussed in Dr. Petrie’s 
report is that arising from the steady increase in 
steam temperatures, and we note that the Man- 
chester Steam Users’ Association has submitted to 
the N.P.L. specimens of superheater tubes which 
had failed in service. These specimens were 
examined both by X-rays, and by micrographic 
methods, both of which indicated such changes 
of structure as to indicate that the tubes had actually 
attained a red heat. Obviously such a condition 
must be due to defective design, and it would seem 
that the solution of the high temperature boiler 
problem may be as much a matter of eliminating 
every possibility of defective circulation, as it is of 
the improvement of materials. Engineers are per- 
haps a little too prone to call on the metallurgist 
to solve their problems for them, thus, almost 
unconsciously, accepting unknown risks before they 
have exhausted the improvements possible, whilst 
using familiar and well-tried structural materials. 


THE AUSTRIAN REPUBLIC. 


the revenue from direct taxation, though the rates 
The difficulty of determining the effective tem-|of taxes had remained unchanged, increased in 


Its revenue had grown steadily from 1924 
by nearly 10 per cent. per year, and in particular 


1928 at nearly that rate, over the favourable figure 


stands as a possible market for British engineering 
manufactures. 

At the present time, the amount of such manufac- 
tures, imported into Austria, is insignificant in 
almost all lines. Of those imported in substantial 
quantities, Great Britain supplied in 1928 about 
two-thirds of the tinplates and half the motor 
bicycles, about a tenth of the textile machinery, 
less than a tenth of the bicycle parts and calculating 
machines, and less—generally very much less—than 
5 per cent. of other manufactures. Apart, more- 
over, from the competition of foreign countries, 
the home manufacturers have a great hold on the 
market, which they have every reason and intention 
to do their best to maintain. The various branches 
of the heavy iron and steel industry have been work- 
ing either up to their full normal capacity or not 
far short of it, and in rolled goods even beyond it. 
The manufacture of machinery is one of the most 
important Austrian industries, in which, too, there 
is considerable unemployment, and it is among the 
articles on which higher protective duties are 
desired, if the course of international fiscal politics 
allow them to be imposed. The existence of 
most-favoured nation treaties and the desirability 
of reciprocal concessions seem, however, to put 
limits on what is possible in this way. In some 
respects home manufacturers are in a favourable 
position for competing. Even in spite of recent 
moderate increases of rates, which were negotiated 
without strikes or lock-outs, wages are notably 
lower than in western countries, being in fact well 
under half London rates, when account is taken of 
the cost of living. The depreciation of the currency, 
as in Germany, must have relieved many factories 
of capital charges, and until now a rent restriction 
act has had a similar effect in regard to the cost 
of housing. On the other hand, the rates of taxation 
are extremely high. In addition to a well-developed 
system of indirect taxation there are annual taxes 
on capital as well as income, the income tax begin- 
ning with incomes as low as 40/. per annum, a tax 
on goods turnover and the gross receipts of pro- 
fessional men, and provincial and municipal taxes. 
The relative smallness of the home market, more- 
over, makes competition in some mass-production 





AT first sight the war seems to have altered 
Austria more than any other country in the world. 
From having been the largest in area of any country 
in Europe except Russia it is now only about half 
the size of Great Britain, with a population rather 
less than that of London. b 
fell away till it was stabilised in 1925 at less than 
a ten-thousandth of its face value, and until three 
years ago it was under the control of the League of 
Nations. Yet a study of the report on economic 
conditions in Austria by Mr. A. S. Phillpotts, 
which has been published recently by the Depart- 
ment of Overseas Trade (H.M. Stationery Office : 
price 2s. net), shows that already it has adapted 
itself to a large extent to the tremendous altera- 
tion in its circumstances. 
tion is, indeed, by no means finished, but it has 
reached the stage when its public finances appear 
to be in a sound and healthy condition, and its 
troubles are said to be due less to external economic 
causes than to internal differences between political 
parties, between town and country, and between 
employer and employed. With the aid of external 
loans it has been, and is, undertaking considerable 
capital expenditure on reproductive and other work, 
such as railways, telephone cables and automatic ex- 
changes, and roads, intended partly to meet unem- 
ployment and help the manufacturing industries, and 
partly to adapt its production and transport services 


The value of its currency 


The process of adapta- | 





| lines difficult. This is felt, for instance, in the motor 
| car industry, though this trade has shown consider- 
|able activity in face of serious financial and other 
| difficulties. 
It appears evident, therefore, that any market 
‘in Austria for British engineering manufactures 
|must be secured by the help of special circum- 
| stances, and can be found only where they exist. 
| A business which Mr. Phillpotts suggests as deserv- 
|ing special attention is that of motor cars. The 
/number of motor vehicles in Austria has doubled 
‘since 1924, and the price of motor fuel, some of 
|it refined in Austria itself and some in Roumania 
‘and Poland, is said to be the lowest in Europe. 
A system of quota licences for imports tends to 
| limit the effect of foreign competition, and the high 
| tax on horse-power, which in Vienna and some other 
| parts of the country is twice as large as in Great 
Britain, favours the British high-efficiency design 
jof engine. Vienna, moreover, is practically the 
metropolis not only of Austria, but of the Balkans 
and other countries which have no automobile 
industry of their own, and visitors from these 
are said to form their ideas of what is used in 
western countries by what they see in Vienna. 

In more general terms, however, it is to be re- 
marked that while Great Britain exports more to 


three-fourths of the entire Austrian imports of gold 
and silver. The report does not show what may be 
the reason for this apparently remarkable fact, but 
it would seem reasonable that an import so con- 
venient to a country which is awaiting favourable 
times in order to increase its development loans, 
ought not to be made without a corresponding 
consideration in the shape of business. The amount 
of work contemplated in connection with the 
Austrian transport services, and the active develop- 
ment of the country’s water power resources, which 
is already leading to the sale of energy to neigh- 
bouring countries, are sound reproductive works, 
which might be of interest to British engineers. 
Since British gold and silver are being sent into 
Austria on so much larger a scale than that of other 
countries, it might be worth considering whether 
British co-operation in executing reproductive 
works might not form part of the transaction. 


SPIN IN AEROPLANES. 


WHILE admitting, in his Royal Institution 
discourse of May 2, that spin is a mode of motion 
of which we know very little, Mr. H. E. Wimperis, 
Director of Scientific Research, Air Ministry, did 
not agree that spin was necessarily dangerous. 
Danger only arose, he stated, under conditions 
which were, fortunately, rare. Suspended from a 
point above its centre of gravity an aeroplane would 
hang in stable equilibrium and in flight the tension 
in the suspending cord was replaced by the resultant 
of the forces on the wings and tail plane. To make 
the resultant pass through the centre of gravity 
each wing was given an upward tilt (the dihedral 
angle), and if the relative inclinations of wing and 
tail plane were similarly adjusted during straight 
flight, the aeroplane remained stable. Centrifugal 
force had only to be considered in circular motion, 
but the aeroplane banked as it was turned, and 
the air forces banked with it, their resultant forces 
still balancing gravity and centrifugal force. Circular 
motion might, therefore, be just as steady as motion 
in straight flight. The actual spin might be 
inconvenient and even dangerous, but it was normal. 
When the radius of the turn was gradually made 
smaller, the angle of bank became greater until 
the vertical component of the air forces could no 
longer balance gravity, and the nose dropped. 
The motion then became a kind of close corkscrew, 
but was still steady and safe, because the pilot 
could resume straight flight when he wished to do 
so. If, however, the corkscrew became closer, 
the motion of the aeroplane might suddenly change 
to one in which the air forces would automatically 
tend to make it closer still, and this form of motion 
was a spin. To understand it, the force relations 
had to be studied further. 

When a wing was inclined to the wind at an angle 
(the angle of incidence), there was an upward lift 
and a small rearward drag. As the angle of incidence 
increased, the lift force increased, first at the same 
rate, then at a slower rate, and then dropped off 
rapidly as the angle of stall, usually at an incidence 
of about 20 deg., was reached. The phenomena 
then changed altogether. If any sudden bump 
caused either wing to drop, and therefore to meet 
the air at a steeper angle, the lift on that wing 
would, eo ipso, become less and the wing would 
tend to drop still further, and go on turning in 
what was called auto-rotation. This phenomenon 
could easily be demonstrated in a wind tunnel by 
mounting a wing at a large angle of incidence to 
the air stream. The direction of the spin depended 
upon external causes, e.g., an accidental initial 
push. Thespeed of the auto-rotation was influenced 
by many factors, and this made the study of spin 
complicated. Two of the three chief forces— 
gravity and centrifugal force (at right angles to the 
axis of spin)—had to be balanced by the air force. 
the vertical component of which should be equal to 
the weight of the aeroplane, the horizontal and 
radial component equal to the centrifugal force, 
and the horizontal tangential component zero. 
The various air forces, due to the lift, drag and side- 
slip, had, however, not yet been disentangled. 
Bairstow first initiated spin in a wind tunnel by 
setting an aerofoil at such an angle that auto-rota- 
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that the speed of rotation rose from 1} to 2 spins per 
second as the incidence was increased from 20 deg. 


to 30 deg. 


From what had been said, it would be understood 
that a flat lift curve, not falling off after the stalling 
point, should not lead to auto-rotation, or should 
delay it to unusually large angles of incidence. 
The flat-topped lift curve, and aeroplanes fitted with 
slotted wings, offered these advantages, because 
the stalling angles were very large, and could not 
Certain forms of aero- 
planes, however, had apparently such high auto- 
rotation couples that, given time to attain the 
full rate of spin the asymmetrical centrifugal forces 
might overcome the control forces exerted by the 
pilot’s action. This would happen particularly 
when the spin had become so flat that the control 
organs in the tail were shielded from effective action 


be reached by accident. 


by the tail plane; the physiological effect of the 
spin on the pilot would also hinder his action. The 
elementary way of preventing the development of 
a rapid spin was to increase the size of the vertical 
tail surfaces. This, however, also increased the 
tail weight and shifted the centre of gravity aft, | 
thereby increasing the inertia couples. | 





on all new types of aeroplanes, every machine being 
spun, both right and left—on account of the influence 
of the direction of the engine rotation on the slip 
streams and their gyroscopic tendency to raise or to 
depress the nose—through not less than eight turns. 
No machine was passed unless it could be readily 
brought out of a spin by the normal use of the 
controls. Spinning tests were also conducted by 
the Cambridge Air Squadron, and there, as else- 
where, use was made of streamers, attached to 
spars, and tufts of wool fixed by threads to the 
wings for the study of the stream lines, which 
were, however, very difficult to interpret. In 
Germany and the United States, kinematograph 
studies were also made with cameras mounted 
on the ground. It was not yet fully understood 
why the difficulty of recovering from a spin increased 
so much with the number of turns made, but it 
was hoped that all forms of spin might eventually 


be brought under control. 








THE CENTENARY OF FOURIER, 
1768-1830. 


Two years before Carnot published his famous 





A rod, equally weighted at both ends, pivoted 
at its centre of gravity and swung round, would take 
up a horizontal position, but if a second rod were 
connected to the other at right angles, the forces 
on the two rods would balance one another, and | 
the combination would take up a neutral position. | 
An aeroplane with its masses symmetrically dis- 
posed would hence be free from such couples and 
from the difficulties arising from a flat spin. 
practice, however, such machines could not be made, 
Now, for any given rotation, the disturbing couple 
reached a maximum when the fore-and-aft line 
of the aeroplane was inclined downwards at 
45 degrees. Once that angle was exceeded, the 
couple became less. When, therefore, an aeroplane 
was being got out of a very flat spin, the pilot 
had to exert a control large enough to overcome 
both the momentary couple and the couple which 
increased as the critical angle was reached, the 
critical angle being 45 deg. for constant rate of 
spin. In accomplishing this, a pilot had reported 
that, after the first two or three relatively steep 
turns, the nose came up and the machine settled 
down to an exceptionally steady spin at moderately 
large incidence and a quick rate of rotation, without 


jerkiness. 


Passing to the methods of studying spin, Mr. Wim- 


essay “ Réflexions sur la Puissance Motrice du Feu,” 
the well-known memoir of Fourier, ‘‘ Théorie Analy- 
tique de la Chaleur,” was printed. Carnot’s essay 
was the outcome of the young engineer’s study of 
the steam engine; Fourier’s was the work of a 
mathematician deeply interested in physical prob- 
lems. Both memoirs have long been regarded as 
among the classics of science, and both have had 
far-reaching effects, but it is not without interest to 
recall that for many years Carnot’s views were 
almost unheeded, while Fourier’s work, before 
being printed, had been allowed to lie for ten years 
among the archives of the Paris Academy of Sciences, 
Fourier’s first paper on the theory of heat dates 
from 1807. The subject was, however, proposed for 
a prize, to be decided in 1812, and it was for this 
that the “‘ Théorie Analytique’’ was written. The 
work was crowned but was not printed. Fourier 
was then at Grenoble, and the cause for the neglect, 
it is feared, said J. D. Forbes, “ lay in the jealousy 
of the greatest mathematicians of the age. Laplace, 
Lagrange and Legendre, the committee of the 
Academy, while applauding the work and admitting 
the accuracy of the equations of the movement of 
heat thus for the first time discovered, insinuated 
doubts as to the methods of obtaining them, and 
likewise as to the correctness of the integrations, 


peris remarked that full-size aeroplane flights| which were of a bold and highly original kind.” 


avoided the uncertainties of scale-effect, bat were 


Its final appearance in 1822 gave science one of its 


risky and hardly admitted of accurate quantitative | masterpieces. Fourier’s methods, wrote Maxwell, 


. ‘ 
measurements. Model experiments were made 


‘belong to the general theory of the application 


in wind tunnels and in free flight. Models, of | of mathematics to physics; for in every branch of 


‘, or sy scale, made of exceedingly light balsa 


Ts 


shed at Farnborough, and cinematograph pictures 


physics, when the investigation turns upon the 


wood, had been dropped 90 ft. in the balloon | expression of arbitrary conditions, we have to 
follow the method which Fourier first pointed out 


had been taken. A spin of a Bristol fighter had | in his ‘Theory of Heat.’” One of the earliest to 


been stopped within six turns. by rudder control. 
The ordinary type of aileron was found to be the 
least effective control organ ; the ailerons, in these | t 
experiments, were controlled at a predetermined 


use Fourier’s methods was Ohm, who studied them 
when seeking for the law of conductivity of elec- 


ricity. 
Jean Baptiste Joseph Fourier was born at Auxerre, 


rate by means of a spring-loaded dash pot with | on March 21, 1768, and died in Paris, at the age of 





a variable air leak. Stagger, wing gap and other 
aerodynamic characteristics were similarly varied 
during the fall. The measurements of forces on 
models mounted in a wind tunnel made at the 
National Physical Laboratory were very difficult, 
owing to the complexity of the forces, but the 
determination of moment about the axis of spin 
was progressing. Another form of wind-tunnel 
test, due to Betz, of Géttingen, measured the rate 
of auto-rotation of a hollow aerofoil in which air 
could pass internally from one wing tip slit to the 
other, the slits being placed in the upper surfaces 
parallel to the spar. The arrangement indicated, 
according to Schrenk, a decrease of the tendency to 
auto-rotation, with some reduction in the maximum 
lift, which was associated with the free lateral 
passage of the air inside the wing. 

The first full-scale experimental and mathematical 
investigation of spinning had been carried out at 
Farnborough in 1918 by Lindemann, Glauert and 
Harris, and such full-scale researches were now 
part of the regular programme. Normal perform- 
ance tests were aiso carried out at Martlesham 


62, on May 16, 1830, a hundred years ago. Like 
Laplace and Poisson, he came from the humblest of 
homes, and as a child of eight was left an orphan. 
In the organist and the Bishop of Auxerre, however, 
he found friends who recognised the unusual talents 
of the boy, and he was thus enabled to attend the 
military school at Auxerre maintained by the 
Benedictine monks. Debarred from entering the 
Artillery or the Engineers by reasons of birth, he 
spent some time as a novice in the abbey of Saint 
Benoit-sur-Loire, and then returned to his old 
school as a teacher of mathematics. His extra- 
ordinary aptitude for his subject had been apparent 
from the first, and though in after years he played 
many parts successfully, it is as a mathema- 
tician that heis remembered. His career covered the 
days of the Revolution, the Consulate, the Empire, 
and the Restoration. An ardent republican, he 
weathered the storms of the Terror, and then 
joined the staff of the Ecole Polytechnique. From 
Paris he accompanied Napoleon to Egypt, where 
he was one of the most active and intelligent 


with antiquities, munitions and public affairs, 
could yet: find leisure for mathematical studies. 
Back in France in 1802, he was made Prefect of the 
Department of Isére, and was as interested in the 
draining of marshes as in the propagation of heat. 
The years 1814 and 1815 found him striving to 
serve both the fallen Emperor and the restored 
King, and though for a time under a cloud, in 1816 
he was given an appointment in Paris, and in 1822 
succeeded the astronomer Delambre as perpetual 
secretary to the Paris Academy of Sciences. With 
the mind of a student he combined the best charac- 
teristics of a public servant and the eloquence of an 
orator. He it was who stimulated the youthful 
imagination of the Egyptologist, Champollian; he 
was among the first to appreciate the value of 
Ampéres’ work, and for his éloges on Delambre, 
Charles, and Herschel he was elected to a chair in 
the French Academy. France has produced many 
administrators who have been eminent in science, 
but few more generally respected than Fourier. 
At his death he was buried in the Pére La Chaise 
Cemetery, near to Monge, and in 1849 his statue 
was set up in Auxerre, where his father had been a 
working tailor. 








THE ROYAL SOCIETY 
CONVERSAZIONE. 


(Concluded from page 644.) 


Messrs. Adam Hilger, Limited, showed, among 
other exhibits, a Fabry-Pérot étalon of variable 
separation for measuring wave-lengths in the 
long-wave region of the spectrum in terms of the 
red cadmium or other standard lines, and for the 
study of the fine structure of the spectrum of the 
red region. For this purpose, Mr. W. E. Williams, 
of King’s College, London, and Mr. F. Twyman, 
make use of large-aperture quartz plates, optically 
plane, variable gaps, and an Invar steel bed admit- 
ting of exposures for 20 hours, and they obtain 
the fringes by a new method which brings them 
out very distinctly. Photographs of fine structures 
taken by Mr. D. A. Jackson on a reflection échelon of 
fused silica with platinised plates were also shown. 
The échelon, of the Williams type, has 25 plates, 
7-5 mm. thick, and has a resolving power of 913,000 
for wave-length 4,000 A.U. Another noteworthy 
exhibit was a large block of artificial sylvin (potas- 
sium chloride), roughly a cube of 10 cm. side, and 
not quite colourless. Sylvin is transparent to rays 
of 20u in the infra-red, but the natural crystals are 
only obtainable in very small pieces. The specimen 
was made by Professor Pohl in the Physical Insti- 
tute of the University of Géttingen. 

The microvolt-hour meter of Mr. A. F. Dufton, of 
the Building Research station at Garston, near 
Watford, Hertfordshire, is an instrument devised for 
measuring the flow of heat through a glass window. 
In a test on April 11 last, the heat flow, during the 
night hours, was outwards from a warm room, and 
inwards, fluctuating considerably, during the day- 
time, during which there was intermittent sunshine. 
The heat flow is both convective and radiative, and the 
meter integrates these flows. An electromotive force 
equal and opposite to that to be integrated is pro- 
duced by heating a thermocouple by current from 
the alternating-current mains through a relay. This 
current is integrated by an induction meter which 
records microvolt-hours on a counting train. The 
range of the instrument exhibited is from — 300 to 
+ 300 microvolts. The multiple thermocouples used 
consist of copper-Constantan wires for convection, 
and constantan wires and 40 sheets of tinfoil for 
radiation; the couples are suspended near the 
window. These radiation couples record about 
70 microvolts for a heat flow of one B.Th.U. per 
sq. ft. per hour. 

The National Physical Laboratory demonstrated 
the results of several recent researches. On behalf 
of the Wireless Division, Dr. R. L. Smith-Rose 
and Mr. H. A. Thomas exemplified a new method 
for determining the bearing of a station with respect 
to a fixed transmitter. A rotating-beacon trans- 
mitter has been erected by the Royal Air Force 
at Orfordness on the East Coast, and is now in 
continual operation, the frame coil, a square of 
10 ft. side, rotating about its vertical axis once 
every minute. The signal from this station, heard 








administrators, but one who, when busily engaged 























































676 





SEINE ERIN G. 





[May 23, sage. 











at a distant station, will be of minimum intensity 
when the plane of the coil is perpendicular to the 
great circle joining the two stations. When the 
normal to the coil lies in the meridian, a special 
North-identification signal is sent, and similarly 
an East signal; all the other signals are merely 
dashes. If a stop watch is started at the receiving 
station as soon as North signal is heard, the angle 
between the meridian and the transmitter bearing 
with respect to the receiver can readily be com- 
puted from the time interval between the North 
signal and its minimum. The watch dial is cali- 
brated like a compass card. This simple apparatus 
requires no elaborate direction - finding mech- 
anism. The maxima and minima were rendered 
audible by a loud speaker, and the watch face 
was projected on to a screen. The received signals 
were also recorded automatically on a rotating 
drum, driven in synchronism with the beacon 
coil by a phonic wheel controlled by a tuning fork. 
The telephone output from the receiver is passed 
through a tuned audio-frequency amplifier, to 
filter out signals of different frequencies, and is 
then applied to a rectifier containing in its anode 
circuit a relay which marks the identification signals 
on the drum paper. At the minimum, the pen is 
momentarily lifted off the paper, and the mid-point 
between two consecutive minima gives the bearing ; 
a worm converts the pen movement into a spiral, 
so as to keep the paper records within reasonable 
dimensions. It should be mentioned that the beacon, 
operating on a wave-length of 1,040 m., transmits 
first the call-signal GFP for one minute before the 
four complete rotations giving eight bearings. 

Mr. F. M. Colebrook, of the same division, demon- 
strated the existence of the side-bands in wireless 
telephony. The modulation of a wireless wave, 
i.e., the variation of the amplitude or intensity of 
the wave in a periodic manner, is equivalent to 
adding certain radio-frequency waves (the side- 
bands) to the original carrier wave; but some 
authorities have expressed doubts of the actual 
existence of the side bands. By making the carrier 
frequency low (27,000 cycles), and modulating it 
with a single pure audio frequency (2,000 cycles), 
two additional side-bands, with frequencies above 
and below the carrier frequency by an amount 
equal to the audio frequency, were produced in 
a receiving circuit tuned in succession to the 
respective frequencies, the resonance voltage being 
observed on a_ rectifying valve-voltmeter. Mr. 
Colebrook also exhibited transmitting and receiving 
apparatus for wave-lengths of 4 to 10 m. 

The portable two-valve receiver for waves of a 
few metres has a single-turn closed loop with a 
small-capacity condenser. The first stage of the 
instrument comprises a retro-active detector for 
the reception of continuous-wave transmissions, the 
second stage being an audio-frequency amplifier. 
All the apparatus, except the loop, is placed within 
a metal-lined box. When an open-wire electric 
screen is fitted round the loop the receiver can be 
mounted on a turntable as a direction-finder, and 
it has been used for that purpose at ranges of 20 
miles. By connecting a voltmeter across the tele- 
phones of the receiver, signal strengths can also be 
measured, and the attenuation of ultra-short waves 
transmitted along the earth’s surface is being 
studied in this way. 

A box apparatus for simultaneous friction and 
wear tests of eight pivots and jewels was demon- 
strated by Mr. V. Stott. of the Metrology Depart- 
ment of the Laboratory. The pivot is mounted in a 
vertical spindle and supports a disc by means of a 
jewel mounted at the centre of the disc. The disc 
can be kept stationary by means of a magnet on 
its upper surface whilst the pivot rotates. All the 
spindles are driven from one horizontal shaft, but 
the counter records the number of revolutions of 
each pivot separately. Wear of the pivot and jewel 
increases the torque which can be measured during 
the progress of the test. 

Dr. Ezer Griffiths, of the Physics Department, 
showed the latest of his cold-storage test instruments, 
a multiple-thermopile wet and dry bulb hygrometer, 
by means of which he has been examining the air 
in the insulated holds of ships. The thermo-junc- 
tions are housed in a brass tube, about 2 in. in 


diameter, which is joined to the ends of a hose- 





pipe, many feet in length, through which air is 
drawn by a suction fan at the rate of over 10 ft. 
per second. There are two sets of thermo-junctions, 
one of which is kept wet by occasional moistening 
with water; they are connected to a portable 
millivoltmeter. 

Professor E. N. da C. Andrade, of University 
College, London, demonstrated the mechanism of 
ridge formation in sounding tubes. The air in a 
wide glass tube was maintained in vibration by a 
diaphragm excited by a valve circuit. There were 
three of these tubes, about 2 in. in diameter. One 
tube contained cork dust and another little pith 
balls, a millimetre or more in diameter, while the 
third contained only a single fixed sphere in a 
cell which was brightly illuminated by a beam of 
light filtered through copper sulphate to absorb 
heat rays. 
sharp ridges of dust particles in sounding tubes, 
first studied by Kundt, to the alternating stream- 
line movement of a viscous fluid past minute 
spheres. Professor Andrade does not accept this 
explanation. He finds that a sphere in a sounding 
tube is the centre of a vortex system which governs 
the arrangement of neighbouring spheres. These 
vortices could be seen in the single-sphere cell, into 
which a little smoke had been introduced. When 
the pith balls were lying in the tube and the oscilla- 
tions were started, the formation of a vortex 
underneath a ball would be impeded, and the 
vortex would, as it were, climb upon the ball, some- 
times carrying the ball with it; the balls would 
then arrange themselves in transverse strings of 
five or more across the tube, like the striations | 
in an electric discharge tube. The approaching | 
and receding motions of these strings towards and 
from nodes could also be seen. The fine cork 
dust particles showed sharp ridges and also the 
formation of a ring at the antinodes. 

On behalf of the Research Laboratories of Messrs. 
The General Electric Co., Ltd., Messrs. J. T. Randal 
and H. P. Rooksby exhibited X-ray photographs 
and cardboard models of the crystal structures of 
vitreous and amorphous bodies. When X-rays are 
passed through a powder of small crystallates, 
say 0-0001 mm. in size, in random orientation, 
the X-ray diffraction pattern consists of a series of 
sharp rings. As the size of the crystallates de- 
creases, the rings broaden out into bands. Now glass 
also gives diffraction bands and is probably, there- 
fore, not amorphous, but really built up of very 
small crystallates. Vitreous silica, it was found at 
Wembley, gives the pattern of cristobalite crystals 


of average size 1-5 to 2 x 107 ecm., and similar | 
| presented to him mainly on account of his associa- 


relations are found to hold for certain crystallised | 


Konig attributed the formation of | 





| The triboluminescence of zinc blende has long 
been known, but Dr. J. Spencer exhibited specimens 
of blende from Tsumeb in South-West Africa, 
about 200 miles north-east of Swakopmund, and 
at present a railway terminus, which shows a 
remarkable orange luminescence when scratched 
with steel, even when under water, and this lumin- 
escence persists for some time. 

Of direct practical interest were the exhibits of 
the Low Temperature Station at Cambridge, in 
connection with the preservation of fruit, especially 
of the citrus type. A certain small proportion 
(0-1 per cent.) of acetaldehyde vapour in the air 
has kept oranges for months, even when they were 
purposely damaged to aid fungal attack, whilst in 
ordinary air grey spots developed. Apples had 
| also been preserved in air containing 9 per cent. 
of carbon dioxide and 12 per cent. of oxygen ina 
|cool room, and had then kept fresh for months in 
ordinary air at room temperature. 





NOTE. 


SIMULTANEOUS MEETING OF THE INSTITUTION OF 
ENGINEERS, AUSTRALIA. 

An interesting joint meeting of the Sydney, 
Melbourne, Brisbane, and Adelaide divisions of the 
Institution of Engineers, Australia, was held on 
March 6 last. The meeting proper, the annual 
conference of the Institution, was held in Sydney and 
direct communication with the meetings taking 








place simultaneously in the other cities was estab- 
| lished by means of carrier-wave telephony and loud 
| speakers installed by engineers of the Postal 
Department. An address dealing with recent 
achievements and probable future progress in 
engineering, and the need for continued scientific 
research, was delivered in Sydney by Mr. D. F. J. 
Harricks, the retiring President of the Institution. 
Mr. Harricks also made a presentation speech in 
connection with the award of the Peter Nicoll 
Russell memorial medal, for 1919, to Sir John 
Monash, Chairman of the State Electricity Com- 
mission of Victoria, who attended the meeting at 
Melbourne. At the close of his remarks, Mr. 
Harricks requested Mr. H. R. Harper, Chairman of 


|the Melbourne meeting, to hand the medal to Sir 


|John. The Peter Nicoll Russell Medal, it may be 
remembered, is awarded annually to individuals 
who have made outstanding contributions to the 
science and practice of engineering in Australia. In 
returning thanks to the President and members for 





| the honour they had conferred upon him, Sir John 
stated that he understood that the medal had been 


minerals and their hardened glassy melts, such as tion with the work of developing the fuel and water- 


pseudo-wollastonite CaSiO, and the borate Na.B,O,. | power resources of Victoria. 


When a strong ring is observed in the pattern of ‘the | 
powdered crystals, a band appears in a correspond- | 
ing position in the glass. The glass always has a | 
lower density than the crystal, and carbon black 


This could not be 
| regarded as the labour of one individual, and he 
| accepted the honour as representing the loyalty and 
| efficiency of the staff of the State Electricity Com- 
mission. At the close of Sir John’s speech, Mr. 


has a lower. density than graphite; this can be | J. M. C. Corlette, the President-elect for 1930, was 


deduced from the shifting of the bands. In the | 
model of silica, tetrahedra, with an oxygen atom | 


at each corner, were joined by their corners in | 


spiral orientation. It might then appear as if silica 


were SiO,, and not SiO,, but each corner is, of | 


course, shared by the two tetrahedra in contact. 
The resistor of a new electric furnace, shown by 
Sir Robert Hadfield, is a new machinable alloy of | 
iron with several other metals, which is distinguished | 
by a high specific resistance, of 134 microhms per | 


cub. cm. at 20 deg. C., a low uniform temperature | 
coefficient of 0-000075 per deg. C., and freedom | 
from liability to scaling, so that the furnace can | 


be operated continuously at temperatures between 
1,150 and 1,250 deg. C. for more than 2,000 hours. 
The resistance is applied, in the furnace, in the 
form of plates slotted by means of a saw. The 
hollow drill steel for mining work, another exhibit, 
is interesting because the steel is rolled on a metal 
core. When sand cores were used, the steel was apt to 
develop fine fatigue cracks starting from the rough 
surface, which afterwards favoured corrosion and 
fracture. We also mention a high nickel-chromium 
steel, which is as non-magnetic as the Hadfield 
manganese steel, but becomes fairly magnetic when 
hammered, whilst the manganese steel remains 
non-magnetic after cold work. 





| inducted into the Chair in Sydney, and his first duty 
was to propose a vote of thanks to the retiring 
President, Mr. Harricks. This was seconded in 
| Melbourne by Mr. Harper, and the highly successful 
joint meeting then terminated. 





LITERATURE. 


a 
| Practical Design of ng Steel Structures. By Davin S. 
Stewart, B.Sc. Vol. I—Shop Practice, Riveted Con- 
nections and Beams, &c. [Price 16s. net.] Vol. II— 
Plate Girders, Columns, Trusses, &c. [Price 12s. net.] 
Vol. I1I—Tables. [Price 5s. net. ] London: Constable 
| and Company, Limited. 
|THIs new issue of the Glasgow Text Book series, 
treating a subject of which much has already been 
written invites attention. Such a work, in addition 
to consideration of its merits as a text book, may 
also be examined with a view to ascertain in what 
way it differs from, or improves upon, earlier efforts, 
or in what direction it expands the study. It 
should be explained that the purpose of the author 
has been to furnish a book which will give those 
taking up the study of steel structural work essen- 
tially practical information as to the methods in 
use in shops, and in the processes of design, with 
particular reference to that kind of knowledge 
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which commonly escapes the college trained student. 
‘The subject matter, it may be said, is well displayed ; 


there are many illustrations in the text, and eight | being intended to represent current practice. Of 
folding plates on somewhat tender paper. Passing | these, the details of the larger roof truss, most care- 


to detailed consideration of the matters presented, 


it may be at once conceded that there is much to be | tenuity, raising the question of how long the struc- 
learned of more recent practice which will be|ture may be expected to last under ordinary con- 


serviceable not to the student only but to those whose 
methods are based on older usage ; to those, in fact, 
who might suppose that there is not much that they 
do not already know of steelwork detail. Following 
some account of rolled material and common practice 
in listing such material, a chapter on drawing-office 
routine makes clear distinction between, the various 
classes of design called for. Templating, with works 
practice, is usefully enlarged upon. Riveting and 
riveted joints, flange-plate splices, and splices for 
angles, joists, and channels, and in the webs of 
plate girders are treated in great detail, in a 
manner likely to clear up many of the doubts which 
commonly trouble the student. In some cases, 
the treatment is so very detailed as to be a trifle 
misleading, conveying the impression of a greater 
degree of nicety than is, in fact, attainable, the 
requirements of practice and simplicity in arrange- 
ment often over-ruling attempts at the highest 
efficiency. 

The author is, however, well aware of this, though 
liable to be a little prolix in his presentation of prin- 
ciples. The student, it may be noted, will be 
advantageously impressed with the conviction 
that riveting is not so simple a matter as might at 
first appear. Allthe author’s recommendations may 
not, perhaps, be approved. He says, for instance, 
respecting web-plate splices “‘ always give at least 
two rows of rivets on each side of the joint, although 
calculations only ask for one,” a dictum which 
may be questioned. Again, he refers disparagingly 
to an old-established web splice consisting of two 
tees, acting also as stiffeners, and affirms that little 
can be said in its favour. That “little” may, 
however, with confidence, justify the use of this very 
efficient detail. Nothing need be said against the 
more complicated web joints illustrated, favoured by 
some, in which the joint is covered with respect 
to bending-moment stresses, as well as in shear, but 
that it introduces complexities which are not, 
except in the case of thick webs, justified by any 
economic advantage. With respect to the bending- 
moment stresses developed across the joint, these 
are, of necessity, limited to something less than the 
stress obtaining in the flange, further modified by 
an infinitesimal rivet slip at the web joint, so that 
no ill results if the shear is adequately met. The 
study of eccentric riveted connections is treated 
with clarity and in considerable detail. The design 
of simple beams, dealing with various problems 
which arise in connection with flange width, holes 
in flanges, deflections, and in special cases, will be 
found of value. A chapter on wind pressures 
summarises present knowledge of this matter in 
sufficient detail. Remarks upon the much-abused, 
but very serviceable, factor of safety, are to the 
point. 


In the second volume we have an extension of 
the methods already used, applying these to more 
complex cases. Plate-girder design is amplified, 
more particularly with reference to web thickness 
and stiffener spacing. A useful diagram is presented 
with respect to this, which will be helpful to the 
inexperienced designer, and will favour consistent 
practice. Columns axially loaded are treated in a 
manner both orthodox and explicit, and the use of 
various types of lacing and batten plates is well 
detailed, the explanatory matter being very good 
and convincing. Non-axially loaded columns are 
also discussed in as simple a way as the matter 
permits. The treatment of roof trusses, portal 
bracings and workshop structures, with considera- 
tion of wind effects, is very detailed. The general 
discussion is informative and should be helpful 
in enabling the student to get a grip of troublesome 
questions which may have to be dealt with; graphic 
methods are largely and conveniently used. Equi- 
valent uniformly distributed live loads on bridges 
make the subject of a useful chapter. By way of 
practical instruction in design, detailed computations 
and drawings are given for a 40-ft. span gantry 


BRGINEE MESS. 








with monitor, a lattice-girder footbridge, and a 
70-ft. span through railway bridge, the examples 


fully worked out, exhibit perhaps the last thing in 


ditions of maintenance, and whether such lightness 
is truly. economic. An additional thickness of 
we in. throughout, while increasing the weight some 
22 per cent., would raise the cost perhaps but 10 per 
cent., while probably doubling the length of life. 
The design for a footbridge of 50 ft. span, to carry 
1 cwt. per square foot of live load, is open to more 
serious question. The floor lies on cross bearers 
carried by the bottom booms of open trusses. The 
top booms, being narrow, are assumed to be re- 
strained from lateral flexures by light curved wing 
angles at three points in the boom length, and 
resistance to compression is based on the shortened 
length as determined, but what constitutes the 
restraint necessary is not dealt with, neither is any 
warning given that the point needs close examina- 
tion. The end post which is required to accept the 
end reaction at its top is of angles riveted at the 
lower end to an unstiffened thin vertical plate 
inadequate to prevent overturning. It is well that 
the student should be under no misapprehension in 
cases of this kind. Indeed, to hazard the likelihood 
of a structure not getting its full design load may 
prove, perhaps, a gamble with fate rather than skill 
in engineering. On the other hand, to assume loads 
in excess of the true amounts may, in conjunction 
with a simple though crude method of calculation, 
be in some ways justified by the results of practice. 
This apologetic comment may possibly apply in the 
case of roof purlins which seem to be light, though 
hardly to such a case as the footbridge, regarding 
which it is a pity that so good a book should be, in a 
measure, marred by an example so open to question. 
With railway bridges and many other structures 
no liberties in design may be tolerated, and in any 
case the designer should fully realise what it is he 
does. 
Generally, throughout the book we find methods 
of application of known principles rather than de- 
monstrations of their truth, though this is frequently 
made evident by the mode of treatment. In many 
cases, the authority of official specifications is 
accepted as alone sufficient. 
The third volume contains much tabulated data in 
common use, some of which may not otherwise be 
readily available to the college student in so handy 
a form. 





Basic Principles of Concrete Making. By Franxuin R. 
McMittan, London; McGraw-Hill Publishing Com- 
pany, Limited. [Price 10s, net.] 

THE author is to be congratulated on the brevity and 
lucidity with which he has dealt with the subject 
matter of this treatise, the admirable selection 
from the extensive experimental data at present 
available of those tests which bring out most clearly 
the features he desires to emphasise, and on the con- 
vincing manner in which he has demonstrated the 
correctness of his conclusions without confusing the 
issue with elaborate and unnecessary detail. 
Whatever may be the predilections of the reader, 
he cannot fail to be impressed with the value of the 
author’s conclusions after perusal of this brief, but 
intensely interesting, book, the issue of which must 
undoubtedly lead to the improvement in the art of 
concrete construction for those structures where 
strength and impermeability are essential features. 
The book clearly demonstrates the influence of the 
quantity of mixing water, the method and period of 
curing, the grading of aggregates and other factors, 
on the production of satisfactory concrete, and while 
it does not advocate the theoretical refinements 
which have, in the past, been put forward by concrete 
enthusiasts, but, which are impossible of realisation 
in practical construction, it does show that, with 
intelligent care in the proportioning, mixing, placing 
and curing of the concrete, and in the supervision of 
the work, the resulting structure can reach a high 
standard of excellence. Such a structure will be 
greatly superior to that resulting from the customary 
mixtures where the water content and proportions 
of ingredients are controlled in an arbitary manner, 


cement, the completeness of the chemical combina- 
tion between the cement and water, the relative 
quantities of cement-water paste and aggregates, the 
grading of the aggregates and theconditions of curing. 

The author’s main contention, which he continu- 
ally emphasises, is that the properties of concrete 
are principally determined by the properties of the 
hardened cement-water paste, and that the proper- 
ties of the hardened paste can be completely con- 
trolled through the relative proportions of cement 
and water and the degree of curing attained. 

The first 41 pages (Chapters I to IV inclusive) 
deal mainly with the importance of a proper water- 
cement ratio and of the method and period of curing, 
upon the permeability, strength and durability of 
concrete. Diagrams are given, derived from various 
experimental data, which clearly bring out the value 
of the author’s deductions and demonstrate con- 
clusively that there is a water-cement ratio which 
gives the best results in any particular case, and 
that the resulting concrete deteriorates definitely 
with lower or higher ratios. They also show the 
importance of proper curing conditions. 

Some interesting results are given with respect to 
the addition of special substances, with the object 
of increasing the water-tightness of concrete. These 
demonstrate that, with the same water-cement 
ratio, plain concrete is more watertight than con- 
cretes with special admixtures, and that. for the 
same degree of watertightness, a higher water-cement 
ratio is required for concretes with special admixtures 
than for plain concretes. The next 36 pages 
(Chapters V to VII inclusive) are devoted to the 
methods to be adopted for securing that combination 
of aggregates and cement-water paste to produce a 
plastic mixture which will remain homogeneous 
during placing and after it is in place. This combi- 
nation must produce the best concrete for the purpose 
for which it is required, if the proportions of cement 
and water have been correctly selected, and the 
conditions of curing are suchas will not detrimentally 
affect the finished product. 

The author, in this portion of the book, deals with 
the methods by which the best proportions of 
aggregates can be ascertained after the water-cement 
ratio has been decided upon and the curing condi- 
tions have been specified. The remaining 22 pages 
(Chapters VIII and IX) deal with the selection of 
aggregates and constructional methods, and indicate 
the necessity for care in the exclusion of deleterious 
substances and in obtaining aggregates of suitable 
strength and soundness. The final chapter is devoted 
to the measuring and mixing of the materials, the 
transport and placing of the finished concrete, and 
the curing requirements advisable for producing a 
satisfactory structure. 

Illustrations are given showing the effects of bad 
and good methods of deposition, the value of care- 
fully providing for the adequate junction between 
successive layers and the elimination of laitance. 
The book can confidently be recommended for 
study by those who desire to construct, in an 
economical manner, concrete structures adequate 
in strength, durability and watertightness, but it 
should be borne in mind that, being an American 
book, the gallons referred to are U.S.A. gallons 
and must be multiplied by 0-83 to obtain their 
equivalent in Imperial gallons. The sack referred 
to in the text contains 94 Ib. of cement. 





Elettrotecnica. Parts I and II. By L. Donati and G. 
Sartort. Milan: Ulrico Hoepli. [Price 120 lira. | 

ELEcrricaL technology is, perhaps, the theme of 
a large fraction of the steady output of electrical 
textbook literature. The Americans are the most 
prolific exponents of this branch of the art, with 
the Germans a close second. The volumes under 
review are Italian in origin, and bear two well- 
known names. The scope indicated on the title 
page is literally interpreted, and there is no mention 
of instruments, rectifiers, lighting, telephony or 
wireless. On the other hand, circuits, machinery, 
and power transmission are carefully, and in most 
cases fully, dealt with. The text is admirable. 
The general method employed is to follow each 
chapter by “‘Applicazioni,” which include theoretical 
analyses of special points relevant to the preceding 
text, design calculations, worked examples, &c., 
all of which are of great value and form one of the 
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most pleasing features of the book. 
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PASSENGER LANDING STAGE AT TILBURY. 





In an introductory chapter, the fundamental 
principles of vector fields, units, and forms of 
energy are discussed. The rest of the first volume 
is devoted to electrostatics, electrodynamics and 
magnetics. In connection with electrolytes, only 
the lead-acid accumulator is mentioned. Volume II 
is concerned with machinery. Apart from a certain 
meagreness in the section on converters, the text is 
thoroughly commendable, and often goes much 
farther in analysis than the usual run of analogous 
English books. In particular, the circle diagrams 
of alternating-current circuits and the problems of 
unbalanced three-phase networks deserve attention, 
while transmission is rarely so concisely treated as 
here. Other unusual, but welcome, features are 
circuits with variable mutual induction, and the 
problem of iron-cored reactors. A number of 
uncorrected mistakes appear in spite of a lengthy 
errata slip, and a certain criticism may justifiably 
be levelled against some of the diagrams. Figs. 60 
and 69, for example, represent but poorly the 
real magnetic field distribution, and should not be 
allowed to appear in a treatise of these pretensions. 
Other diagrams, such as Figs. 207, 241, 282, 286, 
287, 288 and 427, seem to bear a very close resem- 
blance to figures in Fischer-Hinnen’s excellent 
‘Lehrbuch fiir Elektrotechniker,” published, in 
1922, by Raustein, of Ziirich. A great deal of very 
good work has been put into this volume. The 
elementary student should find it sound, while 
the more advanced will discover in the sections 
marked Applications many useful numerical ex- 
amples and design data. 


Hypro-Etectric POWER FOR THE City OF MONTREAL. 
~The Montreal City Council recently approved the 
putting in hand of a hydro-electric power-development 
scheme costing some 2,500,000 dols. The new power 
station will be constructed at the foot of the Lachine 
rapids, and it is anticipated that a total of 16,000 h.p. 
will be available on the completion of the plant. The 
power from the new station will be utilised by the City 
for its own needs, including the lighting of streets and 
municipal buildings and pumping operations. 





PASSENGER LANDING STAGE AT 
TILBURY., 


THE embarkation and landing of passengers at the 
dock side is sometimes as inconvenient as using a 
goods station for passenger traffic, while many ocean- 
going travellers find the alternative process of joining 
or leaving their ship by tender the most uncomfortable 
part of their journey. The Port of London Authority 
has now removed both these draw backs—at all events, 
as far as the liners using Tilbury Docks are concerned— 
by the completion of the floating landing stage 
adjoining the station of the London Midland and 
Scottish Railway Company at Tilbury. The landing 
stage was formally opened on Friday, May 16, by 
the Prime Minister, the Right Hon. J. Ramsay 
MacDonald, M.P., and the transit facilities alluded 
to will now be available at any state of the tide, the 
depth at low water at the stage being 35 ft., which is 
sufficient to enable any vessel using the port to lie 
alongside under these conditions. The accompanying 
figure, reproduced from a photograph taken by 
Messrs. Aerofilms, Hendon, shows the landing stage 
when nearly completed, together with the railway 
station and the new approach roads, while its relation to 
the docks may be seen from the map given in our 
previous article on the Tilbury Docks Improvements.* 

The river side of the floating stage is some 370 ft. 
from the original bank, so that there is always deep 
water at the moorings. The rise and fall due to tidal 
movement is about 21 ft. during spring tides, though 
this may be occasionally exceeded. Communication 
with the shore is made by five bridges, four of them 
being covered, and the fifth an open road bridge for 
vehicular traffic. The stage is held up against two 
timber dolphins, one at each end, by four steel lattice 
girders hinged at both ends, while end movement is 
prevented by diagonal mooring chains. The total 
length of the stage is 1,142 ft., and its width is 80 ft. 
It is composed of 63 pontoons, each 15 ft. wide, 
separated by 3-ft. spaces, the pontoon length being 
thus 1,130 ft. Over the pontoons, which are connected 
in groups from 80 ft. to 100 ft. long, are deep longi- 
tudinal girders carrying transverse joists on which is 
laid a decking of jarrah timber. At the shore edge 
of the stage is a two-storey building 500 ft. long, the 





* See ENGINEERING, vol. cxxviii, page 395 (1929). 
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lower floor of which is divided up into waiting rooms, 
open shelters, stores, offices and other accommodation. 
Two of the covered bridges communicate with this 
floor, and another with the upper storey, which has 
in front an open gallery extending along its whole 
length. From this gallery direct access is had, to the 
vessels moored alongside, by two covered gangways 
carried in electrically-operated travelling gantries, 
which can be traversed at a speed of some 60 ft. per 
minute. The outer ends of the gangways may be 
moved vertically by long screws through a height 
of 25 ft., so as to suit the exact position of the ship’s 
deck. These gangways will be used exclusively by 
passengers. The baggage will be deposited on the 
stage and picked up from the ship’s slings by 2-ton 
electric trucks for transference to the baggage hall 
over the lower covered bridges. 

The baggage hall, seen in the figure opposite the 
stage shelter, is a brick building 295 ft. long, with a 
total internal width of 72 ft. and a height in the centre 
of 38 ft. It consists of a central space having a plaster 
barrel roof, with two lower aisles having flat roofs, 
and the interior is, considering its prosaic purpose, 
decidedly handsome. The lighting is excellent. The 
central space will be used for the Customs benches, 
and the aisles afford ample space for the movement of 
passengers and baggage. This building, together with 
the circulating area of the station lying immediately 
to the east of it, is carried upon a reinforced concerete 
platform 600 ft. in length supported on straight and 
splayed piling driven in the river foreshore. These 
piles are of concrete and average 63 ft. in length. 
The outer groups, which may be made out in the 
figure, are encased in oval concrete cylinders, giving 
them the appearance of piers. They are sunk to a 
depth of over 50 ft. 

The covered circulating area which communicates 
with the re-modelled railway station, was erected by 
the London Midland and Scottish Railway Company. 
The eastern end of the landing stage for a length of 
300 ft. is reserved for the company for its cross-river 
ferry service between Tilbury and Gravesend. The 
most easterly of the four covered bridges already 
referred to communicates with this portion of the 
landing stage, as also does the bridge for vehicular 
traffic. The small building on the stage seen near these 
bridges consists of waiting rooms shelters, c., for the 
use of the ferry passengers. This part of the stage 
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is in direct communication with the station, which 
it may be noted, has been greatly improved by the 
extension of the platforms and by the provision of 
new booking offices and other accommodation. The 
good train service from St. Pancras and the new 
arrangements greatly improve the direct communica- 
tion between the north and south-east of the kingdom 
apart from the boat train service. The public road 
has been placed in communication with the ferry by 
its diversion over the railway, as shown in the centre 
and the background of the figure. This road has also 
been connected to the station, landing stage and the 
docks by the new roads seen at the left of the figure. 

An indication of the utility of the new landing stage 
is given by the fact that in the year 1929 the number 
of passengers using the Port of London was over 
306,000, and it must be admitted that such a volume 
of traffic, which moreover is likely to increase, fully 
justifies the expenditure involved. This, it is estimated 
will, including the railway station, reach 700,0001. 
Further extension when need arises can be easily 
provided as the stage can, from its design and site, be 
doubled in length. The landing stage scheme was 
designed by and executed under the direction of Mr. 
Frederic Palmer, M.Inst.C.E., formerly the Port 
Authority’s chief engineer, and now its consulting 
engineer. The whole of the work has been carried out 
under the supervision of the Authority’s new works 
engineer Mr. F. W. Davis, assisted by Mr. F. W. Mac- 
kenzie as resident engineer and Mr. R. R. Liddell. The 
contractors for the floating stage were Messrs. the 
Cleveland Bridge and Engineering Company, Limited. 
The whole of the steelwork for the pontoons, bridges, 
girders and booms was first completely assembled at 
this firm’s works at Darlington, and was then dis- 
mantled for despatch by rail to Tilbury. The gantries 
were supplied by Messrs. Cowans, Sheldon and Com- 
pany, Limited, Carlisle, and the electric trucks by 
Messrs. Greenwood and Batley, Limited, Leeds, Messrs. 
Sir Robert McAlpine and Sons, were the contractors 
for the works connected with the river embankment, 
and Messrs. John Mowlem and Company, Limited, 
undertook the baggage hall, the design of which was 
due to the Port Authority’s consulting architect 
Sir Edwin Cooper. The road diversion was in the 
hands of Messrs. Sir William Arrol and Company, 
Limited. The artificial lighting arrangements, which 
we understand are very successful, were the result of 
collaboration between Messrs. The General Electric 
Company, Limited, and the electrical department 
of the Port of London Authority. 

The opening ceremony which, as already stated, was 
performed by the Prime Minister, was rendered par- 
ticularly impressive by the berthing of the P and O. 
liner Mongolia, immediately after it. The vessel 
sailed during the luncheon which followed, outward 
bound for Australia. The luncheon was held in the 
baggage hall under the chairmanship of the Right 
Hon. Lord Ritchie of Dundee. The health of the Prime 
Minister was proposed by Sir Josiah Stamp, and that 
of the Port of London Authority by the Right Hon. 
Lord Inchcape, the Prime Minister and the chairman 
replying respectively. 


LETTERS TO THE EDITOR. 
THE THICKNESS OF BOILER TUBES. 


To THE Eprror oF ENGINEERING. 

Sir,—The article “‘ The Thickness of Boiler Tubes,”’ 
published in the April 25, 1930, issue of ENGINEERING, 
is extremely interesting and to the point. However, 
in the derivation of his formule, Mr. Docherty intro- 
duced some simplifications which affect the value of 
thermal stress to such an extent as to render the results 
quite doubtful. The first perusal shows that the author 
did not give attention to the change in the value of 
Young’s modulus with temperature. Taking its value 
for low carbon steel equal to unity at 32 deg. F., we 
get 0-925 at 500 deg. F., 0-85 at 700 deg. F. and 0-718 
at 900 deg. F., which means a considerable reduction 
of thermal stress. 

A second reading discloses an assumption amounting 
to a serious error in the derivation of the formule. 
Both for the hoop and the axial strain the author uses 
the sum of the strain due to pressure and the amount 
of thermal expansion. In other words, he takes 
wiconstrained thermal expansion as equivalent to a 
strain due to stress. This cannot be accepted; any 
thermal stress and resultant strain are realised only 
by a constraint. Let us take, for instance, the axial 
Stress. When the temperature of metal is uniformly 
taised to t, the tube will expand longitudinally without 
any thermal stresses, but when the outer surface is 
at « temperature ¢, which is higher than ¢,, the outer 
layers will drag the inner layers and simultaneously 
wili compress themselves. For a very thin tube the 
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result and maximum thermal stress will be + 
For a thick tube the diameter of zero axial stress can 
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compression across the section; the diameter will 
usually be greater than the mean diameter of metal. 
The same deductions are applicable to the tangential 
stress, and in this case the formule will be simpler 
because the diameter of zero thermal stress will be the 
mean diameter of metal. 

The author has well pointed out that the largest 
apparent stress cannot yet be taken as the criterion of 
“load.” For boiler tubes subject to higher rates of 
heat transfer, the problem is to compare some kind of 
highest stress with the creep limit at the temperature 
in the fibre subject to this stress. For the cold metal, 
let us say below 600 deg. F., under compound stress, 
we have the theory of failure under maximum shear 
stress, but, in spite of the extensive experimenting on 
creep phenomena, the main question, that of creep 
under compound stress, has not been investigated. In 
a piece of metal subject to a compound stress the true 


be found by balancing the total force of tension and 


FLEXIBLE-PLATEN HYDRAULIC 
PRESS. 
To THE EDITOR OF ENGINEERING. 

Str,—-I was interested to read the article on the 
flexible platen hydraulic press on page 630 of your 
issue on May 16, and your prediction that it would come 
to be used in other industries. 

It has already been so used, but on a vastly different 
scale from that described. In the photographic and 
optical industry, light filters are used consisting of a 
sheet of tinted gelatine cemented with Canada Balsam 
between two sheets of glass. I have made several 
of such devices, and have used the same method in 
fastening the cover glass on lantern slides. The large 
numbers of the latter caused me to seek some method 
other than one’s fingers for squeezing them together. 
To do this I employed a couple of shallow wooden 
boxes with sheet rubber tops, placed them face to 





stress is less than the main apparent stress, but the 
volume deformation is greater, and it is as yet an open | 
question on what the degree of creep depends. For | 
instance, if we take a thin tube with pressure hoop 


ss 
stress S and 2 axial stress, both tension, we may compare | 


S with the creep limit experimentally found for samples | 
in pure tension. We may also compare the stress | 


S{1—- 5) accompanying the true deformation with | 


the said limit, and we may also choose to compare the | 


volume deformations, Av. For a pure tension sample | 


Av= : (1 — 2c), for the closed tube under pressure | 


Av of metal A v = & (3-36 , where S is shied 
parent hoop stress. Thus, a closed tube is strained | 
volumetrically 50 per cent. stronger than a rod sample | 
with the same apparent tension stress. There may be | 
many considerations supporting the view that creep | 
depends not so much on stress or linear deformation | 
as on the volume change in the metal, and hence the 
creep stresses found in pure tension tests cannot be | 
compared directly with either the apparent or the 
true total pressure and thermal stress. 

The introduction of radial stress is a refinement 
which is not warranted in the face of the very doubtful 
values of conductivity for steel. The value of con- 
ductivity for boiler plate as given by the International 
Critical Tables (vol. v, page 221) is 0-555 watt/em. x 
deg. C., while for cold-rolled mild steel it is 0-916 
watt/cm. x deg. C., which is about 100 per cent. 
higher than the value used by the author; some 
alloy steels used for superheater tubes have only 
one-half of the conductivity selected by the author. 
Thus the calculated temperature difference between 
the outer and inner surfaces of tubes should be con- 
sidered as having a possible error of at least + 10 per 
cent., and consequently the thermal stress also. 

Yours very truly, 
N. Arrsay. 

52, Vanderbilt-avenue, New York, 

May 10, 1930. 





To THE Eprror OF ENGINEERING. 

Srr,—In reply to Mr. F. A. Ruddock’s letter criti- 
cising my article on the above subject, I think it 
would be more correct to state that ‘* due consideration 
must first of all be given” to the stresses likely to 
arise in service, whatever be the type of steel used. 
If, due to temperature and pressure effects, a thick tube 
is more severely stressed than a thin one, it becomes 
more, not less, desirable to use thinner tubes when 
the material is of poor quality, as it is then less able 
to stand up to these high stresses. 

I agree that his sulphur print shows segregation, but 
I should like to ask three questions :-— 

(1) What is the average sulphur content of the steel 
shown ? 

(2) What is the difference in sulphur content between 
the inside and outside of the billet ? 

(3) Has Mr. Ruddock any reason for stating that 
the quality of a thin tube drawn from such a billet 
would necessarily be worse than that of a thicker 
tube ? 

Further, if, as seems likely, corrosion is accelerated 
by the high stress, it would seem desirable to reduce 
the thickness, and so reduce the stress. 

Finally, I would again point out, as stated in the 
article, that these thin tubes were suggested for the 
fire rows of highly forced boilers. The diagrams in the 
article show that thicker tubes are best under less 
extreme conditions and are, moreover, less highly 
stressed in any case. It would seem reasonable, 
therefore, that high-quality steel should be specified 
for the fire rows, while, for the others, the steels now 
used would be amply good enough. 

I am, Sir, your obedient servant, 
Jas. G. DocHERTY, 
Royal Naval College, Greenwich, S.E., 


face with the slide between in a letter press screwed 
down for adjustment only, and inflated the boxes with 
a bicycle pump. 
Yours faithfully, 
C. H. CLARKE. 
24, Hermon Hill, 
Wanstead, London, E.11. 
May 17, 1930. 


HARBOUR DEVELOPMENTS AT 
COCHIN. 
To THE EDITOR OF ENGINEERING. 
Sir,—With reference to the paragraph in your issue 
of yesterday’s date about the Harbour Development at 
Cochin, will you allow me to point out that the present 
accommodation is much greater than you state. In 
March, 1929, there was an area of 125 acres of mooring 
space inside the harbour dredged to 30 ft. at low 
water, besides a large area between 30 and 60 ft. at 
low water. Recently ten ocean-going vessels have 


| moored at swinging berths on the same day, and there 


is space for many more lying at head and stern moorings. 
The sheltered backwaters are over 100 square miles in 
area, and at least 10 square miles have a depth of 20 ft. 
or more. 
Yours faithfully, 
R. C. Bristow, 
Harbour Engineer-in-Chief 

- Madras Government (on leave). 
Devon. 

May 17, 1930. 


RE-FORMING NATURAL GAS IN 
WATER-GAS GENERATORS. 


In many districts of the United States, mixtures of 
natural gas and manufactured gas are being distri- 
buted, and more and more of the latter is needed as 
the supply of natural gas is becoming exhausted. The 
manufactured gases are water-gas, carburetted water- 
gas and coal gas. These gases can only be applied 
in mixtures, without involving adjustment of the 
burners, when certain proportions, depending upon the 
specific gravity, percentage of inerts and burning pro- 
perties, are not exceeded. Anticipating a future 
standard for town gas lower than that of natural gas, 
the possibility has been considered of re-forming the 
latter and making a product that has substantially the 
same properties as other gases which can readily be gene- 
rated. An account of experiments made for this pur- 
pose by the United States Bureau of Mines and the 
Ohio Fuel Company, in the company’s works at Toledo, 
has recently been published under the title Re-forming 
Natural Gas in Water-Gas Generators with Substantially 
Complete Removal of Entrained Carbon, as Report of 
Investigations No. 2973 of the Bureau, by W. W. Odell. 

The experiments were made in full-scale operation 
of a water-gas generator having a grate area of 
25-1 sq. ft. Natural gas was introduced, together 
with steam, into the bed of glowing fuel in a cycle of 
air blows, from beneath the grates only, alternating 
with divided gas-steam runs. Broadly, the process 
was the same as in water-gas manufacture, except 
that natural gas was admitted to the generator 
during the steam runs. The treatment of the gas 
obtained in the wash-box, scrubbers, etc., was as usual. 
The points for particular investigation comprised the 
difficulties due to the entrainment of carbon, the gas- 
making capacity of the generator and the properties 
of the re-formed gas made at maximum rate, and the 
results of changes in the operating variables, viz., air, 
steam, gas and fuel. It was found that when steam and a 
hydrocarbon gas were admitted into the incandescent 
fuel bed, the re-formed gas produced consisted chiefly 
of H,, CO and CH,. With too little steam, carbon was 
entrained in the gas, but it could be eliminated by 
increasing the steam proportion. The ethane, C,H,, 
and higher hydrocarbons readily lost their entity, 
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and the gas made contained only a trace of hydro. 
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carbons of higher molecular weight than methane, 
which requires higher temperatures for cracking. Such 
a rise of temperature is obtained, if desired, by increas- 
ing the amount of air-blowing. By these means, 
and by proportioning the initial materials, the com- 
position of the re-formed gas could be varied at will. 
The lower-limit gas may contain less than 10 per cent. 
of methane and more than 60 per cent. of hydrogen. 

Other factors in the control are the kind and size 
of the fuel, the depth of the fuel bed, and the rate 
of blowing. With 3,320 lb. of fuel (mixed coal and 
coke in the ratio 3:2) in a fuel bed of 9 ft. depth, 
and 3,612 lb. of steam, the following was a typical 
cycle: Regular blow 2-75 min., changing valves 
0-25 min., down gas-steam run 2:50 min., valve 
changing 0-25 min., up gas-steam run 1-50 min., 
up steam purge and valve changing 0-25 min., giving 
a total cycle of 7-50 min. The gas volume balance, 
in cubic feet, was: natural gas used 124,700, 
re-formed gas made in 28 runs 277,600 ; re-formed gas 
made per run 9,915, per hour 79,320, per square foot of 
grate area per hour 3,160 cub. ft. The gas made had 
a density of 0-3943, a calorific value of 454 B.Th.U. 
per cub. ft., and contained 56-6 per cent. of H,, 19-9 
per cent. of CH,, 1-3 per cent. of CO,, and 13-8 per 
cent. of CO. The thermal efficiency of the process 
was 74-2 per cent. 

Summing up, the author considers that a satisfactory 
method has been found whereby natural gas can be 
re-formed in a standard carburetted water-gas set 
(with slight modification) to make a gas of variable 
composition which can be mixed in various proportions 
with coal gas or other manufactured gas. The thermal 
efficiency and gas-making capacity of the set are high, 
and practically no carbon is entrained in the gas, 
A greater total amount of natural gas can be used in 
the manufactured town gas by this re-forming process 
than by merely mixing water-gas and a natural gas, 
and as the supply of natural gas decreases, the 
natural product can be effectively used as an 
enricher, cracking or re-forming less of it, while 
maintaining the composition of the resultant town 
gas. 


COAL WAGES IN ENGLAND AND ON 
THE CONTINENT. 


INFORMATION from official sources has recently been 
published on the wages in the coal industry in Belgium, 
Poland and Great Britain. As the details given for 
Belgium refer to the year 1928 and those for Poland 
and Great Britain to September, 1929, they are of 
value as supplementing the international comparison 
which was summarised in ENGINEERING, on January 3 
last, on page 23. 

Belgium.—Compared with the figures for the pre- 
ceding year, the wages in the Belgian coal mines were 
higher for each of the three classes of workers specified 
by the Mines Department of the Belgian Ministry of 
Industry, Labour and Social Welfare in its annual 
report for 1928. The gross cash daily earnings, in- 
cluding contributions to social insurance, but excluding 
family allowances and the value of payments in kind, 
were stated to have averaged 41-80 f. (4s. 104d.) during 
the year 1928 for all workers in the six districts (1 f. 
equals 1-4d.). The principal details are as follows :— 

Hewers: Mons district, 50-23 f. (5s. 10}d.) ; Centre, 
49-32 f. (5s. 9d.) ; Charleroi, 49-65 f. (5s. 93d.) ; Namur 
49-72 f. (5s. 9}d.); Liége, 51-40 f. (6s.); Campine, 
53-08 f. (6s. 2}d.). Surface workers: Mons, 32-78 f. 
(3s. 93d.); Centre, 36-01 f. (4s. 24d.); Charleroi, 
32-17 £. (3s. 9d.) ; Namur, 35-57 f. (4s. 1?d.); Liége, 
31-34 f. (3s. 6$d.) ; Campine, 30-40 f. (3s. 63d.). All 
workers: Mons, 42-58 f. (4s. L14d.); Centre, 42-55 f. 
(4s. 114d.); Charleroi, 41-19 f. (4s. 93d.); Namur 
41-48 f. (4s. 10d.) ; Liége, 41-45 f. (4s. 10d.) ; Campine 
41-98 f. (48. 10}d.). 

The average for the whole of the coalfields works out 
as follows, the 1927 figures being given in square brackets 
for purposes of comparison :—Hewers, 50-38 f. (5s. 
10}d.) [50-11 f. (5s. 10d.)]; all underground workers, 
45-87 f. (5s. 5d.) [45-06 f. (5s. 3d.)]; surface workers, 
32-54 f. (3s. 94d.) [31-40 f. (3s. 5d.)}. 

A note is added to the effect that three increases have 
been granted to the Belgian coal miners since these 
figures were compiled. At the end of December, 1928, 
the wages of all underground workers were advanced 
by 2-30 f. (3}d.) per day, and those of surface workers 
by 5 per cent. ; in April, 1929, advances of 5 per cent. 
were granted to all workers; and in October last a 
further rise of 3 per cent. was conceded, with an addi- 
tional 3 per cent. to transport workers engaged under- 
ground. 

Poland.—Figures relating to the wages in the Polish 
coalfields at the end of September, 1929, are issued in 
the official publication of the Central Office of Statistics 
for the Republic of Poland. The details are concerned 
only with the minimum rates of pay for an eight-hour 
day, as agreed upon by negotiations of various kinds. 





In the Dombrowa and Cracow areas, the master 
hewers were on piecework, the minimum rate giving a 
daily wage of 9-10 zlotys (48. 2d.) (1 zloty equals 54d.) ; 
the assistants’ rate varied from 5-25 zlctys (2s. 43d.) to 
5-60 zlotys (2s. 63d.). The figures for the surface workers 
in these areas are given as follows :—Skilled men, 
7 zlotys (3s. 24d.) ; semi-skilled, 5-60 zlotys (2s. 63d.) 
to 6-30 zlotys (2s. 104d.) ; unskilled, 4-55 zlotys (2s. 1d.) 
to 5-25 zlotys (2s. 43d.) ; female workers, 2-45 zlotys 
(1s. 1}d.) to 3-15 zlotys (1s. 5}d.). 

Higher wages are paid in the Upper Silesia district, 
the figures for the principal occupations being as 
follows :—Underground: Hewers at thick seams on 
piecework, 11-89 zlotys (5s. 54d.) ; hewers on medium 
seams on piecework, 10-98 zlotys (5s. 0}d.); hewers 
on day work, 9-04 zlotys (4s. 1?d.); loaders on piece- 
work, 7-82 zlotys (3s. 7d.). Surface workers: Skilled 
men, 7:52 zlotys (3s. 54d.) to 10-08 zlotys (4s. 74d.) ; 
unskilled, 5-84 zlotys (2s. 8d.) to 7-12 zlotys (3s. 3d.) ; 
female, 3-04 zlotys (1s. 43d.) to 4-48 zlotys (2s. 04d.). 

Various increases, aggregating about 10 per cent., 
have, the report adds, been granted during the fifteen 
months which have elapsed since the period to which 
the figures relate. 

Great Britain.—In Great Britain, the Mines Depart- 
ment state that the estimated average earnings per 
man shift in the quarter ended September 30, 1929, 
were as follows :—Northumberland district, 7s. 54d. ; 
Durham, 7s. 11}d.; Yorkshire, 10s. 14d.; Lancashire, 
Cheshire and North Staffordshire, 9s. 3d.; North 
Derbyshire and Nottinghamshire, 10s. 44d.; South 
Wales and Monmouthshire, 9s. 63d. ; Scotland, 9s. 14d. 
For all districts the average works out at 9s. 24d., 
which shows an increase in the shift earnings since 
June, 1914, of 42 per cent. 

As the hours of labour of underground workers in 
the mines are now 7} to 8 hours per shift, and those for 
surface workers 48 to 49 per week, compared with 8 and 
51 to 58 hours, respectively, in 1914, the above increase 
of 42 per cent. is less than if it were based on the rate 
per hour. 


ENGINEERING TRAINING AND 
EDUCATION. 


Duddell Scholarship.—Established by the Council of 
the Institution of Electrical Engineers, the first award 
of the Duddell Scholarship will be made this year. 
It has an annual value of 1501. and is tenable for 
three years. Each candidate must be nominated, not 
later than June 15 next, by a corporate member of the 
Institution, and preference will be given to candidates 
whose fathers, or a near relative, are, or have been, 
members of the Institution. The award is open to 
British subjects under 19 years of age on July 1, 1930, 
who have passed the matriculation or similar examina- 
tion of a British University and wish to take up a 
whole-time course in electrical engineering. Further 
particulars and nomination forms for the Scholarship 
may be obtained from the Secretary of the Institution, 
Savoy Place, London, W.C.2. 

Ferranti Scholarship.—Like the Duddell Scholarship, 
the Ferranti Scholarship has been established by the 
Council of the Institution of Electrical Engineers, and 
the first award will be made this year. It is of the 
annual value of 250]. and is tenable for two years. 
Each candidate must be nominated, not later than 
August 15, 1930, by the professor or teacher under 
whom he is working or has worked, and preference 
will be given to candidates whose fathers are, or have 
been, members of the Institution. The award is open 
to British subjects under 26 years of age on July 1, 
1930, who are students or graduates of the Institution, 
and have been such for not less than two years. The 
candidate must have completed, to the satisfaction 
of the Council, a recognised electrical engineering 
course of at least three years, and desire to carry out 
whole-time research or post-graduate work. Full 
particulars regarding the scholarship and nomination 
forms can be obtained on application to the Secretary 
of the Institution, Savoy Place, London, W.C.2. 

College of Technology, Manchester : Summer Classes.— 
A prospectus of short evening courses of lectures 
and laboratory work, to be given during the summer of 
1930, at the Manchester Municipal College of Tech- 
nology, has just reached us. The classes will be 
begun on June 16 and 17, and, in the majority of 
cases, will continue until July 22. The courses will 
cover a wide range of subjects in mechanical, electrical, 
and municipal engineering, building, chemistry and 
chemical technology, textile chemistry, textile indus- 
tries, printing and photographic technology, mathe- 
matics, physics, and industrial administration. Gener- 
ally speaking, the classes meet on Mondays and 
Tuesdays from 6.30-7 p.m. to 8.15-9.30 p.m. The 
fee for each course is usually 10s. 6d. Copies of the 
prospectus and further particulars may be obtained 
from the Principal, Municipal College of Technology, 
Manchester. 7 





THE PROPERTIES OF SOME STEELS 
CONTAINING CHROMIUM.* 
By A. R. Pages and J. H. Partrines, Ph.D. 

THE experiments described in this paper, whicl: 
were carried out in the laboratories of the Birmingham 
Small Arms Company, Limited, Birmingham, were 
originally designed to determine certain properties of 
steels which might be suitable for the exhaust valves 
of air-cooled internal-combustion engines. The neces. 
sary or desirable properties of such steels have bee 
enumerated previously .by various workers, but it 
seems to the authors that the two most important 
properties are good mechanical strength combined 
with toughness at ordinary and elevated temperatures ; 
and resistance to oxidation or scaling at temperatures 
to which an exhaust valve may be heated under bad 
engine conditions. This temperature may occasionally 
reach from 800 deg. to 900 deg. C. The above properties 
have been determined on a series of materials all con- 
taining chromium. The series may be divided into 
four classes, according to the element added to the 
steel in addition to chromium. Table I gives the 
analyses of the steels investigated. All the materials 
were made specially for this investigation by Messrs. 
Wm. Jessop and Sons, Limited, Sheffield, in the form 
of 14-in. diameter rolled bar. This was forged down 
to # in. in diameter, and then annealed at 700 deg. C. 
for four hours. 

Hardening Tests.—Pieces 1 in. long were cut off the 
annealed bars and trued up prior to hardening. (a) Six 
pieces were air-hardened at 850 deg. C. after soaking for 
5, 10, 15, 25, 30, and 45 minutes; they were then 
Brinell tested. (6) Six pieces were air-hardened at 
900 deg. C., as above, and tested for hardness. (c) Six 
pieces were air-hardened at 950 deg. C., as above, and 
tested. In certain cases, the steel was found incapable of 
air-hardening, and oil was used as the quenching medium. 
From these preliminary experiments, the best hardening 
temperature and period of soaking were determined, 
and the test-pieces for mechanical properties were 
heat-treated accordingly. 

Mechanical Tests at Ordinary Temperatures.—Six 
tensile test-pieces, machined roughly to 0-01 in. 
oversize, and six standard three-notch Izod impact 
test-pieces were hardened according to the predetermined 
hardening schedule. The specimens were then tem- 
pered at 400 deg., 500 deg., 600 deg., 700 deg., 800 deg., 
and 900 deg. C., respectively for 30 minutes and cooled 
in air. The tensile pieces were then finished to size, 
either by grinding or machining to 0-399 in. in 
diameter. From the results obtained from this series 
of tests, the best tempering temperature for specimens 
for testing at elevated temperatures was determined. 

Mechanical Properties at Elevated Temperatures.— 
Six test-pieces similar to the above, but with threaded 
ends, were treated according to the best treatment 
determined. They were then finish-machined to 
0-399 in. in diameter, and tensile tests were carried 
out at 400, deg. 500 deg., 600 deg., 700 deg., 800 
deg., and 900 deg. C. Each test-piece was allowed 
to soak for 20 minutes after attaining the specified 
temperature. No attempt was made to determine 
the limiting creep stress of the material. Ordinary 
tensile tests were carried out, but great care was 
taken to obtain strictly comparative results. The 
rate of extension was kept constant at 1 in. in 960 
seconds ; this was the slowest speed available. Testing 
at greater rates of extension gave higher, and therefore 
less correct, values of the ultimate stress. The 
arrangements for holding the test-pieces in the vertical 
electric furnace followed standard practice, and require 
no further comment. 

Plain Chromium Steels.—Steels A and B belong to 
this class; their analyses are given in Table I. Tests 
showed that the best results in the case of steel A were 
obtained by air-hardening from 950 deg. C., and this 
treatment was applied to the tensile test-pieces after 
soaking for 20 minutes. Oil-quenching from 900 deg. C. 
was found to be the best treatment for steel B, a hard- 
ness of 660 Brinell being obtained. The increased 
silicon necessitated more rapid cooling. Neither 
raising the hardening temperature nor resorting to 
water-quenching improved the hardening. The above 
treatment, therefore, was given to the tensile test- 
pieces after soaking for 30 minutes. From the results 
of mechanical tests, it was seen that steel A air-hardens 
at 900 deg. C., and becomes brittle, whereas steel B, 
which contains a little more silicon, does not. Steel B 
seems to be tougher and slightly more ductile than 
steel A, which, however, is the stronger of the two. 

The heat treatment adopted for the test-pieces for 
determining the tensile properties at elevated tempera 
tures was as follows :—Steel A was air-hardened from 
950 deg. C. after soaking for 20 minutes, and was 
tempered at 700 deg. C. for 30 minutes. Steel B was 
oil-quenched from 900 deg. C. after soaking for 30 





* Paper read before the Iron and Steel Institute, 
London, on Friday, May 2, 1930. Abridged. 
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minutes, and was tempered at 650 deg. C. for 30 minutes. | The mechanical properties at ordinary temperatures | the steel brittle, but without impairing its strength. The 
The results of the tensile tests at elevated temperatures | showed that steels C, D and E air-harden at 900 deg. C., | steel is brittle when 3} per cent. of silicon is present. 

are given in Table III. From these results, steel A| but steel F does not. Although this property is| From these results, it was decided to give the follow- 
would appear to be slightly stronger at elevated | dependent to a certain extent on the carbon content, | ing heat treatment to the tensile test-pieces for deter- 
mining the properties at elevated temperatures : 
TABLE I.—Composition oF MaTERIALs. Steel C was air-hardened from 1,000 deg. C. after 
soaking for 30 minutes, and was tempered at 700 deg. C. 












































| . 
Steel. | Carbon. | Silicon. Sulphur. Phosphorus. | Manganese. | Chromium. Nickel. | Tungsten. | Cobelt. |Molybdenum. Steel D was oil quenched from 1,000 deg. C. after 
Per cent.| Per cent. | Per cent. | Per cent. Per cent. Per cent. | Per cent. | Per cent. |Per cent.) Per cent. soaking for 15 minutes, and was tempered at 700 deg. C. 
i Steel E was oil-quenched from 950 deg. C. after soaking 
aryts for 15 minutes, and was tempered at 800 deg.C. Steel F 
Plain Chromium Steels. was oil-quenched from 950 deg. C. after soaking for 
A | 0-58 | 0-16 | 0-038 | 0-035 | 0-57 | 4-69 | Nil | Nil | Nil | Nil 30 minutes, and was tempered at 900 deg. C. The 
B | 0-57 0-31 — _ 0-43 =| 5-99 » , ” r specimens were then pulled at various temperatures, 
Meh ots oe er and the results of the tests showed that increasing the 
Silicon-Chromium Steels. pee - 

silicon decreases the strength, especially at tempera- 
Cc | 0-49 0-80 0-016 0-019 0-31 5-52 Nil Nil Nil Nil tures of 600 deg. C. and over. Steel C is the only one 
D | 0-42 1-28 0-029 0-018 9-3 | pe ” is | ” . having any reasonable strength at 700 deg. C., and 
F 0-61 3-56 = pie 0-89 | 5-68 s = | if $3 there is a very marked decrease between 700 deg. C. 
ry 0-65 1-55 — — 0-60 | 6-76 9 » * ” and 800 deg. C. Steels C, D and E are inclined to be 

H 0-57 3-12 = = 0-63 al ” eR %@ ” brittle between 800 deg. C. and 900 deg. C. 
High Nickel-Chromium Steel:. Turning now to group b, hardness tests showed that 
| = a 2» = os steel G was very similar to steel E, and oil-quenching 
: ne = = | — = | ri | ca i Nil Nil Nil from 950 deg. C. gave a hardness of about 580 Brinell. 
M { 0-45 0-83 a | re | 0-62 | 9-83 9-66 1-96 a It was not possible to air-harden steel H from any 
N fl 0-52 0-98 | — | - |} 0-83 | 11-16 13-00 2-28 ” - temperature up to 1,000 deg. C., and the best results 








were obtained by oil-quenching from 1,000 deg. C. 
after soaking for $ hour. A Brinell hardness of 600 
pea | 0-37 | 0-049 | 0-025 | 0-23 | 11-70 | 0-72 | Nil | 2-94 | 0-38 was then obtained. 

The mechanical properties indicated that, on the 
whole, steel H appears to be stronger and more ductile 
than steel G. Steel H does not air-harden at 900 deg. 


Cohalt-Chromium Steel. 





TABLE III.—MeEcuanicaL PROPERTIES OF PLAIN CHROMIUM STEELS A AND B aT ELEVATED TEMPERATURES. 













































































| : j F Pe C., in spite of the fact that it contains more chromium 
Yield Stress. | __ Ultimate Stress. ——— on 7 inches. —— < Area. than steel G. The presence of the 3 per cent. Gil ctiieces 
Temperature Tons per square inch. | Tons per square inch. er cent. er cent. : } ‘ 
oe | must be mainly responsible for this softening effect. 
( s . 
nee = The best tempering temperatures were 800 deg. C. and 
Deg. C. | | | Pp fof pe 7 g. &. 
Steel A. | Steel B. | Steel A. | Steel B. | Steel A. | Steel B. Steel A. | Steel B. | 900 deg. C. for steels G and H, respectively. However, 
impact values of the latter were considered to be 
ae ~ ist | i  -_-? | ~~ 1-6 r | 40-0 extraordinarily low, so more test-pieces were heat- 
300 a 54-1 i ce | 55-5 = 14-5 aS 60-0 treated, giving the results recorded in Table VIII. 
400 49-5 41-6 | 58-3 56-8 | 14-58 12-5 48-6 55-0 One tensile test-piece was then air-hardened from 
po bi Sot | oi ge ae a eo pa 950 deg. C. and tempered at 800 deg. C.; it then gave 
i) oi 22° 31- 24°s r4 5 ty al 
700 10°5 13-4 11-5 13-4 | pa = = = the following results :— 
800 5:7 4-7 | 7:9 6-9 38- 39° 9o° 5 Yield stress saa ... 39-0 tons per square inch. 
900 5-3 4-5 | a-4 j 4-5 | 66-0 | 83-0 90-0 69-9 Ultimate strength pe 56-3 P q 
Elongation on 2 in. ... 22-6 per cent. 
* Broke near shoulder. Reduction of area --» 48-0 ‘a 
TaBLe VIII.—-Jzod Impact Values of Steel G. TABLE IX.—MEcuHAnNIcaL PROPERTIES OF SILICON-CHROMIUM STEELS aT ELEVATED TEMPERATURES. 
Tempering | Yield Stress. | Ultimate Strength. | Elongation on 2 in. Reduction of Area. 
Hardening Treatment. Temperature. | Impact Values. | Tons per square inch. | Tons per square inch. | Per cent. Per cent. 
Deg. C. Deg. C. | wt.-Ib. Temperature —__—— _— 
“ae Steel G. Steel G. Steel G. Steel G. 
Air-hardened from 950.. es 700 9 | Steel Steel | __ Steel Steel 
Celina: ~ 700 % | | a = loca | E - 
ll-quenched from oe oe ‘ b t d 
sat ee 800 16 | (a) (6) @ | (a) | (1) 
temperatures than steel B, but on the whole, the small 400 poe | a = | 38-9 47°8 45-6 | 19-5 | 17-0 | aa! 57-0 | 51-0 59-5 
increase in chromium and silicon has made little 500 27-2 | 21-3 — | 32-6 33-1 34-6 23-0 | 33-0 32-0 66-8 67°5 69°5 
: : : ; 5 sel = “it: 21.4 * a Peo xi “s , 2 
difference to the mechanical properties. 600 ae as | 16-2 | 21-3 18-2 | 35-0 | | 50-0 | 90-2 | 89-8 | 88-7 
sabe : : 7 700 8-95 | 7-2 — 9-9 8-1 9-1 51-0 74-0 57-0 95-7 97-2 93-7 
Silicon-Chromium Steels.—-These steels have been 800 4-23 4-2 aie 4-4 4-7 “§ 85-0 | 96-0 63-5 98-5 98-2 96-9 
divided into two classes, (a) those containing about 900 — — — — — 2-0 ee . = — 97-0 
: ite : 
5-6 per cent. of chromium and silicon ranging from & | ! : Be 
0-8 per cent. to 3-5 per cent. (steels C, D, E and F), * The gauge marks became obliterated during the test, but the extension would be about 100 per cent. 
pe pe : Pp 
TABLE X.—Mecnanicat Prorerties oF NicKeL-Curomium Steers K anp L at Evevatep Temperatures. | The following heat treatments were given to the 
specimens used for the determination of tensile proper- 
Yield Stress. | Ultimate Stress. Elongation on 2 in. Reduction of Area. ties at elevated temperatures: Steel G was (a) oil- 
Temperature Tons per square inch. Tons per square inch. Per cent. Per cent. quenched from 950 deg. C. and tempered at 800 deg. 
of Fest. C.; and (6) was air-hardened from 950 deg. C. and 
deg. C. | | |tempered at 800 deg. C. Steel H was oil-quenched 
Steel K. Steel L. | Steel K. Steel L. | Steel K. Steel L. Steel K. Steel L. pere gu & 1 2 
eS x | | from 1,000 deg. C. and tempered at 900 deg. C. The 
| results of the test are detailed in Table IX. In the 
400 57-2 — 81-0 52-4 9°5 19-5 pa | Q ;case of steel G, air-hardening seems to have given 
800 12.5 20.6 341 33.0 a 31.0 15-3 45-0 | slightly better results, but on the whole, these steels 
700 fees 18-9 25-0 25-0 24-7 22-0 48-7 53-7 | are weak at temperatures in excess of 700 deg. C. 
800 8-93 14-3 16-2 15-0 8-5 22-0 31-0 48-5 Comparing steels F and H, at ordinary temperature 
900 12-8 = 14-2 = 1°5 = 0-5 = steel H is more ductile and less brittle, although it 











contains more chromium; at elevated temperatures 
' steel F is the stronger up to 600 deg. C., but above 
this temperature there is little to choose between them, 





TABLE XI.—MEcHANICAL PROPERTIES OF NICKEL-CHROMIUM STEELS M AND N AT ELEVATED TEMPERATURES. 














Id Ultimate St | El ti Bi Reducti f A bape ey vee’ 

Yield Stress. ‘Itimate Stress. | Slongation on 2 in. eduction of Area. Ton de . P . = 
Temperature Tons per square inch. | Tons per square inch. | Per cent. Per cent. N ickel-Chromium Steels.—The analysis } of these 
of Test, hears est ; ____| steels is given in Table I, and for convenience they 
deg. C. | ‘wen ‘ ; =i - : have been grouped as shown by the brackets. Two 
Steel M. | Steel N. | Steel M. | SteelN. | Steel M. | Steel N. | Steel M. | Steel N. | of the steels (K and L) do not contain tungsten, but 
! |one has a much higher content of carbon and nickel 
ia | 7 | 40-3 | 48-5 49-3 | 28-0 | 20-0 48-0 | 40-5 than the other. There is about 2 per cent. of tungsten 
500 | 26-8 | 30-7 43-1 37-1 25-0 | 19-6 re: | 51-6 in the other two steels (M and N), but steel N 
600 28-4 | — 36-9 39-0 | 20-0 22- 3-7 9-3 contains more nickel and chromium. It was not 
700 24-0 =| = 20-3 =< ti 25-0 | = 27-5 = | as found necessary to make a complet f 
800 17-9 15-4 20-6 16-4 22-5 32-7 52-5 68-6 er Mase S COMpeLe iEtey oO 
900 9-65 = | 14-6 11-3 | 20-0 19-5 35-5 | 35-8 the hardening properties, as these steels are of the 

! 











austenitic type and the hardness is not affected 
greatly by heat treatment. The hardness is about 
and (b) those containing rather larger amounts of | it would appear from these results that at least 2 per 250 Brinell. 

chromium and comparatively high in silicon (steels | cent. of silicon must be present to prevent air-hardening.| Steels K and L. 





Both steels were air-hardened from 


G and H). Their analyses are given in Table I. The | Steel C is slightly stronger and tougher than steel D; 800 deg. C.; neither was tempered. The mechanical 
most noticeable feature of the hardening tests carried | steel E is tough and ductile, whereas steel F is weak properties of steel L were examined before proceeding 
out on steels in group a was that the degree of hardness | and is not ductile until tempered at 900 deg. C. It} with the determination of the tensile properties at 
decreased as the silicon content increased. 


would seem that the presence of silicon tends to make | elevated temperatures. The following results were 
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obtained at room temperature from a heat-treated | thermocouple was wired in the notch to indicate the 
specimen :— temperature at the moment of testing. Loss of heat 
: 3 during transference from the muffle to the Izod machine 
stra agang =. coe square inch. | was minimised by placing a steel cap over that portion 
Soa ae 19 = as’ of the specimen which protruded from the grips. The 

Izod impact value ws 23-5, 25-0, 23-5 ft-lb. whole arrangement was heated in an electric muffle to 

Brinell hardness (near a temperature 10 deg. C. in excess of the required 

fracture) oe sie” OT temperature. The specimen was then removed quickly 

The hardness of the parallel portion of the test- and placed in the vice of the Izod machine, the usual 
piece was 352 Brinell, whereas that of the screwed grips of which were slotted to accommodate the special 
ends and of the Izod test-pieces was 258 Brinell. “— steel grips. ae ? 
This increase in hardness was due to work-hardening, The results obtained are plotted in Fig. 7, annexed. 
which was responsible for the low values of the elonga- 
tion and reduction of area. 

The normal structure of this steel is austenitic. 
With severe cold-work, this austenite is transformed 
into martensite. In the case of the tensile specimens, 120 
dark bands of strained metal, running parallel to the 
direction of stress, appear near the fracture. The 
results of the tests at elevated temperatures are given 
in Table X. Steel K appears to be brittle at 600 deg. C. 
and 900 deg. C., but steel L is certainly free from this 
defect at the lower temperature. From the results 
given in Table X it would appear that steel K has the 
better mechanical properties at all temperatures except 
600 deg. C. 

Steels M and N.—Steel M was oil-quenched from 
950 deg. C., and steel N was air-hardened from 800 deg. | 
C.; neither was tempered. Steel M possessed a 
hardness of 440 Brinell and an Izod value of only 
6 ft.-lb. after air-hardening from 800 deg. C. Tem- 
pering at temperatures up to 700 deg. C. did not 
improve the physical properties, so oil-quenching was 
adopted. The following mechanical properties were 
obtained after quenching the specimen in oil from 
950 deg. C. :— 


Ultimate strength 


Fig.7. IMPACT STRENGTH OF CHROMIUM 
STEELS AT ELEVATED TEMPERATURES. 
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57-7 tons per square inch. 


























Elongation on 2 in. 6 per cent. 
Izod impact value ... 24 ft.-Ib. 
Brinell hardness war 8 salt 
. . . 0 200 i) 
During the test, the beam of the tensile testing ine _— iad _ 
machine dropped and tended to raise itself several 
times after the yield point had been passed, and the seein Temperature of T est Deg. Cent. 


specimen was quite hot after the test. A good ragged 
fracture was expected, whereas the specimen showed ‘ 
very little elongation. These phenomena tended to| Ftg.9. OXIDATION OF STEELS AT 950°C. 
show work-hardening, and the parallel portion of the 
test-piece was tested for hardness, which was found 
to be 360 Brinell, as against 258 originally. Similar 
effects were observed in the case of steel N. The 
results of the tests at elevated temperatures are 
collected in Table XI. Steel M appears to be stronger 
and more reliable than steel N, and judging solely by 
the results contained in Tables X and XI, it would 
seem that there is little or nothing to be gained by 
increasing the nickel and chromium content from 
9 per cent. to 12 per cent. or 13 per cent. 

Cobalt-Chromium Steel.—One high-carbon steel (P), 
containing approximately 12 per cent. of chromium 
and 3 per cent. of cobalt was made, but the results 
were rather disappointing, as the steel was brittle on 
account of the high carbon content. 

General Conclusions.—The silicon-chromium steels 
are not very strong at temperatures in excess of 
700 deg. C. Silicon decreases the hardening properties ; 
an increase of this element to 34} per cent. makes the 
steel more brittle in the cold and decreases the strength 
at elevated temperatures. A suitably heat-treated steel 
containing 8 per cent. of chromium with 34 per cent. of 
silicon is stronger and more ductile at room tempera- 
tures than one with less chromium or silicon, but it is 
weaker at elevated temperatures. Increasing the 
silicon causes the following effects :—(a) The hardening 
properties are not so pronounced. (5) There is a lack 
of ductility at 900 deg. C. in steels containing between 
1-0 per cent. and 1-5 per cent. of silicon. The steels 
containing 3 per cent. of silicon do not show this 
phenomenon. 

The nickel-chromium austenitic steels possess better 
static properties at elevated temperatures than the 
silicon steels. They are stronger, and do not appear 0 40 Go 77) 120 
to be so plastic when hot. From the results obtained, : 
it would appear that there is little to be gained by| (2937-¢) Time, Hours. 
increasing the nickel and chromium content from 
9 per cent. to 12 per cent. or 13 per cent. Further, it|They show that all the steels are comparatively 
will be noticed that the elongation and reduction of | brittle at ordinary temperatures, and that heating 
area of the nickel-chromium steels at various tempera-|jmproves the toughness figure. The outstanding 
tures are fairly constant, whereas in the case of the| result, however, is the astonishing increase in the 
silicon-chromium steels, the values of these particular | impact value of steel B when heated slightly above air 
properties increase with increasing temperatures of| temperature. As it was thought that these high 
testing. This is very evident at 800 deg. C.; the| results were incorrect, further tests were carried out. 
nickel-chromium steel has a reasonable reduction of | These confirmed the previous results. It is obvious, 
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area, whereas the silicon-chromium steel pulls out| therefore, that the increase in toughness is progressive. 
almost to a point. | The fact that moderate annealing causes the cohesion 

Izod Impact Value at Elevated Temperatures.—The | to increase more rapidly than the resistance to shear, 
impact values at high temperatures of steels B, G, K, | may be a possible explanation of the reduced brittle- 
L, M and N were investigated. Single-notch test-|ness noted above, for the greater the resistance to 
pieces were placed in dummy grips made of nickel- | shear in relation to the cohesion, the more pronounced 
chromium steel, and the hot junction of a base-metal ' is the brittleness. The introduction of silicon causes 


a reduction in impact value. All the steels of the 
austenitic type show reasonably good values of impact 
strength. 

Oxidation at High Temperatures.—These tests were 
carried out to obtain comparative information as to 
the oxidation of certain of the steels when red hot. 
Cylinders about 1 in. long and 0-6 in. in diameter, 
giving a total area of about 16 sq. cm., were placed 
in an electrically-heated horizontal tube furnace. 
The ends of the tube were open, in order that a draught 
of air could travel over the specimens. The cylinders 
were placed in small open-ended boats made of best- 





i 


Fig.8. OXIDATION OF STEELS AT 900°C. 
7 


Gain uv Weight, Mg.per Sg.€m. 
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Fig.d0. EXPANSION OF CHROMIUM STEELS. 
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| grade alundum cement. It was evident, from the 
|early experiments, that small changes of temperature 
| affected the results, and a thermostat, similar to that 
| developed by Hanson and Haughton at the National 
| Physical Laboratory, was installed, by which the 
furnace was controlled to within 2 deg. C. or 3 deg. C. 
The experiments also showed that the specimens must 
be chemically clean. 

The tests were carried out at 800 deg. C., 900 deg. C., 
and 950 deg. C. The results plotted in Figs. 8 and 9, 
on this page, show that the silicon-chromium steel 
containing 1-5 per cent. of silicon possesses remarkable 
resistance to oxidation at high temperatures. It is 
better than the high nickel-chromium steels, and it 
has the advantage that the scale is adherent. Steel N 
is second in the order of merit, followed by steels M 
and L, between which there is little to choose. Steel B 
scales most ; the only difference between steels B and 
G is the presence of 1-5 per cent. of silicon in the latter, 
yet there is no comparison between the resistance to 
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ROTARY FEED PUMP WITH STEAM AND ELECTRIC DRIVE. 
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oxidation of the two steels. The oxidation at 800 deg. 
C. is slight. 

¥ Expansion Tests.—An exact knowledge of the 
coefficient of thermal expansion of an engineering 
material is sometimes of value. In the case of steels 
fer valves, an idea of the clearances required is obtained. 
Moreover, should a valve steel possess the same charac- 
teristics of expansion as the cast-iron of the cylinder, 
perfect seating would be obtained at all temperatures. 
The expansions were first determined up to 100 deg. C. 
in a steam-jacketed apparatus, and then up to about 
900 deg. C. by using a nichrome-wound furnace. In 
both methods the elongation of the specimen was 
magnified by means of a mirror and a beam of light. 
In the case of the apparatus for determining expansion 
up to 100 deg. C., the movement of the mirror was 
effected by a fine wire passing round a pulley on the 
mirror shaft, which was held in jewel bearings; the 
wire was kept in tension by a light spring. In the 
other case, the mirror was attached to a rod which 
could roll between two flat plates, one being fixed and 
the other connected to the specimen by means of a 
silica rod. The specimens were heat-treated, according 
to the previously determined schedules, before the 
determination of the expansion. The results are 
shown graphically in Fig. 10 on page 680. The con- 
traction on cooling was also observed, but it is not 
possible to show these results without the use of a 
separate graph for each steel. 

_ The bending over of the curves at about 800 deg. C. 
is due to the temperature approaching that of temper- 
ing. Quite erroneous results can be obtained unless 
the steels are heat-treated between experiments. 

It is interesting to note that: (1) Invar has a low 
coefficient of expansion only at temperatures up to 
about 120 deg. C. (2) The coefficient of expansion of 
all the specimens examined increases with rise of 
temperature. (3) There is not much difference in the 
expansion of any of the silicon-chromium steels 
examined. (4) The high nickel-chromium steels have 
& very much greater coefficient of expansion than the 
other chromium steels. Some of the steels suffered 
permanent changes in length. For example, steel C 
decreased 0-003 in. and steel E 0-001 in. on a length 
of 2-75 in., whereas steel N did not undergo any 
change. The amount of displacement of the cooling 
curves confirmed these contractions. 








Tun Canapian Bupcet: ErratumM.—We regret that 
by an error on the part of the printers the name of the 
author of the letter entitled ‘The Canadian Budget,” 
published on page 632 of our issue of last week, was 
wrongly given as Charles H. Lisle. 
Charles H. Luke. 


It should have read 








ROTARY FEED PUMP WITH COM- 
BINED STEAM AND _ ELECTRIC 
DRIVE. 


WITH increasing rates of evaporation and the ten- 
dency of water contents in modern boiler plants to 
decrease, the importance of reliable feeding apparatus 
becomes more urgent. The figure above shows a feed 
pump which for this reason has both steam and electric 
drives. Normally the motor operates the pump, and 
the turbine acts as a standby, but the latter also takes 
the load automatically when the motor cannot deal 
with it for any reason. The set is one of three sets 
supplied by Messrs. G. and J. Weir, Limited, 
Cathcart, Glasgow, to Messrs. Electrobel Société 
Anonyme, of Brussels (Interescaut) for the Schelle 
Central Station. Each set is capable of delivering 
61,700 gallons (280 cub. m.) of water against a 
discharge pressure of 639 Ib. per square inch (45 kg. 
per square centimetre). The suction pressure is 
128 lb. per square inch (9 kg. per square centimetre), 
and the temperature varies from 293 to 338 deg. F. 
(145 to 170 deg. C.). As will be seen, the feed pump is 
situated midway between the two driving units, all 
three being mounted on one bed plate. The electric 
motor, at the right hand of the figure, has an output of 
600 h.p. The current is 3-phase, 50 periods, 440 volts. 
The motor is designed for a normal speed of approxi- 
mately 2,900 r.p.m., but, should this fall as low as 2,800 
r.p.m. a governor brings the turbine into action. The 
turbine, which is of the Weir impulse type, takes steam 
| at a pressure of 498 Ib. per square inch (35 kg. per 
|square centimetre), at a superheat temperature of 
797 deg. F. (425 deg. C.) It exhausts against a back 
| pressure of 12-8 lb. per square inch (0-9 kg. per square 


| centimetre) absolute. 


| The steam turbine has one pressure and three 


| velocity stages. The casing, which is of cast steel, is 
| split horizontally, the upper portion carrying the steam 
| and exhaust branches and the crescent-shaped nozzle 

ox. Three auxiliary nozzles, controlled by the 
external valves shown, are provided for the admission 
of extra steam during overload or under adverse 
steam conditions. The governor is operated by water 
taken from the discharge side of the pump, and can 
be adjusted so that the discharge pressure can be regu- 
lated. This governor, with its adjusting handle, is 
readily made out in the figure. The pressure water 
operates a double-beat balanced throttle valve adjoin- 
ing the main stop valve and interposed between it and 
the nozzle box. The throttle valve controls the supply 
of steam to the turbine, according to the load on the 
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practically constant irrespective of ordinary fluctua- 
tions either of steam pressure or the quantity of water 
discharged. The turbine is also controlled by a stop 
valve of the normal screw-down disc type, having a 
dashpot and piston, while, within the shell of the outer 
bearing is a safety or emergency governor of the eccen- 
tric-ring type, directly attached to the turbine shaft. 
This governor, immediately a safe speed is exceeded, 
e.g., from the failure of the water supply, trips the 
piston of the stop valve by means of a rod and lever. 
As regards materials, the turbine rotor and guide 
segments are of forged steel, with Monel metal blades 
and shrouding. The nozzle box is of cast steel, and 
the nozzle segment of special cast-iron suitable for use 
with superheated steam. The turbine shaft is of 
chrome-nickel steel, and hard carbon gland packing 
is fitted, with steam sealing to meet the exhaust con- 
ditions. The bearings are of the split type, white- 
metal lined, provided with oil-ring lubrication. 

The pump has three stages. The casing is of cast- 
steel, gunmetal lined, with cast-steel end covers. The 
discharge end cover contains a hydraulic balancing 
arrangement for neutralising end thrust. The im- 
pellers and diffuser rings are of Monel metal, while the 
diaphragms are of cast-iron. The pump shaft is of 
chrome-nickel steel with non-corrodible sleeves for 
the stuffing boxes, in order to take the end 
thrust, if the normal hydraulic balance disc should 
wear. The discharge branch is fitted with a non- 
return valve of the spring-loaded dashpot-cushioned 
type. The couplings connecting both the turbine and 
the motor to the pump are of the Wellman-Bibby 
flexible type. 








THE MercantTILE YEAR Boox.—Established in 1887 
and still edited by its founder, Mr. W. Lindley-Jones, 
the forty-fourth issue of The Mercantile Year Book, as 
was the case with its forerunners, constitutes a directory 
of exporters in London, Manchester, Liverpool, Birming- 
ham, Glasgow, Bradford and many other British centres, 
as well as in France, Belgium, Holland, Switzerland 
and Italy. A very useful feature of the work is the long 
section devoted to overseas importers, showing the classes 
of goods purchased and their representatives and buying 
agencies in this country and in Europe. A walking 
guide to London shippers, in street order, and comprising 
11 itineraries, is also included. The book contains a 
series of coloured maps and is well indexed. Probably 
at no other time has the need for increased exports of 
British manufactured goods been so imperative, and 
year books of this type are doing useful work in this 
important field, bringing together, as they do, the exporting 
firm and the potential buyer overseas. The volume is 
ae price 20s. net, or 20s. 9d. post free, by Messrs. 

indley-Jones and Brother, Limited, 32, Bishopsgate, 








pump, and its use ensures a discharge pressure which is 


London, E.C.2, 
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EXTENSIONS OF THE BARTON POWER STATION. 
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i STEAM CONDITIONS. 
. Loap| PRESS! TOTAL TEMPISUPHT. Surge Tank 
| Fig. 7. L806. °F, °F 
| \ECON.| 350 | 700 263-6 
MAX.| 350 700 | 263-6 
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EEDWATER N°CHEATER 
TEMP. °F. 
LOAD TNLET |OUTLET 
ECON | 140-8| 209-1 
MAX.| 150-4| 2216 





































































[N24 HEATERORAIN, 


\(N@SHEATER OR: 
LOAD | TEMP °F. 
[ 300 | 


LOAD | TEMP °F 
ECON.| 2547 
MAX.| 2669 
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Economical Load = 32800 K.W. 
Maximum » =41/,000K.W. 
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OPERATING RESULTS WITH THE! the feed heaters allows them to be placed right against | Whereas in the earlier condensers, the arc of steam 
RECENT EXTENSIONS AT BARTON | the turbine foundation block, thus giving direct access | admission over the tubes extended over about one- 


to the crane. | half of th iph i , he are 

* . : ‘ e riphery, in the new condenser the ar 

POWER STATION. Reckoned on the basis of the adiabatic heat drop, the | had been pet ated increased. The effective depth 
By H. L. Guy anp H. C. Lams, MM.I.-Mrcu.E. | new turbine is 8} per cent. better than the main turbines | of the condenser is thus reduced, tending to a more 
(Continued from page 599.) in engine room A, while the overall thermal efficiency | even distribution of steam over the tube surface and 


: | of the main turbine and regenerative feed heaters in | a corres i i ission. The 
TH EB general arrangement of the feed heating system | engine room B is 12 per past greater than that in Setoeiien te ee, a in Figs. 
in engine room “Be shown on the layout drawing, | engine room A. Much of the improvement in efficiency | 8 and 9. The tube bank of the new condenser is divided 
Fig. 6. A diagrammatic arrangement, giving the and the ease with which the plant can be handled is | by shielding diaphragms into wedge-shaped sections. 
dist ribution of pressure and temperature at various | due to the adoption of two cylinders. | Sido ies thas Glenk cguiienaden ots abe uutieh arte provided 
loads, is shown in Fig. 7. The vertical arrangement of} The general particulars of the new condensing plant | at each side, the last condenser has a single air outlet. 
* Paper read before the Institution of Mechanical |‘ gine room B are given in Table IV on page 685, | This change permits an increase in the arc of steam 
Engineers; North Western Branch, at Manchester, on | CONtrasted with those relating to the condensers in | admission towards the bottom at one side. It will be 
March 20, 1930. Abridged. | engine room A. noted that a wide free lane extends through the new 
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EXTENSIONS OF THE BARTON POWER STATION. 


Fig.8. 
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condenser from the top to the bottom. This passes 
a quantity of steam direct to the lower tubes, where 
itis probably condensed by direct contact with falling 


water rather than by contact with the cooling surface. | 


The provision of a large air-cooling’ chamber reduces 
the quantity of vapour carried over to the air ejectors, 
and thereby increases their air-withdrawing capacity. 
These changes in design, together with the reduction 
of 0-1 in. in designed vacuum enabled the surface of 
the new condenser per pound of steam condensed to 

reduced to three-quarters of that in engine room A, 
and reduced the under cooling of the condensate from 
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Drain Pump 


Pump 


{approximately 7-6 deg. F. to 1-0 deg. F. In both 
|cases, the shell is built of riveted mild-steel plates, 
| welding being employed to secure the body flanges and 
pads for pipe connections. The shell of the later 
| condenser is built up of one mild-steel wrapper plate, 
8 in. thick. The water heads are of cast-iron, with 
doors of mild steel plate. No special door-handling 
gear is used, as the numerous manholes provide 
sufficient access to all tubes for cleaning, and it is 
therefore rarely necessary to break the door joints. 
Each of the two three-stage steam-operated ejector 
units employed for the new condenser is capable of 





dealing with 60 per cent. of the maximum air quantity 
to be expected. Under ordinary operating conditions, 
it is necessary to employ only one set, and less than 
1,000 lb. of steam per hour maintains the specified 
| vacuum. The oxygen content of the condensate at 
| the bottom of the condenser is maintained at about 
|}0-08 c.c. per litre. To avoid air leakage into the 
| condensate, the glands of the extraction pumps are 
| pressure sealed, as are also the joints of the pump 
| casing. The extraction pumps are in duplicate. 
| The advance in practice relating to multi-stage 
| regenerative feed-heating installations introduced new 
| problems regarding the necessary arrangements for 
testing the new plant and the routine to be observed 
during the tests. An important difference lies in the 
fact that, whereas the temperature of the feed water 
leaving the last feed heater of the sets in station A 
was appreciably below boiling point at atmospheric 
pressure, and the feed water could therefore be weighed 
in open tanks, in station B it is much above 212 deg. F., 
| and this method is no longer applicable. The difficulty 
| was overcome by intercepting the feed at a point 





TABLE IV. 





Station. A. B. 


Rating—steam condensed 240,000 265,000 
Lb. per hour | 

Cooling surface square feet 

Circulating water at 55 deg. 

: Gallons per hour 


40,000 | 32,000 
2,280,000 1,860,000 


| Vacuum “ Hg. at 30” 29-1 29-0 
Number of tubes .. 7,886 5,686 
| Material of tubes .. rel Adm. mix. | Adm. mix. 
| Length between tubeplates | 19 ft. 5 in. 21 ft. 6 in. 
| Normal dry air quantity | 230 200 
| Lb. per hour | 
Extraction pump power | 2 x 67 2 x 60 
B.h. | 
Manufacturer Richardson | Richardson 
| Westgarth. | Westgarth. 





where its temperature was, approximately 140 deg. F., 
taking it to weighing tanks and then returning it to 
| the feed heater system at a point from which it would 
pass through the remaining heaters. 

Fig. 10 shows diagrammatically the layout of the 
| plant for normal operation, together with the special 
arrangements necessary for testing. The piping 
employed to and from the weighing tanks during the 
| tests is shown in heavily-dotted lines. 
| In normal operation, the drains from heaters Nos. 3 
|and 4 are cascaded back to No. 2 heater from which, 
| together with the drainage of No. 2 heater, they are 
| delivered by a drain pump back to the feed system just 
| beyond No. 2 heater. In order to ensure that the 
| whole of the steam entering the turbine would be 
| weighed in the tanks, it was necessary to divert the 
water discharged from this drain pump to the weighing 
tanks, as shown in Fig. 10. It follows that under test 
| conditions, the heat in this drain water is returned to 
| the feed systems at the temperature prevailing at the 
|inlet of No. 2 heater, instead at that of the inlet to 
| No. 3 heater. A very small thermal loss is thereby 
| introduced under test conditions, as compared with 
|normal operation, but no correction has been made 
| for this in reducing the test figures. 
| As the temperature of the drain water from feed 
| heaters 2, 3 and 4 is some 50 deg. to 60 deg. F. hotter 
| than the main condensate going to the weighing tanks, 
| and is therefore at about boiling point at atmospheric 
| pressure, it was mixed with the main condensate before 
exposure to the atmosphere, as shown in Fig. 10. The 
evaporation from the weighing and storage tanks was 
| proved to be negligible by actual test. 
| It was originally suggested that the surge tank 
| should be blanked off during the test. Those respon- 
i sible for the station operation were opposed to this 
course, because mal-adjustment of the water quantities 
during the test might produce cavitation at the feed 
pump suction. It was found possible, without incon- 
venience, to maintain the variation of the level in the 
surge tank within such limits that the effect of the 
maximum change during any of the tests was less than 
one-third of one per cent. As the change in level of 
the surge tank was readily observed with an error of 
not more than ,}, in., the error in measuring the steam 
consumption introduced by such an inaccuracy is less 
than 1 in 7,000, and therefore negligible. 

The weighing tank equipment is permanently 
| installed in the power station, and consists of a tank, 
capable of containing 34,700 lb. of water, mounted on 
a 25-ton Hodgson weighing machine fitted with a ticket- 
stamping device. Before the tests, the weighing 
machine was checked, adjusted and passed by the 
Inspector of Weights and Measures. 

The process of taking a test is as follows. Prior tc 
the beginning of the test, the drain valves of the 
storage tank are open, those of the weigh tank closed, 
and the condensate bye-passed direct to the sump. 
At a given electric light signal, the bye-pass is closed, 
the valve to the storage tank opened, and the initial 
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reading taken on the electrical and other instruments. 
After a predetermined interval, when about 10 tons 


observing the pressure and temperature before the 
ejector nozzles, the areas of which were known. As 





of water are collected in the weigh tank, the valves | the sealing water for the turbine gland was supplied 
from the storage tanks are closed and the collected | from an independent source, the quantity was measured. 
water accurately weighed. The weigh tank is then | The results of the tests are presented in Tables V and 


rapidly emptied, its drain valves closed, and the | VI and VIB, the first of which summarises the observa- | 
The drain valves in the storage | tions obtained, while VIa and VIB give the deductions | various authorities cited, lead one to hope for an early 


tank weight taken. 


tank are then opened, the accumulated water being 


rapidly emptied into the weigh tank. 


A test is terminated after the desired interval, by 
shutting off the flow to the storage tank and by-passing | actual conditions as run, no 
the condensate direct to the sump. All readings are | correction of any sort having 
taken simultaneously with this operation, in response | been introduced to adjust the 


to a light signal. The quantity of water in the drain 
sump tank was accurately observed at the beginning 
and end of a test. Electrical meters, with their series 
and potential transformers, calibrated at the Manches- 
ter College of Technology before the tests, were installed 
to register the output of both the main and house 
service alternators. After the test, the metering 
equipments for both main and house alternators were 
specially calibrated by the Manchester College of 


| from these observations. It 
should be emphasised that the 


to enable the mean efficiency under the test conditions 
to be determined. In Table VIB, the turbine efficien- 
cies for tests 3 and 5 are given relatively to adiabatic 
expansion, based on the heat drop deduced from the 
most recent steam tables of importance. The varia- 
tion between the figures based on the work of the 
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Technology under the actual conditions of the tests, | economic load and under sum- SS 3 | 
and at the readings obtained during the tests. The | mer conditions is 31-27 per BS 
initial steam pressure was measured on two 12-in.|cent., corresponding to a & 8 Holes 4éD | 
Bourdon gauges, calibrated against a Crosby-dead- ; heat consumption of 10,913-7 . 4 in eachrow 
weight tester. The necessary correction was applied| B.Th.U. per hour. Under -— Bus Pipes —. LA ow both sides 
for the height of the gauges above the pressure point | winter conditions, Test 5, the of O6—mH | 
to which they were connected. The initial steam | thermal efficiency rises to 32-03 aes dit: 
temperature was measured by Negretti and Zambra | per cent. with a heat consump- LF z ! iH H 
high reading, nitrogen-filled thermometers immersed in | tion of 10,652-7 B.Th.U. per —" a YW! 
solder-filled thermometer pockets. The thermometers | hour. Zi 2 Wo 
were calibrated by the National Physical Laboratory. Although the feed heaters R: 2 alam 
Vacuum readings were taken at 10 points around the | were in operation during the | esos | i 
exhaust, of which four were taken by two ’bus sampling | test, the thermodynamic efti- 281870 I. a Pp “902) N N apr 
pipes. The ’bus pipes were constructed of a stiff, | ciency of the turbine relative +4 AZ a : z 
wrought-iron pipe, having a bore of 1-in. diameter, | to adiabatic expansion can be Ke 7 7 ) yoncarell bay 
to each of which five static tubes were attached which | obtained by an application of —< C ) 
carried the measuring point into the planes of the|the analysis developed by (990-4) 2p:29¢ 28223 sis) TEST.3 | 28°34) 
exhaust flange. Very elaborate explorations of the| Baumann, by which the in- (28-973) (28:986) TEST.5S | (28'953) 
distribution of pressure across the exhaust flange of | crease in steam consumption = : 
ENGINEERING 
TABLE V.—OBsERVaATIONS. Taste VIs.—Adiabatic Turbine Efficiencies at Economic 
Rating. 
} 
1 | Test No. wie kee” Ge 1 2 | 3 4 5 l zi 
| Test No. | 3 | 5 
— = a | ee | a a : 
Cee be es a ..| 17.7.29 | 18,7.20 18.7.29 | 187.29 | 31.12.29 . ; | 
3 | Duration bee ae . Min. | 130 | 120 120 120 | 96 Combined efficiency of | 
4 Nominal load per cent. 60 | 100 80 40 | 80 Main and house service | 
| generator per cent.! 96-62 | 96-87 
Turbine Readings. | _— —— 
5 Pressure at stop valve. . .. Lb. per square in. g. 367-4 262-6 | 366-9 859-5 | 372-4 | 
6 Pressure after governor valve in 249-9 | 342-5 352-8 160-6 | 352-2 | Stop |Governor; Stop Stop 
 § Temperature before stop valve deg. F. 712-4 | 702-9 705-4 727 | 691-7 No. Authority. Valve to| Valve to| Valve to} Valve to 
8 Superheat at stop valve Se i a” 271-5 263-3 264-6 288-1 249-5 | Exhaust. Exhaust.| Exhaust .| Exhaust. 
9 | Mean abs. pressure at exhaust at 30 in. Baro. and | | | 
S2deg.F. .. oe sm op In, hg. 1-414 1-832 1-659 1-312 | 1-047 _ l i ze 
Feed Heaters. | 1. | Callendar, 1930 ; = 
10 | Temperature of condensate... deg .F. 86-5 95-04 | 92°45 81-83) — slam re ie ee | 84-45 
11 | Temperature inlet to No. 2 heater .. a 140-3 162-67 | 152-10 131-02 | 150:6) 4] Se | SeOtESts cent. | 85-28 | 85-65 | 83-93 | 84-48 
12 | Final feed temperature 5 ee 293-2 329-7 | 316-2 269-05 | 311-0] 5 | asm igs9 - 
Electrical Readings. | | per cent, | 85-60 | 86-08 | 84°10 | 84-86 
13 Units generated by main generator .. kw.-hr. | 72,218 80,042 68,153 29,813 | 56,232 | 
14 Units generated by auxiliary generator * | 1,382 1,228 1,167 920 | 848 
15 hy _— by fan a oe A as | pee 302 164 de: | “oy Taste Vic.—Generator Efficiencies in Accordance with 
16 | Nett units zenersted .. 73, 80,968 69,156 30,733 56,947 ; 5 g 
17. | Power factor a, 0-95 0-89 0-85 0-83 | oo B.E.8.A Specification No. 269—1927. 
18 | Averaye load kw. | 24,533 40,484 34,578 15,366 | 35,600 
| Test No. 3. 5. 
Water Measurements. | | | | 
19 — — weighed .. as a Lb. 759,300 845,550 700,750 332,030 565,610 Te 
20 ijector steam .. “> Bs “ — 3,324 — 4,392 _ 194 — 2,180 — 41,740 
21 | Gland water of eo | = 87501 — 2900] — 2220] — sise| — oso | “Od, me Per cont ot) og) | 60-0 | 80-0 100-0 
22 | Correction for surge tank change... si anep - 242) — 752 | — 982 202) — 1,697 | Main " generator (0-85 
23 Nett steam consumption (19 + (20) + (21) + (22 | "PR per cent. | 95-65 96-60 96-95 96-66 
Lb.| 751,984 838,206 695,354 $27,464 | 500,143 | House service generator 
(0:90 P.F.) percent. | 89-4 | 92-13 | 93-45 | 94-15 
| i} 
TABLE VIa.—Depuctions. oa 
a — Nl and successful conclusion to the work on the Interna- 
1 | Test No. 1 2 3 4 5 tional Steam Tables Conference held at the Institution 
. : —_|_______|_________|_____ ] of Mechanical] Engineers in London in July, 1929. It 
| should be noted that, averaging the three values for 
(23) | | | t ging 
2 | Test steam consumption (75) Lb. per kw.-hr. | 10-217 | 10-352 | 10-055 | 10-655 9-836 |the steam conditions before the stop valve and the 
3 | Total heat at stop valve ' B.Th.U. per Ib 1875-4 | ens anes seg | sane CO at the turbine exhaust, the turbine efficiency 
: bs ee 5 .. B.Th.U, per Ib. $75- »3870°5 | 371-7 383° ,364- iti i . 
4 | Total heat of feed leaving No. 4 feed heater ss oee.5 | “Snn.4 996.3 237-9 bg1.9 | Under the summer conditions of Test 3 is 85-37 per 
5 Nett heat supplied == (3)—(4) ia Be és 1,112:9 | 1,070-1 1,085-4 | 1,145-7 1,083-0 | cent. This figure becomes 85-78 per cent. if the heat 
6 | Test heat consumption. B.Th.U. per kw.-hr. | 11,370-5 | 11,077-6 | 10,913-7 | 1,2207-4 | 10,652-7 | drop from a point before the first nozzle to the average 
3412 ‘ n 
7 | ‘Test thermal efficiency = °4! percent. | 30-01 30-80 | 31-27 | 27-95 | 32.03 | Vacuum at the exhaust flange is considered. The 
(6) | corresponding average values for the winter conditions 
- of Test 5 are 83-99 per cent. and 84-59 per cent., 
the turbines installed in station A had demonstrated | can be determined which is occasioned by the feed heater respectively. ‘ 
the great utility of bus pipes for the accurate determina- | and drainage system employed during the test. It can (To be continued.) 
tion of mean vacuum across a large area of exhaust. | thus be shown that as a result of the feed heating 
All mercury columns were of the ‘‘ U”’ type, fitted | performed during Tests 3 and 5, the steam consump- i 
. . . : . . IN NADA.—Lead is 
with rack-adjusted verniers and machine-graduated, | tion was increased by 10-94 per cent. and 11-69 per Pei no y scene Pog Pg: Pinal year Columbia, 
to enable readings to be taken readily with an error | cent., respectively, over and above that which would Ontario, and Quebec, but 95 per cent. of the Dominion 
of not more than ,}; in. The variations in vacuum | be obtained with no feed heating. In other words, output is obtained from British Columbia. In his 
over the exhaust are shown in Fig. 11 by the unbracketed | the steam consumption corresponding to Tests 3 and 5 | province the Sullivan, the world’s largest silver-lead-zinc 
figures for test 3, and by the bracketed figures for test 5. | without feed heating are 9-062 and 8-806 Ib. per | mine is situated, and the ore concentrates are sent to 
The general uniformity of the distribution of pressure | kw.-hr., respectively. Trail, where pig lead is produced and other vee 
over the exhaust, deserves notice. : Under normal conditions, and during the tests, the ee ere See a ad tae 
The steam used by the ejectors was condensed in | total load on the turbine is divided between the main + ewe ete tte 1929 was 325,950 das Ib., of which 
separate heaters,the drainage from which was discharged | generator and the auxiliary generator. The efficiencies | British Columbia supplied 307} million pounds, Yukon 
into the cordenser. This steam was measured by | of these are therefore given separately in Table VIc | 8} million, Quebec 5} million, and Ontario 4} million. 
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CHROMIUM-COPPER STRUCTURAL 
STEELS.* 
By J. A. Jonzs, M.Sc, 


IN a previous paper by the authorf the effect of 
carbon, manganese, silicon, and nickel on the pro- 
perties of structural steels was investigated, and it was 
concluded that the type giving the best tensile pro- 
perties was that containing 0-3 per cent. of carbon, 
with about 1-3 per cent. of manganese and 0-9 per cent. 
of silicon. It was, however, pointed out that difficulties 
seemed to be encountered in the manufacture of steel 
plates and sections of high silicon content, and this 
was confirmed by the experience of speakers who took 
part in the discussion. Reference was made in the 
paper to the development, in Germany, of a structural 
steel possessing none of the disadvantages usually 
associated with steel of high silicon content. This 
material has the approximate composition: carbon 
0-15 to 0-18, silicon 0-28, manganese 0-8, chromium 
0:4, and copper 0-5 to 0-8 per cent. It was suggested 
that an increase in the carbon content, with a possible 
adjustment of the manganese, chromium, and copper 
contents, might result in the development of a struc- 
tural steel possessing a high limit of proportionality 
accompanied by good ductility. This suggestion was 
confirmed by the results already obtained by some 
British makers, which were communicated in the dis- 


Fig. 7. EFFECT OF CHROMIUM ON MECHANICAL 
PROPERTIES 
CARBON: 0-3% 


MANGANESE 0:5% 
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cussion. Some additional information on the properties 
of chromium-copper steels of German origin has been 
published recently by Schulz and Buchholtz. 

Further work has been carried out with a view to 
studying the effect of composition on the mechanical 
properties in a series of crucible steels containing 
0-3 per cent. of carbon and various amounts of man- 
ganese, chromium, and copper. The steels studied 
all contained less than 0-1 per cent. of silicon, 0-045 
per cent. of sulphur, and 0-025 per cent. of phosphorus. 
The steels were obtained in the form of rolled bars, 





TABLE III.—Comparison OF THE PROPERTIES OF 


accompanied by a slight decrease in the elongation and 
the impact figure when the chromium content exceeds 
1 per cent. When the manganese content is raised 
to 1 per cent., the addition of chromium exerts the 
same effect on the strength of the steel, while the duc- 
tility is maintained at a reasonable figure and falls 
very little below that of the previous series. The steels 
containing chromium in addition to manganese do 
not offer any advantage for structural purposes over the 
usual type of steel containing high manganese only. 
The addition of copper to these steels containing 
chromium leads, however, to a marked improvement in 
the properties, as illustrated in Fig. 2. In steels con- 
taining 0-65 per cent. of chromium this improvement 
becomes most marked when 0-5 per cent. of copper is 
exceeded. With higher chromium, 0-85 per cent., 
0-5 per cent. of copper produces an improvement in 
the strength of the steel, with a corresponding slight 
decrease in ductility, but with higher copper contents 
the ductility is maintained, while the elastic limit, 
yield point, and yield ratio are considerably improved. 
This may be accounted for on the assumption that the 
presence of copper in the ferrite reduces its solubility 
for chromium, and tends to give rise to a _pearlite 
richer in chromium carbide. The properties of slowly- 
cooled steels are generally distinctly inferior to those of 
the normalised material, but when 1 per cent. of copper 








is present deterioration in properties after slow cooling 


Fig.2.EFFECT OF COPPER ON MECHANICAL 
PROPERTIES 
CARBON=0:3% ; MANGANESE-0:5% 
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is not observed, except in the reduction of area and the 
impact figure. 

The best properties were obtained in the steel con- 
taining manganese 0-46, chromium 0-88, and copper 
1-17 per cent. The properties of this steel are con- 
siderably better than those of the usual type of struc- 
tural steel containing high manganese, and compare 
favourably with those of the best manganese-silicon 
steel previously examined, as indicated in Table III. 

These chromium-copper steels offer a further advan- 
tage in their resistance to atmospheric corrosion, while 


TypicaL HicH-QuaLity MANGANESE-SILICON AND 


CHROMIUM-CoPPER STEELS. 
Normalised crucible steels. 





Average 














| A Maxi- 
Elastic Yield Reduc- | Average 
‘Carbon, Mangan-| siticon, | ChTO- | Copper. | Limit. Point. = Wieta Ponce tion of | | Brinel ee 
Per Cent. * + | rer Cent. *. |Per Cent./Tons per/Tons per|n*~ _” lo. Ip: r rea. ardness 
Per Cent. Per Cent. sq. Pay sq. in. Tons per Per Cent. Per Cent.| Number. Figure. 
| sq. in. Ft.-Ib. 
0-33 0-94 1-10 —_— — 24 27-8 44-4 0-63 29 58 193 43 
0-31 0-46 0-07 0-88 1-17 23 28-0 40:8 0-69 31 61 182 55 
































1? in. wide and 3-in. thick. Heat treatment was carried 
out on pieces of the bars to determine the best normalis- 
ing temperature and the effect of the rate of cooling 
from the reheating temperature. The extension of 
the tensile test-pieces was measured with the Ewing 
extensometer, the yield point being taken as the load 
giving a permanent extension of 0-2 per cent. Test 
values obtained on specimens normalised at the most 
suitable temperatures, which ranged from 800 deg. to 
860 deg. C., are plotted in Figs. 1 and 2. 

In steels containing 0-5 per cent. of manganese, the 
addition of chromium up to 1-5 per cent. raises the 
elastic limit, yield point, and maximum load, but this is 


* Communication from the Research Department, 
Woolwich, read before the Iron and Steel Institute, 
London, on Friday, May 2, 1930. Abridged. 

{ See ENGINEERING, vol. cxxviii, page 482 (1929). 











no objection has been raised to this type of steel on the 
grounds of difficulty of manufacture. 

Previous investigation has shown that results 
obtained with crucible steels are in close agreement 
with those obtained on open-hearth steel plates of 
similar composition, except that the crucible steels 
possess a slightly higher yield ratio and impact figure. 
This close agreement in properties was confirmed by 
the examination of a commercially produced plate of 
chromium-copper steel. The tests from this plate were 
compared with those from a typical structural steel 
with high-manganese content. The general superiority 
of the chromium-copper steel was evident, especially 
in the notched-bar impact figures. Although the results 
in Table III were obtained on normalised steels, an 
equivalent effect to that of normalising is produced 
by a careful control of the finishing temperature in 


rolling, and that was employed in the manufacture 
of the commercial plate. 

Conclusions.—Steels containing chromium in addi- 
tion to manganese do not offer any advantage for 
structural purposes over the usual type of steel con- 
taining high manganese only. The addition of from 
0-5 per cent. to 1-2 per cent. of copper to steels 
containing up to 1 per cent. of chromium leads to a 
marked improvement in the properties. In addition to 
their improved resistance to atmospheric corrosion, 
steels containing about 1 per cent. of copper offer 
the further advantage that they are less sensitive to 
variations in the rate of cooling after normalising. 
Within the range of composition investigated, the best 
properties were obtained in a steel containing 0-3 per 
cent. of carbon, 0-5 per cent. of manganese, 0-9 per 
cent. of chromium and 1-2 per cent. of copper. The 
mechanical properties of this steel compare favourably 
with those of the best manganese-silicon structural 
steels, and are better than those obtainable in struc- 
tural steels containing high manganese only. 








CATALOGUES. 


Trucks.—Messrs. J. Collis and Sons, Limited, Regent- 
square, King’s Cross, London. W.C.1, have sent us a 
catalogue illustrating several models of their lifting 
trucks and describing the details of construction which 
make for easy and safe operation. 

Switchgear.—We have received two new catalogues 
from Messrs. Brookhirst Switchgear, Limited, Chester, 
dealing, respectively, with starters for multi-speed 
squirrel-cage motors and voltage regulators for tapped 
transformers. Both contain useful explanatory matter. 


Conveyors.—Some further details of the construction 
of vibratory conveyors, made under the Schenck- 
Heymann patents, are to hand in a descriptive circular 
received from Messrs. Underfeed Stoker Company, Limi- 
ted, Africa House, Kingsway, London, W.C.2. 

Silent Gears.—A pamphlet describing Bakelite material 
|for silent toothed gears, with particulars of strength, 
|methods of working, appropriate cutting tools, &c., is 
| to hand from Messrs. Bakelite, Limited, 68, Victoria- 
| street, London, S.W.1. Some examples of small gear 
| wheels are illustrated. 


| Switchgear.—New priced lists of alternating-current 
motor-control pedestals for non-reversing slip-ring motors 
up to 200 h.p., and of alternating-current oil-immersed 
rotor starters for slip-ring motors up to 500 h.p. are to 
hand from Messrs. The British Thomson-Houston Com- 
| pany, Limited, Rugby. Both lists give particulars of 
various types, ratings, &c. 
| Gas and Oil Engines.—Messrs. John Le Boutillier, 
| Limited, 13, Rood-lane, London, E.C.3, have sent us 
| two catalogues of engines made by Messrs. M.A.N. Com- 
| pany of Nuremberg, Germany. The first, dealing with gas 
| engines, is in English and the second, relating to marine 
oil engines, is in German, but an English edition of the 
latter is in preparation. Both are fully descriptive and 
well illustrated. 

Cold Storage.—A catalogue of refrigerating machinery, 
cabinets, chambers and apparatus suitable for dairies, 
hotels, hospitals, meat stores, &c., is to hand from 
Messrs. Robert Boby, Limited, Bury St. Edmunds, 
showing ingenious adaptations to the requirements of 
many businesses. The same firm have issued a circular 
illustrating two examples of elevators and conveyors for 
boxes or packages. 

Blast Furnaces.—Three items of blast-furnace equip- 
ment—an electric rotary ‘“‘ gun ” for projecting a stream 
of mixed clay, a disintegrator gas washer, and a fuel- 
measuring bin with double gate—are described in circu- 
lars received from Messrs. Ashmore, Benson, Pease, and 
Co., Limited, Stockton-on-Tees, who have acquired the 
manufacturing rights from Messrs. Freyn Engineering 
Company, of Chicago. 

Toothed Gears.—Messrs. The British Thomson-Houston 
|; Company, Limited, Rugby, have sent us a catalogue 
describing the high-speed single-reduction double- 
helical gears which they are manufacturing in units 
suitable for drives from steam turbines to electric gene- 
rators. The tooth formation is shown and units giving a 12 
to 1 reduction from 8,000 r.p.m. and a 5} to 1 reduction 
from 4,000 r.p.m. are illustrated as examples. 


Exhaust-Steam Turbine for Marine Propulsion,.— 
A detailed description of the Bauer exhaust-steam 
turbine is to hand from Messrs. William Beardmore 
and Company, Limited, Dalmuir, who are the makers 
in this country. As considerable economy and other 
advantages are claimed for these turbines used in 
conjunction with reciprocating engines in either new 
or existing vessels, the catalogue will be of interest to 
marine engineers. 

Steam Rail Cars.—A catalogue of exceptional interest to 
railway engineers has been issued by Messrs. The Sentinel 
Waggon Works, Limited, 20, Iddesleigh House, Caxton- 
street, London, S8.W.1., dealing with steam rail cars. The 
engines are of the horizontal, single-acting type, driving 
through bevel gears to spur gears on the driving axles. 
The cars are either single on two four-wheel bogies or 
double, the two cars being mounted on three bogies with 
articulated connections; either one or two engines can 
be used in both cases. These units may therefore be 
made up into a variety of accommodation and powers 
to suit the traffic and the gradients. The cars are exten- 
sively used overseas and, to some extent, on branch lines 
at home. Full descriptions, illustrations, performance 











tables and specifications of parts are given. 
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COMBINATION WOODWORKING 
MACHINE. 


WE illustrate in Figs. 1 and 2 on this page, a well- 
thought out combination woodworking machine, 
which, capable as it is of carrying out 35 distinct 
operations, cannot fail to be of use in the shops of 
builders, carpenters and others whose business is not 
on a sufficiently large scale to warrant the employment 
of separate machines for such operations. The machine, 
which is known as the ** Electric Carpenter ’’ has been 


recently developed by Messrs. The Woodworking | 
Machinery Company, Incorporated, 250 N. 11th-street, | 
Philadelphia, U.S.A., and, as its name implies, is | 


electrically operated, the power required for operating 
the machine being such that the current supply can be 
taken from an ordinary socket. The combination con- 
sists of a saw table, a jointer, a band saw, a moulding 
spindle, a disc sander, a mortiser, and a lathe. As 
will be seen from Fig. 1, the machine is self-contained 
and portable, neither a countershaft nor a foundation 
being required for it. 


doorway. The driving motor, which is of }-h.p., and is 
wound for 110-220 volt single-phase alternating current, 
is situated in the lower part of the main frame and 
drives the main spindle through a separate belt. It is 
controlled by an ordinary tumbler switch. 

Perhaps the best way of describing the machine in 
detail is to deal with each operation separately, and a 
beginning may well be made with that on which the 
operator is engaged in Fig. 1, namely mortising. This, it 
is clear, is done from the lathe spindle. 
with a vertical movement of 3 in., and a feed traverse 
of 4 in., is attached by a handwheel clamp to the 
lathe bed. Hollow chisels, } in., 2 in., and } in. square, 
can be used, and the work is fed up to the chisel by 
a lever sufficiently long to give a powerful leverage 
by hand. 


so as to afford fine adjustment for cabinet work. The 
construction of the lathe itself can be best seen in Fig. 2. 
The maximum distance between the centres is 36 in., 
and the length of the bed can be adjusted, indepen- 
dently of the movement of the tailstock, by loosening 
two handwheel clamps under the main frame. The 
tailstock takes a No. 2 Morse taper centre, and has a 
screw adjustment of 24 in. The face plate and tool rest 
are of standardtype. The position and construction of 
the band saw is well shown in Fig. 2. 


The weight is 520 lb., and, by | 
removing the lathe bed extension and band-saw table | 
top, the machine can be transported through a 30 in. } 


A small table, | 


Horizontal movement is given by the other | 
hand and the raising and lowering screw is of fine pitch | 


pa 
The wheels are | 
14 in. in diameter with a face | in. wide, having a! 
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rubber tread. The table may be tilted up to an angle | 
of 45 degrees, and will accommodate work up to 28 in. | 
in diameter and 6 in. thick. The roller guide has ball | 


bearings, and friction guides are provided both above 
and below the table. The guards are of aluminium. 
The vertical adjustment device can be seen in Fig. 1. 


Both it and the horizontal adjustment on the lower | 


wheel have tension regulating springs. 
Behind the saw in both figures can be seen the fence for 


the jointer, but the cutter is not visible in either case. | 


It is fitted with high-speed steel knives, 6 in. wide, 
and both back and front tables can be raised or lowered. 
The head runs on a separate spindle. The fence tilts so 
that bevels and chamfers may be formed, as well as flat 
surfaces for glued joints on square sides or edges. The 
circular saw, which, in the standard pattern, is 8 in. in 
diameter, is situated in a wooden throat, and, as shown 
in both figures, in a table with a surface 21 in. by 334 in. 
It is capable of taking work 12 in. wide by 2} in. thick. 


Both cross cut and ripping sawsare provided. There is | 
a separate fence for the former, while, for the latter, the | 


tilting fence can be transterred from the jointer. The 
ripping gauge is of alumini:m, and is adjustable so that 
it can be aligned parallel with the saw. The throat 
is 2 in. wide in order to accommodate double saws and 
cutters for grooving, moulding, etc. The table 
provided with screw adjustment for raising and lower- 
ing, and is ground to a smooth and true surface so that 
work of the cabinet class may be accurately shaped. The 
band-saw table and jointer tables are similarly finished. 

The vertical moulding spindle, with a capacity of 
2} in., can be seen on the circular-saw table in both 
figures, and is driven by the double friction cones seen 
at the left hand of Fig. 1. It can be quickly reversed 
so that the direction of rotation can be correct for 
either external or internal work. The spindle can be 


is 


raised, lowered, or entirely removed from the ball! 


bearing assembly, and spindles can be changed in a 
few seconds. The standard equipment includes a wing 
cutter, a set of slotted knife cutters, a spacing collar, 
and a pair of straight rabbeting knives. The spindle 
takes 8-in. hole standard cutters. Another spindle can 
be attached to the moulding spindle, and used for 
disc sanding, tool grinding, buffing, polishing, or 
carving by means of a flexible shaft. It also takes a 
chuck for boring bits, &c. Each tool of the combina- 
tion machine can be operated independently, and 
two tools can be used at the same time, if desired, 
with the exception of the circular saw and jointer 
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which cannot be operated simultaneously. 
ings are fitted throughout, and it is stated that lubri- 
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Banp-Saw 1n USE. 


Ball bear- 


cation and greasing are only necessary once a year. 








| South METROPOLITAN 
| Company.—The report of the 
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LIGHT AND 
directors of The 


POWER 
South 


Metropolitan Electric Light and Power Company, Limited, 
for the year ending December 31, 1929, shows that the 
units sold totalled 46,399,945, an increase of 7,247,833 
units over the previous year’s figure. The net revenue 
amounted to 209,4411., which, with the balance brought 
forward from the previous year, made a total of 361,5171. 
After deducting dividends and all other charges a balance 
of 147,612/. was carried forward to the next year, 
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EARTH PRESSURE. 


AttrHoueH Rankine’s theory of earth pressure 
is perfectly sound and based on fundamental 
statical principles, it has not proved of very great 
utility in the proportioning of retaining walls. 
Rankine showed in the first place that in order 
to ensure the stability of a granular mass the 
resultant force on any plane must make, with 
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| neglected either inadvertently, or because of similar | recently been made by Dr. Charles Terzaghi, who, 
doubts, the fact that if a wall begins to tip, the | until a few months ago, was Professor of Foundation 
friction of the earth on its inner face, brings forces | Engineering at the Massachusetts Institute of 
into play, which tends to check further movement. and i 

Although Rankine’s argument was satisfactory Hochschule in Vienna (Austria). 
from the mathematical standpoint, there has always | question originated in a proposal to construct a 
been a difficulty in assigning suitable values to | retaining wall 900 ft. long and over 160 ft. high 
the angle d. Rankine seems to have assumed | at mid-length, which formed part of the programme 
that for any given material this was constant 











Fie. 1. 

















the normal to this plane, an angle less than the 
angle of repose. He further showed that the 
ratio of the horizontal to the vertical force in a 
granular mass, in equilibrium under its own 
could not exceed ies 
denotes the angle of repose. He claimed that 
these equations were applicable not merely to 
granular masses, but also to those which were 
characterised by a certain degree of cohesion, 
since he believed that it would be dangerous to 
rely on the permanency of this property. He 


weight, » where 








160-Fr. RETAINING WALL IN CoURSE OF CONSTRUCTION. 





























and independent of the pressure. Nevertheless, 
it may be noted that many engineers, when 
constructing high embankments, have made a 

int of flattening the slope as the ground level 
was approached. This procedure was based on 
a prolonged experience of the behaviour of such 
embankments in service, and seems to suggest 
that @ decreases as the vertical pressure increases. 

Conclusive evidence that this is the case seems 
to be provided by a series of large-scale experi- 
ments on earth pressures, and on the internal 
friction of masses of sand or clay, which have 
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| Technology and is now Professor at the Technische 
The research in 


‘of works undertaken to develop the Fifteen-Mile 
| Falls scheme of the Grafton Power Company of New 
| England, which is a subsidiary of the New England 
| Power Construction Company. A photograph of 


| this wall under construction is reproduced in Fig. 1. 
| 


More often than not, retaining walls have been 
built to empirical rules. In ordinary cases Sir 
| Benjamin Baker made the thickness one-third the 
height, and hundreds of miles of revetements have 
| been proportioned by what is known as General 
Fanshawe’s rule, according to which uniform 
| vertical walls should have a thickness equal to 
| 0-32 times the height. The exceptional dimensions 
| of the wall proposed for the Fifteen-Mile Falls power 
| scheme was held to justify a comprehensive experi- 
| mental study of the whole problem of earth pressure, 
|so as to ensure the safety of the structure and to 
| avoid unnecessary expense. By agreement with the 
| Massachusetts Institute of Technology, the power 
| company undertook to erect and equip, on a site 
| provided by the Institute, a laboratory constructed 
to plans prepared by Dr. Terzaghi, who also drew 
|up the programme of tests, and directed the 
| observers, the latter being, selected and paid by 
| the power company. 
| The main part of the testing plant is on so large 
|a scale that a three-storey building was necessary 
| to house it. It consists essentially of a bin measuring 
| 14 ft. by 14 ft.in plan. Three of its sides and the 
| floor form a monolithic structure of reinforced con- 
| erete, whilst the fourth side consists of a slab of 
| concrete 7 ft. deep, thoroughly stiffened by I beams 
|and freely suspended by links from two overhead 
| weighing machines. This slab bears, at its four 
|corners, on adjustable studs let into the concrete 
| walls of the bin, against which it is held up by 
|four horizontal struts, the outer ends of which are 
| coupled up by appropriate link work to weighing 
|machines. The four readings of these machines 
| give not only the total thrust against the slab, 
| but also provide the means for locating the position 
'of the centre of pressure. The two weighing 
| machines from which the slab is suspended record 
any down thrust which may be developed on the 
slab. The slab, it may be added, is counter- 
weighted so that the centre of gravity, of the whole 
weight suspended, lies in the plane of the inner face. 

Provision was made for traversing the slab in or 
| out from its initial position, and for measuring such 
| displacements to ;;'55-in. It is also possible to raise 
or lower the slab through a small range. 

An isometric, and, to some extent diagrammatic 
view of the arrangements above described is repre- 
sented in Fig. 2, Figs. 3 and 4, page 690, showing 
a vertical section, and plan of the laboratory. The 
|suspended slab with its I-beam reinforcement is 
|represented in Fig. 2 by F, whilst V, and V, 
|are the suspension rods coupled to the weighing 
| machines on the upper floor of the laboratory. The 
four horizontal struts are represented by H,, H,, H, 
and H,, whilst T is a heavy steel beam which ties 
together the walls of the bin, above the upper edge 
of the slab F. 

One of the counterweights, for adjusting the posi- 
tion of the centre of gravity of the suspended system, 
is shown at Q, Fig. 2. A window W, was provided 
in one of the walls of the bin and made it possible to 
trace the course of cracks due to any settlement of 
the material. Provision was also made both for 
flooding and for draining the bin and also for 
locating, by means of gauge glasses, the saturation 
level of any water contained in the filling. A water- 
tight joint was therefore required between the slabs 
and the end walls of the bin. The arrangement 
adopted is represented in Fig. 5. 

The heavy 24-in. steel beam A, shown above the 
bin in Fig. 3, was intended for applying a surcharge 
to the filling in the bin. This beam is pivoted 
about K, and could be weighted by filling with water 
the container Q, but this gear has, we gather, not 
yet been brought into use. 
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The material available on site for back filling the 
proposed retaining wall was boulder clay and till, 
which is the geological term applied to a deposit 
of clay, sand and gravel, without lamination, which 
is met with in glacier valleys. An alternative 
material, also available, was a deposit of the 
peculiar banded fluvio-glacial clays which are known 
as “‘ varved clays.” It was, however, determined 
to make the earlier experiments on clean sand. In 
the first experiment, this was filled into the bin to a 
depth of 4-85 ft. as indicated in Fig. 7, opposite. 
It was thoroughly tamped into place, and this 
done, the thrust on the wall was noted. It then 
appeared that under these conditions the total 
horizontal thrust on the wall was only about 25 per 
cent. less than if the sand had been a perfect fluid. 
It is perhaps doubtful whether so great a thrust 
could be developed by other than artificial means. 
It would therefore be of great interest if in some 
future experiment the sand were deposited from a 
suspension in water under agitation. As Osborne 
Reynolds pointed out many years ago, the sand left 
on the sea shore as the tide retreated is in a state of 
maximum density, and it would be of interest to 
learn whether sand thus deposited could, after 
drying, develop the high thrusts recorded above. 

An “equivalent hydrostatic pressure’’ ratio 
of the order of 75 per cent. is certainly note- 
worthy, but the further progress of the experiment 
showed pretty conclusively that in practice, it 
is unnecessary to make provision for such extreme 
figures. Having recorded the thrust produced 
by the rammed sand, the upper edge of the 
wall was allowed to move outwards in successive 
steps as indicated in the lower half of Fig. 6, 
and the thrust measured at each displacement. 
As the curves, plotted in the upper half of this 
figure show, this movement was accompanied by 
a very rapid fall in the value of the horizontal 
thrust. Had the sand been a liquid, the total 
thrust on the upper pair of horizontal struts would 
have been 4,020 lb., and on the lower pair 12,180 lb. 
These figures are noted in the upper left-hand 
corner of the diagram. The two curves marked 
upper and lower scales respectively, show the ratio 
of the observed thrusts to these hydrostatic pressures. 

On tipping the wall still further the results plotted 
in Fig. 8, page 691, were obtained. It will be seen 
that when the upper edge had moved out for a 
total distance of but ,',-in., the hydrostatic pressure 
ratio fell to about 0-1. During the movement, a 
down thrust’developed on the face of the slab, the 
ratio of which to the horizontal thrust is represented 
by the thin line curve. Ultimately the upper edge 
was given a displacement of }-in., but during this 
further motion there was little change in the thrust. 
Quite similar phenomena were observed with 
another clean cohesionless sand, and in his report to 
the power company, Dr. Terzaghi states that a 
yield of one-thousandth of the height of the wall 
would reduce the thrust to about its minimum value. 
Provision was also made for accurate measurement 
of any subsidence of the sand and the results of 
these observations are plotted in Fig. 9. 

It may be noted that with the sand in its initial 
thoroughly tamped condition, the resultant force on 
the wall was practically horizontal, but as the upper 
edge was allowed to tip away from the bin, frictional 
forces came into play, producing a down thrust on 
the inner face of the wall which increased as indi- 
cated by the curve in Fig. 6, which shows the ratio 
of the total vertical lead to the horizontal load. 
The position of the centre of pressure is plotted in the 
lower section of Fig. 6, but in some further tests it 
was in certain cases as hgh as 0-4 times the height 
of the fill. 

(To be continued.) 








RaAILway RoLLIne-StocK MANUFACTURE IN CANADA. 
According to a report of the Canadian Bureau of Statis- 
tics, Ottawa, the value of the annual production of railway 
rolling-stock in the Dominion exceeded 70 million dollars, 
during each of the years 1926-1928. The industry is one 
of the largest from the point of view of labour employed 
in Canada. In 1928, new cars to the number of 3,058 
were constructed, as against 5,005 in 1927, and 48 
locomotives were manufactured in 1928, as compared 
with 57 in the previous year. On the other hand, the 
value of repair work on rolling-stock and locomotives 
increased from 35,627,190 dols. in 1927 to 37,972,643 dols, 
in 1928. 





EARTH PRESSURE TESTS. 
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CHAPTERS IN NAVAL AND M ARINE | Service will always remain as one of the greatest 


a achievements of the Victorian age. 
ENGINESRING SISTORY—it. | Ifto Great Britain belongs the credit of inaugurat- 


By Engineer -Captain Epcar C. Surru, 0.B.E., |ing transatlantic steam navigation, it is to the 
v | American pioneer, John Fitch, that we owe the first 
| conception of the possibilities of such traffic and of 
the benefits which would accrue from it. While en- 
gaged with his experimental boats on the Delaware, 
Fitch not only pointed out the peculiar importance 
of steam vessels for the rivers of America, but, with 
remarkable prevision, wrote ‘The Grand and 
Principle Object must be on the Atlantick, which 
would soon overspread the wild forests of America 


AN 


One of the great landmarks in the history of the 
steamship is the inauguration of transatlantic 
steam navigation, and one of the most important 
chapters is without doubt the record of the so-called 
Atlantic Ferry. 

It was the Atlantic traffic which called into being 
the largé and powerful steam vessel, and in that 
traffic have always been found the finest and : 
fastest vessels afloat. For ninety-two years now | with people and make us the most oppulent Empire 
there has been regular steam communication/on Earth.” Fitch died unhonoured in 1798. 
between the Old World and the New World, and | and forty years elapsed before the historic steam- 
what was at first a purely British undertaking has ships Sirius and Great Western made their first 
become a great international service. America, | passage to New York, but his saying is one that 
France, Germany, Holland, Belgium, Italy and should not be forgotten. To America also belongs 
other countries are all engaged in this important | the distinction of first despatching a steam vessel 
enterprise, which was started with British capital| across the Atlantic. In 1819, twelve years after 
and British ships alone. The early vessels of| Fulton had launched the Clermont, the little 
not much more than 200 ft. in length, with engines | Savannah, of something over 300 tons, made a 
of a few hundred horse-power, have given place | voyage from America to Europe. Launched as a 
to ships of more than four times as long, and | sailing vessel, she was afterwards fitted with a 
fitted with machinery equal in size and power to single cylinder steam engine and with paddle wheels 
that found in our super-power stations ashore.| which could easily be unshipped. Her model is 
Though in the present century there have been, in the National Museum at Washington, and the 
many remarkable improvements in the ships of the | story of her voyage is given in Spear’s The Story 
Atlantic service, the birth and development of that' of the American Merchant Marine, and in other 
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Material tested -Plumdsland Sand. 
Per Cent of Moisture- 2-6 to7-5% 

» » » Voids= 38to45% 
Weight per Cubic Ft.- 98 Lb. 
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EARTH PRESSURE TESTS. 


(For Description, see opposite Page.) 


Fig.8. 


Fig. 7. 
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works. Leaving Savannah towards the end of 
May, 1819, she arrived at Liverpool on June 20, 
having during a passage of some 27 or 29 days | 
used her engine for 80 hours. From England she 
went to Elsinore, Stockholm and St. Petersburg, 
and then returned to America where her machinery | 
was removed. She then traded as a sailing vessel | 
until wrecked in 1822. Her size, her limited 
power, and the small amount of fuel she carried made 
it quite impossible for her to steam any considerable 
distance, and her voyage to England exceeded in 
length those of many of the sailing packets. She 
is, however, again and again referred to as the first 
steam vessel to cross the Atlantic, but that state- 
ment is apt to give a wrong impression. Whatever 
interest there is in her voyage, the decision to send 
her to Europe was not connected with any con- 
sidered scheme for regular steam passages, and 
it had no influence in the early projects for trans- 
atlantic steam navigation. 

Neither was the Savannah the only steam vessel 
to cross the Atlantic before 1838. There was never 
any great difficulty in sending small steamers to 
distant stations under sail, or with the engine 
used as an auxiliary source of power. The Curacoa, 
for instance, a vessel of 436 tons, built at Dover, 
in 1826, after being purchased by the Dutch 
Government made three voyages during 1827-1829 
between Holland and Dutch Guiana, taking about 
a month for each passage. To have steamed the 
whole way she would have needed more than 
200 tons of coal. Of another voyage made partly 
under steam, partly under sail, we have more detailed 
particulars in the log of H.M.S. Rhadamanthus, 
preserved in the Public Record Office. The first 
steam vessel built by the Admiralty at Devonport, 
the Rhadamanthus was of 800 tons and 200 n.h.p. 
Launched May 16, 1832, she was employed for a 
time with her sister ship, H.M.S. Dee, in the blockade 
of the Dutch Coast, and was then sent to the West 
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steamed across the Bay 
of Biscay, and then 
having stopped her en- 
gines, unshipped six 
paddle floats from each 
wheel, and continued her voyage to Funchal 
under sail. A coal brig was already awaiting 
her at Madeira, and after replenishing her bunkers, 
the Rhadamanthus, on April 30, left on her 
voyage of 2,500 miles to Barbadoes, which was 
reached on May 17. Steam was used intermittently, 
the floats of the paddle wheels being removed 
and replaced as necessary. The log contains a 
few references to the working of the engines, and 
on more than one occasion notes the issue of 
an extra allowance of spirits to engineers, stokers 
and coal trimmers. The voyage of the Rhada- 
manthus was from east to west, and that in a 
region of fine weather, but a few months later, 
the Royal William crossed from west to east in 
much stormier latitudes. Built at Quebec, 176 ft. 
in length over all, and of something over 800 
tons, this vessel had an engine of 200 n.h.p., 
which had been sent out from Boulton and Watt’s. 
Launched in April, 1831, she traded for a time 
between Quebec and Halifax, but business being bad, 
her owners decided to send her to England to be sold. 
She accordingly left Quebec on August 4, 1833, 
called at Pictou for coals, crossed to Cowes, Isle 
of Wight, and arrived at Gravesend, September 11. 
It is sometimes stated that she steamed all the 
way, but this is difficult to reconcile with the length 
of her voyage. In her case, the fuel problem was 
solved by her carrying coal as cargo, but the 
details of her voyage do not appear to be known. 
After arrival in England she was sent to Bordeaux, 
and as the Ysabel Secunda sailed under the Spanish 
flag. 

Though the voyages of the Savannah, Curacoa, 
Rhadamanthus and Royal William did not demon- 





Indies. Leaving Plymouth, April 21, 1833, she 


strate the practicability of the navigation of the 
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Atlantic by ships using steam as the main motive 
power, a company had already been formed for 
running steam vessels between Ireland and Nova 
Scotia, and Ireland and the West Indies, as early 
as 1825. The project was commented on favourably 
by some of the newspapers of the day, but, as the 
vessels it was proposed to use were only of 500 tons, 
there would have been little chance of success 
had the company begun operations. At that time 
the project was certainly a bold one, but it was 
supported by sound arguments and one of the 
pamphlets advocating it said: “It may be assumed 
as an uncontrovertible fact that wherever steam 
navigation has been established on a proper footing 
and on a sufficient scale of vessels and machinery, 
it has not only been abundantly successful, but 
its performance has surpassed expectations, over- 
come the natural prejudices and commanded the 
confidence of even nautical men, and it has not 
only drawn to it all the most valuable communica- 
tion in its line of transit, but also increased it in 
a tenfold proportion.” Some years however had 
to pass before the vessels and machinery of adequate 
scale were available, and then, in the memorable 
year 1838, three British steamship companies 
almost simultaneously despatched steam vessels to 
New York. With those three companies and 
their ships the proper history of the Atlantic 
Ferry begins. If, however, it is desired to credit 
any one individual with being the pioneer of 
transatlantic steam navigation, it is to the 
American lawyer and man of business, Junius 
Smith, that such credit is due. Smith who was 
born at Plymouth, Massachusetts, in 1780, had a 
successful career at the American bar and then 
engaged in business in London. In August, 1832, 








692 





ENGINEERING. 


[MAY 30, 1930. 








he paid a visit to the United States, crossing in 
the St. Leonard and returning in the Westminster, 
two of the sailing packets. The voyage to New 
York took 54 days, the return voyage to Plymouth 
32 days, a fair example of the tedious nature of 
Atlantic voyages less than a century ago. It was, 
however, in the Westminster that Smith began 
to ponder over the idea of placing steamers on the 
route, and six months after his arrival in England 
he wrote: “ Thirty-two days from New York to 
Plymouth is no trifle; any ordinary seagoing 
steamer would have run it with the weather we had 
in fifteen days with ease. I shall not relinquish the 
project unless I find it absolutely impracticable.” 
Fortunately, with his foresight, Smith possessed 
determination, and, in spite of opposition and 
ridicule, in 1835 he was able to float a company, 
and in 1836 he again wrote to New York, “I have 
the pleasure to inform you that the Directors 
of the ‘ British and American Steam Navigation 
Company’ have contracted for the building of 


each vessel up till the end of 1840. The ships were all 
of wood, while the engines were of the side lever type. 

From these tables it will be seen that the Sirius 
and the Royal William—the latter not to be con- 
fused with the Royal William which crossed from 
Canada in 1833—-were much smaller than the others. 
Neither of them was in fact intended for the 
Atlantic passage. At the beginning of 1838, 
however, as the Great Western was nearing com- 
pletion, while the British-Queen was far from ready, 
the London company chartered the Sirius from the 
St. George’s Steam Packet Company, and despatched 
her from Cork four days before the much larger 
Great Western was due to leave Bristol, and the 
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the largest and intended to be the most splendid 
steamship ever built, expressly for the New York | 
and London trade. She will measure one thousand | 
and seven hundred tons, two hundred feet keel, forty | 
feet beam, three decks, and everything in proportion. | 
She will carry two engines of two hundred and | 
twenty-five horse-power each, seventy-six-inch 
cylinder, and nine-feet stroke. The expense of 
this steam frigate is estimated at 60,0001. These | 
large undertakings require time to mature, but 
I think the business will be done at last effectually.” | 
The vessel Smith referred to was constructed 
by Curling and Young, Limehouse, who had just 
completed the Iberia for the Peninsular Steam 
Navigation Company, and had the engine makers | 
Girdwood and Company, of Glasgow, not failed, | 
this steam frigate known first as the Victoria, | 
and then as the British Queen, might have become | 
the first of all transatlantic steamships. But 
the company which Smith had formed, and of 
which Macgregor Laird had become the secre- | 
tary, was not to be allowed to have matters all| 
its own way, for while its directors were busy in 
London, another company was formed at Bristol 
under the name of the Great Western Steamship 
Company, and a third at Liverpool called the 
Transatlantic Steam Navigation Company. To 
the London company we owe the voyages of the 
Sirius, the British Queen, and the President ; 
to the Bristol company those of the Great Western ; 
while the ships despatched by the Liverpool 
company were the Royal William and the Liverpool. 
Just as Smith and Macgregor Laird were the most 
active members of the London company, so was 
Brunel the principal figure in the Bristol company, 
while the Liverpool company owed much to 
Charles Wye Williams, a lawyer and engineer of 
considerable repute. 

To follow the fortunes of these three pioneer 
companies or of the Cunard Company, which came 
on the scene a little later, would require a volume, 
and all that can be done here is to give some par- 
ticulars of the vessels they either chartered or 
owned. Many of the principal facts connected with 
them are to be found in such works as Lindsay’s 
History of Merchant Shipping, Maginnis’s Atlantic 
Ferry, and Preble’s History of Steam Navigation. 
From neither of these sources, however, can a com- 
plete review of the events of the years 1838 to 1840 





be obtained; further interesting matter is to be | 


found in a small volume entitled MS. Glances at 
Atlantic Steam Navigation 1838-1841, included in the 
Field Papers in the Library of the Science Museum. 
The notes contained in ti1is volume were evidently 
compiled by a member of the firm of Maudslay 
Sons and Field, while the vessels were running, and 
are therefore of unique value. It is hoped the New- 
comen Society will shortly publish the manuscript 
in its entirety, but meanwhile some of the informa- 
tion has been made use of in this article. 

For the sake of conciseness, two tables have 
been drawn up giving the principal dimensions of 
the six vessels which ran to New York and also of 
the Britannia, the first of the Cunard ships which 
ran to Halifax. These are followed by another 
table giving the dates of the maiden voyages, as well 
as of the Acadia and Caledonia, sister ships of the 
Britannia, and the numbers of voyages made by 


| She had four flue boilers 11} ft. long, 93 ft. wide and 














Ship. Length. | Breadth.|Tonnage. Builder. 
Ft. Ft. Tons. 

Sirius ae 178 254 703 | Menzies 

Great Western 236 354 1,320 Patterson. 

Royal William 175 27 617 | Wilson. 
| Liverpool 223 308 1,150 | Humble and Mil- 
| crest. 

British Queen 245 404 1,863 | Curling and Young 
| Britannia .. 207 344 1,154 | Duncan. 
| President 243 41 2,366 | Curling and Young. 

| 





















































Particulars of Engines. 
Dia- 
Ship. meter of | Stroke. | Horse- Maker. 
Cylinder. Powe: 
Sirius ae 60 6 0 320 | Wingate. 
Great Western 73% 7 0 | 400-750} Maudslay. 
Royal William — _ 270 | Fawcett and Pres-. 
ton. 
Liverpool .. 75 7 0 468 | Forrester. 
British Queen 774 7 0 500 | R. Napier. 
Britannia 724 610 | 440-740; R. Napier. 
| President 80 7 & 540 | Fawcett and Pres- 
ton. 
Voyages, 1838-1840. 
| | Date Date | No. of 
Ship. Port. of De- Port. of |Voyages 
parture. | Arrival) 1838-40 
| | 
| Sirius... ..| Cork e | 4.4.38) New York! 23.4.38; 2 
| Great Western| Bristol ..| 8.4.38 cS 23.4.38) 17 
Royal William | Liverpool..| 5.7.38 3 24.7.38| 3 
Liverpool .. pe . ./22.10.38 ee /23.11.38 5 
| British Queen | Portsmouth! 12.7.39 s | 27.7.39| 8 
| Britannia... Liverpool. .| 4.7.40| Boston | 18.7.40} 3 
| President ..|/  ,, ..| 1.8.40/New York} 17.8.40) 2 
Acadia aiglt va .| 4.8.40) Boston — | 2 
Caledonia... | be --| 1.9.40 se oo 2 out, 
| | | 1 home 
| | 
precious honours thus fell to the Sirius. Her first 


| voyage out was not accomplished without consider- 
able difficulty, there was little coal in her bunkers 
| when she reached New York, and though, after 
| returning home in May, she made another passage 
out and home, she proved uneconomical and was 
returned to her original owners. Abstracts from the 
log of the Sirius were published at the time, and 
| among the remarks are such entries as ‘“‘ Pressure on 
boilers 53 Ib.” ‘‘ Mixed resin with the picked 
|ashes;°’ ‘“‘one ton of coals burned one hour and 
| fifteen minutes, without ashes or resin ” and “‘ Fresh 
| water in the boilers all the way, with Hall’s con- 
densers.” It was not a little remarkable that the 
| Sirius and also the British Queen were both fitted 
| with surface condensers, a great novelty at that 
time. 

The Great Western was undoubtedly the out- 
standing success of the pioneer ships on the Atlantic, 
/and reflected the greatest credit on all who had 
assisted in her construction. “Her scantling,” 
wrote the compiler of the Field manuscript “is 
equal in size to that of our line of battleships, it is 
filled in solid, caulked within and without up to the 
first futtock heads before planking, and all above 
this height is of English oak. The flooring is of 
immense length, each floor overrunning the other ; 
they are strongly dowelled and bolted in pairs 
first and also together by 1}-in. balls of 24 ft. in 
length, driven in parallel rows, scarfing about 4 ft. 
She is trussed in the firmest and closest manner by 
iron and wooden diagonal and also shelf pieces, 
these, including all her upper works, are fastened 
with screws and nuts to an immense extent.” Her 
machinery by Maudslay’s was worthy of the ship. 





16? ft. high, the flues being arranged above the fur- 
naces. Bourne in his Treatise on the Steam Engine, 
1846, gives drawings of these boilers, which 
were worked at 15-lb. pressure, and of the tubular 
boilers by which they were replaced. The side 
lever engines, weighing about 200 tons, were bolted 
to “a vast frame, the beams of which extend to and 
press equally on every part of her bottom.” After 
steaming some 75,000 miles she was inspected in 
dry dock by a Lloyds’ Surveyor, who reported that 
he “found her to be in perfectly good condition, 
free from any indication of defect inside : the copper 
smooth and without any apparent strain outside.” 
The first voyage of the Great Western lasted from 
April 8, 1838, to April 23, her average day’s run 
being 215 miles. Altogether, she made five double 
passages in 1838, six in 1839, and before she was 
disposed of in 1846 crossed and recrossed 74 times. 
No other ship had a finer record and none attracted 
more attention. While she was still running on 
the Atlantic, Sir John Rennie referred to her first 
passage, remarking that “‘ the success of this voyage 
across the Atlantic having exceeded the most san- 
guine expectations of its promotors and, indeed, 
of the world, there seemed no bounds to the 
extension of steam navigation.” 

The year 1838 also saw the first voyages of the 
Royal William and Liverpool. The Transatlantic 
Steamship Company had purchased the Liverpool 
while still on the stocks, but to start their service 
they chartered the Royal William from the City 
of Dublin Steam Packet Company. Of only 617 
tons and 270 h.p., the Royal William, like the 
Sirius proved unsuitable for the trade, and after 
three voyages she ceased torun. But small as she 
was, she was easily able to beat the sailing packets, 
on-one occasion overhauling the Hibernia which had 
left Liverpool 18 days before her, and the Sir James 
Kempt, which was already 58 days out from 
Dundee. On her first Atlantic voyage she carried 
a certain amount of compressed peat, of which the 
captain stated, “ 1 cwt. of this saves 3 cwt. of coal”! 
The Liverpool was a far finer vessel than the Royal 
William and was the largest constructed on the 
banks of the Mersey up till that time. She left 
Liverpool October 20, 1838, was driven back to 
Cork by stress of weather, sailed again a few days 
later and reached New York November 23. Her 
best day’s run was 242 miles, her worst 151. She 
returned home in December, and in 1839 made six 
round voyages. On her last return voyage of that 
year she was driven as far south as the Azores, had 
to refill her bunkers and was 27 days on passage. 
Taken in hand for alteration she was, however, not 
destined to sail the Atlantic again, for in July, 1840, 
the Transatlantic Steamship Company was wound 
up, and the Liverpool became the property of the 
Peninsular and Oriental Steam Navigation Com- 
pany. 

The fifth ship to be added to the Atlantic service 
was the British Queen. Described as ‘“‘a most 
beautiful specimen of London shipbuilding, and for 
elegance of mould, great strength and admirable 
proportion of parts, thought by many to be un- 
equalled,” this vessel, for which the contract had 
been placed in 1836, was not ready for launching till 
May, 1838, and her completion was much delayed by 
the failure of the engine makers, Messrs. Girdwood 
and Company. This failure necessitated another 
contract being made, and both engines and boilers 
were finally made by Robert Napier. Sketches 
of her boilers are also to be found in Bourne. She 
sailed from Portsmouth on her maiden voyage on 
July 12, 1839, and reached New York on July 27. 
On her return journey she left New York on August I, 
the same day as the Great Western, the latter 
arriving at Bristol on August 14 and the British 
Queen arriving at Portsmouth the following day. 
She made two more voyages in 1839, and in 1840 
crossed and recrossed five times, but she proved 
considerably slower than Brunel's fine ship. Her 
first voyage outward in 1841 began on March 10, 
and, running into the gales which swept the Atlantic 
that month, and in which the President foundered, 
for 220 hours the British Queen was buffeted by 
tremendous seas. She had serious trouble with 
her paddle floats, her sails were torn to shreds. 
and she arrived in New York after a passage of 








24 days. She left for home again on April 11. 
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reached Liverpool on April 28, and was soon after- 
wards sold to a Belgian company. The British 
Queen was on her third voyage when her sister ship 
the ill-fated President was launched at Limehouse. 
A somewhat shorter but broader vessel than the 
British Queen, the President was the largest of all 
the pioneer steam ships in the Atlantic. Though 
well built with timbers of oak diagonally fastened 
fore and aft with iron, she presented a “ very 
handsome appearance to the superficial beholder,” 
but by many was thought to be ill adapted for fast 
sailing. Unfortunate from the first, she was 
nearly lost in the Channel when being towed to 
Liverpool to have her machinery fitted. Her first 
voyage to New York took 16} days. Her second 
was made in October and November 1840. On 
February 10, 1841, she left Liverpool on her third 
voyage and arrived at New York on March 3. 
Eight days later, in command of Lieutenant Richard 
Roberts, who had been captain of both the Sirius 
and British Queen, she left New York for home, and 
at once met with bad weather. She was last seen 
by the sailing vessel Orpheus at 4 p.m. on March 12, 
between Nantucket Shoal and St. George’s Bank 
labouring heavily and shipping much water. The 
gale continued with unabated fury till midnight 
of March 13th, but it was thought the President 
foundered in the night of the 12th. Nothing 
more was heard of her, and, with her loss and the 
sale of the British Queen, the activities of the 
company founded by Junius Smith came to an 
end. 

Upon the events leading up to the formation of 
the British and North American Royal Mail Steam 
Packet Company, known long since as the Cunard 
Company, it is perhaps unnecessary to more than 
touch. The careers of the founders Cunard, 
Napier, MacIver and Burns are well known. The 
early success of the company owed as much to the 
great marine engineer, Robert Napier, as to Cunard, 
and it was he who not only helped to place it on a 
sound financial footing, but practically decided the 
size and power of the ships. The four ships with 
which the Cunard Company began their services to 
Halifax and Boston were the Britannia, Acadia, 
Columbia and Caledonia. In them the engine power 
had a greater relative value to their size than in 
the other pioneer liners, and this contributed largely 
to their success. The shorter distance they had to 
traverse was also in their favour. The Britannia 
was the first of the Atlantic steamships to be 
entrusted with the mails, and the Cunard Company 
was the first to receive financial assistance from 
the Government. 

There are many matters connected with this 
grand project of transatlantic steam navigation 
which deserve fuller treatment than is possible in 
the space of a single chapter, but to what has already 
been said may perhaps be added a few further 
notes of general interest from Mr. Field’s manu- 
script regarding the extraordinary saving of time 
effected by steam. In the Shipping Gazette for 
January, 1840, there appeared a comparison of the 
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Steam Ships. | | | 
Great Western ..} 21-12; 13 16-12) 15 | 12-6 | 13-9 
British Queen .| 20-9 | 14-21] 17-8 | 21-12) 13-12) 16-12 
Liverpool .. -| 18-12; 16 17°4 
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Difference in favour} 
of steam ships . | 


length of the passages of the regular sailing packets 
and the New York steam packets from the sailing 
of the Great Western on April 8, 1838, till the arrival 
home of the Liverpool on January 11, 1840. Further 
information was given in the Civil Engineers’ 
Journal, and with this was the foregoing table and 
concluding note. 


23-21; 10-9 





| | | 
17-1}! — 5:2 7-13} 
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| Days. | Days. | Days, | Days. | Days. | Days. | 
| 


““The immense superiority in point of speed, 
of the steam ships will be fully evident on inspection 
of the above table; where the difference in the 
first instance is more than one half; in the fourth 
more than a quarter ; in the fifth nearly one-third ; 
and in the sixth more than one-third.” 
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IN our previous article on Messrs. David Brown’s 
| works we dealt with the general arrangement of 
| the shops, and described some of the larger machines 
‘located in the heavy machine bays. We also 
|made several references to the D.B.S. worm 
| gearing, and as the production of this gearing 
| constitutes one of the most important branches 
| of the firm’s activities, it will not be out of place 
| to discuss the methods employed in its manufacture 
|in some detail. It is unnecessary to enter into the 
design of the gearing, as this has been previously 
|dealt with in our columns, and attention may 
therefore be at once directed to the manufacture 
| of the worm and wheel. The location of the worm 
| gear department is shown in Fig. 1, page 559 
| ante, while various views of the shops are given in 





| Fig. 12, page 694, and Figs. 13 and 14, Plate LV. 
|It is of interest to note that practically every 
' machine employed in the production of this gearing 
|is of Messrs. David Brown’s own manufacture. 
| Fig. 12 shows the worm wheel turning section, 
| Fig. 13 the grinding department, and Fig. 14 the 
| worm wheel generating section. In Fig. 15, Plate 
| LVI, a D.B.S. worm wheel generator with 108-in. 
| centres is shown in operation on a marine worm 
| steering gear. 

Dealing first with the worm, this is, of course, 
made of hardened steel, and great care has to be 
taken in the selection of the material. Worm 
thread surfaces require a very hard case of absolutely 
uniform homogeneous structure and mirror-like 
surface, and the material used must be entirely 
free from dissolved oxides, slag inclusions, or 
| segregates of any description. In order to simplify 
| construction and improve efficiency, the worm is 
|made integral with its shaft. The forgings first 
| pass to the machine shop for turning, and the 
|ends of the shaft then undergo a first grinding 
| operation, followed by facing to length and 
| Te-centring. This grinding operation, in addition 
to facilitating accurate location of the blank during 
thread milling, serves as a check on freedom from 
| distortion during the heat treatment processes. 
The thread-milling operation is performed on the 
_machine illustrated in Fig. 17, Plate LVI. The 
| worm shaft having been secured in the headstock 
| by a collet chuck and supported at the other end 
| by a self-centring roller steady, is caused to advance 
| spirally past a rotary cutter carried in a universally 


‘adjustable cutter head. During this movement 
| a thread space is milled, and the feed is automatically 
| tripped on completion. The blank is then returned 
/and indexed in readiness for the next traverse. 
| Although the cutter only performs a roughing 
| operation, the profile requires to be accurately 
| produced in order to leave a uniform grinding 


|allowance and uniform depth -of case. The 





| generation of the correct profile is effected by 
‘first turning a soft blank to the approximate 
| form, and mounting it on the cutter spindle. In 
| place of the worm, a tool with a single cutting 
edge is secured to the arbor carried between the 
work heads, the tool being so disposed that when 
traversed in a spiral of the desired lead it will 
sweep out a surface identical with that of the 
corresponding worm. The soft blank is then rotated, 
and the tool wound slowly past it, with the result 
that it generates the correct cutter profile on the 
blank. This profile is then reproduced on the 
actual cutter. 

As regards the thread milling machine itself, 
four spindle speeds are provided, controlled by 
the two levers visible in the figure at the top of 
the machine. These operate speed-change gears 
in the head, the box containing six wheels only. 
The machine is belt-driven, and with a pulley 
speed of 500 r.p.m., spindle speeds of 30, 39, 50 





and 65 r.p.m. are obtainable. The drive for the 
table is taken from the main driving shaft to 
two independent four-speed gear boxes, controlled 
by the two levers which can be seen in a horizontal 
position at the two ends of the apron. Each 
lever has four positions, giving 16 speed feeds 
in all, ranging from 0-0902 in. to 1-228 in. per 
minute. The feed engagement lever is visible 
in a vertical position on the apron; moving 
this lever to the left engages the cutting feed, 
while a movement to the right engages the quick- 
power traverse for returning the table to its initial 
position after a cut. With the lever in the neutral 
position, the table lead screw can be rotated by 
means of the handle, visible on the right in the 
illustration, in order to bring the cutter opposite 
to any portion of the work. The cutter head 
can be swivelled through 180 deg. to deal with 
right- or left-handed worms of any lead angle, 
and is provided with a lateral adjustment to give 
any depth of thread required. This adjustment 
is effected by the large handwheel on the apron, 
the method of procedure being to bring the cutter 
into contact with the work by turning this wheel, 
and with the head in this position to set the 
micrometer dial to zero by means of the smaller 
concentric handwheel. The table’ is then moved 
into position for commencing a cut, and the 
cutter head is fed forward until the desired depth 
of cut is indicated on the micrometer dial, when 
the head is clamped by two levers, one of which 
can be seen below the emulsion pipe in the figure. 
For fine pitches, the full depth of the cut may be 
taken at the first traverse, but for coarse pitches 
a roughing cut of about seven-eighths of the full 
depth is first taken. The machine will cut worms 
up to 6 in. in diameter, the table travel being 
18 in. 

Following the thread-milling operation, any 
splines or keyways are cut on the shaft, which is 
then passed on to the heat-treatment department 
for case hardening. During this process, any parts 
requiring to be left soft are plated, and after harden- 
ing is completed, the screw threads are cut and the 
cylindrical surfaces ground. The worm is then ready 
for the thread-grinding operation, which is carried 
out on the machine illustrated in Fig. 18, Plate 
LVI. The grinding wheel is carried in a headstock 
which can be swivelled about two axes, the driving 
motor being carried in the headstock. The work 
is carried between centres, and is given a helical 
motion determined by change gearing, according 
to the lead of the threads. All the operations of 
the machine are fully automatic. After setting 
the position of the grinding head according to 
the diameter of the worm to be ground, the worm 
is set at the required angle for the first cut. The 
machine is then set in operation, and during the 
first traverse of the table, one of the threads is 
ground on one surface. At the end of the traverse 
a dog clutch is thrown over, and the direction of 
travel of the table is reversed, whilst at the same time 
the grinding headstock is withdrawn through a 
friction clutch. During the return stroke, indexing 
of the worm takes place, and as soon as the return 
stroke has been completed, the headstock is again 
fed up to the work and the cycle repeated, grinding 
a new surface. A fresh thread surface is thus 
ground at every traverse until one side of every 
thread has been ground the required amount, the 
worm is then reversed and the remaining thread 
surfaces finished in a similar manner. In this way 
the feed is distributed uniformly over the threads, 
and local heating avoided. On completion of the 
grinding operation, the thread surfaces, although 
accurate, are not sufficiently smooth, and would 
produce undue wear on the wheel. The threads 
are therefore burnished until a mirror-like finish 
is obtained on the surfaces. 

As regards details of the machine itself, the lead 
change gears are mounted on the end of the work 
headstock, and are protected by the cover visible 
in Fig. 18. As will be seen, this cover has an 
extension protecting the bed and lead screw, and 
it may be mentioned that the latter runs in an oil 
bath. The table speed is controlled by the two 
levers on the extreme right on the front of the 
machine. One of these levers effects the change 





in a two-speed primary box, and the other in a 
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three-speed secondary box, so that six table speeds, 
ranging from 45 to 184 in. per minute, are available. 
The direction of the table traverse is controlled by 
the vertical lever on the apron, which operates dog 
clutches engaging the feed in either direction. The 
trip is effected by dogs sliding in a slot on the front 
of the table as shown. Indexing, which as already 
mentioned, is carried out on the return stroke, is 
effected automatically, the necessary adjustment 
being made by setting a dog along the rack which 
can be seen at the left-hand end of the table. 
Graduated scales are provided on the wheel head 
for setting the wheel at the correct angles with 
respect to the horizontal and vertical axes. The 
wheel head is set to the correct grinding depth by 
traversing the cross slide by means of the large 
hand wheel on the apron. The spindle on which 
this wheel is mounted is automatically rotated 
by a friction clutch to provide for the motion of 
the grinding wheel away from, and towards, the 
work at the ends of the stroke. The hand traverse 
of the table for bringing the work up to the wheel 
in the preliminary adjustments is effected by the 
lever on the front of the machine at the top of the 
short column. The machine is provided with 
ground gears throughout. The bearings on the 
wheel spindle are of the cone type, lapped and 
hardened, and all other bearings are either of the 
ball or plain hardened steel type. Lubrication of 
the head stock, lead screw and apron mechanism is 
effected by means of an oil pump in conjunction 
with oil baths, while the wheel spindle, motor 
spindle and jockey pulley bearings are lubricated 
by screw-down lubricators. The whole of the 
controls are electrically operated from the panel 
visible in the illustration below the headstock. 
This panel is provided with two push buttons for 
starting and stopping the table drive, and a second 
pair for controlling the wheel spindle. The wheel 
spindle push buttons are on the lower part of the 
panel and are masked by the handle shown. To 
start the motor, the handle is moved to the right or 
left according to the direction of motion required 
and the exposed button is depressed. To stop the 
motor, the handle is returned to the central position. 
On completion of the grinding operations, the worm is 
tested for accuracy, the procedure followed being de- 
scribed on page 823 of vol. cxviii of ENGINEERING. 

The production of the worm wheel may now 
be considered. The blanks for these are cast by 
the centrifugal process, which will be referred to in 
more detail later, and are first turned on one of the 
special lathes shown in Fig. 12, annexed. These 
machines are designed for finishing the blank in two 
operations, one face, together with part of the bore 
and half the rim, being machined at the first setting, 
and the remaining surfaces being machined after 
reversing the blank in the chuck. The latter is of 
the three-jaw self-centring type. 

A photograph of one of the lathes is reproduced 
in Fig. 29, page 695, details of the headstock are 
given in Figs. 19 to 22, Plate LVII, and details of 
the saddle and rests in Figs. 23 to 28, page 695. As 
will be clear from Fig. 29, the lathe is belt driven. 
The fast-and-loose pulleys are shown in Fig. 21, 
and it will be observed that they are mounted on 
a cross shaft, carried in taper roller bearings. 
From this shaft the drive is taken to a worm shaft 
above it by a pair of gears, which can be changed 
to vary the cutting speed. The gear wheels are 
exposed by swinging over the cover, held by a 
spring catch, shown on the right in Fig. 21. The 
headstock spindle is shown in Fig. 19; this it 
will be observed is mounted in plain bearings. 
A worm wheel, engagiig with the worm on the 
shaft already referred to, is keyed and pinned on 
the centre of the shaft; and a thrust ball race is 
introduced between the back of the worm wheel 
and the front end of the rear bearing. From the 
rear end of the headstock spindle, the motion is 
taken through change gears to a second parallel 
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Fig. 22, and it will be seen that they are provided 
with dog clutches at their inner ends. A sliding 
dog on the cross shaft can be engaged with either 
clutch at will to drive the slide motions in the for- 
ward or reverse directions. From the cross shaft, the 
drive is taken to the feed motion shaft on the side 
of the lathe bed through another pair of bevels, 
shown on the left in Fig. 22, and at the top in 
Fig. 20. It may be explained that what appears to 
be an upper shaft in Fig. 22 is the belt shifter. 
Turning now to the saddle motion, the feed 
motion shaft is shown in plan to the right in Fig. 26, 
and in sections, Figs. 27 and 28. The saddle 
is provided with two tool rests, clearly shown in 
Figs. 25 and 26, and these are operated simul- 
taneously. It will be observed from Figs. 26 to 28 
that the drive from the feed motion shaft to the 
saddle cross shaft is taken through a worm box, 
provided with a drop worm for engaging the feeds, 
the details being clear from the figures. The right- 
hand tool rest in Figs. 25 and 26 is employed for 
facing the wheel, and is therefore arranged to 
travel across the saddle. The motion is effected 
through the usual nut and screw mechanism, the 
nut being shown in the section of the rest, Fig. 24, 
and is tripped at either end by means of adjustable 
stops on the trip shaft shown at the bottom in 
‘ig. 27. A movement of this shaft in either direc- 
tion releases the drop worm by means of a suitable 
plunger.’ It will be noticed that the right-hand 
tool box is provided with an auxiliary hand slide 
for adjusting the depth of the cut. The left-hand 
tool box spindle is operated through bevel gears 
from the saddle cross shaft, as shown in Figs. 25 
and 26. This box carries the tools for turning the 
outside diameter and bore of the wheel, and there- 
fore travels in the direction of the lathe bed axis. 





The relative position of the two tool rests can be 
adjusted by withdrawing one of the bevel wheels 


spindle directly below it, access to the change gears | driving the left-hand tool-box spindle, which is 


being obtained by swinging over the cover shown 
on the left in Fig. 19. The lower spindle actuates 
the slide motions, the drive being through a 


bevel pinion, visible at the right-hand end a 


the lower spindle in Fig. 19, to two pinions 


running free on a cross shaft. The latter bevels | 


are shown on the centre of the cross shaft in! 





provided with a knurled extension, projecting from 
the rest, for this purpose, and with a spring catch. 
When the wheel has been withdrawn, the cross shaft 


can be turned by the handwheel shown at its left- 
hand end in Fig. 26, thus moving the right-hand 
tool rest, while the left-hand rest remains stationary. 
The saddle carrying the two rests is provided with 





hand motion only, controlled by the handwheel on 
the front of the machine, which can clearly be seen 
in Fig. 29. 

After turning and drilling, the blank is rough 
and finish hobbed on the machine illustrated in 
Fig. 16, Plate LVI. The worm wheel is mounted 
on the table of the machine on an adjustable arbor 
by means of which the correct location of the teeth 
in the rim is assured, the adjustment being made 
by means of a micrometer bar registering on a face 
on the hob carriage. During the hobbing operation, 
the hob and wheel are rotated through change 
gearing at respective speeds corresponding to the 
gear ratio of the final worm gear. The hob is 
then fed across the face of the blank in a direction 
tangential to the pitch line, and to compensate for 
this movement, a differential mounted in the head 
superimposes on the uniform rotation of the hob 
an additional rotary movement proportional to 
the advance of the hob. In this way, every tooth 
on the hob cuts in a different manner after each 
revolution, the cut is distributed over the length 
of the hob-cutting edges, and the teeth of the 
wheel are truly generated and are given a fine 
degree of surface finish. 

As will be clear from the figure, the machine is 
belt driven, the drive being first taken through a 
four-speed gear box, and thence by separate shafts 
to the cutter head and work table. The hob is 
mounted on a slide to secure the tangential motion 
referred to, and the cutter head can be moved 
towards or away from the blank to accommodate 
gears of varying centre distance. For the con- 
venience of the operator, all the controls are placed 
on the right-hand side of the machine. The under- 
surface of the work table is made in the form of a 
large cone bearing, and the table is also provided 
with a vertical extension mounted in a long parallel 
bearing. It will be noticed that the face of the 
cutter head, carrying the hob slide, is inclined at 
an angle, so as to offer the maximum resistance to 
the thrust of the cutter. From the gear box, the 
drive is taken to the work table through a pair of 
worm gears and thence to dividing change gears, 
and finally through a pair of bevel gears to the 
dividing worm and wheel, the latter forming part 





of the outside periphery of the work table. 
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The cutter head is a self-contained independent 
unit which contains three distinct mechanisms, 
all driven from the main driving shaft through the 
cutter-head driving bevels. In the first place, the 
drive is taken through two inclined shafts in line, 
connected together at the centre by means of a 
differential gear, and through a worm and wheel to 
the hob arbor. To obtain the tangential feed for 





shaft through a worm and wheel to a change feed 
gear-box, and thence through another worm and 
wheel and a pair of bevel gears to the lead screw. 
The third motion referred to is the additional 
rotary movement of the hob required to compen- 
sate for its longitudinal travel. To obtain this, the 
drive is taken from the lead screw through change 
gears to a worm and wheel, the latter carrying a 


the hob, the drive is taken from the lower inclined | cross piece on which are mounted the bevel planets 













AND SONS (HUDDERSFIELD), LIMITED. 


Fig. 27. 


END SECTION 
THRO’ WORM BOX. 








Fig. 28. 


REAR. SECTION 
THRO’ WORM BOX. 





forming part of the differential gear at the centre 
of the inclined shafts. These planets mesh with 
two bevel wheels mounted respectively on the upper 
and lower inclined shafts, so that the differential 
motion is superimposed on the drive to the hob 
arbor. 

When the hob has travelled the required distance 
across the face of the blank, the differential drive 
is automatically disengaged. At a predetermined 
position, an arm, bolted to the hob slide, knocks 
against a dog attached to the trip shaft, thus causing 
the latter to move the trip lever into a neutral 
position, thereby disengaging the bevel gear which 
was previously locked to the lead screw shaft. 
In this position, although the hob and blank con- 
tinue to rotate, the feed is disconnected, thus afford- 
ing an indication that the cutting operation is com- 
pleted. In addition to the tangential feed mecha- 
nism, the machine is fitted with a variable in-feed 
motion to the cutter head. The hobis fed radially 
inwards at a variable rate which is automatically 
reduced as the hobbing proceeds. The advantage of 
this is that the maximum rate of feed obtains when 
the area of cut is a minimum, and the retardation 
of the feed is such that a constant weight of metal 
is removed per minute. The tangential feed is 


| retained for the finishing cut, which produces a 


highly polished surface on the profiles of the teeth. 
By removing the bulk of the metal by the in-feed, 
short roughing and finishing hobs may be mounted 
together. The tangential feed may be automatically 
engaged at any predetermined point, both feeds 
then working simultaneously, when, at the end of 
the in-feed stroke, the tangential feed continues 
until tripped. 

The larger wormwheel generator, shown in 
Fig. 15, is similar in principle to the machine just 
described, but modified where necessary to allow 
for the increased size. The maximum capacity is 
approximately 9 ft. between centres. 

Returning now to the general description of the 
works, the tool room for so large a gear-cutting plant 
is naturally a very important department. The 
equipment includes a large number of high-precision 
machines, such as Société Genevoise jig boring 
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machines, special gear measuring machines, and 
many special machines required for operations 
involved in the manufacture of hobs and cutters. 
Most of these machines are of the firm’s own manu- 
facture. In addition to the jigs and tools required 
for the works, the tool room has also a large output 
of work made to outside orders. 

The only section of the foundry calling for parti- 
cular comment is that employed for the production 
of worm wheel blanks, which are cast on the centri- 
fugal process. This process is widely used both in 
the British Isles and abroad for pipe casting, but 
we understand that its application to worm wheel 
blanks was originated and developed in Messrs. 
David Brown’s works. The machines employed are 
of the firm’s own manufacture. The mould is of 
steel, and a special refractory material is used 


for the cores, as there is a tendency for sand | 
cores to break down under the forces generated | 


while the mould is in rotation. The moulds are 
arranged in five lines, and the whole of the 
driving mechanism is below floor level. The various 
parts of the mould are held together by quick 
acting clamps, and the speed of rotation is governed 
by the size and section of the gears being cast. 
The moulds are brought up to speed before pouring 
is commenced, and the metal is poured through a 
central hole in the top plate from crucibles sus- 
pended from a runway. A stationary sheet metal 
guard is placed over the mould before pouring. 
‘ach mould is mounted on a vertical shaft, driven 
by change gearing from a horizontal shaft running 
on one side of the line of moulds. The horizontal 
shaft is driven by a variable-speed motor at one 
end, and the drive to each mould can be connected 
or disconnected at will by a cone clutch, the various 
clutch levers projecting through slots in the floor 
adjacent to the moulds. In addition, each mould 
is provided with a brake to bring it rapidly to rest, 
brought into action by throwing over the clutch 
lever. The output of the part of this foundry is 
about 20 tons per week, the metal being melted in 
one 25 cwt. and three 10 cwt. reverbatory furnaces. 
Full details of the metallurgical aspect of the 
process were given in a paper read by Mr. F. W. 
Rowe, before the Institute of Metals in September, 
1926. This paper was reprinted on page 338 of 
vol. cxxii of ENGINEERING. 

The hardening department has recently been 
re-equipped throughout with electric furnaces, and 
is now possibly the largest all-electric hardening 
shop in the country. Altogether, there is a total 
connected load of over 800 kw. on the furnaces. 
Small re-heating work is done in three Birlec 30-kw. 
furnaces, while carburising is carried out in four 
100-kw. furnaces of the same type, each having a 
hearth capacity of 6 ft. 6 in. by 3 ft. 6 in. by 18 in., 
and served by a Gibbons’ electrically-operated 
charging machine. Large carburising and re-heating 
work is dealt with in a 200-kw. furnace, with a 
hearth 15 ft. by 3 ft. 6in. by 2ft.6in. The resistors 
in this furnace are divided into two banks, each of 
100 kw., and the temperature is controlled and 
recorded by means of a Leeds and Northrop 2-point 
recorder controller. Other electric furnaces are 
provided for special types of carburising work and 
nitriding. Messrs. Brown state that the electric 
furnaces have considerably improved the working 
conditions, and have eliminated the arduous labour 
usually associated with hardening shops. They also 
state that the quality of the work has been distinctly 
improved, and that whilst the capital cost of such 
equipment is very much higher than that of gas 
or fuel-fired furnaces, there has been a very distinct 
saving in fuel costs, The costs for carburising 
work with a depth of case of approximately 0-040-in. 
is said to work out at about 48s. per ton of net load, 
whilst those for re-heating to a temperature of 
850 deg. C. are in the neighbourhood of 11s. per ton. 
The whole of the heat treatment operations are 
carried out on a purely time-temperature basis, 
and the automatic control and Venner time switches 
enable the furnaces to be worked with very little 
attention. 

Up to this point, we have dealt only with the 








\initiative of the various shop foremen, working 
in conjunction with the draughtsmen, to ensure 
| that orders were executed economically and without 
undue delay, but such a system is impracticable 
in a large works operating under modern conditions. 
Nowadays, in fact, the unseen control effected by an 
efficient organisation of production is essential to 
success in anything but the smallest works, and the 
office organisation must be carefully adapted to the 
requirements of each particular works. In the 
case of the works under consideration, the orders 
issued from the ordering office are typed out on 
eight duplicate sheets, one being sent to each of the 
different departments concerned, such as the drawing 
and production offices, the inspection department, 
and so on. In the drawing office, on receipt of the 
order form, the work is laid out and all necessary 
| calculations made. It may be mentioned in passing 
| that these two operations are carried out in sub- 





| divisions of the drawing office, the calculating depart- 
| ment being distinct from the drawing office proper. 
| After the necessary calculations have been com- 
| pleted and the drawings made, the latter are 
sent to the blue print and issue department, who 
| issue blue prints to the production and planning 
| departments. At this point, the sequence of opera- 
| tions is laid out by a staff of men having works 
| experience, the drawing constituting the plan of 
| work as decided upon by the drawing office. After 
| the sequence of operations has been decided, the 
| drawing is passed to the jig and tool designer, who 
gets out the required tools, the drawing thus, in 
effect, constituting the job sheet. In this office, 
the operations are made out on a master card and 
forwarded to the rate fixers. The latter carefully 
estimate the cost of the work, and add the work- 


men’s allowance of 334 per cent. 


The drawing and master card are then passed 
on to the date planner, who goes through every 
operation and plans the date when each piece on 
the drawing should be completed. A copy of the 
plan is then sent to each foreman, who thus ascer- 
tains in advance how much work he has before him. 
This precaution reduces overdue orders to a mini- 
mum, and is the system best suited to the large 
number of single jobs handled. A works copy 
of the order sheet is issued with every order, and 
this, being allocated to the different foremen, 
renders them responsible for the final delivery of 
the work. It is obvious, however, that every 
foreman concerned cannot undertake responsibility 
for the final delivery, and this duty is actually 
allocated to the foreman handling the major portion 
of the work on any particular job. The system 
of making a foreman responsible for work before 
it reaches him and after it leaves his hands is an 
unusual one, but it is found to work well in practice. 
It leads to increased interest in the work, but it 
should be emphasised that the particular foreman 
concerned has no actual responsibility over any 
other department. It tends to the work being 
discussed among the foremen and places the progress 
department on a purely service basis, with its main 
object that of assisting the foremen. 

The bonus scheme in operation in the works not 
only embraces the direct producers, but all ranks, 
including draughtsmen, foremen, clerks, maintenance 
men and labourers. The scheme is based on an 
output value per week, which is deemed to be within 
the capacity of the works, and is also based on a 
weekly cost of output, the cost including material, 
labour, ,power, light, consumable stores, office 
expenses, and all other overhead charges. When 
| the output reaches the “ capacity ’ value mentioned 
| above, it is assumed to be 100 per cent., and when 
‘the cost relative to output falls to a certain pre- 
| agreed ratio, the cost is considered to be 100 per cent. 
‘efficient. The total efficiency on which bonus 
is paid is a product of output efficiency multiplied 
| by cost efficiency, and reaches 100 per cent. when 
both output and cost efficiency reach 100 per cent., 
or when one is below and the other a corresponding 
amount above this figure. The bonus commences 
when the total efficiency reaches 20 per cent., and 
continues without limit at a rate of one-eightieth 





production methods employed in the shops, and in| of half the recipient’s earnings for every point 
the remaining space at our disposal, we propose | increase, so that when a total efficiency of 100 per 


to give a brief outline of the office organisation. In 
the past, it was customary to rely largely on the 


cent. is reached, each individual receives 50 per 
!cent. more wages or salary as the case may be. 








The total efficiency may, of course, rise above 100 per 
cent., and if it reaches 180 per cent., each individual i 
receives double wages or salary. It may be noted 
that the total amount of bonus paid is a percentage 
on a certain sum paid in salaries and wages to all 
those participating in the scheme, so that if the 
number of employees increases, the share received 
by each is less. 

It will be evident that the success of the scheme 
depends on an accurate costing system, and the 
care devoted to this point in Messrs. David Brown’s 
works is indicated by the fact that plant repairs 
are not covered by the usual running order, but are 
costed in a similar manner to the normal work 
passing through the shops. The shop foreman is 
provided with an order book, and has authority 
to issue orders for minor repairs which fall into the 
general shop routine. It has only been possible to 
give the barest outline of the date planning and 
bonus systems in use in the works, but those who are 
interested will find further details in a series of four 
articles by Mr. W. S. Roe, published in the commer- 
cial supplement of The Manchester Guardian, the first 
of which appeared in the issue for February 13 last. 








THE REPLACEMENT OF A RAILWAY 
BRIDGE AT LIVERPOOL. 


THE views given in Figs. 1 to 4, Plate LVIII, which 
accompanies our issue of this week, illustrate the 
expeditious replacement of a bridge of the Cheshire 
Lines Committee over Walton Hall avenue, Liverpool, 
one of the new arterial roads running into East 
Lancashire. The new bridge was made by Messrs. 
Pearson and Knowles Coal and Iron Company, Limited, 
at their works at Dallam, to the order of Messrs. T. 
Wrigley and Sons, Manchester. It is a through girder 
span, having a length of 148 ft. 6 in. width of 31 ft. 6 in., 
and depth of girder of 23 ft. 

In order to interfere with traffic as little as possible, 
the new bridge was erected parallel with the existing 
bridge, on trestles extended sufficiently to one side 
for the new span to be rolled sideways into position. 
At the same time, the old bridge was blocked up on 
rolling trestles so that it could be moved out of the way 
when all was ready. The final tasks were put in hand 
at 11 p.m. on a Saturday night, when the Cheshire 
Lines permanent-way department started stripping 
the old bridge’of its metals, &c. ; this work was accom- 
plished by 6.45 a.m. Sunday. At 7 a.m., Messrs. 
Pearson and Knowles began to move the old bridge 
out of the way, this operation being completed in 
22min. Fig. 1, Plate LVIII, shows the manner in which 
the old bridge was blocked up, this view having been 
taken when the bridge had been moved nearly clear 
of the old abutments. The railway permanent way 
men next cleared away the ballast and soil, and removed 
the old bed stones to make it possible to run the new 
span into position. This operation is depicted in 
Fig. 3. Fig. 2 showing the new span supported on 
its bogies and trestles in the position in which it was 
erected. The old bridge, run out of the way, may be 
seen on the right of Fig. 3. 

The task of moving the new span into position was 
commenced at 10.45, this work being done by Messrs 
Pearson and Knowles’ staff. The final position was 
reached at 4 p.m., after which the span had to be jacked 
up to free the bogies and then lowered out on to its 
bearings. 

The Aintree end was treated first by means of four 
100-ton jacks, and fixed rocker bearings weighing 
5 tons each were placed in position. The other end 
was then treated similarly and the expansion bearings 
inserted. These operations were completed by 10 p.m. 
By 11.15 p.m., the permanent way was laid and the 
line clear for traffic. Fig. 4 shows the new span in 
position and gives some idea of the clear width that 
will be available when the work is finished, the previous 
roadway having been confined to the small gap on the 
left. The new bridge weighs about 500 tons. 











Om Encine TEMPERATURES.—According to Power 
a thermometer placed in the exhaust forms a reliable 
means of determining the quality of the combustion and 
curves may then be drawn to show the correct tem- 
peratures at different loads. In the case of a four-stroke 
air-injection Diesel engine the curve is a straight line, 
the full-load and no-load temperatures being 700 deg. F. 
and 230 deg. F. respectively. 





StoraceE Batrery LocoMoTIvEsS FOR Mives.—A 
pamphlet which has recently been issued by the United 
States Bureau of Mines contains an account of the 
investigations which have been conducted by that 
body into the suitability of eight different types 0! 
electric locomotives for use in mines, The essential 
data regarding the construction of the types that have 
been approved are given and the reasons why these should 
be adopted are clearly stated. 
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THE UNION-CASTLE MOTOR-SHIP 
‘** DUNBAR CASTLE.” 


It may be recalled that Messrs. The Union-Castle 
Mail Steamship Company, Limited, ordered four 
motorships from Messrs. Harland and Wolff, Limited, 
in the spring of last year. Two of these vessels, the 
Llangibby Castle and the Dunbar Castle, were to be 
of the intermediate class, with gross tonnages of 11,951 
and 10,002, respectively, while the remaining two, the 
Warwick Castle and the Winchester Castle, were to 
be mail vessels of about 20,000 gross tons. The 
Llangibby Castle was put into service in November 
last, and a description of this vessel will be found on 
page 715 of vol. cxxviii of ENGINEERING. The 
Dunbar Castle has now also been completed, and will 
sail from London on June 12, on her maiden voyage to 
South and East African ports. The vessel, of which a 
photograph is reproduced on this page, is slightly 
smaller than the Llangibby Castle, the length between 
perpendiculars being 470 ft., as against 485 ft.; the 
moulded breadth 61 ft., as against 66 ft.; and the 
moulded depth 35 ft. 3 in., as against 33 ft. 6in. The 
two vessels, however, have many points of resemblance. 


The ship is propelled by two sets of single-acting 
Diesel engines of the Harland-Burmeister and Wain 
type, the engines being similar to those in the Llangibby 
Castle, except that each has six cylinders instead of 
eight. The cylinder bore and piston stroke are the 
same in both ships, the bore being 740 mm. (29} in.), and 
the stroke being 1,500 mm. (59 in.). As in the case 
of the Llangibby Castle, the engines installed in the 
Dunbar Castle are supercharged on the Biichi system, 
particulars of which were given on page 425 of vol. 
exxvi (1928) of ENcInzERING. The power developed 
by each engine is 2,600 brake horse-power. Part of 
the exhaust gas is utilised for generating steam for 
ship’s use by means of waste-heat boilers. The latter 
can be fired by oil fuel when in port. Electricity is 
used extensively throughout the ship, the cargo winches, 
windlass, capstans, steering gear and water-tight doors, 
as well as most of the appliances in the galleys, pantries, 
and passengers’ quarters, being electrically operated. 
The power is obtained from three six-cylinder Diesel 
sets of the Harland-Burmeister and Wain type, manu- 
factured by Messrs. Harland and Wolff. The general 
layout of the auxiliaries is similar to that on the earlier 





vessel, and therefore hardly calls for detailed comment. 

















In both ships, for example, the hull is divided into 
nine water-tight compartments, and the double bottom, 
extending the whole length of the ship, is arranged to 
carry water ballast, oil fuel and fresh water. 

Accommodation is provided in the Dunbar Castle for 
200 first-class passengers and 260 third-class passengers, 
and, in addition, space, which can be fitted up as 
required, is provided for 100 open-berth passengers. 
The decoration of the public rooms has been kept 
very simple, and is modelled on the traditional style 
of an English country house. The first-class dining 
saloon, for example, is panelled in a simple Georgian 
style, and is painted old ivory, scumbled to give an 
antique effect. The centre of the saloon is relieved by 
a lofty raised dome with a musician’s gallery, and the 
ceiling is painted in eighteenth century style. It 
has concealed cornice lighting, and beneath the cornice 
there are pilaster panels formed with mirrors and shaded 
electric lights, the whole forming a softly-lighted central 
feature of the saloon in harmonious colouring. The 
main forward staircase is at one end of the saloon, 
and is finished to harmonise with the general decorative 
scheme. It is recessed into a square well, and has a 
gentle rise in three flights to the bridge deck. 

The first-class lounge is at the forward end of the 
promenade deck, and the decorations and fittings are 
of simple, although dignified, design. There are doors 
at the forward end giving access to a verandah, which is 
specially arranged for dancing. The smoking room 
is at the after end of the promenade deck, and is 
reached from the lounge by a passage. The decoration 
of this room is particularly striking, and is based on 
that of the Cotswold country. Old oak and stonework 
are employed, in conjunction with bay windows, old 
settees, and antique hanging lanterns, to reproduce 
the atmosphere of an old country inn. Beyond the 
smoking room is the after entrance and staircase, with 
oak balustrade and curved newels. <A large painting 
of Dunbar Castle, after which the vessel is named, is 
hung in the after entrance. A shop, with wide windows 
on the public passage, is arranged in such a position that 
it provides a service for both first-clase and third-class 
passengers. The first-class staterooms are exceedingly 
comfortable, and are provided with running water. 
They are ventilated throughout on the punkah-louvre 
system. The accommodation for the third-class 





passengers is designed on similar lines. 


It may be mentioned, however, that the lifeboats 
are carried on Taylor gravity davits, of which details 
will be found on page 668 of the present volume. It 
may also be mentioned that the vessel is fitted with 
submarine signalling and echo-sounding gear, and that 
large insulated spaces are provided for perishable cargo, 
such as deciduous and citrus fruits, which form a 
large part of the homeward trade on the route for which 
the vessel is intended. 

The ship left the Clyde on May 21, and arrived at 
the London docks two days later. On the following 
day, she left for her maiden voyage to the Continent, 
carrying the Lord Mayor and Lady Mayoress of London, 
who were paying a visitto Antwerp. As already stated, 
the Dunbar Castle will take up service on her regular 
route on June 12. 








THe ReE-GIRDERING OF THE LOWER SONE BRIDGE: 
Erratum.—In the article on the re-girdering of the 
Lower Sone Bridge, which appeared in our issue of 
May 2, on page 562 ante, the name and address of the 
firm who manufactured the steelwork for the new span 
should have been given as Messrs. Kumardhubi Engi- 
neering Works, Limited, Kumardhubi, near Barakar, 
Behar, India. 





THE ADMINISTRATION AND ACTIVITIES OF BIRMINGHAM. 
—tThe object of the 1930 edition of The City of Birming- 
ham Handbook is to give the inquirer information regard- 
ing the city, its municipality, industries, commerce, and 

ople. The book is illustrated by a large number of 
excellent plates, and the subject matter is divided into 
19 chapters. These deal with the history and civic 
administration of Birmingham, its amenities, social 
services, civic undertakings, and its noteworthy buildings 
and institutions. The motto which appears in the 
coat of arms of the city is the single word ‘“ Forward,” 
and a perusal of the handbook will indicate that this 
motto is well in keeping with the city’s active and go- 
ahead policy in all that it undertakes. The handbook, 
itself, which is compiled and edited by Mr. W. 8. Body, 
an officer of the Corporation, and published, for the Cor- 
poration, by the mneral Purposes Committee, is a 
notable achievement and well worthy of the administra- 
tion of the second city in England. It is well conceived, 
well written and generally turned out in a thoroughly 
artistic and attractive manner. Persons desiring a copy 


of the work should communicate with The Town Clerk, 
The Council House, Birmingham. 


THE LATE DR. TELFORD PETRIE. 


Ir is with great regret that we have to record the 
death, on May 19 last, of Dr. Paul Telford Petrie, 
M.Inst.C.E., M.I.Mech.E., Chief Engineer to the Man- 
chester Steam Users’ Association. Born in 1883, 
Dr. Petrie was only 47 years of age at the time of his 
death, which occurred at his home, Lymm, Cheshire. 
He received his general education at Rugby, and on 
leaving this school in 1901, took the Engineering Course 
at the Yorkshire College, now the University of Leeds, 
from which he graduated in 1903 with the degree of 
B.Sc. (Eng.). To acquire practical experience he then 
spent a year in the shops of Messrs. John Petrie and 
Company, Rochdale, a firm which had been founded 
by his grandfather, and supplemented this by another 
year at the works of the General Electric Company, 
Schenectady. On his return to England he was em- 
ployed in the London office of the A.E.G. of Berlin, 
and later on was entrusted with the management of 
their offices at Birmingham and Leeds. 

With a view to securing the degree of M.Sc., he 
carried out at Leeds, in 1909, an elaborate series of 
experiments on the deflection of flat plates, the results 
of which formed the subject of a paper published in 
ENGINEERING, vol. xci, page 677 (1911). He subse- 
quently secured a position as one of the outside inspect- 
ing staff of the Crown Agents of the Colonies, but, in 
1912, started work on his own account as consulting 
and contracting engineer, with offices in Victoria-street, 
8.W.1. 

This venture was brought to an end by the 
outbreak of the war. A damaged hand made service 
in the Army impossible, so Petrie undertook work first 
as science master, and later as head of the Engineering 
Department at Uppingham School. This was followed 
by an appointment as University lecturer at the 
Manchester College of Technology, where, on behalf 
of the Lancashire Anti-Submarine Committee, Petrie 
made an experimental investigation into the produc- 
tion of sound under water. He was best known, 
however, in connection with the work of the Nozzles 
Research Committee, with which he was associated 
first as superintendent, and finally as reporter. 

This committee was formed by the Institution of 
Mechanical Engineers in 1914, but the outbreak of war 
made it impossible to do more for several years than 
discuss schemes, decide on the general line of attack, 
make a few simple experiments, and fix on the type of 
apparatus to be used. Further delay was caused 
by the great inflation of prices which followed the 
Armistice. Petrie was not at this time a member 
of the committee, but as soon as a start on the experi- 
mental work became possible, he was appointed to the 
post of Superintendent and had the tedious task of 
overcoming the pioneering difficulties always associated 
with novel apparatus. It took some months’ hard 
work to discover the best means of conducting the 
experiments, and to trace to their source some of the 
perplexing anomalies encountered. It was during this 
trying period that Petrie discovered the phenomenon 
which he subsequently denominated the “‘ flapping ” of 
the jet. He found that a vacuum might form between 
the jet and the flat surface of a nozzle plate. This 
caused a diversion of the angle of flow, and proved 
exceedingly troublesome until means were taken to 
eliminate it. This observation led both directly and 
indirectly to a marked improvement in nozzle design. 
Of the six reports issued by the Nozzles Committee, 
Petrie was responsible for the drafting of five, and 
on Dr. Stoney relinquishing, in 1926, the post of reporter 
to the committee, Petrie was appointed to succeed 
him. During almost the whole of this research, Petrie 





retained his post as University lecturer, taking the 
degree of Doctor of Science in 1926. In 1928, he 
received the appointment, on the retirement of Mr. 
C. E. Stromeyer, of chief engineer to the Manchester 
Steam Users’ Association. 

Petrie was the author of a number of text-books, 
and was a contributor to the Dictionary of Applied 
Physics as well as to the technical Press. He was 
elected Associate Member of the Institution of Civil 
Engineers in 1908, and transferred to the class of 
Member in 1929. 








Triats or Moror Tractors IN DENMARK.—The 
Department of Overseas Trade has received from the 
Danish State Implement Committee, copies of a circular 
regarding trials of motor tractors to be held in Denmark 
in the course of the summer and autumn of this year. 
Interested British firms can obtain further particulars 
on application to the Department, at 35, Old Queen- 
street, London, 8.W.1, quoting Reference No. A.X. 9584. 





CHINA AND THE WORLD PowER CONFERENCE.—The 
Chinese Minister of Railways has appointed Professor 
Wang Shen-Hsiang, Dean of the Collage of Mechanical 
Engineering of the Government Chiao Tung University, 
Shanghai, to be one of China’s delegates to attend the 
World Power Conference, at Berlin in June. Professor 
Wang will also make an inspection tour of various 
European countries to study recent advances in railway 
engineering. 
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THE INCORPORATED MUNICIPAL 
ELECTRICAL ASSOCIATION. 

Tux thirty-fifth Annual Convention of the 
Incorporated Municipal Electrical Association took 
place this week at Eastbourne under the presidency 
of Mr. J. K. Brydges, Borough Electrical Engineer. 
Nearly 1,200 members and visitors were present, 
the attendance being the largest yet recorded in the 
history of the Association. Although a reception 
was held on Monday evening, May 26, the first 
formal gathering took place in the Winter Garden, 
Devonshire Park, on Tuesday morning, May 27, 
when a civic welcome was offered by the Mayor, 
Councillor Lieut.-Colonel R. Gwynne, D.S.0., J.P. 
His Worship, in the course of his remarks, said that 
though he should have been in France with other 
Sussex mayors in connection with the celebrations 
that were being held for the adoption of certain 
towns in the devastated areas of that country, he 
had felt it both his duty and pleasure to stay in 
Eastbourne, so as to show his appreciation of the 
visit of such an important body as the association. 
The Eastbourne electricity undertaking was one of 
the oldest in the country, and the remarkable 
development which it had shown during the past 
few years was due to the joint efforts of the engineer, 
Mr. Brydges, and of the committee under Alderman 
Chatfield. Some of the agitation with regard to the 
pylons had been due to the fact that they felt 
that in Eastbourne they were capable of supplying 
themselves and the surrounding villages from their 
own station, and they proposed to make the 
necessary connections by underground cables, even 
if it cost more to do so. 

After thanking the Mayor for his speech, the 
President delivered his presidential address. He 
began by saying that the main reason for the present 
unanimous decision to employ alternating current 
distribution was the increase in the use of electricity 
for industrial and domestic purposes. The effect 
of this development had been to increase the density 
of the demand on the mains which, in order that they 
might be of an economic area, must be fed at frequent 
intervals. With alternating current, this could 
easily be effected by installing transformers in 
buildings where the demand was high, or at other 
places where the load was greater than could be 
dealt with by the existing cables. Thus, a return 
was being made to the house-to-house system, which 
had been in force in certain towns some thirty years 
ago. At the present time, electricity supply was so 
widespread that it would seem that we had pro- 
gressed as far as was possible on the present lines. 
Nevertheless, present conditions were not being 
satisfactorily dealt with. Trade was dwindling and 
what was needed to enable us to regain our position 
in the forefront of nations was cheap energy and 
power. This could only be achieved by lowering the 
cost of production or, in the electrical industry, by 
gathering together all the electrical forces of the 
Kingdom and distributing them to the greatest 
advantage among the industries of the nation. 
There could be no doubt that the present over- 
lapping led not only to a great deal of unnecessary 
waste, but to much unnecessary expenditure. The 
Central Electricity Board had been created in 
pursuance of the new policy, but it was by no means 
certain that the saving that it was estimated would 
accrue from the various schemes would be realised, 
at any rate for some years. It looked, in fact, as if 
the distributors and not the consumers would be the 
first to benefit from any lowering of generating costs, 
since capital charges would have to be met until the 
plants taken over had been paid for. 

Turning to the agitation against the erection of 
pylons on the Sussex downs, the President thought 
that when the work was finished it would be 
found that the evil had been considerably exag- 
gerated. The same outcry had taken place against 
telegraph wires and tramways, but to-day hardly 
any one noticed them. To put these lines under- 
ground throughout the country would cost scores of 
millions, and, after all, the erection of a few overhead 
lines was a very small matter compared with the 
ravages of the speculative builder and his so-called 
artistic bungalows. He ventured to suggest that, 
within the next year or two, the fact that there were 
such things as towers on the Sussex Downs would 
have been forgotten. 































Serer rs. 


There were yet, however, many difficulties to be 
met. Few electrical engineers in this country had 
had working experience of such a gigantic scheme 
as that which was being adopted. There would be 
difficulties in paralleling the large generating stations, 
each operating with its own power factor, and 
similar troubles might be anticipated with the 
smaller stations when synchronising with the grid 
supply. The use of a high voltage might overcome 
surging dangers to some extent, but there still 
remained the secondary grid to reckon with. These 
difficulties, which were mostly economic, would in 
due course be faced. 

A vote of thanks to the president for his address 
was proposed by Mr. R. A. Chattock. 

A paper on “ Obligations of Electricity Committees 
to Municipal Electricity Undertakings” was then 
presented by Alderman R. S. Chatfield. The author 
remarked that the proper function of the committee 
was to direct the policy of the undertaking, and to 
examine the relations between the management 
and the consumers from an outsider’s point of view. 
Future extensions required constant attention, and 
means must be sought, through assisted wiring 
schemes and low tariffs, to enable all ratepayers 
to take a supply. In arranging extensions, the 
distributors should be of ample capacity to meet 
future needs for at least five years, and in new 
districts the mains system should be planned at the 
same time as the streets. 

Each committeeman should share the responsi- 
bility of seeing that the undertaking was run on 
sound business lines. The committee itself should 
have plenary powers and should report only to the 
council. As regards profits, any surplus should be 
set aside for development work and building up 
adequate reserves; only after that had been done 
should the rates be relieved. To adopt the opposite 
course meant that electricity would never be 
cheap, growth would be hindered, and the goodwill 
of the undertaking would suffer. The effect on 
earnings of additional capital expenditure must be 
carefully considered. Depreciation was another 
important factor. Sufficient funds should be accu- 
mulated to allow for obsolescence and breakdown 
without causing too large a suspension of the profits. 
Economical buying and the efficient control of stores 
were other matters to which attention must be 
paid, and an additional financial question was 
whether recent changes in the legislation made it 
desirable to earn large profits for the sake of income 
tax rather than to give as much benefit to con- 
sumers by a reduction in the price per unit. Finally, 
all electricity committees should support the various 
bodies, such as the British Electrical Development 
Association, the British Engineering Standards 
| Association, and the British Electrical and Allied 
Industries Research Association, which were closely 
| associated with electrical progress. The functions 
| of a municipal electricity committee could no longer 
| be regarded solely from the local aspect, and co- 
| operation with other undertakings was becoming 
| increasingly necessary. 
| In opening the discussion, Alderman H. B. 
| Vorley said that the Eastbourne system of changing 
| their chairman every two or three years was open 
| to objection in the case of an Electricity Committee. 
|A chairman required years of training before he 
| was efficient, and the first duty of a committee might 
| well be to find a good chairman and then to stick 
to him. In Islington, they had had a great deal of 
/experience of obtaining land for substations, and 
had found that, though compulsory purchase was 
| possible, it was cheaper in the long run and wasted 
| less time to pay double the market value than to 
resort to arbitration. An alteration of the law 
dealing with this matter was long overdue. Dis- 
cussing the relations of the Electricity and Finance 
Committees, he said that the latter should not 
interfere with either questions of policy or technical 
matters, but should confine its attention to the 
financial aspect. 

Alderman A. E. Gough remarked that it was 
often difficult to persuade committeemen that the 
extension of mains into the poorer districts was 
commercially feasible. In practice, however, it 
was found that, if only one consumer in a street 
took a supply initially, the others would quickly 
follow. While he agreed that all surpluses should 
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be used to reduce the tariff, such reductions, must 
be made with caution, as nothing conduced more 
to lack of confidence than to have to raise the 
price again. Though the rate relief mania had 
suffered a check by the recent stipulation that 
contributions for this purpose were not to exceed 
14 per cent. of the capital expenditure, some 
Finance Committees were insisting that certain 
new works should be paid for by borrowing rather 
than from the surplus, so as to increase the amount 
that might be contributed in that way. 
Alderman W. Walker said that, during the past 
few years, he had had an unequalled opportunity 
of seeing representatives of practically every 
Electricity Committee in the country, and had 
been struck by their great sense of responsibility. 
Those who took a narrow point of view were few 
in number. This high standard was largely due 
to the work of the association, and in nothing 
was it shown more clearly than in the change of 
attitude that had taken place towards rates relief. 
In 1911, when Dr. G. L. Pearce had read a paper 
on the subject, the majority were in favour of 
this proceeding, but now nearly everyone was 
agreed that any surplus should be used for reducing 
the tariff. The mains system should be arranged 
so that it was kept two or thee years in advance 
of the demand, but the extra cost of supplying 
any special load should, at least in part, be met 
by the consumer concerned and not thrown on 
the general body. As regards the relationship of 
the Electricity Committee with the Council, if 
the undertaking were soundly ruled, confidence 
would be built up and the proposals made on its 
behalf would be accepted without question. If 
the proposals were always being debated, this 
showed that there was something wrong with 
the committee. He wished to point out that, 
since March 31, 1930, it was no longer permissible 
to allocate 14 per cent. of the capital expenditure 
in relief of the rates, unless the reserve fund had 
reached one-twentieth of that expenditure. No 
Electricity Committee would be able to carry out 
its duties were it not that the team work that had 
been performed in the industry had led both 
to standardisation and a reduction of costs. 
Committees were, therefore, avoiding their respon- 
sibilities if they did not support those associations 
which had made these developments possible. 
Alderman E. Huntsman pointed out that it was 
possible to take a too exclusively electrical view 
of the relations of the committee with the council 
and other committees. His own experiences of 
these relations had been happy, but he found that, 
at present, there was some little suspicion of bodies 
like the Electricity Commissioners and the Central 
Electricity Board. This suspicion had to be 
removed by teaching both the council and the 
committees that electricity supply was now a 
semi-nationalised business. A good deal of the 
distrust of the forthcoming large schemes which 
existed could be removed, by arranging visits to 
foreign undertakings where electricity had been 
more highly developed than in this country. 
Electricity Committees, in fact, needed to take 
the larger view and to regard their own under- 
takings as part of a much larger general scheme. 
In the afternoon, an official visit was paid to 
an electrical exhibition which had been organised 
in Devonshire Park. This comprised a good display 
of electric cookers, water heaters and refrigerators, 
while more than one firm was exhibiting the British 
Standard electric cooker, which is being built to a 
specification prepared by a Joint Committee of the 
Association and the British Electrical and Allied 
Manufacturers’ Association. This specification re- 
presents the majority view of purchasers, who were, 
in March, 1929, responsible for over 40,000 cookers 
being on circuit. The cookers are manufactured by 
nine firms and are made in two sizes, suitable for 
families of six and eight persons, respectively. 
In the evening a reception was given by the 
Mayor of Eastbourne in Devonshire Park. 


(To be continued.) 








Tue Gotp Ovurrut or OnTARIO.—During the month of 
January, 14 gold mines in Ontario, Canada, produced 
gold to the value of 548,497/., an increase of 15,843/. 
over the output of the corresponding month of last year. 
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BECKER COKE-OVEN PLANT ; MESSRS. THORNCLIFFE COAL DISTILLATION, LIMITED. 


MESSRS. WOODALL-DUCKHAM VERTICAL 


Fig. 7. 
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DIVERGENCE OF OIL WELLS FROM 
THE VERTICAL. 


O1L-WELL deviation, with which Mr. D. P. Rees dealt 
at the Institution of Petroleum Technologists on May 
13, has become.a serious problem. The driller is not 
aware of the fact that the drill is deviating from the 
vertical, and the crooked hole is more difficult to drill, 
and longer and more expensive than the straight hole ; 
it may miss the pay sand or finally bring up oil from 
an adjacent claim. Two Oklahoma wells, spudded 
within a month of one another at 112 ft. surface distance, 
intersected at 1,685 ft. depth, so that the first hole had 
to be plugged; mud from neighbouring wells has 
appeared in new holes, and in the Seminole area 
2,000,000 dols. were estimated to have been wasted 
on unnecessary crooked drilling. The subsequent 
measurement of such deviations is of little value 
to the driller. What he requires is some instru- 
ment to warn him of a divergence, or, better still, 
to prevent divergence. There are various instruments 
which enable a survey of the hole to be made at intervals 
during the course of the drilling, but they are expensive 
and fragile, and their use involves interruption of the 
work, The acid bottle is still the most popular type of 
inclinometer. In the acid-bottle test, a glass tube, 
about 1} in. in internal diameter, half filled with diluted 
hydrofluoric acid, is lowered into the hole and the 
deviation of the etched surface ring, produced in half 
an hour, from the horizontal, is afterwards measured ; 
from that measurement the inclination of the hole may 
be deduced within 2 to 5 per cent. The mud paper 
test is of a similar kind. Pendulums are utilised in 
various ways. In one type of instrument, a photo- 
graph of the pendulum is taken at a moment pre- 
determined by clockwork, or when a lever is electrically 
released above. In another much used form, mercury, 
when tilted to different degrees, closes several circuits 
of a Wheatstone bridge. These tests only give the 
deviation from the vertical, and not the equally 
important azimuth. This can be estimated from the 
twisting of the drill stem and tube, but only to a very 
imperfect extent when the depth amounts to thousands 
of feet. In the Maas compass, the needle is allowed to 
settle in solidifying gelatin ; in the Oehmann compasses, 
the needle is photographed while in the bore; the more 
elaborate Anderson oil-well surveying instrument is 
in extensive use in California. The gyroscopic inclino- 
graph of Martienssen is fitted with two pendulums at 
right angles to one another, released by a key, and a 
compass. Electric seismographs are also under trial. 

_Mr. Rees said very little about these instruments and 
did not mention, for example, the bore-hole alignment 
indicator of Dr. J. S. Owens, a combined clinometer and 
compass with clockwork for taking a series of photo- 
graphs of the hole (see ENGINEERING, vol. cxxi, page 
87 (1926), although he referred to a paper read by 
Dr. Owens. Mr. Rees dwelt chiefly upon the means for 
preventing deviation and its correction, by discussing 
details of drilling practice which cannot well be 
abstracted. The trouble is greatest with rotary drills. 
Various types of bits have their advantages in different 
grounds. A fish-tail bit, striking a hard shell, will 
tend to deflect the drill-tube upward, especially in 
gently-dipping beds. In clay, bits of 15-in. and more in 
diameter may become wedged against the side of the 








hole and impart an annular motion to the drill; the 
core then sticks. Incorrect centring of bits and 
badly worn diamond points are a frequent source of 
crooked holes. Since bending and whipping drill 
stems frequently cause divergence, stiffening of the 
stems has often been proposed, but it can hardly 
influence bores of 4,000 ft. depth. Differential control 
has been applied with a certain amount of success, 
The prime mover (steam or electricity) drives the 
differential, and the torque of the drill stem is balanced 
against the load on the bit. It is difficult, however, to 
allow for the constantly-increasing weight of drill tube 
with depth; the ideal would be a variable gear on the 
hoist side of the differential under the driller’s control 
for adjusting the hoist to the load on the hook. All 
these details, however, particularly automatic teeds, 
efficient types of bits and weight indicators, demand 
close attention, and the operators should understand 
that quality rather than quantity ,lootage as it is called, 
is desirable for good drilling. 








BECKER COKE-OVEN PLANT. 


Tue transmission of gas‘ for long distances has, for 
some time, been an accepted practice on the Continent, 
but, although several of the larger gas companies in this 
country have also been working in the same direction, 
we believe that no scheme has hitherto been formulated 
to collect the surplus gas from a number of coke-oven 
plants and to distribute it on what is, in the case of 
electrical power, known as a grid system. Such a 
proposal is, however, made for South Yorkshire in the 
Report of the Area Gas Supply Committee published 
last week and referred to elsewhere in this issue. As 
an example of such gas, now being burned to waste 
for want of suitable markets and means of distribution 
for them, we may refer to the new Becker coke-oven 
plant at the Smithywood Works of Messrs. Thorncliffe 
Coal Distillation, Limited, Sheffield, where a large 
quantity is being regularly burned at a tall bleeder, in 
spite of the fact that the plant is supplying, per week, 
28 million cubic feet of debenzolised gas of a calorific 
value of 538 B.Th.U. per cubic foot to Sheffield. 

This new Thorncliffe installation is illustrated by 
Figs. 1 to 9, on this page and on pages 700, 701, and 
704. The plant was designed and constructed by 
Messrs. The Woodall-Duckham Vertical Retort and 
Oven Construction Company (1920) Limited, 136-150, 
Victoria-street, London, 8.W.1. Its carbonising capacity 
is 1,200 tons of coal per day, and the production now 
amounts to 5,800 tons of coke per week. 

The Becker oven, since its introduction in the United 
States in 1928, has rapidly established itself, the 
number of plants in operation or under construction 
now having a total carbonising capacity of over 36 
million tons of coal per annum. Of these plants, 21, 
with an aggregate carbonising capacity of 7 million 
tons of coal per annum, are situated in Europe. The 
method of firing is not invariably the same, for out of 
4,788 Becker ovens built, 20 per cent. are fired with 
producer gas, 8 per cent. with blast furnace gas, and 
72 per cent., as at Thorncliffe, by coke-oven gas. 

A description of the Becker oven was given in 
ENGINEERING, vol. cxxvii, page 453 (1929), and it need 
here only be noted that the basic feature of the oven is 





the short cross-over flue which connects the vertical 





RETORT AND OVEN CONSTRUCTION COMPANY (1920), LIMITED, LONDON, S8.W.1. 























flues on each side of the oven with each other. The 
heating gas in alternate ovens passes up one side, across 
the top, and down the other side. The intermediate 
ovens, which have no cross-over flues, are heated by the 
same side flues, and the connections are so arranged 
that the flow of the heating gases on both sides of any 
one of the ovens is in the same direction. Automatic 
reversal of the flow, for the purpose of heating the air 
supply in regeneration, is effected at suitable intervals. 
The general lay-out of the plant is shown in Fig. 1, on 
which the battery of ovens is indicated at 5. There 
are 59 ovens, each 40 ft. 8 in. long. The height is 
12 ft. 6 in. and the average width 16in. The difference 
in width between the two ends is about 2 in., in order 
to facilitate the pushing out of thecoke. The volume of 
gas burnt in each of the passages composing the vertical 
flues is so graduated that more heat is supplied at the 
wider end, in order to ensure even carbonisation through- 
out the charge. The coal capacity per oven is approxi- 
mately 15 tons with wet coal or 13-5 tons with dry coal. 

The raw washed coal used in the plant is derived 
from the collieries of Messrs. Newton, Chambers and 
Company, Limited, Thorncliffe Ironworks, one adjacent 
to the plant, and two others within a radius of two or 
three miles. From these, the coal is brought in by rope 
conveyors indicated at 2 in Fig. 1. These deliver into 
hoppers at 3, where, after being reduced in size to about 
80 per cent. of 4-in. cubes, the coal is fed on to a belt 
conveyor by the table feeders, shown in Fig. 2, page 700. 
There are three of these connected with as many hoppers, 
which contain coal from different mines, an arrangement 
permitting effective blending. A rotary tippler and a 
track hopper, marked 1 in Fig. 1, are also provided in case 
of breakdown of the rope conveyor. The main belt 
conveyor from the feeders carries the coal to the top 
of a large concrete structure, 4 in Fig. 1, at one end 
of the battery. This has five bays with four hoppers 
per bay and a total capacity of 2,500 tons. One of the 
bays, of 500 tons capacity, is separate from the others, 
and can be used for experimental purposes. The coal 
is distributed to the ovens by an electrically-operated 
four-hopper traversing charger with a total capacity of 
about 15 tons. Each hopper has an adjustable weigh- 
ing device, and a cast-iron drop sleeve, which enters 
the charging hole of the ovens. The sleeve-operating 
lever is interlocked with the starting gear of the traction 
motor, so that the charger cannot be moved when the 
sleeves are down. 

On the completion of the carbonising operation, an 
electrically-operated machine, shown in Fig. 7, page 
704, removes the doors, the pusher machine being also 
provided with an equivalent device for lifting them. A 
view of the doors is given in Fig. 6, page 704; they 
are held in place by two pairs of lever catches engaging 
with lugs on the oven fronts. The lifting machine 
is provided with two projections which are entered 
below the catches and then given an upward movement. 
This at once disengages the catches and lifts the door 
clear of them. The door is then withdrawn from the 
face and the machine run out of the way, its place being 
taken by a guide which leads the coke, on being pushed 
out, into the wagon. 

The coke wagon, 7 in Fig. 1, has a capacity of 
11 tons, and is operated by an electric locomotive. 
The four cast-steel side gates are operated by air. The 
quenching tower, 11 in Fig. 1, carries a tank containing 
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10,000 gallons of water, which is discharged in sprays | 
fed by a pipe 16 in. in diameter. The amount of | 
quenching water used depends, of course, upon the | 
quantity of coke being dealt with. Roughly, if this 
is 9 tons, 17 tons of water are required, of which 7 tons | 
are immediately evaporated. The remainder evaporates | 
later, due to the heat in the coke, the finished product | 
being, to all intents and purposes, dry. After quenching, | 
the coke is discharged on to a bank, 12 in Fig. 1, | 
spread out, finally cooled, and allowed to fall by finger 
regulating gates on to a belt conveyor, which delivers | 
it to the primary screening station, 13 in Fig. 1. | 
Here, after passing through a 2}-in. rotary screen, 
and a l}-in. Syrex screen successively, the final | 
undersize is transferred to the secondary screening | 
station, 14 in Fig. 1, the oversize being delivered | 
by boom belt conveyors directly to railway wagons. | 
In the secondary station, a l-in. rotary screen and a | 
$-in. Hummer screen finally grade the coke into 14 in.— | 
lin., 1 in.—fin., and § in.-0 in., which sizes are stored in | 
three separate bins. The two larger sizes are dis- 
charged into railway wagons as required, while the | 
breeze is taken by a belt conveyor to the boiler house. | 

The coke-oven gas passes from the ovens through | 
ascension pipes into steel gas-collecting mains. Flushing 
sprays are installed in each ascension pipe and in the 
collecting main at alternate ovens. Two liquor flushing 
pumps are supplied, one working and one spare. Each | 
has a capacity of 50,000 gallons per hour. A Shallcross 
governor controls a butterfly valve in the offtake 
mains, and so accurately regulates the pressure in the 
gas-collecting main. As already stated, a portion of 
the coke-oven gas is used for heating the ovens, but 
the design also permits of operation with clean producer 
gas, for which method of firing only minor changes of 
connections, &c., are needed. The fuel gas passes 
through a steel main to the combustion flues, its volume 
being measured on the way by a Kent Venturi-type 
meter. There are two regenerators under each series 
of vertical flues, and the air and waste gases passing 
through them are controlled and regulated by 120 
reversing valves on each side of the battery. These 
are opened and closed alternately in groups of four by 
the single machine shown in the centre of Fig. 3, on 
this page. This is normally electrically-operated, 
but a three-cylinder steam engine is provided, to 
prevent interruption in the event of current failure. 
The reversal of the valves is effected every 30 minutes 
by the rotation of a large heart-shaped cam actuating 
levers connected to the shaft above the valves. This 
shaft, which is moved longitudinally, opens and closes 
the appropriate valves by T-headed levers. The 
actual process of reversal takes about 17 seconds. 

The reversing machine is itself controlled electrically 
by the clock seen in Fig. 3, which can be set to oper- 
ate the machine at various intervals. The cylindrical 
apparatus on the right is a hydraulic safety device which 
sounds a steam whistle should the clock fail to operate 
the reversing mechanism within one minute of the 
pre-determined time. The apparatus in the foreground | 
of Fig. 3 is a hand-operated device for admitting air | 
to the flues for decarburising them, by burning off 
any deposited carbon. When necessary, this air is 
admitted for a period of 1 minute before to 2 minutes 
after the reversing operation. The waste gases, on 
leaving the regenerators, are led through a firebrick- 
lined concrete flue on each side of the battery to a 
chimney 250 ft. in height. This is lined with firebrick 
for the first 50 ft. Its position isindicated at 8 in Fig. 1. 





In this figure, the collecting main is indicated at 9 and 
the section main at 10. The liquor flushing and 
separating tank is situated at 22, while at 26 is a gas 
holder with a capacity of 100,000 cub. ft. This is 
provided to ensure a supply of gas at constant pressure 
for use in the battery, boilers, and boosters. 

The by-product recovery installation produces 
weekly 97 tons of ammonium sulphate, 68,000 gallons 
of tar, and 29,600 gallons of crude benzol, and supplies 
28,000,000 cubic feet of de-benzolised gas, having an 
average calorific value of 538 B.Th.U. per cubic foot, to 
the Sheffield Gas Company as already mentioned. The 
ammonium-sulphate recovery plant is housed in part 
of a building 140 ft. long, 95 ft. wide and about 30 ft. 
high and, as will be seen in Fig. 1, divided longitudinally, 
one half, viz., section 16 veing the power house. The 
other half is subdivided into the by-product house, 17 ; 
the sulphate store, 18; a lime-mixing room, 19; and 
a lime store, 20. The ‘‘semi-direct’’ process of 
ammonia recovery is employed. The gas, on being 
drawn from the ovens by the exhausters, passes through 
the three primary coolers, of the indirect vertical 
water-cooled type, indicated at 23, in Fig. 1, and seen 
at the right hand of Fig. 4, on the opposite page. Tar, 
naphthalene and a certain amount of ammonia is 
condensed in these coolers, and the cooled gas then 
passes through the exhausters to the tar extractors 
and reheaters. There are two of these, one a stand-by, 





of the combined type in which the tar fog is extracted 
and the gas is reheated to the temperature requisite 
for the efficient production of ammonium ee 


BECKER. COKE-OVEN 


PLANT, SHEFFIELD. 














REVOLVING-TABLE CoAL FEEDERS. 














eae 
ele 





ie 





Fig. 3. ConTro~t Room. 


One of the saturators is shown at the left hand of 
Fig. 8, page 704. It consists of a riveted-steel shell 
with a conical cast-iron bottom, and is lead lined. 
The cracker pipes are also of lead. The gas, after 
being bubbled through the contained sulphuric acid, is 
then led to the separator at the right hand of the figure, 
which removes any acid carried over by the gas. The 
salts are transferred by bronze steam-operated ejectors 
to lead-lined draining boxes, from which it passes to 
centrifuges for preliminary drying. These are of 
the suspended self-balancing type, driven by high speed 
vertical steam engines. The ammonium sulphate is 
then ground, and is finally neutralised by ammonium 
carbonate and dried in the Phillipson machines shown 
in Fig. 5, on the opposite page. From these machines 
it is delivered into sacks. The issuing salt rolls down a 
perforated plate in the chute, the oversize falling into 
the small lateral chutes and being collected for re- 
grinding. The fine material, which has fallen into the 
lower part of the chute, is delivered ready for use and is 
then conveyed to the adjoining storeroom. 

The ammonia condensate from the primary coolers 
of Fig. 4 is dealt with in a single still of sufficient 
capacity to distill the whole of the condensates. It 





contains six trays in the free section and nine in the 
fixed section. The ammonia so produced is passed into 
the gas stream at the point where it enters the saturators. 
A steel storage tank, with a capacity of 150,000 gallons, 
is provided for the storage of ammoniacal liquor. The 
tar is stored in two steel tanks of a capacity of 60,000 
gallons each. The positions of these three tanks are 
indicated at 21 in Fig. 1. 

After leaving the saturators in the by-product 
house, the gas is returned to the two final coolers, 24 in 
Fig. 1, shown on the left of Fig. 4, and after passing these 
enters two de-benzolising tower scrubbers, 100 ft. high, 
and packed with wooden hurdles. These are situated 
at 25 in Fig. 1. The gas traverses the towers in an 
upward direction against a descending stream of wash 
oil which absorbs the light oils. The de-benzolised 
gas is then drawn from the top of the towers by the 
suction of motor-driven compressors. The wash oil 
with the added benzol is delivered into a specially 
designed distilling apparatus comprising heat ex- 
changers, condensers and coolers. Two heat exchangers 
are provided. In the first, the heat from the light 
oil vapours is transferred to the cold benzolised oil. 
In the second, the hot de-benzolised oil is cooled, 
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and by this operation the benzolised oil is still further 
heated. This latter oil, however, is again finally heated 
before it enters the still, one working and one spare 
heater being provided for this purpose. The light 
oil is distilled from the wash oil by intimate contact 
with steam in a cast-iron still consisting of a series 
of trays. The final cooling of the de-benzolised oil 
and of the light oils is effected in open type coolers. 
The wash-oil cooler has 11 banks of galvanised pipes 
2 in. in diameter. 

At Thorncliffe the benzol is rectified. The principal 
apparatus for the recovery and rectification of benzol 
is housed in a building, situated at 29, in Fig. 1. This 
is a building of steel frames with brick panels and 
is 41 ft. long by 38 ft. 6 in. wide and 44 ft. high. A 
lean-to structure at one end houses the five wash- 
oil circulating pumps. The benzol rectification plant 
consists of two stills, two agitators, and two naphtha- 
lene pans. One still is used for the production of crude 
light oil and one for motor spirit distillation. Each is 
equipped with a dephlegmator, a cooler, and separators. 





The rectification stills are seen at the left-hand of 
Fig. 9, page 704. The still on the right-hand side is 
the crude oil still, previously referred to, for the treat- 
ment of the wash oil. Behind it is one of the heat 
exchangers. The agitators, which are seen in the centre 
of the figure, wash the crude products with acid and 
soda, which is obtained from the small tanks seen above 
them. The still residues pass out to the naphthalene 
pans, where naphthalene is crystallised out. 

In the process of rectification, the benzol is washed 
with sulphuric acid of 97 per cent. strength, and the 
resultant acid sludge has hitherto been a source of 
trouble in coke-oven installations.. At Thorncliffe, how- 
ever, a new type of acid regenerating plant has been 
erected by Messrs. Coke and Gas Ovens, Limited 
under a separate contract. This plant is erected out- 
side the rectification house. The principle of its 
operation is that of removing the free acid from the 
sludge by stirring the latter with mother liquor from 
the sulphate saturator, while the benzol is removed 
by distillation. Before allowing any part of the sludge 








to attain a high temperature, it is thoroughly mixed 
with coke-oven tar, and the substances which hitherto 
formed a useless pitchy residue remain as tar and pass 
into the main tar-storage tanks of the plant. The 
whole of the sludge is now, therefore, recovered in a 
manner which is not only profitable, but which avoids 
the cost and inconvenience of having to deposit the 
pitchy residue on the colliery spoil heaps. In this 
connection, it is worth noting that there are, further, 
no effluents to be got rid of at this installation. The 
liquor from the waste-liquor settling basins, 28 in 
Fig. 1, is mixed with the coke-quenching water in 
which a large proportion of it is evaporated, while the 
remainder, except for a slight dulling of the appear- 
ance of the coke, has no deleterious effect. 

The power-house contains two direct-coupled steam- 
turbine driven high-speed turbo-exhausters, one of 
which is spare, and two motor-driven compressors, one 
working and one spare. These function as boosters for 
supplying the surplus gas to the Sheffield Gas Company. 
Each is capable of taking 4,000,000 cub. ft. of gas 
per 24 hours and delivering it at a pressure of 15 Ib. 
per square inch. There is also a Connersville positive 
t as meter capable of measuring, under normal 
load, 6,500,000 cub. ft. per day, an air compressor, 
liquor-flushing pumps, &c. 

The electric-generating sets consist of two vertical 
compound steam engines driving 250-kw. generators, 
and one six-cylinder vertical gas engine driving a 
400-kw. generator. They are capable not only of meet- 
ing the full-power requirements of the plant, but of 
providing a considerable surplus for sale to the Asso- 
ciated Colliery Company. The boilers are equipped 
with chain-grate stokers for burning coke breeze, and 
also have burners for utilising coke-oven gas. Practi- 
cally the whole constructional ironwork and steelwork 
of the Thorncliffe installation was provided by Messrs. 
Newton Chambers and Company, Limited. 








THE WINNIPEG AIRWAY BEACON. 


THE rapid development in Canada, and particularly 
in the West, of aviation, culminating in the establish- 
ment last March of a regular daily air-mail service 
between Winnipeg and other Western Canadian cities, 
has made it necessary to provide facilities for night 
flying. Mail is being delivered daily by aeroplanes 
flying between Winnipeg, Regina, Moose Jaw, Medicine 
Hat and Calgary, and between Winnipeg, Regina, 
Saskatoon, North Battleford and Edmonton. Further- 
more, Winnipeg is the starting point for numerous 
transportation companies taking mineral prospectors, 
fur traders and others into the rapidly developing areas 
of the Northwest Territories, and even as far north as 
the Coppermine River on the shores of the Arctic 
Ocean. In connection with these night flying opera- 
tions, what is believed to be the largest air beacon in 
the British Empire, and the third largest in the world, 
was augurated on March 3 last. This beacon is some- 
what larger than that at Croydon, and second only to 
those at Buffalo, N.Y., and Chicago. The beacon is 
erected on the roof of the large new department store 
of the Hudson Bay Company at Winnipeg, which is 
an excellent site for it. The light provided is 
thus about 200 ft. from the ground, and the main 
structure of the beacon is surmounted by a 24-in. 
Novalux directional beacon focussed in the direction 
of the Stevenson Field airport at which the mail 
machines arrive and depart. The light is provided 
by @ special 1,000-watt lamp operating on 115 volts, 
and giving 1,712,000 beam candle power. Should the 
filament in this lamp fail, another lamp kept ready 
becomes automatically switched into focus. The 
new beacon is expected to establish a world record 
for visibility, particularly in virtue of the fact that 
atmospheric conditions on the Canadian prairies are 
especially favourable for this. In Alberta, for instance, 
trains can be seen with the naked eye from a distance of 
about eighty miles on normal days. The Winnipeg 
beacon, moreover, has 92 ft. more of lighted tube than 
that at Croydon, is 160 ft. higher above ground level, 
and operates under such ideal conditions that air mail 
pilots are expected to be able to distinguish its glow 
from a distance of over 150 miles. Already it has been 
seen on bad days from a point 122 miles away. The 
electrical installation was made by Western Claude 
Neon Lights, Limited, who also supplied the neon 
tubes. The Manitoba Bridge Company manufactured 
and erected the steelwork, and the Canadian General 
Electric Company, Limited, supplied the directional 
beacon and the 11,500-volt transformers. The estab- 
lishment of the beacon has aroused so much interest 
among business men generally, coupled with the 
inauguration of the daily air-mail service, that it is 
proposed to expend as much as three quarters of a 
million dollars on the provision of an airport suitable 
for use by either land machines or seaplanes. The 
latter type is largely used in Canada, owing to the 
frequent presence of waterways and lakes 
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TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Venturi Meter—The supply of one 36-in. Venturi 
meter with a water-column type of recorder, or, alter- 
natively, one 36-in, Venturi Orivent meter. The India 
Store Department, Simla; June 9. (Ref. No. A.X. 
9621.) 


Electric Lifts.—The supply, delivery, and erection of 
23 electric lifts at the new Railway Building, Johannes- 
burg. The South African Railways and Harbours 
Board, Johannesburg; July 28. (Ref. No. A.X. 9623.) 


Water Tower.—-The supply and erection of a water 
tower, steel tank, and foundations at Deirout. The 
Egyptian Ministry of the Interior; July 17. (Ref. No. 
A.X. 9624.) 

Copper Tubes.—The supply of 5,550 kg. (12,210 lb.) of 
copper tubes. Direction Générale des Chemins de Fer 
et des Ports d’Etat, Angora, Turkey; June 23. (Ref. 
No. A.X. 9625.) 

Cooling Tower.—The supply and erection of a cooling 
tower serving the electric power station at Assiout. 
The contract includes the construction of a well and 
basin in reinforced concrete, electrically-driven centri- 


| 


fugal pumps, electric motors, and switchgear. The submitted by Messrs. Colardo Products, a 
Ministry of the Interior, Cairo, Egypt; July 26. (Ref. Reading. London: Offices of the Association, 
No. A.X. 9627.) [Price 2s. 6d. net.) 

Les Applications des Rayons X. Physique-Chimie- 


Oil-Engine Alternator.—The supply, delivery, and erec- 
tion of an oil-engine alternator set, together with the 
necessary switch and protective gear and connecting 
cables, for the power station of the P.W.D., Jaipur State, 
Jaipur, India. The India Store Department, Simla ; 
June 9. (Ref. No. B.X. 6445.) 


Machine Tools.—The supply of machine tools, includ- 
ing two high-speed lathes, height of centres 200 mm. 
(7-87 in.) and 350 mm. (13-78 in.); a planing machine, 
maximum travel 500 mm, (19-68 in.) ; a drilling machine, 
maximum diameter 32 mm. (1-26 in.); a grinding 
machine; smith’s furnace and anvil; and shears for 
cutting plates; also an air compressor and accessories. 
L’Administration Générale des Chemins de Fer et Ports 
WEtat, Angora, Turkey; June 23. (Ref. No. A.X. 
9639). 





LAUNCHES AND TRIAL TRIPS. 


‘* CEFALU,’’—Single-screw passenger and fruit-carrying 
steamer, for service between Carribean and West Indian 
ports and the United States ; quadruple-expansion engine. 
Trial trip, April 23. Main dimensions, 397 ft. by 53 ft. 3 in. 
by 33 ft. 3 in. Built by Messrs. Workman Clark (1928), 
Limited, Belfast, for Messrs. Vaccaro Brothers, New 
Orleans, U.S.A. 


** HARBERTON,”’—-Grain-carrying and general cargo 
steamer; triple-expansion engines installed by Messrs. 
George Clark Limited, Sunderland. Launch, April 28. 
Main dimensions, 413 ft. by 54 ft. 6 in. by 27 ft. 4 in. 
Built by Messrs. Short Brothers, Limited, Pallion, Sun- 
derland, for Messrs. J. and C. Harrison, Limited, London. 


“Warwick CasTLE.”’-—T'win-screw passenger motor 
liner to run in the Union-Castle Company’s mail service 
between the United Kingdom and South Africa; eight- 
cylinder double-acting, four-stroke, Harland-B. and W. 
Diesel engines. Launch, April 29. Main dimensions, 
650 ft. by 75 ft. by 44 ft. 6 in.; gross tonnage, 20,500. 
Built by Messrs. Harland and Wolff, Limited, Belfast, 
for Messrs. The Union-Castle Mail Steamship Company, 
Limited, London. 

** TAFELBERG.’’—Twin-screw whaling factory steamer ; 
triple-expansion engines. Launch, April 29. Main 
dimensions, 520 ft. by 72 ft. by 57 ft. 6 in. Built by 
Messrs. Sir W. G. Armstrong, Whitworth and Company 
(Shipbuilders), Limited, Walker, Newcastle-upon-Tyne, 
for Messrs. Kerguelen Sealing and Whaling Company, 
Limited, Cape Town, South Africa. 


“"TWEEDBANK.”’—Twin-screw cargo motorship ; five 1929. Vol. Il. June to December. London: Offices 
—— Sulzer-type Diesel engines. Launch, May 14. of the Institution. 
Main dimensions, 440 ft. by 57 ft. by 38 ft. 7 in. Built | 7%e Statesman’s Year-Book, 1930, Edited by M 
by Messrs. Workman Clark (1928), Limited, Belfast, for Epstety, London: Macmillan and ean, 
Messrs. Andrew Weir and Company, Bank Line, Limited, Limited. [Price 20s. net.] : 


London. 

* Harpagus.”’—Single-screw grain-carrying and 
general-cargo steamer ; triple-expansion engine. Launch, 
May 15. Main dimensions. 409 ft. by 54 ft. 3 in. by 
27 ft. 2in. Built by Messr:. John Readhead and Sons, 
Limited, South Shields, for Messrs. J. and C, Harrison, 
Limited, London. 


“Crry or SypNney.”’—Single-screw cargo steamer ; 
four-cylinder triple-expansion engine, with Bauer Wach 
exhaust turbine, and fitted with Caprotti valve gear. 
Trial trip, May 15. Main dimensions, 460 ft. by 58 ft. 
by 34 ft. 6 in. Built by Messrs. Workman Clark (1928), 
Limited, Belfast, for the Hall Line of Messrs. The Eller- 
man Lines, Limited, London. 

** PrInewoop.”’—Single-screw _ self-trimming collier ; 
triple-expansion engine supplied by Messrs. The North- 
Eastern Marine Engineering Company, Limited, Walls- 
end-on-Tyne. Trial trip, May 22. Main dimensions, 
296 ft. by 42 ft. 6in. by 21 ft. Built by Messrs, R. and W. 
Hawthorn, Leslie and Company, Limited, Hebburn-on- 





on-Tyne, for Messrs. Wm. France Fenwick and Company, | The Petrol Engine. Third edition, revised. 
Limited, London. 





National Fire Brigades Association. 


By Proressor Ine. Luter SantTaReLLA. Third 
edition revised. Milan: Ulrico Hoepli. [Price 48 
lire. ] 

Handbuch der Experimentalphysik. Vol. IV. Hydro 
und Aero Dynamik. Part 3. Technische Anwen- 
dungen. Edited by Lupwia Scuititer. Leipzig: 
Akademische Verlagsgesellschaft m.b.H. [Price 55 


Department of Scientific and Industrial Research. The 


Die Wirtschaftlichkeit der Energiespeicherung fiir Elektri- 


zitdtswerke. Eine energiewirtschaftliche Studie. By 
Dr.-INnc. Lupwia Must. Berlin: Julius Springer. 
[Price 18 marks. ] 

Air Ministry. Air Publication No. 970. Handbook 
of Strength Calculations. London: His Majesty’s 


Balkenbriicken Vol. VI. 


Proceedings of the Institution of Mechanical Engineers, 


Die Berechnung einer Zweitakt-Dieselmaschinen. Handbuch 


Proceedings of the Institution of Railway Signal Engineers, 


Department of Scientific and Industrial Research. Report 


The National Physical Laboratory. Report for the Year 


1929. London: His Majesty’s Stationery Office. 
[Price lls. net. ] 
Sydney. Technological Museum. Bulletin No. 13. 


ENGINEERING TRAINING AND 
EDUCATION. 


Competition for Welders.—The Institution of Welding 
Engineers is offering a prize of 10 guineas and the 
gold medal of the Institution for the best original 
paper offered by a bona fide operative welder, whether 
he be a member of the Institution or not. The paper 
may deal either with the oxy-acetylene or with the 
electric process, and the subject is to be ‘‘ Welding 
Practices and Methods, based on my own Experiences.” 
Papers should not exceed 6,000 words in length, and 
should be addressed to the secretary of the Institution 
of Welding Engineers, 30, Red Lion-square, London, 
W.C.1, so as to reach him not later than August 31, 
1930. Entry forms and further particulars may be 
obtained on application to the secretary of the Insti- 
tution, at the address given above. 








BOOKS RECEIVED. 


United States Bureau of Labor Statistics. Bulletin No. 
507. Causes of Death by Occupation. Washington : 
Government Printing Office. [Price 25 cents.] 

Red Book No. 253. 

Fire Tests with an Automatic Fire Alarm, submitted 

by Messrs. John Kerr and Company, Manchester. 

[Price 2s. 6d. net.] No. 254. Fire Test with a Fire- 

Resisting Paint, known as Colardo ‘‘ Fireproof ’’ Paint, 


By J. J. Trittat. Paris: Les Presses 
[Price 85 francs. ] 
La Tecnica e la Statica. 


Metallurgie. 
Universitaires de France. 
Il Cemento Armato. Vol, I 


marks. } 


Investigation of Atmospheric Pollution. Report on 
Observations in the Year ended March 31, 1928. Four- 
teenth Report. London: His Majesty’s Stationery 
Office. [Price 3s. 6d. net.] 


[Price 3s, net. ] 

Part III. By Dr.-Ine. W, 

Third revised edition. Berlin: Wilhelm 

{Price 6-80 marks. ] 

Aeronautical Research Committee. Reports and Memo- 
randa. No. 1,203. Pressure Distribution over a 
Yawed Aerofoil. By D. H. Writttams. With an 
Appendix on Rolling Moments on a Yawed Aerofoil. 
By A. 8S. Barson. [Price 2s. 6d. net.] No. 1,237. 
The Flutter of Aeroplane Tails. By R. A. Frazer 
and W. J. Duncan. [Price ls. net.] No. 1,248, 
Torsional Vibration of Crankshafts, A Description 
of the R.A.E., Mk. III Torsiograph. [Price 1s. net.] 
No. 1,252. Flow Through Pipe Orifices at Low Renolds 
Numbers. By F, C. JoHANSEN. [Price ls. 3d. net.] 
No. 1,274, Stresses and Strains in Airscrews with 
Particular Reference to Twist. By R. McKinnon 
Woop and W. G, A. Perrine. [Price 9d. net.] 
No. 1,286. Records of the Lateral Motions of a Stalled 
Bristol ‘* Fighter’? Aeroplane with Slots upon the 
Upper Wing Tips. By Proressor B, MELVILLE 
Jones, Fuient-Lrevt. C. E. Marrianp, and R. P, 
Atston, [Price 9d, net.] No. 1,292. Stalled Flight 
Tests of a ‘‘ Moth” Fitted with Auto Control Slots and 
Interceptors, By E. T. Jones, Fuicut-Lisvt. C. E, 
MAITLAND and Fricut-Lizut. W. E. Purprn. [Price 
4d. net.] London; His Majesty’s Stationery Office. 


Stationery Office. 


GEHLER, 
Ernst und Sohn. 


fiir Studium und Praxis. Edited by Dr. W. Harper, 
Ing. Berlin: Richard Carl Schmidt und Co.  [Price, 
22-50 marks. ] 


1929-30. 
Offices of the Institution. 


September, 1929, to January, 1930. Reading: 
[Price 7s. 6d. non-members. ] 


of the Water Pollution Research Board for the Year 
ended June 30, 1929. With Report of the Director of 
Water Pollution Research. London: His Majesty’s 
Stationery Office. [Price 9d. net.] 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig iron is i) 
very ample supply, but there is just a little more busines- 
passing and quotations are well maintained. The 
lirnited output is rather more than sufficient to cover 
current needs, and accumulations at the blast furnaces 
have increased to larger dimensions than ironmasters 
care to carry. The bulk of the iron output continues 
to go into direct use at manufacturers’ own consuming 
works. Makers report a few direct sales to home custo- 
mers, but, so far as is ascertainable, are doing'next to no 
business with firms in Scotland. Second hands are not in 
a position to dispose of much Cleveland pig to home 
users, but report occasional small sales to customers on 
the Continent. They are also selling a little Midland 
iron for consumption on Teeside. Makers fixed quotations 
for Cleveland pig remain: No. 1 grade of iron, 70s. : 
No. 3, g.m.b., 67s. 6d.; No. 4 foundry, 66s. 6d.; and 
No. 4 forge, 66s. 

Hematite.—East Coast hematite is very plentiful. 
The already embarrassingly heavy stocks are still 
increasing, though at nothing like the rate prior to 
recent substantial curtailment of make. Among recent 
sales is a contract on a sliding scale price, for 200,000 tons 
delivered to home consumers over the next five years. 
Ordinary business is on an improved scale, home and 
export sales amounting, in the aggregate, to several 
thousand tons having been effected, but buyers are 
not paying the figures generally asked. Foreign com- 
petition for Continental contracts continues keen, but 
firms abroad readily pay a little more for the products 
of this area than for the makes of other countries. 
Merchants have reduced their holdings of East Coast 
brands considerably, but are still underselling makers. 
The latter quote on the basis of 74s. for ordinary qualities, 
but do not hesitate to accept less, 

Foreign Ore.—Inactivity in imported ore is only 
what must be expected under existing conditions. 
Quotations are not easy to fix, but doubtless contracts 
could be arranged at considerably below those paid a 
little while ago. Consumers are holding off the market. 
They have large stocks, and are well bought ahead. 

Blast-Furnace Coke.—Durham blast-furnace coke 

is slow of sale. Supply is very plentiful, and prices are 
drooping. Good medium qualities are offered freely 
at 17s. delivered to local works. 
Manufactured Iron and Steel.—There are no changes 
to record in quotations for manufactured iron and steel, 
but customers are unwilling to pay recognised ruling 
rates and expect to secure price-concessions shortly, 
though producers protest that conditions prohibit 
movement in that direction. Common iron bars are 
101. 15s. ; best bars, 111. 5s. ; double best bars, 117. 15s. ; 
treble best bars, 12/. 5s. ; iron rivets, 11l. 10s.; packing 
(parallel), 87.; packing (tapered), 10/.; steel billets 
(soft), 67. 158.; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 87. 2s, 6d.; steel rivets, 117. 5s. ; 
steel ship plates, 8/. 15s.; steel angles, 8/. 7s. 6d.; stecl 
joists, 8/. 10s.; heavy sections of steel rails, 8/. 103. ; 
for parcels of 500 tons and over, and 9/. for small lots ; 
fish-plates, 127. 10s.; black sheets (No. 24 gauge), 
91, 158, ; and galvanised corrugated sheets (No. 24 gauge), 
11. 178, 6d. 








Roya Inp1an Marine Stoop ‘“ Hinpustan.’’—The 
R.I.M, sloop Hindustan was launched recently at the 
Wallsend-upon-Tyne shipyard of Messrs. Swan, Hunter 
and Wigham Richardson, Limited. The vessel is similar 
to those sloops recently designed for the Royal Navy. 
but is altered in certain details to make it more suitable 
for service in the tropics. She will be propelled by twin- 
screws, driven by steam turbines. These, together with 
the water-tube boilers, are being supplied by Messrs. R. 
and W. Hawthorn, Leslie, and Company, Limited, New- 
castle. The Hindustan is the 57th sloop to have been 
launched by Messrs. Swan, Hunter, and Wigham 
Richardson, Limited, 


Prersonat.—The President of the Board of Trade 
has appointed Alderman E. B. Lewis, President of the 
National Chamber of Trade, as an additional member ot 
the Committee, recently set up under the chairmanship 
of Lord Chelmsford, to develop still further the utility 
of the British Industries Fair. Particulars of this 
Committee were given on page 605 ante.—The business 
hitherto carried on by Messrs. F. E. Pawson and C. A. 
Pawson, under the name of Messrs. George Emmott, 
at Wadsworth Mills, Oxenhope, near Keighley, has been 
converted into a private limited liability company under 
the title of Messrs. George Emmott (Pawsons), Limited. 

Professor J. K. Catterson-Smith has been appointed 
to the University of London Chair of Electrical Engi- 
neering, tenable at King’s College. Since 1923 he has 
been professor and head of the Department of Electrical 
Engineering at the Indian Institute of Science, Banga- 
lore.—With the object of further extending their busi- 
ness, Messrs. The Lea Recorder Company, Limited, 28, 
Deansgate, Manchester, have opened an office in Lon- 
don, at Parliament Mansions, Orchard-street, Victoria- 
street, S.W.1. The office is in charge of Mr. J. ! 

Crawshaw.—Messrs. Specialloid, Limited, Friern Park, 





Notes on Strength of Timbers. By M. B. Wetcu. 


No. 14. Australian Tea Trees of Economic Value. 
Part I. By A. R. Penrotp and F. R. Morrison. 
No. 15. Ambergris and How to Recognise It. By 


Technological Museum. 
London : 


F, R. Morrison. Sydney: 


North Finchley, London, N.12, have recently appointed 
Mr. George Bright, West Heath Works, Mill-lane. 
Hampstead, London, N.W.6, sole distributor of Special - 
loid pistons for London.—Mr. T. L. Reed-Cooper, Abbey 
House, Victoria-street, London, S.W.1, has purchased! 
the goodwill, drawings, patterns, &c., of Messrs. Sub 
mersible Motors, Limited, with a view to combining this 





Temple Press, Limited. [Price 3s. 6d. net. ] 





with his own business in Electromersible pumps. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—The continued existence of divergent 
conditions throughout the local steel and engineering 
trades makes it difficult to gauge the actual trend of 
events. Taken on the whole, little headway is being 
made. Orders for steel products generally are scarce, 
as is reflected in the restricted demand for raw and 
semi-finished steels, In view of the paucity of work, 
and the fact that users show no inclination to alter 
their policy of buying on a hand-to-mouth basis, 
producers have again been compelled to curtail output. 
The consequent result is that production is on a lower 
level than for some time past. In the open-hearth 
departments the call for billets, sheets and rods is poor, 
while the amount of steel-making alloys going into 
consumption is well below normal. Despite the fact 
that the prices of iron and steel materials are favourable 


to buyers, only a limited amount of business is being | $ 


transacted. Quotations: Siemens acid-steel billets, 
91. 108s. ; hard basic-steel billets, 97. 2s. 6d.; medium 
steel billets, 8/7. 2s. 6d. to 81. 12s. 6d.; soft basic-steel 
billets, 62. 10s.; Derbyshire foundry pig iron, 73s. 6d. ; 
Derbyshire forge iron, 69s. 6d.; Lincolnshire foundry 
pig, 75s. 6d. ; crown iron bars, 11/.; iron hoops, 121. ; 
steel hoops, 9/. 10s. to 101.; basic-steel scrap, 52s. 6d, 
A quieter tone prevails in the heavy engineering trades. 
Orders for railway rolling-stock have been booked on 
home account, but do not represent much in the bulk, 
while firms specialising in the manufacture of marine 
forgings and castings complain of the irregularity with 
which contracts are placed, One of the most progressive 
sections is that devoted to the production of all types of 
electrical gear, while equally active is the production 
of quarrying and cement-making machinery. Require- 
ments of automobile steel and fittings have not been 
maintained, and show a slight falling-off. Despite keen 
competition from abroad, tool-steel makers are doing 
a fair amount of business, but nothing like the volume 
of that being done by producers of stainless steel and 
rustless iron, for which there is an ever-growing demand. 
Patchy ‘conditions prevail in the tool trades. There is 
a moderate demand for high-speed tools, milling cutters 
and twist drills, but file and saw works report a sustained 
period of quietude. The market in farm and garden 
implements has not yet fully developed, and a steady 
improvement is expected to mature. 


South Yorkshire Coal Trade.—Though business on 
export account has been maintained, inland require- 
ments show a tendency to shrink. Owing to the curtail- 
ment of production in the basic-steel trades the demand 
for industrial fuel has skumped somewhat in consequence. 
The call for house coal is below seasonal level, and with 
the advent of warmer weather the position is expected 
to develop a further weakness. Though steady business 
is being done in most classes of cokes, supplies are in 
excess of requirements, and in some instances ovens 
have eased output. Foundry and furnace sorts are 
consistent with former weeks, while gas coke is firm. 
Quotations: Best branch hand-picked, 25s. to 26s. 6d. ; 
Derbyshire best brights, 20s. to 22s.; Derbyshire best 
house, 19s. to 20s. ; screened house coal, 17s. to 19s. ; 
screened house nuts, 15s. to 17s.; Yorkshire hards, 
14s. 6d. to 16s.; Derbyshire hards, 14s. 6d. to 16s, ; 
rough slacks, 8s, 6d. to 9s,; nutty slacks, 7s. to 8s. ; 
smalls, 3s. to 5s. 








ConTRACTs.—Messrs, John Thompson Water Tube 
Boilers, Limited, Imperial House, Kingsway, London, 
W.C.2, have received, from the Metropolitan Water 
Board, an order for the supply and erection of three 
complete boiler units for Surbiton pumping station.— 
Messrs, Escher, Wyss and Company, §.A., Ziirich, 
Switzerland, have secured a contract for two large turbo- 
blowers, each arranged with individual turbine drive, 
for the blast furnace department of Messrs. Tata Iron 
and Steel Company, Limited, Jamshedpur, India. Each 
blower will normally draw in 130,000 cub. ft. of air per 
minute, which quantity will be delivered, at a pressure 
of 25 Ib. per square inch gauge, to the stove of the apper- 
taining furnace. The turbines driving the blowers will 
each have a normal output of 13,700 h.p. 





THE TownEND R1inc.—Reports and Memoranda 
No. 1267, dated July, 1929, and prepared by Mr. H. C. H. 
Townend, B.Se., described a series of experiments on the 
reduction of the drag of radial aero engines by the 
attachment of rings of aerofoil section above and slightly 
in front of the cylinder heads. We have recently been 
informed by Messrs. Boulton and Paul, Limited, Norwich, 
that they have acquired the foreign and Dominion patents 
for the device, which is known as the Townend ring, and 
that they have also entered into an arrangement with the 
Department of Scientific and Industrial Research whereby, 
subject to the right of the Crown to the free use of the 
British and Dominion patents, they will issue licences 
to British aircraft manufacturers for the use of the ring 
on aircraft either for sale in this country or for export. 
They are also prepared to consider applications from 
foreign manufacturers for the use of the device. We 
understand that model and full-scale experiments have 
demonstrated that the Townend ring is capable of 
reducing the resistance of a radial air-cooled engine to a 
value very much less than is possible with the ordinary 
type of cowling, and that it has the additional advantages 
of not interfering with the cooling of the engine or with 
the accessibility of the parts. It will be obvious, however, 
that the ring must be designed in conjunction with the 
engine and with}the‘body in which it is mounted, and 
that experience and knowledge are necessary to obtain 
the best results. 











NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—The past week has not brought 
forth any change in the state of the Scottish steel trade, 
and depression is still general. Not only are home 
consumers ordering very sparingly, but business from 
the majority of our overseas buyers is extremely poor. 
The world-wide unsettlement, and unrest in many areas, 
has slowed down demand, and buyers are unwilling to 
commit themselves beyond actual requirements. This 
has had a very marked effect locally, especially when 
added to the falling-off in the demand from the ship- 
yards. In the black-sheet trade the heavier gauges are 
still quiet, and while there is a fair amount of activity 
in the lighter gauges these are, if anything, just a shade 
easier. Prices are unchanged, and are as follow :— 
Boiler plates, 10/. 10s. per ton; ship plates, 8/. 15s. 
per ton; sections, 87. 7s. 6d. per ton; black-steel sheets, 

in., 91. per ton; and galvanised corrugated sheets 
(No. 24 gauge), 127. 15s. per ton, all delivered at Glasgow 
stations. 

Malleable Iron Trade.—No change of any kind has 
taken place in the malleable-iron trade of the West of 
Scotland. The works are only being kept moving 
with difficulty, and prospects are not bright. In the 
steel re-rolling branch rsa is still no improvement. 
The following are the current market quotations :— 
“Crown” bars, 10/7. 5s. per ton for home delivery 
and 91. 15s. per ton for export; re-rolled steel bars, 
71. 12s. 6d. per ton for home delivery and for export. 

Scottish Pig-Iron Trade.—Conditions in the Scottish 
pig-iron trade are still very poor, and the demand is of 
the smallest description. Local consumers are not 
passing many orders, while the overseas demand con- 
tinues on small lines. Prices are unchanged, and are 
as follow :—Hematite, 8ls. per ton, delivered at the 
steel works; foundry iron, No. 1, 80s. 6d. per ton, and 
No. 3, 78s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, May 24, amounted to 341 tons, 
Of that total 293 tons went overseas and 48 tons coast- 
wise. During the corresponding week of last year the 
figures were 735 tons overseas, and 21 tons coastwise, 
making a total shipment of 756 tons. 

Wages in the Iron Trade.—-Mr. James C. Bishop and 
Mr. Owen Coyle, joint secretaries of the Scottish Manu- 
factured Iron Trade Conciliation and Arbitration Board, 
have received intimation from Sir John M: MacLeod, 
Bart., C.A., Glasgow, that he has examined the employers’ 
books for March and April, and that the average net 
selling price brought out is 107. 10s. 11-57d. This means 
that there will be no change in the wages of the workmen. 

Shipbuilding.—The Clyde Shipping Company, Limited, 
Glasgow, has placed an order with Messrs. D. and 
W. Henderson and Company, Limited, Glasgow, for a 
high-class passenger cargo and cattle-carrying steamer. 
The dimensions of the new vessel will be :—Length, 
270 ft.; breadth, 37 ft.; and depth, 18 ft. moulded ; 
with a gross tonnage of about 1,400 tons. Triple- 
expansion engines will be supplied by the builders, 
having cylinders 21 in., 34 in., and 56 in. diameter and 
39 in. piston stroke. Steam will be supplied by two single- 
ended boilers working at a pressure of 185 Ib. per sq. in. 








New OrperR FoR DovuBLE-DECKED OmnIBusES.—The 
Minister of Transport requests us to draw attention to 
The Heavy Motor Car (Amendment) Order, 1930, 
dated April 29, 1930, which comes into force on June 1 
next. It has been found by manufacturers of public- 
service vehicles of the double-deck type, that it is 
difficult, without reducing seating capacity, to construct 
a vehicle of gross laden weight not exceeding 9 tons, 
embodying modern improvements desirable from the 
standpoint of efficiency and comfort. Such improve- 
ments include the fitting of pneumatic tyres, the provision 
of six-cylinder engines and four-wheel brakes, improved 
lighting equipment, and heavier and more luxurious 
upholstery and internal fittings. The new order, which 
applies only to double-decked vehicles fitted with 
pneumatic tyres, permits a gross laden weight of 94 tons, 
and a maximum individual axle weight of 6 tons. The 
corresponding weights for single-decked vehicles, or for 
those not fitted with pneumatic tyres, remains at 9 tons 
and 5$ tons, respectively. The Order does not alter 
the existing permissible weights for six-wheeled vehicles. 





Messrs. THE PyRENE Company, LimiTED.—The new 
head office and works of Messrs. The Pyrene Company, 
Limited, in the Great West Road, Brentford, Middlesex, 
were officially opened by Lord Brentford on May 28. 
The new building has a facade over 480 ft. in length, 
a floor area of 78,640 sq. ft., and stands on over three 
acres of ground. The building was commenced on 
May 8, 1929, and occupied on March 15 last. The 
machine, plating, polishing, painting, assembly and 
other shops for the production of fire extinguishers, 
and motor-car bumpers and non-skid chains, together 
with the warehouse and stores are on the main floor, 
while the offices, drawing office, canteen, &c., are on 
the upper floor. The opening ceremony was marked 
by an enjoyable luncheon at which witty speeches were 
made by Lord Brentford, Mr. W. B. Phillips, chairman 
of The Pyrene Company, Limited, Sir Herbert E. Blain, 
and Sir John Ferguson. After the luncheon, an oil 
tank, 30 ft. in diameter, was set on fire and, when well 
alight, was rapidly extinguished by means of foam 
produced by the Phomene foam generator, one of the 
types of extinguishers manufactured by the firm,. 








RoyaL AERONAUTICAL Socrety.—To-night, 6.30 p.m., 
Royal Society of Arts, John-street, Adelphi, W.C.2. 
Wilbur Wright Memorial Lecture. ‘‘ The Development 
and Progress of Aircraft Engines,’ by Mr. H. R. Ricardo. 


Roya InstrtutTion.—To-night, 9 p.m., Albemarle- 
street, W.1. ‘‘The Metal Crystal,” by Sir H. C. H. 
Carpenter. Monday, June 2. 5 p.m., General Meeting. 

Socrety oF Guass TecHNoLocy.—Tuesday, June 3. 
10 a.m., Institution of Mechanical Engineers, Storey’s 
Gate, 8S.W.1. Joint Meeting with Deutsche Glastechnische 
Gesellschaft. ‘‘A Study of the Chemical Reactions in 
the Making of Soda-Lime-Silica Glass,”” by Prof. W. E. S. 
Turner. ‘‘ On the Theory of the Constitution of Glass,” 
by Prof. Dr. E. Zschimmer. ‘‘ Some Experiments on the 
Cascade Method of Melting Glass,’’ by Mr. T. C. Moorshead 
and Mr, E. A. Coad-Pryor. ‘Influence of Thermal 
History on the Properties of Glass,” by Dr. E. Berger. 
At 2 p.m., “The Structure of Silicates,” by Professor 

+ L. gg. ‘Currents and Temperatures in the 
Glass Tank,” by Professor Dr. G. Gehlhoff. ‘‘ Volatilisa- 
tion from Soda-Lime-Silica Glass,”” by Mr. H. W. Howes. 
‘** Development and Trend of the Mechanical Production 
of Colourless Hollow Glassware,” by Dr. A. Wendler. 
At 7.30 p.m., Banquet, Carpenters’ Hall, Throgmorton- 
avenue, E.C.2. 

‘PHysicaAL AND Optican Sooretres.—Wednesday, 
June 4, 3 p.m., and Thursday, June 5, 10 a.m., Imperial 
College of Science and Technology, South Kensington, 
$.W.7. Joint Discussion on ‘“ Photo-Electric Cells, 
Their History, Development and Manufacture.” 


Farapay Socrety.—Wednesday, June 4, 5.30 p.m., 
King’s College, Strand, W.C.2. ‘‘ Quantitative and 
Qualitative Analysis by X-Rays,” by Professor T. H. 
Laby, ‘‘ The Determination of Potassium in Soil Samples 
by the Application of an X-Ray Method,” by Mr, J. T. 
Calvert. 


NOTES FROM THE SOUTH-WEST. 
CarpirF, Wednesday. 

The Coal Trade.—It is impossible to find any encourag- 
ing feature in the Welsh coal trade. Stocks are consider- 
able; collieries are unable to find markets for current 
production ; prices are on the basis of the schedule of 
20s. for best Admiralty large and 13s. 6d. for best bunker 
smalls per ton f.o.b.; and pits are unable to work 
régularly because loaded wagons cannot be cleared with 
sufficient rapidity adequately to supply the collieries 
with empties. Moreover, the outlook is uncertain and 
full of anxiety. The Coal Mines Bill, in its present form, 
will add at least 1s. 6d. per ton to the cost of production, 
and colliery owners say that they will not be able to 
carry on except with a reduction of wages. The miners’ 
leaders, in advance, have declared that they cannot 
accept a reduction in wages, and, in fact, indicate that an 
advance of 7:1 per cent. will be wanted on the piece- 
workers’ rates, on the introduction of a 7$-hours day, to 
make up the loss in wages suffered by a reduction from 
8 hours a day, The coalowners have asked that the hours 
be spread over a week or fortnight, but, so far, the men 
have refused this, In South Wales at least 70 per cent. 
of the coal produced is exported, so that the inland trade 
could not be made to bear the increased cost of pro- 
duction and successfully compete with the Yorkshire 
or north country coalfields. The outlook is therefore 
exceedingly discouraging and, unless some compromise 
is reached between the coalowners and the miners, or 
the Coal Mines Bill is drastically altered, the prospects 
are indeed dismal. The change which has come over the 
Welsh coal trade may be gathered from the fact that 
shipments of coal as cargo and bunkers foreign and coast- 
wise in the first week of the year amounted to 668,600 tons 
but in the past six days aggregated only 510,600 tons, 
while foreign cargo clearances have fallen from 619,850 
tons to 435,520 tons, exports to France dropping from 
192,670 tons to 122,320 tons, to Argentina from 48,830 
tons to 26,200 tons, to Brazil from 37,130 tons to 
24,100 tons, to Italy from 105,400 tons to 61,200 tons, 
to Portugal from 38,020 tons to 15,780 tons, and to 
Spain from 33,490 tons to 29,090 tons, In the circum- 
stances it is not surprising to know that collieries 
generally are working from three to four days a week only, 
and that temporary stopenere are frequent throughout 
the coalfield. Coal no longer holds a monopoly and, unless 
it can be supplied at a price to compete with foreign 
products, cannot find a market, 

Iron and Steel.—Exports of iron and steel goods last 
week totalled 25,786 tons, or 11,000 tons more than in the 
preceding six days. Shipments of tin-plates and terne- 

lates were raised from 8,447 tons to 12,892 tons, of 
lack-plates and sheets from 392 tons to 1,463 tons, of 
galvanised sheets from 1,686 tons to 5,482 tons and of 
other iron and steel goods from 3,990 tons to.5,950 tons. 














FLEexIBLeE-PLATEN HypRAvtic Press ;: ADDENDUM.— 
In connection with the hydraulic press for manufacturing 
Lancegaye safety glass, which was described on page 630, 
of our issue of May 16, Messrs. Hollings and Guest, 
Limited, of Thimble Mill-lane, Birmingham, ask us to 
state that the press was supplied by them, 





INTERNATIONAL EXHIBITION OF INVENTIONS.—-The 
sixth International Exhibition of Inventions will take 
place from October 1 to 11 at the Central Hall, West- 
minster, 8.W.1. As in previous years, the Exhibition 
will comprise a trade section and a new inventions 
section. The function is being organised by the Institute 
of Patentees, 39, Victoria-street, London, S.W.1, 
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BECKER COKE-OVEN PLANT; MESSRS. THORNCLIFFE COAL DISTILLATION, LIMITED. 


MESSRS. WOODALL-DUCKHAM VERTICAL RETORT AND OVEN CONSTRUCTION COMPANY (1920), LIMITED, LONDON, S8.W.1. 


(For Description, see Page 699.) 
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Voi. CX XIX. 


AREA GAS SUPPLY. 


RaTHER more than a year and a half ago the 
National Fuel and Power Committee in their first 
Report, in which a careful, though necessarily some- 
what incomplete, survey of the general situation 
throughout the country was made, recommended 
a detailed investigation into the possibility of de- 
veloping a system of gas mains in industrial areas 
for the use of coke oven gas. With commendable 
promptness, the Government appointed a Depart- 
mental Committee on Area Gas Supply on January 2, 
1929, and the report of this body, dated March 31, 
was issued by the Board of Trade last week. The 
Committee offer an apology for the time which has 
been found necessary, but the thoroughness with 
which the matter has been considered, and the 
amount of evidence they have examined and com- 
ment upon, no less than their final recommendations, 
are sufficient excuse for this. 

The Committee was a specially strong one, with Sir 
Alexander Walker as chairman, and included among 
its members Dr. C. H. Lander, Director of the Fuel 
Research Board ; they have also had the assistance, 
as Honorary Technical Adviser, of Dr. E. W. Smith, 
Technical Director of the Woodall-Duckham Com- 
panies, and formerly head of the Research Depart- 
ment of the City of Birmingham Gas Department. 

The report first surveys the general ‘position 
regarding the long distance transmission of coke- 
oven gas in Europe, pointing out the extensive 
developments in the Ruhr district, in Germany. 
The length of mains in use by the Ruhr Gas A.G. 
at the end of 1929 is given as about 286 miles, while 
a further 208 miles are under construction, and an 
additional 125 miles are required for the supply 
of gas to South Germany, the contract for 
which has been lately concluded, bringing the total 
under the control-of this one company to over 600 





miles. In addition, there is an extensive system in 
the same neighbourhood operated by the Thyssen 
Gas and Waterworks Company. Details are also 
given of the distribution of coke-oven gas in France, 
Belgium and Holland, but the Committee offer 
a word of caution, pointing out that differences 
of local conditions render necessary the careful 
consideration of each case on its merits, since what 
is justified in Germany may prove of questionable 
value in this country. 

In this connection it may be noted that Dr. Alfred 


9 | Pott, of Essen, a director of the Ruhr Gas A.G., who 


gave evidence before the Committee, in a paper read 
at the International Conference on Bituminous Coal 
at Pittsburgh at the end of 1928, stated that 
his company were to supply an area of about 4,250 
square miles (three-quarters the size of Yorkshire) 
having a population of 10,000,000. This year 
figures have been published in Germany showing 
that the parent corporation, the Vereinigte Stahl- 
werke, have a daily production of 400,000,000 
cubic feet of coke-oven gas, of which no less than 
300,000,000 cubic feet can be made available for 


6 distribution through the network as required, apart 
from the further supplies from coking plants at 


present under construction or in contemplation. 
At the last meeting of the Institute of Fuel, Mr. 


0| E. C. Evans, of the National Federation of Iron and 


Steel Manufacturers, who also gave evidence before 
the Committee, stated that one consumer alone drew 


" 3,000,000 cubic feet per day from this network. 


It must be borne in mind that the Committee 
were restricted, by their terms of reference, to the 


5 | industrial area which includes the East and West 


Ridings of Yorkshire, Lancashire and south to 
the Counties of Leicester and Warwick. The total 
area is approximately 14,300 square miles, roughly 
three times that served by the Ruhr Gas A.G., and 
investigation showed that about 75 per cent. of the 
carbonising capacity of the coke ovens (based on 
1928 figures) was concentrated inside this in an 
area of about 950 square miles. The statistics which 
are given of the capacity and production of both coke 
oven plants and town gas undertakings in the area 
under consideration, with the estimates of the addi- 
tional requirements during the next few years, lead 
at first sight to some disappointment regarding the 
surplus quantities of coke oven gasavailable. But it 
should be realised that these can be very considerably 
increased by the release of gas consumed at the coking 
plants themselves. This is simply a question of 
economics, as discussed in the report. Quite an 
appreciable amount is used under boilers, the value 
of which under these conditions is given as from 
3-3 to 1-9d. per 1,000 cubic feet; the latter 
figure, equivalent to 0-36d. per therm, is quoted 
for the South Yorkshiré scheme. Such a figure 
immediately suggests replacement by some other 
fuel which would serve equally well, thus rendering 
the high quality gas available for uses for which it is 
more suitable. The firing of boilers with gas is in any 
case difficult to justify, so long as any application is 
possible in which gasification is of benefit, by reason 
of the very high efficiencies which can be obtained 
by the use of solid fuel, either on stokers or in 
pulverised form. Unless, however, such alternative 
use is possible at a reasonable additional expense, 
then naturally the gas will be consumed locally. 

A considerable portion of the report deals with 
the relations between the coke oven and town gas 
industries in one form or another. There is, for 
instance, considerable competition between the two 
in regard to the sale of coke, but the Committee 
suggest that difficulties of this nature can he over- 
come by closer co-operation. In this connection it 
may not be out of place to quote Professor Leckie, of 
Purdue University, who wrote recently, not, however, 
in connection with this particular question : ‘‘ To the 
interested readers of The Gas World in America 
it appears that the greatest need of the British 
gas industry at the present time is co-ordination of 
effort.’ This thought may well find application, 
especially since rationalisation is now so much to the 
fore, a term which Sir Hugh Bell, at the recent 
annual dinner of the Iron and Steel Institute, 
suggested was not unconnected with “ civilisation ” 
the essence of which is joint life and work as 
opposed to crude individualism. The word “satura- 
tion”? occurs in the arguments laid before the 
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Committee, but that body rather suggests that, as 
has been found in so many other directions, this is a 
purely relative term, and that the point to which 
it has been applied tends to recede if approached 
with confidence and courage. They do, however, 
come to the definite conclusion that there is no 
ground to recommend a gas network anywhere 
within the area under consideration with the 
exception of South Yorkshire, with Sheffield as 
the base, an opinion fully confirmed by the figures 
they give. 

On the subject of the statutory restrictions under 
which gas undertakings labour, the Committee 
state that they “think it desirable that the 
industry should be granted the greatest possible 
freedom consistent with the need for a certain 
measure of control over its operations by virtue 
of its possession of a regulated monopoly.” This 
recommendation will be endorsed by all acquainted 
with the problem. The experience of recent years 
regarding the development of far-reaching schemes 
for the production and distribution of electricity, 
to which the present proposals bear a family 
resemblance, lead to the hope that the legislature 
will not be behindhand in assisting the industries 
of the country, since it will be industry generally 
that will benefit. 

With regard to South Yorkshire a very interesting 
position is disclosed. The Sheffield Gas Company, 
which eleven years ago commenced to supply coke- 
oven gas through its mains, and is a very powerful 
and progressive concern, maintains an industrial 
furnace department, in which experimental work 
is carried out, the staff of which have long years 
of experience of the requirements of the district. 
The Committee have had two proposals before 
them, and state that they are about equally divided 
on the question as to whether the network which 
they propose should be owned and controlled by 
the company, or jointly by the gas and the coke- 
oven undertakings. Whatever views individuals 


may hold, it is perhaps wisest to adopt the caution | 


displayed by the Committee, who say that “ it is 
not really for us to pronounce.” The relations 
between the parties directly concerned are such 
that, granted the necessary freedom of action, 
there is no doubt that they will find a solution 
to the advantage of all. 

The report published by H.M. Stationery Office 
(price 3s, net) states that, mainly in an area 
situated within a circle of about 7 miles’ radius, 
and including Sheffield, Rotherham and Barnsley, 
there could be made available, very shortly, over 
50,000,000 cubic feet of coke-oven gas per day, 
and that this could be doubled by following out 
the present tendency to modernise the plants in 
this district, without any increase in the amount 
of the coke produced. They proceed to develop 
in some detail a scheme to collect the gas from 
19 coke-oven plants, of the ultimate capacity of 
80,000,000 cubic feet per day, omitting from it 
the distribution of gas already sold under contract, 
and the existing mains connecting coke ovens 
and gas undertakings. The estimated cost of the 
compressor plants is given as 63,4001.. and that 
of the mains, which would be nearly 73} miles 
in length, including laying, is given as 474,500I. 
The annual costs for distribution (including com- 
pression) work out at 1-33d. per 1,000 cubic feet 
(0-25d. per therm), with a volume of 40,000,000 
cubic feet per day, and ‘half these amounts for 
the maximum distribution contemplated. A scheme 
prepared by the South Yorkshire Coke Oven 
owners, which has also been considered, provides 
for the distribution of 58,500,000 cubic feet per 
day in approximately tne same area as covered 
by the Committee’s proposals, through about 
66 miles of mains, the capital cost being estimated 
at 440,000/., with branches to Doncaster and 
Wakefield distributing further quantities through 
mains costing about 102,000I. 

The possibilities of further consumption in South 
Yorkshire has been considered in the light of the 
cost of fuels at present used, which might be dis- 
placed, and from these the valuation to be placed 
on the gas has been appraised; but, although 


the Committee heard certain evidence on these 
points, the feeling remains that they have con- 
sidered the matter mainly from the point of view 


|of increasing the supply of “town gas” at as low 
|a cost as possible, rather than the provision of 
|a fuel for industrial purposes at a suitable price. 
'This is suggested partly by the pressures which 
jare mentioned, which have obviously been decided 
| upon mainly by striking a balance between the 
'cost of mains and the cost of compression, without 
| much consideration of the ultimate use to be made 
|of the gas. 

| It is clear that any increase of consumption which 
|would really be worth serious consideration, is 
mainly to be looked for from industrial applications, 
and, while agreeing with the Committee that each 
case must be considered on its merits, and experi- 
;ence in one locality may not necessarily apply in 
another, it may be useful to refer again to the 
work in the Ruhr district. Here the consumers 
were to a large extent associated with the producers, 
and the preliminary investigations, started about 
four years ago, dealt not only with the collection 
and distribution of the gas, but also with its economi- 
cal utilisation. Many different types of burners 
were considered, and it is noteworthy that, finally, 
two types, both using high-pressure gas, were 
adopted as standard. These burners were found to 
have very distinct advantages as regards economy 
and regularity of operation, and as a result a pres- 
sure of about 7} lb. per square inch was adopted 
within the consuming works, the pressure in the 
supply mains being increased correspondingly. 
This, of course, involves additional costs in com- 
pressing, but when carried out systematically 
this is not serious, while the higher pressure is 
of distinct value in reducing the cost of mains, 
and increasing the possibilities of adopting some 
method of storage to smooth out inequalities in 
demand. This latter is a point which is already 
| receiving serious consideration by gas undertakings 
in this country, although it has not yet been adopted 
in the Ruhr. Besides, there are many works in 
the Sheffield district where appreciable additions 
are made to the nominal cost of the therm by the 
| use of fans, &e., before it is used in the furnace, and 
‘it is quite frequently found that greater economies 
can be obtained by reducing the number of units 
used, rather than by striving to reduce the actual 
| cost of the unit, whether of electricity, or of gas. 
This must not be taken to mean that the latter is 
unimportant, but rather that the importance 
attached to it often prevents fuel costs being 
viewed in a proper perspective. 

Manufacturing plants do not exist to provide 
exercise for the ingenuity of fuel technologists, but 
for the much more prosaic purpose of producing 
|goods of a desired quality at a reasonable cost, 
|and an important factor in the securing of orders 
|is the degree of the reliance which can be placed 
|on promises of delivery. Bearing this in mind, it 
/need cause no surprise that the management re- 
sponsible for production look askance at schemes 
| which depend on the functioning of auxiliaries, 
‘insignificant in themselves, but by reason of this 
insignificance liable to be overlooked until they 
make their presence felt by failing to operate at 
a critical moment, and promises of delivery have to 
give place to excuses. One important firm recently 
lost a considerable amount of Continental trade 
because of the frequency with which customers 
heard that a certain pivotal furnace was under 
repair. Apart from this, such interruptions fre- 
quently cause wastage of material and other ex- 
pense, which has to be carried over to the price of 
the goods sold. 

It was partly the realisation of these points that 
led the Vereinigte Stahlwerke to decide on a scheme 

by which the isolated auxiliaries were reduced to 
a minimum. Some most excellent furnaces and 
burners were dismissed from consideration to secure 

| sure and simple conditions of operation, even at an 
|increased consumption of heat units. It is true 
that they have met difficulties with local authorities, 
and have had to modify their original designs, 
while it may be a considerable time before the 
large capital expenditure is justified, but, bear- 
ing in mind{the point already referred to, that 
they considered the problem as a whole, both as 
producers and users of coke-oven gas, a careful 
consideration of the technical details of their opera- 
tions would probably be of distinct value. 














THE INTERNATIONAL CONGRESS 
OF BUILDING AND PUBLIC WORKS. 


THE importance of the building industry in this 
country may be judged from the fact that there are 
no less than one million people directly employed 
on general building and public works construction, 
while an equal number may be estimated as being 
indirectly employed by the industry. With such an 
army of workers it becomes more and more necessary 
to take every advantage of new methods of working 
introduced to secure economy and efficiency. This 
information may be spread by such meetings 
as the Fifth International Congress of Building and 
Public Works, which were held, under the chairman- 
ship of Mr. George Mowlem Burt, at the Central 
Hall, Westminster, commencing on the 26th inst. and 
ending to-day. At this Congress, the first of the type 
to be held in the British Isles, the principal subjects 
discussed were :—Rationalisation ; Co-operation in 
industry ; Financial and credit facilities in dealing 
with house erection and other contractors’ work ; 
Apprenticeship ; Safety provisions in industry ; 
Standard conditions of contracts ; and Education. 

At the opening session on Monday afternoon, 
May 26, the delegates were welcomed by Mr. Hugh 
Dalton, Under-Secretary of State for Foreign 
Affairs, on behalf of His Majesty’s Government, 
representatives of as many as 35 nations partici- 
pating in the Congress. 


RATIONALISATION. 


The first business session was opened on Tuesday 
morning by the Right Hon. J. H. Thomas, Lord 
Privy Seal, with an address on the need for rationali- 
sation in industry. Then the reports of the national 
committees on the subject were presented and 
discussed. According to the British report, the term 
rationalisation was defined as “the means of 
increasing the market for the products of industry 
by the reduction of costs, accompanied by increased 
earnings for the workers, by consciously planning 
for maximum efficiency.”” The Swiss report con- 
fined the definition to “a strife with involuntary 
and unseen waste.” In general, the view was 
adhered to that consultations were essential between 
owner, architect, contractor and specialists at the 
outset of any building project, in order that all 
possible foresight should be exercised and clear 
instructions be made available in good time to allow 
methodical timing of operations and early ordering 
of materials. Further, it was necessary, wherever 
possible, to avoid change of plan during the time of 
construction. In the reduction of costs, architects 
could play an important part by accepting modifica- 
tions proposed by contractors in the traditional 
methods of construction. Time-schedules were 
essential to the exact timing of successive opera- 
tions in order to avoid overlapping and interference. 


Standardisation of details of construction and 
fittings were essential to cheap production. 
Mr. Robert D. Kohn presented a paper on “ The 


New York Building Congress, its Organisation and 
Activities,» which concerned an actual effort to 
secure the development of the co-operative spirit 
in industry. The first activity undertaken by the 
Congress was to frame a code of professional conduct 
to cover everyone concerned in building contracts. 
This established a definite understanding regarding 
each party to the others. An apprenticeship com- 
mission was then established to formulate schemes 
of training for those entering the industry, and a 
standing committee was next established to study 
the elimination of waste. A further investigation 
of unemployment, and publicity conducted regarding 
it, had practically ended the previous cessation of 
building operations during the winter months in 
the Metropolitan New York area. This Building 
Congress had done much to introduce a great degree 
of co-operation between all the parties in the 
industry. 
Crepir Faciuiries FoR BUILDING. 


Despite the importance of the subject, there was 
only one report submitted on “ Financial and Credit 
Facilities.” It was presented on behalf of Great 
Britain, and dealt mainly with the subject of middle- 
class houses, defined as those between 500/. and 
2,500/.in value. It reviewed the means customarily 





provided through the assistance of Government and 
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Local Authorities, building societies and other 
organisations. In the report, attention was called 
to the need for the discontinuance of the provision 
in the Housing Act of 1924, forbidding the sale of 
houses erected by private enterprise with the 
assistance of subsidies, except with the express 
consent of the Ministry of Health. The statistics 
presented regarding the activities of building 
societies showed that they had been instrumental 
in the provision of 2,500,000 houses, and the view 
was expressed that the operations of the societies 
showed much that was admirable, and little to criti- 


cise. In regard to constructional work, other than | need for ending the arrangement by which the 


houses, the report showed that the financial obliga- 
tions were more willingly undertaken by American 
and Continental banks than similar British concerns. 
In the course of the discussion, the advantages and 
disadvantages of special lien provisions in building 
contracts were referred to by representatives of 
France, Switzerland and the United States of 
America. 

ScrENTIFIC RESEARCH. 


At the opening of the Tuesday afternoon meeting, 
the chairman, Mr. G. Mowlem Burt, invited Lord 
Parmoor, Lord President of the Council, to open 
the discussion on “ Scientific Research in Buildings 
and Public Works.” In doing so, Lord Parmoor 
expressed the view that the field of scientific work 
lent itself readily to international co-operation, for 
it had no boundaries. The building research 
activities of the Department of Scientific and 
Industrial Research were developing upon the right 
lines, and were winning public appreciation. One 
of their main objects was the extension of their 
knowledge of building materials and methods of 
construction. Tradition and trial-and-error were 
now being replaced by thorough scientific investiga- 
tion. What was most needed was the full co- 
operation of the industry in applying the knowledge 
that had been acquired. Such co-operation was 
essential to the attainment of the greatest industrial 
progress. General Sir Sydney Cruikshank was then 
called upon to take the chair, and a summary of 
the reports on scientific research was presented on 
behalf of Great Britain, France and Switzerland. 
In the British report, reference was made to the 
progress already made in investigations upon 
materials, the processes of weathering, and upon 
structures and the strengths of materials, as well 
as upon such subjects as heating and ventilation. 
A very strong appeal was made in the report for 
the pooling of all knowledge. The French report 
dealt largely with the work done in the development 
of mechanical operations in substitution for manual 
processes in transport, hoisting, excavation and the 
preparation of materials. The work was being 
undertaken by the Union Technique of the French 
National Federation of Building and Public Works. 
In Switzerland, great attention had been directed 
to the preparation of standard specifications of 
materials, the cost of the testing work done in the 
Federal laboratories in connection with this having 
been borne by the industry. Study had so far 
been made of the properties of cement and concrete, 
in measurements of the elastic movements in existing 
buildings, the characteristics of reinforced concrete 
beams, the distribution of loads on bridges, and on 
the construction and maintenance of roads, and also 
on heat insulation. In the course of the discussion, 
it was disclosed that the Congress proposes to set 
up an international organisation for the dissemina- 
tion of the knowledge derived from research investi- 
gations. Sir Ernest Moir, Bart., appealed for a very 
wide interpretation of the word research, as they 
had to construct works under conditions in which 
they were still troubled with disease, despite the 
progress made in dealing with tropical conditions. 


STANDARD CONDITIONS OF CONTRACT. 


Mr. Mowlem Burt later returned to the chair 
for « discussion of Standard Conditions of Contract. 
France, Great Britain, Switzerland and the United 
States of America presented reports on this subject. 
These showed many peculiar differences. Standard 
conditions have been drawn up for use in the United 
States by agreement between the organisations of 
contractors and architects, while in Great Britain, the 


pared a “ Standard Method of Measurement,” but 
these standards are by no means in common use. 
In Great Britain, especially in contracts with public 
authorities, the architect or engineer had wide 
discretionary powers in the matter of making interim 
payments, a practice from which the contractors 
disagreed. In regard to damage caused by, or in 
connection with, the works, but through the act 
or default of the employer or his servants, the 
British report strongly resented the view that the 
contractor should be held responsible. Another 
point emphasised in the British report was the 


engineer or architect was in effect the sole arbitrator 
on certain matters. All disputes arising out of any 
contract should, it was thought, be referable to an 
independent authority. 


Work1nG-Chass Hovsss. 


When the meetings were resumed on Wednesday 
morning, May 28, Mr. G. Mowlem Burt again 
occupied the chair, and reports on Working-Class 
Housing were considered. These dealt with the 
means taken in various countries to secure an 
acceleration of the supply of houses. It was noted 
that the methods differed fundamentally, in that 
whilst in France the co-operation of private enter- 
prise had been stimulated and numerous subsidy 
and fiscal relief arrangements had been adopted, 
the tendency in Great Britain had been the reverse. 
In this case the assistance of the State had almost 
completely been centralised in dealings with local 
authorities, to the exclusion of private enterprise. 
Such activities could never be regarded as a permanent 
function of the State or public authorities, and it was 
thought desirable that rapid stimulation of private 
enterprise, and the adjustment of the economic 
position to permit its co-operation was eminently 
desirable. In view of high production costs it was 
also thought necessary to increase the number of 
houses to be built upon an acre of ground, and some 
means must be resorted to, to adjust the increased 
charges for road-making, which were due to modern 
traffic conditions. Difficult problems now con- 
fronted the local authorities in large centres of 
population owing to the existence of unhealthy 
areas, in which old houses must be speedily replaced 
by more modern accommodation. The British 
Government had introduced new legislation to 
increase the State assistance to local authorities to 
deal with these clearances. 


APPRENTICESHIP. 


The next subject of discussion was Apprentice- 
ship, reports upon which were presented on behalf 
of Great Britain, France, Switzerland and Denmark. 
From the British report it appeared that there were 
120,000 apprentices in training, but the majority 
had no written agreement, and indeed the number 
formally bound by indentures, as was the early 
custom, showed a great diminution every year. 
No less than 60 per cent. of the British building 
firms did not accept apprentices for training, and in 
London the ranks of the craftsmen were almost 
entirely filled up by immigration. In view of 
this unsatisfactory state of affairs the National 
Federation of Building Trade Employers are taking 
steps to improve the position by assisting in the 
formation of day and evening technical classes and 
by urging their members to train apprentices in 
numbers proportionate to the needs of the industry. 
Conditions regarding technical training in Denmark 
were comparable with those in Great Britain, but to 
meet the shortage of craft labour in France special 
schools of instruction wereincontemplation. Switzer- 
land had many difficulties to contend with, due to 
variations in State Laws, and languages, as well as to 
winter unemployment, which prevented the forma- 
tion of a central organisation to deal with appren- 
tice training, but the Swiss Contractors’ Association 
had now introduced theoretical and practical training 
at many centres throughout the country. America 
was not free from the apprenticeship trouble, but 
to ensure an adequate supply of craftsmen, the 
New York Building Congress had organised a 
scheme with the assistance of the Department of 


which reports were presented on Wednesday morn- 
ing were Safety Measures in Building Construction 
and Employers and Social Matters. 


EpvucaTION. 


On Wednesday afternoon, The Right Hon. Lord 
Eustace Percy opened the discussion on Education 
and Training. In the course of his speech, Lord 
Percy brought out the necessity for the proper 
balance of artistic and technological education in 
training for leadership in the building industry, 
and in particular in the study of administrative 
control, to ensure that the operations of sectional 
activities should not in any way arrest or restrict 
the other activities essential to the completion of 
the work, with the minimum of wasted time. The 
provision of houses for the people was work for 
builders, not for politicians, and an efficient industry 
could do this, and would thus prove the greatest 
agent of social reform. 

The reports were very comprehensive, dealing with 
the education of the lower ranks, as well as of those 
who hoped to follow a career ultimately leading to 
individual responsible work. The need for Univer- 
sity training for the leaders was emphasised and the 
establishment of professorships was advocated. It 
was recognised that the maintenance and develop- 
ment of a system of public education in building 
was dependent upon a scientific approach to the 
prospective ability of the industry to absorb 
recruits into its various ranks. In Switzerland an 
attempt was being made to set up a scheme of 
national diplomas in building, with the co-operation 
of the industry, to ensure that properly certified 
training should be established. 








THE INTERNATIONAL RAILWAY 
CONGRESS, MADRID. 


(Continued from page 663.) 


WE continue below our report of the International 
Railway Congress, Madrid, dealing first with the 
proceedings of Section I—Ways and Works. 


BREAKAGE, WEAR AND JOINTING oF RaILs. 


The resistance of rails to wear and breakage, 
Question II, was considered by Section I at the 
meetings held on May 7 and 8. We give below 
abstracts of three reports on this subject. These 
were prepared by Mr. R. B. Abbott, Assistant 
General Superintendent, Reading Company, in 
respect of America; by Dr. 8S. Matsunawa, Chief 
of the Railway Research Office of the Japanese 
Government Railways in respect of the British 
Empire, China, and Japan; and by Mr. Cam- 
bournac, Assistant Chief Engineer for Works and 
Supervision of the French Nord Railway, together 
with Mr. Patte, Chief Engineer attached to 
Headquarters of the Permanent Way and Works 
Department of the French Est Railway, in respect 
of all other countries. 

Mr. Abbott’s report was based on information 
supplied by the principal United States and some 
South American Railways. This information in- 
cluded, in most instances, the number of each type 
of failure, the cause of failure, preventative measures, 
and conditions of manufacture and inspection of 
rails, the maximum wheel load, the cross section 
and maximum section of rails, the number of 
cross ties, and the design of rail joints recom- 
mended, and was summarised for each informant 
in an Appendix to the report. The report itself 
consisted of Mr. Abbott’s succinct commentary on 
these answers and the conclusions at which he 
arrived. The chief measures suggested for reducing 
breakages were to use 20 sleepers, 7-in. by 9-in., for 
each 33 ft. of track of heavy-duty lines, and to 
load and unload rails by mechanical means. The 
rails themselves should be according to the current 
specification and recommendations of the American 
Railway Engineering Association, with regard to 
chemical composition, mill practice, and inspection. 
The use of head-free rail sections should be 
extended. The normal length of rail should be 
as at present 39 ft. or 40 ft., but longer rails should 





Vocational Training, covering a four years’ course 


be used at crossings, stations and in other special 


National Federation of Building Trade Employers |of training in classes and practical work in the | positions, to eliminate or reduce the number of 





and the Surveyors’ Institution have jointly pre-|employment of contractors. 





Other subjects on| points. The head-free principle was recommended 
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for the design of rail joints, presumably where 
possible with the wider rail head which this principle 
permitted. 

Dr. Matsunawa’s report was based on a question- 
naire drawn so as to avoid, as far as possible, a 
repetition of the subjects discussed at the last 
session of the Association. It was, therefore, not 
expected that every railway would be in a position 
to answer all of the questions. It so happened, 
however, that each question was answered by at 
least two railways, producing a remarkable amount 
of information. To this the Japanese Government 
railways were not unnaturally the most constant 
contributors, but, in addition to what was supplied 
by the British companies, much detailed information 
was contributed by the various Australian and 
South African services. 

Some examples may be given of statistical results 
which emerge from the voluminous tables compiled 
in regard to the several questions. In the experience 
of all the railways, the largest number of rail failures 
took place ten to twenty years after laying. The 
only exception was the Great Western Railway, on 
which the peak was not reached till twenty-five to 
thirty years, a circumstance attributed by the 
reporter to the somewhat better maintenance of the 
permanent way on this line than on others. The 
Japanese Government Railways’ experience showed 
that approximately a third of the rail breakages 
occurred on gradients of 1: 100 and over, though 
these were only just over a fourth of the total 
lineage, and well over a fourth of the breakages 
were of rails laid on curves of 800 m. radius (40 
chains) or less, though these were barely a fifth 
of the total, offering the presumption that gradients 
and curves were favourable to the failure of rails. In 
reply to another question, the Japanese Government 
Railways dissected over 1,000 cases of rail failure 
in six groups according to the appearance of the 
fracture, collating the result of each with its chemical 
analysis and mechanical properties. It was found 
that the group in which the fractures appeared to 
have arisen from fatigue had also a lower mean 
content of carbon than any other group, tending to 
confirm the general opinion that low carbon went 
with low endurance. A general observation apply- 
ing to all types of fracture was that all the broken 
rails had high phosphorus and low resistance to 
Charpy’s impact test. Another subdivision of 
failures showed that breakages at and near a joint 
formed up to as much as 50 per cent. of the total, 
indicating the importance of keeping the number 
of joints as small as possible, and perfecting their 
design, manufacture, and maintenance. The experi- 
ence of the Western Australian Government Railway 
and the Japanese Government Railways showed that 
in some localities, and particularly in tunnels, 
corrosion of rails might occur to a considerable 
extent, and some Japanese experiments threw 
light on the mechanism of such corrosion and 
the remedies for it. Tests of considerable elabora- 
tion had been made by the South African Railways 
and the Japanese Government Railways on the 
actual stresses in rails. In the Japanese obser- 
vations, the stresses were converted into electric 
current and measured by a portable oscillograph 
on a method of great precision and delicacy, 
invented by Mr. H. Shibata, Engineer of the 
Research Office. Details were given of the 
general construction of the permanent ways of a 
number of British and Australian systems and the 
South African and Japanese systems. 

These systems also gave their experience of the 
use of special steels for rails, some of them showing 
very remarkable resistance to wear. This, of course, 
had to be set against their extra cost, but some 
prolonged Japanese experience with manganese-steel 
rails appeared to show that, even when account had 
been taken of initial cost and rate of interest and 
renewal expenses, they had a marked economic 
advantage as against carbon steel. Data for a 
conclusive answer as to the best composition for 
rails and tyres were not yet available, though the 
Japanese Government Railways had comprehen- 
sive experiments in progress. These experiments 
had brought out the fact that data obtained from 
abrasion observations on rails in service were not 
conclusive, owing to variations in the hardness 
of the tyres that run over them. Similar remarks 





might be made in regard to abrasion of tyres where 
the rails varied in hardness. 

Particulars were given in regard to the type of rail 
in service on a considerable number of systems, 
and of the specifications at present adopted. 

Illustrations were given of a number of designs of 
joints for rails on different systems, among which 
generally the suspended short fishplates were 
favoured. Particulars were also given of the 
chemical composition and heat treatment of the 
material for fishplates regarded as best by different 
systems. 

In an appendix, Mr. 8S. Ikeda, Mechanical Engi- 
neer in the Research Office of the Japanese Govern- 
ment Railways, described an investigation on the 
breakage of rails through transverse fissures, such 
as caused the disastrous accident of 1925 on the 
St. Louis-San Francisco Railway, and were said often 
to be found in rails on the Japanese lines. Investi- 
gation was made on 173 samples of rails removed 
from the road within three years. The total number 
of breakages from all causes in that period was 1,610, 
on a total length of a little under 10,000 miles 
of single track. Breakages through transverse 
fissures formed about a tenth of this. This defect 
did not appear always to arise from the same 
cause. In general, it might be taken to be a kind of 
fatigue fracture, starting from the inner part of 
the rail. As against the fatigue, a hard steel might 
be preferable, but, on the other hand, it was likely to 
be inferior in its resistance to shock. In another 
appendix, Mr. Ikeda also gave an account of a 
rapid method of determining the endurance limit, 
which was devised in the Research Office of the 
Japanese Government Railways, and consisted in 
measuring the electrical resistance for the specimen 
under dynamical stress. It was found that, in this 
way, the endurance limit could be determined 
accurately. Experiments made by this method 
seemed to show a linear relation between the 
endurance limit and either Shore’s or Brinell’s 
hardness number. 

The report of Mr. Cambournac and Mr. Patte was 
based on a different questionnaire, to which 60 
railway companies out of 140 replied. While 
it contained comparatively few statistics, it recorded 
a very large number of expressions of opinion in 
regard to the various aspects of the question, based 
on the experience of the several companies, and 
contained a large amount of detailed information 
as to their practice. In a concluding summary, the 
reporters drew attention to the desirability of 
extending the investigations of the companies 
made in co-operation with manufacturers and 
metallurgists, which had already proved of value, 
both in accumulating information as to the cireum- 
stances of failure, and in devising more efficient 
methods of control such, for example, as the 
addition of macrographic observations as rejection 
tests. More information was wanted in regard to the 
relation between segregation and defects in rails. 
French tests had already shown that remark- 
able results could be obtained by heat treatment in 
increasing the strength of rails against superficial 
fissuration. Among other desiderata was a less 
localised test for brittleness than was used at present. 
Improvements in the design and construction of 
locomotives should automatically make the experi- 
ence of rail failures more favourable, and it was 

uggested that flats on railway wheels could, with 
advantage, be restricted to a depth of 3 mm. 
(0-118 in.). In regard to the statistics of breakage 
of rails, it was suggested that they might, with 
advantage, be made far more circumstantial, as, 
for instance, by separating fractures in tunnels 
from fractures in the open, and fractures on curves 
from others. The experience of all railways as 
to the form of wear had been the same, though, as 
a rule, no quantitative measurement had been made 
of their several extents. Lack of statistics of 
joint failures made it impossible to compare the 
strength and life of the different types. A variety 
of modifications had been introduced into the 
design of joints, and the chevron fishplate joint 
was an entirely new type. It was recommended 
to strengthen the tests for brittleness in fishplates. 

Mr. Cambournac first read the conclusions from a 
special report summarising the three reports. These 
conclusions, which considerations of space prevent 





us from giving in extenso, were to the following effect : 
It is desirable to continue the publication of data 
relative to rail breakages. In the manufacture of 
rails the steel should be treated to prevent the 
formation of blow-holes, steel scrap should not be 
placed at the bottoms of ingot moulds, the part of 
the ingot affected by piping and segregation should 
be discarded, and cold straightening should be 
reduced to a minimum. In the use of rails it is 
recommended that the rails should be so laid that 
the wheels first run on to the end of the rail farthest 
from the ingot head, and rails should be inspected 
in situ at least once a year. With a view to reducing 
lateral wear on curves, an endeavour should be made 
to perfect appliances for lubricating the lateral 
faces of the railhead and tyre, and that with a 
view to reducing corrosion, tests on rails containing 
0-3 per cent. of copper should be continued. 

The conclusions were discussed seriatim, and 
after various slight modifications, which, however, 
do not affect those mentioned above, they were 
adopted. 


CoMPETITION OF RoAp TRANSPORT. 


The above subject, Question XIII, was discussed 
jointly by Section III (Working), Section IV 
(General), and Section V (Light and Colonial 
Railways) at the meeting held on May 7, under the 
chairmanship of Dr. A. Crispo. We give below 
abstracts of five reports on this subject which were 
summarised by Dr. A. Wasiutyfiski, who read the 
more important sections of his summary and the 
conclusions embodied therein. 

Reports were submitted by Mr. C. B. Sudborough 
(United States), Assistant Vice-President in charge 
of traffic, Pennsylvania Railroad, on America, 
China, and Japan; by Mr. H. L. Wilkinson (Great 
Britain), Assistant Superintendent of the Line, 
Great Western Railway, on the British Empire ; by 
M. Le Besnerais (France), chief engineer, Head- 
quarters of the Operating Department, Nord Rail- 
way, and M. Degardin (France), chief engineer, 
assistant to the head of the Operating Department, 
Paris—Orleans Railway, on Belgium, France, Italy, 
Portugal, Spain and their colonies; by Dr. 
Alexandre Wasiutynski (Poland), engineer of the 
Lines of Communication, President of the Com- 
mission on the Reconstruction of the Railway 
Termini in Warsaw, on all other countries except 
Germany; and by Dr. Zietzschmann (Germany), 
chief director and member of the Headquarters 
Administration of the German State Railway 
Company, on Germany. 

Mr. Sudborough’s report was confined to the 
situation in the United States in general and the 
Pennsylvania Railroad in particular. Starting with 
the introduction of four passenger motor cars in 
1895, the United States had over 23,000,000 motor 
vehicles in use in 1927, or about 80 per cent. of the 
total number in the world. One passenger car was 
in operation in the country for every 5 persons, 
the production and sales of motor cars was growing 
faster than the population, and among railway 
officials it was a common belief that more traffic 
was being diverted from the railroads by private 
than by public vehicles. Nevertheless, though the 
rail mileage amounted to about 260,000, motor 
buses were operating over nearly the same length 
of route. 

Less than an eighth of the routes were over 
50 miles long, and over two-thirds competed 
directly or indirectly with the railway. Though 
their use was predominently for short journeys, 
fares as a rule were higher than those of the railroad 
(average 3°6 cents per mile) for short trips, but con- 
siderably lower for long trips, being barely more 
than half the railroad fare for the maximum 
route of 1,404 miles from Denver to Los Angeles. 
In the eight years 1920-27, railway passenger 
revenues for Class 1 roads dropped by just on 4 
fourth, while the total number of motor cars 
registered at the end of that period was just: on 
twice and a half times what it was at the beginning, 
indicating a decrease of 1 per cent. in the passenger 
revenue of Class 1 railroads for every 6 per cent. 
increase in motor cars, in spite of the fact that in the 
period in question the population of the United 
States increased by more than 6 per cent. Where 
the passenger revenue of a railroad consisted largely 
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of long distance runs of expensively equipped trains 
the decrease was much lower. In the 11,000 miles 
of the Pennsylvania Railroad, for instance, it was 
less than 7 per cent. in the period 1920-27. 

Accurate figures were not available for the traffic 
carried by goods motor vehicles, numbering nearly 
3,000,000, but it was estimated that they carried, 
in 1925, less than 2 per cent. of the ton-mileage 
carried by Class 1 railroads. 

Against the traffic lost by the railroad through 
the competition of motor vehicles, must be set 
the freight of raw material and finished products 
contributed by the motor-vehicle industry, which, 
on the Census of 1925, was the largest in the 
country. In 1927, shipments of motor vehicles and 
parts constituted the third largest freight of manu- 
factured products, and many able authorities 
considered that in the freight brought by the motor- 
vehicle industry the railroads gained more than 
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Nevertheless, by agreement with local authorities 
and omnibus companies, these difficulties were likely 
to be overcome. In respect of freight, the com- 
panies’ position had improved through the road 
powers by which it was now possible for them to 
| pick up traffic and deliver it either by road or by 
rail. 

In the countries covered by the report of Messrs. 
Le Besnerais and Degardin, the situation appeared 
‘to be similar to that disclosed in Mr. Wilkinson’s 
| report, though apparently less acute. The reporters 
| saw much opportunity for increasing the co-operation 
between rail and road services. A remarkable 
figure was given for the relative safety in France, 
indicating that about fifty times as many passengers 
were killed or injured per passenger-kilometre in 
motor cars as on the railways. Railway companies 
in France laboured under acute disadvantages in 
competition with road service, by reason of the large 








they lost through the competition of motor vehicles. | tax (32} per cent., or 65 per cent. on supplementary 
This view was adopted by the reporter, who con-| charges for luxury services) they had to pay on 
sidered that the gain would increase with the present | passenger tickets, from which road transport was 
active movement for eliminating wasteful com- | free. 

petition between rail and road services. The general! pn the countries covered by Dr. Wasiutyriski’s 
policy of the railroad was now to link up services | report, the use of motor vehicles was much less than 
in such a way as to set each to do what it could do|jn the other countries. In principle, the railway 
most economically. The policy was illustrated by service appeared to be suffering to some extent from 
the programme of the Pennsy Ivania Railroad | the same sort of disadvantages as were exhibited in 
Company. Broadly, it involved, either by provi- | the two previous reports. Remarkably good results 
ding new motor-vehicle lines of their own or by | were reported from Switzerland, through the estab- 
working arrangements with existing lines, the | lishment, in 1926, of a company solely concerned 
establishment of a composite rail and road service | with the relations between rail and road transport, 
for passenger traffic, and similar arrangements for | which had lately improved, amplified and cheapened 
freight. In particular, the container-car service, the cartage, collection and delivery service, and had 
by which less than car loads were carried in portable | ysed motor transport to extend and improve com- 
steel containers, to be handled on arrival on motor | munications between localities not served by the 
lorries, provided an economical way of dealing with | railway. The report concluded with recommenda- 
retail traffic, and the demand for this service was | tions for the regulation of motor transport, which, 
constantly increasing. when suitably co-ordinated, should operate in the 
From Mr. Wilkinson’s report it appeared that, | interests alike of the public and the railway. 

in most cases, road competition in the Dominions| Perhaps the most interesting feature of Dr. Zeitz- 
and Colonies had not been as acute as in Great |schmann’s report was the information given in an 
Britain, to which country his report was therefore | appendix as to the remarkable increase in the use of 
mainly confined. The author did not affect to! motor vehicles in Germany during the last 10 years. 
welcome the advent of motor vehicles. His report |In 1914, the total number of passenger motor 
gave a temperate and comprehensive account of the | vehicles was about 75,000, which, by 1921, had 
adv antages under which road traffic had developed | increased to about 87,000, but, by 1929, the number 
in Great Britain, and of the statutory and other | had increased to upwards of 1,000,000, or about 
difficulties under which the railways had to labour 12 times as many as in 1921. For motor lorries the 
in meeting it. It was, indeed, a particularly useful | figures did not go back so far, but the total, which 
summary of the grave disparity in conditions in | for 1922 was about 44,000, had more than trebled 
which railways had to work as compared with road | ae 1929, while the use of tractors without space for 
carriers. In general, the passenger traffic which, | goods, which had begun in 1922 and 1923 with three or 
in his view, might be carried economically by road | four hundred, had increased, in 1929, to over 25,000. 


was on journeys up to about 30 miles. Scheduled ser-| Even allowing for the fact that of the 1929 motor | 


vices for longer distances were likely to find difficulty passenger vehicles over 600,000 were motor cycles, 
in earning a profit without the help of intermediate | the increase is sufficiently considerable. While no 
traffic, and it appeared that the greater safety, | statistics were available to show the effect of this 
relia bility and comfort of railways for long journeys | increase on railway traffic, it was pointed out that the 
bo beginning again to be appreciated by the public.| loss must have been considerable, affecting, in 
ot compiled by the London, Midland and | particular, the higher classes of fares, and calling 
Scottish Railway for February, 1927, as compared | therefore for reduction of fares in those classes, 
with the same month in 1925, showed a decrease in | which had to be met by increasing the extremely low 
—— — —_ ranging from over 20 per rates charged for the cheapest class. As a whole, the 
Me pReckic: - ; Se to mileage, traffic carried by omnibuses was estimated, in 1928, 
as ~ being, with a single exception, less as | to amount only to about 4 per cent. of the rail borne 
vi engt OF oe increased. | traffic. At the present time, the development of the 
The policy of British railways had been to increase | motor-omnibus traffic in Germany had tended 
the efficiency and amenities of the service, making | rather to produce an injurious division of traffic than 
full use of their road powers as ancillary to their |a useful addition to the existing railway network, 
rail traffic. Apart from the reduction of rates,|and the economic results of long-distance motor- 
spree possible, goods traffic had been promoted | omnibus traffic was at present very doubtful. 
ey acceleration and by publication of goods train; While the increase of motor passenger traffic had 
—_ and the use of containers, on which the | only affected the railways in the neighbourhood of a 
ee report laid such emphasis, showed signs | few large cities, where the railways themselves had 
at eventually it might become the most practical | undertaken local services, the development of the 
yee or palliative of many railway difficulties. | motor lorry had had a more serious effect on existing 
——o i developments it was being attempted | local traffic. By increasing the sub-divisions of 
oA bs r _ an insulated container for the meat|incoming and outgoing consignments at goods 
Pa c. In addition to developing cartage services, |stations and the number of vehicle owners, the 
A ig of railhead distribution facilities, | motor lorry had increased the complexity and cost 
2 esl 7 —— could have a private depot | of handling and loading for the railways, while the 
fall va . — to which traffic might be sent in | distribution of a not much greater amount of traffic 
ees g : oads at the lowest possible rates, was | between a much greater number of vehicle owners 
i. : great advantage. In providing feeder | had increased the working costs of carriers, who 
pata = rape the range of usefulness of | therefore had been driven to seek an outlet in long- 
rs it by er areas, difficulty was being found distance goods service. The competition of motors 
—— ing licences in the face of existing road | in goods traffic was the more injurious to the railways, 
ices, sometimes run by the local authorities. | because it deprived them particularly of loads of 








goods classified at the higher rates for wagon loads 
and in the single-parcels traffic. 

In the last four years, goods traffic as a whole had 
increased by about 16 per cent., but goods of the 
higher classifications increased by just under 6 per 
cent. The extent to which railway traffic, whether 
passenger or goods, gained by the action of motor 
traffic as a feeder was practically negligible. The 
increase, moreover, of railway traffic for the service 
of the motor industry was largely offset by the falling 
off in other industries, such as locomotive and rolling 
stock, which the progress of the motor industry had 
displaced. As a whole, it was estimated that the 
loss of income sustained by the German State 
Railways in 1928 through motor-vehicle traffic was 
between 6 and 7 per cent. of the total gross receipts, 
and this loss was expected to increase with certainty 
by 10 to 15 per cent. during 1929. In this connec- 
tion, it must be borne in mind that the existing 
tariff system, in which goods were classified not only 
according to their intrinsic value, but also according 
to whether they were used as raw materials, semi- 
finished products, or finished products, formed for 
many decades one of the most important bases of 
German industry, which must suffer for any loss it 
sustained. 

An account was given of the various ways in 
which, as in other countries, the railway industry 
was at a disadvantage as against road transport. This 
was the less justifiable because the service which 
the former gave was much safer and the difference 
apparently was increasing. Of the total number of 
reported accidents, those on railways were 4-5 per 
cent. in 1920 and 4-6 per cent. in 1927, whereas 
those on motor vehicles were 11-5 per cent. and 
16-1 per cent., respectively. Earlier in the report 
it was stated that, in 1928, the number of passenger 
miles carried by the omnibuses was only about 
4 per cent. of the rail-borne traffic for that year, and 
those carried on the road was under 30 per cent. of 
the rail-borne traffic; figures which increase 
several fold the view of the greater safety of rail 
travel suggested by the comparison of the total 
figures. 

In the discussion which followed the reading of 
Mr. Wasiutynski’s summary, Dr.-Ing. H. Zietzsch- 
mann called attention to the fact that the subject 
had been considered by the International Union of 
Railways, and certain conclusions had been arrived 
at after the submission of a joint report by 
Germany and Switzerland. He proposed the 
adoption of these conclusions, which, he said, 
agreed in the main with those embodied in 
Dr. Wasiutyfski’s report. Mr. P. Jourdain depre- 
cated the placing of too severe restrictions upon 
road-transport organisations, which, he said, often 
formed valuable auxiliaries to the railways. Sir 
Walter Nugent was of a similar opinion, stating 
that a large increase in travel had resulted from 
the development of road transport. Railways, 
he thought, would eventually gain more traffic 
from this circumstance than they had lost. He 
expressed the view that road-traffic organisation 
should be placed under proper control and 
co-ordinated with railways, and that the two 
services should be placed on an equal footing 
with regard to taxation and contribution towards 
the cost of road maintenance. Mr. N. D. Ruud, 
on the other hand, said the question was being 
investigated in Norway, and expressed the opinion 
that it was wrong to divert the industrial traffic, 
for which the railways had been constructed, 
suggesting that road transport should be taxed 
sufficiently to make good the losses on the railways. 
This view, however, did not meet with the general 
approval of the meeting. 

The conclusions finally adopted are too long 
to be given in extenso, but we may summarise 
some of the more important points as follows: 
Present legislation relating to motor transport 
must be modified so that the latter may bear 
its full share of road expenses, and the public 
expenses of both methods of transport should be 
equally divided. The system of free competition 
allowed in some countries, or the purely formal 
authorisation of regular motor services without 
regard to existing communications and without 
sufficient guarantee of the civil responsibility of 





the concession holders, is not in the interest of 



































the public. There should be close collaboration 
of road and rail transport, the latter being the 
best for a great number of passengers and heavy 
goods. To diminish motor competition, improve- 
ments have been made in rail transport in connection 
with passenger and goods services. Road arrange- 
ments to ensure a complete door-to-door service 
have been completed on certain railways, motor 
services having been organised by railway companies 
and by arrangements with private enterprises. 
The use of containers which can be loaded on to 
both wagons and motor lorries is rapidly increasing, 
and the results of international trials to select 
standard types may facilitate collaboration between 
road and rail transport. It is considered that the 
railways constitute the most economical means of 
conveying bulk traffic over any distance, and for 
the transportation of goods in general over long 
and medium distances, and that it is in the public 
interest that such traffic should be retained by 
the railways. 
(To be continued.) 


THE INSTITUTION OF WATER 
ENGINEERS. 


Tue thirty-fifth summer meeting of the Institution 
of Water Engineers is being held in London on four days, 
May 28 to 31, inclusive. The first day, Wednesday, 
was set apart for the opening business meeting and 
the reading and discussion of four papers. This 
meeting was held in the lecture theatre of the Institu- 
tion of Civil Engineers, Great George-street, S.W.1, 
and commenced with an address of welcome to the 
Institution on behalf of the Metropolitan Water 
Board by its chairman, Sir William Prescott, who 
was sure, he said, that in the forthcoming visits to the 
Metropolitan Water Board’s Works they would find the 
latest developments in water-works engineering. 
The responsibility of the Board was very great, seeing 
that it supplied some 7 million people with water, who 
moreover got a good supply, in spite of difficulties, 
such as those entailed by the severe frost in the 
early part of 1929, the subsequent drought, and the 
abnormal rainfall which followed. Sir William 
concluded by expressing his gratification that the 
Board’s Chief Engineer, Mr. H. E. Stilgoe, had been 
elected President of the Institution. 

Mr. F. W. Macaulay, the retiring president of the 
Institution, then proposed a vote of thanks to the 
Metropolitan Water Board, for all it was doing to make 
the meeting interesting and successful. After an 
acknowledgment from Sir William Prescott, the routine 
business was proceeded with. The President then 
distributed the awards made by the Institution. 
The Whitaker Medal, instituted to commemorate 
Mr. William Whitaker, a Past President of the 
Geological Society, was presented to its recipient, 
Mr. R. C. S. Walters, for a paper on ‘* The Hydro- 
Geology of the Chalk of England.”” Mr. Walters was 
also awarded the President’s Premium of 10/. for this 
paper. An Institution Premium of 5/. was awarded to 
Mr. J. W. Wilkinson for a paper on ‘ Birmingham 
Waterworks—Some Recent Developments,” and an 
Institution Premium to Mr. G. W. Cover for a paper 
on “ Wenallt Reservoir, Cardiff—Special Construction 
Works.” 

Mr. Stilgoe then delivered his Presidential Address. 
Referring to the growth of the Institution since the 
year 1908, when he was President of it under its first 
title of ‘The Association of Water Engineers,” 
Mr. Stilgoe pointed out that the membership had 
increased during the intervening twenty-two years 
from 352 to 625. The rapid extension of building, 
and the development of arterial and other roads since 
the war, imposed additional obligations and burdens 
upon those responsible for water supply. Not only 
was water more generally used in individual houses, 
but the lesser density of houses on the new sites 
spread the population over a larger area. Alterations 
to the old highways again involved the laying of new 
mains or the diversion of existing ones. The infliction 
of this additional and somewhat arbitrarily imposed 
expense, together with a movement to compel water 
undertakers to lay a main on each side of the street at 
their own cost, should be the subject of an amendment 
in highway law to adjust the financial burden more 
equitably, the changes being really made in the 
interests of the highway authorities and the owners 
of property. The development of the low-rated type 
of houses on the new estates was also a source of 
financial burden. The supply of water to the dwellings 
occupied by the poorer classes was afforded at a loss. 
This was the case in respect to about 70 per cent. 
of the rated tenements in London, the deficiency 
being made up from higher rated properties, and from 
trade supplies, &c. On one of the fully developed new 
estates near London having a population of about 
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100,000 the gross income from water rates equalled only 
about 12} per cent. on the cost of the mains. On such an 
estate it would probably require a gross income of from 
40 to 50 per cent. on the cost of the mains to cover the 
cost incidental to affording the supply of water. 

The water engineer, in order to cope with the ever- 
growing demand for water, had to seek other sources of 
supply and augment the storage reservoir capacity, to 
improve the efficiency of filtration plant and pumping 
machinery, and in other ways to lessen the cost of 
water supply and increase the quantity available. 
For pumps which had to run 90 per cent. of their time, 
reciprocating engines would probably be found to be 
economical in spite of their higher initial cost, but for 
a stand-by the cheaper steam turbine-driven centrifugal 
pumps were advantageous. The installations of rapid 
primary filters made by the board during the past 
ten years had proved very successful. The position 
of these filters was a matter of great importance. In 
waters containing algal growths the distance of the 
primary filters from the source of the raw water supply 
should be as small as possible, otherwise with long 
mains conveying unfiltered water there was considerable 
trouble with growths of fresh-water mussels and alge. 
In preparing a scheme for filtration works the primary 
filters should be arranged so that they might be charged 
from the reservoirs without pumping and could discharge 
by gravity. The use of primary filters reduced capital 
costs, as the area of the secondary filters could be 
made much smaller. The combination of the two 
types of filter at Walton, as against slow sand filters 
acting alone, resulted in a saving of about 284,000/. 

Prevention of deterioration of mains by electrolysis 
and graphitic action was a pressing need. He had 
prepared a report on the subject and was continuing 
his investigation. In the meantime a précis of a 
number of conclusions derived from investigations and 
experiments was given, the final conclusion being that 
to protect the interests of water undertakers, bye- 
laws or regulations should be made as to the earthing 
of electric systems. The subject of the waste and 
misuse of water demanded constant study and vigi- 
lance. A frequent source of waste was the attachment 
of a hose to taps supplied direct under the pressure of 
the mains. The difference in volume discharged through 
such a tap and that from a similar tap on the house 
cistern supply was very marked, and such supplies 
should be metered. As an example, it was possible 
to absorb by excessive garden watering the whole daily 
output of the Kempton Park Pumping Station, viz., 
24,000,000 gallons. This station had cost 1,660,0001., 
and during last summer’s drought the demand on it 
following a two-days’ rain, immediately dropped by 
20,000,000 gallons a day. 

It was of the utmost importance to protect the water 
supplies from pollution. Underground sources were in 
many cases becoming insufficient, and in some cases, as 
at Ilford, which drew water from the River Stour, 40 
miles away, rivers had to be tapped. Such cases 
demanded the utmost care on the part of Conservancy 
boards. The water engineer, too, must guard against 
encroachment on the rights of the community regarding 
water. The Metropolitan Board had had to restrain 
an electric power company from making use of the 
water in the storage reservoirs at Chingford for con- 
densing purposes. This use would have damaged the 
reservoir, encouraged algal growth, changed the 
character of the water, and caused the evaporation of 
about 2,000,000 gallons per day. 

After a vote of thanks had been accorded to Mr. 
Stilgoe for his address, two papers were read in abstract 
and discussed. These were ‘** The Hampton, Kempton, 
and Walton Pumping Stations and Filtration Works 
of the Metropolitan Water Board,” by Mr. H. F. 
Cronin, and “ The South Teign Works of the Torquay 
Corporation,” by Mr. A. G. Low. This concluded the 
morning session. 

The afternoon session consisted of the reading and 
discussion of two papers, viz., ‘‘ The Selection and 
Operation of Pumping Machinery for Waterworks 
Purposes,”’ by Mr. F. E. F. Durham, and ‘“‘ The Steam 
Turbine as Applied to Borehole Pumping,” by Mr. 
J. F. Haseldine. We reproduce the latter, in abridged 
form, on page 713 of the present issue, and propose to 
do so with the former in subsequent issues. 

The annual dinner of the Institution took place in 
the evening, the president occupying the chair, and a 
record number both of members and guests attended. 
The toast of ‘‘ The Metropolitan Water Board’? was 
proposed by Mr. C. Clemesha Smith, who, in referring 
to water as the cheapest commodity, pointed out that 
some 1,300,000 tons of water passed through the pipes 
of the London area every day. Few people seemed to 
recognise this, nor did they appreciate the skill, science 
and efficiency with which these operations and those of 
purifying the water were performed. Sir William 
Prescott in reply, briefly reviewed the constitution and 
work of the Metropolitan Water Board, which, since 
it had taken over the works of the old water companies 
had carried out improvements to storage reservoirs and 





pumping plant at a cost of very nearly 30,000,000/. 
The capacity of the reservoirs had been increased from 
4,000,000 gallons in 1901 to 20,000,000 gallons at the 
present day. Mr. E. A. Sandford Fawcett in proposing 
the toast of ‘‘ The Institution of Water Engineers ”’ 
dwelt upon the growing importance of the water engi- 
neer to the life of the community, a fact that fully 
justified the existence of the Institution as a separate 
body. This toast was replied to by the President who, 
in speaking of the need for Regional Committees to 
consider water supply as a whole, said that the works 
of the Metropolitan Water Board had been so arranged 
that help could be extended to neighbouring autho- 
rities in time of need. The toast of “‘ The Guests ” was 
proposed by Mr. A. E. Cornewall-Walker, and acknow- 
ledged by Sir Lynden Macassey and Sir Joseph Petavel. 
On Thursday, May 29, the members paid a series of 
well-organised visits to the works of the Board in the 
Thames Valley. To-day, similar visits are to be paid 
to its works in the Lee Valley and adjacent areas. On 
Saturday, the meter-repairing and _fittings-testing 
shop, with the coal-testing laboratory and specimens of 
water mains, pipes, &c., affected by electrolysis and 
graphitic deterioration will be inspected at the offices 
at the Metropolitan Water Board in Rosebery-avenue. 








LETTERS TO THE EDITOR. 
STRESS AND STRENGTH. 


To THE EprroR OF ENGINEERING. 


Sir,—In your valuable footnote to my letter in 
your issue of May 16, 1930, you point out the real 
trouble confronting engineers in reference to stress 
and strength, and it is probable that a move would be 
made in the right direction if some real relation could 
be established between theory and practice in trans- 
verse tests on beams. At the present time, hooks of 
reference on materials of construction are obliged to 
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give transverse strength at rupture, as well as ultimate 
tensile and compressive strengths, and these are not 
correlated in any definite ways. 

The equation and curve given in my previous letter 
were intended only to illustrate a difficulty, and I beg 
permission to state that any formula which does not 
combine both the tension and compression curves of 
a material is bound to be abortive. 

The following formula combines them, and is based 
on the groundwork explained in my paper, “A New 
Theory of Bending,” published by the Institution of 
Civil Engineers as a Selected Engineering Paper in 
1927. If the publication of the equation hereunder 
should create sufficient interest to cause some trans- 
verse tests to be carried out free from the bias of 
pre-conceived ideas, it will serve a very useful purpose. 
It may be observed that among a multitude of reports 
of transverse tests, none is free from the bias of the 
“straight line” criterion of elasticity, and in very 
few tests is any attempt made to separate plastic yield 
from elastic strain. The equation is :— 


ptls=JI(s+ o> 


where 
p = ratio of stress at any point P to the ultimate 
tensile stress of the material. . 
J = a ratio termed the form factor of the material. 
s = ratio of strain at any point P to the sum of tlie 
ultimate tensile strain and corresponding com- 








pressive straim (sum = constant x LK). 
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and the letter 


q = a function of J which can be shown to be = 


Gy 
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A particular case is plotted in the figure. Tension 
is denoted in the equation by a minus sign and compres- 
sion by a positive sign. Theoretically, the stress 
distribution across a rectangular beam when bent 
should consist of parts of the stress strain curves of 
the material in tension and compression. It is not 
surprising therefore when, for example, a transverse 
test on a 1 in. by 2 in. deep by 3 ft. 6 in. long standard 
C.I. test beam is carried out, that the transverse 
breaking stress differs by as much as 80 per cent., or 
more from the tensile breaking stress obtained by 
direct pull. The line GOE in the figure probably 
indicates more closely than a straight line can do, 
what the real stress distribution across a cast-iron 
rectangular beam may be at the moment of fracture. 

The equation for the moment of resistance derived 
from the formula is :— 

a 
aI + 1) 
where 6 and d are the breadth and depth of beam, and 
Jt is the ultimate tensile stress by direct measurement. 
It should be possible, by means of suitable tests, to 
assign values of J to particular materials. 

The remarkable fact about the equation to the line 
GOE is that the area GOL is equal to the area KOE 
for all values of J above 1. The particular curve in 
the figure has been constructed for J = 3 (three). The 
neutral axis lies towards the compression face, if the 
line LK be taken to represent a transverse section of 
& rectangular beam. It will be recognised that the 
tensile stress-strain curve of cast iron does tail off 
4s shown towards the upper limits of tensile stress, 


M = 6b.d*.fe. 





while in actual fact the compression stress-strain 
curvature corresponds with the line OE in the figure. 

Support for this theory may be derived from the 
realisation that when J = 2, the equation represents 
a straight-line stress distribution across the beam with 
origin or neutral axis at the centroid, and that the 
Moment of Resistance becomes M = 6.d.*.f;./6. If 
the value of J lies between 1 and 2, it will be found 
that the curvature of the line GOE is reversed, bringing 
the neutral axis from the centre towards the tension 
face. 

I am, Sir, Yours faithfully, 
A. C. Vivian. 
Mount Grace-road, 
Potters Bar, Middlesex. 
May 21, 1930. 








THE THICKNESS OF BOILER 
TUBES. 
To tHe Eptror oF ENGINEERING. 


Str,—Mr. Artsay’s letter on my article on “ The 
Thickness of Boiler Tubes,” published on page 679 of 
your last issue, is somewhat misleading. His most 
serious criticism occurs in the second paragraph of his 
letter, where he states that I have taken “‘ unconstrained 
thermal expansion as equivalent to a strain due to 
stress.” Perhaps the simplest demonstration that 
I have not done so is that the formule in my article, 
if expressed in terms of the temperature difference 
instead of the heat flow, reduce to the expression which 
he quotes as correct. 

As regards the change’of Young’s modulus with 
temperature, it should be remembered that the changes 
in Poisson’s ratio, coefficient of linear expansion, and 
heat conductivity, are probably of equal importance, 
and, as stated in my article, “‘ the influence of such 





changes on the stress would be hard to estimate.” 
I therefore considered that the stresses deduced should 
be used as a basis of design only, enabling the nominal 
equivalent stress in new designs to be compared with 
the corresponding equivalent stress in successful 
installations. 

In any case, the temperature of the metal is much 
less than is generally supposed. Taking the example 
quoted in the article, the temperature of the water 
will be about 400 deg. F. It is difficult to get data on 
which to estimate the temperature drop from metal 
to water, but it is probably not more than 50 deg. F. 
The temperature difference between the outer and 
inner walls, using the value of the conductivity 
assumed, is about 70 deg. F. Thus, the temperature 
of the inner skin of the tube, where the stress is greatest, 
is 450 deg. F., and of the outer skin, 520 deg. F. 

At these temperatures the change in the value of 
Young’s modulus is not greater than the uncertainty 
of most of the data, and the creep stress is not appre- 
ciably less than the ultimate tensile strength. Until 
working pressures and rates of heat transmission are 
much increased, creep is unlikely to be an important 
factor, though I agree that experiments on creep under 
complex stress are desirable. Some work has already 
been done. (See ENGINEERING, August 24, 1928, 
page 246.) 

Finally, though the introduction of the small radial 
stress may appear an unnecessary refinement, its 
inclusion hardly adds to the amount of work required 
in applying the strain energy theorem to deduce the 
graphs and nomograms, and the use of these in practice 
is not affected. 

I have the honour to be, Sir, 
Your obedient servant, 
Jas. G. DocHErty. 
Royal Naval College, 
Greenwich. 
May 26, 1930. 








THE WELLAND SHIP CANAL. 


In the series of articles describing the fourth recon- 
struction of the Welland Canal, now appearing in our 
columns, we have, from time to time, recorded the 
progress made. The Canal is to be officially inaugura- 
ted on July 1, but parts of it have been brought in use 
from time to time as the works were advanced enough 
for this to be done. Thus we recorded and illustrated 
in our issue of December 13 last (page 766) the opening 
of Lock No. 8 at Humberstone, which brought into use 
a considerable length of the new canal on September 
16, last. 

During the past winter work was carried so far at 
the lower (Lake Ontario) end of the new canal that it 
was’ possible to bring the first three locks at this end 
into service at the opening of the present navigation 
season. In the accompanying views, Figs. 1 and 2, 
we show the first lake steamer passing through Lock 
No. 1 on April 21. The Georgian is shown entering 
the lock chamber, at Lake Ontario level, in Fig. 1, 
which she did at 7.20 a.m. In Fig. 2 the same vessel 
is shown leaving the lock on the upper level, the 
bridge on the left hand being Bridge No. 1 of the 
Canal, one of a series of the rolling lip type on the 
new canal. 

Locks Nos. 1, 2 and 3 are now in service and func- 
tioning satisfactorily. It will be remembered that the 
new canal crosses the channel hitherto used just beyond 
Lock No. 3, and again between Lock No. 7 and the 
Guard Gates. In this distance the rise of the escarp- 
ment is taken by both canals. The channel to which 
we have always referred as the “ Present” canal 
takes this rise by means of its locks 11 to 24, 
inclusive ; the new canal uses the great set of 
twin locks in flight, together with Lock No.7. There 
still remains a certain amount of work to be done in 
connection with the equipment of the twin locks, &c., 
and for the moment, therefore, navigation is making 
use of the older water-way between the two crossings 
mentioned. Apart from this stretch, the former canal 
is now in disuse, though this does not imply that the 
new channel is altogether completed to full section, or 
as regards structures. It is planned at the official 

opening of the new canal, which as stated to take 

place on July 1, to bring the remaining locks into use, 

when the corresponding locks Nos. 11 to 24 of the 

present canal will go out of commission, and the whole 

of the new channel will be in service. Among the im- 

portant works still to be completed are the Regulating 

Weirs Nos. 6 and 7, and the Supply Weir. Work on 

all these was impossible while the channel of the pre- 

vious waterway remained in service, but was carried 

on, as far as conditions allowed, during the past 

season of closed navigation, in order to bring the new 

works to completion at the earliest possible date. 

Another structure expected to be completed at about 

the present time was the Safety Weir, which on the 

opening of this season was worked under temporary 

arrangements. The power house is not expected to be 

completed till 1931. 
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LABOUR NOTES. 


“* As from the 12th of this month,” writes Mr. John 
Hill, the General Secretary, in the May issue of the 
Boiler Makers’ and Iron and Steel Shipbuilders Society’s 
Monthly Report, “ our railway shopmen will have the | 
24 per cent. reduction restored. I hope the railway | 
companies will not try to get 2} per cent. or more out | 
of the shopmen by short time or some other manceuvre. 
This 2} per cent. deduction from earnings, which has 
been in operation since the autumn of 1928... has 
amounted to 4,500,000/. As a result of these deduc- 
tions from wages and other economies, the railways 
had a net revenue last year of 45,000,0001. The | 
shareholders all profited as a result of the men’s | 
sacrifice. There is, therefore, no reason why they | 
should not be fair to the men. Now that they are 
restored to full wages, they have good reason to claim | 
that this small amount of about 2s. per week should | 
not be filched from them under one pretext or another. | 
Our members are not revolutionaries. They have no | 
desire to rob capitalists of their real investments in | 
railways, or in anything else for that matter; but | 
they do grudge deductions from wages to pay dividends 
on capital which is only water. There are tens of 
millions of watered stock in railways which ought to 
be wiped out altogether. If this were done, there | 
would be reasonable wages for the workers and fair | 
dividends for investors.” 














At the end of April, 10,006 members of the Boiler 
Makers’ and Iron and Steel Shipbuilders’ Society were 
“signing the books,” as compared with 10,632 at the 
end of March. The number of members in receipt 
of superannuation benefit was 4,619, as compared with 
4,648, and the number in receipt of sick benefit 2,508, 
as compared with 2,551. The expenses in March were 
9,3121. 17s. 7d.; in April, they were 9,005I. 14s. 1d. 





At last week’s conference, in Llandudno, of the 
Railway Clerks’ Association, Mr. Townend (Manchester) 
protested against any work performed on behalf of 
railway companies being carried out by a staff paid | 
less than the recognised railway salaries. In the process 
of rationalisation of the railways, he said, the companies 
were co-operating with great commercial firms, who 
were carrying out what should be essential railway 
duties. He wished the association to protest to the 
railway companies about their transfer of such work 
to trading companies, in breach of their agreements 
with the association. Mr. A. G. Walkden (general 
secretary) said that they must take action with the 
transport and other unions affected to see that the 
clerical work was carried out on the same terms as 
embodied in their agreement. The resolution was 
unanimously approved. 





In his annual financial report to the members 
of the National Union of Railwaymen, Mr. C. T. 
Cramp states that on December 31, 1929, the organisa- 
tion had 1,202,098. 5s. 10d. to its credit, as compared 
with 1,035,324/. Os. 10d. a year earlier. ‘ But,” 
he goes on to say, “ what is more important and signifi- 
cant is the recovery of the union since 1926—the year 
of the general strike—when, after disbursing 1,564,266. 
8s. 8d. as strike and out of work benefits, our assets 
dwindled to 580,001/. 8s. Now, as will be seen, within 
the ensuing three years these have improved by 107 
per cent.—surely a splendid recovery, testifying to 
our financial vitality.” The improvement is mainly 
due, Mr. Cramp explains, “to the fact that, thanks 
to the advent of a Labour Government, the industrial 
barometer remained steadily at ‘fair,’ and, consequently, 
no sphere of our work called for extraordinary expendi- 
ture.” 





The union’s total income for the year was 544,354l. 
38. 1ld., as compared with 608,4411. 14s. 9d. in 1928. 
The reduction was mainly due, Mr. Cramp says, to 
the union ceasing, as from December 31, 1928, to 
administer the State Unemployment Insurance Benefit, 
the refund from the State in that connection being 
56,0781. 19s. 1ld. in 1923. The union’s total expen- 
diture was 385,0941. 12s. as compared with 437,680. 
12s. lld., and here again the non-payment of State 
Unemployment Insurance Benefit was responsible 
for the reduction. 





At the quarterly meeting last week, in London, of 
the General Council of the National Union of General 
and Municipal Workers, Mr. Will Thorne, M.P., the 
General Secretary, stated that the funds had increased 
during the three months by 7,774l., and now totalled 
454,7001. This represented just over 30s. per head 
of the membership. The membership had increased by 
7,628, and the financial membership by 2,389. That 
was the largest increase so far recorded in a quarter 
since the amalgamation. During the past four quarters, 


The Ministry of Labour Gazette states that employ- 
ment showed a slight improvement on the whole 
during the first fortnight in April, but in a number of 
industries Easter holiday suspensions were extended, 
and at the end of the month the position was rather 
worse than at the end of March. The principal in- 
dustries in which there was a net increase in unemploy- 
ment included coal mining, slate quarrying, the pottery 
and glass industries, iron and steel manufacture, 
engineering, iron founding and most other metal 
trades, the textile and leather trades, and boot and 
shoe manufacture. On the other hand, there was a 
further seasonal improvement in the building industry, 
in a number of clothing trades and in the motor vehicle 
industry. Employment also improved in the tinplate 
industry. 





Among the workpeople, numbering approximately 
12,100,000, insured against unemployment in Great 
Britain and Northern Ireland, the percentage unem- 
ployed in all industries taken together was 14-6 at 
April 28, 1930, as compared with 14-0 at March 24, 
1930, and 9-8 at April 22, 1929. The percentage 
wholly unemployed at April 28, 1930, was 10-8, as 
compared with 10-6 at March 24, 1930; while the 
percentage temporarily stopped was 3-8, as compared 
with 3-4. For males alone the percentage at April 28, 
1930, was 14-9, and for females 13-8. At March 24, 
1930, the corresponding percentages were 14-5 and 
12-8. 





In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during April resulted in a decrease of about 23,100/. 
in the weekly full-time wages of 268,000 workpeople, 
and in an increase of 3,100/. in those of 89,000 work- 
people. These figures do not include the decreases 
sustained by some of the workpeople in the wool 
textile industry of Yorkshire, in which a dispute 
arising out of proposed reductions in wage rates began 
in April, and is still in progress. The greater part of 
the reduction occurred in the textile group of industries 
largely as the result of the operation of cost-of-living 
sliding scales. The cost-of-living bonus paid to hosiery 
workers in the Midlands was reduced by one penny 
on each shilling earned, and the cost-of-living wages 
of bleachers, dyers, &c., were reduced by amounts 
equivalent to about 4 per cent., or slightly over, on 
current wages in Yorkshire, and by 2s. 4d. and 1s. 4d. 
per week for men and women respectively in Lancashire 
and Scotland. In the jute trade the minimum rates 
fixed under the Trade Boards Acts were reduced by 
4 per cent. for pieceworkers, and by corresponding 
amounts for other classes of workers. 





The workpeople principally affected by increases 
were mainly in the metal industries. Plain time- 
workers, 21 years of age and over, employed in the 
shipbuilding and ship-repairing industry, received the 
balance of the increases necessary to make wages up 
to the new national uniform time rates (increases up 
to 2s. per week having taken effect in January); and 
iron puddlers and iron and steel millmen in the Midlands 
received an increase on their basis rates equivalent to 
nearly 2 per cent. on current wages. During the 
first four months of 1930, the changes reported to the 
Ministry of Labour in the industries for which statistics 
have been compiled have resulted in net increases of 
about 26,100/. in the weekly full-time wages of 392,000 
workpeople, and in net decreases of 63,5501. in those 
of 704,000 workpeople. 


The number of trade disputes involving stoppages of 
work, reported to the Ministry of Labour as beginning 
in April, was 27. In addition, 13 disputes which began 
before April were still in progress at the beginning of 
the month. The number of workpeople involved in 
all disputes in April (including workpeople thrown out 
of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes), 
was about 110,000, and the aggregate duration of all 
disputes during April was about 1,300,000 working 
days. These figures are much larger than those for 
recent months owing to the dispute in the wool textile 
industry in the West Riding of Yorkshire and part of 
Lancashire, which began in April. The aggregate 
duration of all disputes in progress in the first four 
months of 1930 was about 14 million working days, 
and the total number of workpeople involved in these 
disputes was nearly 140,000. 








The terms of an agreement, entered into by the 
Raleigh Cycle Company, Limited and the trade unions 
to which the company’s employees belong, are given 
in the May issue of the Record, the organ of the 
Transport and General Workers’ Union. Piece-work 
prices are to be arranged by discussion with the work- 





the membership had increased by 18,000. 





people, and failing mutual agreement between the 


| rate fixer and the work-people, a list of prices is to 
be furnished to the officials of the unions, who will 
negotiate with the management. Prices once estab- 
lished are not to be altered unless the means or method 
of manufacture are changed, and they are to be such as 
“to enable all workers to earn time and one-third.” 
In view of the fact that the employees are prepared to 
work the full 47 hours instead of 46 hours 40 minutes 
as at present, the company have given way on the 
question of Saturday morning. During the busy time 
some of the departments will work on Saturday 
morning, but this will be done under the same condi- 
tions as at present. Double time is to be paid for work 
done on Christmas Day and Easter Monday, and 
time and a half for work done on Easter Tuesday, 
Whit Monday and Tuesday, August Bank Holiday 
Monday, Tuesday and Wednesday, and Boxing Day. 





During the past nine years the Amalgamated Society 
of Woodworkers has paid out 596,7111. in sick benefit, 
545,871/. in superannuation benefit, 655,734/. in unem- 
ployment benefit and 923,583]. in strike pay. “‘ These 
figures,” it is claimed, ‘‘ are impressive, and speak 
volumes for the effectiveness of the organisation from 
every standpoint.” 





On May 15, the number of unemployed workers 
receiving relief in Germany was 1,953,000, an increase 
of 826,000 as compared with the position a year earlier. 
In addition, 800,000 were only partially employed. 
These were not, however, in receipt of relief. 





On May 19, the numbers of persons on the registers 
of Employment Exchanges in Great Britain, were 
1,170,700 wholly unemployed, 491,400 temporarily 
stopped, and 97,400 normally in casual employment, 
making a total of 1,759,500. This was 20,015 more 
than a week before. The total on May 19, 1930, 
comprised 1,248,500 men, 46,500 boys, 419,400 women, 
and 45,100 girls. 





At a meeting of the Unemployment Grants Com- 
mittee on Monday, Lord St. Davids in the chair, 
a number of schemes of work submitted by local 
authorities and other statutory bodies for the relief 
of unemployment were approved for Government 
grant. The estimated cost of the schemes so approved 
was 1,417,0001., to provide employment for approxi- 
mately 4,000 men. Schemes before the committee 
for approval, which are now the subject of inquiry, 
number 728, and are estimated to cost 12,982,000). 





According to provisional data at the disposal of 
the Supreme Economic Council of the Soviet Union, 
the seven-hour day has led to an increase in individual 
output, a corresponding rise in wages, an increase 
in the number of workers employed, and a reduction 
in the number of industrial accidents. In 40 metal- 
working, mining and chemical undertakings, in which 
the seven-hour day was introduced during the first 
three-quarters of the financial year 1928-29, the 
average production increased by 24 per cent. in the 
fourth quarter. In 67 large undertakings, in which 
the introduction of the seven-hour day reduced hours 
of work by 14:3 per cent., the number of workers 
employed increased by 9-5 per cent., nominal wages 
by 4:4 per cent., and daily output per worker 
by 6-4 per cent. In the textile industry costs 
were appreciably reduced, and there was an increase 
in individual output varying between 8-5 per cent. 
and 9-5 per cent. In the whole group of undertakings 
in which the seven-hour day was introduced, the 
number of workers employed increased by 14 per cent. 
in heavy industry, and by about 8 per cent. in light 
industry. It should be noted, however, that favourable 
results have been obtained only in those undertakings 
in which steps were taken to prepare for the intro- 
duction of the seven-hour day and in which the 
importance of the reform was carefully explained to 
the workers. 





The Bombay Millowners’ Association have addressed 
a letter to a number of important employers’ asso- 
ciations asking for their active support for a movement 
to establish an All-India Employers’ Federation. The 
organisations communicated with have been requested 
to forward their views in respect of: (1) Whether it 
would be,advisable to establish a federation of employers 
associations; (2) whether they would be prepared to 
become members of this federation if and when 
established ; and (3) whether they would be prepared 
to send one or more delegates to a meeting to be 
held in Bombay in 1930, for the purpose of discussing 
the details incidental to the establishment of the 
federation. Details regarding eligibility for member- 
ship, annual subscription, &c., have been left to a 
sub-committee which it is proposed to appoint, 
the idea receives general support. 
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THE’ STEAM TURBINE AS APPLIED 
TO BORE-HOLE PUMPING.* 


By J.-F. Hasetpryg, M.C., M.Inst.C.E. 


THE choice of the particular type of prime mover to 
be used in a pumping plant is one which has often to 
be considered by water engineers. The selection of 
steam, town gas, electricity, or oil, must, to a certain 
extent, depend on local conditions. Itis, therefore, not 
possible to recommend any particular type of power as 
applicable to all cases. In the case under consideration, 
the Roestock pumping station of the Barnet District 
jas and Water Company, neither town gas nor electri- 


city was available, but the station was already provided 
with a boiler house and chimney, the existing steam 
plant at the station being a reciprocating plant operated 
by a compound condensing steam engine. Oil was 
considered, but, owing to the fact that oil is at present 
an imported product, and also to the fact that steam 
was available, the final investigations were taken on 
the lines of steam as a prime mover. The pump was 
to be installed in a borehole of a maximum diameter 
of 36 in., and the pump was to be capable of raising 
water at the rate of 1,500,000 gallons per 24 hours 
from the borehole, at a depth therein of 200 ft. below 
the ground level, and discharging into the mains of 
the company against a head, including friction, of 
y -" a. ground level er a total maximum head 
of 550 ft. 


_— 


* Paper read before the Institution of Water Engineers 











on Wednesday, May 28, 1930. Abridged. 





Three schemes were eventually considered, in each 
sans the pump being of the multi-stage centrifugal 
ry pe -— 

Scheme A was for a high-speed vertical compound 
engine of 300 h.p., driving, by means of rope trans- 
mission, a horizontal spindle multi-stage high-lift 
centrifugal pump, the shaft of which was extended 
and fitted with skew-bevel gearing driving a vertical 
spindle multi-stage centrifugal pump in the bore hole. 

Scheme B was for a triple-expansion high-speed 
engine arranged to drive a similar arrangement of 
pumps, but in this case gear drive was substituted 
for the rope transmission. 

Scheme C was for a vertical spindle steam turbine 


















































of 275 brake horse-power driving through a gearbox a 
vertical spindle turbine borehole pump. (Figs. 1 to 4.) 

Scheme A was estimated to cost 3,3771., Scheme B 
3,8491., and Scheme C 3,500/., these prices being for 
plant erected complete on foundations to be provided 
by the water undertaking. 

The estimated steam consumptions, in lb. per 
W.H.P. per hour, were as follow :— 


Scheme (A) “4 Bre gue ee 22-0 
|: ne es 7 20-5 
a= 0 SONNY ux dee. * Mesas Saag 17-8 


with steam provided at a pressure of 150 lb. per 
square inch, and with a superheat of 200 deg. F. at 
the stop valve. It was considered that Scheme C, 
although slightly more expensive in first cost than 
Scheme A, would take up less room and, in addition to 
the economy in steam consumption, would save in cost 


The duty is performed by a single borehole pump 
without the aid of an auxiliary force pump. The pump 
is made up of four stages. The end covers and middle 
bodies are of cast iron secured together by high- 
tensile internal tie bolts. The single suction impellers 
are of bronze, the guide rings of bronze, and the 
pump shaft of steel protected by renewable bronze 
sleeves in the water spaces and glands. The pump 
bearings are lined with lignum vite dependent upon 
water for lubrication. 

As is well known, the single-suction impeller de- 
velops a considerable downward thrust, and to counter- 
act this a balance piston is fitted. The action of the 
balance piston may readily be understood by reference 
to Fig. 6, page 714. The leakage water from the 
last impeller builds up a pressure in the annular space 
on the underside of the balance piston. The area of the 
underside of the piston is made of such proportions that 
the pressure exerted is sufficient to overcome the down- 
ward thrust of the impellers. With any increase or de- 
crease in the head generated by the pump the pressure 
on the balance piston varies in proportion, so that the 
hydraulic thrust of the impellers is balanced to within 
fine limits for all conditions of head. It will be 
appreciated that the pressure on the underside of 
the piston will not be built up until the pump is 
running at some speed, and under starting conditions 
such hydraulic thrust as may be generated is taken 
by a Michell thrust bearing. 

Whilst dealing with the question of hydraulic 
balance, it may be of interest to remark that, in those 
cases where the water contains sand in considerable 
quantities, it is usual for manufacturers to omit the 
balance piston, as the abrasive action of the fine 
sand particles would in a short time cause such wear 
of the parts as would seriously impair the efficiency 
of balancing. In these situations the pump can be 
arranged with balance holes on the impeller or the 
Michell thrust bearing at the wellhead can be utilised 
to deal with the hydraulic end thrust, in addition 
to the static load due to weight. The impeller 
design of vertical centrifugal pumps with short 
lengths of shafting is often so arranged that not 
only is the hydraulic end-thrust balanced, but a 
definite upward thrust is provided to counteract the 
weight of the transmission shaft and pump rotor. 
It will be appreciated that such an arrangement is 
not desirable in the case of borehole pumps with long 
transmission shafts of from 100 ft. to 400 ft. in length, 
as a reaction of this kind would place the shaft in 
compression when from all mechanical points of view 
it is desirable that the shaft should be in tension. 

Twenty feet of welded steel suction pipe, terminated 
by a long strainer of fine mesh, is fitted to the suction 
branch of the pump. It is most advisable that this 
strainer should be of ample proportions to avoid 
the possibility of partial or entire clogging. Should 
necessity arise for cleaning the strainer, and the 
usual method of back flushing fail to remove ob- 
structions, it would be necessary entirely to dismantle 
the pump and rising main to clear the strainer. 
The rising main is made of welded-steel pipe, with 
welded-steel flanges, constructed in lengths which 
depend upon the spacing of the transmission shaft 
steady bearings. The pipes are } in. thick, coated 
inside and out with a bituminous solution. The 
flanges are machined accurately on the face and 
edges, and between each length of rising main is fitted 
a cast-iron register plate with radial streamline ribs 
to form the ports for the uprising column of water. 
A central hub houses the transmission shaft steady 
bearing with its lignum vite liner. The transmission 
shaft is made of mild steel turned all over, with a 
renewable bronze protecting sleeve where it passes 
through the lignum vite bearing liner. 

The length of each section of the transmission shaft 
is determined with due regard to critical speeds. The 
shaft is made up in 8-ft. lengths and the diameter is 
3 in., so that the first critical speed occurs at 30 per 
cent. above normal running speed of 1,150 r.p.m. Itis 
not necessary, of course, that the running speed should 
be below the first critical speed. Many entirely 
successful plants are running at speeds above the 
first critical speed and between the first and second 
critical speeds. The question is one which is decided 
by the relation of power to be transmitted, speed of 
shaft, and convenient diameter. In cases similar to 
the plant at Roestock, where the prime mover is of 
an extremely flexible character, full advantage must 
be taken of speed regulation, and in this case this is 
a strong reason for keeping the running speed below 
the first critical speed. 

The couplings are of the muff type, of lowest possible 
safe diameter to reduce windage losses, and fitted to 
the coned ends of the shaft, the drive being transmitted 
through six taper pins of stainless steel, the latter 
ensuring ready withdrawal should occasion arise for 
dismantling. The pins are stressed to 3,500 lb. per 
square inch, and the driving end of the transmission 





of foundations and buildings. It was therefore accepted. 


shaft to 6,000 lb. per square inch. The constant 
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torque of a turbine drive enables the pin type of coup- 
ling to be adopted, but where reciprocating Diesel or 
steam engines are used with a comparatively high 
degree of torque irregularity, a modified screw locked 
type of coupling, driven through feathers on the 
conical shaft end, is often fitted. In those cases where 
running conditions call for extremely long shafts, 
the manufacturers on occasion use both types of 
coupling even though the prime mover be of the 
steady torque type, the pin type of coupling being 
fitted in the lower half of the shaft length, and the 
screw locked type of coupling in the upper half. 

The weight of the suction pipe, pump, rising main 
and shafting is supported at floor level by a cast-iron 
combined delivery cover and branch; this in turn is 
bolted to a substantial cast-iron baseplate. Where 
the transmission shaft protrudes through the delivery 
cover, a stuffing box and gland are provided to prevent 
leakage, and the free end of the shaft is fitted with 
one half of a flexible coupling. A substantial cast-iron 
thrust pedestal is also bolted to the baseplate and the 
Salalah teageaniie the turbine and gears and houses 
the important thrust element. 

The thrust pads of the Michell bearing at Roe- 
stock are six in number, supporting a load of 
5,000 lb., which gives a bearing pressure of 205 Ib. 
per square inch. Each pad is so made that it can 
pivot on a hardened-steel spherical bearing, so that 
when the thrust collar rotates a wedge-shaped oil 
film is formed and maintained. Whilst this wedge is 
almost immeasurably thin, it is customary in good 
practice to allow of from 0-010 in. to 0-020 in. axial 
clearance. It is important to feed the oil to the centre 
of the pads so that it may flow outwards across them 
and return to the sump or cooler from the outer edge. 
A gauge is fitted to enable the engine attendant to 
see at a glance if the pads become worn. A pointer 
secured to the thrust housing coincides with a line 
marked on the thrust shaft at normal position. Wear 
will cause the shaft to drop, and the pointer will 
indicate the line below its normal position. It 
will be appreciated that, with the long length of 
elastic material from which the rising main and 
shafting is made, in spite of most accurate machin- 
ing the total error in length added to the margin of 
error in calculated elongation makes it necessary when 
the pump is erected to provide an adjusting plate or 
similar device, which is shown in Fig. 6. 

This plate is machined to final dimensions 
when the pump is erected. 

The steam turbine driving the pump 
is of the vertical impulse type. As 
designed, the turbine has a substantial 
margin of critical speed, i.e., the first 
critical speed is well above the run- 
ning speed of the unit. This condi- V} 
tion eliminates risk of vibration and 
shaft deflection. As will be seen from 
Fig. 5, the turbine proper consists 
of one two-row wheel and five wheels 
carrying single rows of blades. The 
rotor itself is turned from a single solid 
forging. To make quite sure that the 
forging is sound in every way, a hole is 
bored up the centre and the interior 
surface is carefully examined by the 
optical method to ensure that there are ““S 
no slag inclusions or other imperfections. 
As a further safeguard the borings are 
submitted to scrutiny in the laboratory. 
The blades of the rotor are made of stain- 
less steel, machined from the solid ma- 
terial. The blade root is of the serrated 
type which fits into similar serrations 
on the periphery of the wheel. This 
arrangement is such that the spacer 
is one with the blade root giving the 
greatest possible strength at a point which in many 
designs is the weakest. The high-pressure nozzles are 
milled out of a solid steel block and are shaped to 
give high efficiency. The subsequent nozzles or nozzle 
diaphragms are made of cast iron with the nozzle 
division plates cast in, the material of these being of 
a rustless composition. 

Steam is admitted throigh the stop valve and the 
speed is controlled by means of a special governor. 
The moving part of the governor consists of a 
diaphragm which is subjected on the underside to 
the pressure generated by the borehole pump. A coil 
spring is mounted on the upper side of the diaphragm 
set to give normal running speed corresponding to 
normal delivery head. Should the pressure rise above 
normal for reasons connected with the supply system, 
the hydraulic pressure on the underside of the dia- 
phragm overcomes the spring or vice versa, if the pres- 
sure falls below normal the spring overcomes the pres- 
sure on the diaphragm, and, this movement being 
transmitted through suitable levers to the throttle 
valve, the speed of the turbine is so varied that the 
delivery pressure of the pump is maintained approxi- 





(2063. 8) 








mately constant over a considerable range of quan- 
tity. From the throttle valve the steam passes 
through an emergency valve of the butterfly type 
into the high-pressure nozzles. The emergency valve 
is operated from the low speed or gear wheel shaft 
by means of an unbalanced ring. Should the speed 
of the turbine exceed a predetermined amount, the 
ring, being unbalanced, compresses the spring and 
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pump, and an extension of the extraction pump drives 
the tachometer and revolution counter. C4 

The reduction gear consists of a nickel steel pinion 
and a cast-iron wheel. The pinion is cut from the 
solid shaft and is bolted to the end of the turbine 
rotor. The wheel is made up with a cast-iron centre 
hub on to which is shrunk a steel shrouding, the 
teeth being generated on the shrouding. The gear 


Fig. 
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flies out, knocking off a lever which, in turn, trips 
the butterfly valve and shuts down the turbine. 

The static load of the turbine rotor is taken by a 
Michell thrust bearing fitted at the top of the shaft, 
the thrust bearing being supplied continuously with 
oil from a mechanically-driven oil pump (Fig. 9.) This 
pump is driven by means of a worm on the bottom 
end of the turbine shaft which drives on to a lay shaft. 
At one end of this lay shaft the oil pump is mounted. 
This is made of two helical wheels running together. 
The other end of the shaft drives down through 
bevel wheels and suitable bearings to the extraction 
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teeth are accurately cut single-helical teeth, the 
inclination so arranged that when the turbine is 
running the tendency is to relieve a proportion 0! 
the end thrust on the turbine shaft by virtue of the 
angle of the gears. At the point of contact the teeth 
are submitted to sprays of oil, the latter being provided 
by the main forced lubrication pump of the turbine. 
The oil pump takes its oil from a tank mounted in 
the base of the set, and a detachable strainer 's 

rovided to keep out foreign matter, this straincr 
ae readily removable for cleaning. An auxiliary 
plunger pump, steam driven, is provided for supplying 
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oil pressure when the turbine is started up or shut down. | ELECTRICITY SUPPLY IN EDINBURGH. 


To prevent reversal of the turbine when the plant 
is shut down, an oil-operated ratchet is provided, 80 | 
arranged that when the oil pressure falls a pawl comes 
into operation and engages with serrations on the | 
turbine shaft. This fitting is necessary as reversal | 
of motion would mean that the oil pump would tend 
to suck the oil from the lubricating system, and this | 
would possibly cause the bearings to seize up and the 
thrust bearing to fail. 

The steam from the turbine is exhausted into a 
condenser of the surface type. The total surface of | 
the condenser is 300 sq. ft., and there are 184 1]}-in. | 
external diameter 16 L.S.G. thick tubes. The whole 
of the water discharged by the borehole pump is 
passed through the tubes in two flows. The con- | 


| the outlying districts. The development was so rapid 


Tue history of electricity supply in Edinburgh dates 
back to 1891, when the Corporation was constituted an 
undertaker, while the first station, which was erected 
in Dewar Place, began operationsin 1895. The systems 
adopted were the direct-current three-wire at 230/460 
volts for the centre of the city and the single-phase 
alternating at 2,000 volts and a frequency of 50 for 


that in 1899 a second station in McDonald Road was 
opened, and these two plants continued to meet the 
demand satisfactorily until 1914. In that year, owing 
to the extension of the area and the increase in load, a 
site of 32} acres was purchased on the sea front at 
Portobello, and plans were prepared for the erection of 


denser is of the floating header type, the tubes being | # third station. This work was held up by the war, 
expanded at one end into a fixed header and at | and when the embargo was removed in 1919 the Cor- 
the other end into a floating header, so that | poration, after careful consideration of the technical 
any expansion that may occur due to change of | and economic questions involved, decided to proceed 
temperature does not cause distortion of the tubes. on a much larger scale than had been originallyintended. 
This form of construction confines the high-pressure | The site is capable of accommodating 150,000 kw. of 
zones to the headers and tubes, from which it will | Plant, but it was arranged to build the first section, 
be appreciated that the body of the condenser can | Which had a capacity of 55,000 kw., and to install 
be made comparatively light. The headers are made | 37,500 kw. to begin with. The details of this station, 
of a Diesel mixture of cast iron, and the tubes of an | which was opened by H.M. the King, on July 11, 
alloy of 70 per cent. copper and 30 per cent. zinc. | 1923, have been fully described in ENGINEERING, * 
Reference to Figs. 1 to 3 will show that protection | 4nd it will be sufficient to say that the equipment 
must be given to the condenser against sudden reversal | consisted of six 80,000-lb. boilers, which supplied 
of flow in the event of a shut down of the turbine. | steam at a pressure of 300 Ib. per square inch and a 


It will be observed that a reflux valve is fitted on the | 
discharge branch of the condenser, and also a relief 
valve is provided in the main beyond the position of 
the reflux valve. The risk of fracture to pipes is | 
substantially reduced by this arrangement. 

The air pumps are of the Allen steam-jet type. | 
A primary and secondary jet are used. The primary | 


| §,000-kw. unit was transferred from McDonald Road, 


temperature of 700 deg. F. to three 12,500 kw. turbo- 
alternators generating three-phase current at 6,600 
volts and a frequency of 50. A further set of the same 
output was added in 1924, and in the same year a 


thus bringing this part of the station up to its capacity. 
Estimates of the growth of the load showed that in 





steam jet withdraws air and vapour from the condenser | 1928 further plant would be required to cope with the 
and discharges it, together with the steam used in the | demand and plans for the necessary extension were, 
jet itself, into the first condensing compartment. The | therefore, prepared in 1925. While the preliminary 
secondary ejector withdraws the aerated vapour from | work of clearing the site was in progress, however, 
the first. condensing compartment and discharges it | Portobello was made a “ selected” station and as a re- 
with the steam used in the second jet into the secondary | Sult it was decided to install two 31,250-kw. generators, 
condensing compartment at about atmospheric pres- | 2S well as to construct. the whole of the foundation 
sure. The two jets are mounted in a single casing, raft for the station in its final form. Moreover, the 
and are surrounded by tubes. The condensation in | increased quantity of circulating water required made 
both compartments takes place on the tubes through , it necessary to drive an additional tunnel, making four 
which the main condensate is delivered. The con-|inall. At the sea end this tunnel consists of a vertical 
densed steam from each ejector falls on to the tube | shaft 9 ft. in diameter, from which water is led to the 
plate, through which it drains into a small drainage | pump house 1,625 ft. away through an 8-ft. 6-in. 
chamber arranged at the bottom of each compartment. | horizontal tunnel and a vertical land shaft of the same 
The drainage chambers are provided with hand-con- | diameter. This land shaft is connected to two 72-in. 
trolled valves through which the drainage water is | culverts by a breeches piece, the culverts themselves 
returned to the main condenser. The extraction pump | being connected at the power-house end to the circu- 
is of the vertical type, driven by gearing from the | lating water discharge bus pipe in the pipe annexe to 
turbine. The casing is of cast iron and the single the turbine room.. This new tunnel will be used for 
section impeller of bronze. | discharge purposes only, though provision has been 

The following were the guaranteed performance | made for its connection to the suction side. The work 
figures :— }in connection with this part of the extension was 
|carried out by Messrs. John Angus and Sons and 
Messrs. John Best (Edinburgh), Limited, the former 


Steam Turbine. 
Continuous rating, brake horse-power 275. 


Revolutions per minute oo ce Oe firm also being responsible for the raft and buildings. 
Pressure at turbine stop valve in lb. per | Two new electrically-driven circulating pumps, manu- 
square inch ... eee eee «-- 150. |factured by Messrs. W. H. Allen, Sons and Company 
a deg. F. see ee se» 200. | Limited, of Bedford, have been installed, each of which 
acuum, in. Hg. (bar. 30 in.) ... --+ 28 in. | has an output of 30,000 gallons per minute. The ori- 


S ion Ib. o- . 
yerscinen peg - por baske hone | ginal pipe work between the pump house on the sea 


Fullload ... D2) BEG | wall and the station has also been augmented. 
| 


Three-quarter load ee soo BES As regards coal supply an additional 1,800 yards of 
Half load ... ee a. rams * ce | single-track sidings have been laid together with three 
fem |capstans, a weighbridge and a wagon tippler. The 


|main conveyors and elevators permit a duplicate 
Gallons per minute... 1 : | supply to be given to every bunker and have a capacity 
Total head from all sources... ... 550 ft. | of 100 tons per hour. The necessary equipment for 
Pump efficiency, 7.¢e., W.H.P./B.H.P. 76 percent. | this purpose was manufactured by Messrs. Babcock and 
Approximate revolutions per minute... 1,100. | Wilcox, Limited, of London, and the Ritchie-Atlas 
Saereate ieom coming, Ib. per Engineering Company, Limited, of Glasgow, the 

pe ines eee —— — by 17-8 | capstans being supplied by Messrs. James A. Liddle of 
ae oe Gorgie, Edinburgh. The new steam-raising plant, 

The official trials of the plant were made on) which is installed in two boiler houses, consists of eight 
August 24, 1927, and the actual figure obtained was |tri-drum boilers with integral superheaters, tri- 
17 lb. per W.H.P. per hour, the condenser giving a| drum economisers and air heaters. These boilers, 
somewhat better vacuum than that guaranteed.| which were manufactured by the Stirling Boiler 
Correcting for vacuum the consumption would be|Company, Limited, of London, are equipped with 
17-45 lb. per W.H.P. per hour, which is well within | Babcock and Underfeed stokers, and supply steam at a 
the makers’ guarantee. | pressure of 300 lb. per square inch and ; temperature 
6 of 700 deg. F. The output of four of the units is 

(To be continued.) ; 80,000 lb. per hour, while that of the other four is 

| 90,000 lb. Balanced draught is provided by electri- 
Sprinc-MAkING MACHINERY IN CaANADA.—The Depart- | cally driven Sirocco fans, and a full equipment of 
ment of Overseas Trade, 35, Old Queen-street, London, | indicating instruments is mounted on a panel between 
8.W.1, informs us that a firm in Montreal, Canada, at | each pair of boilers. The corresponding recording 
present manufacturing springs for railways, etc., wishes to | instruments are placed in a separate cabin in the pipe 
extend its activities to include the manufacture of as| annexe, An indicator showing the total electrical 
Deine, eee Te ee eee. toy ception | load on the station is also installed in each boiler house. 
the firm desire ‘to receive be ote 0 and sulene a spring- | The ashes eid removed from the hoppers in bogie- 
making machinery of United Kingdom manufacture to | mounted skips, and are conveyed to the collecting 
enable them to reach a decision in the matter. British | hopper by telphers, manufactured at the Fraser and 
firms interested in this question can obtain further parti- | Chalmers Engineering Works of the General Electric 


Design Duty. 
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Company at Erith. There are four steam-driven and 
two electrically-driven feed pumps, each with an out- 
put of 20,000 gallons per hour, while two de-aerating 
units of the physical type, each of which is capable of 
reducing the oxygen content of 600,000 lb. of condensate 
per hour from 2 to 0-5 cub. cm. per litre have also been 
installed. The feed pumps were manufactured by 
Messrs. Mather and Platt, Limited, of Manchester and 
the Harland Engineering Company, Limited, of Man- 
chester and the de-aerating plant by Messrs. W. H. 
Allen, Sons and Company, Limited, of Bedford, and 
the Mirrlees-Watson Company, Limited, of Glasgow, 

The two new generating sets are designed for a 
maximum continuous output of 31,250 kw. at 6,600 
volts and a frequency of 50 when running at 1,500 
r.p.m. The turbines, which were supplied by 
Messrs. British Brown-Boveri, Limited, of London, 
are of the three-cylinder type with a double exhaust and 
two condensers per set. The condensers are of the two- 
pass type and have a cooling surface of 16,140 sq. ft. 
Air extraction is effected by three-stage steam jet 
ejectors, which are provided in duplicate and, like 
the condensers, are of Messrs. W. H. Allen’s manu- 
facture. The condensate pumps are in duplicate and 
are driven by an electric motor and steam turbine 
respectively. The alternators were also supplied by 
Messrs. British Brown-Boveri, and are ventilated 
on the closed circuit system by a fan on each end of the 
rotor. The air coolers are supplied with sea water. 
The stator windings of these machines are equipped 
with Merz-Price circulating current protection, a field 
suppression switch being fitted, which automatically 
cuts off the supply from the over-hung exciter, and 
short circuits the rotor through a resistance of low 
ohmic value when a fault occurs. The main switchgear, 
which was manufactured by Messrs. Metropolitan- 
Vickers Electrical Company, Limited, of Manchester, is 
of the metal-clad compound filled type with duplicate 
*bus bars. The circuit-breakers are operated by sole- 
noids and have arupturing capacity of 1,500,000 kv.-a., 
while those on the generators are designed to carry 
3,500 amps. continuously. As it is intended to operate 
the system in two sections a set of 2,000 amp. reactors 
has been installed as ’bus bar couplers. These can be 
isolated or short-circuited as desired. 

The whole of these extensions were carried out to the 
designs of Mr. Edwin Seddon, M.I.E.E., engineer and 
manager of the Edinburgh Electrical Department, and 
were formally opened by Lieut.-Colonel the Right Hon- 
ourable Wilfrid Ashley, M.P., on Wednesday, April 30. 





ARTICULATED STEAM RAIL 
COACHES FOR THE EGYPTIAN 
STATE RAILWAYS. 


Some months ago Messrs. The Birmingham Railway 
Carriage and Wagon Company, Limited, of Smethwick, 
received an order for 13 steam rail coaches for service 
on the Egyptian State Railways, and most of these 
vehicles are now under construction at the company’s 
works. Two of the number are single-unit cars for the 
conveyance of mails, perishable goods and animals, while 
the remaining 11 are of the articulated type and are to 
be used for passenger transport. The articulated 
coaches are made in two parts, the adjacent ends of 
which rest on a central four-wheeled bogie, on which the 
engine and boiler are also mounted, while the outer 
ends are carried on four-wheeled trailing bogies. Two 
types of accommodation are provided in these vehicles, 
one being arranged for first, second and third-class 
passengers, and the other for second and third-class 
passengers and luggage. One of the latter type, 
six of which have been ordered, has recently been com- 
pleted and was given a trial run on the Metropolitan 
Railway, between Wembley Park and Aylesbury, on 
Wednesday, March 26. A photograph of this coach is 
reproduced in Fig. 4 on page 716, and Figs. 1, 2 and 3 
show its general arrangement. 

From the plan, Fig. 3, it will be seen that there is a 
driver’s compartment at each end of the vehicle, 
while the left-hand portion, as there drawn, contains a 
luggage compartment, a lavatory, a second-class 
hareem compartment for four passengers, a second- 
class compartment for 16 passengers and a third-class 
compartment for 25 passengers. Adjoining this is the 
engine and boiler compartment, which is located over 
the articulated portion of the coach,while the remainder 
of the right-hand portion of the vehicle, as drawn in 
Fig. 3, is occupied by a compartment with seating 
accommodation for 70 third-class passengers. The 
arrangement of the access doors for each compartment 
will be clear from Fig. 3 without explanation. 

The coach is of mild-steel construction throughout, 
the underframe, which is integral with the body, being 
built up of light rolled sections and pressed members, 
and the solebars, longitudinals and crossbars being 
continuous throughout their length. The body is 
constructed of mild-steel plates, reinforced with light 





culars on application to the Department at the above | 


address, quoting Reference No. A.X. 9572. * See ENGINEERING, vol. cxii, page 422 (1921.) 


pressed-steel pillars and carlines, and with longitudinal 
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Fig. 5. ENGINE WITH CRANKCASE CovER REMOVED. 





Fie. 6. ENGINE AND GEAR Box. 




















Fie. 7. Gear Box. 


crankshaft, so that the gear losses are allowed for. 
The present car is designed for 2 maximum speed of 
45 m.p.h., but it would be possible, by modifying the 
cylinders and gear ratios, to obtain the same starting 
effort with a maximum speed of 60-65 m.p.h. 

As already mentioned, the coach can be controlled 
from driver’s cabs at either end. A group of three 
levers controlling the throttle valve, vacuum brake and 
valve quadrant, respectively, is conveniently placed to 
the right of the driver’s seat, as shown in the plan Fig. 3. 
The vacuum brake operates blocks on one side of each 
wheel of both trailing and power bogies, and sand 
boxes, operated by pedal from the engine cab, are pro- 
vided for each wheel of the power bogie. The coach 
18 generally driven on the valve quadrant, with which 
cut-offs ranging from 10 per cent. to 80 per cent. can be 
obtained. The main stop valve is operated from the 
engine compartment and, when closed, this, of course, 
puts the driver’s throttle valve out of action. In 





addition, each driver’s 
cab is provided with 
emergency and equaliser 
valves for the vacuum 
brake, a screw hand 
brake, a steam-whistle 


control, a Klaxon horn Fic. 


operated by a push 

button, a duplex vacuum 

gauge, and a steam-pressure gauge. A speaking tube 
and signal bell are also provided for communication 
with the engine cab. 

The average coal consumption is given as 11 Ib. per 
mile and the water consumption as 6:4 gallons per mile, 
while the consumption of lubricating oil is about one 
gallon per 500 miles run. The main dimensions of the 
coach are given in Figs. 1, 2 and 3, so that they need 
not be repeated here, but we may mention that the 





total weight of the vehicle, complete with fuel and 











8. CompLEeTE Power UNIT. 


water, is 51 tons 10 cwt., of which 30 tons is carried on 
the power-unit bogie and 10 tons 15 cwt. on each of the 
trailing bogies. The axle boxes of the latter, it may be 
added, are fitted with Timken-type roller bearings. 


Tue INstTITUTE OF TRANSPORT.—The eleventh annual 
dinner of the Institute of Transport will take place at 
the Connaught Rooms, Great Queen-street, London, 
W.C.2, on March 5, 1931. 
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OPERATING RESULTS WITH THE | Pwr yg — the aor Pi — + ag rll 0g o- is pe ce ag ri yor tube 
| adopted, but this was later abandoned in favour of | plates, the ets are collected in a tray and a spray 

wont a een NS AT BARTON | shooting leather bullets through the tubes by com-| of towns’ water cleans them, and also helps to keep 

™ : pressed air. This effects a great economy in cost| the atmosphere 'in the water heads fresh. Bullets 

By H. L. Guy anp H. C. Lams, MM.I.MeEcu.E. hee time the set is kept out of commission. Fig. 15| very rarely jamb in the tubes, and no condenser leakage 
(Concluded from page 686.) | shows the type of bullet used. The gun is home made, | has been caused by shifting the tubes in their gland 

— a ble th ti Its of th actually contrived from a locomotive whistle, and| packings by the air pressure. As a general rule, 
BP set src fg ao a p Rag seni. | oor pbiegse | operated with an air pressure of from 70 Ib. to 80 lb. | condensers are cleaned at Barton when the vacuum 































































































generally available the considerable amount of data | TABLE L.—Bomznr-Hovss Anatyan. 

necessary to develop an ordered system of station | a ae ee ee sn ee 7 mas 

thermal accounts, details are presented and analysed 7 ; | | | | a | 

in Tables L, M and N, on this pag2 and on page 720,| ! r= . ‘ : ° | f | . 

relating to each of the concluding six months of 1929. |} ———————_ ; 

The seasonal variations of a year are therefore covered, | | Date, 1929 eee _ Month | July. | August. | September.| October. | November./ December 

but not duplicated. The method adopted consists| 1 | Average pressure at boiler ey ; | weil ans a6 one me 
. : TS | . per sq. in. g. | 37% 376 

broadly in separating the engine-room performance | 2 | Average temperature at boiler stop valve | | 

into engine rooms A and B; determining the efficiency deg. F. 704 698 | 704 707 703 712 

of the common boiler house and, by combining this; 3 » ” feed water to | seit | sd on Rae mas “ 

i ini : : | miser .. ot Es és deg. F. 247 27 2 2 242 
with the former, determining the efficiency of station! 4 | pojler steaming hours |... Hours | 3,732°75 | 3,447°75 | 3,494-25 | 4,045-25 | 4,244-25 | 4,238-75 
A and station B separately. | 5 | Total steam delivered to engine room (feed | 

The overall station efficiency is also obtained from berg a) —— os aoe ub. |317,155,200 297,100,100 |302,168,000 maar panera wee x4 

-: . 6 | Total fuel consume os os .. Tons | 17,782 16,363 | 16,5 ,071 21,3 21,773 
the kilowatts generated, the coal consumed, and its | 7 | Moisture in fuel as weighed... per cent.| 5-9 | 6-2 4-8 5-5 ‘0 5:8 
average gross calorific value. If this overall efficiency | 8 | Dry ash by analysis .. se nee 14-2 | 14-0 15: 15-1 14-7 14-7 
is compared with that obtained by combining the| 9 | Average higher calorific value B.Th.U. per Ib. | 11,580 11,570 11,562 11,503 11,557 11,560 
separate efficiencies of station A and station B, a check | 1° ee — en ee ee om 7:96 | 8-10 8-16 8-09 7:99 7:72 
is provided on the whole analysis, since a comparison | 11 | Heat supplied per ib. of steam B.Th.U. per lb.) 1,155-4 | 1,124-5 1,124-6 1,139-6 1,138-4 | | 1,165-5 
is thus obtained of the combined station efficiency | 12 Boiler-house plant load factor .. per cent. | 78-09 78-62 82-27 80-20 82-40 81-25 
deduced by two entirely different methods and largely | 1% | Boiler-house efficiency without auxiliaries | | 
from two different sets of observations and data. aoe per cent. | 79-46 78-78 79-36 80-19 80-28 78-91 
Special care was taken in sampling the fuel. a een - & ad —— estes | 
i r Ne Oller-house efficiency, including boiler- | 

Referring next to Table M, the average steam house auxiliaries, based on (13) percent. | 77-42 76-79 | (77-55 78-29 78-23 76-71 
pressure and temperature, Items (1A), (1B) and (2A), N6 | 
(2B), respectively, are the weighted averages of those | 15 | (13) x ( 100 per cent. — =z ) corrected boiler 
observed at the turbine stop valves. The exhaust house efficiency (without auxiliaries) 
pressure, Item (3), is obtained from Kenetometer per cent. 78-67 78-20 | 78-53 79°65 79°59 78-29 
readings. The permissible fall in vacuum from fouling N6 God | 
of the condenser tubes hag been determined by balancing | 16 | (14) * (100 per cent. — —>- ) corrected boiler | | 
the cost of cleaning against the cost of increased fuel, house efficiency (including auxiliaries) | | 
and the inconvenience of holding plant out of commis- sis sina eiiasieiinittlat per cent. | ‘ Pe : Pe rea r Peg " Bide i Ey 
: * Uw . umber of banked boiler hours ss = ,402-25 »242-25 | : Ht : i . F 2 
sion for condenser cleaning. The rate of fouling of | 13 | Number of boilers started up from cold. ||| 24 25 | 26 38 26 28 
the condensers varies. It is found to increase after) 19 | Coal for starting up boilers and banking Tons | 273 | 260 | 220 265 261 295 
heavy rains, and when there is considerable traffic on | 20 —— for —- a. aaa} 7 | 17,509 16,103 | 16,322 18,806 21,132 21,478 

73.2 eS = 21 | Boiler-house efficiency based on 3), but | | 
the Ship Canal. Under some circumstances, sand is corrected for (20)... ..~—sipercent.| 80-68 80:09} 80-42/ 81-28 81-26 79-99 
carried over with the circulating water, and has a 22 | Final flue-gas temperature at base of stack | | 
scouring action which assists in keeping the tubes, | | 4 deg. F. | 296 295 298 297 298 296 
clean. In order to bring any change in condenser! 2° | Average COz content at base of ae aan’ t 11-3 1-1 | 11-2 11-3 11-6 11-6 
efficiency to notice, the vacua, when corrected for| 24 | Calculated boiler efficiency deduced from flue | 
load and circulating-water inlet temperature, are |  gases—5 per cent. for other losses. per cent. | 83-8 83-8 | 83-7 83-8 83-9 83-9 
° ° on ale | | 
plotted against a datum line. Records for July to| 2° | Dry ash trucked off as per cent. of fuel burnt | aa eel ae 
Gr i ‘ m rs ‘ | per cent. | 14-9 15-52 15-8 17-00 15-25 15-30 
December, 1929, are given in Fig. 12, on the opposite | 26 | Unconsumed carbon in dry ash per cent. 14-3 | 13-2 | 12-4 13-7 14-2 | 14-2 
page, and related to No. 4 set. Recording instruments | oe pees = 
TABLE M—ENGINE-ROOM ANALYSIS. 
. --- = —— 7 ] yl | I l \| l || | 7 
1 2 3 4 || 5 sl Ff | * 2 * | 2] s | 12 13 | 14 
| a ene — 
| Date, 1929 a a = a sa Month July. August. September. | October. | November. 1 December. 
. : s - ais —— i ~ aa a | i | | i| 1 re 
Engine room .. its - ae Se os sok” Sie BO a B. || | ae: [ wi B. A. B. i fe - f B 
| , A | A meee | paneer aes mm | me | Cee eee lie A ee 

1 | Average pressure at stop valve .. Lb. persq. in. g. | 354 | 363 || 353 | 367 | 354 359 | 358 360 | 357 363-7 355-7 | 363-5 

2 » temperature at stop valve .. Re deg. F. | 678 691°5 || 677 | 692 | 698 685 | 700 698 |} 688 683 696 | 696 

3 ms pressure at exhaust - .. In. hg. abs. | 1-472 1-251 1-312 1-069 | 1-467 1-195 | 0-960 0-86 0-836 0-799 0-822 | 0-856 

4 »  circulating-water inlet temperature deg. F. | 72°8 72:8 68-2 68-2 69-9 69-9 || 56-0 56-0 | 48-57 48°57 44-37 | 44-37 

5 »  feed-water temperature from engine room | | | 

ie : deg. F. 200 290-2 || 202-9 299 || 204 303-2 || 200 | 304 194-5 304-5 197-8 | 273 

6 | Units generated by main generator ote kw.-hr. |14,397,000}13,770,000)|7,392,000 | 19,988,000) |7,546,000 19,952,000 |12,363,000| 19,936,000) |14,106,000/21,943,000)/14,881,000/21,039,000 

7 ” » auxiliary generators .. 99 383,300 | 291,400 |} 259,400 | 395,600 |} 281,500 | 395,600 || 419,600 | 362,300 400,100 | 421,800 425,400 | 380,100 

8 | Total units generated Re oC ay a5 14,780,300) 14,061,400 ||7,651,400 |20,383,600)|7,827,500 |20,347,600! |12,782,600 | 20,298,300) |14,506,100|22,364,800 15,306,400| 21,419,100 

9 | Engine room and boiler house auxiliaries and service ,, | 937,530 | 658,070 | 602,830 | 829,070 || 638,940 | 763,180 || 988,240 | 684,490 ||1,087,490 | 866,820 |/1,151,050 | 856,000 
10 | Engine room and boiler house auxiliaries and service, in. | Ht 

| per cent. of total (8) oe <* = ee om 6-34 | 4-68 || 7°88 4-07 || 8-16 | 3°75 | 7°73 | 3-37 7-50 3-88 7°52 4-00 
11 | Units sent out by feeders .. = Es kw.-hr. (13,842,770/13,403,330,|7,048,570 |19,554,530/|7,188,560 |19,584,420)|11,794,360 19,613,810) |13,418,610/21,497,980) |14,155,350/20,563,100 
12 | Monthly machine load factor of main set .. percent. | 69-26 7°25 || 70°53 | 84-34 74-03 87-09 || 81-30 | 94-59 78°3' 97-5 | 77°72 | 95-90 
13 | Monthly engine-rcom load factor .. ae percent. | 28-87 46°54 | 31°36 | 70-97 | 32-17 71-29 || 29-75 | 68-90 35-3 74°15 | 33-30 | 69-66 
14 | Average steam consumption per units generated | | | | | | | | | 
| Lb. per kw. 11-134 | 10-261 || 11-045 10-124 {} 11-108 | 10-172 || 10-453 | 9-873 10-689 10-147 10-56 | 9-896 
15 | = heat consumption per units generated | j i| | | | | | | | 
B.Th.U. per kw. 13,247 | 11,338 || 13,102 11,095 | 13,288 | 11,071 || 12,558 10,806 || 12,832 11,018 12,701 | 11,133 
16 | » thermalefficiency of engine room (units generated | | | {| | | | 
percent. | 25-76 | 30-10 || 26-05 | 30-75 25-67 | 30-82 || 27-18 | 31-58 || 26-58 | 30-97 || 26-85 | 30-65 
17 | Loss in steam piping between boiler and turbine stop valve) | i] | | 
| percent. | 2-126 | 1-042 1:79 | 0-516 || 0-785 | 1-642 || 0-762 | 0-88 | 1-35 1-62 | 1-33 1-34 
N6 M17) | | | | | || | | 
| (16) x (100 per cent. —- =) (100 per cent, - >) i} | || | | | 
18 | o¢ “3 | 29-64 26-62 30°44 25-31 | 30-26 || 26-90 | 31-17 | 26-40 30-72 | 26-67 | 30-45 
per cent. 25-24 1] {| i| 
on each set show the difference between the exhaust TABLE X.—Condenser Cleaning. has fallen by 0-2in. hg. below datum. Table X gives 
steam temperature and the circulating-water outlet} ~~ ee Fei ee ~ | the justification for the maintenance of this standard 
temperature, thus indicating the state of the tubes. Method. Brushing. | Shooting. | of cleanliness. : 
In order to determine the shape of the fouling curve, | —— = a Owing to the fact that complete tests on the set in 
one of the condensers was run for 1,000 hours without | , ‘ . | station B were not available until the latter part of 
“ ; Number of men employed ee 8 | 9 F Stiga 
cleaning. The vacua obtained at full load, and corrected | Time taken (hours approximate) 50 | 5 the year, the average weekly consumption for this set 
for circulating-water inlet temperature, are shown on Average cost $2 ‘ “ *¢| = P . was deduced from the guarantee consumption appro- 
Fig. 13, plotted on a time base. The general shape of| peonomical load 9.1). skw. | 24,000 32.900 | Priate to the average load and steam conditions. 
this curve 18 fairly constant, but the scale of the time Coal loss with 0-2 in. below datum | When complete tests were available, the average 
co-ordinate varies with the condition of the circulating wai Lb. per kw-hour | Pg a Pog consumption was found to be slightly better than 
water. Fig. 14 shows the relation between fall in nara fh apa a adee | 14s, 3d. 148. 3d. | those guaranteed. In calculating the engine room 
vacuum and loss of coal. datum per day at economical rating £2:96 | £3-28 thermal efficiency given in Item (16), a arg cane 
aor oe — SS i iti nerma 

* Paper read before the Institution of Mechanical | — ee te RES GE Sere ha ee been taken as being equal - — — a rm- 

Engineers, North Western Branch, at Manchester, on| Per square inch. A considerable saving of time is | Units. All figures relating to the boiler-house perio 








March 20, 1930. Abridged. made if sufficient bullets are available to load every | ance are given in Table L; the steam pressure and 
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temperature were measured at the boiler stop valve. 
The engine-room analysis down to Item (16) is based 
on the steam conditions measured at the turbine stop 
valve. The drop in temperature between the two sets 
of stop valves, arising from radiation and friction in the 
steam piping in the boiler house and engine room, 
results in a decrease of available heat drop at the 
turbines. As the differences are small, this loss can 
be assessed with sufficient accuracy by allowing 1 per 


Fig. 12, CONDENSER PERFORMANCE. 
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cent. loss for each 14 deg. F. drop in superheat, and | (c) Any internal 


1} per cent. loss for each 10 per cent. drop in pressure. 


The losses so obtained are given in Item (17),and,| condenser and the 
for the six months considered, average 1-36 per cent. | 
in station A, and 1-17 per cent. for station B. Since|such as at the 
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| feed-water 


ENGINEERING. 
for the six months, and arises in the main from the 
following causes :— 

(a) Any error in the water meters; their accuracy 
cannot be expected to exceed 1 per cent. 

(6) Any difference between the average steam 
consumption for a week at varying load, and the 
consumption at a constant load equal to the average 
load for the week; this will probably be of the order 
of + 4 to + 1 per cent. 


Fig. 16. 
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Monthly Thermal Efficiency Per Cent. 
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Monthly Load Factor in Per Cent. 


(1990.Q) 








from the individual efficiencies of station A and 
station B. This is deduced from the consideration 
that the total monthly heat consumption for the 
combined station must equal the sum of the respective 
total heat consumptions of stations A and B. Such 
combined station efficiencies are given in items (23) 
and (25) based on kw.-hrs. generated and kw.-hrs. to 
feeders, respectively, and should be compared with the 


MONTHLY THERMAL EFFICIENCY. 





August. September. October: ‘November: December 


MONTHLY LOAD FACTOR. 


October. November 
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Fig. 17. YEARLY STATION THERMAL EFFICIENCY. 


t 
Year 
Pm J tf 
Per Cent. 


YEARLY STATION 
leakage between the 


meter, 





FACTOR. 


the whole loss is of a relatively small order, it was | high-pressure feed 
decided to apportion it equally between the boiler | heaters, which be- 
house and the engine room concerned. The efficiencies |ing in a short cir- 





for engine rooms A and B, which include their appro-| cuit introduces a 


priate piping losses and are based on the mean steam 
quantity deduced from the water meters, and from 
the test steam consumption of the sets, are given in 
Item (18). 

‘The condensate returned from the engine room, Item 
(1), Table N, page 720, is determined from the turbine 
performance curves, by the methods already given. 
If this is added to the metered make-up, item (2), 
4 total water quantity is obtained, item (3), which 
should be the same as the net metered feed to the 
boilers, item (4). 

The difference between these two quantities, item (6), 


is a measure of the accuracy of the instruments,’ 


observations and methods of analysis adopted. It 
will be noted that this difference is of constant sign 
and fairly constant amount, averaging 1-71 per cent. 





¥e 
Load Factor Per Cent. 


positive error equal 

to that leakage. (1990.R) 
After due con- 

sideration, the authors decided that the most just 

treatment would be to debit half this discrepancy 

to the boiler house and half to each engine-house 

account. Such adjustment has accordingly been 

made in the final step in the tables, as indicated by the 


term N (6) or =o : 


given in items (13) and (14) are derived from the 
weighed coal input and its gross calorific value. The 
efficiency of station A is obtained by combining the 
boiler-house efficiency with the engine room A efficiency, 
and similarly for station B. A check on the accuracy 
of the whole analysis and observations is provided by 


The overall station efficiencies 





Year ending 31% March. 
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corresponding overall efficiencies given in items (13) 
and (14) obtained from the total coal consumed, its 
calorific value, and the kw.-hrs. produced. 

By thus comparing two separate assessments of the 
same station efficiency, a check is obtained, since two 
distinctly different methods of analysis have been 
employed, utilising, to a large extent, different sets of 
observations. It is worthy of remark that the 
difference between these two quantities given in items 
(4) and (26) remains very small, and does not exceed 
+ 14 per cent. 

The fact that the extreme differences of opposite 
sign are met in consecutive months, July and August, 





720 
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l 
suggests that probably the combined station efficiencies | 
entered for July in items (23) and (24) are 4 per cent. | 
too low, while those for August are } per cent. too | 
high. 

The upper series of graphs in Fig. 16 give the monthly | 
engine room and station efficiency, based on kw.-hrs. | 
generated for the last six months of 1929. The lower | 
series give the corresponding monthly load factors. 
It will be noted that :— 

(a) The mean efficiency of station A is 20-50 per cent. | 
with a mean load factor of 31-81 per cent. 

(6) The mean efficiency of station B is 23-79 per cent. 
with a mean load factor of 66-92 per cent. 

(c) The mean combined station efficiency is 22-41 | 
per cent. with a mean load factor of 52-25 per cent. 

These station efficiencies have been obtained with | 
the use of relatively low-grade fuel, having an average | 
higher calorific value of only 11,500 B.Th.U. per Ib., | 
and a high average ash content of 14-7 per cent. 


| Services supplied with steam. 


For engine room ‘“‘A’”’ operating factor = 93-5 per 
cent. 

For engine room ‘“‘B” operating factor = 94-93 per 
cent. 

For boiler house operating factor = 93-6 per cent. 

For station ‘‘ A ” operating factor = 93-6 per cent. x 
93-5 per cent. = 87-52 per cent. 

For station “‘ B ”’ operating factor = 93-6 per cent. x 
94-93 per cent. = 88-83 per cent. 


It is apparent that the operating factor must be 
less than 100 per cent. by all the additional losses 


|incidental to working with a fluctuating load, rather 
| than with asteady load equal to the most efficient load. 
| Such losses are caused by starting up and shutting | 


down plant, by unsteadiness in load or steam conditions, 
by increase of consumption at partial load or overload 
on plant, by such additional losses as drainage, blowing 


off, blowing down, by leakages of all kinds, friction, | 


and heat-conduction losses, and by any auxiliary 
These are also those 


CATALOGUES. 


Valves.—A list of special valves, with quick-opening and 
self-closing actions, is to hand from Messrs. British 
Steam Specialties, Limited, Fleet-street, Leicester. 

Door Fittings.—A list of ball runners and similar 
fittings for sliding doors is to hand from Messrs. Laycock 
Engineering Company, Limited, Millhouses, Sheffield. 

Driving Ropes.—Messrs. Allis-Chalmers Manufacturing 
Company, of Milwaukee, have sent us a circular illus- 
trating their Texrope endless driving ropes of rubber and 
fabric. 

Sawing Machines.—A list of sawing machines and saw- 
sharpening machines, both suitable for rapid cutting, is to 
hand from Messrs. Edward G. Herbert, Limited, Levens- 
| hulme, Manchester. 
|  Locknuts.—Messrs. Krabershall Inc., Land Title- 
| buildings, Philadelphia, U.S.A., have sent us a circular 
| illustrating and explaining their pin-nut, which was 
| described on page 292 of our last volume. 
| Electric-Light Fittings—Messrs. W. E. Beardsall and 





The influence of the calorific value of the fuel burnt | unknown losses which make the differences between | Company, Limited, 5, Victoria-bridge, Manchester, have 


and its ash content on station efficiency is not generally | 
appreciated. It is of interest to compare the efficiency | 
now being obtained in station A with that published | 
by the Electricity Commissioners for the years before | 











1 | 2 | 3 
ear : 
Date, 1929 Ss és 3% Month | = July. | 
1 | Condensate returned from engine room Lb. |308,850,300 | 
2 | Makeup water .. ae “es i Lb. | 12,682,400 
3 | Total of items (1) + (2) Lb. |321,532,700 
4 | Net metered feed to boilers i es »» |328,135,200 
5 | Make up in per cent. of boiler feed (4) 
per cent. 3-87 | 
6 | Difference [(4)—(3)] : (4) x ‘i 2-01 | 
7 | Total maximum load on main and auxiliary | 
generators se a ae 6) AW 74,360 | 
8 | Total maximum load on feeders oe = 70,890 
9 | Units generated .. ve ‘ kw.-hr. | 28,841,700 
10 | Units sent out to feeders os 27,246,100 | 
11 | Load factor based on generated units | 
r cent. 52-12 
12 | Load factor based on units sent out to feeders | 
per cent. 51-66 | 
13 | Overall station thermal efficiency on generated | 
units .. ee ss ee per cent. 21-33 | 
14 | Overall station thermal efficiency on units to 
feeders .. oe os me per cent. 20°16 | 
15 | Overall station heat consumption per unit } 
generated oe B.Th.U. per kw.-hr. 15,990 | 
16 | Overall station heat consumption per unit to | 
feeders .. — B.Th.U. per kw.-hr. 16,920 | 
17 | Station ‘“‘ A ” load factor (generated units) | 
per cent. 28°87 | 
18 | Station “ A’ thermal efficiency on generated | 
units. (L13)(M16) x (100 per cent.—N 6 ) 
(100 per cent. — M 17) ae per cent. | 19-66 
19 | Station “A” heat consumption per unit 
generated we .. B.Th.U. per kw.-hr. | 17,356 | 
20 | Station “‘ B ”’ load factor (generated units) | | 
per cent. 46°54 | 
21 | Station “ B” thermal efficiency on generated | 
| units (L 13)(M16) x (100 per cent. — N 6) 
| (100 per cent. — M 17) per cent. 22-82 
22 | Station ‘‘B” heat consumption per unit 
| generated B.Th.U. per kw.-hr. 14,951 
a N9xN18 x N21 ton 
23 | (MB/A x N 21) + (MB/B x N 18) - 
| bined station efficiency) (generated units) 
| per cent. 21-08 
24 Difference in N 13 — N 23 per cent. = 17 
| 
25 | (23) x “7 (combined station efficiency) 
| | 
| (units to feeders) Bs per cent. | 19-91 
26 Difference in N 14 — N 25 per cent. | + -24 


TABLE N.—Station ANALYSIS. 


the average overall efficiency of a plant in normal 
operation and the combined test efficiencies of the 
component parts. It will be obvious that if station 
efficiencies deduced from the weight of coal consumed, 

















’ 
4 5 | 6 | 7 8 
| 
August. | September.| October. November. | December. 
290,870,000 |293,931,300 |334,054,500 |381,977,300 |373,725,260 
10,899,000 | 11,134,900 | 13,159,000 | 13,755,300 | 13,043,100 
301,769,000 |305,066,200 |347,213,500 |395,732,600 |386,768,360 
306,267,100 |311,610,000 |351,961,400 |402,699,300 |392,977,400 
3-56 3-58 3-74 3-42 3-32 
1-47 | 2-10 1-35 1-73 1-58 
65,310 69,410 84,400 104,030 103,850 
62,080 66,400 80,990 99,800 99,700 
28,035,000 | 28,175,100 | 33,080,900 | 36,870,900 | 36,725,500 
26,603,100 | 26,772,980 | 31,408,170 | 34,916,590 | 34,718,450 
57-69 56-36 52-67 49-21 47-58 
57-59 56-00 52-05 48-59 42-81 
22-56 22-44 22-97 22-73 22-28 
21-41 21-33 21-81 21-52 | 21-07 
15,120 15,200 14,850 15,010 15,310 
15,935 15,998 15,640 15,850 16,198 
31-36 32-17 29-75 35-30 33-30 
20-63 19-79 21-34 20-70 20-57 
16,538 17,242 15,990 16,482 16,588 
70-97 71-29 68-90 74-15 69-66 
23-75 | 23-57 24-76 24-06 23-49 
14,367 | 14,475 13,781 14,182 14,525 
| 
| 
22-81 | 22-38 23-32 22-62 22-18 
— 1:11] + 0-267 — 1:52] + 0-485] + 0-448 
| 
21-64| 21-27 | 22-14 21-42 | 20-97 
— 1-07 | + 0-281 | — 1-51 | + 0-465 | + 0-475 
| | 








extension B came into full operation. These have | 
been plotted in Fig. 17, from which it will be found | 
that the station efficiency for what is now station A 
was 20-15 per cent. for the same load factor of 31-81 
per cent., whereas it is now 20-5 per cent. The mean 
efficiency of engine rcom A for the six months, averages 
26-19 per cent., while that of engine room B is 
30-48 percent. A very valuable check on the accuracy 
of station performance figures is provided when it is 
possible to obtain what has been called the ‘‘ Operating 
Factor,” which is defined as follows :— 


: ; Actual yearly efficiency of 
— operating factor engine room. — 
or engine room e = ~— oe 
. & 7 Test thermal efficiency of 
main set at economy load. 
Similarly 
Actual yearly efficiency of 
boiler house. 
Test boiler efficiency at 
normal evaporation. 


Yearly operating factor 
for boiler house = 7b = 


And again 
Actual yearly station 
= _—___ Same 
Test efficiency of turbine 


Yearly operating factor 
for station = 7s 








at Ec. x test efficiency of 
boiler at Ec. 


ns=nex nb. 
| 
From the data which have been given, it will be | 


found that for the six months analysed, the operating | 
factors for Barton are as follows :— | 


its calorific value and the kw.-hrs. generated are such 
as make the operating factor either 100 per cent. 
or over 100 per cent., then such figures can justly be 
regarded as inaccurate. 


DEVELOPMENT OF Saint JOHN Harpour, CANADA.— 
An extensive construction programme, the object of 
which is to provide additional shipping facilities, is 
being carried out by the Harbour Commissioners of 
Saint John, New Brunswick, Canada. A pier 800 ft. 
long and 300 ft. wide is being built at West Saint John, 
and, according to the recently-issued annual report for 
1929 of the Commissioners, the cofferdam, enclosing 
an area of approximately 30 acres, is practically com- 
pleted. Up till December 31 last, about 500,000 cub. 
yards of earth and rock had been excavated, and 400,000 
cub. yards of spoil dredged at the pier site. The con- 
struction of an elevator in the vicinity of the new pier 
is well advanced, the concrete work being fully com- 
pleted. Considerable progress has also been made in 
regard to the acquisition of the land required for the 
railway sidings and approaches to the new pier. Plans 
have been prepared and negotiations carried on with 
the Canadian National Railways, the City of Saint John 
and other interested parties, for the construction of a 
joint highway and railway bridge across the harbour in 
the vicinity of Navy Island. This bridge will give the 
Canadian National Railways access to the West Saint 
John terminus, at present served by the Canadian 
Pacific Railway only, and it will also eliminate the 
existing harbour ferry. Two further piers, one on each 
side of that under construction, form part of the scheme 
and will be considered at a future date. 


| sent us illustrations of bowls, globes, &c., made of special 


| glasses for electric lighting. 

Motor Starters.—Messrs. Igranic Electric Company, 
| Limited, 149, Queen Victoria-street, London, E.C.4, have 
| issued a circular describing a new automatic starting 
| panel for motors up to 50 h.p. 

Moulded Parts.—A list illustrating many small machine 
| parts and utensils made from Bakelite or similar materials 

is to hand from Messrs. The Ellmar Mouldings Company, 
Thimble Mill-lane, Birmingham. 

Pneumatic Tools.—The Consolidated Pneumatic Tool 

| Company (South Africa Proprietary), Limited, Fraser- 
| burgh, Scotland, have sent us a pamphlet illustrating the 
| use of their tools in bridge riveting, quarrying and mining 
|in South Africa. 
Welding.—Messrs. Haggerty Lawrance and Company, 
| 237, Mansion House-chambers, Queen Victoria-street, 
| London, E.C.4, have issued a pamphlet describing their 
new Midget arc-welding plant, for welding plates up 
to #;-in. in thickness. 

Pig Iron.—A list of hematite pig irons, with analyses 
of the various grades and notes on the purposes for 
| which each is specially suitable, is to hand from Messrs. 
Workington Iron and Steel, Branch of the United Steel 
| Companies, Limited, Workington, Cumberland. 

Pumps.—A pamphlet giving illustrations of pumping 
plants constructed by Messrs. Tangyes, Limited, Bir- 
mingham, shows about thirty examples of various types 
| of pumps driven by gas, oil and steam engines and 
| electric motors. These are in service at docks, water 
| works, and sewage works, and are also used for high- 
| pressure accumulators. 
| Electrical Research.—We have received from Messrs, The 
| General Electric Company Limited, Magnet House, 
| Kingsway, London, W.C.2, a copy of the first issue of a 
| new journal, the object of which is to make known the 
| results of the work carried on in the firm’s research 
| laboratories and development departments. It is excel- 
|lently got up and attractively illustrated, and contains 
| a great deal of useful technical information, 
| Motors, Switchgear and Instruments.—Messrs. Crompton 
| Parkinson, Limited, Guiseley, Leeds, have sent us a 

new catalogue of direct-current motors and generators 

| of $ h.p. to 80 h.p., together with catalogues of direct- 
| current switchboards, a pocket testing instrument suit- 
| able for all direct-current tests, and controller-pattern 
| instruments of the moving-coil and moving-iron types. 
Full technical and commercial particulars are given, with 
| ample illustrations. ; 

Steel.—Messrs. Edgar Allen and Company, Limited, 
Sheffield, have issued a revised edition of their catalogue 
of steels for motor cars and aircraft, giving practical 
information on the choice and treatment of the special 
steels for the various parts. We have also received 
a bound handbook of drill data, giving information 
on the selection, grinding and use of drills, including 
drills for manganese steel. This, the sixth edition of 
the drill book, is marked price ls. 6d. 


Electric Motors and Switchgear.—Messrs. The English 
Electric Company, Limited, Queens House, Kingsway, 
London, W.C.2, have issued a new catalogue describing 
their alternating-current variable-speed motors, capable 
of a wide range of speeds and suitable for driving ring 
spinning frames, machine tools, printing presses, &c. A 
new catalogue of metal-clad compound-filled switchgear 
for power houses and substations suitable for high vol- 
tages has also been issued. Both catalogues are well 
illustrated. 

Electric Motors.—A new catalogue describing their 
flame-proof induction motors for two-phase and_three- 
phase circuits up to 600 volts, is to hand from Messrs. 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester. The standard sizes range 
from 1} h.p. to 140 h.p., and detailed lists are given 
for 50, 40 and 25 cycle circuits. The company has 
also issued a reprint of two technical papers by 
Mr. Laurence H. A. Carr dealing with the efficiency 
of induction motors. 

Driving Ropes.—Messrs. William Kenyon and Son, 
Limited, Dukinfield, near Manchester, have issued a new 
edition of their booklet illustrating and describing short- 
centre rope drives. The examples include the ususl 
reducing and increasing ratios, from motors and engines, 
respectively, and also a number of exceptionally difli- 
cult cases in which ropes are being successfully used. 
Multiples of separate ropes are always preferred, but a 
single continuous rope on pulleys with about ten grooves 
is shown driving a rolling mill. 


| 
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NOTE ON THREAD ROLLING. 
By H. S. Rowztt, D.Sc. Wh.Sc. 


In the modern production of screws, rolling pro- 
cesses occupy an increasingly important position. 
These usually follow one of two main methods. 
In the first and older method, one or more rollers 
grooved with the profile of the thread are pressed 
against a rotating blank, hot or cold, and the form 
of the thread is impressed on the blank. In the 
other method, a pair of prismatic dies, grooved 
lengthwise, with the thread profile, are pressed on 
opposite sides of a round blank, and these dies are 
given opposite linear motion, so that the blank is 
caused to rotate between them. This process is 
usually employed on cold blanks. 

The formation of a screw thread by either of these 
processes is produced by the flow of metal. As the 
troughs or roots are indented into the blank, metal 
is squeezed up into ridges or threads. Since the 
density variations in the metal are usually very 
minute and very local, it follows that the volume 
of the screw produced is substantially equal to the 
volume of the blank from which it is made. This 
being so, it is clear that if the diameter of the blank 
is precisely controlled, the diameter of the finished 
screw, other things being right, is precisely governed. 
An important problem in this branch of industry 
is, therefore, the precise control of the blank 
diameter. 

In two or three widely-read books of well-merited 
repute, rules are given for the determination of 
blank diameters. For example, it is stated that 
the blank diameters for screws from } in. to $-in. 
diameter are from 0-002 to 0-0025 larger than the 
pitch diameter, and for screws varying from } in. 
to 1 in. or larger, the blank diameters are from 
0:0025 to 0-003 larger than the pitch diameter. 

In another book published on the Continent 
under the egis of a famous company, the blank 
diameter B is defined by the equation 

B=3VO?P+D*) . - () 
where D, is the inner or core diameter and D, is 
the outer or crest diameter of the screw. This 
equation clearly gives the blank a sectional area 
equal to the mean of the core and crest cross sections, 
and obviously it cannot be a general formula 
applicable to all thread profiles. For purposes of 
later comparison, we may analyse the above 
equation by rendering it in terms of mean diameter 
M, often called the pitch diameter, where 

wy Dit Do 

M =— . 
Writing d = D, — M = M — D,, and substituting in 
equation (1), we have 

B= /M?+da@%. . . (2) 
or, since d, the depth of the thread, is small in com- 
parison with M, we have 

d2 
B=M(1+35—) je ee to Bia 

with considerable accuracy. 

The incorrectness of this Continental formula, 
and of the rules previously given, is obvious on a 
very little reflection, because no account is taken 
of thread form. Clearly a wood screw with a wide 
groove and a narrow thread must throw up less 
metal in its thread than a Vee-thread, or an acme 
thread. It is, however, not surprising that this for- 
mula and the rules quoted are incorrect, because 
exact and general calculation of the blank diameters 
is laborious and difficult by any direct method, and 
moreover, the errors involved, though not un- 
important, are at most of small magnitude. 

By means of a little artifice, however, the blank 
diameter can be easily calculated for any thread 
profile, as will be shown below. 

Let Y be the radius of the blank diameter, 


Let a be the area of the raised profile, 
Let A be the area of the indented profile, 


and let the centroids of these areas be distant h 


and H, respectively, above and below the blank | for any thread profile, we have 


surface, as shown in Fig. 1. 
Then the condition that the volume of the raised 


portion equals that of the indented portion is, by which may be easily reduced to 


Guldin’s theorem, 


with more than sufficient accuracy. 


This is the fundamental equation in the problem. 
When A = a, the areas are equal, and Y the radius 
of the blank is infinite. As Y becomes smaller, 
A becomes greater than a, because the smaller area 
is at a greater distance from the axis of rotation. 

For most thread forms there is no serious diffi- 
culty in fixing the position of the infinite blank sur- 
face to make A =a. In symmetrical threads, such 
as the Whitworth and Sellers forms, the pitch line 
obviously makes A = a, and in asymmetrical threads, 
such as the acme thread standardised by Messrs. 
Ludwig Loewe and Company, and certain buttress 
threads, there is no difficulty in fixing the position 
of the infinite blank surface which makes A =a. 
When this has been done, the calculation of the posi- 
tion of the true blank surface is easily effected. 

Denote the areas and centroid distances when 
A =a by A) a, Hy and hy, so that a, = A, and the 
quantities A,H, and a,h, are definite properties 
of a thread profile irrespective of the diameter of the 
screw to be rolled. These can all be defined con- 
cisely by the integrals 




















M 
«=| yaz =| ydx= A, (4) 
L M 
M 2 
@Aemw il =.de . « tle 
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where y is the ordinate of the thread profile measured 
from the equal area line or infinite blank surface. 
We know that the true blank surface is outside 
the equal area line. Let the distance between the 
two be E, so that the ordinates of the raised portion 
become y — E and the ordinates of the indented 
portion are y + E. Then the new quantities are : 


M N 
= (y¥—E)dzx A= (y+ E)da 
wt M 
: @—E.LM -A,+E.MN 
(4a) 


M — E)2 E2 
an~{ (y— EY dw = ay hy — E ay + 7: LM 
L 


« 


(5a) 


N  R)2 a2 
. | (y+ EY ge A,H) +EAy+ —.MN. 

um 2 a 

° (6a) 
Substituting these values in the fundamental equa- 
tion (3a) we have : 
E? 

Ag Ho + 4% hy + E (Ag — Gq) + 2 LN 
"B= neuN * (7) 
or, since Ay = a, and LN = P, the pitch, we have 


,  AgHe + agh E 
y=-? > aie 3° . (8) 


Writing A, Hy, + a) hy = C P® where C is a constant 


Y= 








eo. GP E 
PB ‘2P (8a) 
E_CP 


te (8b) 


Eand Y, and, if it were desired, Y could be expressed 
as the sum of the equal area radius and E. But this 
is not necessary as a rule, because E is only about 
1 per cent. of Y, so that equation (8b) gives results 
correct to 1 per cent. if Y is replaced by the equal 
area radius, which, as already mentioned, is the 
“ effective diameter ” radius of the Whitworth and 
Sellers threads. 

In the Whitworth and Sellers threads, the values 
of C are 0:0297 and 0-0264, respectively. The follow- 
ing table, calculated from equation (8b), gives the 
values of 2E, or the diametral rolling allowance, for 
Whitworth and Sellers screws from } to 1 in. 














Thread Rolling Allowance. 

* reads 

Diameter. per Inch. 

| Whitworth. | Sellers. 

in. | | | 
+ 20 | 0-0014 | 0-0012 
z 16 0-0014 | 0-0012 
4 12 (13) | 0-0018 0-0014 
§ 11 0-0015 | 0-0015 
? 10 0-0017 | 0-0015 
rs 9 0-0018 | 0-0016 
1 8 | 0-0020 0-0018 


These allowances are less than those quoted in 
the third paragraph of this article, and they are 
much less than those prescribed in the Continental 
formula (1). Returning to this formula, as reduced 
in equation (2a), it is of interest to convert it for 
comparison with equation (8). 

Thus (2a) may be written. 

ie 
B-M=2E=—, . . (9) 
and, confining the comparison to threads of Whit- 
worth form, d the depth of the thread may be ex- 
pressed in terms of the pitch P by the well-known 
rule d = 0-64P, which, by substitution in (9), gives 


2 
2E=0-2048F . . (9a) 
M ( 


which gives a value of C for comparison with the 
coefficient in (8b) equal to 0-1024. This is 3-45 times 
too large for the Whitworth thread and 3-88 times 
too large for the Sellers thread. 

The explanation of the excessive error in the 
Continental formula is simple and instructive, as 
may be seen in Fig. 2, where a sharp cornered Vee 
thread is shown. In the Continental formula, as 
given in equation (1), the cross-section of the blank 
is the mean of the outer and core across sections. 
This implies that the volume of the screw should 
be the mean of the volumes of the crest cylinder and 
the core cylinder. But it is obvious from Fig. 2 that 
the crest cylinder exceeds the volume of the screw 
by the volume traced out by such triangles as BCD, 
whereas the volume of the screw exceeds the volume 
of the core cylinder by the volume traced out} by 
such triangles as ABC. Since the centroid of ABC 
is nearer the axis than that of BCD, clearly the 
volume traced out is less. 

With these considerations the correct version of 
the Continental formula (1) is easily derived. For 
the volume of the screw per one pitch of length is 
De? Pd 2° 

— P — 3°" (D- 34) 


xD;? Pd 2 
= *yiep+afon (D, +3 ) . (10) 


or half the sum of these equal expressions, viz. :— 


1 D,? + D,? , 2d? d 
qr? ee to gee ee } 
or 
Pr fD’+D,?_ 4d 
“+ {Pe - 3} - « (10a) 
. . 2 
This expression equals ==, 
so that 
B? = 3 {Di +Di?- -e } . ay 
which reduces to 
d2 
B= M (1 + aan) . . (lla) 
or 
d2 
B-M=2E=—5.. (11b) 


which is precisely one-third of the value in equa- 
tion (9). 








a 2r(Y+hj)a=2r(Y—H)A - (3) 
r 

ss AH + ah 

Y eee 3. te * - (8a) 


In equation (8b) there are two unknowns, namely, 


The thread form in Fig. 2 is the most simple 
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possible, and it may assist in obtaining a grasp of 

the general methods developed above if the quan- 

tities in equation (8) are derived for this simple 

thread. 

The equal area line is at the pitch diameter and 
d 


eee 
= A,= 
d Pd 
hy = Hy = & -* G0 tg = Ay Hy = GE- 


Pa 
v's Gy he + Ay Hy = CPS = Se, 


and when this value of C is substituted in equation 
(8b) and Y is replaced by x, we have 


4cPt gt 
“M ~6™M 
which is identical with the result in equation (110). 
In conclusion, it may be useful to explain very 
briefly the justification and attitude of the analysis 
given above. At first sight, it may be urged that 
rolled threads are usually employed on rough work 
where accuracy is not required, but to this there is 
the reply that thread rolling is becoming increas- 
ingly used in screws of the highest accuracy—even 
in the manufacture of taps—and since the diameter 


2E = 


of the blank governs the dimensions of the screw, | 


it is of the first importance to ensure that the blank 
diameter is correct. The further objection may be 
raised that the rolling process compresses the metal 
and, therefore, simple calculations of volume equality 
cannot hold good. This is very true, but the com- 
pression and other distortion of the metal varies 
with the nature of the metal and can only be found 
by direct.experiment on the metal. Obviously, how- 
ever, such experiments are greatly simplified if the 
correct volume, assuming no compression, is known 
as a basis or starting point. Finally, it may be argued 
that the corrections tabulated above are all very 
small and, from some points of view, negligible. But 
in modern high-grade screw production tolerances 
of one or two thousandths of an inch are by no 
means uncommon, and there is no object in throwing 
away the tolerance at the outset by ignoring a 
simple and easily applied correction. 








THE INTERNATIONAL RAILWAY 
CONGRESS, MADRID. 
(Continued from page 710.) 

In continuation of our report on the Sectional 
meetings of the International Railway Congress at 
Madrid, we deal below with three subjects discussed 
respectively, by Sections II, III and IV. 


Exectric Locomotives FoR Marn-Line 
TRACTION. 


The discussion on Question VII, Electric Loco- 


hollow motor armature shaft, and was keyed 
internally to the latter half way along its length. 
Owing to the torsional flexibility of the driving 
shaft, relative motion between the two pinions, and 
between them and the hollow armature shaft, 
was possible. 

Cast-steel was employed on several railways in 
the construction of specially heavy frames, thus 
increasing strength and rigidity, and reducing 
maintenance. In two cases the ventilating ducts 
for the motors were cast in the frame. Where these 
heavy frames were not used, articulated trucks had 
generally been adopted. The frames, which carried 
the weight of the superstructure, were mounted on 
equaliser systems consisting of semi-elliptic springs 
disposed unsymmetrically to provide maximum 
stability. The whole arrangement was in turn} 
mounted on nests of coiled springs on the main 
| journal boxes. The maximum length of rigid 
| wheel base in use was 17 ft. and of total wheel base 
| 60 ft. on single unit locomotives. The latter figure 
| was increased to 137 ft. on the three-unit 640 ton 
| locomotives on the Virginian Railway. The heaviest 
single unit locomotive weighed 259 tons. There 
was also a tendency towards higher axle loadings, 
the present maximum being 77,000 lb. 

Great attention had been paid to the accessibility 
of the electrical equipment, while a feature in the 
design of the latter was the adoption of high-speed 








high-powered motors, the result being a great 
concentration of power on one axle, thus leading to a | 
reduction in the number of the latter. Such a 
system was only possible when forced ventilation 
was employed. Spring-nose suspension was generally | 
used, but in one case the motor-axle bearings, in 
addition to supporting the motor, also served as 
the main locomotive journals, the tractive effort | 
being transmitted by the motor frame through a 
ball-and-socket joint to the main frame. Control 
was usually effected electro-pneumatically through 
resistances or transformer tappings, though on the 
motor-generator locomotives the field of the gener- 
ator of the motor-generator set was varied. In this 
case further flexibility was obtained by separately 
exciting the traction motors. Regenerative braking 
had been adopted on the majority of the electric 
locomotives recently placed in service, thus reducing 
the maintenance charges on brake shoes and other 
equipment. 

As regards the design of multiple-unit cars for 
| suburban service the latest types were constructed 
| either of steel or steel-aluminium alloy and weighed 
| 60 to 70 tons, the length being about 70 ft. The | 
| adoption of the latter material had meant a reduc- | 
| tion in dead weight of from 3 to 5 tons per car. In 
| some cases trains were made up entirely of motor- 
| cars. Control was electro-pneumatic on two different 
| systems, the motors being of the axle-mounted, 











| 
| 


motives for Main-Line Traction, was commenced | spring-nose supported type, each driving an axle 
in Section II at the meeting of May 8. Four reports | through single-reduction gearing. The average 
had been prepared on this subject and a special | rating of the motors was 200 h.p. to 250 h.p. Power 
report based on these, was presented by Mr. G. | for the control equipment and also for lighting was 
Bianchi. The following are abstracts of the main | obtained from a battery, which was charged by a 





reports. 

The report by Mr. J. V. B. Duer of the Pennsyl- | 
vania Railroad cealt exclusively with American 
practice. This report may most conveniently be 
summarised by saying that it covered the latest 
developments in the design, both of locomotives and | 
multiple-unit cars, and described the units which 
have been recently put into operation on American 
railways. Where conversion to electric traction had 
taken place the single-phase alternating and the 
high-tension direct-current systems had been ex- 
clusively employed. ‘‘wo lines were operated on 
the former system at 11,000 volts and 25 cycles, 
and one at 22,000 volts and 25 cycles. The greater 
part of the new electrical equipment consisted of 
locomotives for freight service on heavy grades, in 
the mechanical design of which there were many 
features of interest. For instance, two new types 
of drive had been developed, one involving a flexible | 
linkage and the other a torsional shaft. The first | 
consisted of a geared quill surrounding the driving | 
axle and carrying two crankpins, the latter being | 
connected by a flexible linkage to two crankpins 
on the driving wheels. The second comprised two 
pinions, each attached to one end of a slender | 
driving shaft. This shaft extended through the’ 


‘dealt with in a report by Messrs. K. Asakura and 


/was confirmed by the fact that the amount of 


| motor-generator. 
The present position of main-line electric traction 
in the British Empire, China and Japan was 


H. Imaidzumi. The writers stated that the data 
received from the countries named was so meagre 
that it was impossible to base a discussion on 
electric locomotives upon it. No type appeared 
to be standard or in common use ; and the informa- 
tion given, apart from a few statistics, therefore 
related wholly to Japan. In that country the 
electric locomotives were mostly of the nose- 
suspension single gear type. This had proved 
satisfactory, though its effect on track maintenance 
depended on the design of the leading bogie. This 





flange wear on the driving wheel tyre was less 
when the leading bogie was well-designed than in 
the case of the steam locomotive. Though the 
individual axle drive had its advantages, it was 
difficult, when it was used, to arrange the high 
tension direct-current equipment, so that it was 
accessible for inspection. This feature was best 
ensured by the use of corridors on each side of the 
body between which the equipment was placed. 
A small central passage through the high tension 





and rheostat compartments was also an advantage. 

As regards control, the main circuit was better 
protected by a high speed circuit-breaker than 
by a fuse or circuit-breaker of ordinary design. 
A combination of unit switch and camshaft 
control was preferable to the former alone. If 
the main circuit was opened without a resistance 
being inserted voltage surges occurred and the 
employment of a resistance was therefore desirable. 
It was also advisable that the control circuit should 
operate at constant voltage; a variety of types of 
motor-generators for ensuring this had been adopted. 
Considerable trouble had arisen on the electric 
railways in Japan owing to the insulation failing 
to withstand the humid climate. 

A third report on this subject was presented by 
Messrs. de Boysson and Leboucher, and dealt with 
the position of electric locomotives in France and 
her Colonies. All the main line electric locomotives 
in these countries were operated on the 1,500-volt 
direct-current system with the exception of one line 
in Morocco, on which 3,000 volts were used. On the 
suburban railways 750 volts were employed, though 
it was intended eventually to convert them to 1,500 
volts. The former voltage was also in use on the 
Perpignan-Villefranche line, which was originally 
designed to operate on the single-phase system at 
12,000 volts and 16% periods. 

As regards mechanical design, the locomotives 
could be divided into three classes. Those in 
which the motors were not spring-borne ; those in 
which the motor was partially sprung or the nose 
was carried on springs ; and those in which they were 
fully sprung. There was only one locomotive of the 
first class in France and, contrary to general opinion, 
its harmful effect on the track had not been exces- 
sive. Most of the goods and passenger locomotives, 
which were intended to run at a speed not exceeding 
55:9 m.p.h., were of the second class, while the 
express locomotives, with one exception, belonged 
to the third class. Up to a speed of 46-6 m.p.h. 
locomotives with nose-sprung motors rode easily on 
normal tracks, though above that speed the main- 
tenance was excessive, unless the tracks were very 
good or the equipment was specially well-designed. 
The most common pattern was the 0-4-++4-0 type, in 
which the two bogies were spring-coupled, one of 
the pivots having longitudinal play to prevent 
straining the body. The bogies consisted of a 
rectangular frame and a cast-steel bolster, the 
body resting on a convex spherical pivot, which 
was carried low down and to which the motors 
were attached by springs. On the majority of 
the locomotives the power was transmitted by two 
symmetrical gear wheels, whose rims were divided 
and secured to the wheel centre by dowels, so that 
the axle was not subjected to torsion. There was no 
elastic member either in the gears or wheels. This 
method of assembly had proved satisfactory, the 
running being very steady. 

Of the locomotives used on the Paris-Orleans 
Railway, 184 had two direct-sprung bogies with 
equalisers, the plain hollow pivots serving as 4 
ventilating shaft for the motors. Three different 
types of locomotives, equipped with motors with 
spring-borne noses, Were being used on the Paris, 
Lyons, and Mediterranean Railway, so that their 
relative advantages could be investigated, while the 
Kando system of knuckle-jointed connecting rods was 
being employed on two locomotives on the Paris- 
Orleans Railway. On the Midi Railway ten loco- 
motives, equipped with vertical shaft motors, had 
been designed with a view to raising the centre of 
gravity.* There were two twin motors of this type 
on each of the three driving axles, the drive being 
through a conical pinion and a double spur wheel 
keyed on the hollow shaft. The latter was connected 
to the axle through eight tension rods, and 
was fitted with a spiral spring in compression 
to form an elastic member. One set of four rods 
was set at an angle of 90 deg. to the other. These 
locomotives ran remarkably steadily at speeds up 
to 89-5 m.p.h. Mention was also made of the new 
express locomotives for the Paris, Lyons, and 
Mediterranean Railway.f ; 

As regards control, the electro-pneumatic, 
electromagnetic and camshaft systems were 4 





* See ENGINEERING, vol. cxxi, page 622 (1926). 
+ See ENGINEERING, vol. cxxviii, page 786 (1929). 
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in use. Of these, the first had proved most satis- 
factory. There were two schools of thought as to 
the means which should be adopted to guard against 
excessive current. One believed in installing high 
speed circuit-breakers in the sub-stations, while 
the other thought it better to cut off the current on 
the locomotive. Experience showed that regenera- 
tion was of value on lines with long gradients, but 
not otherwise, and it had in fact been abandoned in 
some cases in favour of the rheostatic system. 

As regards operation, on the Midi and Paris- 
Orleans Railways electric locomotives ran from 
two to two-and-a-half times the mileage of steam 
locomotives of the same class, and gave a more 
regular and satisfactory service, owing to their capa- 
city of making up lost time. On the other hand, 
there had been from two to three times as many 
serious failures as with the steam equipment. On 
the 0-4 + 4-0 locomotives, from 91 per cent. to 
99 per cent. of these failures were electrical, while 
on the express locomotives the proportion was from 
63 per cent. to 75 per cent. 

A fourth report on this subject by Mr. G. Bianchi 
dealt with the position of electric locomotives in 
Spain, Italy, Norway, Sweden, and Switzerland. 
From this it appeared that in the countries named, 
motors suspended by the nose and operating through 
direct gearing were employed almost universally on 
the low and medium speed direct-current locomo- 
tives, and this arrangement would probably be 
extended to single-phase locomotives. The most 
satisfactory system for high speed locomotives 
was to use rigid motors and gears. Connecting- 
rod drives with gearing had advantages on low 
and medium speed locomotives, when it was 
desired to secure maximum adhesion, to reduce 
the number of motors and place them in a 
raised position on the frame. On the other hand, 
the plain connecting-rod drive was suitable 
when the motors were of the low speed type. As 
regards the arrangement of the mechanical parts, 
total adhesion and non-articulated locomotives 
were used on both single-phase and three-phase 
systems when the speed did not exceed 37-3 miles 
per hour, and if the weight per axle was limited, 
Total adhesion and articulated bogies were used 


ammeters were not calibrated in amperes, but 
in tons of tractive effort at the driving-wheel. 
The speed indicators also showed the permissible 
tractive effort for each speed, and the maximum 
tractive effort based on the commutation limits. 
The latter figure might not be exceeded. Trans- 
formers were not yet standardised, though attempts 
were being made to utilise the air-cooled type 
exclusively. The control gear was of either the 
relay-operated contactor or sliding contact pattern. 

Electric locomotives were divided into three 
classes with maximum speeds of over 90 km., 90 km., 
and under 70 km. per hour respectively. A further 
classification depended on whether a connecting 
rod or individual axle drive was used, the first 
class being sub-divided into simple and gear drive, 
and the latter into the Buchli drive, quill drive, and 
simple gear drive with axle-supported motors. 

In addition, a certain number of shunting loco- 
motives were equipped with rectifiers and a battery, 
so that they could be used on tracks over which 
trolley wires were not erected. Until 1925 the 
German railway administration had favoured 
coupled driving axles, as in this way the slipping of 
individual pairs of drivers was avoided and maximum 
adhesion secured. Latterly, however, the individual 
axle drive had been more and more adopted both on 
express passenger and goods locomotives, as doubts 
regarding the utilisation of the adhesive weight had 
proved unjustified. Slipping was prevented by 
connecting all the motors in parallel. 

Experience with the single-phase series motor 
showed that this could be designed so that the 
reliable life of the commutator was at least as 
long as that of the rest of the locomotive, For 
reasons of economy both the weight and price had 
to be kept down, and this could only be done if all 
the parts were utilised both mechanically and 
electromagnetically to the fullest extent. This 
meant that the current could no longer be con- 
sidered sinusoidal, and a new method of calculation 
had therefore been adopted, which included an 
increase in the length of the air gap, a reduction in 
the number of turns on the exciting winding, or 
the connection of an inductive or ohmic resistance 
in series with that winding. As regards switch- 





almost exclusively on direct-current freight loco- 
motives and also on passenger locomotives, 
whose speed did not exceed 55-9 miles per | 
hour. The employment of bearing and leading | 
axles was general on rigid truck low-speed loco- | 
motives. Locomotives with driving and trailing | 
axles and articulated trucks were generally used | 
where the adhesion was considerable. It was almost | 
universally recognised that an increase in the | 
weight per axle facilitated design. This was most | 
easily realised with rigidly-mounted motors with | 
a high centre of gravity and driving through | 
gearing with no moving eccentric parts. In practice | 
the factor of adhesion was higher on an electric | 
than on a steam locomotive being 1:5 on the} 
continuous rating and 1: 3in special cases. Electro- 
pneumatic control was becoming general, in com- | 


gear, it was not justifiable to equip locomotives with 
oil switches so large that they would withstand the 
most unfavourable conditions. This difficulty had 
been overcome by arranging that short-circuits that 
might occur on the supply side of the main loco- 
motive transformer should be dealt with in the sub- 
stations. To obviate the risk of fire, “ oil-less” 
switches, in which the arc was extinguished by 


| compressed air had also been tried. A system of 


fine control in which the switching was entirely 
sparkless had also been fitted on certain goods 
locomotives, The brakes and control equipment 
were interlocked, so that current could not flow 
through the motors when the former were on. 
Though regenerative braking had not been used, a 


resistance brake had been fitted on certain loco- 


type, and he thought that this might be due to the 
fact that the leading axle was a driving axle. 

On the question of the arrangement of bogies 
and bodies, Mr. Leboucher stated that the French 
railways employed two arrangements, the Paris— 
Orleans using independent bogies with the draw 
gear carried by the frame, and the Midi line 
employing two bogies, on which the draw gear was 
placed ; a special arrangement limited the lateral 
movement at high speeds. Mr. Bianchi stated 
that on locomotives of the 0444-0 type, the 
three bogies were coupled together, and this 
arrangement had given satisfaction. Dr. Wechmann 
here remarked that, with high-powered locomotives, 
the use of an articulated frame could not be easily 
avoided. The results, however, had not been very 
satisfactory ; riding was not steady and mainten- 
ance was costly, so that the rigid frame was 
preferable. 

Mr. T. Bals inquired if certain railways had 
not used an asymmetrical wheel arrangement 
in order to reduce the lateral movements, and to 
this Mr. Weiss replied that the Bundesbahnen 
employed locomotives of the 2-4 + 4-2 and 2-4-2 + 
4-2 types, but the matter of weight distribution 
had been the reason for the adoption of the asym- 
metrical arrangement. To avoid severe flange wear 
they had employed a transverse coupling between 
the bogies ; in another case, lateral movement had 
been suppressed by means of a friction damping 
arrangement between the bogie and the frame. 

The discussion then turned on the question of 
axle weights as affecting the behaviour of the 
locomotive on the track, and on this question 
Mr. Leboucher stated that although electric loco- 
motives caused much less damage to the track 
than steam locomotives, in which it was not possible 
to balance the reciprocating masses, the gearless 
electric locomotive had a bad reputation in this 
respect. The damage to the track, however, did 
not appear to be due so much to the position of the 
centre of gravity as to the fact that in this type 
of locomotive the axles were in the form of rigid 
masses. Qn the Paris—Orleans line, the maximum 
speed for gearless locomotives was 72 m.p.h., but 
at 60 m.p.h. the running became so unsteady that 
radical alterations had been found to be necessary. 
Mr. Bianchi expressed the opinion that the present 
tendency was to abandon the gearless type. The 
next question touched upon was the adhesion factor, 
but the discussion on this subject did not bring 
out any point of particular interest, 

The discussion of electric locomotives was 
continued at a meeting held on May 12, the subject 
of pantographs being first considered. Various 
speakers expressed their respective preferences for 
pantographs operated by springs or by compressed 
air, and Mr. Leboucher mentioned that the Midi 
line had found it necessary to make certain altera- 
tions in the design of their pantographs in order 
to avoid an aerodynamical lifting effect at high 
speeds. Circuit breakers were then discussed, the 





motives, so that when the braking circuit was closed 


relative advantages of the oil and air-break types 


bination with simple interlocking devices, and the the motors were excited by alternating current | being considered. Mr. Weiss remarked that, on 
disposal of all apparatus liable to short-circuit and | and the armatures supplied current to resistances. | the Swiss Federal Railways, circuit breakers of 
explosion in sheet steel cubicles. Statistics showed This method of braking was, however, limited in | 100,000 kv.-a. rupturing capacity, or 30 times the 


that the electric locomotive was less frequently out 
of operation than the steam locomotive. | 

The position with regard to locomotives in| 
‘Germany was dealt with in a report by Dr.-Ing. W. 
Wechmann of the Deutsche Reichsbahn Gesell- 
schaft, For main line traffic the single-phase 
system working at 15 kv. and a frequency of | 
165; was employed, the electromagnetic equipment 
being designed so that it would operate at 10-5 kv. | 
The current from the trolley wire passed through 
a transformer, the secondary of which was provided 
with a number of tappings, so that the series 
commutator motors could be supplied at different 
voltages. The use of this system gave a simple 
design in which all parts were accessible and the 
weight low. On the other hand, the employment 
of a low frequency involved the provision of special 
generators or converting plant. 

On all locomotives the main switch, current-col- 
lecting and control equipment, air pump, measuring 
instruments, and safety devices were of standard 
design. This was advantageous, both from the 
manufacturing and operating points of view. The | 





scope. 

The discussion first turned on the subject of 
nose-suspended motors, and Mr. Leboucher stated 
that, in France, about 85 per cent. of the motors 
in use were of this type. The locomotives on which 
they were mounted frequently attained speeds of 
45 m.p.h. to 50 m.p.h., while on the Paris—Orleans 
line trials had been carried out at speeds between 
60 m.p.h. and 70 m.p.h. The weight of the motors 
was about 4 tons or 5 tons. In reply to a request 
for information by Mr. Leboucher, Dr. Wechmann 
stated that, in addition to numerous goods locomo- 
tives for speeds up to 40 m.p.h., they had been 
fitted on two single-phase express locomotives. 
Each motor weighed about 4} tons, but the weight 
could be reduced by using a steel plate casing 
instead of one of cast iron. The standard rating 
was 525 kw. at 1,600 r.p.m., which corresponded 
to a speed of 67 m.p.h. Mr. Weiss having men- 
tioned the matter of broken axles on the North of 
Spain Railway, Mr. J. Eulate, of that line, explained 
that breakages had occurred on the leading and 
trailing wheels of locomotives of the 0-6 + 6-0 








normal energy supplied to the locomotive, were in 
use. A relay prevented the opening of the locomo- 
tive circuit breaker under heavy overloads and 
opened the nearest section circuit breaker. Mr. I. 
Ofverholm mentioned that, in Sweden, the oil 
circuit breakers on the locomotives opened auto- 
matically up to 200 amperes, but for heavier 
overloads a special arrangement caused the circuit 
breaker to open in the substation, The discussion 
then turned on the question of ultra-rapid circuit 
breakers, and Mr. Eulate remarked that such circuit 
breakers operated satisfactorily, bat the maintenance 
costs were heavy. Mr. Bianchi having referred to 
the distinction between circuit breakers opening 
on a current surge and those opening on a con- 
tinuous overload, Mr. Japiot pointed out that 
American circuit breakers could be adjusted so 
that the locomotive circuit breaker opened on a 
continued overload and the substation circuit 
breaker on a surge. Other points dealt with in 


the discussion were equipment for single-phase 
current, insulation of motors, regenerative braking, 
and safety of personnel. Finally, a sub-committee 
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composed of Mr. Bianchi, Mr. Leboucher, Sir 
Henry Fowler and Professor Nordmann was 
appointed to prepare the final summaries on 
Question VII. This sub-committee reported at a 
meeting held on May 14, and the summaries pre- 
pared were then adopted without discussion. 

The chief points in the final summaries were that 
administrations were recommended to undertake 
systematic trials to determine whether, at high 
speeds, locomotives having the motors suspended 
by the nose from the axles affect the track more 
than those otherwise arranged. Other things being 
equal, a heavier weight per axle could be adopted 
with electric locomotives than with locomotives in 
which certain reciprocating masses were not com- 
pletely balanced. As a result of improvements in 
recent years, electric locomotives gave perfect 
protection to the staff. Traction motors now gave 
complete satisfaction with respect to heating, 
power, and commutation, but the attention of 
designers was called to certain details of construc- 
tion, such as insulation, with a view to reducing 
damage which occurred from time to time. From 
the point of view of running and regularity of 
service, recently-constructed electric locomotives 
gave satisfactory results; but companies and 
administrations were requested to publish operating 
results in order to assist other administrations in 
the investigation of new applications of electric 
traction. 


Spzep ConTROL IN MarsHALLING YARDS. 

Subject X in Section [II was the methods to be used 
in marshalling yards to control the speed of vehicles 
being shunted, and to ensure that they travel on 
to the lines in the various groups of sidings. Three 
reports on this subject, of which we give abstracts 
below, were summarised by Mr. C. R. Byrom 
and were discussed at a meeting held on May 8. 
The three reports were prepared by Mr. C. R. 
Byrom, chief general superintendent, London, Mid- 
land and Scottish Railway, covering America, the 
British Empire, China, and Japan; by Dr.-Ing. 
Gottschalk (Germany), Reichsbahnoberrat of the 
German State Railway Company, for Germany ; 
by Mr. Pellarin (France), chief engineer and 
assistant to the chief engineer in charge of the 
operating department of the French Est Railway, 
and by Mr. Farenc (France), assistant operating 
superintendent of the French Midi Railway, for 
France, Italy, Portugal, Spain, and their Colonies ; 
and by Mr. Ctibor Fiala (Czechoslovakia), principal 
counsellor to the Czechoslovak Ministry of Railways, 
for all other countries. 

Mr. Byrom’s report pointed out that, in Great 
Britain, the requirements for braking wagons had 
been defined for most purposes by the Board of 
Trade rules of 1911, and gave particulars of various 
respects in which some wagon hand brakes operated 
from the ground deviated from the standard pattern 
which was still in course of being fitted. Such 
deviations were liable to impede the rapidity and 
efficiency of shunting, which was affected, moreover, 
by the transition from grease to oil axle-boxes and 
the consequent difference in running power between 
wagons. While, as a whole, a high standard of 
uniformity in braking had been attained on British 
lines, these deviations detracted from efficiency of 
operation at the larger hump yards, which, on 
the other hand, was promoted by the adoption of 
systematic regulations for handling the various 
classes of traffic in gravitation shunting, such as 
were quoted from the London, Midland and Scottish 
Railway’s instructions. With medium to small 
volumes of traffic, however, there was often difficulty 
in providing constant occupation for staff in yards 
where all the braking was done by hand, and econo- 
mical working would therefore be likely to be 
assisted if it were possible to arrange for one man, 
suitably located, both to brake wagons and operate 
points. This had been done in America, where 
means of controlling speed otherwise than by hand 
brakes on the wagons had been introduced with 
success, and electric, electro-pneumatic, and electro- 
hydraulic arrangements had been applied to the 
operation of points and switches. 

With the present complexity and cost of such 
apparatus, such arrangements could be economical 
only when applied to heavy traffic or wagons 
of large capacity. They were rarely found in 





Great Britain, where wagons were fitted with hand 
brakes, as was not the case generally in France, 
and were not of such a weight as to require car 
riders, as they were in the United States. To 
a very limited extent, a few railway companies in 
Great Britain and India and the Japanese Govern- 
ment Railway supplemented wagon hand brakes by 
portable rail skates, skids, or slippers, applied by 
hand. In some instances, switches were provided 
for sliding them off the rail at a definite spot. The 
only example of a rail-braking and car-retarding 
installation in Great Britain was at the London and 
North Eastern Railway’s new Whitemoor yard, near 
March and Peterborough, which was to deal with 
the heavy coal and goods traffic from the Midlands 
and North to London and the Eastern counties. At 
this hump yard, an electrically-controlled system of 
retarders had been installed and worked experi- 
mentally with satisfactory results, though, at the 
time of the report, it had not been formally opened 
for traffic. On this system the braking was effected 
by pairs of rails 50 ft. long laid along each side of 
the track rails, which, when braking was required, 
were lifted hydraulically in such a way as to squeeze 
the wagon wheels between them to an extent regu- 
lated by the height of the braking rails and the 
load on the wheels. It was claimed that the speed 
of the wagons could thus be modified as desired, and 
the operators, placed in observation towers, were 
guided by colour-light signals, or in fog by Klaxon 
signals. An electrical apparatus worked from the 
tower determined the sequence of the leading points 
to be operated, and wagons passing over a pair of 
these points automatically set the points for the 
following movement. The points leading to indi- 
vidual sidings were controlled from the tower by 
hand switches. 

The average loads in the United States both for 
all traffic and for coal were nearly five times as 
great as in Great Britain (24 tons and 45 tons as 
against 5 tons and 10 tons), and the use of higher 
capacity cars was extending, so that many cars of 
nearly 100 tons gross weight had to be handled. In 
addition to being fitted with Westinghouse air 
brakes, therefore, all freight cars in the United 
States and Canada had hand brakes for use when 
the car was detached from the train, operated by a 
man from the top of the car. This system was 
unsatisfactory and costly, and the need to displace 
it gave an impetus to the adoption of car retarder 
and similar arrangements. The system was intro- 
duced, at the end of 1924, at the Gibson Yard of the 
Indiana Harbour Belt line, pneumatically-operated, 
to which were added immediately afterwards an 
electric control system, and means for operating 
points, etc. 

Among other results, the cost of hump shunting the 
same number of cars was reduced to little more than 
a third of its original figure, less damage was done 
to cars and contents, and personal injury was greatly 
reduced, if not practically abolished, while the 
capacity of the yard was increased, and the opera- 
tion made independent of frost. All-electric and 
electro-pneumatic systems were introduced else- 
where, and, at present, there were about 20 yards 
so equipped in the United States. 

At present, the available experience and th® 
information obtained were insufficient to permit a 
final comparison between different designs of car- 
retarding apparatus, and it was suggested that, at 
the next Congress, the subject should be recon- 
sidered, and a reporter arranged specially for North 
America. In the meantime, it could be said that 
if further experience bore out so much as was already 
available, such methods applied to hump or gravi- 
tation yards provided a larger margin of safety for 
both men and plant, in addition to whatever 
economies they might effect. 

Dr. Gottschalk’s report pointed out the immense 
importance of adequate marshalling arrangements 
to German traffic. In addition to a number of 
smaller marshalling yards, the German railway 
system had 118 yards handling 2,000 wagons a day 
or more, 25 of which each handled 3,000 or more, and 
27 each handled 4,000 or more. The cost of making 
up goods trains formed not less than a fourth of 
the entire working costs of the goods traffic. A 
large part of the time between successive loadings 
of wagons was spent in the marshalling yards, and 





their efficiency was the chief factor in securing easy 
and punctual service at times of heavy pressure. 
The improvement of shunting operations by 
mechanisation had been addressed primarily to the 
main hump zone, through which all wagons must 
pass on arrival, but they had extended to the 
working throughout the yard, and included arrange- 
ments for operating points and intercommunication, 
as well as for braking. 

With few exceptions, the yards consisted of non- 
accelerating reception sidings, which led to the 
hump zone, from which the wagons passed through 
direction sidings, station sidings, and departure 
sidings. The majority of yards, especially those 
handling the heavier traffics, had these groups in 
both main directions. In some yards, two humps 
of different gradients were provided for use in 
winter and summer, respectively, to compensate 
for the greater resistance offered at low tempera- 
tures. The design of the hump was intended to 
give the maximum speed of shunting consistent 
with the uncoupled wagons not fouling each other 
in the interval between the hump and the last points, 
and with the provision of sufficient time for throwing 
the points over. This speed was determined by the 
differences in running time between wagons with 
greater and with less frictional resistance, the time 
for which the wagon occupied the points, and the 
time required for throwing the points over, all of 
which had accordingly to be made as small as 
possible. The use of rail brakes in suitable posi- 
tions served, as the report explained, not only to 
reduce the difference in running times, but also to 
apply braking at appropriate intervals, controlling 
the speeds at various parts of the path, and enabling 
the wagon to come to rest at a predetermined spot. 
In many yards, artificial protection, by plantations or 
lattice work, was given against high winds. Systems 
of signalling by optical, acoustic, or wireless methods 
enabled the head shunter to regulate the working 
speed by controlling the operations .of shunting 
locomotives. In gravity yards, where no shunting 
locomotives were required, similar control was 
obtained by distant-controlled brakes operated by 
rope trucks running on a low narrow track between 
the rails and hooked on to the wagon, or by rail 
brakes near the top of the hump. Both these 
methods were controlled by the head shunter, so 
saving the use of brakesmen and permitting more 
rapid working. As auxiliary means of regulating 
shunting speeds, skid brakes were sometimes applied 
to the rail either by hand or, according to a later de- 
velopment, by distant-controlled mechanical means, 
the latter method being still in the experimental 
stage. The best approved method was, however, 
by the use of distance-controlled rail brakes, which 
enabled a brakesman in a tower to brake each wagon 
or group of wagons and to vary the extent of 
braking within wide limits. Three systems were 
in use, operated, respectively, by hydraulic, pneu- 
matic and electro-magnetic (eddy currents in the 
wheels) means, and development was being con- 
tinued. On the recommendation of the Studien- 
gesellschaft fiir Rangiertecknik, a body for the 
study of goods-yard problems, consisting of repre- 
sentatives of the railway industries concerned and 
railway experts in equal numbers, the Reichsbahn 
had published rules for the design and calculation 
of mechanical rail brakes. 

Considerable progress had been made in the 
development of automatic point-operating appar- 
atus, whereby point movements, set from a control 
tower before the beginning of the shunt, were 
carried out automatically on the wagon approaching 
the points, and attention was being given to means 
for closing up wagons in the sorting sidings ready 
for coupling up without interfering with shunting 
operations or using a locomotive. 

In the report of Messrs. Pellarin and Farenc, 
the questionnaire submitted and the replies received 
were given in detail in an appendix, in manyinstances 
with diagrams, from which the practice on the 
several railways could be seen. The report itself 
discussed separately the regulation of the speed 
of vehicles when shunted off, and the methods of 
moving them on sidings in the yards, each discussion 
ending with a summary of the conditions desirable 
for working. For moving wagons within the 
shunting yard, preference was expressed for the 
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use of narrow 12-h.p. road tractors with rubber 
tyres, moving along a path made out of old sleepers 
cut in half and covered with ballast, other old 
sleepers being laid longitudinally as curbs. The 
rubber-tyred wheels were replaced by studded steel- 
tyred wheels when working in snow. In tranship- 
ping yards, it was preferred to use a traverser of 
sufficient capacity to take wagons with the greatest 
wheelbase used on the railway, operated electrically 
with capstans. 

Of the 62 administrations of whom Mr. Fiala 
made inquiries, only two used rail brakes in their 
yards and only five used slipper brakes, and these 
had applied them only in isolated cases. So far as 
their experience went, they showed great advan- 
tage in the use of rail brakes and slipper brakes. 

The subject was first discussed generally, and 
then the proposed conclusions were dealt with 
in order. The discussion may be summarised as 
follows: In big marshalling yards it is necessary, 
for reasons of economy, to have different methods 
of retarding the trucks, as the gradient of the 
hump should be such as to ensure that the 
worst running wagon, under the worst possible 
weather conditions, reaches the end of its proper 
siding. It is, therefore, necessary to slow up 
the wagons, especially the better-running ones, 
in fine weather, to ensure the correct spacing and 
to avoid shocks. Hand braking and manual 
braking by individual brake shoes is expensive, 
and is not free from danger. Mechanical braking, 
controlled from a distance, is preferable. Experi- 
ence does not, so far, enable a definite choice to 
be made between rail brakes and shoe brakes, 
or between different types of each class. Methods 
of acceleration call for special study, and systems 
of lighting, signalling and transmission should 
be perfected in conjunction with methods of 
coupling and retarding. The control of switches 
from a distance is to be recommended, and it is 
preferable, in certain cases, that their working 
should be automatic. The running of wagons is 
facilitated by the use of tractors which, when 
necessary, ensure contact between the shunted 
wagons. 

As the conclusions reached were 31 in number, 
it is not possible to give them all here. We ma 
mention, however, that they covered the different 
methods of braking available and their application 
under various conditions. The advantages claimed, 
among others, for distance-controlled braking 
methods include reduction in the number of 
brakesmen, less damage to goods and rolling-stock, 
increased safety of employees, increase in the 
handling capacity of yards and fewer locomotive 
hours. An accelerator which gives an additional 
impulse to badly-running wagons, or under unfavour- 
able atmospheric conditions was referred to, and 
luminous signalling devices, supplemented, if 
necessary, by oral code signals, were also mentioned. 
Mechanical means for the transmission of cut lists or 
other documents, it was stated, afforded a desirable 
means of expediting the conveyance of train 
papers, &c., between essential points in the yard, 
and the use of loud-speaking telephones was also 
recommended for the transmission of verbal 
messages. 

Finally, it was mentioned that in certain cases 
when space permits, economical use had been 
made of small tractors capable of running between 
the sidings and of crossing the rails, when necessary, 
for propelling or hauling one or more vehicles 
at a time and of closing up the vehicles when 
they had been shunted. 


Co-OPERATION OF STAFF. 

The co-operation of the staff towards increased 
efficiency, and its participation in the profits, 
Question XV, formed one of the items on the agenda 
for Section IV, and was dealt with in that Section 
at a meeting held on May 8. Three reports, of 
which abstracts follow, were prepared on this 
question. On behalf of America, the British 
Empire, and Japan, Mr. C. C. Cook, of the Baltimore 
and Ohio Railroad, explained that the term staff 
comprised both supervisory staff and wages staff. 
Co-operation could be secured by various organisa- 
tions, the machinery of which for Great Britain 


rule, suggestions were invited and awards given | received from the various administrations did not 
which might rise to the full amount of the saving | contain sufficient data to form the basis of definite 
effected. Arrangements for participation, by| conclusions. The question should be investigated 
officers or employees, in the net profits of the | further and reconsidered at the next Congress. 
company were not mentioned in any of the reports} Ata meeting of this Section held on the following 
received. There were, however, various bonuses | day, May 9, the form in which the new question- 
for production, cost of living and service, with} naire should be framed was discussed at some 
additional pay for long service, and percentages on} length. The recommendation finally made was as 
wages bonus. The report further referred to the| follows: Section IV considers that, in spite of the 
benefit associations, rest rooms, recreation facilities, | efforts made by the reporters, the information 
&ec., to various insurances, saving funds and loan| received from different administrations on the 
provisions, and to the encouragement of stock/| subject of Question XV is not conclusive. In these 
purchase by the staffs. In most of these matters | circumstances, it suggests to the Permanent Com- 
Japan had moved with the other countries; in| mission that the matter be referred back for further 
the United States, awards for meritorious sugges- | investigation and inclusion on the agenda for the 
tions were not given, but the suggestions were | next Congress in the following terms, and expresses 
considered by successive meetings until adopted or| the hope that the next Congress, by taking into 
abandoned, | account the data already received and the further 
The report for Belgium, France, and their Colo- | information which will be collected, will be in a 
nies, compiled by Messrs. Soulez (French Nord | position to make suitable recommendations : Par- 
Railway) and Bloch (Paris-Orleans Railway), went | ticipation of the staff in the results of working, 
much more fully into particulars respecting the| under the various aspects of the problem of staff 
premiums and gratuities allowed to labourers, | Temuneration, during each year with the view of 
particularly in the various departments of French | enlisting the men’s close and harmonious co-opera- 
lines. Gratuities were, for instance, granted for | tion in obtaining the maximum output and further- 
personal merit, devotion to duty and vigilance, | ing the prosperity of the undertaking, at the same 
discovery of broken or fissured rails, for work in| time giving railway users the best possible trans- 
locomotive depots and offices, to guards and drivers, | portation at minimum cost: (1) Methods of inter- 
luggage clerks and shunters, to train examiners, | sting the staff in the partial or complete results 
in workshops and coal yards. Very little was said | of railway working; (2) Co-operation of the staff 
about the bodies which fix the scales and formule |in the working of the undertaking (setting-up 
of the allowances and also of the penalties exacted | sectional councils, suggestion schemes, &c.); 
for bad work. Although profit sharing was proposed | (3) Methods of binding the staff to the railway 
on the Paris-Orleans Railway in 1844, very little | service, by social work, pensions, housing schemes, 
was actually done; the scheme developed into a| medical benefits, insurance, &c.; (4) Technical 





pension fund, and men were obliged to join in a 
legal organisation. No importance was attached 
to profit sharing which, it is said, has not prevented 
certain difficulties. 


J. Canovas del Castillo, both of the Madrid-Sara- 
gossa-Alicante Railway, covered all the other 
countries, many of which did not reply to the 
questionnaire, and was drawn up on a very broad 
basis. It discussed the difference between railway 
and industrial enterprise, co-operative production 


Y|and State railway administration, and drew atten- 


tion to the views of Henry Ford and Taylor. Ford 
recognised three-partners in business regarded as a 
harmonious association : the capitalist, the workers, 
and the public. He bought the Detroit, Toledo 
and Ironton Railroad, which had never paid the 
shareholders, and converted it in a few years into 
a highly prosperous concern, largely by paying high 
wages, and in spite of expensive reconstruction. 
Taylor had, before that, shown that the capitalist 
employer, workers, and the public had identical 
interests, and had reformed manufacture on 
scientific principles. The report recommended 
examination of the problems of the shares which the 
staff should have in increasing efficiency and in 
the profits, from this point of view. 

The reports were summarised by Mr. Marin del 
Campo after which a prolonged discussion followed. 
In the course of this, Mr. C. T. Cramp expressed 
the opinion that in view of the competition of road 
transport, the co-operation of the staff was vital 
to the prosperity of the railway companies, and 
stated that, in Great Britain, the men showed an 
increasing desire to help the administrations and 
frequently put forward suggestions for regaining 
traffic which had been diverted to road transport. 
He recommended that railway administrations 
should explain to the men the difficulties of the 
present situation and indicate how they could 
assist in overcoming them. Mr. Marin del Campo 
stated that the question of staff participation had 
been considered at the Congress of the International 
Federation of Transport Workers in April last. He 
gathered from the conclusions reached at that 
Congress that the men were of opinion that the 
question should be dealt with on the lines suggested 
in his report. He added, however, that with regard 
to the present Congress, the opinion widely held 
was that the matter had not been sufficiently 
investigated and should be referred back for further 
examination. Finally a resolution was carried to 
the effect that the question had been differently 





was ruled by the Railways Act of 1921. Where 
co-operative meetings of staff councils were not the 





interpreted by the reporters, so that the replies 


The report by Messrs. R. Marin del Campo and 


| instruction. 
(To be continued.) 








WELLAND SHIP CANAL—XII. 


In the general description of the Ship Canal we 
explained how supplies required for the lift locks 
are drawn from large pondage areas lying, in all 
cases, on the east side of the waterway. The water 
|is impounded, for the most part, by low embank- 
| ments, except in the case of the pondage provided 
bee the head of the flight of twin locks, where the 
ground falls away, so that, in order to ensure ample 
storage, an area has been necessary which involved 
the construction of a dam as much as 80 ft. high, 
for part of its length. The pondage provided in the 
case of Lock No. 1 covers an area of 107 acres ; 
for No. 2, some 200 acres ; above No. 3, the provision 
is 150 acres. The pond at the twin lock structure, 
|formed by the dam mentioned, provides 84 acres, 
| while for No. 7 the provision is 64 acres at El. + 
| 568, including the pond proper and the canal up 
to the Guard Gates. The canal below the Guard 
Gates is always open to the summit level through 
the safety weir. 

In all cases of Locks Nos. 1 to 7, with which we 
are now concerned, the water level of the pondage 
area and corresponding reach of the canal is con- 
trolled by a regulating weir. In the case of Locks 
Nos. 1, 2 and 3, this structure is contiguous to the 
lock itself, being situated close to the intake for the 
levelling culverts, with which our readers have 
already been made familiar. The cases of the weirs 
provided for Locks Nos. 6 and 7 have had to be 
considered separately, for reasons which will appear 
later. At the moment, we shall confine ourselves 
to the first three locks for which one general descrip- 
tion will serve. 

Fig. 211, Plate XIII, ante, which gave a plan of 
Lock No. 1 as typical of the three, showed the 
regulating weir at b. Extending to the right (north) 
of this is a waste raceway c, and at the end of this 
a waste, or stop log, weir d. In the three locks in 
question, the weirs are of mass concrete, reinforced 
in parts, and of gravity section. Each weir is 
divided into six bays by piers, between which stop 
logs can be placed, above the crest, while for emer- 
gency regulation, to prevent overflow of the banks 
and consequent flooding due to any break in the 
upper levels, low-level Stoney sluices are provided, 
15 ft. wide by 11 ft. 6 in. high. Only two such 
sluices are provided for Weir No. 3; there are four 
in the case of Weir No. 2, and five in Weir No. 1, 
the lowest. Apart from these essential differences, 
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cut-off wall 5 ft. deep and 3 ft. thick. The exact 
dimensions of the apron work, and levels of parts of 
the floor vary somewhat in the different weirs. The 
| piers provide slots for stop logs on the crest. These 
It | are 10-in. by 10-in. timbers. In addition, in the four 
central bays, there are, of course, recesses for the 
guides and roller paths of the Stoney sluices, while 
| upstream, again of these, are slots for stop-logs 
for unwatering. The decking consists of reinforced 
concrete slabs, 12 in. thick, with the usual beam- 
type reinforcement of }-in. rods, spaced 23 in. apart. 
On either side of the Stoney sluice slots in the deck, 
the thickness is increased to a total of 1 ft. 10 in. 
to form beams 1 ft. 10 in. wide, reinforced with 
-in. bars. 

The openings for the Stoney sluices are finished 
above in the vertical plane, upstream to a radius of 
5 ft. 9 in., as shown in the section, Fig. 448. The 
actual opening in the sluice frame is 11 ft. 6 in. 
high, and from this, the culvert through the struc- 
This wall is about 9 ft. wide at the top and 7 ft. at ture is enlarged to a height of 12 ft. 6 in. at the down- 
the bottom; in the deepest case (Weir No. 2), it stream mouth. The width of the opening also 
extended down from floor level a distance of about | increases from 15 ft. at the frame to 17 ft. at the 
60 ft. On the upstream side of the weir, an apron’ mouth. The piers are finished up-stream to a 
extends forward for 50 ft. 8 in., ending in a small | 3-ft. radius in the case of all but the thicker piers 


and some variations of a minor character, the 
structures are so similar that it will suffice to illus- 
trate Weir No. 2 for the purpose of detail descrip- 
tion. 

This is shown in Figs. 443 to 449, above. 
provides a crest length of 90 ft., in six 15-ft. bays, 
separated by five piers, four of which are 6 ft. wide, 
the central one being 8 ft. in width. The total 
width on the floor inside the end walls is 122 ft. The 
end walls are of gravity section, 15 ft. wide at the 
base, and the height of the structure above floor level 
is 44 ft. todeck. The ciest, 15 ft. wide in the direc- | 
tion of flow, is 34 ft. above floor level, and the width 
at floor level is 33 ft. The weir stands on a concrete 
mat, 4 ft. to 6 ft. thick, resting on piles at 3-ft. 
centres, cut off at a height of 6 in. to 12 in. above 
the bottom of the concrete, which was in some parts 
benched in steps 4 ft. to 5 ft. high, to suit the under- 
lying rock formation. Under the upstream face of 
the weir, a tapered cut-off was carried down to rock. 
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Fig. 449. 
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in the centre, which is finished to 4-ft. radius 
Reinforcement is inserted in the concrete behind 
the top and bottom faces of the sluice openings, as 
well as in the floor slab immediately under the 
structure. The general particulars of this reinforce- 
ment are given in the section, Fig. 448, but the 
fanned rods there shown in the side faces of the 
sluice-ways are only used in piers having expansion 
joints, i.e., the middle and two outside piers of each 
weir. This reinforcement is of l-in. rods. A 
number of 1}-in. rods extend diagonally through 
the piers, as shown in Fig. 448, to increase resistance 
to shear. The structures were built in sections, 
between which checks or keys were arranged similar 
to, but smaller than, those used in the lock struc- 
tures, and metal cut-offs were inserted across the 
joints. 

The drawings we have used so far for the purpose 
of our description are effectively supplemented by 
Fig. 450, page 727, and Figs. 455 to 458, Plate LIX. 
The first is a view of the weir at Lock No. 1, which, 
as stated, has five sluices. Figs. 455 and 456 show, 
respectively, the discharge and pond sides of the 
weir at Lock No. 3. This weir has two sluices only. 
Fig. 457 is also a view of this weir, and shows the 
intake monolith on the west side. Fig. 458 shows 
the weir at Lock No. 1, under test in the winter of 
1926. 

The surrounding wing walls were modified to 
suit the different sites on the up-stream side. On 
the west side a gravity wall connects the structure 
with the intake monolith, and on the east a short 
length of gravity wall extends in line with the 
weir, into the embankment. This wall, however, 
is continued as a cut-off wall for some distance 
from the structure, being carried down into a trench, 
the depth of which decreases with the distance 
from the weir. The impounding embankment up- 
stream is protected by 12-in. concrete slab work on 
a slope of 1} : 1, supported by a dwarf toe wall of 
3 ft. by 3 ft. section. Ten feet below the top of the 
bank is a beam, 5 ft. wide, the junction between 
the flat and the lower slope being provided with 
a metal cut off. This protection is laid in slabs 
about 12 ft. wide between expansion joints and 
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Fig. 451. Stas PRorection on Sipe or Waste Race; Lock No. 3. 


21 ft. 74 in. on the slope. Five longitudinal 
grooves are formed in the slab, in which a foothold 
may be secured. 

In Weir No. 3, which has only two low level open- 
ings, this slope protection sweeps right up to the 
weir proper. In the case of Nos. 2 and 1, with a 
larger number of low-level sluice-ways, the slope is 
cut back by means of retaining walls (see Fig. 444), 
So as to give a full-way approach to the outer sluices. 
On the down stream side there are further retaining 
walls, converging so as to reduce the full width of 
122 ft. to one of 100 ft. in 52 ft. 3in. These walls, 
in this distance decrease from the height of 44 ft. 
to zero, running out into the slab work of the waste 
raceway beyond. 

The raceway has a length of 800 ft., measured 
from the end of the weir wing walls to the waste 
weir. In this distance a fall of 1 ft. is provided, 


and the bottom width is reduced from 100 ft. to 
97 ft. The raceway has slab-protected sides on 
slopes of 1} and 1}: 1 in the cases of Nos. 1 and 
3, respectively, the slab-work being carried up the 
sides of the channel for a vertical height of 20 ft. 
as is well shown in Fig. 451, above. In the case 
of Lock No. 2, it will be remembered that a great 
deal of trouble arose with the back-fill on the east 
side of the lock, the material developing slides 
which moved away from the lock wall into 
the raceway area. To counter this, the raceway 
slope against this lock structure was finally made 
at 2}: 1, and a toe wall 6 ft. thick and about 10 ft. 
deep, was built on the edge of the raceway floor, 
21 ft. nearer the normal floor centre line than 
originally planned, steel sheet piling being driven 





previously along the centre line of the wall. Fur- 
ther, some 15 ft. behind the wall face, a row of 





bearing piles was driven through the material of 
the slope, and these with the toe walls carry the 
lowest protection slab, 2 ft. thick, reinforced 
with }-in. rods, and anchored to the toe wall by 
4-in. rods at 2-ft. centres. Above this 2-ft. slab the 
protection is changed to the normal of 1 ft. thick. 
This special arrangement is shown in Fig. 449. 

We may at once proceed with a description of the 
waste weirs, and thus dismiss the structural arrange- 
ments. The waste weir is provided to maintain the 
water level in the raceway during the closed season 
of navigation at a level higher than the top of the 
Stoney sluices of the regulating weir in order to 
protect them against ice formation during the late 
autumn and winter. 

The waste weirs at all three locks now under 
notice consist of four bays giving openings, with 
small variations, of 25 ft., between piers 4 ft. wide 
and 21 ft. high. Figs. 452 to 454 are typical of the 
waste weirs. Inthe case of Waste Weir No. 1, the 
floor slab just above the weir is laid on a 1 in 9 slope, 
but this was not provided in the other cases in 
which the normal slope of the raceway floor con- 
tinued right up to the waste weir. Below the 
weir structure is a fall of 12 ft. at No. 1 and of 17 ft. 
at the other two locks. The end walls are of 
gravity section, 16 ft. wide at the base and the 
floor thickness at the toe of the weir is 4 ft., the 
downstream face of the weir having a slope of 
12 in 10. A deep cut-off wall extends to hard 
rock along the upstream edge of the weir, which 
in all cases is supported on piles under the heavy 
parts of the walls, piers, &c., batter piles being 
driven to prevent any movement downstream. 
The piers take the form of buttresses extending 
from deck level to a point on the floor slab 41 ft. 
from the upstream face. The deck consists of 
reinforced slabs 18 in. thick, the width of the 
decking being 12 ft. The piers are provided with 
slots for 12 in. by 18 in. timber stop-logs, which, 
as in the case of the regulating weirs, are handled 
by hand-worked crabs running on rails let into 
the deck. From the end wall on the west side a 
wing wall extends and merges into the circular end 
of the lock wall, while on the east side concrete 
slab protection extends down to the main bank 
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of the lower canal reach. The fall is broken | 
by a wide platform below the weir toe, some 15 ft. 
or so above canal grade, protected by slab work, 
which, at the end of the slope below, is finished by 
a sunk wall, 9 ft. wide and 5 ft. deep. Below the 
waste weir at Lock No. 2 this support was made of 
such dimensions that it constitutes a wall of 
considerable size. 

Fig. 479, Plate LXI, is a view taken at the lower 
end of Lock No. 1, looking up the raceway, with 
the waste weir at the near end and regulating weir 
at the far end. The lock chamber is on the right. 
Fig. 480 is of the lower end of Lock No. 3, with the 
waste weir on the left and platform below it as 
described above. Fig. 481 shows the raceway and 
waste weir during the test of Weir No. 1. 

Reverting now to the subject of the regulating 
weirs, Figs. 459 to 463, Plate LX, show the general 
arrangement of the Stoney sluices and their operating 
mechanism. All Stoney sluices at a weir are operated 
from one shaft extending the length of the deck, 
and driven, as will be explained, either by electric 
motor or turbine. There is nothing special to 
remark about the sluice frames set in the concrete. 
These were erected first, stiffened with angle bracing, 
and the mass concrete poured round them. The 
sluices are 11 ft. 6 in. high by 15 ft. wide. Each is 
built up of four main horizontal girders, of joist 
section, 26 in. by 91 lb., and a bottom angle. The 
verticals consist of two end members of similar joist 
section, and for intermediate frames 8 in. by 16} lb. 
channels are used on the upstream side. The end 
frame webs are prolonged above the sluice and stiff- 
ened with cover plates to provide lifting eyes to 
which the operating struts are attached. The up- 
stream side is sheathed w:th }-in. plate, which, at the 
bottom is bent in from the lowest horizontal towards 
the downstream side of the sluice, as shown in Fig. 
463. The downstream side is not plated, except 
from the bottom horizontal joist downwards, where 
there is {3 in. stiffening plate, in which hand and 
drain holes are cut in each panel. From this plating 
diagonal bracing extends to gussets at the top 
corners. The seals consist of 3 in. by 2 in. by } in. 
angles at the sides, and 6 in. by 4 in. by § in. angles 
at the top, faced to fit close up to the frame. The 
sluice is guided in its recesses by rails set in the 
concrete, as shown in Fig. 464. Endwise move- 
ment is controlled by two pairs of 6 in. rollers | 














on the sluice end frames, running on rails, and 
other guide rails, but with no corresponding 
rollers, are set in the upstream side of the 
recesses. The fixed roller paths taking the pressure 
are steel plates with 6 in. face, the rollers of the train 
being 4 in. in diameter by 6} in. long. The roller 
track on the sluice consists of two plates separated 
by a 3 in. rod as shown in Fig. 465,so that the 
track plate can rock slightly under movement of the 
rollers to adjust itself under changes of pressure. 
The roller train is housed between 5} in. bars 1 in. 
thick and 18 ft. 11 in. long. At the top end they are 
fitted with a 6-ft. link having a 15-in. pulley laid 
in the bight of the suspension rope, which is of 
% in. plough steel quality. One end of this rope is 
attached to a bracket on the operating strut, and 
the other is hung from a spring anchor on a channel 
beam at deck level. The struts are 34 ft. 9§ in. 
long from end to pin centre. They are composed 
of 7 in. by 19} Ib. channels back to back and 5 in. 
apart. In the upper part between the channels 
there is a forged steel rack 14 ft. 3 in. long, cut with 
teeth which engage with the pinion of the operating 
machine. The lower end of the strut is stiffened 
with 2 in. by $ in. lacing bars. The bracket for 
the roller train suspension is of 8 in. channel. 
On one strut a cast steel stop is riveted on the outside 
of one channel web, near the end of the rack. The 
function of this will be explained later. 

Two views of the driving machines at Lock No. 1 
are given in Figs. 482 and 483, page 729, show- 
ing respectively, the sluices raised and lowered. 
Each strut is operated by a worm gear, one of 
which is driven by the main 3¥ in. shaft, running 
past all the sluices on deck. The companion gear is 
driven by a continuation of the worm shaft of the 
first gear. It will suffice to deal with the driving gear 
which is illustrated in Figs. 466 to 470, Plate LX. 
On the mainshaft are two ratchet clutches, engaged 
by springs, one or the other of which is forced into 
engagement according to the direction of rotation 
of the shaft, the second simply slipping, idle. 
The clutches engage a 28-tooth pinion which in 
turn drives a spur ring of 64 teeth, carried by a 
friction drive gear centre, described below. This 
gear centre is carried by a shaft as shown in Fig. 469, 
on which is cut a single worm of 5 in. pitch diameter 
and 2% in. longitudinal pitch. The worm drives a 
large worm gear of 33 teeth, 22-32 in. pitch diameter 
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and 2} in. circumferential pitch, mounted on a 43 in. 
shaft. This shaft is carried in two bearings as shown 
in Fig. 468, and on the central length is provided 
with a solid forged pinion of 14 teeth and 10-182 in. 
P.D. This pinion gears with the rack of the operating 
strut already described. On either side of the 
pinion are two bronze-bushed steel collars, revolving 
on the shaft. The faces of the strut channels roll 
on these collars so that the teeth mesh truly on 
the pitch line. Rollers are provided at the back 
to keep the strut up to the pinion. Fig. 467 shows 
the strut in section between the pinion and the 
back rollers. 

To prevent overrunning in an upward direction a 
striking gear is provided to throw out the clutch 
at the end of the travel. The declutching lever, a, 
is best seen in Fig. 467. It is pivoted on the bed 
plate, and the end opposite the clutch is fitted 
with a rod coupled to a double crank, one arm of 
which, fitted with a roller, is struck by the stop 
referred to above as being fixed on the side of the 
operating strut. A detail of the double crank is 
shown in Fig. 470. 

To prevent damage by driving the gate hard 
down on to the sill, or when the gate comes in 
contact with an obstruction, the friction drive 
mentioned above is provided. This is shown in 
Figs. 484 and 485, page 729, and is similar in principle 
to those already described. It consists of a spider a 
keyed to the shaft, and a cover plate 6, te two fixed 
together but held apart by ribs on the spider, and 
finished on the periphery to form a groove taking the 
gearring. In the interior is a phosphor-bronze 
brake-ring with Ferodo lining, one end of the ring 
being fixed to the spider. Between the other end 
and the spider arm, a 2} in. by -in. five-coil spring 
is inserted with an adjusting screw and nut, so 
that the pressure exerted on the brake-ring can be 
regulated. If the resistance to movement of the 
sluice exceeds that for which the spring is set, 
this gear, which affects both drives, will slip. 

The gear at the other end of the sluice is to all 
intents and purposes similar to the one described 
except that it is a plain worm drive, without slip- 
ping or knock-out gear, one set of which, clearly 
suffices. The shaft extending between the two 
worm drives of a sluice is fitted with a friction band 
brake, adopted in view of the fact that the helix 
(8 deg.) of the worm does not prevent overhauling 
and consequent lowering of the sluices, and with 
two compression couplings provided to join up 
the two worm shafts. The brake, illustrated in 
Fig. 486, is fitted with a free-wheel clutch so that 
it does not interfere with lifting. 

We now come to the driving arrangements. Two 
drives are provided. The normal drive consists 
of an electric motor, shown in Figs. 459 and 460, 
running at 666 r.p.m., and geared down so that 
the main shaft runs at 170 r.p.m. Between the 
main gear and the driving shaft is interposed 
a clutch and the limit gear illustrated in Figs. 
472 to 474. This gear does not come into 
play in the ordinary course, and does not affect 
the electric drive for regulating the height of the 
sluices in normal operation. It is intended to 
operate automatically, should the pondage level 
rise suddenly and emergency opening be necessary 
to afford relief. At one end of the weir, in the 








wing wall, there is a 6-ft. shaft, shown in Figs. 
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Fic. 479. Waste Raceway; Lock No. 1. 




















Fic. 480. Waste Weir AND DiscHARGE TO CANAL Prism ; Lock No. 3. 
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top, expanding to 4 ft. 4 in. beyond the elbow, where 
it opens into a 6-ft. tunnel at the mouth of which 
is a weir 2 ft. 9 in. high, pierced by a drain. Close 
to the intake chamber is a second, rectangular, pit, 
provided with a weir and float gear, and draining to 
the downstream side of the structure. In this cham- 
ber (Fig. 461) is a horizontal shaft on which are two 
arms, supporting at one end a tank, and counter- 
weighted at the other. The lip of the tank extends 
under the adjustable weir, holding up water to the 
level of the upper pool. If the level of the latter rises 
and overtops the weir, the tank is filled and weighs 
down the lever, turning the shaft which extends 
through to the turbine shaft, where the inlet bell- 
mouth is fitted with a butterfly valve, as seen in Fig. 
462. This on being opened admits water to the tur- 
bine, which continues to run until the water level 
falls tonormal. The tank has a drain-hole and returns 
| to its normal position when the supply falls below 
| the amount drained off. Water can also be admitted 
to the tank by a hand valve if the turbine should 
be required to operate the sluices in the event of 
failure of the electricity supply. 
| The clutch and limit gear at the head of the 
turbine shaft are illustrated in Figs. 472 to 478. 
| At the top of the turbine shaft is a bevel gear- 
ing with another free to revolve on the main 
'shaft. Sliding on the latter is a lever-controlled 
|clutch, by means of which the turbine drive is 
transmitted to the main shaft. The clutch can 
| be operated by hand and declutched by hand or 
automatic gear. 
Above the shaft is a lead screw, driven, through 
| three gears, off the main shaft. On this screw is a 
| travelling nut, in a housing with jaws which embrace 
| a guide bar above and prevent the nut from turning. 
Details of the nut are shown in Figs. 475 to 478. 
The nut housing contains a clutch pressed out- 
wards by a spring and engaging with teeth on the 
housing when travelling, or allowing the nut to 
idle when free. The sliding-clutch member is pro- 
vided with a striking pin extending through a 
slotted hole, as shown in Fig. 475. If the lead 
screw revolves so that the nut travels towards 
the left end of the frame, in Fig. 472, on arrival 
there the pin comes in contact with a stop, and 
the nut housing is de-clutched. At the same 
time, the nut itself comes in contact with the 
|lug of a stop on the screw shaft and is carried 
| round by it, the whole being idle. On nearing the 
| end of its travel, the housing comes in contact with 
a bent lever and pushes this over. By means of a 
|link gear this operates the main clutch. In the 
first installation, at Weir No. 1, a second clutch 
and striking gear are provided, and on the 
| sluices being lowered the travelling nut moves back 
|to the right, where again at the proper point the 
|nut is declutched. A second stop and lug are 
fitted, holding the nut in the correct position 
|for again moving to the left to control the valve 
|movement. At other weirs the reverse or lowering 
| striking gear has been omitted. Lowering is done 
{under hand control. When the sluices have been 
| set by motor, the turbine gear is clutched in ready 


| 


THE WELLAND 


























Fig. 482. Opreratina Macuines at Weir No. 1; Stuices Ralsep. 
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—_ , will ultimately be adopted. The motors partake 
generally of the features of those described for 
the Taintor gate machines on page 595 ante. 
They were manufactured at the British Electric 
Plant Company’s works at Alloa, to the order of 
the Canadian associated company, the Harland 
Engineering Company of Canada, Limited. The 
motor drive is designed to open the sluices com- 
pletely in 2} minutes, and the turbine performs 
the same duty in 2 minutes. When the latter 














| adraught tube and tunnel are carried through the 








459, 460, and 462. In this is placed a vertical- | 
shaft water turbine, 10 ft. above the floor level. | a rectangular chamber opening on to the wall face. 
An intake is arranged for this in the wall face, and | The draught tube is 2 ft. 6 in. in diameter at the 





| weir end wall and terminate in the face of the down- 
| stream wing wall. The arrangement is slightly dif- 
| ferent in the different weirs, but the general scheme 
| is similar. The supply to the turbine is brought 
through a 3-ft. 6-in. branch shaft, connecting with 


is working, the motor may be driven at a speed 
up to 2,000 r.p.m., and this has been taken into 
account by providing special cast-steel clamp rings 
and binding the rotors with steel wires. Float con- 
trols are installed, to start the motors automatically 
if, for any reason, the turbine should fail to act. 


(To be continued.) 











73° 


ENGINEERING. 


[JUNE 6, 1930. 








LABOUR NOTES. 


At the close of the Amalgamated Engineering 
Union’s quadrennial meeting in Manchester, on Friday 
last week, Mr. J. T. Brownlie, the president, in the 
course of an address to the divisional representatives, 
emphasised the importance of voluntarily raising a 
“revival” fund. The object of the fund would be, 
he explained, to enable the Union effectively to with- 


Greek Chamber seeks to limit the hours of work of 
salaried employees in banks and offices in general. It 
fixes the hours of work in such undertakings at eight 
in the day, except where shorter hours are being worked. 
Overtime will be paid for at 25 to 35 per cent. above 
normal rates, except in the case of salaried employees 
whose salary exceeds 5,000 drachmas. Any infringe- 
ment of the provisions of the Bill will be punishable 


A Government Bill introduced recently in the | 





stand any encroachments that might be made upon the | by a fine of from 200 to 2,000 drachmas, or imprison- 
working conditions of members, and to secure further | ment for a period not exceeding 30 days, or both. 
improvements, including a reduction of working hours | 
as a means of alleviating unemployment. In common | 
with other similar organisations, he said, the Amal-| The official weekly organ of the International Labour 
gamated Engineering Union had passed through a Office states that at a meeting in Berlin on April 25 
very trying period during recent years owing to the | and 26, the Committee of the International Federation 
severe industrial depression. The A.E.U. had every | of Christian Trade Unions considered the question of 
reason to be satisfied with the manner in which it had | the hours of work of salaried employees. It noted, 
met its obligations, inasmuch as it had paid over | with satisfaction, a resolution on the subject declared 
8,000,0001. in benefits since 1920; but, in his opinion, | that the question was debated during the Twelfth 
it was imperatively essential that its funds should be | Session of the International Labour Office, and recom- 
rehabilitated. He recognised the difficulties which a | mended that the Conference, at its Fourteenth Session, 
call upon the members for increased —— adopt a Draft Convention which will provide 
involved. He was satisfied, however, that there were | effective guarantees for all salaried employees who are 
great potentialities within their ranks and believed | not yet covered by the provisions of the Washington 
that if an honest appeal and co-ordinated efforts were |Convention; that it should be definitely specified 
made in all districts and branches a revival fund of at | that “ hours of work” means the time during which 
least 100,0001. could be raised within two years. |the staff is at the disposal of the employer, to the 
|complete exclusion of rest periods during which the 
| staff is free ; that the maximum hours of work should 
Mr. Brownlie pledged himself to contribute 25J. and, | be fixed at eight in the day and 48 in the week ; that 
if conditions improved, a further 25]. Mr. A. H. | shorter hours should be established for young persons 
Smethurst, the general secretary, and Mr. J. T. Haynes |under 18 years of age, salaried employees engaged in 
(South Africa), also promised contributions of 25/. The | working office machines, and persons employed in dan- 
meeting welcomed the appeal and unanimously associ- | gerous or unhealthy undertakings, in basements or 
ated itself with the proposal. Mr. Brownlie and | by artificial light; that daily hours of work should 
Mr. Smethurst were requested to prepare an appeal for be so arranged as to allow a half-day holiday once 











distribution to the district committees. 





An interesting new national agreement has been 
negotiated by the Federation of Employers’ Organisa- 
tions in the garments industry and the Tailors and 
Garment Workers’ Union. It contains the following 
declaration by the employers :—‘‘ The federation has 
found it mutually convenient to have some organisation 
— the workers with which to negotiate 
collectively on their behalf, and while it is not com- 
pulsory for any employee, or any member of the fede- 
ration, to join a trade union, the federation recog- 
nises the Tailors’ and Garment Workers’ Union as 
an organisation representing workers employed on 
garment-making processes (other than those holding 
departmental or managerial positions).” In a state- 
ment attached to the agreement but not a part of it, the 
employers’ organisations recommend their members to 
adopt a scheme of holidays, with pay for their members. 





By an Act of March 25, 1929, which was recently 
promulgated by the President of the Polish Republic, 
certain important amendments have been made in the 


Unemployment Insurance Act of July 18, 1924. The | 


minimum age for admission to unemployment insurance 
has been reduced from eighteen to sixteen years, while 
the maximum wage for the calculation of unemployment 
benefit has been raised from 7-50 to 10 zloty a day. In 
addition, provision has been made for the extension of 
the unemployment insurance scheme to cover workers 
in undertakings employing less than five workers ; 
such workers were not covered by the former Act, and 


this provision does not become effective until January | 


The other provisions of the new Act came 


23, 1981. 
The current 


into force on the date of its promulgation. 
exchange value of the zloty is about 53d. 


A Bill to provide for holidays with pay was sub- 
mitted to the Grand Council recently by the Council 
of State of the Swiss Canton of Bale Ville. The 
measure seeks to enact that any person who works 
without interruption for the same employer shall 
entitled to an annual holiday of six days after one 
year of service and of twelve days after ten years. 
Apprentices and young persons under 18 shall be 
entitled to a holiday of twelve days every year. The 
Bill does not apply to Federal public servants, or to 
workers whose conditions cf labour are governed by 
the Federal Factory Act. The Council of State of the 
canton took the opinion of several legal experts on the 
question whether the cantons had power to require 
the grant of annual holidays with pay. All the 
experts agreed that so long as there was no Federal 
Act dealing with this question the cantons had the 
right to compel employers to grant holidays. On the 
other hand, their opinions differed on the question 
whether the payment of wages during holidays could 
be made compulsory. The Federal Department of 
Justice and the Federal Judge, on being consulted, 
acknowledged in principle that the cantons had such 
powers. 


be | 


|a week; that wherever possible the half-day holiday 
|should immediately precede the weekly rest day, 
/and that the latter should fall on Sunday; that 
|exceptions and exemptions should be allowed only in 
|cases of absolute necessity or unavoidable circum- 
| stances; that the text adopted should define such 
| exceptions and exemptions so as to leave no oppor- 
tunity for abuses; and that the draft convention 
should make provision for administrative measures 
which will enable the persons affected to supervise the 
strict application of the relevant Acts and regulations. 





A ballot of the trade unions of wool textile workers 
went heavily in favour of continuing the stoppage in 
the West Riding, which has now lasted for about 
seven weeks. The employers, it will be recalled, 
offered to pay the lower wage rates recommended by 
|the Macmillan Court of Inquiry, and the workers in 
| the principal areas, that is, Bradford and Huddersfield, 
|refused to accept them. Of the total number of 
| votes cast, 67 per cent. were in favour of holding out 
until the employers offered better terms. 








| The provisional legislation relating to hours of 
work, which has been in force in Sweden since 1919, 
is now to be replaced by a permanent measure. Certain 
extensions of its scope were proposed, but on the 
recommendation of a al of the Riksdag, they 
| were rejected. Amongst them was one by the Socialist 
Party that a number of exemptions (including a clause 
|relating to small undertakings employing not more 
{than four workers) which had hitherto prevented 
| ratification of the Washington Convention, should be 
| abolished. Another proposal from the same quarter 
was that the legislation should be extended to cover 
| fire brigades and persons employed in hospitals, poor 
law institutions and the like. The Communist Party 
| proposed that all exceptions should be abolished, 
| that the Act should be extended to cover domestic 
| service, and that the Government should submit to 
| the next Session of the Riksdag a Bill based on the 
| principle of a seven-hour day or 42-hour week in 
industry in general, and a six-hour day or 36-hour week 
|in certain heavy and unhealthy work, including work 
|in open quarries north of the Arctic Circle, and under- 
ground work in mines. 


| A Franco-Polish Convention dealing with the 
| migration of workers was recently signed. According 
ito the Revue Mensuelle de [Union des Industries 
Métallurgiques et Miniéres, it was decided that the 
French authorities on submitting applications to the 
Polish authorities should be informed of the results 
within a period of three weeks. If the Polish authori- 
ties are not in a position to give a decision within three 
weeks, they are to inform the French authorities, 
giving the reasons for the delay. If enquiries are 
called for, they are to be undertaken by the French 
authorities, and the results communicated to the 
Polish authorities. In addition, the French authorities 
are to study the question of organising a special 
service for the purpose of informing Polish workers 











engaged for the French iron mines as to the conditions 
of labour in such mines, and of ascertaining, by suitable 
medical examination, their physical qualifications for 
the work. 





The Polish authorities were reminded that the con- 
tract of employment for workers in the iron mines 
relates solely to underground work. Nevertheless, 
having regard to the fact that some of the Polish workers 
engaged for underground work may be found unable to 
carry out the work which they have accepted, it was 
decided that French employers should try to find such 
workers another kind of work in their own or another 
undertaking. The workers in question would be paid 
at the same rate as other workers doing the same work, 
and would be entitled to any benefits arising out: of the 
other clauses of their contracts. 





Tn accordance with the variation in the cost of living, 
reductions in the hourly wage rates of workers in the 
electrical contracting industry take effect for four 
months, as from the second pay day in June. The 
Grade A rate is reduced from ls. 1ld. to 1s. 10d. 
per hour, including the 5 per cent. increase on current 
rates that came into operation on the first pay day in 
May, 1929, and remains in force until further notice. 
The Grade B rate is reduced from ls. 73d. to ls. 7d., 
the Grade C rate from 1s. 64d. to 1s. 53d., and the 
Grade D rate from ls. 43d. to ls. 4d. 





Industrial and Labour Information gives details of 
measures that have recently been taken by the 
Roumanian Authorities with the object of reducing 
unemployment. With a view to preventing an 
increase of unemployment among miners, the Govern- 
ment gave up its intention of reducing in April its 
orders for coal from the Jiu Valley Mines. The 
management of the State Railways was requested by 
the Prime Minister to refrain from further dismissal 
of workers and to seek to effect economies in other 
ways. The management consequently modified its 
construction schemes and allotted 300,000,000 lei for 
the purchase of rolling stock from private undertakings, 
and 240,000,000 lei for the purchase of materials for 
works to be carried out in the State Railway work- 
shops. In view of the unfavourable state of the labour 
market, the Administration of the State Salt Works 
has decided to discontinue the employment of convicts 
and to replace them by unemployed workers; the 
convicts will be employed in future in the prison 
workshops. The Association of Tanners and Boot 
and Shoe Operatives has submitted a memorandum 
in the name of 6,000 unemployed workers in that 
industry, demanding that measures be taken to prevent 
the importation of ‘‘ Bata” boots and shoes; that a 
law be passed prohibiting the importation of foreign 
ready-made boots and shoes in general; that customs 
tariffs be lowered on raw hides entering the country ; 
that Government orders and those of other public 
authorities be placed with Roumanian boot and shoe 
makers; and, finally, that the residence permits of 
foreign boot and shoe makers be submitted to a close 
revision. 





An interesting decision was given, recently, in the 
Chancery Division in a case heard by Mr. Justice 
Farwell. An employer claimed the right to make 
certain deductions from the wages of a weaver in 
respect of bad work, and it was contended on his 
behalf that this right was conferred by the Truck Act, 
1831, and the Factory and Workshop Act of 1901. 
The judge held that there could be no justification 
in law for the deduction, apart from usage, and 
that the deduction was not such a usage as the 
law would recognise, and was illegal under the Truck 
Act. 





On May 26, 1930, the numbers of persons on the 
registers of employment exchanges in Great Britain 
were 1,164,500 wholly unemployed, 509,600 temporarily 
stopped, and 96,000 normally in casual employment, 
making a total of 1,770,100. This was 10,640 more 
than a week before, and 637,819 more than a year 
before. The total on May 26, 1930, comprised 
1,261,700 men, 44,800 boys, 419,700 women, and 
43,900 girls. 


At a meeting of the Unemployment Grants Com- 
mittee on Monday, Lord St. Davids in the chair, a 
number of schemes of work submitted by local authori- 
ties and other statutory bodies for the relief of unem- 
ployment were approved for Government grant. The 
estimated cost of the schemes so approved was 443,500/. 
to provide employment for approximately 2,100 men. 
Schemes before the Committee for approval, which 
are now the subject of inquiry, number 745 ,and are 
estimated to cost 12,953,000I. 
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Fig. 2. Mast ror 110-Kv. Transmission Line. 


| ELECTRICITY SUPPLY IN IRELAND. 


| Untim 1919, electricity supply in Ireland was regu- 
lated by the same Acts as those which applied in this 
|country. By the Government of Ireland Act, 1920, 
| however, provision was made for the transfer to the 
|Governments of Southern and Northern Ireland, 
| respectively, of all public services relating to those 
bodies. At the time this transfer was effected, three 
| special Electricity Acts relating to large areas in Ireland 
| existed, namely, the Belfast and North East Ireland 
| Electricity and Power Act, 1904, the Central Ireland 
| Electric Power Act, 1901, and the Shannon Water and 
| Electric Power Act, 1901. Twenty-three provisional 
| orders, made under the Electric Lighting Acts, 1882 
| to 1909, and authorising supply in local areas, had also 
| been promulgated. None of the Acts had, however, 
| been put into force, and only four of the provisional 
orders related to undertakings of any importance, 
namely, those dealing with Belfast, Cork, Dublin, and 
Londonderry. A number of small undertakings were 
|also being carried on without statutory powers. The 
electrical undertakings in Northern Ireland were trans- 
' ferred to the government of that country on January I, 
1922, and passed under the control of three Electricity 
| Commissioners, who work on lines similar to those 
laid down in the Electricity (Supply) Act, 1919, of 
Great Britain, while recently, Mr. J. M. Kennedy has 
reported in favour of a high-tension transmission 
scheme operated by a non profit-earning authority. In 
Southern Ireland, the undertakings were transferred on 
April 1, 1922, and by the Electricity (Supply) Act, 1927, 
of that country an Electricity Supply Board was set 
up to control them. This Board at present consists of 
two whole-time members, the chairman and the 
managing director, and three part-time members. Its 
duties are to generate electricity at the Shannon hydro- 
electric works, which has been constructed under the 
Irish Electricity (Supply) Act of 1925, and to provide, by 
means of a transmission system, for the distribution, 
utilisation, and sale throughout the Irish Free State of 
the energy thus produced. By virtue of this Act, the 
whole business of electricity supply in Southern Ireland 
has, therefore, been placed in the hands of the Board. 
This body also has powers to wire buildings and sell, 
hire, and even manufacture, apparatus. The effect of 
this measure is that all the power stations which were 
giving a public supply have been taken over by the 
| Board and have been shut down, while generation has 
| been concentrated at a hydro-electric plant at Ardna- 
| crusha on the Shannon, near Limerick, a supply from 
| which is given through a network of transmission lines 
| extending over the whole country. We propose 
| subsequently to deal with the design and construction 
| of that station, and in the present article to give some 
| details of the transmission system and substations. 
| As will be seen from the map, reproduced in Fig. 
| the transmission system consists of a 110 kv. line 
extending across the country from Cork to Dublin via 
Ardnacrusha and connected to substations at all three 
places. Eventually it is proposed to erect a fourth 110 
kv. substation at Maryborough. Between Ardnacrusha 
and Dublin, a distance of 116 miles, the line is double 
and between Ardnacrusha and Cork, a distance of 593 
| miles, it is single. In addition, 1,822 miles of 38 kv. 
| line have been erected to form four loops as shown. 
| These loops may be distinguished as follows: (i) Ard- 
/nacrusha, Waterford, Cork, Mallow, Tralee, Ardna- 
'crusha; (ii) Ardnacrusha, Ennis, Galway, Swinford, 
Boyle, Mohill, Athlone, Maryborough, Ardnacrusha ; 
(iii) Mohill, Cavan, Dundalk, Drogheda, Dublin; and 
(iv) Dublin, Wexford, Waterford, Carlow, Mary- 
borough and Dublin. In addition, there are, as will be 
seen, certain spur lines. For the most part these lines 
are single circuit, and, at present, are being fed at 
Ardnacrusha, Dublin, and Cork, while later on a 
connection will also be made at Maryborough. A 
supply is given from the 38 kv. system, through sub- 
stations situated at the points indicated by dots in 
Fig. 1, to a tertiary system, which operates at 10-5 kv., 
| whence it is transformed down to 380/220 volts for 
local distribution. As an exception to this rule, in 
Dublin, the energy, which is received at 110 kv., is 
stepped down to 38 kv. in a substation at Inchicore, 
in the west of the city, and is then transmitted by 
cable to a substation at Fleet-street in the centre ofl 
the city, where it is transformed to 5 kv. The reasor 
' for this is that, until recently, Dublin’s electricity was 
generated in a station at Pigeon House Fort, at the 
entrance to the harbour, whence it was transmitted 
to Fleet-street at 5 kv. for distribution. It was obviously 
desirable to continue to use the old pressure, and opera- 
tion has been facilitated by making the two stations in 
Fleet-street contiguous. 

It may also be mentioned that throughout the 
country the erection of the lines has not been accom- 
panied by the difficulties with local authorities and 
others which are often met with in Great Britain. 
Telegraph and telephone circuits are less numerous, and 
wayleaves have been easier to obtain. Compensation 
for the use of land for the poles has been made by the 
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Fie. 4. 110-Kv. 


payment of a lump sum, and, in the event of a change of | 
ownership, the original agreement remains in force. | 


In addition, payment for damage is made. 

“Turning to the methods of construction employed 
on this network, all the 110-kv. lines are carried on 
lattice-steel masts. As a rule, these masts, one of 
which is shown in Fig. 2, are mounted on wooden 
sleepers, the connection between the two being made 
by channel iron. The sleepers themselves are impreg- 
nated with creosote. In the case of a double-circuit 
110-kv. line, six sleepers, each 2-6 m. long, are 
used. The steelwork underground, and for about 
0-5 m. above ground, is treated with asphalt tar, and 
above that level received a primary coating of red 
oxide before leaving the works. After erection, two 
coats of anti-corrosive paint were applied. The cross- 
section of the masts is square, and the normal design 
of a 110-kv. six-conductor line is such that the overall 
height is 20-7 m. In the case of a three-conductor 
110-kv. line, the standard mast height is 18-2 m., 
and in both cases, special intermediate poles are 
employed to give an additional height of 2 m. where 
the topography renders this necessary. The maximum 
span is 250 m., and the minimum clearance from the 
ground 7 m. The spans ae reduced where railways, 
communication lines, roads or navigable waterways 
are crossed, while the minimum clearance between the 
110 kv. and communication lines has been fixed at 
2-75m. Where the 110-kv. lines cross the 38-kv. lines, 
the distance between the lowest conductor of the 
former and the highest conductor of the latter is 5 m. 
To comply with this condition, the 110-kv. poles at 
Athy and certain other places are 28 m. high. 

The cross-arms are arranged so that no two conduc- 
tors lie in the same vertical plane, and they normally 
carry chains which are composed of seven porcelain 
insulators. These chains, one of which is illus- 
trated in Fig. 4, have dry and flash-over voltages of 
450 kv. and 338 kv., respectively. The individual 
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other places at which greater security than usual is 
necessary, an additional insulator is used, while over 
railways and navigable waterways, double chains, each 
composed of eight insulators, are employed. The 
latter practice is also followed where communication 
lines are crossed. In almost all cases, the conductors 
are of hard-drawn copper with a cross-section of 95 
sq. mm., and a tensile strength of 40 kg. per sq. mm. 
These conductors are made up of 19 strands of 2-5- 
mm. wire, and are strained so that, at a temperature of 
— 6 deg. C., and with an additional load of 180 ./d gm. 
per metre length (d being the diameter of the con- 
ductor in millimetres), or at 20 deg. C., without this 
additional load, the stress does not exceed 19 kg. per 
square mm. Connection between the insulators and 
conductors is effected by suspension and wedge strain 
clamps, the former being fitted with a copper inset 
thimble to protect the cable. Joints in the latter are 
made by means of grooved connectors, the breaking 
strength of which is 2,010 kg., compared with 3,770 kg. 
for the cable itself. 

The general design of the masts for the 38-kv. line 
is the same as that which has just been described. In 
the northern area, however, wood is being used instead 
of steel. The total mileages of the steel and wooden 
poles are 1,040 and 782, respectively. Normally, the 
height of the poles above the ground is 14-5 m., 
though this is increased by 4-5 m. when required by 
the topographical conditions. In most cases, the 
lines operating at this pressure are of the single- 
circuit type, and normally they are suspended from 
the cross-arms by chains consisting of two insulators, 
the dry and flash-over voltages of which are 150 kv. 
and 123 kv., respectively. An extra insulator is 
added at crossings and other places where greater 
security is desirable. The cable used is made up of 


units, one of which is illustrated in Fig. 3, are of the | 19 wires with a diameter of 1-8 mm., the overall cross- 


V-ring type. Where a line crosses a public road, and in | section being 60 sq. mm. In exceptional cases, how- | 





ever, where a deep valley has to be crossed or the span 
is abnormally long, bronze conductors made up of 
37 wires, and with a cross-section of 95 sq. mm., are 
used. These conductors have an ultimate tensile 
strength of 70 kg. per square millimetre, and give the 
same factor of safety as the copper cables with less 
sag. The minimum clearance between the power and 
communication lines is 1-83 m. Usually the clearance 
above the ground is 7 m., though this is increased to 
45-7 m., where the River Suir is crossed at Waterford, 
the poles at this place being 47 m. above ground level, 
and the span 470 m. At New Ross, where the River 
Barrow and a railway are crossed, bronze conductors 
with a cross-section of 95 sq. mm. are strained between 
two crossing poles, and are suspended by double 
chains of insulators from a central pole which is erected 
in swampy ground. This pole is mounted on 36 
wooden piles, with an average diameter of 35 cm., which 
are driven into the ground to an average depth of 12-5 
m. The span over the river is 373 m., and that over the 
railway 250 m. Generally, strain poles are placed at 
intervals of 3,000 m., so that two-thirds of the maximum 
tension on one side of the pole is taken up. The 10-5 
kv. lines are exclusively carried on wooden poles, and 
in general design correspond very closely with those 
operating at the higher voltage, so that they need not 
be further described. , 

As already mentioned, three 110-kv. substations 
have been erected at Ardnacrusha, Dublin and Cork, 
respectively. An account of the first of these will be 
given in connection with the power station, and we 
shall here confine ourselves to the description of the 
second. This may be taken as being generally applic- 
able to the station at Cork, with the exception that 
the latter is supplied only by one line, instead of two. 

The 110-kv. substation at Dublin is situated 
at Inchicore on the outskirts of the city and, 
owing to the high building costs, the whole of its 
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through 90 deg., thus facilitating transportation on 
the site. The oil and air circulating plant for the 
transformers is installed entirely out of doors. 

The 38-kv. circuit-breakers have a rupturing capacity 
of 300,000 kv.-a., and the mechanism connected with 
all three phases is contained in one tank. Both 
the 110-kv. and 38-kv. breakers are operated by 
solenoids from the control room and can be moved 
out of position, for maintenance and repair purposes, 
on two special trucks which run on short lengths of 
track. The tracks are laid between the various 
sections of the plant and are joined by cross tracks 
which are placed at a slightly higher level. This 
enables the transfer from one system to the other to 





be made by using two portable lengths of rail and 
jacking up the trucks so that their axles can be 
turned through 90 deg. 

The control room at Inchicore is placed on the second 
floor of a brick control house, and is provided with large 
bay windows so that a good view of all the outdoor 
apparatus is obtainable. It is equipped with the usual 
operating switches and with a diagram. The former is 
mounted on vertical panels, while on a three-section 
desk are fixed the various devices for indicating faults 
and the temperatures of the different parts of the 
equipment. Telephonic communication with Ardna- 
crusha is maintained by a high-frequency system, which 
is imposed on the 110-kv. transmission lines. The relay 
panels are installed in a room on the first floor of the 

| building, while on the ground floor are two transformers 
for supplying the lighting and power circuits of the 
| station, a 152-ampere-hour 220-volt battery for opera- 
ting the oil circuit-breakers and providing the emer- 
| gency lighting, and two 24-volt i for use in 
| connection with the alarm circuits. These batteries are 
charged by motor-generator sets. The control-room 
building is ‘completed by a workshop, which extends 
| the whole width and height of the structure, so that 
| the main transformer bushings can be dealt with in it, 
‘if necessary. The substation is well provided with 
artificial illumination, the fittings for which are fixed 
|to the steelwork, and these may be augmented by a 
| portable spot-light, when any special work has to be 
carried out. 

The 38/5-kv. station in Fleet-street, Dublin, from 

which, as already mentioned, the load in the central 
part of the city is supplied, is equipped with three 
15,000-kv.-a. British Thomson-Houston transformers, 
which are fitted with automatic tap-changing equip- 
| ment and are installed in the open air. These trans- 
| formers supply duplicate low-tension ’bus bars, from 
which connection is made to the original Fleet-street 
station of the Dublin Corporation, which is just across 
the road. 

The only electricity undertakings of any importance 
in Southern Ireland besides Dublin, are those at Cork 
and Limerick. In the former city, a 110/38/10-5 kv. 
substation of the same design as that at Inchicore 
is under construction, and will be equipped with 
two 10,000-kv.-a., triple-wound transformers, thus 
enabling the erection of a separate 38/10-5-kv. sub- 
station to be avoided. The 110-kv. and 38-kv. 
switchgear will also be similar to that at Dublin, 
but the 10-5-kv. equipment has been installed in a 
small building. The 10-5-kv. supply is transmitted 
to two substations, from one of which the city will be 
supplied through 6,000 kv. of rotary-converter plant, 
while the second has been erected to meet the require- 
ments of the Ford motor-car factory in that city, and 
is equipped with 6,000 kw. of mercury rectifiers. 

| The38/10-5-kv. substations are of the same standard 


equipment, with the exception of the control and|side. Normally, there is no voltage across this choke, | design throughout the country, the only variation 


auxiliary apparatus, has been erected out of doors. 


|so that no current flows. If a line goes to earth, 


| being in the length of the buildings housing the switch- 


On account of the humid climate, all the steel-| however, a potential difference, which is in phase with | gear. The smallest (Type A) is 3-8 m. long and 6 m. 
work necessary for supporting the lines and switch- | that of the faulty line, is set up across the choke. A | wide, and its equipment consists of one 100-kv.-a. 


gear has been carefully protected against rust, and 
was also galvanised at the places in close proximity 
to the live parts, in order to obviate the risks of 
carrying out re-painting in such positions. The 
general lay-out of the plant at Inchicore will be clear from 
Figs. 5 and 6, from which will be seen that the incoming 
110-kv. lines are connected through oil circuit-breakers 
and isolating switches to two sets of bus bars. These 
bus bars consist of 150 sq. mm., bare copper cable, 
and are, in turn, connected to three 15,000-kv.-a. 
110/38-kv. transformers. The secondary sides of these 
transformers feed two sets of 38-kv. *bus bars through 
oil circuit-breakers and isolating switches. The 38-kv. 
bus bars can be divided into sections by sectioning 
switches, while a ’bus coupler allows the transformers 
and feeders to be changed over from one set to another, 





current therefore flows through it, thus generating a 
corresponding current on the 38-kv. network which can 
be used to balance the charging current due to the 
fault. In this way it has been found by experiment 
that the earth current can be reduced to as little as 
2-5 amperes. It may be added that the incoming lines 
are protected by overload and earth relays, the latter 
working on the wattmeter principle and being extremely 
sensitive in action. The transformers are protected 
against external faults by overload and time-limit 
relays, while internal faults are taken care of by relays 
working on the Bucholz principle. In addition to the 
cables for the city supply, there are three overhead 
lines for feeding the eastern section of the 38-kv. 





| national system as shown in Fig. 7. 


The 110-kv. oil circuit-breakers have a rupturing 


if necessary. Normally, the transformers are paralleled | capacity of 1,000,000 kv.-a., and the welded-steel 


on the 110-kv. side, and operate separately on the 
38-kv, side, thus enabling the supply to Dublin to 
be kept distinct from that to the outlying districts. | 





tanks in which the operating mechanism is contained 
rest on two foundation blocks. These blocks are 
spaced so that a wagon running on rails can be placed 


The 38-kv. equipment comprises a potential trans- | under the tanks when it is necessary to move the latter. 


former for supplying the control and auxiliary | 
equipment, and an extinguishing transformer for 
dealing with the fault current. The windings of the 
latter are connected in star on the primary side, and 
in open delta, through a variable choke, on the secondary 


The circuit-breakers themselves are equipped with 
bushings, in which the current transformers are 
incorporated. The main transformers are of standard 
design and are arranged so that when the tank is 
jacked up, the carriage on which it rests can be turned 


transformer. This is supplied by one 38-kv. feeder, 
and, in turn, supplies two 10-5-kv. outgoing feeders. 
The largest (Type F) is equipped with three 500-kv.-a. 
transformers and has four incoming 38-kv. feeders. It 
can supply up to eleven outgoing 10-5-kv. feeders. 
The types in most general use are C and D, which can 
| be equipped for one or two incoming 38-kv. feeders, 
/one or two 100-, 200-, 320-, 400- or 500-kv.-a. trans- 
formers, and up to five outgoing 10-5-kv. feeders. 
The substation buildings, in every case, consist of a 
lattice-steel framework, which is covered with concrete 
| blocks, the outer walls being hollow and _ plastered. 
| This plastering has been treated with Pudlo to prevent 
the absorption of moisture, and to reduce the tempera- 
ture variations in the interior. For the same reason, 
felt has been laid beneath the roofing slates. Great 
care has been taken to design the elevations of the 
buildings so that they harmonise with the surrounding 
landscape. The general appearance of one of these 
substations will be clear from Fig. 8. The floors 
of the station are of concrete, and are painted with 
Oxan oil to render them impermeable, dust-proof and 
non-slippery. In plan, each substation unit consists 
essentially of two 38-kv. cubicles, each 1-9-m. long, 
and separated by a gangway from three 10-5-kv. 
cubicles, the length of which is 1-267 m. This unit 
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can be extended by the addition of other similar 
units, or by a gable, consisting of a 38-kv. cubicle, 
1-9 m. long, which is separated by a gangway from 
a cubicle of the same length in which the control 
board is housed. The height of the buildings does 
not exceed 4-5 m., while the internal width is 5-8 m., 
2 m. of which is occupied by the 38-kv. equipment, 
and 1-5 m. by the 10-5-kv. equipment, leaving 2:3 m. 
for the gangway, above which both sets of ’bus bars 
are arranged. 

The necessary steel structures for these substations 
were manufactured in Germany on mass-production 
lines, and were erected on site in from 4 days to 8 days, 
according to size, while, by training special gangs to 
carry out the various parts of the work, it was possible 
to build and complete a C-type station in about 10 
weeks. 

As regards the electrical arrangements, oil switches 
are inserted between each incoming 38-kv. line and 
the 38-kv. bus bars, and again between the *bus bars 
and the high-tension side of the transformers. Similar 
arrangements are used between the low-tension side 
of the transformers and the 10-5-kv. *bus bars, as well 
as between the latter and the outgoing feeders. The 
oil circuit-breakers on both the 38 kv. and 10-5-kv. 
sides are housed in separate compartments on each 
side of the central gangway, and are mounted on 
rollers which run on rails, so that they can easily be 
withdrawn in case of need. The subsidiary electrical 
equipment, such as the current transformers and 
isolating links, is mounted in the same cubicle as the 
oil switch to which it is connected. The transformer 
switches on both sides are equipped with overload time 
limit relays, while, in addition, the transformers them- 
selves are fitted with a bimetalic temperature protective 
device and with a Bucholz protector. The operation of 
the latter is as follows :—On the occurrence of a slight 
internal fault, gas is evolved from the oil. This actuates 
the relay proper and starts a horn, but does not cut 
the transformer out of circuit. On the other hand, 
should a heavy fault come on, the oil is violently dis- 
turbed, so that the relay simultaneously operates the 
horn and isolates the transformer. Three-phase, 
38,000 /100-volt. potential transformers are provided in 
each substation. These are star connected on the high- 
tension side, and two windings, one connected in star 
and the other in open delta, are provided on the low- 
tension side. Both star points are earthed. The 
open delta winding is used for operating the earth 
fault relays, while the star winding supplies the impe- 
dance relays, voltmeters, station lighting, and rectifier 
circuits. The rectifier charges a 24-volt battery, which 
is used for energising the trip coils on the switches. 
The protective devices are so arranged that the faulty 
section of the line is cut out without disturbing the 
remainder. 

The transformers installed in these stations are of the 
self-cooled type, and have capacities varying from 
100 kv.-a. to 1,000 kv.-a. They are wound star/star, 
and have a ratio of 37,500/10,500 volts, with a varia- 
tion of + 5 per cent. on the primary side. The high- 
tension connections are of copper tubing, and the 
low-tension of solid copper. For the connection from 
the low-tension side of the outdoor transformer to the 
oil switch, three-core cable, lead sheathed, armoured 
and drawn into pipes, is used. The instrument and 
control circuits are laid in concrete-lined trenches in 
the floor of the gangway. 

The work described above was carried out to the 
designs of Dr. 'T. A. McLaughin, managing director 
of the Irish Electricity Supply Board, and we have to 
thank him for his assistance in the preparation of 
the article. The main contractors were Messrs. 
Siemens-Schuckertwerke A.-G., of Berlin, who, with 


the exceptions mentionea, also supplied the equipment 


used, 








British StaNDARD RAILWAY SIGNALLING SYMBOLS.- 
Part 1 of the British Standard Railway Signalling 
Symbols, which publication deals with schematic symbols, 
has just been issued by the British Engineering Standards 
Association. The symbols are intended for use on draw- 
ings showing signalling requirements, and none of them 
attempts to show the component parts of the apparatus 
to be used. They have been s» designed that they may 
be combined with each other in cases in which one does 
not adequately represent the ccmplete device. For con- 
venience of reference, the symbcls have been divided into 
seven numbered sections, namely, signals (semaphore 
and light), points, track details, apparatus, controls, 
level crossings, and buildings. An alphabetical index is 
given at the end of the publication. Part 2, which it is 
hoped will be completed in a few months, will cover the 
wiring symbols, t.e., the symbols for the actual apparatus 
used with their electrical connections, and also written 
circuits or simplified wiring diagrams. These two publica- 
tions should prove of great interest and value to all 
railway staffs concerned not only with operation, but more 
particularly with the practical engineering side of railway 
working, and should S the means of saving much time 
in the preparation of plans. Copies of the new specifica- 
tion may be poemteed ¢ from the B.E.S.A., Publications 
trey 28, Victoria-street, Westminster, London, 

S.W.1, price 2s. 2d., post free. 








TENDERS. 


WE have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Steam Jointing.—The supply of high-pressure steam 
jointing required during the year 1931. The South 
African Railways and Harbours Board, Johannesburg ; 
July 14. (Ref. No. A.X. 9650.) 

Motor-Car Parts.—A firm in Barcelona, Spain, inte- 
rested in the manufacture of a new motor car, is desirous 
of getting into touch with British firms who might be 
interested in the supply of component parts. (Ref. 
No. A.X. 9651.) 

Railway Axles. 
carriage, and wagon axles. 
and Harbours Board, Johannesburg ; 
No. A.X. 9661.) 

Pumping Plant.-The supply and erection of three 
internal-combustion pumping units and accessories for 
Alag drainage pumping station. The Egyptian Ministry 
of Public Works, Cairo; June 16. (Ref. No. A.X. 9671.) 

Workshop Equipment.—The supply of workshop plant 
and equipment, comprising one 45-brake horse-power 
crude-oil semi-Diesel engine; one high-speed heavy- 
duty radial drill; one automatic stud and bolt-screwing 
machine ; four heavy-duty gap-bed lathes ; one cupola ; 
three oil-fired tilting furnaces; four hand-operated 
overhead travelling cranes; four portable electric 
drills with breast plates; one portable electric deck 
planer; four reversible pneumatic drills; and one 
2-ton capacity electric-battery truck. Egyptian Ministry 
of Communications, Ports and Lighthouses Administra- 
tion, Engineering Department, Alexandria; June 28. 
(Ref. No. A.X. 9676.) 

Tramway-Track Material.—The supply of tramway- 
track material, including rails, fishplates, bolts and 
tie-bars. The City of Johannesburg, South Africa ; 
June 26. (Ref. No. A.X. 9680.) 


‘The supply of locomotive, tender, 
The South African Railways 
July 14. (Ref. 
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ENGINEERING TRAINING AND 
EDUCATION. 


Scholarship in Architecture—The Royal Institute 
of British Architects offer for award, in July next, 
one R.I.B.A. maintenance scholarship in architecture 
having a maximum value of 100/. per annum, and 
tenable, in the first instance, for one year from October, 
1930. The scholarship will be renewable for two 
further periods of one year each. It is intended to 
enable a student, who has not the necessary means, 
to attend an approved course at one of the schools of 
architecture recognised for exemption from the R.I.B.A. 
examinations. Students who are already taking such 
a course are also eligible to apply for the scholarship. 
Further particulars and forms of application may be 
obtained from the Secretary to the Board of Architec- 
tural Education, R.I.B.A., 9, Conduit-street, London, 
W.1. The closing date for the receipt of completed 
application forms is June 30, 1930. 

Whitworth Scholarships.—Revised Regulations for 
Whitworth Scholarships, in engineering, have been 
issued by the Board of Education, and are obtainable, 
price 3¢., from H.M. Stationery Office, Adastral 
House, Kingsway, London, W.C.2. The awards 
offered for competition in 1931 are two Whitworth 
Senior Scholarships of the value of 2501. a year for 
two years, six Whitworth Scholarships valued at 
150/. a year, and up to 25 prizes of 10]. each. The 
value of the Whitworth Scholarships may be increased 
beyond 150/. by the Board, having regard to the funds 
available, the expenses of the course, and the needs 
of the scholar. All the candidates must have been 
engaged in handicraft in a mechanical-engineering 
workshop for periods amounting to 30 calendar months, 
and must have spent a certain portion of this time in 
fitting and erecting. Work at the lathe may be 
counted, but is no longer required. The age limit for 
the Senior Scholarship is 26. Of the Whitworth 
Scholarships, five are tenable for three years and are 
open only to part-time students; for them the age 
limit is 26 instead of 22, as hitherto. One of these 
scholarships (ultimately three) is tenable for one year 
only, and is open to students under 24, who may be 
attending full-time courses; it is also open to part- 
time students under 26. 

The Rensselaer Polytechnic Institute—We have 
recently received a copy of the prospectus of the 
Rensselaer Polytechnic Institute, Troy, New York 
State, U.S.A. The book contains full particulars 
regarding the graduate, undergraduate, and _ partial 
courses offered in civil, mechanical, electrical, and 
chemical engineering; arts, science, and _ business 
administration; physics; chemistry; architecture ; 
and mathematics. Chapters are also given dealing 
with the fellowships and scholarships tenable at the 
Institute, and with the buildings, plant, and installa- 
tions of the Institute. In addition, the book contains 
lists of degrees, &c., conferred during 1929, a register 
of the present students, and alphabetical, chronological 
and geographical lists of the graduates of the Institute. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Market transactions are 
few and small. Much of the limited output of Cleveland 
pig continues to be absorbed at the consuming depart- 
ments of producers, but ironmasters are doing a little 
home business with local and other home customers. 
Merchants have very little Cleveland pig on hand, and 
are prohibited by terms of contract with makers, from 
dealing with principal home consumers. They are, how- 
ever, disposing of small odd lots to overseas firms, and are 
making a few home and export sales of Midland iron, 
a moderate quantity of which is being used at works 
on Teeside. Ironmasters adhere firmly to their fixed 
figures for Cleveland pig, No. 1 grade of which stands 
at 70s.; No. 3, g.m.b., 67s. 6d. ; No. 4 foundry, 66s. 6d. ; 
and No. 4 forge, 66s, 

Hematite.—The contract for 175,000 tons of East 
Coast hematite secured by Messrs. Pease and Partners 
for delivery over five years to Sheffield consumers, 
terms for which are understood to be on a sliding-scale 
arrangement, has tempted other customers to negotiate, 
but the total volume of ordinary business passing 1s 
still small. Manufacturers quote on the basis of mixed 
numbers at 74s., but readily accept less, and second 
hands are still underselling makers. 

Production and Stocks of Pig Iron.—Drastic curtail- 
ment of pig-iron output has not reduced the make to the 
level of current requirements, but additions to stocks are 
no longer large. During May five blast furnaces were put 
out of action, and this week another has been added to 
the idle list, leaving in operation only 33 of the 93 built 
on the North East Coast. Of those now. blowing, 
eight are making Cleveland pig, 12 are producing hema- 
tite, and 13 are turning out basic and other kinds of 
iron. 

Foreign Ore.—The foreign ore branch of trade presents 
no new feature. With consumers heavily bought, and 
carrying large stocks, business is almost impossible. 
Nominally best rubio is 20s. c.i.f. Tees. 
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Blast-Furnace Coke.—Durham blast-furnace coke is 
plentiful and slow of sale. Good average qualities are 
offered freely at 17s. delivered here, and less is stated to 
have been taken. 


- Manufactured Iron and Steel_—Business in manufac- 
tured iron and steel matures very slowly, but a few 
fairly good contracts have been secured. Fixed prices 
come up for revision this month. Among the principal 
market quotations are :—Common’iron bars, 10/. 15s. ; 
best bars, 117. 58.; double-best bars, 111. 15s. ; 
treble-best bars, 127. 5s.; iron rivets, 117, 10s. ; packing 
(parallel), 82.; packing (tapered), 10/.; steel billets 
(soft), 67. 158.; steel billets (medium), 7/. 12s. 6d. ; 
steel billets (hard), 81. 2s. 6d.; steel rivets, 11/. 5s. ; 
steel ship plates, 8/. 15s. ; steel angles, 8/. 7s. 6d. ; steel 
joists, 82. 10s.; heavy sections of steel rails, 8/. 10s. 
for parcels of 500 tons and over, and 9/. for smaller lots ; 
fish plates, 127. 10s.; black sheets (No. 24 gauge), 9. ; 
and oo corrugated sheets (No. 24 gauge), 
11. 178. 


Imports of Iron and Steel.—Statistics just issued give 
the imports of iron and steel to the Tees from Holland, 
Belgium, France, Norway, Sweden, Finland, India, 


Germany and coastwise for the seven months ending | 


May 31 last, together with the figures for the same 
months a year ago, and for the corresponding pre-war 
period of 1913-1914. Pig iron, unloaded in the past | 
seven months, is given at 6,393 tons, as compared with 
18,296 tons a year ago, and only 181 tons in the pre-war 
period; crude sheet bars, billets, blooms and slabs, 
unshipped to the end of last month, amounted to 
63,458 tons, as compared with 55,818 tons a year ago, 
and 27,413 tons in the pre-war period; and plates, 
bars, angles, rails, sheets, and joists, imported in the 
seven months recently ended, reached 19,352 tons, 
as compared with 28,825 tons a year ago, and 15,124 
tons in the pre-war period. 


Shipments of Iron and Steel.—Shipments of iron and 


steel from the Tees during May totalled 62,833 tons, as 
compared with 60,313 tons in April. Last month’s 


clearances were composed of 17,878 tons of pig iron, | 


1,678 tons of manufactured iron, and 43,277 tons of 
steel. Of the pig iron loaded, 10,367 tons went to 
foreign destinations and 7,511 tons went coastwise ; 
of the manufactured iron despatched, 1,081 tons went | 
abroad and 597 tons coastwise; and of the steel shipped, 
27,553 tons went overseas and 15,724 tons coastwise. 
Scotland was again the largest purchaser of pig iron, 
taking 5,051 tons, whilst Italy received 2,000 tons ; 
France, 1,734 tons; and Sweden, 1,700 tons. India 
was the chief buyer of both manufactured iron and steel, 
accepting 380 tons of the former and 6,437 tons of the 
latter. Other principal customers for steel were: | 
Union of South Africa, 3,544 tons; Tanganyika, 3,393 | 
tons; Argentina, 2,972 tons; Canada, 1,654 tons; 
Australia, 1,624 tons; and Japan, 1,200 tons. 


call for foundry and furnace sorts has eased, with the 
result that prices have weakened. Gas coke is steady 
at 2ls, to 25s. Quotations: Best branch hand-picked, 
25s. to 26s, 6d.; Derbyshire best brights, 20s. to 22s. ; 
Derbyshire best house, 19s. to 20s. ; screened house coal, 
17s. to 198. ; screened house nuts, 15s. to 17s. ; Yorkshire 
hards, 14s, to 15s. 6d. ; Derbyshire hards, 14s. to 15s. 6d. ; 
rough slacks, 8s. 6d. to 9s.; nutty slacks, 7s. to 8s. ; 
smalls, 3s. to 5s. 











NOTES FROM THE SOUTH-WEST. 


CarpDIFF, Wednesday. 
The Coal Trade.—The present demand for Welsh coai 
| remains as quiet as ever, and the reason for this becomes 
| evident from a study of some of the returns relating to 
| stocks accumulated abroad. Itis, for instance, estimated 
| that, in France, stocks amount to 6,500,000 tons, which 
| is 2,000,000 tons more than at the corresponding date of 
1929 and 1928, while, in Belgium, they have risen from 
495,000 tons to 1,327,000 tons. This, taken in con- 
| junction with the enormous increase which has taken 
| place in the production of foreign coal, explains why there 
is such a poor demand for Welsh coal. In 1913, France 
| produced coal at the rate of 40,000,000 tons a year, but in 
1929 outputs rose to 52,900,000 tons. In Belgium produc- 
tion increased from 22,800,000 tons to 26,500,000 tons, 
and in Holland from 1,800,000 tons to 11,400,000 tons, 
outputs in the latter country having increased over five 
times. Moreover, at the end of last year contracts were 
fixed up for deliveries this year, chiefly in the first half of 
the year, in anticipation of a hard winter. A severe winter 
did not materialise, and, asa result, consumption was below 
anticipations and stocks accumulated, so that consumers 
abroad have ample supplies of coal. In fact, in many 
cases large sums have been paid to cancel contracts, 
and in other instances deliveries have been suspended. 
In the circumstances it is not surprising that all classes 
of Welsh coal are in abundant supply, and that buyers 
|can secure their requirements at the schedule prices. 
In spite of these adverse circumstances and the fact 
that something like 2,000,000 tons of Welsh coal is 
accumulated in the sidings, shipments foreign in the 
| past week amounted to 455,570 tons, or 20,000 tons 
more than in the preceding week. Exports to Argentina 
were raised from 26,000 tons to 64,000 tons, and to 


| Italy from 61,000 tons to 88,000 tons, but to France 


| were lowered from 122,000 tons to 109,000 tons. 

The Joint Audit.—The joint audit of the Welsh coal 
trade for the quarter ended April gives a credit balance 
of 314,324/., representing a pithead profit of 6-71d. per 
ton compared with 9-94d. in the previous three months. 
The certified wage is 15-05 per cent. on the 1915 standard 
rates, but the minimum wage is 28 per cent. on the 
standard which the coalowners have to pay. The credit 
| balance was secured on a falling market as the result 

of contracts entered into at the close of last year. In 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—There has been practically no 
change in the state of the Scottish steel trade during 
the past week and the majority of the works are none 
too well placed for specifications. The demand from 
the shipbuilders continues on small lines, and the works 
depending chiefly on the industry are having a very 
poor time at present. The big contract just booked 
for Clydebank will, after a time, help matters, but 
meantime the outlook is not bright. General steel 
material is in slightly better demand, but, on the whole, 
little in the way of improvement can be reported. In 
the black-sheet trade the lighter gauges are a good 
market, and makers are fairly well placed for work, 
although some would like to have more fixed up. The 
heavier gauges are dull, and so also are galvanised 
sorts. In the latter connection much of to-day’s 
quietness is due to the unrest in India, but the demand 
from the Far East is also below average. Prices are 
as follow :—Boiler plates, 10/. 10s. per ton; ship plates, 
8l. 15s. per ton; sections, 8/. 7s. 6d. per ton; black 
steel sheets, }-in., 97. per ton; and galvanised corrugated 
sheets (No. 24 gauge), 12/. 15s. per ton, all delivered 
at Glasgow stations. 

Malleable Iron Trade.—In the West of Scotland 
malleable-iron trade the conditions have not changed 
for the better, and makers are about as hard up for 
orders as they have been for months back. The re-rollers 
of steel bars are also short of work, and anything on 
offer is subject to very keen competition. The current 
prices are as follow :—‘‘ Crown” bars, 10/. 5s. per ton 
for home delivery and 9/. 15s. per ton for export; 
re-rolled steel bars, 7/. 12s. 6d. per ton for home delivery 
and for export. 

Scottish Pig-Iron Trade.—The pig-iron trade of 
Scotland is far from satisfactory at present and there 
are persistent rumours that production is very likely 
to be further curtailed shortly. The current output 
is more than ample to meet all calls, and stocks are 
increasing. Neither hematite nor foundry grades are 
in heavy demand at home, and orders from overseas 
are also poor and of restricted tonnage. Official prices 
have not been altered and are as follow :—Hematite, 
8ls. per ton delivered at the steel works; foundry 
iron, No. 1, 80s. 6d. per ton, and No. 3, 78s. per ton, 
both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, May 31, amounted to 184 tons. 
Of that small total 153 tons went overseas and 31 tons 
coastwise. During the corresponding week of last 
year the figures were 1,164 tons overseas and 26 tons 
coastwise, making a total shipment of 1,190 tons. 

Shipbuilding.—The Scottish shipbuilding industry is 
still at a low ebb, and while the output continues go 


| the three months ended April, production amounted to 
| 11,235,000 tons, or 462,000 tons less than in the previous 
| quarter, while exports fell by 536,000 tons to 6,056,000 
| tons, output falling by 4 per cent. and shipments by 8 per 


there are few vessels being booked to take the place 
on the stocks of those launched. During the past 
month not half a dozen new contracts were reported, 
while the launches numbered 46. Dealing with the 








NOTES FROM SOUTH YORKSHIRE. 





SHEFFIELD, Wednesday. | 
Iron and Steel_—Semi-stagnant conditions prevail in | 
several sections of the local trades. Depression has | 
extended its grip to departments which, up to a short | 
time ago, were experiencing fairly active conditions. | 
Short-time working is more prevalent, and the holiday | 
set-down is expected to be of longer duration than usual. | 
The paucity of business is reflected in the thinness of | 
order books generally. Steel output is on a low level, 
and the gross production for the month is expected to | 
show a considerable decline compared with the ton- 
nage for April. In some instances furnaces that were 
damped down at Easter have not yet been relighted, 
and unless the position shows improvement, more plant | 
is likely to be put out of commission. Despite the | 
attractive level of iron and steel quotations users are 
adamant, and will not be tempted to enter into forward 
business. There is a disappointing demand for pig iron 
and ferro alloys, but the high measure of activity in 
stainless steel is responsible for a steady consumption of 
ferro-chrome. There has been a natural slackening 
in the heavy engineering trades. A few orders for railway 
rolling-stock have come to hand on home account, but, in 
the bulk, these do not represent a very heavy tonnage. 
Both South Africa and South America give promise of 
taking increased supplies from this area, but work on 
Indian account is at a low ebb. Shipbuilding require- 
ments are only moderate. The electrical trades provide 
a contrast. Orders are numerous, and in some cases 
overtime working is in operation. Activity in motor-car 
steel and fittings has had a slight relapse, but this is 
expected to be of only temporary duration. Makers of 
special steels are fairly well employed, but tool-steel 
producers report a recrudescence of competition from 
the Continent. Though the season in farm and garden 
equipment has been late in developing, orders are 
now beginning to flow more freely. The tool trades 
have undergone little change. Activity is mainly confined 
to engineers’ small tools, twist drills (both of high-speed 
and of carbon steel), and hack saws. File manufacture 
is on the quiet side. 


South Yorkshire Coal Trade.—Further weakness has 
developed. Despite an easing in quotations, business 
in most classes of fuel on export account has not been 
maintained. The depression in the woollen and cotton 
industries, coupled with the declining call from the 
local. iron and steel trades, has resulted in a fall in the 
demand for industrial fuel. Both pits and merchants are 
carrying heavy stocks, and further short-time working 
at collieries is contemplated. A similar state of affairs 
exists in house coal in consequence of the advent of 
warmer weather. Business in coke is erratic. The 





| cent. 


The reasons given for the reduced production 
and export are: (1) A reduced demand owing to the 
mildness of the winter ; (2) World trade depression, due 
mainly to falling and unstable price levels ; and (3) Con- 
ditions of business uncertainty caused by threatened 
legislative interference with the conditions of employ- 
ment in the industry. 


Iron and Steel.—Exports of iron and steel goods 


| last week amounted to 16,970 tons, or 9,000 tons less 


than in the preceding week. Shipments of tin-plates 


|and terne-plates fell from 12,892 tons to 9,188 tons, of 
| galvanised sheets from 5,482 tons to 1,746 tons, and 


of other iron and steel goods from 5,950 tons to 4,503 tons, 
but those of black-plates and sheets were raised from 
1,463 tons to 1,533 tons. 








Contracts.—Messrs. The Hunslet Engine Company, 
Limited, Leeds, have received an order from H.E.H. 
The Nizam’s State Railways Board, for six locomotive 
boilers, one for a broad-gauge, and the remaining five 
for metre-gauge engines.—The West Midlands Joint 
Electricity Authority have awarded the contract for the 
coal-handling plant for the new Ironbridge power 
station to Messrs. The Mitchell Conveyor and Transporter 
Company, Limited, Atlantic House, Holborn Viaduct, 
London, E.C.1. The plant consists generally of Mitchell 
patent side-discharge, weighing-type tipplers for un- 
loading colliery wagons up to 20 tons capacity, and a 
series of Mitchell ball-bearing type belt conveyors for 


| placing the coal into the boiler-house bunkers or into 
|store. The ultimate capacity of the store yard will be 


over 80,000 tons.—The Central Electricity Board has 
recently placed contracts for 66-kv., 33-kv., and lower 
voltage transformers, with Messrs. British Thomson- 
Houston Company, Limited, London; Messrs. Brush 
Electrical Engineering Company, Limited, Lough- 
borough; Messrs. The English Electric Company, 
Limited, Stafford; Messrs. Ferranti, Limited, Hollin- 
wood ; and Messrs. C. A. Parsons and Company, Limited, 
Newcastle-upon-Tyne. For pr sioanees and storage 
equipment an order has been placed with Messrs. Super- 
Centrifugal Engineers, Limited, London.—Messrs. The 
English Electric Company, Limited, Queen’s House, 
Kingsway, London, W.C.2, have received two further 
orders for electric trolley omnibuses from Bradford 
Corporation and from Messrs. Balfour Beatty for the 
Nottinghamshire and Derbyshire Traction Company. 
The order from Bradford is for 12 double-deck, top- 
covered vehicles, each having a seating capacity for 
56 passengers. The other order is for 6-single-deck, 
saloon-type trolley omnibuses seating 32 passen gers. 





output during the month of May it is interesting to 
note that the figures are the highest for the year to 
date—46 vessels of 66,209 tons—made up as follows :— 





Vessels. Tons. 

The Clyde a 36 55,644 
The Forth aa wae ‘aa 5 2,180 
The Tay ... aaa re oes 1 8,230 
The Dee and Moray Firth 4 155 
Total 46 66,209 





The noteworthy fact regarding the above figures is 
the number of small vessels launched; moreover, the 
largest was 9,700 tons. The Clyde total for May is 
well above the average for the year and brings the 
1930 output to 98 vessels of 202,843 tons—the tenth 
highest total during the last twenty-five years. 

Shipbuilding Contracts.—Messrs. John Brown and 
Company, Limited, Clydebank, have been successful 
in obtaining the order for the new giant liner of the 
Cunard Steamship Company for service between the 
Channel Ports and New York. The final details have 
yet to be adjusted, but it is intended that this new 
vessel shall be the largest and fastest liner afloat.—The 
Blythswood Shipbuilding Company, Limited, Glasgow, 
have received an order from a London firm of owners 
to build a motorship for the transport of oil in bulk. 
She will have a deadweight carrying capacity of about 
10,000 tons. The propelling machinery, which will 
consist of Diesel engines of the Harland-B. & W. type, 
will be supplied by Messrs. John G. Kincaid and Com- 
pany, Limited. The builders are one of the fortunate 
Clyde firms at present as, when the keel of this vessel 
is laid, every berth in the yard will be occupied. 








PERSONAL.—Mr. Thomas Nightingale, general manager 
of Messrs. Sheffield Steel Products, Limited, Temple- 
borough Works, Sheffield, has been appointed managing 
director of the Company, in control of the works in the 
Sheffield, Warrington, and Birmingham districte.—The 
Board of Messrs. Wigston Foundry Company, Limited, 
South Wigston, near Leicester, has been reorganised, 
with Mr. 8S. L. Wright as Chairman, and Messrs. Guy 
Barrett and W. R. Bates as managing directors.— 
Messrs. J. Stone and Company, Limited, Deptford, 
London, 8.E.14, have acquired, from Messrs. P. I. V. 
Chain Gears, Limited, 7, Princes-street, London, §.W.1, 
the sole selling and manufacturing rights for the British 
Empire, excluding Canada, of P. I. V. chain gears. * All 
correspondence relative to these gears should he addressed 
to Messrs, Stone at Deptford. 
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BRITISH SHIPPING. 


Tue depressed condition in which the shipping 
industry finds itself at the present moment is 
due, of course, to the dullness in world trade, the 
promise of better conditions in 1929 not having 
been fulfilled, in consequence of which freights 
have fallen 28 per cent. in twelve months, with the 
result that even new ships have had to be laid up. 
To restore the pre-war level of shipping prosperity, 
it is estimated that world trade would have to 
increase by 30 to 40 per cent., whereas according 
to the annual report of the Chamber of Shipping 
of the United Kingdom, it has only increased by 
10 per cent. on pre-war figures, although such 
factors as tonnage and the movement of ships have 
increased by 32 per cent. This is partly due to the 
higher and ever higher tariff walls erected against 
this country, resulting in a continuous increase in 
profitless ballast voyages. 

A favourable feature of last year’s shipping 
trade was the remarkable recovery in coal exports, 
despite a rise in price, resulting in an increase of 
from 50 million tons in 1928 to 60 million tons in 
1929, the causes being the return of the miners to 
the 8 hours’ day, the new wages scale, the effects of 
the De-rating Act, a rise in wages and costs on 
the Continent, and the withdrawal of American 
competition. Of particular interest to the engineer 
is the fact that this more prosperous state of affairs 
is partly attributed by the Chamber of Shipping, 
in its annual report for 1929-30, to the improved 
coal shipping facilities at British ports, the more 
general use of 20-ton railway wagons, and the 
increased adoption of machinery in mines. The 
policy of the Great Western Railway Company, 
and others, in encouraging the use of larger wagons, 
is thus seen to have had satisfactory results. The 
Government’s national marketing scheme is to 
have statutory effect, and, although operated 
by the industry, will be under Government control. 
The fixing of minimum prices is fraught with 
obvious danger, because, if British coal is to hold 
its place in competition, particularly with oil, 
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it is essential that it should be supplied at the 
lowest export price. 

It is interesting in this connection to consider 
the British steamer of from 2,500 tons to 4,000 tons 
deadweight, which has been evolved as a collier, pure 
and simple. A few years ago the smaller shipbuilding 
firms in this country, who had specialised in this 
kind of construction, were almost absolutely with- 
out work. The subsequent demand, however, for 
British coal to be delivered at such ports as those 
on the Baltic, the North Sea, and the Mediterranean, 
involving only voyages of moderate length, and the 
use of comparatively small vessels, resulted in such 
a shortage in the number of these useful craft 
that the firms which specialised in their construc- 
tion, and which had only a limited shipbuilding 
capacity, had, perforce, to sublet contracts to 
other builders, after their own yards had been 
filled up; large shipyards, more usually engaged in 
warship and liner construction, were only too glad 
to lend assistance in relieving the congestion. 

The highly interesting problems connected with 
the construction and operation of these colliers, 
and many other such highly specialised types of 
merchant vessels, such, for instance, as tankers, 
involve the application of much specialised technical 
skill and ability. The modern British collier, 
constructed to carry 4,000 tons of coal, on a length 
of only 300 ft., and a draught of water of about 
19 ft., is a remarkable vessel. The hatchways have 
to be of great size to enable the vessel to be 
loaded and unloaded by mechanical means alone, 
every part of the hold space being accessible to 
the chutes and grabs; loading and discharging 
is effected in a few hours. Although these 
large hatchways leave only the narrowest possible 
gangways at the sides of the ship, and in some 
cases the steamers can be loaded so that the decks 
amidships are only a few inches above the water- 
line, they are entirely staunch and seaworthy, and 
capable of making safe and quick passages across 
the North Sea and the Bay of Biscay, in the worst 
weather, running strictly toschedule. Their triple- 
expansion machinery, evolved by long experience, 
is practically immune from trouble, and is generally 
capable of a sustained sea speed of from 9 to 94 
knots. 

It is satisfactory to note that British shipping 
continues to maintain and improve its efficiency. 
As old tonnage is replaced by new, there has 
been a steady advance in design, accompanied 
by an increase in safety, size, speed, and equip- 
ment of cargo vessels, and also additional comfort 
in the case of passenger ships. In _ particular, 
the advance in design of propelling machinery has 
been so considerable that economic advantage may, 
and has been, derived from the alteration of 
machinery in existing vessels. It is approximately 
true to say, in round figures, that the new modern 
cargo ship is capable of doing about 30 per cent. more 
work than her predecessor of about 30 years 
ago, under the same general conditions. This 
factor, militating against the employment of 
increased numbers of ships, is still not sufficiently 
considered. 

Ships are nearly always competitively designed, 
and the tendency is always to adopt lighter and 
lighter scantlings, to beat previous vessels classed 
with other and more responsible societies, and 
belonging to other owners, so that every ton of 
steel saved in the construction of the hull may 
not only result in decreased cost of construction, 
but enable an additional ton of cargo to be carried. 
Here again, the problems confronting the naval 
architect are only imperfectly realised by those 
not intimately concerned with the industry. In 
fact, largely because of the stringency of the times, 
the call for the lightest and cheapest possible 
cargo vessel has been so urgent that cases have 
arisen of steamers built on the transverse system 
buckling and crumpling their steel decks, when 
care has not been taken to avoid a concentration 
of loading amidships, and severe weather conditions 
have been experienced in mid-ocean. This is quite 
apart from cases of vessels sustaining similar 
damage due to such causes as grounding, which 
no amount of strengthening, within practical limits, 
can provide against. It is surprising how little 
shipowners have taken advantage hitherto of 
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the longitudinal system of construction, so as to 


render the decks and bottoms of their ships immune | 


from this class of damage, and give themselves 
much greater latitude in loading. This is parti- 
cularly so, in view of the entirely satisfactory 
experience with the almost universal use of the 
longitudinal system in the construction of oil 
tankers. 

It is creditable to the industry that, on June 30, 
1929, no less than 46-7 per cent. of British steam 
and motor vessels were less than ten years old. Great 
Britain is building half the ships under construction, 
and Germany 8 per cent. Our operating costs are 
generally 70 per cent., and our seamen’s wages 
80 per cent. higher than before the war. 
the war it was considered sound policy by many 
good British shipowners to sell out their cargo 
steamers when a little over twelve years old, 
so as not to subject them to the critical No. 3 
special survey, which, in accordance with the 
Regulations of Lloyd’s Register of Shipping, 
becomes due at that time, and when experience 
shows that fairly heavy repairs are likely to be 
required. The average progress in marine engineering 
and naval architecture usually makes the average 
ship out of date by that time. Improvements 
in the design of turbine machinery, and unsatis- 
factory sea experience with some of the earlier 
types of internal-combustion engines, have resulted 
in many very important contracts for re-engining 
ships, and in this connection the advent of the 
Bauer-Wach turbine, for use in conjunction with 
new and existing reciprocating machinery, should be 
noted. 

The progress made in the carriage of oil, and 
also in the use of oil in the propulsion of ships, 
is the brightest spot in the Report so far as the 
employment of shipbuilders, engineers and _ sea- 
farers is concerned. The latter subject is, however, 
unhappily offset by a corresponding decline in 
the use of British bunker coal. 36 per cent. of the 
tanker tonnage is British and 34 per cent. American. 
To illustrate the greatness of our oil-carrying trade, 
it may be mentioned that never a day elapses 
that one of the ships of the British Tanker Company 
does not pass through the Suez Canal. Motor ship 
tonnage increased 22 per cent. in 1929, the corre- 
sponding increase in steamer tonnage being only 1 
per cent. These figures give, however, by no means 
a correct indication as to the construction of new 
vessels, inasmuch as there were no motor ships 
about twenty-five years ago, and about 500,000 tons 
of steam tonnage were removed from the Register 
during the year. Actually about 1,250,000 tons 
of motor ships and about 1,500,000 tons of steamers 
were built during the period, Great Britain con- 
structing about 2 tons in steamers to every | ton in 
motor ships, the corresponding ratio for foreign 
countries being almost exactly the reverse. 

For the ordinary plain, standard, British tramp, 
which, for some reason, some of our most strenu- 
ous competitors seem unable to produce and run 
successfully, our shipowners retain confidence 
in coal burning, and hand firing, with ordinary 
Scotch boilers, and triple or quadruple expansion 
reciprocating engines. The progress of motor 
machinery has by no means been so uninterrupted 
as it was a few years ago, and with the improve- 
ments effected steam marine machinery has shown 
a surprising capability to do rather more than 
hold its own. Even the Germans have, in some 
cases, reverted to the steam engine, and some 
time ago one of the largest American shipping 
concerns gave marine engineers to understand, 
both in Europe and the United States, that if the 
“cream of the oil” cortinued to be required by 
Diesel engine makers, then a reversion would have 
to be made to steam machinery, where an inferior 
quality of oil could be burnt under the boilers. 

The conclusion of the Convention on Safety of 
Life at Sea was quite an important event of 1929. 
The convention was signed by the representatives 
of 18 nations, and is to come into force on July 1, 
1931. One favourable aspect of this Convention, 
and of the Conference on the Load Line, is their 


international character, and it is to be hoped that | 


their equitable and universal application will result 
in the removal of many of the injustices and dis- 
abilities, under which British shipowners have been 
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| Mehouring in the past, and from which the care of 
| fostering Government Departments has protected 
the foreigner. The work of the International 
Conference on the Load Line is nearing completion. 
British shipping and British trade in general have, 
in the past, been placed under a great disability, 
on account of the archaic state of our regulations 
regarding the carriage of timber deck cargoes, which | 
have been prohibited in the winter time, on account 
of the conditions which prevailed in the Canadian 
trade 100 years’ ago, although ships have been 
engaged in the trade to foreign ports, carrying full 
deck cargoes of timber, all the year round, with 
perfect immunity. Again, American tankers have, 
for years, been loading deeper than corresponding 
British ships. The removal of these inequalities, 
and the adoption of international regulations for 
the loading of timber and oil carrying vessels, would 
be of undoubted advantage to British shipowners. 
It is sincerely to be hoped that safe and mutually 
satisfactory requirements may be eventually adopted, 
which will be acceptable to the Scandinavian 
representatives for the former, and to the American 
for the latter ships, these nations having had the 
greatest experience in each instance, and being 
probably called upon to endure some modification 
of their previous advantages, for the sake of obtain- 
ing international uniformity. It cannot be too 
clearly emphasized that it will be absolutely neces- 
sary for efficient international machinery to be set 
up to prevent infringement of these regulations. 

Many once flourishing small ports serving the 
coasting trade have fallen into decay, being affected 
by competition by the railways and large ports. 
Remedies are being sought by co-operation between 
the railways and the shipowners, in public assistance, 
and the development of motor barges. Portugal is 
now almost alone in openly practising flag discrimina- 
tion, but it is now hoped she will shortly adopt the 
principles to which. she subscribed in 1923. 








THE SUPERCHARGING AND COM- 
POUNDING OF AERO ENGINES. 


So far as we can remember, the development of 

most types of prime mover has proceeded in more 
or less distinct stages, the invention of each new 
type having been followed by a period of develop- 
ment which has continued until the limits of that 
type have been reached, when it has been superseded 
by another type giving higher efficiency and 
jeconomy. Usually, since the crude new comer 
has to be pitted against a highly-developed pre- 
'decessor, considerable imagination and pertinacity 
have been necessary on the part of the protagonists 
of the former in order to overcome the natural con- 
servatism of interested parties, as was particularly 
the case in connection with the introduction of the 
steam turbine by Sir Charles Parsons. The pressure 
of economic circumstances and the wider outlook 
which has followed the extension of scientific 
knowledge should, however, enable the possibilities 
of a new invention to be appraised more accurately 
in the future than has been the case in the past. 

An excellent example of a_highly-developed 
prime mover is afforded by the modern petrol 
aeroplane engine, and those of our readers who 
have examined the drawings and data of such 
engines recently published in our columns and 
compared them with those published, say, 15 years 
ago, can hardly fail to have been impressed by 
the progress made in increasing the power-weight 
ratio and in reducing the fuel consumption. Such 
progress, however, although to some extent the 
result of accumulated experience, is mainly due to 
improvements in materials and fuels which have 
enabled higher speeds and higher compression 
ratios to be employed. In its essential features, 
the Rolls-Royce engine, fitted in the Supermarine 
8.6. machine, which won the Schneider Trophy 
race last year, only differs from the Austro-Daimler 
engine with which Cody secured the War Office 
Prize in 1912, by the provision of a supercharger, 
|although the former developed 1,900 h.p. for a 
| total weight of 1,530 Ib., and the latter developed 

120 h.p. for a total weight of 515 lb. That this 
| difference represents remarkable progress cannot 
be gainsaid, but there are unmistakeable signs 





that the limit of existing types of engine is now 


being approached and that, in order to attain any 
really substantial measure of improvement in the 
future, some change in the essential features of the 
engine must be looked for. 

This is, certainly, the opinion expressed by 
Mr. H. R. Ricardo in his very interesting Wilbur 
Wright lecture, delivered before the Royal Aero- 
nautical Society on Friday of last week. It 
is possible, of course, that the heavy-oil engine 
will eventually displace the petrol engine for the 
propulsion of aircraft, and appreciable progress 
has already been made in the development of the 
former for this highly specialised application. 
Mr. Ricardo, however, thinks that both types will 
find a sphere of usefulness for many years to come, 
and discussed the means still available for improving 
aero-engines of the present generally accepted 
types. For increasing power, he points out, super- 
charging offers the greatest scope, although, so 
far, it has not been found possible to increase the 
power developed at ground level by more than 
about 10 per cent. by this means, in engines using 
ordinary fuels. The reason for this is that detona- 
tion and pre-ignition are caused by the overheating 
of the exhaust valve and plug points, if ordinary 
fuels are employed. The principal use for supercharg- 
ing in aero-engines is, of course, to enable the power 
developed at ground level to be maintained at high 
altitudes, and its use, Mr. Ricardo considers, 
is likely to be restricted to this purpose as long 
as poppet-type exhaust valves are employed. This 
component is already worked at a temperature 
which is sufficiently high to give rise to surface 
combustion of the fuel during the suction and 
compression strokes, so that a certain amount of 
the fuel is wasted and the tendency to detonation is 
increased. The temperature of the valve might, of 
course, be lowered by increasing the expansion ratio, 
but Mr. Ricardo pointed out that this also increases 
the tendency to detonation, although he did not 
offer any explanation of this rather obscure point. 

It is thus obvious that to obtain a substantial 
increase of power at ground level by means of super- 
charging, the poppet type of exhaust valve must 
be abandoned. In its stead, Mr. Ricardo suggests 
the use of the single sleeve valve, which has several 
advantages other than those arising solely from 
the elimination of the red-hot poppet valve. He 
mentioned that an experimental single-sleeve 
valve engine had been run heavily supercharged 
for several hundred hours on ordinary aviation 
spirit, without any overheating of the sleeve 
valve, although the brake mean-effective pressure 
had been as high as 375 1b. per square inch, and 
the specific output was nearly three times that 
of any aero engine now in service. With a 
special anti-detonating fuel, the engine referred to 
would maintain a brake mean-effective pressure of 
550 lb. per square inch, and would give a specific 
output nearly double that of the engine previously 
mentioned as having won the Schneider Trophy 
race last year. 

Since the exhaust gases are discharged from this 
engine at a pressure of over 300 Ib. per square inch, 
and are therefore capable of doing a further amount 
of work nearly equal to that actually developed in 
the cylinder, the question of utilising them in a 
low-pressure cylinder is brought into prominence. 
So far, we believe, the various attempts which 
have been made to compound internal-combustion 
engines have been unsuccessful, and the above- 
mentioned difficulties with the poppet type of 
exhaust valve render it unlikely that this component 
could be made to function satisfactorily under the 
severe conditions imposed by compound working. 
The design of the valve required .to transfer the 
gases from the high-pressure to the low-pressure 
cylinder also presents considerable difficulties, which, 
however, can be avoided by the use of a sleeve valve. 
It would seem that a single valve of the latter type 
can conveniently be made to function as inlet and 
exhaust valve for the high-pressure cylinder and also 
as inlet valve for the low-pressure cylinder. Com- 
pounding on these lines should result in a material 
improvement in economy as well as in a reduction 
in weight, the latter being due to the fact that the 
cylinders exposed to high temperatures and pres- 
sures could be made of small dimensions, while the 
low-pressure cylinders could be made quite light. 
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Mr. Ricardo’s suggestion is that the greater part 
of the work should be done in a low-pressure cylinder 
operating on the two-stroke cycle in conjunction 
with a pair of small high-pressure cylinders opera- 
ting on the four-stroke cycle, the main functions 
of the high-pressure cylinders being to reduce the 
initial pressure and temperature and to serve as 
valve gear for the low-pressure cylinder. 

As far as we are aware, this interesting suggestion 
with regard to compounding has not yet been experi- 
mentally investigated, and it is not, of course, 
impossible that such an investigation would disclose 
unforeseen difficulties. If the latter do not exist, 
or can be overcome, another stage in the develop- 
ment of the internal-combustion engine as applied 
to aircraft propulsion may in this way be inaugu- 
rated, and the perfection of the new type would 
doubtless call for no less effort on the part of the 
mechanical engineer, metallurgist, and chemist, 
than has evolved the present type of racing aero- 
engine from the early crude designs. In any case, 
Mr. Ricardo has demonstrated beyond dispute that 
the single sleeve-valve engine is capable of giving 
a power output greatly in excess of that of any 
poppet-valve engine at present contemplated, and, 
in view of the fact that an engine of the former type 
was in use at least sixteen years ago, it is, perhaps, 
rather remarkable that its possibilities, when 
employed with water cooling, have not been 
developed earlier. It is admitted, however, that 
the application of the sleeve valve to air-cooled 
engines is likely to be impeded by difficulties in 
connection with the cooling of the cylinder head, 
although the problems involved may be solved as 
more experience is obtained. Finally, we may 
allude to the circumstance referred to at the outset, 
in connection with the introduction of new types 
of prime mover, by repeating Mr. Ricardo’s warning 
that the high-duty sleeve-valve engine, in its 
present state of development, must not be expected 
immediately to displace the poppet-valve engine, 
to the design of which so much skill, ingenuity, 
and experience has been applied. 








BARTON POWER STATION. 


Wir the development of the Central Electricity 
Board’s grid system, the efficiency of the selected 
stations becomes of national, rather than local, 
importance, and, as a consequence, unusual interest 
attaches to the paper by Messrs. Guy and Lamb, 
dealing with the operating results of the recent 
extensions at the Barton Power Station, which we 
recently reprinted, the discussion on which being 
given on page 745 of this issue. 

The paper contains an unusual amount of precise 
data and enables, in a way that is not usually 
possible, present-day practice to be contrasted with 
that of seven years ago, when the original Barton 
plant was installed. 

In briefly reviewing the paper, it may be repeated 
that the Barton Station now consists of engine-room 
“ A,” housing the three original 25,000-kw. turbo- 
alternators, engine-room ‘ B,” housing the new 
40,000-kw. turbo-alternator, and a common boiler- 
house equipped with the nine original boilers of 
100,000 lb. per hour capacity, two new stoker-fired 
boilers, each of 130,000 Ib. per hour capacity, and 
one pulverised-fuel boiler of 130,000 lb. per hour 
capacity. It is of particular interest that the 
analysis of performance given in the paper has been 
based on readings taken in the normal course of 
operation, and not on special test results. From 
the log sheet readings, the efficiency of each section 
of the station has been obtained separately, and by 
combining each engine-room efficiency with that of 
the common boiler house, the operating efficiency 
of the earlier station “A” and the new extension, 
Station “ B,” were obtained. From these two 
Tesults the overall efficiency of the combined stations 
was deduced. A check was provided on the whole 
analysis by calculating the overall efficiency from 
actual records of coal measurements of weight and 
calorific value, and of the kilowatt-hours generated. 
The results presented have a special value because 
of the reputation earned by Barton for the accuracy 
of its published figures. 

One of the fundamental measurements on which 
station efficiencies depend is the calorific value of 


the fuel burned, and accurate assessment of this 
value is very difficult to obtain. In the first place 
it is necessary to adopt a satisfactory method and 
routine of sampling, and to carry it out concurrently 
with the weighing of the fuel. Secondly, the sample 
must not be allowed to lose moisture before analysis, 
and thirdly, the actual analysis must be performed 
by a competent chemist in a well-equipped labora- 
tory. Lastly, and this is the most important point, 
steps must be taken to ensure that the process is, 
at all times, conscientiously and accurately carried 
out. It is, therefore, a difficult and expensive matter 
to get figures for the potential heat input to a power 
station that can be accepted as falling within a 
reasonable degree of accuracy. On this account there 
is some hesitation in accepting some of the published 
thermal efficiency figures as a true index of perform- 
ance, and in particular, there is a tendency to dis- 
trust figures which show a higher efficiency than 
would normally be expected from the type of plant 
installed. 

Mr. Guy and Mr. Lamb were very wise to give in 
detail the method of sampling and fuel analysis 
adopted at Barton, and also to mention the steps 
that are taken periodically to check the reliability 
and accuracy of the process. This attention given 
to the most difficult of the fundamental measure- 
ments adds to the value of the results, and makes 
it possible to approach them with confidence. 
Over the six months’ period, the average efficiency 
recorded for the new station was 23-75 per cent., 
with a mean load factor of 66-92 per cent. This 
constitutes a fine achievement, particularly as the 
engine-room efficiency necessary to obtain this 
result averaged 30-48 per cent. In their paper on 
“The Steam and Electric Power Plant of Imperial 
Chemical Industries, Limited, at Billingham,” read 
before the Institution of Electrical Engineers, Messrs. 
Humphrey, Buist, and Bansall predicted an overall 
efficiency of 25-45 per cent. for generation in their 
station. Conditions are not comparable, however, in 
that Billingham has a chemical load giving a load 
factor of nearly 100 per cent. Power engineers will 
await with interest the publication of actual operat- 
ing results from the Billingham plant. Some 
American stations, notably Richmond, Columbia 
and Philo, show consistent monthly efficiencies of 
between 24 per cent. and 25 per cent. Of these, the 
first two use a coal of over 14,000 B.Th.U.’s per 
pound calorific value, as compared with Barton’s 
11,500 B.Th.U.’s per pound. It must be appreciated 
that the presence of large quantities of inert ash in 
the process of combustion introduces certain addi- 
tional losses that do not occur with the use of high- 
grade fuel, and hence make such high efficiencies 
difficult of attainment with a fuel of high-ash con- 
tent. American engineers, however, must be given 





credit for having reached an exceedingly high 
standard in boiler-house design and operation. On 
the other hand, Mr. K. Baumann contended, in the 
discussion on the Barton paper, that engine-room 
efficiencies are obtained in British power stations 
which are substantially in advance of those of the 
famous American stations. 

One of the interesting developments of recent 
times has been the progress of pulverised-fuel firing 
in boiler-house practice. A difficulty in which many 
engineers have been placed is to secure reliable infor- 
mation on this subject, as unfortunately the data 
available have generally emanated from a sincerely 
convinced advocate of either one system or another. 
It was to obtain first-hand experience of the relative 
merits of the two methods of firing that one of the 
new boiler units laid down at Barton was of the 
powdered-fuel type. The comparative tests given 
on two units of similar capacity under normal 
working conditions form one of the few impartial 
statements of the relative possibilities of both 
systems. The results which are published in this 
paper were obtained over a period of several days’ 
normal steaming, and therefore have the value of 
giving commercial operating performance rather 
than test performance. In the discussion, Major 
Thompson emphasised the special value which can 
be attached to such results, in contrast with those 
of short-period tests carried out under specially 
advantageous conditions. Although the two units 





are of the same output, limitations of space pre- 
vented the provision of the full amount of heating 


surface that would have been desirable in the case 
of the pulverised-fuel unit. The results therefore, 
as the authors point out, do not provide a definite 
indication of the relative merits of the two methods 
of firing. The test showed a gross efficiency of 
84-2 per cent. for the powdered-fuel unit, and 
83-7 per cent. for the stoker-fired unit. After allow- 
ance had been made, however, for steam used for 
soot blowing, and power used by boiler auxiliaries, 
these figures became 79-6 per cent. and 80-9 per 
cent., respectively. The pulverised-fuel unit would 
doubtless have shown to better advantage had the 
tests been carried out with a fuel of 10,000 B.Th.U’s. 
or less. The choice of fuel for any station is, how- 
ever, governed by local conditions, and in Manchester 
a really low-grade fuel is seldom obtainable at an 
economic price. 

The particulars of the engine-room equipment 
brought out in a summarised form the trend of 
progress in turbo-generator design during the seven 
years which have elapsed since the installation of 
the original plant. An indication of the substantial 
progress made is that, operating with the same 
steam conditions, the new Barton turbine is 84 per 
cent. more efficient relative to the Rankine cycle 
than the older units, while the thermal efficiency is 
over 12 per cent. greater. In little more than the 
period covered by the paper, the steam cycle in 
power stations has been rapidly changed by the 
introduction and development of the regenerative 
feed heating cycle, and this is one of the important 
contributions made by British engineering to the 
development of steam power station work. This 
change in practice, which has brought such an 
immediate gain in coal economy, has demanded the 
development of a new technique in the statement 
of plant performance and in the methods by which 
such performance can be ascertained. The very 
complete report of the tests made on the new 
plant is of special interest because it describes in 
detail the technique necessary to carry out tests 
on such multi-stage feed heating turbo-generators. 
These tests were unusual in the care with which 
every source of error was investigated and its 
magnitude determined. The standard aimed at 
seems to have been that usually associated with 
research work rather than with commercial test- 
ing of plant. There is no doubt that those who, 
in the immediate future, will be faced with the 
problem of testing multi-stage feed heating plant 
will find the paper of the greatest assistance. The 
results obtained on the turbine are of a very high 
order. The highest adiabatic efficiency is 85-77 per 
cent. and the thermal efficiency 33-06 per cent., 
measured at the turbine coupling. Most engineers 
will have been accustomed to expect thermal effi- 
ciencies of this order only from internal-combustion 
engines. The particulars given in the tests include all 
data necessary to check the results, a step too rarely 
followed when turbine performances are reported. 
We note with satisfaction that complete details are 
given of the generator efficiencies, and would direct 
our readers’ attention particularly to the necessity 
of noting these efficiencies in analysing turbine tests. 
The performance actually measured during the 
tests is a combined performance of both the turbine 
and the generator, and it is obvious that the appa- 
rent value of the one may be enhanced by depressing 
the apparent value of the other. It will be within 
the recollection of our readers that we have pro- 
tested against the publication of certain foreign tests 
in which the generator efficiencies used to analyse 
the tests were obviously several per cent. lower than 
is obtainable with modern alternators. 


Distinctions should always be made between test 
results and operating results. It is inappropriate, for 
instance, to compare the average performance of a 
station over a long period, such as six or twelve 
months, with the efficiency claimed for a period of 
only a week or even a month. Some foreign stations 
have enjoyed universal reputations for high effi- 
ciency on the basis of results obtained over short 
periods of this order. In many cases these results 
were obtained many years ago, since when the 
authorities concerned have preserved a regrettable 
reticence on the subject of their latter performance. 
In fact, there are some stations whose claims to high 
efficiency have never been substantiated by pub- 





lished records of any kind, but rest solely on the 
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claims of the engineer responsible for their construc- 
tion. We very much doubt whether such complete 
information, as is given in this paper, on station 
operation over a considerable period has _pre- 
viously been published. Developments in power 
plant must be viewed from the angle of both user 
and manufacturer, if a true estimate of their value 
is to be obtained. A paper such as this, in which a 
designer and manufacturer of plant, and a designer 
and operator of a power station, co-operate in the 
criticism of plant and the analysis of operating 
results is, therefore, of the greatest value to the 
engineering profession as a whole. 


A PIONEER OF PUBLIC GAS 
LIGHTING. 


On May 11, 1830, a century ago, Frederick Albert 
Winsor, the pioneer of the lighting of the streets of 
London by gas, died in Paris. A native of Germany, 
where he was born in 1763, he came, like many of his 
countrymen at that time, to England to seek his 
fortune, but spent the latter part of his life in 
France. His grave is in the famous Pére Lachaise 
Cemetery in Paris, but in our own Kensal Green 


burial-ground is a cenotaph to his memory. This | 


is in a neglected state, and some of the inscriptions 
are indecipherable, but they include the text 
‘“‘ At evening time it shall be light.”” Winsor or 
Winzer as he appears to have been called at first, 
in his lifetime, maybe, played many parts, but he is 
remembered to-day solely for his advocacy of coal- 
gas illumination for streets and buildings. With 
few scientific attainments, no conspicuous inventive 
ability, little engineering talent and small business 
capacity, he yet, by his devotion to one aim, set in 
motion a great industry, founded an important 
London company, and was the first to propose the 
illumination of cities by means of gas manufactured 
in and distributed from central depots. Endowed 
with a most fertile imagination, and possessing wit, 
resourcéfulness, and an optimism which nothing 
could quench, in his fight against great odds he 
refused to be silenced by criticism or ridicule, and 
by his demonstration in Pall Mall, in 1807, inaugu- 
rated the era of adequate street lighting. 

The history of the use of coal gas for lighting 


ENGINEERING. 


where he had previously engaged in business, for 
as he said in one of his pamphlets, “‘ the thought of 
introducing the discovery for the advantage of the 
British realm struck me like an electric shock.” 
Again settled in London, in 1803 and 1804, he 
lectured and demonstrated in the Lyceum Theatre, 
wrote his pamphlets and advertisements and took 
out the first of his patents, describing himself as 
‘of Cheapside, merchant.’ In 1806, he took up 
his residence at the Star and Garter Hotel, 97, Pall 
Mall, a site now occupied by the Carlton Club, and 
on January 28, 1807, the public saw with amazement 
and admiration, a part of Pall Mall lighted by gas. 
London by this time had been flooded with 
Winsor’s publications, and his fantastic schemes 
| provided material for lampoonists and cartoonists 
alike. But he was equal to every occasion. If his 
claims were extravagant he at least had a good 
cause. At a time when public lighting was practi- 
cally unknown, he proposed to carry his gas to streets, 
squares and houses on the same principle “ as houses 
are now supplied with water ’’ and with his gas he 
added ‘“‘the lighthouses on our coasts may be 
rendered like blazing stars to guide our seamen over 
the watery deep,” while “as to illuminations, they 
may be carried on to the utmost extent of beauty 
and variegated fancy, by this docile flame, which will 
ply in all forms, submit to instant changes, ascend 
in columns to the clouds, descend in showers from 
trees, walls, &c., arise from the water, and even in 
the same pipe with a playing fountain.” His gas 
| would be scentless, a cure for asthma and other com- 
| plaints, and it would invigorate the growth of plants, 





| generating the elements required for their sustenance 


|‘*in much greater proportion than even the most 
powerful action of solar rays can possibly produce 
in the common operations of nature.” With all 
these excellencies gas making would prove a veritable 
gold mine, each share of 501. would yield an interest 
of 6,000/., and the national debt would soon be 
paid off. Naturally, he met with scepticism and 
opposition, but taken in its entirety, the story of 
the gas industry of the world is every bit as romantic 
as were Winsor’s picturesque and fanciful pro- 
phecies. 

Winsor might well be called an empiric, judged to 
be an impudent charlatan ; but he alone appears to 





presents much the same features as the history of | have had a clear perception of the possibilities of 
many other inventions—observations being followed | gas, and in spite of his bombastic claims and absurd 
by inquiries, inquiries by experiments, experiments | balance sheets, he steadily gained supporters, and 
by practical demonstrations, and demonstrations | at a meeting on a Friday in July, 1807, at the 
by commercial application. Gas issuing from coal |Crown and Anchor in the Strand, those present 
seams in Lancashire, which would burn, attracted | resolved, in order ‘“‘to render this important 
the attention of both Thomas Shirley and Dr. | discovery more generally beneficial, both to the 
Clayton, and in 1667 and again in 1739 some of |Government and to the Nation, that the sum of 
their observations were recorded in the Philosophical | 20,0001., or one-fifth of the subscription should be 
Transactions. Later on, in 1781, the ingenious | vested by Deed in a committee for lighting a street 
Earl of Dundonald and Dr. Watson, the professor | &c., in London and Westminster, and for the 
of chemistry at Cambridge, made independent | grand object of obtaining a Charter of Corporation.” 
experiments on the distillation of coal. On the! So was launched the great company which, after 
Continent, too, the subject was also a matter of | the usual delays, obtained its Charter in 1812, and 
inquiry. But coal-gas lighting owed little to the which to-day is known as the Gas Light and Coke 
men of science, for it was Boulton and Watt’s | Company. In all its early stages Winsor was 
eminently practical assistant, William Murdock, | the central figure, but as a practical concern the 
who made the first actual application of gas for | company owed much to Winsor’s countryman, 
lighting. In 1792, he lighted his house at Redruth | Frederick Accum (1769-1838), and still more to 
by gas, and ten years later, at the Peace of Amiens, | Samuel Clegg (1781-1861). Accum was the writer 
he illuminated the famous Soho manufactory at of the first treatise on gas lighting, while Clegg, 
Birmingham. In 1805, he erected a gas-making| who had served under Murdock, might well be 
plant at Messrs. Phillips and Lee’s cotton mill in ‘called the father of gas engineers. Once in posses- 
Manchester, and lighted the sheds with no fewer | sion of its charter, the newly-formed company 
than 900 lights. Murdock was the first maker of | speedily got to work. Westminster Bridge was 
gas retorts, gasometers, gas burners, and gas pipes. | lighted by gas in 1813; the following year the oil 





Contemporary with the work of Murdock was that 
of the French civil engineer, Phillipe Lebon, who 
was also something of a chemist. An engineer 
of the Corps des Ponts et Chaussées, Lebon experi- 
mented with the distillation of wood, took out a 
patent for a thermo-lamp in 1799, described his 
apparatus to the Institute the same year, and, in 
1801, lighted a house in the rue Saint-Dominique, in 
Paris, by gas made from coal and not wood. His 
untimely end, in 1802, destroyed any chance of his 
placing lights in the streets of Paris, but his work 
and ideas had already fired the imagination of 
Winsor, who, having grasped the principles of the 
invention, lost no time in furthering his fortunes 
thereby. At first, he returned to his native land 
to find support, but decided to cross again to England, 


lamps were removed from the Parish of St. Mar- 
garets, Westminster, and London’s example was 
soon followed by Liverpool and other places. 
By 1829 there were over 200 gas works in the 
United Kingdom alone. But long before 1829 the 
pioneer Winsor had left the scene of his labours, 
disappointments and triumphs. Quite unfitted 
for navigating the vessel he had launched, in 1815 
he left England to avoid a debtor’s prison and 
he is next heard of starting a company in Paris 
signing himself : ‘‘ Winsor, auteur du Systéme 
d’éclairage par le Gaz, en Angleterre, fondateur de la 
compagnie incorporée par Charte Royal, a Londres, 
et breveté par S.M. Louis XVIII. pour l’emploie 
de ce systéme en France,”’ but his schemes came to 
naught. He had in 1813 been granted a pension of 
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6001. by his London company, but though this 
was discontinued after a time, for the last ten years 
of his life he received, an annuity of 2001 from the 
same source. His son, however, served the Gas 
Light and Coke Company as a director, and it 
may be presumed it was he who erected the memorial 
in Kensal Green cemetery. Though the monument 
has now fallen into disrepair, it is to be hoped that 
steps will be taken to restore it and thus help to 
keep alive the memory of a pioneer of one of our 
great industries. A statue of Lebon, it may be 
added, is to be seen in the Conservatoire des Arts et 
Métiers, while there are at least four memorials to 
Murdock. 


THE INCORPORATED MUNICIPAL 
ELECTRICAL ASSOCIATION. __ 
(Concluded from page 698.) 

THE meeting of the Incorporated Municipal Elec- 
trical Association on Wednesday morning, May 28, 
was concerned with a paper by Mr. G. H. Lake on 
“* Pulverised Fuel, as Affecting Economic Boiler- 
House Operation.” The author said that, as 
a result of a questionnaire, which had been sent 
out to a number of British municipal and in- 
dustrial engineers, it appeared that opinion was 
generally favourable to pulverised-fuel firing. Many 
of the disadvantages associated with the earlier 
installations seemed to have been overcome and it 
was now possible to say that stability in design, 
space occupied, and cost per 1,000 lb. of steam 
were definite and not variable factors, as they were 
formerly. The principal operating problems had 
been those connected with dust emission and ash 
removal. These had, however, been solved by 
the use of gas-washing, and, once an effective use 
had been found for the final ash deposit, all the 
original disadvantages would have disappeared. 
As regards maintenance, the cost at Derby had 
fallen from 8-02d. per ton in 1926-27 to 7-04d. per 
ton in 1929-30, the average being 7:97d. The 
average labour cost was 12-78d. per ton and the 
average power cost 5-75d., giving a total of 26-5d. 
per ton. These figures had resulted in a reduc- 
tion in the generating costs from 0-19d. per kw.- 
hour sold in 1926 to 0-12d. kw.-hour sold in 1930. 
The coal consumed should, as far as possible, be of 
a type which could not be utilised in any other 
way. When it was realised that from 83 per cent. 
to 88 per cent. of the heat in such fuel could be 
usefully employed and that in some districts large 
quantities of suitable coal were available, the advan- 
tages of pulverised-fuel firing became obvious. 

Generally speaking, there had been an average 
all-round increase in boiler-house efficiency in 
municipal practice, during the past three years, of 
about 10 per cent., and, taking into account similar 
improvements in other industries, the total saving 
in operation during that period might be assessed 
at 1,000,0007. It was claimed by the author that 
the whole of this improvement was due to pulverised- 
fuel firing or to the challenge which its introduction 
into boiler-house operation had brought about. 

The discussion was opened by Mr. P. J. Robinson, 
who said that at the new station at Clarence Dock, 
Liverpool, where the coal consumption would be 
from 1,000 tons to 1,200 tons a day, it was proposed 
to adopt a combination of stoker and pulverised- 
fuel firing. The reason was that, though the latter 
method theoretically enabled a cheap fuel to be 
used, in practice it ceased to be cheap when the 
demand for it increased. He thought that fan 
capacity had a primary influence on the evaporation. 
but if fans designed for overload evaporations were 
run for long periods on normal loads, excessive 
erosion on both them and the flues would result. 
It would be interesting to know whether the author 
had been able to assess continuity and reliability of 
supply as economic factors. Since 1923, they had 
increased the size of the combustion chambers of 
eight of the stoker-fired boilers at Liverpool from 3} 
to 7 cub. ft. per square foot of grate area, while 
the combustion chambers of the new boilers at 
Lister Drive, which were equipped with Bailey 
walls and were stoker-fired, had 14 cub. ft. per 
square foot of grate area. These boilers had an 
efficiency of 86 per cent. with 15-5 per cent. of 
©O,. They hoped to get equally good results with 
the boilers at Clarence Dock. As regards the grit 
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and fumes problems, Mr. Robinson said that he 
wholly disagreed with the use of fine sprays. With 
this method, fumes, in the form of weak sulphuric 
acid, were carried up the chimney and, owing to the 
reduction in draught, were spread over a smaller 
area than was the case with the dry grit. At 
Liverpool, as the result of consultations with three 
chemists, they had devised a scheme which they 
hoped would;be successful, but did not involve the 
use of sprays. It would necessitate the employ- 
ment of chromium-steel chimneys, and might appear 
to be expensive, but the cost would not be more 
than 6s. 8d. to 6s. 9d. per kilowatt. 

Mr. W. M. Selvey said that pulverised-fuel firing 
could not be said to be a complete success until 
the dust and sulphurous fumes problems had been 
solved. Those problems had several aspects, to 
which there were as yet no conclusive answers. 
In this connection, fan corrosion and erosion were 
giving considerable food for thought. It might be 
asked whether there was any great advantage in 
putting 80 per cent. of the dust through the 
fan, but if the grit were prevented from reach- 
ing the fan by previous washing, corrosion might 
be caused by the resulting SO, while, as no 
method would remove the whole of the dust, there 
would, in addition, be a sticky residue which would 
lodge in any place where the velocity was reduced. 
Under such conditions, the chimneys simply became 
passages for carrying washed and cooled gases, and 
ceased to be used for creating draught. Special 
cement mixtures, properly applied, might, however, 
be quite as efficient as Mr. Robinson’s drastic 
expedient of using chromium-steel. There remained 
the problem of dealing with the ash. It was im- 
possible to continue blowing it into the air, and 
as dry dust was not suitable for removal by the 
ordinary methods, bagging or washing were the 
only alternatives. If the latter were adopted, the 
resulting slurry was an entirely new product as 
far as power stations were concerned, and could 
not be put into the drains. Mr. Lake had been 
a pioneer in this field also, and was using a method 
similar to that employed when dealing with metallic 
slimes. The filtrate obtained was crystal-clear, 
and could either be used for spraying or rejected to 
the drain, while the solid matter could be taken 
away in the usual manner. 

Mr. F. Forrest pointed out that, in a very large 
power station, pulverised-fuel firing gave a flexibility 
of control and a greater choice of coal than was 
possible if stokers were used. He noticed that at 
Derby, the bin-and-feeder system was being em- 
ployed. They had had considerable experience 
with this arrangement at Birmingham, but, at their 
latest station, had adopted the unit system, as it 
resulted in lower maintenance costs, reduced capital 
charges, and greater flexibility. He considered the 
station of the future would have at most two 
boilers per turbine, which would be equipped with 
completely water-cooled furnace walls, automatic 
control, and very high chimneys. It was as neces- 
sary to have automatic governing on the boilers 
as on the turbines, as, if a grid switch tripped, 
some 50,000 kw. might be suddenly thrown off. 
Experiments on this problem were being made at 
Birmingham. 

Dr. 8. L. Pearce said that, as regards pulverised- 
fuel and stoker firing, there was a great deal to be 
said on both sides. Though it was quite impossible 
to dogmatise, he thought it might be laid down 
that pulverised fuel was the only system to use 
on the very large boilers which were now being 
installed in the United States. On the other 
hand, there was no difficulty in using stokers on 
boilers with outputs up to, say, 400,000 lb. He 
felt sure that a scientifically correct and economic- 
ally practicable solution for the sulphurous fumes 
problem would be found. It was a problem which 
would become more important as generation was 
concentrated, but it was no remedy to put the 
station 20 miles or 30 miles away from the centre of 
the load in what, though it was a desert to-day, 
might be an urban district to-morrow. 

Mr. P. E. Rycroft questioned whether it was 
necessary for them to divide themselves into two 
Opposite camps, one favouring pulverised fuel and 
the other stokers. Their duty as combustion engi- 
neers was rather to discover what fuel it would best 
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pay them to consume, and then to weigh the pros 
and cons of the two systems. If the statistics issued 
by the Electricity Commissioners were studied, it 
would be found that no station operated entirely 
with pulverised fuel had a thermal efficiency much 
exceeding 18 per cent., while there were four stoker 
stations of which the efficiencies were over 21 per cent. 
The author’s excellent figures for fuel costs were the 
result of a geographical accident. The Electricity 
Commissioners’ results for 1929 showed that the 
fuel consumption at Derby was 2:2 lb. per kilowatt- 
hour, while the average price per ton delivered was 
only 8s. 6d. 

Mr. R. A. Chattock pointed out that it was unfair 
to compare the capital costs of the more or less 
experimental pulverised-fuel plants which had been 
erected up to the present with those of the well- 
established stoker stations. The cost of the former 
was, however, being reduced, and in a few years it 
should be possible to produce something as cheap 
as the latter with a higher efficiency. In this 
connection, three points required consideration : 
the simplification of the pulverising and firing ar- 
rangements ; the automatic control of the boilers, so 
as to reduce the labour costs; and the dust and 
sulphurous fumes problem. The author had said it 
was necessary to use steam-heated evaporators. He 
(Mr. Chattock) thought, on the other hand, that 
this plant interfered with the general efficiency of 
the station. It was essential to recover as many 
heat units as possible, and this was best effected 
by bleeding the turbines at several stages. If 
evaporators were used they had to be heated 
by high-pressure steam, which was returned to 
the boilers without having done any useful work. 
The hardness of the feed-water could be reduced 
to zero in a softening plant, and its oxygen re- 
moved in de-aerators. During the coal trouble in 
1926, they had burnt 10,000 tons per week of pit 
mound stuff containing 55 per cent. of ash. When 
this was pulverised, they had been able to obtain full 
evaporation from the boilers, but before it could be 
used on stokers this material had had to be mixed 
with an equal quantity of good coal, and even then 
it was impossible to obtain more than 75 per cent. 
of the full evaporation. 

In reply, Mr. G. H. Lake said that he knew 
of no stoker-fired plant in this country which would 
give a continuous efficiency comparable with that 
obtainable with pulverised fuel. At Derby, as many 
as twelve different kinds of coal were used without 
difficulty. Practically straight-line CO, was obtained, 
a percentage of 16 being maintained on the last 
two units down to 25 per cent. evaporation. This 
would not be possible with stokers. He agreed 
that automatic control should be applied to boilers. 
An interesting example of this practice was to be 
found in the high-pressure plant at Mannheim.* 
With the grid in operation, there would be large 
variations in load, which could not be dealt with as 
rapidly with stokers as with pulverised fuel, since 
with the latter there was no time lag between the 
demand for steam being made and met. The em- 
ployment of softeners meant reliance on the human 
element. That was why evaporators had been 
installed. 

At the concluding technical meeting on Thursday 
morning, May 29, a paper on “ Electric Heating 
of Buildings”’ was read by Mr. J. W. Burr, who 
said that electric heating could be effected either 
directly or indirectly through the medium of water. 
The cost of the former method depended on the tariff, 
but it had made great strides owing to its comfort, 
convenience and cleanliness. It did not, however, 
form an ideal load from the supply undertaking’s 
point of view, as it frequently increased the peak 
without having any effect on the off peak con- 
sumption. Indirect electric heating was a modifica- 
tion of the familiar central-heating plant, electricity 
being substituted for the usual coal, coke or oil. 
By adopting this method, the electricity under- 
taking at Bale had increased its load factor from 
13 per cent. or 14 per cent. to 80 per cent. or 
90 per cent. in a few years. The operation of 
such an installation could be made completely 
automatic, labour being reduced to the control of 
the temperature alone. 

These points were all taken into account in 
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considering the installation for a hospital, where 
steam was required for heating, cooking, and in 
the laundry, and hot water for domestic purposes. 
The alternatives were coal-fired and electrically- 
heated boilers, and, in deciding which was the more 
economical in annual expenditure, the capital 
charges, cost of fuel, wages and indirect savings 
must all be estimated. There was little difference 
in the capital costs of the two systems. Owing 
to the fluctuating loads and long banking periods, 
the boiler efficiency would be low, and it was 
found in practice that less heat, amounting at 
a conservative estimate to 20 per cent., was 
required to give the same results when electricity 
was used. In the latter case, too, the labour charges 
were practically non-existent, and there were 
further advantages, such as greater cleanliness. 
Nevertheless, an extremely low charge had to be 
made for electricity to enable it to compete success- 
fully with a coal-fired plant. 

The discussion on this paper dealt mainly with 
the type of propaganda which should be employed, 
and the tariffs which should be adopted to secure 
the water-heating load. In this connection, it 
was pointed out that, as most undertakings would 
shortly be taking a supply from the grid on a 
two-part tariff, the improvement of the load factor 
was most important. 

Mr. A. E. McKenzie mentioned that, in Amsterdam, 
8,825 water heaters were installed and had increased 
the night load by 8,000 kw. Additions were being 
made at the rate of 200 weekly. At The Hague, the 
corresponding figures were 7,776 and 5,088 kw. 
Mr. Sharp said that over 10,000 water heaters 
were in use in New Zealand. Mr. H. C. Lamb 
pointed out that it was dangerous to say that elec- 
tricity could compete with coal on a pure cost basis. 
If they were to secure this business in large buildings 
there must be present such additional factors as 
space valuable to the consumer and a desire to 
banish coal and ashes from the premises. Mr. E. 
Seddon said, in a particular case, he had found that 
to supply 3,000 Ib. of steam per hour for ten hours 
a day would cost 4,4721. and 857l. per annum, if 
electricity and steam, respectively, were used. 








THE INSTITUTION OF GAS 
ENGINEERS. 


Iv was characteristic of the Institution of Gas 
Engineers, until last year, that all its meetings 
of members were held in the course of a single week 
each year. This intensive concentration of activity 
resulted in the restriction of the discussion of papers, 
and especially of the reports of the researches 
conducted under the direction of the various com- 
mittees, particularly the Joint Research Committee 
of the Institution and the University of Leeds. 
Last year, the innovation of holding a special meeting 
in the autumn for the consideration of research 
reports gave a clear indication of the appreciation 
of the industry of the investigation work already 
conducted and of the desire, not merely for its con- 
tinuation but for a greater concentration and 
acceleration of effort, in consequence of which the 
research staff was augmented. e success of the 
research meetings was so make nt what was 
tried as an experiment, through inspiration of 
the President, Mr. C. S. Shapley, will, in future, 
be the regular practice, and thus the 67th annual 
meetings of the Institution, held in Leeds, on 
Tuesday to Thursday, June 3 to 5, were devoted 
to the discussions of papers, the consideration of 
research reports being deferred to a special meeting 
to be held in London in November. 

At the opening session, in the Victoria Hall, Leeds, 
after an official welcome had been extended to the 
delegates by the Lord Mayor, Councillor N. G. 
Morrison, and the routine business of adopting the 
annual report of the Council had been disposed of 
the president, Mr. Charles Stuart Shapley, Chief 
Engineer and General Manager of the Leeds Cor- 
poration Gas Department, delivered his address. 
In this, the author first briefly surveyed the steps 
in progress made in the year’s activities of the 
Institution, and it is well worthy of comment, as an 
indication of the appreciation of the value of educa- 
tion, that Messrs. P. F. Holmes and D. M. Henshaw 





* See ENGINEERING, vol. cxxviii, page 225 (1929.) 


have endowed a scholarship in Gas Engineering 
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at Leeds University, worth 170/. a year, in memory 
of the late William Cartwright Holmes, of Hudders- 
field, the well-known pioneer in the development of 
efficient gas-works plant, and gold medals have been 
endowed by his family in memory of the late 
Charles Hunt, past president, for award to the stu- 
dents presenting the most outstanding theses on 
gas engineering and gas supply for the diploma. 
Mr. Shapley, speaking of the work done in the 
Department of Coal Gas and Fuel Technology, 
under Professor J. W. Cobb, at the University of 
Leeds, showed that there was an ever-increasing 
demand for university trained men in the industry, 
by referring to the fact that posts were obtained in 
advance by all the students, long before they had 
finished their courses of training. In the Leeds 
Gas Works, the president showed that, by remodelling 
old plant and installing some items of new equip- 
ment, the gas yield per ton of fuel had been increased, 
since 1918, from 12,400 cub. ft. to 14,600 cub. ft., 
and the make per through retort had grown from 
14,200 cub. ft. to 19,000 cub. ft. every 24 hours. 
The importance of the industrial load to gas under- 
takings was clearly brought out by the citation of 
the case of a Leeds engineering works which had 
increased its annual consumption from 4,930,300 
cub. ft. in 1927 to 16,377,300 cub. ft. in 1929. 
There was great restriction of the industry through 
ancient legislation, particularly in regard to fixed 
tariffs, which prevented any relief being given to the 
more remunerative consumers, such as industrial 
users, on whose activities the future of the gas 
industry must so largely depend. 


THE UNIVERSITY OF LEEDS AND GAS ENGINEERING. 


In a paper presented on Tuesday morning, 
Professor J. W. Cobb dealt with ‘“‘ The Institution 
and the University : Teaching and Research.” In 
this contribution, the author contended that the 
progress of any industry or profession was largely 
dependent upon the extent to which it succeeded 
in attracting to its service first-class human material. 
The gas industry was started to work a simple pro- 
cess by which illuminating gas was expelled from 
coal by heat. Its scope had extended so far that 
it was now the most highly developed and efficient 
means for utilising the chemical and thermal poten- 
tialities of coal to supply the community with heat, 
light and power and very valuable by-products. 
All such development caused increased complexity 
of processes and plant, and its operation, and the 
combination of chemical and engineering skill 
required for the work, could only be expected from 
those possessing the highest scientific training. 
Professor Cobb then briefly surveyed the course 
of work undertaken by students at Leeds University, 
and referred individually to the work done after 
leaving the University by the holders of the Gas 
Research Fellowship of the Institution. 

In a résumé of the research work undertaken by 
the University for the Institution, Professor Cobb 
spoke of the early work to determine the radiation 
efficiency of a gas fire, and the investigations of the 
heating properties of rich and poor coal gas, gas 
made by steaming in vertical retorts, and water 
gas, as well as gas to which nitrogen and carbon 
dioxide had been added as inert constituents. It 
was shown over what a considerable range the calori- 
fic value of gas could be altered without materially 
affecting the results of its use, so long as the same 
number of heat units was delivered. It was largely 
upon the results of this work that freedom was 
given to the industry, by the Gas Regulation Act 
of 1920, in the choice of its methods of working. 
Later work included the investigation of the 
accuracy of recording calorimeters, the aeration 
accompanying the use of gas in different types of 
burners, and the nature of the products of com- 
bustion. Generally speaking, the results disclosed 
how small were the quantities of carbon monoxide 
produced in the normal use of gas appliances, 
particularly when the inner cone of the Bunsen 
flame was not distorted. Various processes of 
gas manufacture were subjected to test, such as 
the steaming of vertical retorts at Uddingston, 
and the blue water-gas process and the carburetted 
water-gas process at Birmingham, while fundamental 
studies in carbonisation were made on the Corbet 
Woodall experimental plant at the University of 


Leeds. The work done in the endeavour to find 
solutions for the effluent problem and to discover 
a means of getting over the unfortunate economic 
situation brought about by the extension of syn- 
thetic ammonia production were also reviewed. 
It was claimed that gas processes and appliances 
were now much more thoroughly understood than 
they were ten years ago, and that efficiencies had 
been raised and economies effected through this 
research work. 
TaR FoR Roaps. 


Mr. C. F. Broadhead, of Melbourne, contributed 
a paper entitled ““ The Preparation of a New Road 
Binder” for the meeting on Tuesday afternoon, 
which was presented on his behalf by Mr. Harold 
E. Bloor. In this, the author referred to the 
change in the tar produced when he replaced 
his horizontal retorts by vertical retorts, which 
caused it to be useless as a road-making material, 
when treated in the same way as horizontal retort 
tar. A solution was ultimately found by intimately 
mixing with every 1,000 gallons of vertical-retort 
tar, 10 gallons of formalin and 5 gallons of 
0-880 ammonia and digesting at 150 deg. F. for 
eight hours. Afterwards the temperature was 
raised to 380 deg. F., while heated air was passed 
through and over the tar. It was claimed that 
the treatment so improved the nature of the tar 
that the life of roads made with it was in- 
creased to such an extent as to warrant the belief 
that tar would be restored to the position it had 
lost in road-making. In the paper, descriptions 
were given of the plant installed in Australian works 
for carrying out the process. 


Heat TRANSMISSION. 


On Wednesday morning, June 4, the first paper 
submitted was by Dr. Margaret Fishenden, of the 
Fuel Research Division of the Department of 
Scientific and Industrial Research. In it, the 
author discussed ‘“‘ Heat Transmission, with Par- 
ticular reference to Modern Methods of Expressing 
Convection Data.” The rate at which heat was 
lost by convection from a surface maintained at 
a higher temperature than its surroundings varied 
with the temperature and the velocity of the 
neighbouring air. On the other hand, the loss of 
heat by radiation did not depend upon the air 
temperature but upon that of the surrounding 
surfaces, such as the walls, floors, &c., and the 
colder these were the more rapid was the radiation 
loss, irrespective of whether the air was warm or 
cold. After discussing the work done by various 
experimenters to discover the magnitude of these 
actions in terms of the various conditions, the 
author showed a method of correlation, based 
upon the principle of similarity, which enabled 
scattered results obtained under different conditions 
to be incorporated in a few curves of relatively 
wide application. 

Dry Gas. 

Dr. E. W. Smith then presented a paper on “ Gas 
Dehydration.” The drawbacks attending the dis- 
tribution of saturated gas were, he said, corrosion 
troubles, the deposit of water in mains and service 
pipes, involving the need for removal by syphon 
pumping, the deposit of naphthalene through its 
getting into the mains due to the washer becoming 
wet, as well as large quantities of unaccounted-for 
gas due to the condensation of the water vapour 
and the difficulty of detecting gas leaks in areas 
where the mains were in water-logged soil. When 
a drying process was introduced, rust formation was 
prevented, steel service pipes could be used with 
lower capital costs and maintenance, syphon 
pumping was eliminated, labour costs of stoppages 
due to water and naphthalene were reduced, 
leakages were more easily detected and traced, 
and a better knowledge of the unaccounted-for 
gas was possible. Under British conditions, the 
amount of dehydration necessary to obtain the 
advantages of the system could be obtained by 
lowering the dew point of the gas to 45 deg. F. in 
summer and 35 deg. F. in winter. The dew-point 
could be lowered by refrigeration, but such a system 
was uneconomical, if applied to the treatment of 
less than about 6,000,000 cub. ft. of gas a day. 
It might also be reduced by compression, a process 











that would receive consideration when the gas 
was to be distributed under pressure. Usually 
dehydration was effected by the drying action 
of calcium chloride, which as it became less active 
was restored by heating in a concentrator. One 
plant using glycerin had been installed. It was 
not possible, so far, to give any close estimate of 
the savings realised through dehydration, but 
replies to a questionnaire had shown their sub- 
stantial character with many installations, although 
it was still too early to estimate savings through 
reductions in corrosion in mains and services and the 
effect upon the maintenance of gas meters. 

On Wednesday afternoon, visits were paid to 
the new workshops of the Leeds Corporation Gas 
Department and to the Departments of Coal Gas 
and Fuel Industries and of Mining in the University. 


CoKkE OVENS. 


When the meetings were resumed on Thursday 
morning, Mr. E. G. Stewart, of the Gas Light and 
Coke Company, presented a paper on ‘“ The Func- 
tions of Coke Ovens.” These plants have usually 
been installed for the production of metallurgical 
coke for the iron and steel works, and the gas pro- 
duced was either wholly used in the works, or, in 
some cases, was sold to gas undertakings. As an 
item of gas-works plant, it was demonstrated that 
the coke oven was no better than the continuous 
vertical retort, which now dealt with 60 per cent. 
of the coal carbonisation in the gas industry, 
besides being unsuitable in size for all except the 
very largest undertakings. As a carbonising plant, 
the coke oven had the advantages of low labour 
costs, low fuel costs, long life and low maintenance 
expenses, and the quality of the coke produced 
was under control. Against these had to be set 
the need for large ground space, the emission of 
smoke and steam, low gas yield, lack of flexibility 
in output, particularly if coal gas were not used at 
times as fuel, and the economy possible was only 
secured in very large units. The Gas Light and 
Coke Company were, however, installing a coke- 
oven plant at their Beckton works, because they 
had a definite outiet for the type of coke produced, 
a suitable site, together with an output giving the 
ability to install ovens of sufficient size to compete 
in cost with vertical retorts, rather than by the 
possession of definite convictions, at present, of the 
future value of coke ovens as gas-works plant. 
Consideration of the factors involved showed that 
coke ovens could only be of interest to the eight 
largest gas undertakings, who treated between them 
37 per cent. of the total coal carbonised by the 
industry. The possible users of coke ovens by gas 
works was therefore limited unless special circum- 
stances, such as those connected with the type of 
coke produced, made a radical change in the present 
conditions. The modern coke oven was appreciated 
as an instrument for the better disposal of the low- 
priced coal smalls. Gas produced from ordinary 
gas works plant was accompanied by one-half to 
three-quarters of a hundredweight of coke for each 
thousand cubic feet of gas produced for sale, but 
coke ovens produced three to four times that 
amount of residual solid fuel. 


WATERLESS GASHOLDERS. 


Mr. Frank Prentice, in a paper entitled ‘‘ Experi- 
ences with a Waterless Gasholder,’’ described an 
installation at Ipswich, put into operation two years 
ago. A consideration which led to its introduction 
was that, having a total weight of 800 tons for a 
capacity of 2,000,000 cub. ft., it did not necessitate 
the trouble and expense of piling. The foundations 
were simple, and much less costly than those for 
a tank type construction, because only one- 
twentieth of the weight had to be carried. One 
advantage of the waterless gasholder was found to 
be the absence of a succession of sudden increases 
and decreases in the pressure common to gasholders 
having cups. One difficulty experienced at Ipswich 
was the effect of the gas coming into ccntact with 
the tar of the seals, which extracted some of the 
light hydrocarbons and thinned the tar. Eventually 
a stable sealing medium was obtained by adding 
10 per cent. of light oil to the distilled tar, rather 
than employing middle oils to break it down, as was 
earlier used. The introduction of the waterless 
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holder had a marked effect upon the moisture 
carried forward by the gas in hot weather. The 
tenders, which did not include foundations, showed 
the cost of the waterless holder to be 22,500/., 
compared with 30,4771. to 25,0751. for the ordinary 
types of construction. 


BENZOLE RECOVERY. 


The last paper presented to the Conference was 
submitted by Messrs. W. H. Hoffert and G. Claxton 
on Thursday afternoon, and related to ‘“ Benzole 
Recovery with Particular Reference to Gas-Works 
Practice.’ In this paper, the authors discussed the 
desirability of extracting the benzole from town’s gas 
as a home source of motor-car fuel, and dealt with 
recovery by oil washing and by the active-carbon 
process. They showed how research work, con- 
ducted by Mr. Hollings and his assistants on the 
Gas Light and Coke Company, had led to an improve- 
ment in the carbon process by the prevention of the 
fouling of the carbon through impurities penetrating 
the bed. This process gave benzole free from wash 
oil, a higher efficiency of recovery and smaller power 
requirements. Mr. H. E. Copp, of Hull, was elected 
president of the Institution for the year 1930 to 1931. 








THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 


THE members of the Institution of Electrical 
Engineers have, during recent years, had oppor- 
tunities of seeing something of the important hydro- 
electric stations both in Scotland and Wales and 
are this year completing their inspection of the 
greater part of the equipment of this type in the 
British Isles by visiting the Shannon installation 
in Ireland. The meeting began with an informal 
reception at the Gresham Hotel, Dublin, on Monday 
evening, the 2nd inst., and on Tuesday, after a 
reception at the Mansion House by the City Com- 
missioners, the Institution party made an excursion 
through County Wicklow, which furnished an 
occasion for seeing something of the main and auxi- 
liary electric power transmission systems which 
have been erected to serve the greater part of the 
Irish Free State. As we publish a description of 
this Southern Ireland grid on page 731 et seg. in 
this issue, it is not necessary to attempt further 
description here. Oounty Wicklow lies south of 
Dublin, and as will be gathered from the map of 
Southern Ireland, forming Fig. 1 of our descriptive 
article, this excursion allowed an opportunity of 
seeing part of the 110-kv. line which connects 
Dublin with the Shannon station at Ardnacrusha, 


near Limerick, via Maryborough, and also part of the | 


38-kv. line on the Dublin Waterford loop. Some 
description of the construction of these lines is given 
in our article, but it may be said here that they are 
very neat in appearance. From the point of view of 
the general public, which it may be presumed will 
not be specially looking for them, the lines are also 
singularly inconspicuous. It may comfort some 
of those who have feared that the grid system will 
ruin the English countryside, to know that some 
of the members of the Institution of Electrical Engi- 
neers, party travelled over this stretch of country 
an failed to notice any transmission lines at all. 

As will be gathered from our article, to which we 
have already referred, the whole of the Irish Free 
State is being supplied with electric power from 
the Shannon station. From the point of view of 
area, this system is not excessively large as com- 
pared with what is being done in many parts of the 
world, but its complete isolation clearly involves 
elements of risk. The City of Dublin has a stand-by 
supply in the old Corporation generating station at 
Pigeon House Fort, but in the event of a serious 
and prolonged failure on the Shannon, it would 
appear that the greater part of the country would 
be without an electricity supply. It may reasonably 
be assumed that at the present time the finances of 
the country would not allow of any form of stand-by 
station being constructed, and some element of risk 
Is In every way allowable in pioneering work of this 
kind. If too many possibilities were allowed for, 
it is quite likely that the cost would have been 
such that it would not have been possible to provide 
® supply for the country at large at all. In any 
case, the element of risk in connection with the 


power station is small. The machine capacity of 
the station is ample for its load, and the meteoro- 
logical conditions in the west of Ireland are such 
that it is not likely to suffer from lack of water. It 
may be presumed that a considerably increased 
electrical load is expected ultimately to follow the 
inauguration of this scheme and that, apart from 


able progress in this direction might ultimately 
justify the installation of auxiliary steam or Diesel 


velopment on the River Liffey is a possibility of 


is a remarkable example of enterprise and _ belief 
in the value of a general and widespread power 
supply even in an agricultural country. 


ert covered the erection of the whole of the 110-kv. 
and 38-kv. transmission systems for the so-called 
partial development, which embraces the first section 
of the Shannon scheme to be put in hand. The 
firm also supplied the greater part of the 10-kv. 
lines. The low-tension distribution systems are, 
however, being erected by the Electricity Supply 
Board, and at the present time some 100 new 
areas are being served, which had no supply before 
the starting up of the Shannon scheme in October, 
1929. The domestic load in the new areas con- 
nected up have already reached an average of 
50 per cent. of the possible consumers. In some 
areas the percentage is as high as 85. 


party was invited to a reception and dance at the 
Gresham Hotel by the President, Sir Thomas Purves, 
Lady Purves, Mr. T. J. Monaghan, Chairman of the 
Irish Centre and Mrs. Monaghan. 


(To be continued.) 








NOTE. 
Tue Kina’s Brrtupay Honovrs List. 


The list of honours, conferred by His Majesty the 
King on the occasion of his sixty-fifth birthday, 
contains fewer names of those connected with engi- 
neering than we have come to expect. On the 
other hand, a larger proportion than is customary of 
those included are practising their profession in a 
non-official capacity and have reached a position 


{of eminence in other than government or muni- 


cipal spheres. We offer our warmest congratulations 
to all those whose names do appear. Among those, 
special mention must be made of Mr. Basil Mott 
and Mr. Frederick Henry Royce, both of whom 
receive baronetcies. Mr. Mott, who was President 
of the Institution of Civil Engineers in 1924-25, is 
a well-known consultant, and after training as a 


the growth of the domestic and farming loads, an | 
industrial load will ultimately develop. Consider- | 


engine stations, while further hydro-electric de- | 


the future. As it stands, the Southern Ireland grid | 


The original contract of Messrs. Siemens-Schuck- | 


In the evening of Tuesday, June 3, the Institution | 


Mr. T. P. W. Barty, Municipal Engineer, Khartoum, 

| Mr. J. A. B. Horsley, Electrical Inspector of Mines, 
| Mines Department, Board of Trade, and Mr. W. J. 
|Medlyn, Superintending Engineer, Manchester 
Engineering District, General Post Office, receive 
the O.B.E., Mr. F. C. Pavry, Chief Engineer, 
North-Western Railway (India), and Mr. R. R. 
Simpson, Chief Inspector of Mines in India, the 
C.LE., and Mr. J. C. Gaffiero, Engineer, Public 
Works Department, Cyprus, the I.8.0. 








LETTERS TO THE EDITOR. 


A SIMPLE TRANSMISSION 
DYNAMOMETER. 
To THE EpiroR oF ENGINEERING. 


Srr,—The article on a transmission dynamometer 
on page 621, ante, would give the impression that these 
devices have hitherto consisted of delicate means for 
measuring the twist in a long shaft, and that the 
authors are responsible for a means for overcoming 
this objection. 

The underlying idea of the authors’ device is by 
no means new. I have for some years past employed, 
for measuring the power consumption of dynamos, 
a transmission dynamometer made up of an old 
motor-car differential, the device fulfilling all the 
claims made for that described, except perhaps that 
the bevels did not run in an oil bath. I claim no 
novelty for this arrangement, having seen it illustrated 
on page 576 of Lineham’s Textbook of Mechanical 
Engineering, 1905. 


Yours faithfully, 
Caxton House, C. H. CLARKE. 
Westminster, 


May 27, 1930. 








GAS DISPLACEMENT PUMPS FOR 
DRAINAGE WORK. 


| To THE Epitor or ENGINEERING. 


Sir,—Having been interested for many years now 
in securing for the gas pump its true position in 
| engineering, I cannot help contrasting the low expenses 
|for fuel at Chingford with the high consumption of 
| current at the Medemblik station, as reported in the 
interesting article on the Zuyder Zee scheme, appearing 
| in your issue of the 23rd inst. The total water horse- 
| power of these stations does not greatly differ, and it is 
| clear that the 20-ft. lift of the Medemblik requirements 
| would be very suitably handled by gas pumps with a 
| saving, for fuel and upkeep, reasonably to be estimated 
| at between 2,000/. to 3,000/. a year, if not more; and 
| as two-stroke gas pumps are now available, approxi- 
| mately half the size of the Chingford pumps for the 
| same output, it is clear that there would be a big 
| saving in capital cost also. 
| I do not know whether the past history of the gas 
| pump can be best described as a romance or a tragedy ; 
| it has certainly never had the appreciation in engineering 
| circles which the splendid success of the Chingford plant 


mining engineer was associated with J. H. Great- | warrants, and with Empire development ahead of us, 
head in the construction of the City and South ;and the natural expansion in irrigation undertakings 
London Railway. Subsequently, as a partner of Sir | that must follow in all the dry countries, the true 
Benjamin Baker, he was responsible for the Central | appreciation of its worth should be a distinct fillip to 
London Railway, while more recently he has been | the heavy branches of engineering which have suffered 


the Tyne at Newcastle and a great deal of other | 
electric street lighting in London and Liverpool, | 
and is a founder of both Royce, Limited, and Rolls- | 


ment of the Rolls-Royce motor car and aero engines, | 
and last week received the Silver Medal of the Royal | 
Aeronautical Society in recognition of the fact that 
the engines of the Supermarine 86, with which the 
Schneider Trophy race was won last summer, had 
been designed by him. Knighthoods have been 
conferred on Mr. A. S. Eddington, Plumian Pro- 
fessor of Astronomy in the University of Cam- 
bridge and on Mr. F. W. Goodenough, of the Gas 
Light and Coke Company, while Mr. Frederick 
Palmer, Past-President of the Institution of Civil 
Engineers, and well known in connection with har- 
bour and port works, especially at Calcutta and 
London, and a partner of the firm of Messrs. 
Rendel, Palmer and Tritton, receives a too long 
deferred K.C.M.G. The C.B. has been conferred 
on Col. C. H. Bressey, Chief Engineer, Roads 
Department, Ministry of Transport, and the C.B.E. 
on Dr. E. W. Smith, Honorary Technical Adviser to 








the Area Gas Supply Committee, Board of Trade. 


similar work. Mr. Royce was one of the pioneers of | ~. 


connected with the building of the new bridge across | 8° badly since the Armistice. 


Incidentally, I surmise that a clerical error has 
crept into the figure quoted in your article, which 
gives a mean price of 53d. per kw.-hr. I presume 
this should be 53d. per 10 kw.-hr.; but, if we take 


tou! i ° | the lowest price of 10 kw.-hr. for 5d., we still get 
Royce, Limited. As chief engineer of the latter firm | the high figure of 5,000/. per annum for current aun 


he has been primarily responsible for the develop- on the estimated electrical input required for these 


pumps. 
I am, Sir, 


| Your obedient Servant, 


: S. P. Curistie. 
13, Ennismore-gardens, London, 8,W.7, 
May 28, 1930. 








32,500-KV.-A. SLOW-SPEED 
ALTERNATORS, 


For installation in the hydro-electric power station 
on the Rhine between Sickingen and Rheinfelden, of 
the Ryburg-Schwérstadt Power Supply Company, 
two slow-speed three-phase alternators, which we 
believe are the largest so far constructed in Europe, 
were ordered in January of last year from Messrs. 
Brown, Boveri and Company, Limited, Baden, 
Switzerland, two similar machines being ordered at 
the same time from the firm’s Mannheim works. 
Photographs of one of these machines being erected 
at the Baden works are reproduced in Figs. 1 to 4, on 
page 736. Each machine has an output of 32,500 kv.-a. 
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at 10,500 volts and 50 cycles, when running at 75 r.p.m., 
and each will be driven by a turbine of the Kaplan 
type operating under a variable head which is normally 
of the order of 11 m., or about 36 ft. 

The external diameter of the stator, which is shown 
under construction in Fig. 3, is 11 m. (36 ft. 1 in.), 
but the completed stator frame will be surrounded by a 
sheet-steel casing about 13-5 m. (44 ft. 3 in.) in 
diameter, to serve as a conduit for the heated air 
discharged through the laminations, the casing being 
connected at one side to a vertical duct formed in 
the masonry. Cool air will enter the machine from 
above, and for this purpose a sheet metal casing will 
be placed above the bearing spider and will be con- 
nected with a duct formed in the masonry wall. The 
stator frame is made in eight segments, one of which 
has been removed in Fig. 3, in order to keep the 
dimensions and weights of the separate parts within 
reasonable limits for transport and erection. It is 
bolted down to a cast-iron sole plate, clearly shown 
in Fig. 3, which will be mounted on the edge of the 
turbine pit, from which the alternator will be completely 
shut off. 

The pole wheel is 9-4 m. (30 ft. 10 in.) in diameter, 
and weighs, together with the shaft, 250 tons. It is 
made of cast steel in two main parts mounted one 
above the other, each part consisting of a pole ring 
and arm spider, both of which are made in four parts 
bolted together. Fig. 1 shows the completed rotor 
mounted on horizontal bearings for erection purposes, 
and Fig. 2 shows one of the pole rings, which, it will 
be seen, are of an irregular H-section. The shaft, 
which is about 9 m. (29 ft. 63 in.) in length and 900 mm. 
(354 in.) in diameter at the wheel boss, weighs 30 tons, 
and the forged-on coupling flange is 2 m. (6 ft. 6? in.) in 
diameter. Fig. 4 shows the shaft mounted on the 
bed of a horizontal boring machine for the operation 
of drilling the bolt holes in the flange. An axial hole, 
360 mm. (14} in.) in diameter, was bored through the 
shaft, and in this hole the pressure-oil pipes for operat- 
ing the servo-motors controlling the position of the 
turbine guide vanes will be located. 

The upper end of the shaft is supported in radial 
and thrust bearings mounted in a steel casting about 
3-5 m. (11 ft. 6 in.) in diameter, the casting being 
carried by eight radial arms of cast steel, the outer ends 
of which rest on the stator frame. The thrust bearing 
has been designed to carry, in addition to the weight 
of the rotating parts of the generator and exciter, 
the weight and reaction of the turbine runner, the 
total load amounting to about 900 tons. The lower 
bearing, which is subjected to radial load only in 
running, is also mounted in a central casting supported 
by radial arms and brackets from the sole plate. 
It is, however, designed to support the weight of the 
rotating parts of the alternator and turbine, amounting 
together to 450 tons, while the set is being erected or 
dismantled. Brake cylinders mounted on the radial 
arms and working against the edge of the lower pole 
ring, which is suitably shaped for the purpose, will 
be used to bring the set rapidly to rest and will also 
serve for lifting the rotor and dismantling the thrust 
bearing. The cylinders will be supplied with oil at a 
pressure of 100 kg. per square centimetre (1,422 1b. per 
square inch) from a special pump. 

The exciter, which is mounted near the upper end 
of the main shaft, is rated at 400 kw., and is itself 
excited by an auxiliary exciter, also direct coupled to 
the main shaft. The above particulars, with the 
photographs reproduced on page 736, for which we 
are indebted to Messrs. British Brown-Boveri, Limited, 
56, Victoria-street, London, 8.W.1, will serve to give 
a general idea of the design and construction of these 
interesting machines. It is hoped that particulars of 
their performance wiil be available for publication at 
a later date. 


Tue Works or Messrs. Davip Brown AND Sons 
(HUDDERSFIELD), Limirep: ErRRatum.—In concluding 
our account of Messrs. David Brown’s works on page 696 
of our issue of last week, we stated that details of the 
date planning and bonus systems in use in the works would 
be found in a series of four articles by Mr. W. 8. Roe in 
the commercial supplement of The Manchester Guardian, 
the first article appearing in the issue for February 13 last. 
We regret that this statement was erroneous in that the 
articles referred to were actually published in The 
Commercial, which is a separate weekly publication. 


CATALOGUES : ErratuM.—We regret that a paragraph 
headed Blast Furnaces, on page 687 of our issue of May 
23, conveys an incorrect impression. Messrs. Ashmore, 
Benson, Pease and Company, Limited, Stockton-on- 
Tees, have acquired the British rights from Messrs. 
Thiesen G.m.b.H., Munich, for the Thiesen disintegrator 
gas washer, and from Messrs. Wm. M. Bailey Company, 
Pittsburgh, Pa., for the American electric rotary clay gun. 
The firm has also secured similar rights for the blast 
furnace charging scale cars of the Atlas Car and Manu- 
facturing Company. Messrs. Ashmore, Benson, Pease 
and Company are associated with the Freyn Engineering 
Company, of Chicago. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN THE PRICES OF METALS. 
(Specially Compiled from Official Reports of London Metal Markets.) 
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Nore.—In the diagrams, the figures plotted for tin and copper are the official closing cash quotations of 


the London Metal Exchange for “ fine foreign” and ‘“‘ standard” metal, respectively. 
lead are for English metal, whilst those for spelter are for virgin metal. 


The prices shown for 
Middlesbrough prices are plotted 


for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices given in the case of steel 


plates are for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 
prices are for East Coast hematite and Cleveland iron, both of No. 1 quality. 
bottle, the contents of which vary from 70 lb. to 80 lb. 


The pig-iron 
The price of quicksilver is per 
The price of tin-plates is per standard box, but in 


other cases the prices are per ton. Each vertical line in the diagram represents a market-day, and the horizontal 
lines represent lJ. each, except in the case of the diagram relating to tin-plates, in which they represent 1s. each. 








Launcu or H.M.S. ‘* BLANCHE.”’—One of eight vessels 
ordered under the 1928 naval programme, and the first 
vessel of her class to take the water, H.M. Torpedo-Boat 
Destroyer Blanche was launched from the Hebburn- 
on-Tyne yard of Messrs. R. and W. Hawthorn, Leslie 
and Company, Limited, on May 29 last. Her overall 
length is 323 ft., and her approximate displacement 
about 1,330 tons. The vessel is built with a long fore- 
castle deck, and the crew’s quarters, which are forward, 
are spacious and comfortable, and include bathrooms. 





The armament comprises 4-7-in. guns and machine 
guns. The propelling machinery consists of twin-screw 
single-reduction geared turbines, together developing 
34,000 s.h.p. The three water-tube boilers are fitted 
with superheaters and are arranged for a working 
pressure of 300 Ib. per square inch, and 200 deg. superheat 
under closed stokehold conditions. Messrs. Hawthorn, 
Leslie also have in hand, for the British Admiralty, 
H.M.S. Boadicea, a sister ship of Blanche, and the 
main machinery for three sloops. 
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APPARATUS FOR COKE-SHATTER 
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STANDARD SHATTER TEST FOR 
COKE. 


Durine the past few years, some considerable atten- 
tion has been devoted to the subject of metallurgical 
coke. Itis generally recognised that, for most purposes, 
a coke should be uniform, both as regards chemical 
composition and size of piece, and that, for use in the 
blast furnace, at all events, it should be porous and 
not brittle. In this country, coke ovens are often 
situated near collieries, and the resultant fuel has to be 
conveyed, sometimes over considerable distances, to the 
furnaces in which it is to be used. It is obvious, 
therefore, that the coke should be sufficiently robust 
to withstand the effects of the journey and of the 
preliminary loading and subsequent unloading, without 
giving rise to inconveniently large amounts of breeze. 
The shatter test, the object of which is to determine 
quantitatively what might be termed the fragility of 


importance has been further established by the adop- 
tion, on the part of the Midland, Northern, and Scottish 
Coke Research Committees, of a standard apparatus 
for carrying out the test. We are indebted to Mr. R. A. 
Mott, of Sheffield University, secretary of the Midland 
Coke Research Committee, for particulars of the 
apparatus and process adopted. The apparatus, which 
is practically identical with that adopted in 1923 


by the American Society for Testing Materials, consists | must be marked with an asterisk. If it is desired to 


essentially of a box provided with a hinged bottom, 
from which the sample of coke is dropped on to a steel 
plate placed below it. 

Convenient forms of the standard shatter-test 
apparatus adopted are shown in Figs. 1, 2 and 3, on 
this page. The box, into which the sample of coke is 
placed, is 28 in. long, 18 in. wide, and 15in. deep. The 
bottom of the box consists of two doors, hinged length- 
wise, and latched in such a manner that they swing 
open freely and do not impede the falling coke. The 
box is supported above a rigid cast-iron or steel plate 
of a thickness of not less than }-in., and having a 
minimum length of 48 in. and a minimum width of 
38 in. Boards about 8-in. high are placed around the 
plate to prevent the loss of coke. The box is supported 
above the plate at such a height that the inside of the 
bottom of the receptacle is 6 ft. above the plate. In 
order, however, to minimise the danger of breaking 
the coke when filling the box, this is suspended in such 
& manner that it can be lowered to a convenient level 
for charging. The test is conducted on a sample of 
coke weighing 50 Ib., all the pieces of which are more 
than 2 in. across. The box is lowered, the coke care- 
fully shovelled into it, levelled, and the box raised to 
the top of the apparatus. The doors forming the 
bottom of the box are opened and the coke dropped 


the coke shovelled back into it indiscriminately, but 
care is taken to avoid breakage. The box is then again 
raised and the coke dropped a second time. When 
the coke has been dropped in this manner four times 
in all, it is screened by hand in such a way that any 
piece which can pass through the screen in any position 
is counted as undersize, and the weights of coke of each 
grade are determined to the nearest ounce. The 
screens employed should be machine-stamped from 
mild-steel plates, and be of the square-mesh type. 
Openings of 2 in., 14 in., 1 in., and } in., are used, and 
a limit of error of J,-in. is imposed. 

It is specified that at least three complete shatter 
tests must be made and the results given as the per- 
centages, to one decimal place, of the coke remaining 
on the 2-in., 14-in., 1-in., and 4-in. mesh screens. The 
shatter ‘‘ indices,” to be reported, are the average 
values of the percentages retained on the 2-in. and 





|number only. The shatter indices are to be given in 
| the form 74/86, the figures being the 2-in. and 1}-in. 
the coke, has come to the fore of late years, and its | indices, respectively. Where this is possible, the 








on to the plate. The box is then again lowered and all 





1}-in. screens, and are to be given to the nearest whole 


statement of the shatter indices should be accom- 
panied by a brief description of the original coke, and 
such terms as blocky coke, prismatic coke, narrow-oven 
coke, compressed-charge coke, and beehive coke should 
beemployed. Ifthe average deviation of the individual 
results, from their general average, exceeds 3-0 in the 
case of the 2-in. mesh screen, and 2-0 in that of the 
1}-in. mesh screen, the corresponding shatter indices 


base any conclusion upon, or to take any action in 
consequence of, the result, a further series of at least 
two tests must, if possible, be made, and the results 
of these averaged with those of the original series. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS ; NORTH WESTERN 
BRANCH. 


WE print below a summary of the discussion at a 
meeting of the North-Western Branch of the Institution 
of Mechanical Engineers held on Thursday, March 20, 
at the Engineers’ Club, Albert-square, Manchester, 
following the paper entitled ‘“‘ Operating Results with 
the Recent Extensions at Barton Power Station,” 
presented by the joint authors, Mr. H. L. Guy and 
Mr. H.C. Lamb. We have reprinted the paper itself 
in abridged form in recent issues, and have deferred 
the publication of the discussion so that our readers 
should have the paper itself before them. 

The chair was occupied by Professor Dempster Smith, 
who said they were in the fortunate position of hearing 
a paper the authors of which were not only credited 
experts on the subject of it, but represented a happy 
combination. Mr. Guy had said, in a previous paper, 
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power is advancing so rapidly that many questions 
arise demanding immediate decision in advance of the 
guidance which experience and exhaustive trial can give. 
It is desirable, in such matters, that those of varied 
knowledge, experience, and opinions, those that 
use plant as well as those who supply it, shall meet 
periodically in a community of deliberation. In 
providing a vehicle to facilitate such discussion on 
matters on which opinion is still in process of formation, 
the Institution discharges one of its prime functions.”’ 
The combination of maker and user to which Mr. 
Guy had referred was being given practical effect to 
that evening. 

The discussion was opened by Dr. G. G. Stoney, 
who said the paper was such that it left very little to 
be said. It would appear that Manchester got better 
papers than London, since no paper of the same 
standard as the present one and Mr. Guy’s former 
paper had been presented at headquarters. A parti- 
cular feature deserving notice was the very full account 
given of the methods used in carrying out the tests, 
and the paper, together with Mr. Guy’s former paper, 
and one by Mr. Baumann, might be said to form a 
complete text-book on the art of testing and getting 
records for turbines, boilers, and power plant gener- 
ally. It was regrettable that such great care to 
get reliable results as that described in the paper was 
not alwaystaken. In at least half the tests he knew of, 
instruments were not calibrated, leakages took place, 
and careless observations were made with resultant 
inaccurate figures. Constant measuring at all points 
under skilled superintendence, such as had been carri-d 
out at Barton, was the only way of accurately 
detecting flaws in working. At Barton there were, for 
example, three chemists, while practically nine stations 
out of ten in the country had none. The results 
reached at Barton demonstrated the value of a very 
highly trained staff. 

Dr. Stoney then referred to the early work of Sir 
Charles Parsons, and said that Sir Charles had long ago 
pointed out that for large turbines it was advisable 
to have separate high and low-pressure cylinders. A 
500-kw. machine on these lines had been designed as 
far back as 1888, but, owing to patent and partnership 
difficulties, had never been made. The drawings 
had been reproduced on plates 14 and 15 of Sir Alexan- 
der Richardson’s book ‘‘ The Evolution of the Parsons 
Steam Turbine,” which was published by ENGINEERING 
in 1911. It would be seen that in the “A” station 
at Barton the turbines had all the walls of the same 
size, but in the “ B”’ station there was a small high- 
pressure cylinder and a large low-pressure cylinder. On 
the Continent three or more cylinders were used. He 
agreed with the authors with regard to the desirability 
of the compilation of standard steam tables, a want very 
well illustrated in Table No. 6 (b) of the paper. He had 
great hopes from the Steam Tables Conference which 





that, “The art of generating and distributing electric 





had been inaugurated by the British Electrical and 
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Allied Manufacturers Association. Great progress 
was made last July, and he hoped further progress 
would be made in June at the Berlin conference. The 
=_— of Professor Callendar would, however, be greatly 
elt. 

Continuing, Dr. Stoney said it was a pity no con- 
denser results had been given, as he understood these 
were very good. In a condenser, the highest possible 
vacuum would be that corresponding to the inlet water 
and the difference between its temperature and the 
steam temperature in the condenser meant a loss of 
about 1 per cent. for every 2-75 deg. F. As a rule, in 
good condensers, when in a clean condition, there was 
a difference of 22 deg. to 25 deg. F., but he believed 
the results with these condensers were better than this. 

Mr. M. H. Adams also commented on the condenser 
performance. The oxygen content at the bottom of 
the condenser seemed high as 0-08 c.c. per litre, but 
perhaps this was the result of working with the con- 
densate temperature nearer to the vacuum tempera- 
ture. In the ordinary type of condenser, where the 
condensate differed from the vacuum temperature by 
about 4 deg. or 5 deg., there was no difficulty in keeping 
the oxygen content of the water entering the economiser 
to 0-05 c.c. per litre, while that in the bottom of the 
condenser was so small that it could not be measured. 
Thege conditions were without using a de-aerator, 
which he considered was unnecessary. He regretted 
that the operating results of the new and old boiler 
plant had not been treated separately, so that a com- 
parison could have been made between the two. The 
““B” engine-room results were very good, but he 
would question whether it was justifiable to heat the 
feed water up to 300 deg. F. there. He thought the 
boiler-house efficiency—-given as 80-6 per cent., 


including half the range losses—was a low figure for a | 
plant equipped with both economisers and air-heaters. | 


The power used by auxiliaries in station ““ B’’ was very 
low in comparison with that in station ‘‘ A” ; perhaps 
it could be accounted for by the difference in the size 
of the generating units. 

Mr. K. Baumann said that the value of the paper 
was increased by the full information it gave with 
regard to the conditions influencing the thermal 
efficiency of power stations. Very little information of 
this kind had been published in this country in recent 
years, so that it was almost impossible to compare the 


results between the various stations or to calculate | 
engine room efficiencies. The actual efficiency of the | 


engine-room itself could not be determined directly 
from the routine records, as it involved continuous 
measurement of the steam consumptions of the turbine, 
including the period of starting up and shutting down, 
and also the measurement of the losses due to drains, 
&c. On the other hand, the efficiency of the boiler- 
house was usually recorded. If, then, the overall 
efficiency of the station were known, it would be possible 
to calculate the engine-room efficiency. Inthe National 
Electric Light Association report of June, 1928, suffi- 
cient data were published to enable the engine-room 
efficiency of stations in the United States to be published 
in that manner. He had collected these results in 
Table I, on the opposite page, so that they might be 
compared with those given in the paper for engine- 
rooms “ A” and “ B.” 

It was satisfactory to note that the results in these 
two engine-rooms had been calculated in two indepen- 
dent ways with a relatively small difference in result. 
The accuracy of the figures might, therefore, be taken 
as at least equal to that of the figures in the American 
report. He thought the inclusion of the boiler-feed 
pump as a boiler-room auxiliary was not justified in 
modern practice. The boiler was simply an apparatus 
for transferring heat, and, while it was necessary to 
consume energy in auxiliaries such as fans, firing 
apparatus, and coal-handling plant, the boiler was, 
he considered, entitled to receive back from the engine- 
room the heat carrier at the same pressure at which 
it was supplied. The boiler-feed pump was part of 
the cycle of operation, and the boiler-room should not 
be debited with the negative work involved in the 
heat cycle. Neither must it be debited with any 
increased power required by the feed pump if the 
latter were working with feed heaters installed to 
increase engine-room efficiency. To be logical, the 
boiler-feed pump must be regarded as an engine-room 
auxiliary, and the power required for it should be taken 
into account when considering engine-room efficiency. 


Continuing, Mr. Baumann said that the method of | 


calculation of the thermal efficiencies in the table 
would be clear from the figures given in it. The only 
assumption that had been made was that the radiation 
and miscellaneous losses outside the boiler itself, 7.e., 
pipe-line losses, drain leakages, &c., had been appor- 
tioned equally between the boiler-house and the engine- 
room. These losses were given in line 23 of Table I, 


same asin station “‘ A.” In the case of the boiler-room 
auxiliaries, as the heat consumption of engine-room 
“*B” was 15 per cent. less per kilowatt generated than 
that of engine-room “A,” the boiler-room auxiliary 
power chargeable in station “ B” was less in propor- 
tion. From an approximate estimate, based on an 
average boiler-room auxiliary consumption for the 
whole station of 24 per cent., and for the distribution of 


boiler-room auxiliary consumption chargeable to ‘‘ A”® 
would be 2-75 per cent., and to “ B” 2-25 per cent. 
In the case of the engine-room auxiliaries, the difference 
was even larger. 

In comparing the engine-room efficiencies, steam and 
cooling water conditions might be taken into con- 
sideration, i.e, corrections might be allowed for 
pressure, total temperature and vacuum, bearing in 
mind the fact that condenser performance did not 
| differ sufficiently to affect the result to any extent. 
It was hardly permissible, however, to make any 
| correction for feed temperature. It was time com- 





| parisons on the basis of the Rankine cycle were aban- | 


|doned when performance of steam prime movers was 
|considered. The comparison should be made on the 
| basis of the regenerative or feed-heating cycle, which 
method had fully justifieditself. Ifthat cycle were not 
adopted in any particular station, in other words, if 
| high-pressure steam were used to heat cold water, 
| then that station would suffer in comparison with others. 
| There were certain difficulties in making the com- 
| parison on a purely theoretical basis with an infinite 
|number of feed heaters, and he suggested that the 
improvements which had been published by one of 
the authors for four-stage feed heating formed an 
accurate and convenient basis for comparison. If the 
net engine-room efficiencies, corrected for steam 
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conditions in the manner he had just outlined, and as 


given in line 35 of Table I, were plotted against the | 


year of installation, the result given in the accom- 
panying diagram was obtained. In this diagram, the 
thermal efficiencies were corrected to 350 lb. per sq. 
in. gauge, 700 deg. Fahr., non re-heating, and 29 in. 
vacuum using the following corrections: Pressure 
correctio2 as in curve R in Mr. H. L. Guy’s paper on 
‘‘ Economic Value of Increased Steam Pressure,”’ see 
ENGINEERING, vol. cxxii, page 644, (1926); temper- 
ature correction 4 per cent. per 100 deg. Fahr.; re- 
heating correction, 5 per cent. for flue-gas reheating ; 
and vacuum correction, 5 per cent. per inch of mercury. 
No correction was made for size of units and load 
factor, which are given in brackets. He thought this 
diagram, and the paper itself supplied clear proof of that 
continuous progress which consumers of electricity 
were entitled to expect from engineers. 

In conclusion, Mr. Baumann said that the method 
of comparing engine-room efficiencies and not overall 
station efficiencies had advantages, inasmuch as the 
effect of inferior quality of coal on the efficiency of the 
station was eliminated. American coal was much 
superior to the coal used in English power stations, 
and it would be interesting to know to what extent the 
boiler-room efficiency was affected by, say, the higher 
ash and sulphur content. There was another difference 
noticeable when comparing American boilers with those 
shown in the paper, namely, the great difference in the 
furnace volume. It seemed quite possible that this 
might have an adverse effect on the boiler efficiency, 
as well as on the operating factor of the boiler room. 

Major S. J. Thompson commended the paper on the 
ground of the practical nature of the operating figures 
given, as these were for long periods. These were the 
results that really counted, not test figures. He 
believed that his firm had, under various conditions, 
satisfied a station engineer that 90 per cent. efficiency 
'could be obtained for a few hours, but the engineer 
| would have a big task to maintain this for the long 
| length of time necessary to ascertain correct operating 


balanced account of the respective advantages of 





output as obtained during the month of October, the | 


interesting to compare with similar costs of a British 
boiler house. 

Mr. W. Bayliss also referred to the method of firing, 
and said that he believed the paper under discussion 
was the first in which comparative figures of stoker 
and pulverised-fuel firing had been given. The only 
difficulty in making an accurate comparison was the 
temperature of the outlet gases. In the pulverised 
coal-fired installation the height was limited, and it 
| had not been possible to introduce as large an air- 
| heater as seemed desirable. A correction, however, 
|had been made for this. If it were assumed that 

sufficient air-heater surface could have been introduced 
to bring down the exit temperature of the gases to 
the same temperature as those from the stoker-fired 
boilers, the efficiency would have been 80-5 per cent., 
as against 80 per cent. with stokers. He thought the 
pulverised coal-fired boiler would have shown up to 
| better advantage had it been operated on fuel having 
'a calorific value of 9,000 B.Th.U., instead of that 
with something like 11,500 B.Th.U. 

Dr. P. T. Petrie said he was interested in the subject 
| of economiser leakages which the authors had des- 
| cribed in detail, and to account for which had suggested 
| three reasons, namely, possible faulty expansion of the 
tubes ; corrosion due to the oxygen content of the feed 
water, the trouble being mainly confined to the inlet 
| end of the economisers; and tube movement relative 
|to the header. There was a possible fourth reason, 
'viz. the possible variation in hydraulic pressure 
| whenever the load was run up or down. The normal 
| pressure in the economiser was higher than that in the 
| boiler, ‘being 410 1b. per square inch, as against 375 lb. 
| per square inch, and there was always a possibility of 
| between 30 Ib. to 40 lb. per square inch excess pressure 
| here, depending on the no-load characteristic of the 
|feed pumps. Presumably there had been no trouble 
|of a similar nature in the boiler portion of the plant, 
as no mention had been made of it in the paper. There 
was no doubt that leakage at an economiser joint was 
more apt to cause wasting and trouble than leakage 
of a similar extent at a boiler joint. There was a 
lower concentration of salts in such leakage, and, 
further, the flue gases were nearer the dew point. In 
consequence, leakages in an economiser would not 
dry up so rapidly, while the weaker acid solution possible 
under such conditions was a more active corroding 
agent. 

Mr. Midgley stated that, in comparison with the 








|costs. He thought the authors had given a well- | 


more recent plant of the Liverpool Corporation, the 
cubic capacity of the combustion space per square 
| foot of grate area in boilers Nos. 11 and 12 was rather 
low. This ratic was 9-5 cub. ft. per square foot of 
grate area; in their practice 14 cub. ft. was used in 
every case. He thought that perhaps the stokers had 
| been unduly penalised by putting the boiler tubes too 
| closely ontothem. The rating of the stokers at normal 
| load appeared to be 30 Ib. of coal per square foot per 
| hour, which was a usual rate. It was stated that the 
| vacuum in Station ‘‘B’’ was 29-0 in., whereas in 
| Station ““A’’ it was 29-1 in. He wondered if the 
lower vacuum had been found to be more economical 
under the particular conditions. He noticed that, at 
, overload, the feed temperatures all the way through 
| were higher than the normal rating, but, at the last 
| stage, the temperatures were the same, viz. 300 deg. F. 
He would ask whether that was done by controlling the 
heater steam in order to maintain constant conditions 
|in the boiler house, or whether there was any other 
reason for that variation as compared with the other 
heaters. 
| Some interesting figures of the amount of coal 
required for bringing boilers into operation. had been 
included, but no mention had been made of oil. Many 
pulverised-fuel installations had to be lighted by the 
|use of an oil jet for the first few minutes. If this 
| procedure was followed in the boilers under considera- 
tion, had the amount of oil used been included in the 
amount of coal required for bringing the boilers into 
line ? It would be advantageous if a form factor could be 
| devised, so that, when comparing stations, it would also 
| be possible to compare the shape of the loading curves. 
| In that connection, he would suggest that the banking 
losses, which were one of the big items in considering 
| the operation factor, would be reduced considerably 
|by the Bailey wall. Though the paper was of 
great interest to all engaged in power station work, it 
hardly seemed to go far enough, inasmuch as operating 
costs had not been treated on the same scale as thermal 
efficiency. He wondered if Mr. Lamb could give for 
stations ‘“‘A” and ‘“ B” the output in kilowatts per 
| man, i.e., the capacity of the stations divided by the 
number of men employed. 
Mr. Clark expressed the opinion that the comparison 
| between stoker and pulverised-fuel firing was hardly 


stoker firing and pulverised-coal firing. He had | fair. The surface of the air heater for the pulverised- 


and were for the American stations, except Milwaukee, | visited many of the power stations mentioned by | fuel boilers had been given as much less than for the 


much the same as those at Barton. It would appear| Mr. Baumann, but, in the particulars of them given 
that station ‘““B’ was penalised by the authors’ | in the table, the first cost of an American boiler house 


| stoker-fired boilers, but even under these conditions 
the results obtained were practically the same. It 


assumption that the auxiliary power losses were the! had not been stated. This would have been very should be noted that the heating surface of the former 
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boilers was considerably less than that of the latter 
boilers, yet, according to the results obtained, the 
work done per unit of heating surface was about the 
same in both cases. Again, the economiser heating 
surface of the stoker-fired plant was considerably greater 
than the same surface in the pulverised fuel-fired plant, 
while the results were better in the latter. The whole 
comparison indicated that this was the more efficient 
plant. It was also stated in the paper that, in order to 
warrant the installation of a pulverised fuel-fired boiler, 
it was necessary that it should have an efficiency of 





in this country were really skilled in the science of 
power-station design. He had no doubt but that, 
when the Electricity Commissioners realised the full 
national importance of the work done in the paper, 
they would set in motion the necessary machinery to 
collect and publish similar data from all modern stations, 
and so make it unnecessary for the engineers of other 
countries to consult National Electric Light Association 
reports on American practice for information. 

It was a great pity that the operating costs of the 
Barton stations could not have been added to the paper. 





on which all stations should be compared. Some 
information was published in The Electrical Times,{but 
that was for complete systems rather than for stations. 
What was required were the station figures to determine 
from the past what would be the best practice in the 
future. Taking one point only, there were general 
ideas as to what the annual charges for capital were, 
but figures showing what the annual charge for capital 
actually turned out to be after a plant had finished its 
useful life had apparently never been produced. 
It was impossible for any engineer, in the absence of 


TABLE I.—OPERATION RESULTS OF ENGINE ROOMS. 
























































£ : 
| 1 | 2 | 3 4 | 5 | 6 | 7 | 9 | 10 11 
| | } | 
{ ! 1 
1 | Power Station .. ae z : Columbia. | Trenton Ch. | Richmond. | Philo. Philo. | Milwaukee. | Padiham. Barton “‘ A.” | Barton “ B.” 
Load Conditions. | 
2 | Conditions of —* of aad Operation Operation Ea aan Operation Operation Operation Operation | Operation 
3 | Reference N.E.L.A. N.E.L.A. N.E.L.A. a N.E.L.A. The Engineer, “ ENGINEERING ” — 
June, 1928 June, 1928 June, 1928 June, 1928 — June, 1928 July 27, 1928 Jan.—Mar., 1926 
4 | Date put into operation ~¢ 1925 192 Nov., 1925 Sept., 1924 — t m -P. 1926 March, 1927 Oct., 1923 Nov., 1928 
1920-1926 
5 | Period covered.. oe we Jan., 1927 May, 1927 May, 1927 Oct., 1926 No. 7 Feb., 1927 | March, 1928 Nov., 1925 Oct., 1929 
6 | Installed capacity > -Ew. 90,000 250,000 100,000 80,000 Corrected to 167,000 | 30,625 82,500 | 41,000 
7 | Maximum load (gross) yee — — oo a full-time — | 12,300 60,820 | 39,600 
8 | Load factor referred to maxi- 60-7 56-8 75-6 60-7 reheating 52-5 65-66 52°9 68-900 
mum load (7) per cent. conditions 
| (2-78 per cent. 
Steam Conditions. lost due to H.P. L.P 
| 9 | Average steam pressure at 600 381 391 | 555 operating 1,253 85 244 352 360 
| stop valve Ib. per sq. in. 16 per cent. } 
10 | Average steam temperature at 725 692 660 713 of time 702 698 596 651 698 
| stop valve .. deg. F. without | 
11 | Average reheat temperature 720/98 — — 725/123 -8 R.H.). 330/709 — | —_ —_ | _ 
and pressure at turbine | } 
deg. F.: Ib. per sq. in. | 
12 | Vacuum/temperature at ex- 0-937/77 1-15/83 1-37/88 1-37/89 _— 0-763/71 0-731/70 0-67/67 0-79/71-8 | 0-86/74-3 
|  haust In. Hg.: deg. F. } | 
13 | Cooling water inlet tempera- 34 56 60-7 57 _ 38-2 46-2 | 48-7 56 
ture .. ae deg. F é } 
14 | Feed temperature oo 222 213 308 214 — 324 165 | 120 197 | 304 
15 | Adiabatic —a aa . 590 477 457 564 — 617 482 | 453-5 477-°9 | 488-1 
B.Th.U. per Ib. | } 
16 | Total heat in steam to turbine 1,480 1,309 1,281-5 1,430 —_ 1,430-5 1,329 1,285-1 1,303 -3 | 1,325-9 
without Feed heating | 
_ _B.Th.U. per lb. | 
17 | Total heat in steam to turbine 1,335 1,179 1,031-5 1,305 —_ 1,286 1,234 1,232-1 1,178-2 1,094-4 
with Feed heating 
B.Th.U. per Ib. 
Operation Results. 
18 | Actual net heat consumption* 12,462 - 14,540 13,700 14,508 — 15,077 16,515 | 16,282 | 14,545 
B.Th.U. per kw.-hr. | | 
19 | Boiler efficiency at most 89-05 90-0 90-2 86-0 — 87-2 84-9 | 84-9 
economical rating. per cent. 
20 | Boiler operating losses. : 1-05 2-7 3-7 1-79 — 2-34 - 4:04 | 5-55 
per cent. 
21 | Boiler operating efficiency. 88-11 87-56 86-86 84-46 _ 85-16 | 80-95 81-48 | 80-19 
er cent. | } 
22 | Power to auxiliaries Pol cent. 5-42 4-9 4-1 4-74 = 4-95 | 3-32 5-15 5-05 
of units generated) percent. } 
23 | Half (radiation and bg 0:95 1-30 0°35 1-00 _ 3-19 | —_ 1-13 | 1-12 
| _laneous losses) _—per_ce | 
24 | 100 per cent. set too) ao (an 93-63 | 93-8 | 95-55 94-26 — 91-86 | 96-8 93-72 | 93-83 
per cent. } | 
25 | Engine-room heat consump- 10,281 | 11,942 11,372 | 11,550 11,230 11,794 | 12,925 12,432 10,944 
| tion based on units genera- | | | 
| ted.  B.Th.U. per kw.-hr. | | 
26 | Engine-room thermal effici- 33-18 | 28-57 30-00 29°54 30-38 28-93 } 26-40 27-44 | 31-17 
ency based on units genera- | } 
ted. .. per cent. | 
27 | Power to engine-room auxi- 2-8 2-36 2-60 | 2-38 2-38 2-29 | 2-6 (Estd.) 3-07 (Estd.) | 2-15 
liary, including boiler feed | | | 
pump. | 
per cent. of units generated | | | 
28 | Net engine-room heat con- 10,576 12,230 11,674 | 11,830 11,502 12,070 13,272 12,826 | 11,187 
sumption } | 
B.Th.U. per kw.-hr. | | 
29 | Net engine-room thermal effici- 32-25 27-90 29-22 28-84 29-66 28°27 25-71 26-60 =| 30-50 
ency per cent. | | 
Particulars of Engine Room. | : | 
30 | Generating units, capacity Two tandem /Five single-cyl.| Two 2-cyl. Two single-cyl. 40,000 kw. One 7,000 kw. | Two 7,500 kw. Three single cyl. | One 2-cyl. 
45,000 kw. 50,000 kw. | 60,000 kw. | Two 20,000 kw. | One 15,652 kw. | — 27,500 kw. 41,000 kw. 
Four 30,000 kw. | 
31 | Feed heaters, number of stages 3 3 | 3 | 1 Bleeder Ht. + 1 Gland Ht. 4 H.P. Exhaust from | 1 Mainturb. + | 4 
| } | 1 LP. | exhaust engines | H.S. cond. 
32 | Evaporators .. mae a None Single stage | — | Four-stage film type _ None None | None 
| | Russe | | 
33 | Deaerators Heater- | None Cochrane | Open heater _- None None None 
Deaerator | | | | 
| | | | 
Correction Result. } | | 
35 | Net engine-room thermal effici- 29-00 28-09 | 29:96 | _— 27°59 27-06 27-27 26°85 | 30-24 
ency corrected to 350 Ib. pet | | 
sq. in. g., 700 deg. F. non- | | 
reheat, 29-in. vacuum | | | | 
per cent. { a ! stint — 











2 per cent. more than the stoker-fired boiler. Probably, 
in the particular case under discussion, the cost of the 
pulverised-fuel boiler was greater than the other. He 
was strongly of opinion that pulverised-fuel boilers 
could be installed at a capital cost that would compare 
easily with a stoker-fired boiler. In starting up with 
pulverised fuel, there was certainly a little loss, but it 
was not so great as with a stoker-fired boiler. 

Mr. W. Eccles said that if power station designing 
was to rank as a leading feature of British engineering, 
much more analysis, on the lines set out in the paper, 
would have to be forthcoming than was available to-day. 
Those engaged in manufacturing for export were fully 
aware of the advantage of being able to demonstrate 
to their foreign purchasers in full detail what British 
plant was doing every day, and to convince those 


* Including auxiliaries but excluding transformer losses. 





purchasers by operating facts and figures that engineers 


There were, perhaps, objections to such a proceeding, 
but, considering that the installation was publicly 
owned, had a monopoly, and was run so that income 
was adjusted to balance costs, the case for withholding 
such valuable information should be carefully over- 
hauled. Mr. Guy had read a paper* some time ago 
in which the advantages of the use of higher steam 
pressures, &c., were set out, but unless station costs 
were ascertainable, it would be impossible to know 
with any degree of certainty what effect the adoption 
of any particular thermodynamic cycle had on the 
cost of electrical energy at the station terminals. 
At present, it was not known which type of station or 
what operating policy produced the cheapest energy, 
and, after all, the cost per unit was the ultimate criterion 





* See ENGINEERING, vol. cxxii, page 643 (1926). 





t Including radiation and miscellaneous losses. 


such important data, to put forward the best plant 
for any particular set of conditions. Neither could the 
supply authorities ascertain what energy cost them, for 
the same reason, though they might find that, over a 
long period of years, the capital debt on the station 
was increasing instead of decreasing. They might 
then realise that there was probably something wrong, 
and they were not putting away enough for depreciation 
and maintenance, and would alter their charges 
accordingly. 

Continuing, Mr. Eccles said that not only were 
these segregated costs not available, but the public 
generally had been led to believe by the authorities 
that a reduction in coal consumption per unit delivered 
was the best way to reduce the price of electricity to 
the consumer. The whole coal cost was only a com- 
paratively small proportion of the cost price to the 
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consumer, in the case of Manchester about 15 per cent. 
He was not deprecating efforts to reduce coal costs, 
but it seemed unwise to direct all effort into any one 
channel to the exclusion of all others. He was afraid 
that this had happened since the inception of the 


Electricity Commissioners, and was directly due to | 


the quarterly returns published by that body, in which 


returns stations were arranged in the order of their | 


coal consumption only. Finally, he thought it would 
be better to express operating results in percentage of 
loss than in that of efficiency. 
for example, aroused more interest than an efficiency 


of 80 per cent., and the use of this form might stimulate | 


the operating staff to reduce it. The making of one 
person responsible for one complete loss, instead of | 
dividing responsibility as was done at present, might 
also help in this direction. 

Mr. V. Walker said that the temperature of the flue 
gases at the exit of the pulverised-fuel boiler appeared 
high at 640 deg. F. The heat transmitted per square 
foot of heating surface per hour by the economiser was | 
about 1,700 B.Th.U. This was excessive, being about 
twice the rate of heat transmission of the older type of 
economiser. If the temperature at the boiler exit were 
reduced to say 570 deg. F. by a rearrangement of the | 
boiler baffles, the economiser would have less work 
to do. The rise in temperature of the water in the 
economiser would drop from 78 deg. F. to 64 deg. F., 
which involved a loss of efficiency, but the heat would 
be better employed in the boiler section, the third 
pass of which was probably doing only a very small 
proportion of the work. In the case of the stoker- 
fired boiler, the exit temperature was also on the high | 
side, but owing to the larger economiser the rate of | 
heat transmission was lower, viz., 1,000 B.Th.U. per 
square foot per hour. It was sometimes an advantage, | 
say, in the case of the horizontal type of economiser, to 
increase the velocity of the gases by closing the spaces | 
between the sections, thereby obtaining better heat | 
transmission. 

He had been interested in the account of the corrosion | 
of the tubes in the economiser section. In 1921, his | 
organisation had installed two 50,000-lb. per hour | 
boilers with steel economisers, little being known in | 
those days of the effect of dissolved gases in the feed- | 
water. The boilers were of the four-drum vertical | 
straight-tube type, the fourth section forming an | 
economiser. After about two months’ run, the econo- | 
miser was found to be very severely corroded. Zinc | 
plates were then fitted, and various paints tried in the | 
drums, all of which had no effect. It was then found | 
that the feed water oxygen content varied from 3 c.c. | 


Fig. 2. 


A loss of 20 per cent. | 


| this difficulty had been overcome to a very great! F}]AND-FEED PLANING AND JOINTING 
}extent. A further reduction of the oxygen content, to | MACHINE 

| 0:05 c.c. per litre, had been obtained by heating up the | ; ° 

| condensate by the aid of live steam to the hot well, and| THE woodworking machine illustrated in the accom- 
| before it entered the de-aerator. | panying figures is a good example of the way in which 
Mr. H. C. Lamb, in reply to the discussion, said | British manufacturers take advantage of a revived 
| that the reason of the high feed temperature in ‘‘ B’’ | demand for a particular size of machine to make im- 
engine room was the need for economising in circulating | provements on the original pattern. The 9-in. planer 
water. The electrical output from the new plant was | and jointer shown, which has just been re-introduced 
| 30 per cent. greater than the output from the old plant, | by Messrs. Wadkin and Company, Leicester, not only fills 
though there was only 10 per cent. more steam going | the gap which existed between their current 6-in. and 
to the condenser. With regard to efticiency, the length | 12-in. sizes, but is now built on practically the same 
of time of the operating period must be taken into | lines as the large surface planers with the addition of one 


| even in Lancashire. 


account. He had never seen any figures better than 
those obtained at Barton for similar conditions. He 
thought Dr. Petrie’s suggested fourth theory of the 
cause of the economiser trouble was interesting but | 
untenable. The boiler feed pumps were all rotary | 
pumps and had a very flat characteristic. There | 
was no excessive rise of pressure under normal | 
working conditions. The answer to the question as | 
to the reduction of vacuum in station “* B” was again | 
a question of the amount of circulating water. They | 
had saved in this direction, and there had also been a | 
saving in the capital cost of the plant. Oil had not been | 
used for starting up the pulverised-fuel boilers, and was | 
therefore not included. The kilowatt per man em- | 
ployed, worked out at 450. He was interested to hear 
from Mr. Clark that there was now little difference in | 
the capital cost of boilers fired by the two methods 
under discussion. Undoubtedly pulverised fuel had 


| great advantages as regards operation, and, if the cost | 


of the plant were identical with a stoker-fired boiler, | 
then pulverised fuel would have a much better chance, | 


Mr. H. L. Guy, also replying, said that Dr. Stoney | 
had raised a very important point when he had stressed | 
the value of skilled superintendence of a power station. | 
In American power stations there was, parallel with | 
their ordinary organisation, an elaborate efficiency 
organisation, the function of which it was to keep a 
continuous test running. That system, which was 
possible in very large power stations, could not be 
ignored in English power stations, and it was significant 
that in the few power stations in this country which 
had followed similar lines, that of Barton and Mr. 
Adam’s station at Radcliffe had attempted tuning-up | 
systems of the same character. He agreed with Mr. 
Adams that de-aerators had no place in a modern 
power station, but he would suggest that the figure 
of 0-08 might be as good as the figure of 0-09, because 
when the oxygen content got down to the limits of about 


to 4 c.c. per litre. A de-aeration plant was installed | 0-06, the test used was qualitative rather than quan- 
and this brought down the content to 0-1 c.c. per litre. | titative, and, whether the figures shown were 0-06 
Flue dirt had also accumulated on the bottom tube | or 0-07 or nothing, it might be an indication that the 
plate, and as this contained up to 20 per cent. of free | actual amount of dissolved gases present was precisely 
H,SO,, the tubes were rapidly corroded, a groove being | the same in both. Mr. Midley’s point was interesting. 
formed round them at the tube plate. By increasing | They had been faced with the difference in the possible 
the velocity of the gases through the economiser section, |form of the loading curves when they were deve- 





which was found to be relatively low, and, by fitting | loping the system of station performance analysis. | 
soot blowers and cleaning the tube plates by means of | If a load form factor could be devised it would | 
a compressed-air lance when the boiler was not working, 


| certainly be useful. 


or two innovations particularly suitable for a machine of 
this capacity. Besides ordinary surface planing up to 
9 in. in width, such operations as making glue joints, 
planing out of wind, moulding, tonguing, grooving 
tapering, bevelling, chamfering and stop chamfering, 
&c., can be done as readily as on the larger machines. 
The particular machine shown has a self-contained 
motor drive of 14 h.p. with multiple vee belts to the 
cutter spindle, but it can also be arranged for driving 
from a line shaft and countershaft, the latter running 
at 1,000 r.p.m. The forged-steel cutter-block is 5 in. 
in diameter and runs at 4,000 r.p.m. in heavy ball 
bearings. It is of the two knife skew-circular type, 
which gives a shearing cut and is arranged to take 
moulding irons without upsetting the planing knives. 
Springs are provided for convenience in setting the 
cutters, which is accurately done with the cutter setter 
provided. 

The tables have an overall length of 4 ft. 6 in., and 
are set normally at a height of 2 ft. 9 in. from the floor. 
They are scraped dead true to enable glue joints to be 
made, while each has a draw-out motion for ease in 
changing and sharpening the cutters and to enable 
moulding cutters to be used. The edges adjacent to the 
cutters are fitted with steel lips. The rising and falling 
motion of both tables is 1 in. Rebating up to ? in. 
deep and of any desired width can be done by the 
ordinary planing cutters, while rebates of 1} in. depth 
can be cut up to a width of lin. It will be seen from 
Fig. 1, in which, incidentally, the belt guard is removed, 
that an extension of the front table permits the fence 
to be set back without removing it, thus enabling the 


| cutters to be used for their full width. The fence 


moves in a dovetail groove and is rigid in all positions. 
It may be canted and locked in any position up to 45 
degrees. The safety cutter guard, shown in Fig. 2, 
is adjustable and is of the bridge type conforming with 
the Home Office regulations. The frame is a single 
heavily-ribbed casting to eliminate vibration, and is 
mounted on a well-spread base which, as seen in Fig. 2, 
is made with a chute to discharge the chips away from 
the operator. The floor space occupied is 4 ft. 6 in. 
by 2 ft. and the net weight, with the motor, &c., is 
4} cwts. 








SwepisH Exports or [Ron AND STEEL.—The exports 
of pig-iron, wrought-iron and steel from Sweden, during 
1929, totalled 248,457 metric tons, compared with 245,701 
tons in 1928, 253,340 in 1920, and 480,370 in 1913. 
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AMERICAN IRON AND STEEL 
INSTITUTE. 


THE thirty-seventh general meeting of the American 
Tron and Steel Institute was held on May 9, at the 
Hotel Commodore, New York. The chair was occupied 
by the President, Mr. Charles M. Schwab. Seven papers 
were read and discussed, and we give brief summaries 
of these below. 


CHROMIUM-MANGANESE STEELS. 

A paper dealing with high-chromium manganese 
steels was read by Dr. F. M. Becket, who stated that 
steels containing more than about 16 per cent. of 
chromium were markedly changed by increasing 
additions of manganese. If, in the case of a steel 
containing from 17 per cent. to 18 per cent. of chromium, 
the final product desired was a soft, ductile material, 
a manganese content of about 5 per cent. was justified. 
A steel of this type possessed excellent rust-resisting 
properties and an attractive colour, and could be rolled 
more easily than stainless iron of the same chromium 
and carbon percentages, but of normally low manganese 
content. About 6 per cent. of manganese changed 
appreciably the physical characteristics of this type of 
steel, increasing the strength, toughness, and deep- 
drawing properties. Higher percentages of manganese 
further enhanced the factors which facilitated deep- 
drawing operations, notably the elongation and the 
reduction of area. Excellent physical properties could 
be developed in alloys containing appreciable man- 
ganese and from 20 per cent. to 30 per cent. of chrom- 
ium. For example, a steel containing 20-41 per 
cent. of chromium, 11-44 per cent. of manganese, 
0-10 per cent. of carbon, and 0-22 per cent. of silicon 
gave the test results shown in Table I. 


TABLE I. 


Quenched | Air-Cooled 
Test. from from 
1,050deg.C| 1,050deg.C. 


Maximum stress, tons per square inch .. 43-75 | 48-44 
Yield point, a * a <a 21-87 21-00 
Elongation in 2 in., percent. .. xe 43-00 38-00 
Reduction of area, rt ae 51-00 | 45-00 
Izod value, ft. Ib. = ea .-| 120-00 | 85-00 
Erichsen value, mm. depression a 9-75 9-60 
Brinell hardness number Pe --| 163-00 | 163-00 





Chromium-manganese steels welded more satisfac- 
torily by the oxy-acetylene process than the plain 
high-chromium steels, resembling in this respect the 
chromium-nickel steels. Equally satisfactory results 
could be obtained when the electric-arc process of 
welding was applied. Many steels made for the 
present investigation had been subjected to attack by 
a great variety of industrial chemicals. The chromium- 
manganese steels were not resistant to the attack of 
so great a variety of corroding media as were the 
chromium-nickel stainless steels, although, to a large 
number of important chemicals, they were equally 
resistant. An important feature concerning corrosion, 
however, needed emphasis. The plain high-chromium 
steels were known to resist to a marked degree the 
high temperature reactions of sulphur compounds, 
particularly the steels containing over 18 per cent. of 
chromium. It was, therefore, fortunate that the 
chromium-manganese steels, which possessed more 
advantageous physical properties at high temperatures, 
also possessed high resistance to attack by sulphur 
compounds. Laboratory tests, conducted on commer- 
cial chromium-nickel steels of the 18 per cent. 
chromium, 8 per cent. nickel type, and on chromium- 
manganese steels of the 18 per cent. chromium, 8 per 
cent. manganese variety, had shown that, at 900 deg. C., 
the attack by concentrated moist sulphur dioxide was 
much greater in the case of the chromium-nickel than 
in that of the chromium-manganese alloys. At lower 
temperatures, 600 deg. C., for example, the difference 
was much less marked. 


STEEL Houser CoNnsTRUCTION. 

A contribution presented by Mr. L. H. Miller, dealt 
with ‘‘ Steel House Construction.” The author stated 
that from the beginning, wood floors had been used in 
house construction. The permanence, load-carrying 
capacity in small structures, and architectural adapt- 
ability of masonry walls had so firmly established 
themselves in the public mind as to render them 
practically invulnerable to attack. Floors, on the 
other hand, had been the unsatisfactory, empirical and 
indeterminate part of buildings. For many centuries 
the world had looked for a satisfactory floor, and 
developments of the steel age, which commenced about 
1880, should enable the steel industry to provide such 
a floor. Steel plates, 24 in. wide and ¥ in. or } in. 
thick, could be supported at their edges on parallel 
beams, 3 in. or 4 in., or more in depth, and the plates 
and beams could be united by welding to give a floor 








of great strength, free from flexibility. This floor could 
be fireproofed, on the ceiling side, to resist the complete 
destruction of the contents by fire without losing its 
strength. It could be given a surface treatment, on 
the floor side, to meet any particular requirement, and 
all this could be obtained for a first cost that justified 
its universal use. It would be free from shrinkage, 
warping and other annoying features and, covered with 
cork tiles laid in mosaic pattern, it eliminated the 
necessity for carpets, except as ornaments. The 
adoption of the steel floor would greatly simplify the 
rapid introduction of steel for other parts of the frame 
of the house, such as roof and partitions, and would 


open the greatest market the steel industry had ever | 


known. 
STEEL SPECIFICATIONS. 

‘* Some Comments on Steel Specifications ’ 
title of a contribution submitted by Mr. J. Johnston. 
In this paper some arguments were put forward 
suggesting that, when formulating specifications for 


> 


steels, more consideration should be given to the | 
influence of physical and mechanical factors upon the | 


ultimate quality of the product. The author stated 
that the quality of the final metal depended not only 
upon its chemical composition, but also upon the 
treatment received by it after it left the furnace. It 


seemed that too precise chemical specifications were, in | 


the present state of knowledge, not always justified. 
To give a specific instance : the upper limit of allowable 
sulphur was often set at 0-04 per cent. ; yet a commit- 


tee of the American Society for Testing Materials, after | 
careful investigation, concluded that sulphur might go | 


as high as 0-077 per cent. in plates (the highest per- 
centage examined), and 0-06 per cent. in rivets, without 
detrimental effect. The tests had shown no systematic 
relation between any of the properties determined and 
the percentage of sulphur, within the limits stated. 
The situation with respect to phosphorus was, presum- 
ably, similar. The precise limits specified appeared to 
be the result of trade practices rather than of a con- 
clusion based on really comparable experiments designed 
specifically to answer, without ambiguity, the question 
at issue. 


A similar question, on which further work was also | 


needed, was the old controversy as to the comparative 
merits of Bessemer and open-hearth steels. No 
technician seemed to be willing to state that he was 
able to distinguish with certainty between steels of the 
same chemical composition made by the two processes. 
This implied that the difference between these two 
types of steel, as made, was attributable to a difference 
in real composition rather than to any inherent 
difference due to the process itself. Insufficient 
attention had been paid to the Bessemer process for 
many years. There was opportunity for improving this 
product and, he ventured to believe, for using it for 
some purposes for which open-hearth steel was now 
specified. That chemical analysis alone, though of 
course, quite indispensable, did not tell the whole 
story and that its results might, therefore, be mis- 
leading as to the quality of a given sample of steel, was 
shown by the well-known fact that a piece of steel 
might be ruined by improper fashioning or heat 
treatment which, however, in no way affected its 
composition as derived from analysis. It might appear 
that an argument was being made out for less rigid 
specifications. On the contrary, what it was intended 
to emphasise was that specifications should ensure that 
the material should fulfil its purpose, and, with this 
end in view, that relatively more attention should be 
paid by the steel maker to the control of physical factors, 
such as temperature, and possibly less by the user to 
purely chemical specifications. 


STEEL-PLANT LUBRICATION. 

In the course of his paper on “ Steel-Plant Lubri- 
cation,’ Mr. W. A. James stated that reliable tests of a 
reversing rolling-mill engine had proved that about 
30 per cent. of its power was employed on the actual 
rolling process, about 27 per cent. in overcoming 
friction of the engine parts, another 13 per cent. in 
combating roll-journal friction, and some 9 per cent. 


in overcoming pinion and spindle friction. The | 


remaining 21 per cent. was used in producing accelera- 
tion of the parts in reversing. As this analysis indi- 
cated, only 30 per cent. of the total power showed up 
usefully in the product, friction absorbing 49 per cent. 
Perhaps the main problem of the lubricating question 
in a steel plant was the lubrication of the roll necks. 
Automatic lubrication for this portion of the equipment 
would improve conditions considerably, and its instal- 
lation was not necessarily either complicated or expen- 
sive. Experiments now being carried out, involving the 
use of a forced-feed system for lubricating the necks, 
although not yet sufficiently advanced to enable 
dogmatic statements to be made, had already demon- 
strated that this measure could effect a reduction in 
bearing charges of about 50 per cent., in addition to 
marked savings in lubricants. 

The advent of higher speeds, and of herring-bone 


was the | 


Pinions constructed of high-carbon steel, had made 
improvements in methods of lubrication essential. 
Pinions in certain mills ran in a bath of asphalt-base 
grease, the density of which was determined by the 
speed at which the pinions ran, the heavier consistencies 
being used in the lower-speed mills. The pinion 
necks were lubricated with a heavy body oil by means 
of a forced-feed pump, while provision was made for 
supplying oil through a gravity system in an emer- 
gency. The pump was driven directly from the pinion 
neck, and operated only when the pinions revolved. 
The bearings of hot and cold saws had always presented 
a somewhat troublesome problem in lubrication, on 
account of their very high speeds and severe operating 
| conditions. The adoption of anti-friction bearings on 
| the saw spindles had, in many instances, satisfactorily 
|solved the bearing problem. For these bearings, a 
1-5 per cent. lime-soap base grease, compounded with 
1 per cent. of manufactured graphite, had proved very 
efficient as a lubricant. 

Anti-friction bearings of various types were finding 
an ever-increasing use in the steel industry. Practically 
all rolling stock in the blast-furnace and open-hearth 
departments were now equipped with this type of 
bearing, mounted in dust-proof housings. In addition, 
the table rollers in the most modern blooming mills 
were equipped in this manner. Mill motors, generators, 
mill engines, blowing engines, and steam turbines should 
also be lubricated by some automatic method. While 
the two former classes of equipment would operate 
satisfactorily with the ring-oiled bearings with which 
they were provided, the addition of an automatic 
| circulating system was an economical form of insurance 
against shut-down, and large motors for mill drives 
/and motor-generator sets were frequently lubricated 
|in this manner. The importance of exercising care and 
| discrimination in the choice of lubricants could not be 
over-emphasised. Such care and discrimination were, 
| in some ways, becoming more, rather than less, difficult 
| to exercise. For example, many oil companies to-day 
| were rapidly enlarging the list of the products they 
| offered, and the fact that each company had its own 
| trade name or description for more or less similar 
products tended to confuse the purchaser. 

The proper storage and handling of the lubricants 
used in a large steel plant required a suitably constructed 
oil house, equipped with storage tanks and pumps for 
handling and measuring the oils. The oil house should 
be fireproof throughout, with brick or concrete walls, 
concrete or tile floors suitably drained, and a tile, 
metal, or slate roof. It should have as few windows 
and doors as possible, the latter being best constructed 
of steel and fitted with automatic closing devices. 
The temperature of the house should be maintained at 
a point at which even the heavy oils could be pumped 
readily, while, at the same time, the pump-room tem- 
perature was kept even. Where heavy, viscous pro- 
ducts, such as valve and cylinder oils, were stored, the 
oil house should be equipped with steam coils, especially 
if climatic temperatures varied over a wide range. 
The modern oil house should be located in a central 
position for the convenient distribution of the lubricants 
to the various departments. Each department should 
have a small oil house, equipped with small oil tanks, 
provided with measuring pumps. Lubricants would 
be most economically used when each department's 
requirements were apportioned and delivered from the 
central oil house each day. 








UtiLisation OF Waste HEAT. 

| “‘*The Utilisation of Waste Heat in the Steel 
| Industry,” was the title of a paper presented by 
|Mr. C. W. E. Clarke. The author opened by stating 
| that the term waste heat, as used in his contribution, 
; was intended to include any heat existing as a by- 
| product, or surplus, which was not used in the process 
/in which it originated. There were three sources of 
| waste heat which were ordinarily of sufficient importance 
|for practical consideration, namely, the by-product 
|coke-oven plant, the blast furnace, and the open- 
| hearth furnace. The quantities of by-product energy 
|available from all but the open-hearth furnace were 
influenced by the amount of coke used in the blast 
furnace per ton of pig iron produced. Coke-oven 
gas, on account of its high heat value, was more varied 
in its uses than blast-furnace gas, and, by reason of 
its smaller volume per unit of heat content, pipe lines 
|for its conveyance were less expensive. It was, 
therefore, desirable to release the coke-oven gas, used 
for underfiring coke ovens, by the substitution of blast- 
furnace gas wherever practical and economical. The 
open-hearth furnace required a fuel of high radiating 
quality as well as flame temperature. A mixture of 
about 35 per cent. of coke-oven and 65 per cent. of 
blast-furnace gas had a heat value of about 250 B.Th.U. 
per cubic foot, which was suitable, except that its 
radiating power was too low. There were a number 
of ways in which the luminosity or radiating quality 
of the flame might be increased. One which was 
simple and quite widely used, was the introduction of a 














750 ENGINEERING. 





[JUNE 6, 1930. 








TURBINE-DRIVEN PUMPING PLANT; 


(For Description, see Opposite Page.) 








(2063.€) 


aa 


| / | 
/_\ 


small quantity of atomised coke-oven tar into the gas | aid in maintaining an agreement between fuel supply 
stream. and demand. In some cases, it had been possible to 

The growing tendency to take full advantage of the | arrange a power-interchange agreement with the 
by-product energy available in the steel industry | local public-supply company, under which power 
brought into prominence the desirability of considering | could be purchased at times when the load exceeded 
really high-efficiency equipment for power production. | the capacity of the fuel supply, and sold when excess 
In many plants, the steam and electric power demands | fuel was available. It was feasible to build boiler 
were of a magnitude comparable with those ofthe public- 
supply central stations. Central-station types of 
equipment and design, were, therefore, justified for 
steel rolling-mill power plants. On the whole, the 
supply of by-product energy was fairly constant, but 
the demand varied considerably. It would ordinarily 
be economical to provide a coke-oven gas storage 
system of sufficient size to handle the daily fluctuations 
in supply and demand, but one to receive the excess 
accumulated during week-ends would not, in most 
cases, be justified. Storage facilities for blast-furnace 
gas were not, as a rule, practical, on account of its large 
volume per unit of heat content. Both coke breeze 
and tar could be stored, and the combined storage 
of these and of the coke-oven gas would materially 


gas and coal simultaneously and in the same boiler 
furnaces. Experience had proved that a storage-type 
pulverised-fuel system was the most satisfactory 
for this purpose, and that the two fuels, blast-furnace 
gas and pulverised coal or coke breeze, could and 
should be burned coincidently in the same boiler 
furnaces. 
NickeL [Ron Anp STEEL. 

In the course of his paper, ‘‘ Recent Developments in 
Nickel Iron and Steel,’’ Mr. Charles McKnight stated 
that one of the most interesting, and perhaps the most 
important, of the newer developments in this connection 
was the use of nickel steel for boilers. In 1926, the 
Canadian Pacific Railway had adopted a 3 per cent. 








plants which would successfully burn blast-furnace | 
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nickel steel for locomotive boilers, and had succeeded 
in increasing the boiler pressure by 25 per cent. without 
any increase in weight. The first order had comprised 
44 locomotives, but at the present time, there were 
hundreds of these boilers in service on the railways 
of Canada and of the United States. An enormous 
increase had taken place in the use of nickel cast iron. 
This material was used for Diesel-engine parts, motor- 
car and aircraft-engine cylinders, brake drums, drawing 
and stamping dies, steel-mill rolls, locomotive cylinders 
and piston rings, and machine-tool castings. One 
of the largest castings yet made of this alloy cast iron 
was the large bell of a blast furnace. Briefly, nickel 
in cast-iron tended to refine the grain, to increase the 
strength and resistance to wear, to reduce the chill, 
to free the material from chilled areas and hard carbide 
spots, and to eliminate porosity. When, however, 
nickel was to be added to cast iron, the other elements 
must also be controlled in order to gain the desired 
end. 

Chromium “was a powerful hardener of iron, but 
was also very,active in producing chills and carbide 
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spots. This tendency was counteracted by nickel. 
The best ratio of nickel to chromium was between 
2 and 3 to 1. An aluminium cylinder for internal- 
combustion engines was now being developed, in the 
interior of which a thin sleeve of nickel iron was 
pressed and shrunk. The nickel content of this 
sleeve was so adjusted that it had the same expansion 
as the aluminium, and its resistance to wear was 
markedly superior to that of the iron now used. This 
development was of particular value in the case of 
radial air-cooled aircraft engines; it was obvious, 
however, that a great saving of weight could be 


secured by the adoption of this device in the case| 
The | and clamps, and 4,435 carloads of materials for | 


of any type of internal-combustion engine. 


difficulties of handling manganese steel had always | construction work had been conveyed by the railways. | 


been a distinct detriment to this otherwise excellent 
material. Recently, a new development had been made. 
A small percentage of nickel was added to 14 per cent. 
manganese steel. In this way the material was 
rendered workable to the degree that it could be 
forged, rolled, and drawn into wire. Moreover, castings 
of 14 per cent. manganese steel were made tougher 
and stronger by the addition of nickel. 


ScIENCE AND THE [RON AND STEEL INDUSTRY. 


After passing in review the step-by-step develop- 
ments made in the iron and steel industry during 
the past 100 years, Mr. A. D. Little, in his paper, 
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“The Contribution of Science to the Iron and Steel 
Industry,”’ quoted some figures indicating the extent | 
of the present-day demand for steel. He stated that 
science had greatly stimulated the United States 
petroleum industry, to which steel makers had | 
supplied 100,000 miles of pipe lines and vast quantities | 
of steel plate for reservoirs and tank wagons. Again, | 
for the distribution of natural gas there were now) 
in the United States some 57,000 miles of pipe lines. | 
For a single recent line, 526 miles in length, 115,000 | 
tons of steel had been required for the pipes, couplings | 


Although the steel industry had long maintained a, 
hundred or more metallurgical and control laboratories, 
it had, for the most part, depended for research upon 
such outside agencies as the Bureau of Mines, the 
Bureau of Standards, the Iron Alloys Committee of 
The Engineering Foundation, and individual workers in 
the universities and technical schools. In his opinion, 
the time had arrived for the iron and steel industry 
to be definitely committed to a comprehensive, well 
co-ordinated programme of research upon a scale 
worthy of an industry which supplied the material 
basis of our modern civilisation, and with which the 
prosperity of the country was so intimately bound. 





THE STEAM TURBINE AS APPLIED 
TO BORE-HOLE PUMPING.* 
By J. F. Hasetprng, M.C., M.Inst.C.E. 
(Concluded from page 715.) 


Many figures of costs of pumping water with various 
types of plant have from time to time been published, 
and, as a general rule, these costs are calculated on 
test figures, make many assumptions, and bear little 
resemblance to the actual figures which the average 
undertaking may expect to experience. In districts 
where the supply of water is derived from deep wells, 
and where the reservoir capacity is strictly limited to 
the usual one or two days’ storage in service reservoirs, 
there are many factors which adversely affect the 
efficiency of the most carefully designed and constructed 
plant. It was not the intention in this paper to offer any 
suggestions in competition with the magnificent triple- 
expansion plants which have been installed in various 
parts of the country for more or less continuously 
pumping very large quantities of water against 
constant heads. In the author’s district there are 
eight pumping stations, scattered over some 72 square 
miles, a position, no doubt, similar to many water supply 
districts in this country, and it is, of course, not necessary 
to have these pumping stations all working at the 
same time, except during periods of maximum demand. 
Again, the levels of the water in the wells vary, and 
the pressures in the pumping main fluctuate according 
to the demand in districts supplied from those mains 
between the pumping stations and the reservoir. 
It is also desirable to husband the water resources 
of an area by taking the opportunity offered by 
periods of minimum demand to use the various 
pumping stations in rotation, or arrange for times of 
rest by reducing the number of shifts worked at any 
particular station. 

The turbine plant has now been in use for over 
twelve months, and has compared quite favourably 
with the reciprocating plants installed at other stations 
where, for reasons already stated, it is not possible 
to work the plants at their maximum efficiency, and 
a second vertical steam-turbine plant has been installed 
at another pumping station, where, of necessity, the 
working has to be intermittent. A general arrangement 
of this plant is shown in Figs. 10, 11 and 12 on the 
opposite page. This second plant is capable of raising 
2,000,000 gallons of water each twenty-four hours from 
a well 211 ft. deep to a tank 26 ft. above the engine- 
house floor level and, after filtration, taking that water 
from a clear-water tank at ground level and forcing it 
into the mains against a total head of 418 ft. In this 
case it was necessary to split the total head over 
two separate pumps, a well pump and a force pump, 
but these have both been installed on the same vertical 
shaft, as shown in Figs. 12, 13 and 14, and therefore 
take up no more room than was the case in the earlier 
plant where there was only one pump, and that in 
the well. The cost of this plant, erected complete, 
was 4,498/., excluding foundations and buildings. 

The author is of opinion that this latter type of 
plant is more advantageous than the single-pump 
type as, with the growth of population over the areas 
from which water has to be derived, there is a 
possibility that, in the future, the water obtained 
from a well may not maintain a sufficiently high 
standard of purity to be pumped directly into supply 
without some form of treatment. If, at the time the 


| plant is installed, the quality of the water in the well 
|is entirely satisfactory, then the delivery of the well 


pump may be discharged into the suction side of the 
force pump and the water pumped directly into supply. 


|1f at any future time it is found that the quality 
| of the water in the well is such as to make it desirable 


to have some form of purification, then, with very 
little alteration, the well pump can be made to discharge 
into a purification plant, the effluent from which would 
go to the suction side of the force pump. 

The author desires to tender his thanks to the manu- 
facturers of the plants, Messrs. W. H. Allen, Sons 
and Company, Limited, of Bedford, for assistance in 
the preparation of the paper. 








NOTES ON NEW BOOKS. 


‘‘ When capital is in the form of cash it is carefully 
protected, its receipt and disbursement safeguarded, its 
custodians held to a strict accounting, but once this 
capital is converted into materials there is a tendency 
to become lax, to lose sight of the value of the invest- 
ment, to husband the capital less diligently, to tolerate 
practices that are wasteful, inefficient and needlessiv 
expensive.” These words are used by Mr. C. 
Hanneford Smith, the author of Industrial Store- 
keeping, Accounting and Perpetual Inventory [London : 
Gee and Company (Publishers), Limited, 6, Kirby- 
street, E.C.1, price 88. net,] who would stop thr 





* Paper read before the Institution of Water Engineers 
on Wednesday, May 28, 1930. Abridged. 
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‘* waste ’’ which: is so ‘‘ rampant throughout the whole 
industrial world to-day.”’ In considering the subject 
from the view-point of the book, the author deals first 
with the general lay-out and location of a stores, 
following on with purchasing, stores routine and 
accounting, pricing stock issues, perpetual inventory 
and stores control, concluding with a chapter on 
modern methods for recording stock. The subject 
appears to be quite well handled, although, in some 
instances, the recommendations made would not always 
be applicable. Thus, in Chapter 1, under the heading 
of ‘‘ Classification,” it is recommended that materials 
for manufacturing ehould have their stores numbers 
prefaced with the letter ‘‘M” and for ‘ repair” and 
‘** expense” “‘R” and “ E,” respectively as M128, R12, 


E150. Superficially, and where it can be applied, this | 


is good, but in so many works one material can be and 
is used for so many purposes that such references would 
soon cease to have any value. It might be expected 
that the most interesting chapter would be that on 
perpetual inventory. Most of this is devoted to a 
description of what is recognised as good storekeeping. 
One of the storekeeper’s bugbears, however, is that of 
stocktaking. On that occasion, whether it be annual or 
semi-annual, all stocks have to be verified either with 
the same or extra staff, and with the works going or 
closed. It is never a happy time. With suitable 
records, however, these being periodically checked 
here and there by some person in authority, so that 
all items, particularly those of greater value, are 
covered during the period under review, whatever 
its length, records of such checking being kept, 


storekeeping can be brought to a high level of | 
accuracy and the feverish stocktaking, to which most | 
people are accustomed, can be avoided. This phase of | 


stock-keeping is dealt with in this chapter. A number 


of specimen forms are shown, as well as office appliances | 


for the ready recording of and reference to stocks. The 
book will be found quite a useful introduction to the 
question of storekeeping. 





A useful book on The Principles and Practice of 
Lubrication has been published by Messrs. Chapman 
and Hall, Limited, at 15s. net. The authors are 
Professor A. W. Nash, M.Sc., and Mr. A. R. Bowen, 
M.Sc. Ph.D., of whom the former is Professor of 


Petroleum Technology at the University of Birmingham | 


whilst Mr. Bowen is senior lecturer there in the same 
subject. Both authors appear to be chemists rather 
than engineers, which probably accounts for the fact 
that weight is attached to certain theories which appear 
to be both physically and mechanically untenable. 
These theories are based on experiments on the limits 
of static friction. Lubrication is, however, essentially 


a kinetic phenomenon, which only comes into play | 


when motion occurs. As is now common knowledge, 
when film lubrication can be completely established, 
almost the only important property of a lubricant is 


its viscosity. Of the total annual supply of lubricants, | 


however, probably nine-tenths are utilised in much less 
favourable conditions, and other physical properties, 


summed up generally in the term “ oiliness,’’ then | 
become of supreme importance. It is with these cases | 


that the treatise under review is mainly concerned, 
and on this head the competence of the authors 
is unquestionable. Much space is devoted to the 


chemistry of lubricants and to chemical, physical, and | 


mechanical tests. Most of the common forms of 
lubricators are illustrated and described, and there is 


a special chapter on the care of lubricants, including | 
methods of reconditioning them. Note should also be | 
made of a chart for converting into absolute units the | 


readings of the standard types of viscometer. 





The American Institute of Steel Construction was 


founded in 1921 to improve methods, and foster the | 


elimination of waste, in the design, manufacture, and 
erection of structural steel. The Institute is a non- 
commercial organisation, the membership of which 
is composed of over 200 structural-steel manufacturers 
in the United States, Canada, and Mexico. It represents 
that industry which receives material from the steel 
rolling-mill firms and prepares it for the buying public, 
and, with the object of establishing uniform practice, 
has issued a code of standard rules. This code, to- 
gether with a number of relevant specifications and 
recommendations, is contained in a handbook entitled 
Steel Construction, the price of which is 1 dol. 50 cents, 
issued from the Executive Offices of the Institute, 
200, Madison-avenue, New York, U.S.A. The volume 
is, in effect, a table book in which are set out data 
regarding the properties of sections, formule for beam 
loadings, weights and other particulars of rectangular, 
square, and round bars, general mathematical tables, 
and tables of loads, working stresses and other matters 
connected with the strength of materials. A standard 
specification for the fireproofing of structural-steel 
buildings, which has been prepared for the Institute 
by a committee of leading engineers in the United 


States, is included in the volume. This specification, 
when taken in conjunction with the results of tests of 
insulating materials, will render possible the design, 
on a rational basis, of a fireproof steel-frame structure, 
| and will replace the empirical methods employed in 
|the past. The book is well and clearly printed and is 
| illustrated by numerous diagrams. A book of a more 


| popular type, also issued by the American Institute | 


lof Steel Construction, is Facts about the Structural 
| Steel Industry, price 50 cents. This contains a history 
| of the Institute, lists of its members, officers, and com- 
| mittees, and a general account of its present and pro- 
jected activities. Some statistics of interest are also 
‘included. The most valuable feature of this little book, 
| however, is a glossary, comprising upwards of seventy 
pages, of terms employed in structural engineering. 


In recent notices of books and papers on geophysical 
methods of prospecting, we have had occasion to refer 
to the researches of Professor A. E. Eve, of McGill 
University, Montreal. A further contribution to this 
work has since been published in Technical Paper 463 of 
the United States Bureau of Mines, under the title: Depth 
Attainable by Electrical Methods in Applied Geophysics, 
by A. S. Eve, D. A. Keys and F. W. Lee [price 15 cents]. 
The pamphlet, of 68 pages, concerns experiments made 

| at Caribou, Colorado, where several magnetite deposits 
have, by various methods and actual drilling, been 
found at depths ranging from 400 ft. down to 900 ft. 
'and more from the surface, which lies about 1,500 ft. 
above sea level. The particular areas selected as 
proving grounds are known as the B and the F Hills. 
| The natural current or self-potential method, which 
relies upon the ores acting as a kind of battery, did 
| not prove satisfactory, and the weak currents observed 
were much disturbed by local surface effects, water 
and swamps, and also by iron pipes. The parallel 
wire method did not give certain indications of ores 
| at depths exceeding 400 ft. In electromagnetic-field 
determinations it should not be overlooked that the 
' field in the neighbourhood of ores is elliptically polarised, 
and that the note of the generator should be as pure 
and free from harmonics as possible. Electro-magnetic 
loop methods were tried in various ways, by passing 
| 600-cycle currentsthrough two bare parallel wires, 700 ft. 
long and 1,000 ft. apart, for example, and exploring 


placing a closed horizontal coil right round a certain 
| area, or by vertical coils. In the last case triangular 
| coils were excited by currents of higher frequencies, 
| up to 60,000 cycles; the difficulty is, however, that 
the waves do not penetrate through more than 100 ft. 
of rock, and they are stopped by 50 ft. of sea water. 
The earth-resistivity method had been tried by Gish 
and Rooney in Washington, Spain and Australia, and 
Professor Eve simplified their method by making use 
of the Meggers of Messrs. Evershed and Vignoles. By 
both these methods, the presence of magnetite was 
revealed at depths of 600 or 700 ft., though wet or 
| dry surface conditions affected the results. Particulars 
of these and other measurements are given. 





Messrs. Cassell and Company, Limited, have added to 
their ‘“‘ Model”’ series of hand-books one on Model Power 
| Boats (6s. net), by Mr. Edward W. Hobbs, A.I.N.A., the 
author of an earlier volume on Model Sailing Boats. 
|The increasing number and variety of the works 
forming this series, apart from the contents peculiar 
to each, indicate the popularity of model engineering, 
and a study of them shows that the theory and practice 
| of engineering enter much more into the treatment than 
might be supposed. Model making and the possession 
and use of models have attracted scores of engineers 
who, contrary to the usual vogue of seeking relaxation 
of mind in free-time occupation and pleasure in channels 
far remote, find zest in a private workshop or out-of- 
doors among model boats and locomotives. Books 
like this latest by Mr. Hobbs both explain the source 
of this sort of zest and cater for it on technical and 
scientific lines. In his present book quite a consider- 
able proportion of the contents deals with the theory 


cavitation and slip, displacement, &c., subsequent 
sections dealing with the handicraft of boat building and 
the power plant. The flash-type of high speed steam 
plant has a serious competitor in the two-cycle and four- 
cycle petrol motor, these being the types favoured by 
adult enthusiasts, while the battery-driven electric and 


and slower craft of less skilled and mostly youthful 
owners. High temperature effects on lubrication and 


is impressed with the high efficiency attainable with 
the better sorts of high-speed models. Lightness being 


versal use of some form of flash generator for model 
steam craft of the more important types. 
spirit is the favoured liquid fuel for model boats, 
and the operating air pressure in the fuel tank ranges 





the field in between with the aid of a vertical coil, or by | 


of boat design, and the technicalities of stream lining, | 


clockwork-motor types are favoured for the smaller | 
materials are dealt with, and incidentally the reader | 


: : t = | beer 
tho. gaiane, peqranemant: sencumte: Son the Seners Mee | in order to remove this possibility. A few other changes, 


Motor | 


from 10 lb. to 75 lb. per square inch, the higher pres- 
sures being reserved for racing craft. One of the most 
interesting chapters deals very fully with the form of 
petrol and paraffin blow-lamp used for these boats. 
A speed of 43 miles per hour has been attained by a 
racing model steam boat, and 32 miles per hour by a 
two-cycle form of petrol-engined craft. The book has 
nineteen chapters and a useful glossary of naval and 
marine craft terminology. There are scores of illus- 
trations and a useful index to the 312 pages. 





For those requiring a handbook on heavy electrical 
engineering written in German, the new (seventh) 
edition of Starkstromtechnik, by Rziha and Seidener, 
published by W. Ernst and Sohn, Berlin, can be 
heartily recommended. The work is now divided into 
two volumes, the first volume (price 34 marks) being 
the subject of the present note. The several sections 
have been written by experts. Mathematics, as used in 
electrical engineering, occupies the first part, and fun- 
damental principles the second part of the introduction. 
The work here is mainly of an advanced character. 
The practical sections deal with measurements, elec- 
trical machinery and transformers, with numerous 
examples, rectifiers, batteries, starters and controllers, 
switchgear, wiring, illumination, and applications of 
electric heating. Some of the sections are particularly 
good, the information covering the latest practice and 
being of a kind useful to designer and constructor alike. 
Though occupying over 1,000 pages, the book is handy 
in size, well printed, and well illustrated. The subjects 
left over for the second volume include power stations, 
cables, applications to mining, steel works, railways, 
ships, and agriculture. It is doubtful if a better 
German pocket book on electrical engineering exists. 





Mr. Robert Stirling first made experiments on oil- 
well pumping by means of air-lifts in Baku between 
1900 and 1904. His Gas Air-Lift Pocket Book [London : 
E. and F. N. Spon, Limited, price 5s. net] is limited to 
the application of this method to oil wells and is written 
for oil-field engineers. Léscher, of Freiburg, is supposed 
to have first raised water by means of his aero statisches 
kunstgezung in 1797, and oil had been displaced by 
means of compressed air before 1900. The two methods, 
of creating an oil flow from a pipe into which airis forced 
at the bottom of the well, and of forcing the oil up by 
exerting an air pressure on the oil around the pipe, 
are entirely different, and much confusion has arisen 
from the failure to realise this, as Mr. Stirling points 
out. He devotes only a few pages to the theory of the 
working of the air lift without resorting to any mathe- 
matics and, ‘‘laying theory aside,”’ proceeds to give 
notes on air-lift apparatus and to the practical appli- 
cation of the method. Though he states that, in the 
applications to oil wells, natural gas is used as a medium 
in the place of air, there is only a short section on wells 
producing much free gas. When air is admitted into 
the flow pipe, the static level of the oil in the annular 
space between the flow pipe and the casing pipe sinks, 
because the lighter air-oil column rises, The drop is 
called the flowing dip, and the height of the column 
above that up to the air-inlet and packing head (closing 
the annular space above) is the flowing lift. The air- 
lift apparatus as at present developed, Mr. Stirlingstates, 
has a maximum efficiency when the lift equals the dip 
(or dip equals one-half dip plus lift), and the efficiency 
falls off rapidly with decreasing dip-lift ratio. The 50 
per cent. maximum applies to water; with the more 
viscous oil the maximum is only 40 per cent., owing to 
excessive slip of the air. How the figures are arrived 
at is not explained, and an explanation would hardly 
be looked for in a pocket book, such as this really 
is, giving useful figures regarding dimensions, flow 
volumes, working, &c. The reader may not be 
quite satisfied with the reiterated statements that a 
“clear exposition of the theory has been given so that 
the fallacies may be ignored,” or with the author’s 
conviction that the note-book should prove invaluable. 








British STANDARD SPECIFICATION FOR PLUGS AND 
Sockxets.—A revision of British Standard Specification 
No. 196, which deals with reversible, protected-type, 
two-pin plugs and sockets, with earthing connections, 
for circuits up to 250 volts between any two poles, 
has recently been issued by the British Engineering 
Standards Association. Although the differencés between 
the new (1930) and the 1927 edition are small, they are 
of interest from the manufacturing point of view. One 
of the differences relates to the dimensions of the lug 
on the non-reversible plug and socket. It has been found 
that, with slight irregularities in manufacture, there 
was a risk, in some cases, of being able to force the lug 
(the non-reversible device) into a hole in the socket 
not intended for the reception of this lug. A slight 
modification has therefore’ been made to the dimensions 


mainly of an editorial nature, have been introduced. 
Copies of the new specification may be obtained from 
the B.E.S.A., Publications Department, 28, Victoria- 
street, London, S.W.1, price 2s. 2d., post free. 
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EARTH PRESSURE. 
(Concluded from page 690.) 

FurtHER tests were made with sand filled loosely 
into the bin. In this case the maximum horizontal 
thrust was about 0-4 that of a liquid having the 
same density as the sand, and there was, moreover, 
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ratio of the observed horizontal thrust to that due to 
a liquid of the same density is shown by one of the 
seales on the left. As shown in Fig. 11, the depth 
of the fill was in this instance 5-18 ft. In Fig. 12 
has been plotted a curve showing the subsi- 
dence of the surface of the filling as the tilt of the 
wall was increased. In contrast to what was 
observed at the tests 
with dense sands, there 
was no tendency what- 
soever towards separa- 
tion along a well-defined 
sliding plane, forming 
the boundary of Cou- 
lomb’s “ wedge.”” The 
thin line curve in Fig. 
10 shows the ratio of 
the vertical force on 
the face of the slab to 
the horizontal thrust. 














On collating these tests on cohesionless sand, 
Dr. Terzaghi concludes that the results are in 
closer agreement with Rankine’s theory of earth 
pressure than with that of Coulomb. Rankine, 
however, ignored the possibility of down thrust on 
the face of the wall, perhaps, as already suggested, 
from a doubt as to whether its permanence could 
be relied on. Dr. Terzaghi also finds a fair corre- 
lation between the observed thrusts and those 
calculated from an independent series of experi- 
ments on the internal friction of sand and earth. 

Further experiments were made with sand and 
with till in the saturated state. The most impor- 
tant point established appears to be that, with 
saturated materials, the horizontal thrust is equal 
to the sum of that due to a depth of water, equal 
to that of the filling, plus an earth thrust due to a 
filling having a weight equal to that of the sand 
less the weight of the water displaced. 

In the experiments with till another curious 
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Fie. 13. Boxrs ror MEASUREMENT OF THE INTERNAL FRICTION OF EARTH AND SAND. 


from the outset, a down thrust on the inner face of 
the suspended wall. This down thrust was at first 
equal to 0-39 times the total horizontal thrust, but 
this ratio increased to 0-5 when the upper edge of 
the movable slab was:allowed to tip. The centre 
of pressure proved to be slightly below the level 
corresponding to one-third the depth of the fill. 
The results of one series of observations with a 
loose sand filling have been plotted in Fig. 10. The 





The effect of a pause of 16 hours in the conduct of 
the test is shown by the kinks in this curve and 
those on the curves below. During the interval 
of rest the down thrust diminished, whilst the 
horizontal thrust increased. It may be added, that 
on increasing still more the tilt of the wall so that 
the upper edge was displaced by a total of 0-665 in., 
there was very little change in the horizontal thrust 
or in the position of the centre of pressure. 








point was brought out, viz., when the saturation 
level was less than the total height of the fill, the 
material above the saturation level developed a 
tension instead of a thrust on the wall. This 
effect is attributed by Dr. Terzaghi to capillary 
attraction, but whilst distinctly curious, the pheno- 
menon in question would seem to be mainly of 
academic interest. 

In the drained condition, the maximum horizontal 
pressure exerted on the wall by the till filling was 
0-220 that of a liquid of equal specific weight. When 
the wall was allowed to tilt this figure diminished, 
but when the wall was left in one position for some 
time there was a tendency for the horizontal thrust 
to increase again. Thus, when the top of the wall 
tilted so that its upper edge was displaced through 
a distance of 0-304 in. the ratio of the horizontal 
thrust to that of a liquid of equal density was 0-104. 
Six hours later, however, this figure had increased 
to 0-124. As the tilt of the wall was increased 
so did the frictional down thrust on its face, and 
in one case this down thrust was actually 1-137 
times the horizontal thrust. It always diminished, 
however, when the wall was left stationary for 
some time. With the till filling the position of the 
centre of pressure did not differ much from one- 
third the height of the fill. 

As already mentioned, experiments were also 
made on the internal friction of sands and clays 
under different pressures. It was found that with 
identical materials and low pressures the coefficient 
of friction was far greater with densely-packed than 
with loose materials, but, as the pressure increased, 
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(Continued from page 725.) 

IN 


the margin between the two values tended to dis- 
appear. The higher the pressure the smaller was the 
coefficient of internal friction. It was also found that 


with cohesionless fillings such as sand, the internal 


Static AND DyNAmIc STRESSES 


Elastic and ballasted floors were found to give 
smoother curves than rigid floors, since they 
|cushioned the effects due to open joints or rough 
wheels. There was no discoverable impact effect 





Ramway/|due merely to the rapid application of a load, 


friction was much the same whether the material 
was dry, moist, or saturated. 

The experiments on internal friction were made 
with the apparatus represented in Fig. 13, and in 
Figs. 14, 15, and 16, page 753. This consisted 


essentially of two containers, A and B, somewhat | 


| provided this was balanced and the track smooth. 

CONTINUING our report of the sectional proceed- — a peepee hed Wel 

ings at the Madrid Congress, we commence this week | ws ith — that ‘ aa th licati 

| with the subject of Stresses in Railway Bridges. | epnenets a ne ee 
: : 2 | of the problem, little aid was to be expected from 


BRIDGES. 





The question of static and dynamic stresses in | 


analogous to moulding boxes, assembled as indicated | pailway bridges (Question III), was considered in 
in Fig. 14. On each side of the parting was a loose | Section I at a meeting held on May 9. Mr. R. 
grating of triangular bars (C, D), which were trans- | Desprets first summarised the subject from the 
verse to the intended direction of shear. These | reports submitted, and we give abstracts of these 
gratings ensured that the sand yielded along a| reports below. That for America was prepared by 
surface, which was practically plane. During the | Mr. P. G. Lang, Jnr., Engineer of Bridges, Baltimore 
filling of the boxes and the consolidation of the | and Ohio Railroad. In this report the author stated 
material therein, the gratings were free to move, but | that the Pencoyd formula for impact was that 
were then locked firmly in place by the screws @| adopted in the 1906 edition of the specifications 
and 6. Antifriction balls were interposed between | for steel (railroad) bridges, issued by the American 
the upper and lower boxes, and the normal stress at | Railway Engineering Association. The formula in 
the plane of shear could be varied by applying by | question was 
a lever a load to the cap E (Fig. 16), which was | 
placed on top of the sand in the container. In| 
making a test, the top box was held stationary, | 
and the under box, which was supported on balls or | 
rollers, was traversed through accurately measured | 
displacements. 

Some results obtained with fillings of compacted 
and of loose Ottawa Plum Island sands are repre- 
sented in Figs. 17 and 18, and for boulder clay and 
abnormal till in Fig. 19. In these diagrams the 
abscisse represent the normal pressure on the 
parting, and the ordinates the limiting coefficients 
of frictions. From the results of these and other 
tests, Dr. Terzaghi has prepared Fig. 20, to represent 
the angle of internal friction at different depths below 
the crest of the proposed 160-ft. wall. 

In conclusion we would mention that the tests 
were made under the auspices of the Civil and 
Sanitary Engineering Department of the Massa- 
chusetts Institute of Technology of which Professor 
C. M. Spofford is the head, and to whose courtesy 
we are indebted for facilities for compiling this 
summary and placing it before our readers. 


300 

L + 300 

where I denoted the dynamic increment to be added 
to the live load stresses, S the computed maximum 
live load stress, and L the loaded length of track 
producing the maximum stress in the member under 
consideration. The formula in question was devised 
by Mr. Schneider, in 1895, but it was not till 1907-11 
that measurements of impact were made by the 
Railway Engineering Association. These led to the 
conclusion that the maximum impact percentages 
were closely represented by the formula I = 

9 

sO Lt The Committee found that impact 
was mainly due to unbalanced locomotive driving 
wheels. In a further report issued in 1916, this con- 
clusion was confirmed, with the addition that in- 
equalities of track had little influence on the impact 
on the flanges and main members of spans more 
than 60 to 75 ft. in length. It was noted, however, 
that resonance might arise between unbalanced 
locomotive weights and the natural periodicity of 
girders. For short spans, the critical speed was 


Pas 











theory, and recourse must be had to experiment. 
In the 1920 edition of the specifications of the 
American Railroad Association, the impact formula 
recommended was 

30,000 
30,000 + L® 

This formula had been widely adopted in the 
United States and Canada, and gave a dynamic 
increment, ranging from 75 per cent. for 200 ft. 
span up to 25 per cent. for a 300 ft. span. The 
reporter pointed out that all the formule applied to 
live loads only, so that the weight of structures is 
not very greatly affected by the particular impact 
formula in use. In the case of a 100-ft. span, the 
extreme variation was about 3 per cent., but might 
reach 13 per cent. for spans between 200 and 300 ft. 
in length. He noted, further, that the vast majority 
of railway bridges were of small span, about 97 per 
cent. of the total number of American railway 
bridges east of the Mississippi River and north of the 
Potamac and Ohio being of less than 120 ft. span. 

The report for Great Britain was prepared by 
Sir Henry Fowler, K.B.E., of the London Midland 
and Scottish Railway, and by Mr. G. Ellson, O.B.E., 
of the Southern Railway. The report stated that 
experiments in India showed that observed stresses 
were generally less than the calculated, the ratio of 
the two ranging, generally, from 53 per cent. up to 
90 per cent., but there were exceptional cases in 
which the agreement between the two was close. 
The Indian Railway administrations did not generally 
investigate secondary stresses, one railway holding 
that they were not in general of any practical 
importance, but another railway stated that the 
renewal of certain spans had turned largely on the 
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amount of secondary stress in compression mem- 
bers. Experiments in Japan had shown that the 
observed stresses at the edges of the flanges of 
plate and lattice girders were about 60 per cent. of 
those calculated. In Great Britain, the Bridge 
Stress Committee had found the observed stresses 
to be 75 per cent. of the calculated in the case of 
the tension flanges of through bridges, and 89 per 
cent. in that of the compression flange, but the figures 
varied widely, and there were occasional instances of 
the observed being higher than the calculated 
stress. With plate girder deck spans, the observed 
stress averaged 84 per cent. of the calculated, but 
the discrepancy was much larger when the floor 
was of steel joists in concrete. Many experiments 
on impact were made between 1917 to 1921 by 
the Indian Railway Bridge Committee, and con- 
firmed the conclusion that unbalanced engine 
weights were mainly responsible for impact effects, 
and that resonance might arise at certain critical 
engine speeds. No simple relationship was found 
between impact and hammer blow, but a sub- 
committee appointed to discuss the matter came 
to the conclusion that a satisfactory formula for 
impact allowance would be 
65 
~ 454+ L 


where L was the length of span in feet. Extensive 


this section of their report the authors added the 
diagrams of equivalent uniform loads reproduced 
from the report of the Bridge Stress Committee. 
The question of locomotive balancing was next 
considered. There was, it was stated, much divergence 
of practice. In Japan it was usual to balance 20 per 
cent. of the reciprocating masses, whilst on other 
railways the proportion balanced might be as high 
as 66 per cent. There was, however, a general 
tendency in the case of the larger modern loco- 
motives to reduce the proportion balanced, in part 
owing to the difficulty of finding room for large 
balance-weights. In any case, however, the longer 
the engine the less the need for balancing the 
reciprocating parts, since a long engine had a high 
moment of inertia about its vertical axis of oscilla- 
tion, and was thus less liable to lateral swaying or 
nosing. Four-cylinder engines were easily balanced, 
and three-cylinder engines, with the cranks at 120 
deg. also produced a very small hammer-blow for 
the engine, taken as a whole, but there might be a 
considerable one per wheel or per rail. The general 
British practice had been to balance 66 per cent. of 
the reciprocating weights, but this procedure was 
based on past experience with relatively light engines 
having short wheelbases. Hence, with modern 
locomotives a smaller proportion should suffice. 
There was, moreover, an advantage in dividing up 





the balance-weights between all the coupled wheels. 
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experiments had also been made in Japan, which 
had led to the adoption of the formula 
137 
iu 

Both the Japanese and Indian formule were 
empirical, and represented merely curves enveloping 
the observations recorded. The report of the 
Bridge Stress Committee was, the reporters stated, 
the latest contribution to the impact problem, and 
comprised a fundamental theory relating to the 
dynamic effect of the so-called hammer blow of 
locomotives. Observations were made on 52 bridges 
with spans ranging from 163 ft. up to 343 ft. and 
39 different types of locomotive were used in the 
tests. Some of the engines, in question, were selected 
on account of their large hammer blow, and others 
because they were exceptionally well balanced. 
An important part of the investigation was con- 
cerned with the reliability of the stress recorders 
when subjected to shock and vibration. The 
conclusion reached was that the excessive ampli- 
tudes registered in some cases were due to instru- 
mental defects. The committee had confirmed the 
view that the main cause of impact was the hammer 
blow of locomotives, and that the worst effects 
would arise when there was some measure of 
synchronism between the engine speed and the 
natural frequency of the span. They had further 
shown that there might be a second critical speed 
arising when the engine oscillated freely on its 
springs, instead of moving in unison with the 
vibrating bridge. This second critical speed was 
only likely to be met with in the case of spans 





between 100 ft. and 200 ft. long. In concluding 


In estimating the balance-weights required, a usual 
practice was to consider two-thirds of the mass of 
the connecting rod as revolving, but in Japan it was 
usual to take the proportion as three-fifths. Where 
great accuracy was required the actual distribution 
should be determined by experiment. In the past 
it had not been customary to check by actual trial 
the balance-weights as made; and, owing to 
the porosity of castings and other causes, there 
might thus be considerable departures from the 
intended values. It was therefore becoming 
increasingly common to correct the balance-weights 
by experiment. With a view to reducing recipro- 
cating weights, some railway administrations were 
using high-tensile alloy steels, whilst in one case 
hollow piston-rods of a very light design had been 
adopted. 

Messrs. A. A. Ronsse and R. Desprets, of the 
Belgian National Railway Company, also contributed 
a report, in which it was stated that in France and 
her colonies impact effects were provided for by a 
coefficient of stress increment expressed in the 
following form : 

0-6 
l+a+B=1+4+ 1P 
z=) 

where P denoted the total permanent load, S the 
total additional maximum load to be provided for, 
and L the length of the span in metres. In Belgium 
the German rules were adopted, in which the stress 
coefficient was varied according to the character of 
the track. Representing this coefficient by 4, 
then the formule were as follows :— 


C4. 
1+02L 





ae 
E- 


¢ = 1:00 + ballasted track, and jointless rails. 


60 
150 + L 





56 
¢@= 1-11 4+ laa pu )) ballasted track, rails with joint. 


(2) unballasted track on sleepers, 
jointless rails. 


9 
@ = 1-19 + ay unballasted track on sleepers, 


46 + rails with joints. 

(3) rails fixed directly on the 
main girders, rails without 
joint. 

17 : : —o : 
mn 390) ‘rails directly on main girders, rails 
i "28 +L = with joints. 


In the case of double-track bridges, L was replaced 
by 2L. The French regulations provided for the 
following working stresses:—Tension or com- 
pression: R, = 8-25 tons per square inch, R, = 
8-89 tons per square inch. Shear: R, = 6-34 tons 
per square inch, R, = 7-11 tons per square inch, 
where R, and R, were defined by the relations 
c+d+tpR,c+td+t puvR.;c+i+w 
>} R,. In the foregoing, c denoted the stress under 
permanent load, d the live load stresses multiplied 
by the impact coefficient, » the stress due to a 
wind load of 150 kg. per square metre, w the stress 
due to a wind load of 250 kg. per square metre, 
whilst ¢ represented the temperature stress. The 
committee responsible for the French circular of 
1927 reported that they considered it impracticable to 
calculate the dynamic effects of moving loads, 
but held that the increment coefficient might range 
from unity up to 2, which was the factor recom- 
mended for floor members. The authors of the 
report under discussion gave a mathematical study 
of possible causes of impact, which they said justified 
the conclusion that the impact from modern loco- 
motives was not of very great importance. Shocks 
due to defective rail joints might be eliminated by 
avoiding joints on short bridges and by electrically 
welding the rails on long spans. This latter proce- 
dure had been adopted on the Moerdyk bridge, 
on the Amsterdam-Paris line. In this case the 
rails were welded in lengths of 689 ft., expansion 
joints, located over the piers, being provided between 
successive lengths. In view of the foregoing con- 
siderations, the reporters concluded that the usual 
impact formulas gave increments which were larger 
than necessary for all but short girders. Experi- 
ments made in France using the Fereday-Palmer 
stress recorder indicated that at maximum speed 
the dynamic coefficient might vary from 2 for short 
spans to 1-2 for spans of 40 m. Swiss experiments 
in which deflections were measured under loads 
running at speeds ranging from 15 km. up to 
90 km. per hour gave impact coefficients much less 
than those prescribed by the French formule. A 
long section of the report was devoted to a discussion 
of the mathematical theory following the line 
originated by S. Timoshenko. This was supplemented 
by a number of arithmetical examples. Comparison 
was made with the conclusions reached by the British 
Bridge Stress Committee, and the authors thus 
found the effects much smaller than were represented 
by the equivalent load diagrams issued by the 
stress committee. Amongst their general conclu- 
sions the authors stated that their calculations, 
applied to two bridges of 205 ft. and 115-ft. span 
respectively, showed clearly that the dynamic incre- 
ment due to the speed effect was quite negligible, 
and that increments due to the balance-weight 
effect were not very important. 

The fourth report was contributed by Signor 
A. Fava, of the Italian State Railways. In the 
opening section the reporter discussed the question 
of secondary stresses and statically indeterminate 
systems, As regards the latter he suggested (on 
purely academic grounds) that these were best 
dealt with by avoiding them. The fullest investi- 
gation of secondary stresses had, it was stated, been 
made by the Swiss Committee, which concluded 
that in simple lattice girders the observed secondary 
stresses were in good agreement with those calcu- 
lated, and the more so the simpler the structure. 
In well-designed trusses the secondary stresses 
might be from 15 per cent. to 20 per cent. of the 
primary. The reporter held that these secondary 
stresses should always be calculated, and that all 
railway administrations should undertake experi- 
mental researches on this head, particularly in 
regard to the bending moments due to the partial 
fixation of the floor beams. The reporter also 
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considered the secondary stresses due to the| was closely allied to the conclusions of the English 


continuity of the track stringers to be far from 
negligible, and suggested that the continuity of 
these should be broken up every 20 yards or 30 yards. 
With regard to dynamic ‘stresses ‘the report noted 
that these were first brought into notice by the 
English Bridge Committee eighty years ago. The 
Italian and Austrian Railways had made an indirect | 
provision for impact by varying the working stress 
with the span of the bridge. 
had since been brought forward, and 10 of the 
principai of these now in use were quoted in full 
in the report, and were illustrated by comparative 
curves which brought into prominence the extra- 
ordinarily divergent estimates made by the various 
railway administrations and professional bodies. 
Thus for a span of 69} ft. the dynamic coefficient 
according to one German formula would be 0-35 
as against the 0-88 of an American formula. For 
a span of 164 the coefficient ranged similarly from 
0-21 up to 0-56, whilst for a 328 ft. span the range 
was from 0-12 to0-33. The reporter concluded that 
most of these impact formule had been the 
fruit of theoretical speculations and not of experi- 
mental inquiries. As regards recent experimental 
work, the report stated that the observations were 
characterised by a large dispersion, which was 
attributed to the numerous factors involved. The 
one result acquired was that formule depending | 
solely on the span length must be inadequate, 
whilst even if another parameter were introduced, 
the formula would still represent only average 
results. 
of the problem was, therefore, advocated. Attention 
was drawn to the recent experiments in America, 
India and England which had demonstrated the 
importance of the hammer blow due to badly 
balanced locomotives, and to numerous experi- 
ments made on two Italian bridges of, respectively, 
40 m. and 50 m. span. Both steam and electric 
locomotives were used on these two bridges, but 
in no case did the dynamic increment of the deflection 
exceed 8 per cent., and there was very little difference 
between the results obtained with the steam and 
with the electric locomotive, but it was noted that 
the steam engines were of modern type and well 
balanced. Similar results were found in Swiss 
experiments made some years ago, so that the 
reporter considered that, in the conditions of the 
experiments, the hammer blow was much smaller 
than the standards proposed by the English Com- 
mittee. In order to avoid impact due to track 
defects, special care should, it was said, be devoted 
to the conditions in which the sleepers were laid 
and rail joints should be eliminated on bridges. 

The first speaker in the discussion following 
Mr. Desprets’ summary was Mr. L. H. Swain, who 
said that while the summary was a just statement 
of the conclusions to be drawn from the reports, it 
left the subject in a rather nebulous state, and 
afforded little guidance to the bridge engineer, who 
had to deal with the practical problem of making 
a definite allowance for the dynamic increment 
when designing his bridges. Something in the 
nature of a definite working formula was required, 
and he thought there was sufficient evidence for 
this in the case of moderate and large spans. He 
thought the Indian covering formula, published 
by the Railway Board of India in 1926, was entirely 
satisfactory, and gave the proper allowance. The 
results obtained from this formula, compared with 
others, are plotted on the diagram reproduced on the 
previous page. Mr. Swain explained how the Indian 
formula was justified by experimeats carried out 
on two typical spans of 157 ft. and 213 ft., 
over which the heaviest train available and locomo- 
tives giving high hammer blows had been employed. 
He showed deflectometer diagrams taken at different 
speeds on these bridges, from which he deduced the 
fact that the Indian covering formula gave an 
accurate allowance for impact. Except in the case 
of short spans, he continued, it was not an empirical 
formula. Although expressed in terms of span 


only, it contained the elements of hammer blow, 
deadweight of structure, live load of train, circum- 
ference of engine driving wheels, and the stiffness 
of the girders as determined from their static 
deflection under the train load. The Indian basic 
formula, on which the covering formula was based, 


Many impact formule | 


A more detailed mathematical analysis | 


Bridge Stress Committee’s Report, although it had 
been produced independently. The covering formula 
was also in close agreement with the French formula, 
the greatest divergence being in the short-span area, 
where it was admitted that the formula was 
| empirical. In this region, the allowance depended 
largely on empirical factors arising from the condi- 
|tion of the track and rolling stock, and of the 
| bearings of the girders. In India, further experi- 
ments were being made on short spans, but in the 
meantime he thought the formula 45+ L was 
entirely satisfactory for general adoption. 

Mr. A. Fava suggested an addition to the summary 
dealing with static stresses and secondary stresses, 
and Mr. W. J. Everall supported Mr. Swain, calling 
particular attention to\the dynamic stresses in girders 
of short span and in the details of the flooring. He 
mentioned that tests carried out in Switzerland had 
indicated that the stresses due to perfectly-balanced 
| electric locomotives were similar to those arising 

from steam locomotives, so that there must be 
|some factor independent of the vehicle causing the 
| dynamic stresses. 

Mr. W. A. Fraser referred to experiments he had 
carried out with the Faraday-Palmer stress recorder, 
| showing that the measured stresses were usually 
| less than the calculated stresses. The loads, he 
remarked, were distributed over a number of 
components, and were thus reduced on isolated 
members. Sir Henry Fowler stated that, having 
| been a member of the English Bridge Stress Com- 
mittee as a mechanical engineer, he should say that 
the principal result of the investigations had been 
to allow an increase in the axle loading. It was 
desirable, however, that the mechanical engineer 
should do everything possible to reduce the weight 
of reciprocating parts. Sir Henry concluded by 
calling attention to the desirability of continuing 
experiments, and of giving them an international 
character. Mr. A. Newlands expressed the opinion 
that modern locomotives were not free from dynamic 
effects which, he said, depended more on the 
locomotive than on the track. He also referred to 
experiments now being made to record the parasitic 
movements of a locomotive by means of a kinemato- 
graphic camera. 

After some further discussion, the following 
summaries were adopted by the Section :—It is 
desirable that the railway companies should con- 
tinue experiments and the study of secondary stresses 
in order to furnish supplementary information at a 
later congress ; the advantages of establishing and 
adopting a definite formula for impact allowance 
in terms of the span are that it would assist in the 
standardisation of bridge work; care should be 
taken to see that the treads of the tyres are kept 
in good condition; the track on the bridge floor 
and at the approaches to the bridge should be kept 
in good condition; and the influence of excess 
counterbalance weights of locomotives should be 
diminished by distributing the weights between 
groups of three adjacent coupled axles. 








SIGNALLING. 


Question XI, covering the signalling of lines for 
fast traffic and in main stations, of daylight signals, 
and the automatic block system, was discussed 
at a joint meeting of Sections II and III, held on 
May 9. The following are abstracts of five reports 
prepared on this subject. The report by Mr. G. H 
Dryden, signal engineer of the Baltimore and Ohio 

Railroad, described the present practice in America, 

the British Empire, China and Japan. Of the 
200,000 miles of road for the passenger service of 
the United States, 830 miles were protected on the 
controlled manual block system, 59,000 miles on the 
manual block system, and 58,000 miles on the auto- 
matic block system, which had been particularly 
developed during the past five years, and comprised 
interlocking and reverse traffic signals for operating 
trains in either direction without train orders. A 
most important further protection was given by the 
automatic train control devices now in use on 
20,000 miles of line. 

In America, semaphore signals were giving way to 
signals of the colour light, position light and colour- 
position light systems. These distinctions concerned 
the colours of the lamps, which might be all the 





. | of labour costs, except with dense traffic. 





same or different, and their relative groupings and 
positions. Since the positions of lamps were not 
really changed, but only different groups of lamps 
were lighted, the term aspect was preferred to posi- 
tion ; this feature was particularly discussed in the 
third report. The first report pointed out the 
differences in indication, of name and application of 
signals adopted in the American Railway Assoc- 
iation Code Rules. The main line stations and 
terminals of the United States were, as in Great 
Britain, equipped with interlocking switches and 
signals operated by electro-pneumatic or all-electric 
means. 

In the British Empire, automatic block signals 
were used only on a few miles of the 24,000 miles of 
multiple track, and two, three, and four-aspect light 
signals were in use. The two aspect signals con- 
formed to the older two-position lower quadrant 
semaphore signals, the three aspect to the three- 
position upper quadrant semaphore signals, and the 
four aspect restricted approach as in the three-block 
American systems. New Zealand (233 miles) and 
Australia (91 miles) had some colour-light auto- 
matic block signals for either red or green of the 
two-aspect type. Daylight colour-light signals were 
also spreading in the British Empire. The usual 
grouping was three (or more) lights, in a vertical line ; 
there were also two-light units (red and green or 
yellow and green) and some four-light (red, green and 
two yellow), signals; on bridges the assembly was 
radial, e.g., four lights in a circle. The automatic 
block system had been installed on 58,000 miles 
of line in the United States and Canada, 30,500 
miles being single track, the latter on the over- 
lap or on the absolute permissive block systems. 
Remotely-controlled power switches were much on 
the increase. The most recent development was 
the centralised dispatcher-controlled signal system, 
eliminating the local operation control at the several 
block offices. Owing to the length of the routes 
and sections, America was leading in the automatic 
block system. The general British practice was the 
absolute block system ; automatic train control was 
used on the London Underground and tubes. The 
use of grade signals, which permitted trains to pass 
an automatic block signal into an occupied block 
without stopping, was in general practice only in 
America, China, and Japan. Trains of 10,000 tons 
and 130 cars were now common in America, and 
their stopping and starting were serious problems. 
Though there was much diversity as to aspects, 
the colours meant the same in all these countries : 
red indicated stop, yellow caution or approach, 
green proceed. The British two yellow lamps 
corresponded to the American yellow over green. 

The second report, covering Belgium, France and 
their colonies, drawn up by Mr. G. C. A. Willaert, 
of the Belgian National Railway permanent-way 
department, stated that no modifications had 
taken place in the methods of signalling since 1925. 
No tendency towards greater uniformity had mani- 
fested itself ; one signal sometimes performed more 
than one duty. In Belgium, orange-green meant 
slow down at signal ahead, and yellow, stop. 
Control from the cabins was general, with signals at 
distances of 1-5 km., mostly operated by electric 
power, but also by pneumatic, hydraulic, or gas 
power. The automatic block system worked well, 
but was only very slowly displacing manual block 
working, owing to the high initial expense, in spite 
Daylight 
signals were in favour on busy suburban lines with 
short sections; on main lines they were seldom 
used, except with electric traction on automatic 
blocks, and the several systems had not yet been 
sufficiently tested. Electric operation of points 
and signals in main stations was extending. Con- 
trol from one central cabin was recommended 
when no shunting was to be done outside the 
visual range of the signalman. 

The third report (for Italy, Portugal, Spain and 
their Colonies), drawn up by Messrs. Antonio Gibert 
and Julio Nogués, both of the Madrid—Saragossa— 
Alicante Railway, was chiefly devoted to the question 
of the advantages of the various signal aspects, 
about which the London Congress had not arrived 
at any decision, though, in the countries cited, only 
two and three-aspect signalling had been developed. 
Without recommending any particular type of 
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system, the report made several suggestions. On 
rapid transit lines, every stop signal should be 
repeated at sufficient distance, and distant signals 
should be provided. As regards the colours of 
signal lamps (including daylight signals, which were 
recommended, especially with four-aspect signalling), 
it was advised that white should not be used, and the 
red of stop and of danger signals should not be the 
same. Where two lights were used, of the same or 
different colours, care should be taken that the 
extinction of one of the lamps should not modify 
the restriction the signal was to convey. When it 


was necessary to give, at one point, more than two | 


aspects, or distinct orders, the use of a multi-aspect 
signal was considered preferable to that of several 
separate signals. The automatic block system had 
been tried, with satisfactory results, only on the 
railway of the reporters, and on the North of Spain 
line, but was being adopted elsewhere. 

The fourth report, drawn up by Mr. J. Kristensen, 
of the Danish State Railway signalling department, 
concerned all the countries not so far mentioned ; 
it comprised also Germany, although Germany only 
joined the Association after the compilation of 
the report was commenced. The old Bavarian 
distant signal, a yellow disc, black-edged, was still 
in use in Finland and Czechoslovakia. In Finland 


the semaphores were the same as the Swiss, but. 
The | 


pointed to the left, instead of to the right. 
report showed a preference for the semaphore over 
the disc signals, and advocated the reduction of 


the distance between the semaphore arms and track | 
The home | 


to the smallest practical minimum. 
signals should give three indications, absolute stop, 
proceed, abnormal speed and other directions. 
Warning boards were recommended, and the per- 


mitted speed should be indicated by framed figures. | 


Shunting signals should differ in type and colours 
from other signals. Oil and acetylene lamps should 
be permitted, even for flash signals at the rate of 
about 60 per minute. For the automatic block 


system, daylight signals were recommended, and | 


standards should be laid down for the construction 
of the relays. 

The fifth report, by Director W. Stickel, of the 
German State Railway administration, reviewed 
recent progress on the German railways. The 
ordinary home and distant signals consisted of sema- 
phores and coloured lights and discs. A yellow 
disc warned when in a vertical plane, but indicated 
clear when placed horizontally. As it might be 
overlooked altogether in the horizontal position, the 
dise was mounted over a St. Andrew’s cross in black 
on white, and approach to the signal was marked 
by warning boards with diagonal black bars, first 


5 bars, then 4, 3, 2, 1 to the right of the track, as | 
in Holland and Belgium. At diverging points, the | 


semaphore arms for the different branches were 
arranged vertically above one another. Station 


signals were devised on the general principle of | 


simplicity and minimum number, so that the same 
train staff might do duty on long stretches of route. 


There was generally only one home signal at the | 


end of each section terminating in a station, even 
if several signal cabins had to be passed, these 
cabins being all interlocked, directly or indirectly. 
This method was also adopted for the starting signals. 
Shunters were allowed to pass a starting signal 
standing at danger, the operations being controlled 
by hand and ear, and further by point signals 
consisting of opal glass discs showing a black bar, 
horizontal for danger and diagonal for clear. Double 
slip points at crossings were protected by means of 
the four white arms of a cross which were separately 
movable. Future development was planned with the 
leading idea that new kinds of signals should be 
devised for new meanings, and that changes should 
be uniform for the whole system. Coloured daylight 
signals, with .powerful lanterns, in preference to 
semaphores, were introduced in 1929 on the Hirsch- 
berg-K6nigzelt electric line in Silesia, and the 
system was under trial on a four-track line in the 
Ruhr district. The automatic block system was in 
use on two electric lines, the Berlin Metropolitan 
and the Berlin-Lichterfelde, for train intervals of 
14 minutes; the signal current was taken from the 
continuous supply, but was converted into 50-cycle 
alternating current. The adoption of automatic 
block system on the main steam lines was difficult, 


because many tracks, apart from the main arteries, 
are laid on steel sleepers, and because goods trains 
cannot be stopped in short distances. In order 
to make sure that a long train has completely left 
the section, and that no parting has taken place 
through a broken coupling, a tail-light detector 
had been devised, and had given satisfaction 
on aline near Hamburg. There was a lamp near 
the track and a selenium cell in the track circuit ; 
the red tail light of the last car was fitted with a 
Baseler mirror, which reflected the lamp beam into 
the selenium cell to close the relay. The lamp 
circuit was only closed by the approaching train, 
and any failure of the device would stop the traffic. 

The above main reports were summarised by 
Mr. W. Stickel, and in the course of the extensive 
| discussion on this subject, Mr. Tuja explained 
how the main French railways were now proposing 
to modify their signalling arrangements on lines 
very similar to those on Mr. Stickel’s conclusions. 
| They were, he said, in favour of the automatic block 
system and the simplification of diagrammatic 
representation. The length of the summary 
finally adopted is such that we cannot reproduce 
|it in full, but the main points covered are as follows: 
| As the bases for signalling express train routes, a 
| Stop signal and an advance signal, both with two 
positions, are necessary. In certain cases, the 
use of a disc signal placed on a level with the eye 
of the driver may be desirable. Any further 
signal positions which may be necessary can be 
obtained by grouping lights in pairs or banks, which 
may be vertical, horizontal or diagonal, or by the 
addition of a marker light, or by a flashlight arrange- 
‘ment. The use of luminous signals, and particularly 
of coloured-light signals, is becoming more general, 
even on non-electric signals. Automatic block 
working, with suitable lay-out and methods of 
installation, gives a better safeguard against 
incorrect signalling than manual block working. 
The use of power operation has rendered possible 
the control of extensive station installations from 
}a single control frame and such centralisation is 
| particularly expedient when the outlying points 
are not used for shunting. The methods adopted 
‘for ensuring the safety of shunting movements at 
| large stations on some railways are similar to those 
|used for safeguarding the running of trains, but 
| others protect the traffic against shunting operations 
| by means of safety switches, train locks, or mech- 
anical blocks or derailers. 





| 
Economic Traction Metuops. 


The subject of economical traction methods for 
use in particular cases, Question XII which formed 
part of the agenda for Section III, was divided into 
two parts, one relating to the organisation of train 
| services on the minor lines of large systems carrying 
little traffic and of little used trains on the more 
important lines of those systems, and the other 
dealing with the use of special tractors for shunting 
in smaller yards and for certain work in large yards. 
The first part of this question was discussed at a 
| joint meeting with Section V, together with the 
subject of Rail Motor Vehicles, and the second 
part, viz., that relating to special tractors for 
shunting was examined by Section III only, both 
meetings being held on May 12. We give below 
abstracts of the five reports drawn up on the 
subject of economical traction methods, which 
| were summarised at both meetings by Mr. O. A. 
Gaeremynck. 

The first of the five reports presented, drawn up 
by Mr. R. H. Nicholls, superintendent of the 
| Great Western Railway line, dealt only with the 
| British Empire, China and Japan. The Canadian 
| National Railways introduced accumulator cars in 
1921, but is now extending the use of Diesel-electric 
and of petrol-electric cars. The South African 
Railways only use Sentinel steam cars and a few 
petrol cars as motor vehicles for their tri-weekly, 
daily or more frequent services. Sentinel-Cammell 
steam rail coaches have been used by the London 
Midland and Scottish Railway since 1927, on 
minor lines and by the London and North Eastern 
Company. The Great Western Railway has now 
15 rail motor-car services (against 33 in 1907) and 
75 auto train services (against 14 in 1907), the steam 
rail motor cars introduced in 1903 not having 








sufficient power and capacity to meet extra traffic. 
The company’s experience is that the constant 
and regular passenger services and branch services 
can be operated by self-contained units driven. 
from either end, particularly with frequent service. 
This, however, is not possible for goods traffic. 
On a branch where the passenger and goods traffic 
are in equal proportions, mixed trains and a light 
steam locomotive which could also do the shunting 
would meet the conditions, and light locomotives 
should form part of the standard stock. As 
regards the second part of the question, the London 
Midland and Scottish Company uses capstans 
and horses, the other companies also make use 
of steam Sentinel and Simplex petrol locomotives 
and of Fordson tractors with rubber-tyred wheels 
and other road tractors. The Great Western 
Railway employs specially designed steam loco- 
motives for heavy traffic, and petrol locomotives in 
yard with difficult tracks, sharp curves, &c. ; horses 
are very little used, and capstans only where space is 
restricted. 

The second report for Belgium, France, Italy, 
Portugal, Spain and their Colonies, compiled by 
Mr. O. A. Gaeremynck, engineer to the traffic 
department of the Belgian National Railway, is 
based upon the replies received from 12 companies, 
the Belgian line named, six of the large French 
lines and the French West African railways, three 
Italian lines and the North of Spain railways. 
Six of these lines do not make use of any power 
other than steam locomotives, steam rail cars 
(14 altogether) are in service on two French lines ; 
internal-combustion-engined rail cars (19 altogether) 
are in service on five French railways and one car 
on the Italian State Railway; various Diesel 
locomotives (with mechanical or electric trans- 
mission) are under trial or proposed on five lines. 
The Paris-Lyon-Mediterranean railway has decided 
to give up the steam rail cars as too expensive in 
maintenance. The internal-combustion rail motors 
use a more expensive fuel, but do not waste it 
while not running. In Italy a heavy petroleum 
residue is under trial; it is used with the new Ali- 
verti carburettor which automatically regulates the 
proportion of this oil and of benzine. As regards 
the second part of the question, the numbers of 
loco-tractors in use, mostly in conjunction with 
capstans, are: 2 in Spain, 17 Baudet-Donon- 
Roussell petrol tractors (mostly of 100 h.p.) on 
six French lines, 25 Berliet petrol tractors on the 
P.L.M., and four each Moyse and Schneider petrol 
tractors, and four steam loco-tractors on the French 
Nord line. These tractors run on rails. Tractors 
of small width running on rubber-tyred road wheels 
between the rail tracks are in use in France and in 
Spain, especially on gravity sorting sidings for 
closing up the wagons. The French Bauche inter- 
rail tractor hauls wagons by means of an 8-m. cable 
and special hook or pushes them by a special 
buffer, and requires a track of old sleepers and 
specially-trained drivers; the Latil tractors, also 
petrol driven, run on a paved track. The use of 
these road tractors is also extending in the port of 
Algiers. 

Mr. H. Hunziker, of the Swiss Federal Railway 
Department, presented a report covering all the 
countries not mentioned so far, except America 
and Germany. The information received from 


the Netherlands, Denmark, Norway, Sweden, 
Finland, Czechoslovakia, Roumania, Yugoslavia 


and Switzerland, may be summarised as follows :— 
The use of steam locomotives and other steam rail 
motors will be discontinued ; in Holland 35 light 
steam engines, 13 petrol motors and eight Diesel 
rail motors are at present in use. Most undertakings 
are experimenting with internal-combustion motors 
and with benzine rail motor and Diesel motor 
coaches. The Diesel-electric system seems to offer 
the greatest advantages as to cheap working and 
overload capacity. On electric overhead lines, 
electric rail motor vehicles are alone recommended. 
Most of these machines require only one attendant. 
The type of rail motor vehicle to be selected is still 
a controversial question. The tests of internal- 
combustion motors should be extended. With 
regard to the question of shunting, only Switzerland, 
Denmark and Norway supplied detailed information, 





the other countries having little experience to 
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report. The Swiss Federal lines use accumulator 
tractors, benzine locomotives, and locomotors, 
electric tractors and electric capstans. Electric 
tractors are recommended on overhead electric 
lines; otherwise benzine locomotives and_ loco- 
motors. Accumulators are no longer favoured 
owing to the high costs of repairs and the need of 
charging stations. 

The German report, drawn up by Director 
Leibbrand, of the Reichsbahn Gesellschaft, is of 
special interest because the Prussian railways 
became a State monopoly in 1879, when the general 
practice as to construction and operation was 
modelled on the lines of the heavy traffic rail- 
ways, though the rules of the Verein Deutscher 
Eisenbahnverwaltungen of 1871, for secondary 
lines, were not abolished. At present, railway 
construction and operation falls under the law of 
1928, which also deals with level crossings and 
signalling. About 23,450 km. of the whole network 
of 53,700 km. are secondary lines. The wages 
bill of the Reichsbahn amounted to 61-2 per cent. 
of the total expenditure in 1913; by 1928 it had 
risen to 66-5 per cent. Saving in personnel has, 
therefore, become very essential, and the introduc- 
tion of continuous brakes on freight trains is said to 
have dispensed with 30,000 employees. Other intro- 
ductions tending to reduce staff are automatic 
return points (toggle locked), the appointment of 
agents for looking after intermittent traffic, travel- 
ling railway officials to attend to the freight at 


specified hours and the arrangement of the loco- | 


motives to be controlled by a single attendant. The 
Leig trains for rapid transport of light goods by 
short trains consisting of a locomotive and inter- 
communicating carriages, in which the parcels are 
sorted en route, and which stop at special distribut- 
ing sheds, have proved a success. Twenty-ton Leig 
trains run, for instance, at speeds of 75 km. over 
many of the railways of the left bank of the Rhine. 
The large goods yard at Rothensee has recently been 
equipped by the Siemens-Schuckertwerke with an 
accumulator shunting tractor (2 ft. 5 in. gauge) 
which has accelerated the traffic, especially in the 
winter months, to a very marked degree. 

The report submitted by Messrs. H. B. Voorhees 
and G. H. Emerson, both of the Baltimore and 
Ohio Railroad, for America, was based upon the 
replies received from ten railroads, all in the eastern 
half of the United States, to the questionnaires 
addressed to 23 undertakings. The report was 
largely tabular, being essentially a reproduction of 
the questionnaire sheets giving the replies by the 
different companies to the 173 questions. There 
is a general trend towards the use of rail motor 
cars, but the selection is complicated by the 
question of the utilisation of the light steam loco- 
motives which are to be withdrawn from the less 
frequented lines, though still in good condition. 
The average cost of motor car trains, run at 40 to 
60 m.p.h., amounts to about 34 cents per train-mile 
against 69 cents to 1 dol. 79 cents with steam 
operation. 

Oil-electric engines can be operated at 12-2 cents 
per engine-mile and petrol locomotives at 3-15 cents ; 
in both these cases wages, amounting to 51-3 or 41-3 
cents, have to be added. The Baltimore and Ohio 
line has no one-man rail motor-cars in service. The 
crew consists mostly of a driver, conductor and one 
additional man. The New York Central Railroad 
also has no one-man car, and estimates the average 
costs of operation at 60 cents per mile with petrol 
cars, 65 cents by petrol-electric cars, and 95 cents 
by steam trains. The heaviest holiday traffic is 
handled by steam equipment. Very little is said 


in this report on the question of shunting practice ; | 


many questions under this heading were left 
unanswered, and it is on the whole difficult to 
co-ordinate the many useful data given for each 
line separately. 

The discussion on the second part of the question, 
viz., tractors for shunting, led to the following 
conclusions : The means whereby shunting in small 
stations and certain operations in important stations 
can be cheaply carried out include electric capstans, 
either alone or in conjunction with turntables ; 
electric traversers and traversers hauled by a 


capstan or “locotractor,” the traversers being 
especially valuable for shunting on lines to which 


access through points is not possible; or “‘ loco- 
tractors ’’ with or without a capstan and worked by a 
single man. Certain of these systems have not yet 
been used sufficiently in practice to enable a choice 
to be made between them. Road tractors being 
independent of the track are, therefore very flexible 
in use; they are particularly useful for operations 
otherwise carried out by horse haulage. Tractors 
for narrow-gauge lines specially laid down in 
shunting yards for assembling marshalled wagons 
without stopping marshalling operations are also 
useful. All the above-mentioned means increase 
the capacity of marshalling yards and provide 
means of reducing damage to trucks and also of 
reducing working costs. 

After a brief discussion the following subjects for 
consideration at the next Congress were agreed to :— 
(1) The allocation of freight rolling stock ; investi- 
gations into the turn round of goods vehicles ; 
| separation of the elements included in it ; methods 
of reducing the period of turn round. (2) Organisa- 
tion for carrying “‘ retail ’’ goods and most suitable 
methods for their delivery with the least delay ; 
use and selection of fixed and mechanical trans- 
shipping plants. (3) Automatic train control and 
train stops ; track equipment ; locomotive fittings ; 
methods used for repeating signals on the locomotive ; 
devices intended to ensure the attention of the 
drivers. 





Rait Motor VEHICLES. 


The above question (No. XX), the last on the 
agenda for the Congress, was arranged on the 
programme for joint discussion by Sections III and 
V, but in addition to this, part of Question XII 
electric traction methods for use in particular cases, 
on the programme for discussion in Section III, 
viz., that relating to the organisation of train 
services on the minor lines of large systems carrying 
little traffic and of little used trains on the more 
important lines of those systems was also discussed 
at the same meeting held on May 12. We give 
below abstracts of the three reports relating to rail 
motor coaches; the reports on electric traction 
methods will be found above. 

In the three reports on this subject progress 
|in all countries in Europe, excluding France, 
was dealt with by Mr. Z. Zavadjil, of the Yugo- 
slavian State Railways; progress in France by 
M. Paul Beghin, of the Compagnie de Chemins de 
Fer’ Départmentaux ; and progress in all other 
countries by Mr. C. E. Brooks and Mr. R. G. Gage, 
| of the Canadian National Railways. 

In the first report, Mr. Zavadjil stated that it 
was evident that two types of rail motor-car could 
now be considered as standard. The first was of 
light type and was provided with a petrol motor 
with powers up to 100 h.p., the engine having 
|six cylinders and running at about 1,000 r.p.m. 
|The car was of the two-axle type, with a speed of 
| 37 m.p.h. to 40 m.p.h., and had mechanical trans- 
|mission of a modified motor-car type, the gears 
| being always in mesh, and the clutch being operated 
| by compressed air. Four forward and one reverse 
|speed were normally provided. The car had a 
| driver’s compartment at each end, and accommoda- 
| tion for 50 passengers. It was capable of hauling 
one or two trailers of a special light type. The 
| second type of rail car was of heavy type, and was 
much less widely used. It was fitted with a six or 
| eight-cylinder Diesel engine developing 180 h.p. to 
250 h.p., and had an unloaded weight of 25 tons to 
40 tons. It was of the four-axle type, with either 
|electrical or mechanical transmission, and was 
capable of hauling two or three trailers of standard 
| type at a speed of 37 m.p.h. to 43 m.p.h. 

In general, the rail motor-car was employed 
either alone or with trailers. In the latter case the 
| total seating accommodation might be 200 to 230, 
|as on the Danish, Rumanian, and Swiss lines. The 
| speed in service was usually about 30 m.p.h., and 
the acceleration was much greater than that of the 
‘steam locomotive. The rail cars were capable of 
climbing gradients up to 1 in 33, and usually served 
| branch lines, although there was a marked tendency 
| to use them on main lines in co-operation with fast 
| trains. The operating costs were very variable, 
| and there was insufficient information available to 
|formulate any final conclusions in this respect. 
| Costs, however, were lower than those of local steam 





trains. Several administrations stated that the 
use of such cars on branch lines had enabled them 
successfully to meet train and motor-bus competition. 

In the second report, covering France, the author 
said that, while petrol rail-cars appeared to be 
suitable for light high-speed services on fairly level 
lines, in the case of heavy rail cars the advantage 
of the considerable reduction in the deadweight 
per passenger tended to disappear, and the loco- 
motive could hold its own. Rail-cars were of 
advantage to replace existing trains where there 
were few passengers, and where freight traffic neces- 
sitated a train every day. They were valuable 
where infrequent services had led to a falling off in 
passenger traffic, but to regain passengers from 
omnibus services the railway line must pass in close 
proximity to the area served. The advantages of 
rail cars might be summarised as: lower running 
cost with higher average speed, no need for spare 
engines in steam and immediate starting up of 
spare rail-car, reduction in standing time for heavy 
repairs, and greater cleanliness and comfort for the 
passengers. The disadvantage was high first cost 
with a high rate of depreciation. In conclusion, 
the author stated that whenever traffic conditions 
had allowed rail cars to be substituted for steam 
trains the change had shown a financial saving, 
which would become greater when tests with new 
forms of fuel, or with other sources of energy, had 
confirmed the results already obtained. 

In the third report, covering all countries except 
Europe, the authors mentioned that it was now 
recognised that light-weight rail cars could be 
utilised to advantage on practically all the steam 
railways of the world. The internal-combustion 
engine was employed in a large proportion of the 
total number of cars in use, and above 150 h.p. 
electrical transmission was usual. In America 
there was a strong tendency to develop high-speed 
cars of 300 h.p. to 400 h.p. operating as a train of 
| 150 tons, and capable of speeds up to 65 m.p.h. 
For this class of work, the light-weight airless- 
|injection engine was most suitable. It was stated 
that fuel costs for the three types of rail car in use 
were in the proportions of: oil, 15; coal, 39; 
petrol, 97. 

An analysis of the operation of the 300-h.p. 
cars on the Canadian National Railways for twelve 
months showed a net revenue, after deduction of 
interest and depreciation, of 52-8 cents per car- 
mile. The most economical application of oil- 
electric cars appeared to be in terminal shunting 
service, where an overall efficiency of 21 per cent. 
was obtained, as compared with an average of 
| 2-6 per cent. for steam. This represented a saving 
|of 9 per cent. on the total capital cost. In con- 
cluding their report, the authors stated that the 
arguments in favour of electrification were equally 
applicable, within the capacity of the prime mover, 
to the oil-electric locomotive—that is, flexibility of 
control, high rate of acceleration, and possibility 
of multiple-unit operation, but without the high 
charges for the generation and distribution of 
power. 

These three reports were summarised by Mr. Paul 
Beghin, and Mr. O. H. Gaeremynck gave a summary 
of the facts of the reports relating to organisation of 
train services. The discussion which followed the 
reading of the summaries turned mainly on the 
question of the working of the final conclusions. 
To summarise those relating to rail motor vehicles, 
it may be said that wherever traffic permits the 
substitution of a motor vehicle for a steam train, 
experience shows that the substitution is financially 
advantageous. The advantages will become more 
marked when tests at present in progress with new 
fuels, and even with other sources of energy, such as 
electric accumulators, have confirmed the results 
previously attained. It is hoped that manu- 
facturers will endeavour to produce standardised 
types, thereby reducing first costs, which, up to the 
present, have been sufficiently high to prevent the 
general adoption of rail motor vehicles, the use of 
which is really economical. 

The following conclusions were reached with 
regard to the organisation of services on branch lines : 
The prime movers mainly used in train working on 
those lines of the great railways with little traffic, 
and lightly loaded trains on the more important 
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ZUYDER ZEE RECLAMATION WORKS; 
NORTH-WEST ENCLOSURE. 
By J. W. Turterry. 
(Continued from page 658.) 

In the opening part of the description of the 
Medemblik Pumping Station for the North-West 
Polder, page 655 ante, reference was made to the 
| embankment shutting off the latter from the Zuyder 
| Zee, and a portion of it was shown in Fig. 1. 
|It will be remembered that this embankment is 
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—_— \ |angle. The southern termination is, as already 
: |shown, at Medemblik, the northern one being at 
lines, are steam locomotives, of varying weight, of | the east end of the island of Wieringen, near the 
5 | village of Den Oever. At this place also is situated 
the commencement of the long main embankment, 
| which, stretching in practically a straight line to 
the Friesland shore, will, when completed, cut off 
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the ordinary types. Many of the railways also use 
rail motor coaches, with or without trailers, with a 
steam or internal-combustion engine, the power 


usually reaching 100 to 150 h.p., or more, and, in ‘ 
addition, Diesel locomotives. There is a marked | the Zuyder Zee from the North Sea, and will form 


tendency to extend the use of such vehicles ; their | #1 enclosing dam for the comparatively small central 
substitution for heavy trains allows of higher speed | Portion left of it when the three remaining polders 
and supplementary stops between stations without | have come into” being. In its present condition, 
prolonging the total duration of the journey. Their | the Zuyder Zee is not only tidal but is subject to 
introduction, however, is of too recent date for | considerable disturbance during the frequent winter 
definite conclusions to be formed concerning the | Storms, and the question at once arises as to whether 


economies resulting from their use. It is quite | the sounder scheme would not have been to 
usual for vehicles fitted with an internal-combustion | €"¢lose it completely by the W ieringen-Friesland 
motor to be driven by a single man. It is not possible |¢™bankment before attempting to construct any 


to form any conclusions as to which system is to be of those enclosing the polders. ; 
Here, however, an economic factor arises. The 


preferred, since only long experience can furnish the | 


data necessary for arriving at a definite conclusion. rapid increase in population of ner gene er 
P necessitates so urgent an extension of its cultivatec 
(To be continued.) “ gent t 


| area that it was decided to commence the construc- 
|tion of the north-west polder forthwith. This 
“ THE pray each ee ae — (yates | decision has involved an increase in the cost of 
SLECTRICITY SCHEME.—We are informed that the Centra ane . ‘ hes ' 
Electricity Board adopted the South West England and | constructing the Medemblik-Den Gover embank 
South Wales Electricity Scheme on May 23 and, in | ment of some 500,000/., the original estimate being 
accordance with Section 4 of the Electricity (Supply) | 1,500,000. The fact that the Wieringen-Friesland 
Act, 1926, have published the scheme as adopted. Full | embankment will not probably be completed until 
details of this scheme were given on page 119 of our issue | 1933, even that being a year before the original date 

that the Medemblik-Den Oever bank instead 














of January 24. Copies of the publication may be obtained | 
from H.M. Stationery Office, at a price of 1s, 6d. 
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of being merely made suitable for an enclosed{ lake 
will have to withstand the wave action of the 
high storm tides of the open Zuyder Zee for 
two to three years. The bank is therefore higher 
and heavier than would, in other circumstances, 
have been the case, and the cost has been increased 
by the amount stated. Work was commenced 
towards the end of 1927 trom both ends and about 
the centre simultaneously, in order to hasten 
completion, being carried on from the latter place 
A small harbour 
of refuge was formed near the centre to protect 
the dredgers in heavy weather. 

The present article gives some account of the 
construction of the embankment and is illustrated 
by Figs. 32 to 52, on this and the following pages, 
and on Plates LXII and LXIII. Though, by 
way of introduction, Fig. 32 is here given as 
showing the nature of the embankment, at this 
point reference should be made to Fig. 33, 
annexed, in order to make clear its extent. 
Its southern end, at Medemblik, is seen at the 
bottom of the figure, while its northern termination 
is visible near the centre, not far from Den Oever. 
The average depth of the sea along the embankment 
is, for the northern part, 11 ft. 6 in. below N.A.P., 
and for the southern part rather more than 16 ft. 
below the same level. At the shallows at Oude 
Zeug, the depth, however, is only about 10 ft. below 
N.A.P. The sea bottom is, in general, composed 
of alternate layers of firm sand and clay, but in 
some places soft clay, occurring in layers of 6-ft. 
thick or more, caused local subsidence during 
construction. A section of the embankment is 
given in Fig. 34 on this page. This, however, 
does not make it evident that it rests upon a layer 
of sand filling a trench excavated in the sea 
bottom. Upon this, boulder clay, dredged from 
the area between Texel and Friesland, was dumped 
from hopper barges up to a level of about 5ft. 6 in. 
below N.A.P., that is, about 4 ft. 6 in. below 
low-water level. Above this level the clay core 
was deposited by floating grab cranes or belt 
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conveyors, and then the sand backing was filled in 
over the bank by suction dredgers. Two examples 
of the conveyors are given in Fig. 32 already re- 
ferred to and Fig. 42, Plate LXIII, the first unload- 


ing by a belt from a barge alongside, the second, | 


which is provided with a grab, from one in the centre, 

A general view of the embankment in course of 
construction is shown in Fig. 35, Plate LXII. One 
of the belt conveyors is seen at work in the back- 
ground. In the middle distance is one of the 
floating grab cranes used instead of the conveyors 
for depositing the core centre and in the foreground 
one of the hopper barges used for dumping direct. 
The construction of the 11 miles of embankment, 
for which the contractors were Messrs. Maatschappij 
tot Uitvoering van Zuiderzeewerken, Limited, occu- 
pied rather less than two years, being completed on 
July 29,1929. This time, taking into consideration 
the delay caused by the subsidence above referred 
to, and in view of the exceptional severity of the 
winter of 1928-9, may be deemed a good performance. 
The normal rate, including the facing of the slope, 
was rather more than 300 ft. per week. 

Perhaps the most difficult part of the whole 
operation was the closing of the final gap. This 
was at a point not far from Wieringen, and where 
a channel from 13 ft. to 16 ft. deep crossed the site. 
It will be realised that as the gap narrowed the tidal 
flow between the Zuyder Zee and the enclosed water 
increased in intensity, and had to be watched very 
carefully, the velocity of the incoming and outgoing 
water being repeatedly gauged. The highest 
velocity on the ebb was 9 ft. 1 in. per second, with 
a head of about 16 in. On the flood, the maximum 
velocity recorded was 5 ft. 10 in. per second. In 
this connection, the photograph reproduced in 
Fig. 36, Plate LXII, is worth close attention. The 
tide is here flowing into the enclosure with a big 
head and at a consequent high velocity, and boulder 
clay is being deposited by the grab cranes. It 
might have been expected that considerable trouble 
would have been experienced from the erosion of 
this material under the effect of the high velocities. 
Yet, as shown by the photograph, it stood in a 
remarkable way, the masses of the clay retaining 
in many places the sharp edges resulting from the 
action of the grab upon it. 

The chief obstacle arose actually, not from the be- 
haviour of the dumped material, but from difficulty 
of keeping the floating structures in place. When 
the underwater portions of the bank were being 
built, two or more tugs were needed to manceuvre 
the hopper barges into position above the site, and 
finally it was only possible to dump the clay at 
slack water. Even then, during the emptying of the 
hold, an operation lasting only a few minutes, it was 
often necessary to keep the barge in its place by 
keeping a tug pushing against its flank. The floating 
cranes, used for depositing the clay on the hopper- 
deposited layer and above water were always 
moored on either side, that is, north and south of 
the opening, so that they were less exposed to 
the current, but in spite of this, the barges supplying 
them with clay could often only be brought alongside 
with great difficulty. 

Once, however, the core had been deposited in 
the gap, thus forming a sill, the amplitude of the 
tide in the enclosed area quickly decreased, until 
during the last few days it remained at a practically 
constant figure of 1 in. Owing to the occurrence 
of westerly and northerly winds shortly before the 
closure, the mean sea level near Den Oever was some- 
what higher than normal, and at the moment when 
it was finally effected the water level in the enclosure 
was about N.A.P. Although, as before pointed out, 
it was a more expensive matter to construct this 
bank with the tidal movement of the unenclosed 
Zuyder Zee obtaining, yet there were compensating 


technical advantages, inasmuch as the operation’ 


enabled confirmation of the calculations as to the 


gradual increase of velocity and other tidal pheno- | 


mena to be obtained. In view of the fact that the 
main dam enclosing the Zuyder Zee will be finished 
under similar conditions, namely, the ebb and flow 
of the North Sea into and from the Zuyder Zee, this 
experience is valuable as increasing the confidence 
in the calculations which have been made for this 
part of the work and as affording material for 
forestalling any contingencies. 
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Fig. 43. Harsour AND Site or Lock at Dre HavKgEs. 














Fia. 44. Enctostna EMBANKMENTS OF THE AMSTELDIEP STORAGE LAKE. 
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Fie. 45. SEAWARD EMBANKMENT OF STORAGE LAKE Lookina TowaRps WIERINGEN. 


In the last five weeks before the final closure, an|time. The floating cranes deposited an average 
average quantity of 41,000 cubic yards of boulder} of nearly 27,000 cubic yards, with a maximum of 
clay was conveyed to the dam, a maximum of|31,000 cubic yards. The plant used during this 
nearly 49,000 cubic yards having been reached at one | period comprised four large bucket dredgers, five 
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ZUYDER ZEE RECLAMATION WORKS; NORTH-WEST ENCLOSURE. 


(For Description, see Page 759.) 

















Fig. 39. 











Fie. 40. 


INTERIOR OF LEEMANS PUMPING STATION. 





LEEMANS PumpINnG STATION, NEAR DEN OEVER. 
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DOUBLE SUCTION CENTRIFUGAL PUMP. 
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ZUYDER ZEE RECLAMATION 


Fig.46. LONGITUDINAL SECTION 
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suction dredgers, one floating belt conveyor, 
eight floating cranes, thirty tugs, sixteen hopper 
barges, sixty-two other barges, and twenty-seven 
smaller craft. The nature of the facing of the 
embankment, is well shown in Figs. 37 and 38, 
Plate LXII. As indicated in the cross-section given 
in Fig. 34, the western, or poider, side of the bank 
is protected by mattresses and fascine work loaded 
with rip-rap. This facing is shown in course of 
construction in Fig. 37. The eastern side is pro- 
tected below the water line by mattresses and 
above it in the manner shown in Fig. 38. On the 
clay core is laid straw thatching, then a layer of 
rubble and finally the stone pitching, these several 
layers being easily distinguishable in the figure. 
The northern termination of the embankment at 
Wieringen is finished with locks giving entrance 
from the main canals in the polder to the Zuyder Zee, 
and with the Diesel-engine pumping station men- 
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tioned in the first article. As will be seen from 
Fig. 39, Plate LXIII, which gives an external view, 
this pumping station, known as Leemans, is on a 
smaller scale than that at Medemblik, as might be 
expected seeing that the duty required is that of 
draining only about one-quarter of the area of the 
polder, namely, Section I, and part of Section III. 
The building, measuring 189 ft. by 36 ft., in plan, is 
constructed entirely of reinforced concrete and is 
carried on a raft of the same material 2 ft. 2 in. 
thick, the bottom of which is 27 ft. below N.A.P. 
This raft rests upon a foundation of wooden piles. 
As in the Medemblik station, the building is water- 
tight up to 2 ft. 8 in. above N.A.P., the floor of the 
engine room being 15 ft. below this level. The main 
pumping machinery, shown in Fig. 40, Plate LXIII, 
consists of two vertical double-suction centrifugal 
pumps driven by direct-coupled, 6-cylinder, four- 
cycle, single-acting, internal combustion engines 





using gas oil. The normal capacity of each pump, 
when engaged in draining the polder, is 61,000 
gallons per minute, with an average head of 17 ft. 
5 in., and a speed of 133 r.p.m. Under ordinary 
circumstances the lift will vary between 12 feet 
and 22 ft. 10 in., but occasionally these figures may 
be 6 ft. 11 in. and 27 ft. 7in., respectively. This 
necessitates, in order to maintain the guaranteed 
pump efficiency of 81 per cent., that the speed must 
be adjusted, and the engines are accordingly arranged 
for regulation between the limits of 125 r.p.m. and 
175 r.p.m. At present the installation is being 
employed to remove the entrapped water from the 
polder, and a special impeller is in use, the form 
and diameter of which, as was the case with those 
of the Medemblik pumps, have been determined 
experimentally. 

Each engine is of 400 brake horse-power when run- 
ning at 133 r.p.m., and with a mean pressure ot 85 Ib. 
per square inch, and of 600 brake horse-power at 
175 r.p.m., and a mean pressure of 93 lb. per square 
inch. The oil consumption at the lower power is 
between 0-41 Ib. and 0-42 lb. per horse-power per 
hour, i.e., 168 1b. per hour, and the oil is esti- 
mated to cost on an average 51. 18s. per ton c.i-f. 
The pumps have cast-iron impellers 5 ft. 7 in. in 
diameter, with 5 blades for normal operation; the 
shafts are of stainless steel. Both pumps and en- 
gines are carried on heavy concrete blocks. A view 
of one of the pumps as erected at the maker’s works 
is given in Fig. 41, Plate LXIII. The auxiliary 
machinery comprises a vacuum pump, auxiliary 
compressors, spare lubricating pumps, bilge pumps, 
and spare cooling water pumps. This apparatus 
is all electrically driven, current being obtained 
locally. There is, however, a direct-coupled Krom- 
hout oil-engine generating set for supplying the 
current in case of emergency. The discharge 
conduits, 4 ft. 7 in. in diameter, are of cast iron 
inside the building. Outside it they are constructed 
of reinforced concrete carried on wooden piles, 
and are 132 feet long. The cross section gradu- 
ally changes from the circular form to a rectangular 
one, 8 ft. 2 in. high by 6 ft. 7 in. wide. There are 
two penstocks in each conduit and a greenheart 
gate. The suction pipes are of cast iron, 4 ft. 1 in. 
in diameter; they draw from pump races of 
reinforced concrete with vertical walls 16 ft. 5 in. 
apart. The bottom of the races lies at a level of 
29 ft. 10 in. below N.A.P. The personnel of the 
station consists of one chief engineer, two engineers, 
and four assistants. The whole of the pumping 
machinery was manufactured by Messrs. Werkspoor 
Limited, Amsterdam. The total outlay on this 
pumping station was 84,000/., of which 33,5001. 
was allocated to the machinery. 

The enclosing works on the west side of the polder 
now demand consideration. The drainage districts 
along the original west coast of the Zuyder Zee 
discharged their surplus water into what is now the 
enclosure, and it is necessary to intercept this flow 
and lead it out clear of the land to be reclaimed. 
Accordingly a catchwater drain has been con- 
structed along the coast, a bank being formed as 
indicated by the heavy line, extending from Aarts- 
woud to Oostpunt, in Fig. 33. A portion of this 
drain is seen in the top right-hand corner of Fig. 43 
page 760. At Aartswoud, a pumping station 
delivers the water from a district with an area of 
40,000 acres into the catchwater drain, from which 
it finds its way through sluices into a storage lake 
between the west end of Wieringen and the main- 
land. This lake is contained between a straight dam 
and a polygonal one, as shown on Fig. 33, and is 
known as the Amstel-lake, from a channel, the 
Amsteldiep, formerly occupying its site. A general 
idea of these two dams may be obtained from Figs. 
43 and 44, the polygonal one, at the time the 
photographs were taken, being incomplete. The 
polygonal dam is of the same cross section as the 
east embankment between Medemblik and Den 
Oever. The subsoil consists chiefly of alternate 
layer: of soft clay and peat varying from 6 ft. to 
16 ft. thick. As the crown of the bank is 14 ft. 10 in. 
above N.A.P., and as experience elsewhere had 
shown that subsidence might arise from its weight 
during construction, the soft clay was removed by 
bucket dredgers to a depth of 18 ft. below N.A.P. 
for a width of 100 ft. The trench thus formed was 
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filled in with sand on the top of which the bank was | 


built. The success of this method has been complete, 
no subsidence or trouble whatever having been 
experienced. The straight north dam, seen in the 
centre of Fig. 44 is of a different character as, in 
addition to a road, it is intended to carry a railway, 
which, running across Wieringen and the Zuyder Zee 
embankment, will provide a short route from North 
Holland to Hamburg. This embankment was built 
in the years 1924-5, and crosses the site of the Am- 
steldiep. Here some subsidence at first occurred, the 
weight of the embankment forcing up the subsoil as 
seen in Fig. 45, page 760. The bank has now been 
raised to the original level at this spot, and no 





further subsidence has taken place. 

It might have been thought that the outlet sluices | 
from the storage lake to the sea could have been con- | 
structed most cheaply and conveniently in this em- 
bankment at Van Ewyckssluis at its western end, but 
the channel of the Amsteldiep is expected to silt up 
now that there is no longer any discharge through 
it, while the low water level at Oostoever, further 
along the coast to the northwest, is some 10 in. 
lower than at Van Ewyckssluis. A discharge canal 
has therefore been constructed along the coast 
to Oostoever where the water escapes through 
sluices into the harbour channel at Den Helder. 
A portion of this canal is visible at the left hand 
top corner of Fig. 44, and its extent may be traced in 
Fig. 33. It also serves as a channel for the traffic 
between the Great North Holland canal and those 
to be formed in the North West polder, the connec- 
tion between the two systems being made through 
a new lock near De Kooi. Another lock of a similar 
nature has been constructed near Kolhorn, and a 
short semi-circular canal with two locks will be 
seen in the figure near Medemblik. Communication 
with the Zuyder Zee, the existing systems and the 
canals in the reclaimed area is thus fully provided 
for, the general practice in the Netherlands of making 
the canals serve the double purpose of drainage and 
navigation having been followed. Still referring 
to Fig. 33 attention may be called to the protection 
on the north side of the enclosure which has been 
provided for by the raising of the existing banks on 
the seaward side of Wieringen. The dotted lines 
along the coast of Texel and near Harlingen indicate 
work in progress in heightening the banks in these 
parts also. 

A word may be added here on the precise function 
of the storage lake. It is expected that during 
storm tides the sluices near Oostoever will not be 
usable for two or more consecutive days, and as 
the flow of drainage water will be continuous it is 
necessary to provide a reservoir in which it may 
accumulate until such time as it can be disposed 
of. The normal level of the discharge canal will 
be 16 in. below N.A.P. and the same height above 
average low water at Oostoever, and the area of 
the lake, which is 1,750 acres, is such that, allowing 
for the most unfavourable conditions, its level 
and that of the drainage canal will not rise more 
than to 20 in. above N.A.P. On a small scale, 
this storage lake in relation to the present land 
and the enclosed area, represents the conditions 
which will obtain when the Zuyder Zee has been 
completely cut off by the Wieringen-Friesland 
embankment, and its area considerably reduced 
by formation of the three polders yet to be reclaimed. 
The relatively small area of water then left will 
lose its historic name of Zuyder Zee and will be 
known as the Yssellake, its function then being to 
impound the waters of the River Yssel and various 
drainage canals during the time that it is impossible 
to discharge them through the sluices in the em- 
bankment, into the North Sea. 

The connection between the original canal 
system, and that of the enclosure through the storage 
lake is by means of a lock situated at De Haukes, 
at the south-west corner of Wieringen. This place, 
formerly a fishing village, was provided with a 
small harbour which is shown by the narrow 
enclosure next to the land at the bottom of Fig. 43. 
This harbour has been extended by the addition 
of the larger area next to it, for the convenience of 
vessels using the storage lake. The rectangular 
area immediately above the harbour in the figure is 
the dredged, but undrained, site of the lock, the 
centre line of which runs roughly parallel with the 








adjacent portion of the enclosing embankment. 
Since the photograph reproduced in the figure was 
taken, the pit, which was dredged to about 30 ft. 
below N.A.P., has been drained and the lock is now 
nearly completed. This lock is of interest as 
being constructed wholly of reinforced concrete, 
this material having, hitherto, only been used for 
the foundations or the walls of lock chambers. 
An unusual feature is also presented in the method 
of admitting the filling water. We shall therefore 
describe it in some detail. 

The lock is constructed to accommodate vessels 
of 300 metrical tons, and has a chamber 132 ft. long, 
with a width of 23 ft. The heads containing the 
gates are slightly wider. The upper sills are 
8ft. 2 in. below the water level, or 10 ft. 2 in. 
below N.A.P. The lower sill is 25 ft. 7 in. below 
N.A.P., or 8 ft. 2 in. below the final level of Section I 
of the polder. The storage lake may often have a 
level of 2 ft. below N.A.P., and the depth of the 
upper sill is based on this, but provision has had 
to be made against the possible breaching of the 
straight dam across the Amsteldiep, in which case 
the level would rise to about 8 ft. 6 in. above N.A.P., 
and the polygonal dam would have to withstand 
the flood. The top of the upper head has therefore 
been carried up to 11 ft. 6 in. above N.A.P., and 
has been provided with a double set of greenheart 
gates, one set, the top of which extends to 10 ft. 
above N.A.P., being kept in reserve in view of the 
contingency above referred to. The lower entrance, 
eventually opening into the canals of the north-west 
polder, is provided with one pair of gates only. The 
difference in levels and the otherwise somewhat 
unintelligible disparity in the height of the gates of 
the upper head is shown in Fig. 46, page 761. 

In this figure the continuous nature of the 
foundation slab is also indicated. The underside 
of this slab is 30 ft. 4 in. below N.A.P. and at this 
depth the layers of diluvial sand and clay forming 
the sea bottom are firm. No piling, therefore, 
has been considered necessary. The slab has a 
total length of 234 ft., and is 57 ft. wide under 
the chamber. It is 3 ft. 3 in. thick directly under 
the chamber, but is reduced to 2 ft. outside the 
walls, as shown in the cross section given in Fig. 48 
page 761. This latter thickness is also maintained 
under the inlet chambers of the upper entrance. 
The reinforced concrete of which it is constructed 
is made with a hydraulic cement, and consists 
of 1 part Portland cement, }+ part trass, with 
aggregates of 14 parts of sand, and 2} parts of 
gravel. This is covered top and bottom, as shown 
in Fig. 46, by a protecting layer of mass concrete 
8 in. thick made up of 1 of Portland cement, 4 of 
sand, and 6 of gravel. While the foundation is 
monolithic, the superstructure is, on the other hand, 
divided longitudinally into four parts, viz., the two 
ends, and two sections of the sidewalls, all four parts 
being separated by expansion joints fitted with lead 
cut-offs. This construction has been adopted as a 
provision against small settlements, and movements 
caused by changes of temperature. The positions 
of the joints is indicated at X in the lower half of 
Fig. 47, page 761. 

The chamber walls are 28 ft. 8 in. high, with a 
thickness of 20 in. at the bottom tapering to 8 in. 
at the top. They are supported on the outside by 
counterforts which are 16 in. thick, and pitched 
9 ft.4 in. apart. The structures on each side of 
the entrances are 23 ft. wide at the upper, and 
35 ft. at the lower, respectively, and are sup- 
ported laterally by buttressed walls 34 ft. and 
27 ft. 6 in. wide, erected on foundations carried 
on wooden piles. These are seen in the lower half 
of Fig. 47. The sill floor of the upper head is 16 in. 
thick, and the space between it and the foundation 
slab, through which the incoming water flows into 
the chamber is of cellular construction. The divid- 
ing walls of the cells are pierced with apertures. 
As there is a great difference in level between the 
water outside the two heads, it was anticipated 
that in filling the lock the turbulence of the entering 
water might be so great as to tear the vessels 
from their moorings. Experiments were therefore 
undertaken in the hydraulic laboratory at Delft, 
and proved that these fears were well founded, but 
that, by placing the apertures in a certain relation 
one to the other, and by arranging for the final 





discharge to take place through an opening having 
a deflecting partition arranged across it, any danger 
to vessels could be avoided. The construction 
of the final aperture, and of the cells generally can 
be readily made out in Figs. 46 and 47. 

The whole exposed surface of the concrete is 
finished with a 1}-in. covering of hard cement, 
sprayed on. This not only makes the concrete 
waterproof, but affords protection against damage 
from vessels. Exposed corners, such as those near 
the gates are protected in addition by steel plate, 
as indicated in Figs. 49 and 50, page 761, which 
show the quoins of the outer upper gate, and lower 
gate, respectively. The gates abut on cast-iron 
seats. The bollards are of cast steel, seated in 
cast-iron recesses, while mooring bars, for small 
craft, across elliptical castings, are also provided. 
These are shown in Figs. 51 and 52, page 761, 
respectively, their positions being indicated in 
Fig. 46. The gate-operating gear, &c., is of usual 
design, and needs no detailed comment, but it may 
be mentioned that a bascule bridge crosses the lock 
near the lowerentrance. At the lower end, the bottom 
and slopes of the canal are protected from scour by 
an apron of stone pitching for a length of 65 ft., 
enclosed by sheet piling 13 ft. deep. Beyond this 
is a length of 16 ft. protected by a fascine mattress 
loaded with rip-rap. 

Although no doubt is felt about the stability of 
the foundations, precautions have had to be taken 
against seepage behind the lock walls, or through 
the sand underlying the foundations, the scouring 
away of this sand by seepage having to be guarded 
against. The danger from seepage is greater than 
in other work, as the normal difference in level on 
both sides of the lock will be 16 ft. 1 in., a difference 
which a breach in the straight dam might increase 
to 24 ft. The whole foundation slab has, therefore, 
been enclosed by sheet piling extending 10 ft. below 
the underside of the slab at the sides, and 20 ft. at 
the ends, where it is taken also under the entrance 
wing structure. In addition, transverse partitions 
of sheet piling, of the same depth as the enclosing 
piling, have been taken right across underneath the 
foundation slabs at three points, that is, near the 
expansion joints, and at these places the side wall 
counterforts are carried out above them for distances 
of 16 ft. 6 in. and 24 ft. beyond the edge of the 
foundation slab. This arrangement will be clear 
from Fig. 47. In this figure also, at the bottom 
left-hand corner, steel sheet piling is indicated at 
the outside of the wing structures of the upper 
entrance. This extends for a distance of 88 ft. 6 in. 
laterally on each side, and is carried to 23 ft. below 
N-A-P. 

The site of the lock, indicated in Fig. 33, being 
just off the coast of Wieringen is in a shallow part 
of the sea, and was enclosed by a temporary dam 
of sand, finally sealed after the dredgers had passed 
out. As, however, this dam was constructed before 
the Medemblik-Den Oever embankment was closed, 
it had to be made high and strong enough to with- 
stand the storm-tides of what was, at that time, 
part of the Zuyder Zee. This would have necessitated 
a dam of a wide cross section, in order to distribute 
the weight, if it had been made in the usual way, 
and also to prevent damage to the lock works by 
possible subsidence. This method would have 
proved too costly, so the height of the temporary 
dam itself was accordingly kept down, and the 
required height reached by driving a wall of steel 
sheet piling along its crest, reaching from 11 ft. 
above to 28 ft. below N.A.P. This piling is of the 
Larssen Section III pattern, and is, of course, 
temporary. It is indicated at the right-hand side 
of Fig. 48, which figure also shows very well the 
contour of the excavated pit, the clay backing of 
the side walls of the lock chamber, and the enclosing 
sheet piling at the edge of the foundation slab. 

We are asked to state that of the photographs 
reproduced, the copyright of the view given in 
Fig. 32 is owned by Mr. Verkerk. That of the 
view given in Fig. 35 is owned by Mr. K. Maaskant. 
Figs. 37 and 38 are reproduced by permission of 
Messrs. Foto Pers Bureau “ Hollandia,” and Figs. 40 
and 41 of Messrs. Werkspoor ; while the copyright 
in the case of Figs. 43, 44 and 45 is in the hands 
of Messrs. Koninklijke Luchtvaart Maatschappij. 


(To be continued.) 
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Tue thirty-first annual report of the General Federa- 
tion of Trade Unions states that in 1929-30 the reserve 
fund of the organisation decreased from 289,062/. to 
216,403/. Federation benefit cost 113,562/., as com- 
pared with 5,417]. in the previous year. ‘Since the 
close of the financial year,” Mr. Appleton, the general 
secretary says, “‘expenditures have continued to be 
heavy and will bring the total to something like 
150,000.” ‘‘ If,” he proceeds, ‘*those who question 
the value of the Federation will compare this result 
with the results obtained by voluntary contribution, 
or by levies imposed while disputes are in progress, 
they cannot fail to recognise the superiority of the 
Federation’s system of anticipatory provision over the 
hastily organised and slowly maturing efforts of the 
levy or donation, called for when men and women are 
actually in the street. Not only does it provide 
hundreds of thousands of pounds, against thousands of 
pounds, but it does this quietly and without advertising 
weaknesses that are better kept out of sight.” 


‘Tt is difficult to think of disputes,’ Mr. Appleton 
goes on to say, ‘‘ without wondering whether the latter- 
day method of thrusting responsibility for their 
declaration or continuance upon the rank and file is 
in the best interests either of the union or its members ; 
whether also the substitution of the delegate for the 
representative is really wise. Is it, after all, fair to 
expect that the ordinary worker, imperfectly informed 
in commercial economics and prospects, and without 
personal knowledge of the industrial circumstances 
which may have been revealed during discussion with 
the employers, will be able to size up situations and 
gauge prospects of success should a strike follow his 
or her vote? If it is not fair to expect judicious 
determination by mass vote, then responsibility for 
direction and action must—if the movement is to 
survive—be accepted by elected executives. Theirs 
must be the task to estimate possibilities and to decide 
policies. If they shirk these responsibilities, failures 
may be more common than successes, but lost strikes 
have a baneful effect, both upon membership and 
funds. Those executives who resolve to guide rather 
than to follow will suffer criticism, probably super- 
cession, but it is better to endure both than to feel 
that lack of courage has involved a membership in 
disaster. Far better to incur opprobrium than to 
drift into a dispute when markets are falling and 
success doubtful. It may be said that such procedure 
indicates running away and savours of cowardice. It 
does nothing of the kind; rather it indicates discretion 
—the discretion of the military commander who, 
finding himself greatly outnumbered and short of 
munitions, withdraws his forces and evades attack 
until prospects of success are most favourable.” 











Returning to discussion of the question of rationali- 
sation, Mr. Appleton declares that it still means 
different things to different people, and that theories 
promulgated by its advocates need to be analysed 
carefully for possible, as well as for anticipated, results. 
‘“In the Trade Union Movement,” he says, “as in 
other movements, it should never be forgotten that 
theories atfected, or being affected, by human factors, 
seldom work out in geometrical ratios. An example 
of this tendency towards irregular development may 
be deduced from the Lancashire proposals to in- 
crease the number of looms per weaver from four to 
eight. Theoretically, upon the doubling of looms, 
there may follow a doubling of effort and of physical 
and mental strains ; all of which could be compensated 
by doubling wages. In practice, none of these things 
necessarily happen. The effort, accordingly as looms 
are arranged and assistance is given, may be more or 
less than double, while the strains can only be properly 
estimated if their cumulative effect can be envisaged. 
The value of increased effort and strain, as measured 
in terms of wages, is not, therefore, 100 per cent. but 
something greater or smaller. It is stated that 25 
per cent. has been offered. This tendency of humanly 
affected theory towards erratic development, supple- 
mented as it may be by the proneness of power to exact 
maximum returns from subordinate effort, would, 
even apart from any other consideration, justify the 
existence of that trade unionism which seeks to modify 
irregularity and unfairness both in remuneration and 
treatment of manual labour.” 


These reflections are held by Mr. Appleton not to 
involve ay denial of the inevitability of rationalisation. 
‘* Whatever the form of government and wherever the 
nation, rationalisation is,” he says, ‘a condition of 
progress. That is accepted without demur, provided 
the term is understood to mean those perpetual recon- 
structions which are incidental to the development 
of human, as well as commercial, interests. It is this 
inevitability of rationalisation, and the possibility it 
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suggests of industrial dislocation accompanying the 
mechanical and commercial changes it involves, which 
demands its serious consideration by the trade union 
official. He cannot, or should not, be oblivious to the 
need for, and the certainty of, industrial, economic and 
political change; but his pressing concern is the 
immediate welfare of his own people—the wage earners 
who have committed their industrial interests to his 
care—rather than with the creation of new heavens or 
the promulgation of new systems. For him, even though 
he clearly apprehends the necessity for mechanical 
and commercial expansion, the outstanding problems 
are those human ones relating to the maintenance of 
physical efficiency, the development of personal initia- 
tive and capacity, the proper reward of effort and the 
right use of leisure. In view of conflicting programmes 
and policies, he will not find it easy to decide whether 
maintenance should be the concern of the individual 
or the business of the community; whether men 
shall determine their own courses and accept their own 
risks; or whether these shall be determined by 
bureaucracy and covered by the State. The real trade 
union leader will, moreover, and this in proportion to 
his sensibility and conscientiousness, be worried over 
the task of persuading or guiding his people in the right 
use of any leisure time which may accrue or be per- 
mitted.” A'S 

In an editorial note in Man and Metal, of the Iron 
and Steel Trades Confederation, it is suggested that 
figures show that, while the amount of wealth 
produced in Great Britain to-day is very little higher 
than it was in 1924, ‘ the output per worker at present 
employed in many industries has increased enormously.” 
‘** Rationalisation,” he proceeds, ‘‘ which assists em- 
ployers to get more wealth out of their workpeople, is 
one of the causes not only of the trade depression, but 
of the very undesirable conditions of the workers of 
this country, and during the presence of this Govern- 
ment in office steps have been taken to correct that 
position by providing cheap money for industry.” 





In a statement dealing with the working of the 
new Unemployment Insurance arrangements, Miss 
Bondfield, the Minister of Labour, says that in the 
month ending June 10, last year, the total claims to 
benefit numbered 713,616, of which 50,290 were dis- 
allowed on various grounds, representing a percentage 
of 7-1. In the month ending May 12 this year the 
total claims were 897,003, of which 48,868 were dis- 
allowed, representing a percentage of 5-4. With 
regard to the grounds of disallowance, it is stated that 
in June last year 23,896 claimants were disqualified 
on the ground of “not genuinely seeking work,” 
representing a percentage of 3-3 of the total claims. 
This ground ceased to be operative in March of this 
year under the new Act passed by the present Parlia- 
ment, and under the new ground of disallowance 
‘failure or refusal to apply for or accept suitable 
employment or failure to carry out written directions,” 
the total number of disallowances was 2,876, or 0-3 per 
cent. On the other hand, the disallowances on the 
ground of ** not normally insurable, and not seeking to 
obtain a livelihood by means of insurable employment ”’ 
show an advance from 1,133 in June of last year to 
28,542 in May of this year. 


At a meeting in London last week, the Executive 
Committee of the Miners’ Federation of Great Britain 
protested against a statement attributed to a critic 
of the Bill in the House of Lords who said, in support 
of the proposal for a weekly ‘* spread-over ”’ of working 
hours, that discussions on the matter were in progress 
between the South Wales colliery owners and the 
miners. ‘“‘I am instructed to say,” Mr. Cook stated 
at the close of the meeting, ‘‘ that there is unanimity 
in every district in opposition to the proposal of the 
45-hour week or 90-hour fortnight, and I have been 
authorised to inform the Government both of this 
decision and of the decision of the International Miners’ 
Federation on the subject.” 


Japanese law requires an employer, when he desires 
to discharge a worker, to give two weeks’ notice or an 
indemnity equivalent to two weeks’ wages. This 
provision does not, however, apply to temporary 
workers, who may be employed for two weeks or three 
weeks with the approval of the prefectural governor. 
At a conference of factory inspectors held recently in 
the Japanese Bureau of Social Services, it was reported 
that there was a growing tendency among factory 
owners to employ workers on a temporary basis in- 
definitely, by renewing the contract of employment, 
so as to facilitate the discharge of workers without 
payment of the statutory indemnity. The conference 
decided that persons engaged on the same work as 
permanent workers should be regarded as such and 
entitled to.the statutory indemnity when discharged 
at the convenience of the employer. 
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It was reported to the same gathering that as a 
result of trade depression, many owners of small 
factories who have found it difficult to carry on business 
have turned the management over to their workers, 
receiving a fixed rent for the use of the factories. In 
view of the frequency of such cases, it was decided 
that the provisions of the Civil Code relating to part- 
nership should be applied, the representatives of the 
partnership being legally responsible. 





According to the latest report of the United States 
Bureau of Mines on accidents in the metallurgical 
industry of the United States, this industry in 1928 
enjoyed one of the best years in its history in respect 
to accident prevention among its employees. Smelting 
plants had fewer accidents in proportion to number 
of men employed than in any other year since 1913, 
when the Bureau of Mines began compiling accident 
data for the industry. Accidents at ore-dressing plants 
showed a lower rate than in all previous years except 
three; and the rate for auxiliary works was the 
lowest ever recorded. The reports for 1928 covered 
433 ore-dressing plants, 107 smelters, and 133 auxiliary 
plants. An effort was made to cover all plants which 
were in operation any part of the year, and the data 
presented in the report, therefore, are considered 
thoroughly representative of the industry. As in 
previous studies, the entire metallurgical industry 
was represented except iron blast-furnace plants, for 
which the Bureau of Mines does not collect information 
on accidents. The figures for ore-dressing plants 
cover concentrating plants for copper ores, lead ores, 
zine ores, stamp niills, cyanide plants, iron-ore washers, 
flotation mills, and sampling works; those for 
smelting plants cover copper, lead, zine, gold, and 
silver smelters and refineries. 





The average number of men employed in all plants 
reporting was 45,695, and the number of man-shifts 
worked was 15,800,284, an average of 346 shifts per 
man. The average number of men employed in 1927 
was 53,477, and the number of man-shifts worked was 
18,087,381, an average of 338 shifts per man. Forty- 
four of the accidents occurring in 1928 resulted in 
death, and there were 4,654 non-fatal lost-time injuries, 
as compared with 54 deaths and 5,741 non-fatal 
injuries in 1927. The fatality and injury rates per 
thousand 300-day workers, which were 0-84 and 
88-36, respectively, were each 7 per cent. lower than 
the corresponding rates for 1927. Two of the non- 
fatal injuries resulted in permanent total disability, 
179 in permanent partial disability, 1,311 in temporary 
disability lasting more than 14 days, and 3,162 in 
disability for from 1 day to 14 days. 


Data on causes of accidents show that, in ore-dressing 
plants, machinery and falls of persons were the most 
important single causes of death and also of non-fatal 
injuries. The haulage systems, hot-metal explosions, 
and suffocation in ore bins accounted for over half of 
the deaths in smelting plants, while the most frequent 
causes of non-fatal injuries were burns and flying or 
falling objects. Electricity caused over 25 per cent. of 
the deaths in auxiliary works, the next most important 
cause of death being falls of persons. Falling objects 
and falls of persons were the chief causes of non-fatal 
injuries in auxiliary plants. 

The Bureau of Mines has found that large estab- 
lishments usually have a lower accident rate than 
small ones. Thus, in 1928, there were 80 accidents 
per thousand 300-day workers in ore-dressing plants 
employing 100° or more men, as compared with 
173 in plants employing fewer than 100; in smelters 
there were 72 accidents in the larger plants and 208 
n the smaller. Similar differences between the 
number of accidents occurring in large and in small 
plants are shown in the report for each year back 
to 1924. Continuity of operation also appears to 
influence the accident-frequency rate, since plants 
operated continuously show a lower rate than those 
not in continuous operation. 

The Annual Conference of the National Union of 
Cokemen and Bye-product Workers has decided to 
arrange a trade union educational scheme with the 
National Council of Labour Colleges. The scheme will 
provide for the free access of members to all N.C.L.C. 
classes, free correspondence classes, free access to 
non-residential day and week-end schools, and 
occasional lectures at branches. The subjects to be 
taught include history, economics, and public speaking, 
as the purpose of the scheme is to enable the members 
more effectively to serve the working-class movement. 
Similar schemes have already been arranged with the 
Amalgamated Engineering Union, the National Union 
of Distributive Workers, the Amalgamated Union of 
Building Trade Workers, and other important trade 
unions, 
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RUTHS ACCUMULATOR INSTAL- | 
LATION AT CHARLOTTENBURG. 


OnE of the most difficult problems with which the 
electricity supply engineer has to deal at the present 
time is that of meeting the peak-load demand effi- 
ciently and at the lowest possible cost. At the outside, 
this demand only occurs during 300 hours to 400 hours 
per annum, and its aggregate duration may not be 
more than 6 hours. To generate the power necessary 
for it with the same plant as that which is installed to 
carry the base load, or with plant designed on the same 
lines as the latter, has therefore certain obvious econo- 
mic disadvantages. In Great Britain, the situation is at 
present being dealt with by utilising equipment which, 
for one reason or another, is obsolescent, and on which 
the capital charges have, to a large extent, been paid, 
but, having regard to the future, it is clear that more 
permanent solutions must be investigated, as they 
have been in other countries. These solutions include 
the employment of steam turbines with a very large 
overload capacity, such as have been installed at the 
Hell Gate station in New York*; the use of Diesel 
engines, such as have been erected in Hamburgt and 
Berlin, and the installation of steam accumulators, 
a practice which has been adopted at Charlottenburg. 
Yet another suggestion is to use the power available 
at times of low load to pump water into elevated 
reservoirs, and to employ this water to-generate energy 
during the peak period, as has been done at Rocky 
River in Connecticut, and at many smaller installa- 
tions in Switzerland and Italy. Though sufficient 
time has not yet elapsed to render it possible to say 
which, if any, of these solutions is the best, it will be 
of interest to give some details of the steam accumu- 
lators at Charlottenburg, as, besides being a method 
of overcoming the peak-load difficulty, this is the 
largest installation yet put into operation. 

Since a public supply of electricity was first given 
in Berlin in 1884, development has taken place on 
what may be described as normal lines. To begin 
with, the necessary energy was obtained from a number 
of privately owned stations of greater or less capacity, 
each feeding the area contiguous to its own site. 
In 1915, when this service was taken over by the muni- 
cipality, the concentration of generation began, with 
the result that, in 1925, the city’s load was supplied 
from seven stations with an aggregate output of 
206,000 kw. Further progress was made in the same 
direction when the Klingenberg station, in the north- 
east of the city, was opened in May, 1927, and is being 
continued by the erection of a further station in the 
west end. The eventual capacity of the Klingenberg 
station will be 540,000 kw. and is now 270,000 kw., 
while that of the West End station—which, it is 
hoped, will be opened in the autumn of this year— 
will be 130,000 kw. to begin with, though land is 
available for the installation of another 260,000 kw. 
These two stations will deal with the base load of the 
area served, the other stations being used to meet the 
shorter hour demands, either by the employment of 
existing plant or, in the case of Charlottenburg, with 
the help of the steam-accumulator installation. 

The Charlottenburg station, the layout of which is 
shown in Fig. 1, is at present equipped with three 
primary turbines, the output of two of which is 6,500 kw. 
and of the third 5,500 kw. These sets are supplied 
with steam at a pressure of 35 atmospheres absolute 
(515 lb. per square inch), and exhaust into a range 
working at 13 atmospheres absolute (190 Ib. per square 
inch). The latter range is also supplied with live 
steam from a second boiler-house and is, in turn, con- 
nected to one 5,000-kw. and two 16,000-kw. main 
turbines, as well as to a bank of stam accumulators. 
The latter discharge at a pressure varying between 
13 atmospheres, which is about the maximum pressure 
at which this equipment can be operated, and 0-5 
atmosphere absolute (190 lb. and 7-5 Ib. per square 
inch) into a range from which two 20,000-kw. sets of 
special design are fed. Electricity is generated at 
6,000 volts by all these sets, and is supplied at that 
pressure to the surrounding district, as well as to an 
adjacent railway substation. It is also stepped up to 
30,000 volts, which is the operating pressure of the 
city’s secondary transmission network. Steam _ is 
supplied at a pressure of 2 atmospheres (29-4 Ib. per 
square inch) for heating purposes, both in the station 
itself and in the neighbouring buildings. 

A heat-flow diagram of this somewhat complicated 
installation is reproduced in Fig. 2, the steam and 
water connections being shown by heavy and light 
lines, respectively. As will be seen, steam is generated 
at 35 atmospheres absolute (515 lb. per square inch) 
in 12 boilers a, each of which has a heating surface of 
700 sq. m. (7,535 sq. ft.) and is supplied at that pressure 
either to the primary turbines c, to the feed pump e 
or through a reducing valve 6 to the main steam 





* See ENGINEERING, vol. exxvii, page | (1929). 





} See ENGINEERING, vol. exxii, pages 117, 555 (1926). 
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range, the operating pressure of which is 13 atm. abs. 
(190 lb. per square inch). The whole of the steam 
from one of the primary turbines is also exhausted 
into this range. The other two primary sets are, how- 
ever, provided with a low-pressure cylinder, in which 
part of the exhaust from the high-pressure cylinder 
is utilised before being passed to the range which 
operates at 2 atm. abs. (29-4 1b. per square inch). The 
remainder, as in the case of the first set, flows into 
the main range. The latter range can also be supplied 
with live steam at 13 atm. abs. (190 lb. per square 
inch) from five boilers a, each of which has an evapo- 
tative surface of 450 sq. m. (4,844 sq. ft.). It is 
connected to one 5,000-kw. and two 16,000-kw. main 
turbines f, and to an auxiliary turbine m. All these 
machines work condensing, the exhaust being collected 
in the mixing condensers h andi. The Ruths accumu- 
lators v are also charged from this range, which, in 
addition, supplies steam to the de-aerator y. A 
connection to the 2-atm. (29-4 1b. per square inch) range 
is made through the de-superheater d, and also from 
the feed-pump exhaust, though the latter can be passed 
direct to the condensers. The accumulators discharge 
at a pressure varying between 13 atm. abs. and 0-5 
atm. abs. (190 lb. and 7-5 lb. per square inch) into a 
special range, whence two 20,000-kw. turbines w 
are supplied. A connection is made between this 
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range and the 2-atm. system. The 2-atm. (29-4 lb. 
per square inch) range supplies steam for heating 
through the valves k and I, the condensate from these 
services being collected in the tank p. The condensate 
flows back into the feed system from the condensers 
h and i and the tank 2, a reserve supply being provided 
from the two tanks m and o. The condensate from 
the turbines w is also collected in the tank x, which 
is installed in the open air. Raw water make-up is 
drawn from the tank q and is passed through a softening, 
feed-heating and filter plant r, s and t, to the evaporator 
g. The drains from the heating system, condensers 
and traps are led into the tank p. 

The position of the accumulators in relation to the 
rest of the plant will be clear from Fig. 1, and a good 
idea of their size and general appearance will be obtained 
from Figs. 6 and 7, Plate LXIV, the former being a 
reproduction of an aerial photograph, taken during the 
course of construction. The design of the installation 
was due to the Ruthsaccumulator A.B., of Stockholm, 
the general contractors for the erection being Siemens- 
Schuckertwerke A-G., of Berlin, who were also 
responsible for the manufacture of the 20,000-kw. 
turbines. The accumulators themselves were constructed 
jointly by Messrs. A. Borsig, of Berlin-Tegel, and the 
Behalter und Apparatebau G.m.b.H., of Berlin. The 
battery consists of sixteen units, each of which has a 
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capacity of 312-5 cub. m. (11,036-5 cub. ft.). It is 
capable of storing 600 tons of steam, the heat in 
which will supply a momentary load of 40,000 to 
50,000 kw., or allow 67,000 kw.-hr. to be generated in 
about 3} hours. The vertical design was adopted mainly 
with a view to saving space. 

Sections through one of the accumulator units are 
given in Figs. 3 to 5, from which it will be seen that it 
is made up of six cylindrical courses and two ends, 
the latter being formed of a cap and four spherical 
segments. The plates from which the courses were 
formed were 14 m. (46 ft.) long, and when finished 
the internal diameter of the latter varies from 4,440 
to 4,620 mm. (14 ft. 5 in. to 15 ft. 2 in.). The longi- 
tudinal seams of the courses were closed with double- 
butt riveting, while the circumferential seams were lap 
riveted. These operations were both performed hy- 
draulically, but the spherical ends were riveted by 
pneumatic rivet2rs. The dimensions of the complete 
unit were limited by the transport facilities, and were 
approximately the maximum that could be dealt with by 
the methods available. As it was, each unit had to be 
transported in three parts, viz. the cylindrical shell, and 
the two ends. In the case of some of the units, special 
low trolleys with rubber-tyred wheels were used for 





Fig.4. SECTION CD 
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this purpose, while others were water-borne on barges. 
A special crane gantry was constructed for erection 
purposes, and can be seen in Figs. 6 and 7, Plate 
LXIV. This has now been dismantled. Pneumatic 
riveting was employed for assembling the parts on 
the site. 

The accumulators are supported on a common foun- 
dation. This consists of a concrete platform, which, 
as will be seen in Fig. 7, is, in turn, carried on a series 
of piers. The weight of each unit is transmitted through 
six brackets, which, as shown in Fig. 3, are attached to 
the second cylindrical course from the bottom, and 
rest on roller bearings. 

When the accumulator is fully discharged, it is about 
three quarters full of water. Steam is admitted through 
the pipe ain Fig. 3, and passes through the nozzles b 
into the charging tube c. As the steam has to over- 
come the head of water above the mouth of this tube, 
it is undesirable that the latter should be placed very 
low down in the water space, especially as the farther 
the nozzles are below the surface the greater the pre- 
cautions which would have to be taken to secure a 
good water circulation. This circulation is, however, 
ensured by the use of the tube c. Originally, the end of 
this tube was some distance from the bottom of the 
accumulator, but it was found that turbulence entirely 
ceased at a distance of about 50 cm. from the end of 
the tube. The result was that the water in the lower 
spherical end remained undisturbed, and gradually 
cooled off. This disadvantage has been overcome by 
fitting the extension piece, which is shown dotted in 
the illustration. 

Active circulation during discharge is also essential, 
and is secured by the use of the large diameter cir- 
culating tube d. The upper end of this tube is slightly 
conical, so that the rising steam bubbles are collected 
in the inner space. The specific weight of the mixture 
at this point is, therefore, small, and the water circu- 
lation is promoted. 

During discharge, the steam formed at the surface 
of the water rises to the top of the accumulator, and 
passes out through the pipe, f. Each accumulator is pro- 
vided with a flange to which a manometer is connected, 
and two safety valves are fitted. Make-up water is 
supplied through a cock in the lower spherical end, 
and blowing down can be effected through a second 
cock indicated in Fig. 3. Special attention was paid 
to the efficient lagging of the installation. The shells 
are entirely covered with lagging, the material used for 
this purpose being 110 mm. thick, and protected by 
sheet-steel covers, while the pipe work is insulated 
with moulded lagging, which is treated with bitumen 
paint and covered with tarred felt. The rows of 








rivets are covered with removable blocks, which are 
also protected from damage by sheet metal. 

The admission pipes, which are 125 mm. in diameter, 
are provided with expansion bends, which are carried 
on springs, so that they are free to move upwards 
as the shell expands. The diameter of the discharge 
pipe is 250 mm. (10 in.) and, as will be seen, it leaves 
the accumulator through the fourth cylindrical course 
from the top. 

When the accumulator is fully charged, the water 
occupies about 93 per cent. of the internal space, or 
290 cub. m. The actual level is indicated by a gauge, 
which works on the differential principle, the pressure 
exerted by the water being balanced against an 
artificially-created constant pressure. 

It may be mentioned that an experimental accumu- 
lator was constructed to test the correctness of the 
data on which the design of the main units was 
based. This accumulator had a capacity of 60 cub. m. 
(2,100 cub. ft.). Its internal diameter was 3,000 mm. 
(9 ft. 10 in.), and its pressure range was from 8 atm. 
to 1 atm. (118 to 14-7 lb. per square inch). It was 
found that, when the specific evaporation was 400 
cub. m. per square metre (1,300 cub. ft. per square 
foot) per hour, the water level at first rose about 
150 mm., and then fell to 70 mm., where equilibrium 
was established. Corresponding results were obtained 
at higher rates of evaporation, and even at an 
evaporation of 4,000 cub. m. per square metre 
(13,000 cub. ft. per square foot) per hour, no priming 
occurred. As the actual accumulators were designed 
for an evaporation of from 400 cub. m. to 600 cub. m. 
per square metre (1,300 cub. ft. to 1,950 cub. ft. 
per square foot) of water surface, there is no reason 
to suppose that, assuming good circulation, their 
operation will be unsatisfactory. 

The accumulators are controlled by electrically- 
operated admission and discharge valves, which ensure 
that they begin to discharge, and that the turbines 
which they supply are brought on to load, when the 
demand on the 30,000-volt network exceeds a certain 
predetermined value. Similarly, they are charged 
with steam from the main range when their pressure 
falls below a definite figure. The equipment by which 
these operations have so far been controlled is, in 
general, of similar design to that with which the 
Ruths accumulator installation at the River Don 
Steel Works, Sheffield, was equipped.* It need not, 
therefore, be further described. In actual practice, 
one of the accumulator turbines is kept running on 
week days from 7 a.m. to 7.30 p.m. and, in conjunction 
with a storage battery, normally takes the morning 
and evening peak loads, which, in the winter, last from 
about 7 a.m. to 8 15. a.m., and from 4.15 p.m. to 
6.15 p.m., respectively. During the former period, 
some 18,000 kw.-hrs., and during the latter about 
51,000 kw.-hrs., may be supplied. For the remainder 
of the day, the turbine runs on a load of about 
500 kw., 60 as to compensate the wattless power of 
the network, and, for this purpose, is supplied with 
steam from the 2-atm. range. It is also available to 
deal with loads up to the capacity of the accumu- 
lators for short periods. Diagrams have been prepared 
which enable the staff to read off the reserve power 
available at any time when the number of accumulators 
which are charged and their pressure are known. The 
period during which this power can be utilised is in 
direct proportion to the number of accumulators that 
are in a charged condition. Operation under practical 
conditions has shown that the battery of accumulators, 
when fully charged, is capable of supplying a total 
of 73,000 kw.-hr., instead of the calculated output 
of 67,000 kw.-hr. Under similar conditions as regards 
charge, the temperature drop during 24 hours is not more 
than 3 deg. C. to 3-5 deg. C., which corresponds to a 
fall in pressure of about | atm. The first turbine was 
started on October 3, 1929, and the second on Novem- 
ber 17 of the same year. During the period between 
those two dates and March 31, 1930, the combined 
output of the two sets was 6,832,000 kw.-hr., and the 
somewhat bold policy of installing accumulators is 
therefore felt by the engineers of the Berliner Elektrici- 
titswerke A.-G. to be fully justified. It may be 
mentioned that this course was not adopted until 
other methods of dealing with the peak load had been 
investigated, and that though the! running costs would 
have been lower had Diesel engines been employed, to 
use the latter effectively would have meant the erection 
of a new power station in a residential quarter. 

During the period this plant has been in operation 
a considerable amount of useful experience has been 
gained which will be available for use on future installa- 
tions. According to Messrs. E. Schutz and F. Gropp, 
of the Berliner Klektrizitatswerke A.-G., the vertical 
type of accumulator is no more subject to leakage 
than the usual horizontal pattern. The total number 
of leaks which have occurred in the seams is 405, 
and these have been mainly where pneumatic riveting 
was employed. As the total number of rivets in the 








* See ENGINEERING, vol, cxxvii, page 73 (1929), 
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installation is some 55,000, the percentage of faults 
does not exceed 0-8. This result is not unsatisfactory, 
and may be ascribed to the careful supervision exercised | 
during erection. It, however, raises the question of 
how far the weather experienced during installation 


affected the number of subsequent leaks, especially | 


when it is remembered that erection was largely | 


carried out during the month of February. At any | 


rate, it has led to the decision never to dismantle or | 
open an accumulator during frosty weather. As thein- locomotives, together with spares and accessories neces- | much, 


Beek ollection of water in the | sary for one year’s service, and a complete set of tyres. | 
stallation is out of doors, thee r | The Board of the Port and Railways of Lourengo Marques, 


valves and other fittings is a further source of dange 


in frosty weather. Lagging does not afford a complete | 
protection from this risk, and it is therefore essential 


that drains should be provided, or alternatively, that 
small electric heaters should be placed under the lag- 


ging at the parts likely to be affected. The cost of 


such a device is small. 


A view of one of the 20,000-kw. turbines which are | electrically-driven portal jib cranes. 


supplied from the accumulators is given in Fig. 8, Plate | 
LX V,while sections through this machine appear in Figs. | 
10 and 11, on page 768. Fig. 9, Plate LXV, is an illus- | 
tration of one of the machines opened up to show | 
the blading. These turbines are of the Siemens- | 
Schuckert-Roder type, and are of the single-cylinder | 
double-flow design. The rotor is made up of two sets | 
of 13 stages on the drum, the diameter of which | 
varies from 780 to 980 mm. (30-7 in. to 38°6 in.), | 
and two sets of three disc stages, the diameter of 
which is 1,600 mm. (62°9 in.). The steam is admitted | 
at the centre of the set and is exhausted into two} 
condensers. During the peak-load period which, as | 
already mentioned, lasts about three hours, the | 
admission pressure falls from 13 to 0-5 atm. abs. | 
and the volume of steam consequently increases. | 
In order, therefore, that the efficiency shall be as high 
as possible, each half of the turbine is equipped with 
two auxiliary admission valves, which are shown at c 
and d in Fig. 10. When the set is first started, steam 
is admitted through the main valve 6, and, with eight 
fully-charged accumulators, a load of 20,000 kw. can 
be maintained under these conditions for 1-08 hours, 
at the end of which time the pressure has fallen to 
3-5 atm. abs. As the pressure continues to decrease, 
the valve 6 gradually opens and admits steam to the 
fifth reaction stage on each side, until, when it is | 
fully open, the first four stages are completely by- | 
passed. If the load cannot be maintained under | 
these conditions, as the pressure continues to fall, the | 
second auxiliary valve d comes into operation, so | 
that steam is admitted to the eleventh stage on each | 
side. All six valves are controlled automatically by | 
a rotary servo-motor which, like the governor, is | 
operated by oil pressure. 

The low-pressure ends of the shaft are forged in one | 
piece with the end flanges, while the drum also has a | 
flange at each end, to which the low-pressure rotors | 
are connected. The rigid construction of the rotor | 
resulting from the use of discs without central holes | 
and the method of connection to the drum and shaft, 
prevents dangerous oscillations from being set up. | 
The critical speed is, in fact, higher than that of 
turbines of normal design. Pressure blading is em- 
ployed throughout and diaphragms are eliminated, | 
while the heat drop is about equally divided between | 
the fixed and moving blades. Although axial thrust | 
is practically compensated for by the double-flow | 
design, a segmental thrust bearing is incorporated | 
in the main outer bearing as shown on the left in| 
Fig. 10. 

It may be added that no difficulty has been experi- | 
enced even in the last stages, owing to the high moisture | 
content of the steam. Experience shows that the | 
latter always lies within safe limits, and that at low | 
loads it is probably less than in an ordinary 
machine. The blades are made of standard 5 per cent. 








nickel steel, and are fitted with straps and stiffening | 
wires, the latter being hard solderedon. On opening up | 
one machine it was, however, found that there were | 


about 100 places where the wire had been broken, 
owing to thermal stresses, while at another place it was 
loose. Owing to the type of material used soldering 
was difficult, and in one case a broken blade occurred 
owing to this reason. 








Note on THREAD Routine: Errata.—Dr. H. 8. 
Rowell has notified us of some slight errors which crept 
into his article on thread rolling, which appeared on page 
721 of our last week’s issue. In equation (1), the frac- 
tion “ }”’ should have been placed under the radical sign, 


| 
| of tenders invited by various bodies in the British | 


| The Skyscraper. 








so that the equation should read B= ,/} (D,® + D,2), 
and the figures 0-1024, 3-45 and 3-88 appearing on the 
same page, near the centre of column 3, just below 





TENDERS. 


WE have received from the Department of Overseas 


Trade, 35, Old Queen-street, London, 8.W.1, particulars | 


ossessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 


Shunting Locomotives.—The supply of two shunting 


November 3. (Ref. No. A.X.9672.) 
Creosoting Plant.—A firm in Bogota, Colombia, is 
desirous of receiving, from British manufacturers, 


creosote (Ref. No. A.X.9688.) 

Portal Jib Cranes.—The supply of 13 four-ton 
The South African 
Railways and Harbours Board, Johannesburg ; August 11. 
(Ref. No. A.X. 9683.) 

Permanent- Way Material.—A firm in New York, U.S.A., 
wish to obtain quotations from British manufacturers 
for 500 tons (seven miles) of steel rails, weight 25 Ib., 
24-in. gauge; also 19,000 sleepers with the necessary 
bolts and splice bars for fitting the rails. (Ref. No. 
A.X. 9696.) 
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[Price 80 Lire.] 
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chinery. By E. L, Parry. London: Charles Griffin and 
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ton: Government Printing Office. [Price 55 cents.] 
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His Majesty’s Stationery Office. [Price ls. 6d. net.] 
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By ‘‘ Voyaceur.’’ London: The Railway Pub- 
lishing Company, Limited. [Price 2s. net.] 

Net or ‘‘ Free of Tax’’ Dividend Income Tax Tables. 
London: Effingham Wilson. [Price ls.] 

Machine Drawing and Design. A Texthook of Inter- 
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AssoTt. London: Blackie and Company, Limited. 
[Price 7s. 6d. net.] 

United States Geological Survey. Bulletin No. 811-C. 
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Features to its Commercial Grading. By G. F. Lovex- 
LIN. [Price 30 cents.} No. 811-D. The Rawlins, 
Shirley, and Seminoe Iron-Ore Deposits, Carbon County, 
Wyoming. By T. 8. Loverme. [Price 10 cents.] 
No. 811-E. Tertiary Volcanic Tuffs and Sandstones 
Used as Building Stones in the Upper Salmon River 
Valley, Idaho. By C. H. Beurr, Jr. [Price 10 
cents.) No. 822-B. The Granby Anticline Grand 
County, Colorado. By T. Loverina. [Price 
5 cents.) Washington: Government Printing Office. 

Ship Construction and Calculations. By GEorGE NIcot. 
Fifth edition, enlarged. Glasgow: Brown, Son and 
Ferguson, Limited. [Price 25s. net.] 

Department of Scientific and Industrial Research. Second 
Report of the Fabrics Co-ordinating Research Committee. 
London: His Majesty’s Stationery Office. [Price 
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Aide Caicul Graphique pour la Mécanique Genérale. By 
Cotoman VarGcHa. Paris: Ch. Béranger. [Price 
82 francs. ] 

A Study in the Economic Height of 
Modern Office Buildings. By W. C. Cuark and J. L. 
Kineston. New York: American Institute of Steel 
Construction, Inc. 

United States Bureau of Mines. Mineral Resources of 
the United States, 1928. I1:14. Lime in 1928. By 
A. T. Coons. [Price 5 cents.) II:17. Natural 
Gasoline in 1928. By G. R. Hopxrys and E. M. 
Seetry. [Price 5 cents.) II:18. Silica in 1928. 
[Price 5 cents.] II: 19. Barite and Barium Products 
in 1928. By R. M. Santmyers and B. H. Stopparp. 
[Price 5 cents.] II: 20. Abrasive Materials in 1928. 
By O. Bowtes. [Price 5 cents.) II: 21. Phosphate 
Rock in 1928. By B. L. Jonnson. [Price 5 cents.] 
II: 22. Sandand Gravelin 1928. By E. R. Pururs. 
[Price 5 cents.) IT: 23. Stone in 1928. By A. T. 
Coons. [Price 10 cents.] Washington: Government 
Printing Office. 

Les Sources de L'Energie Calorifique et le Chauffage 
Industriel. Vol. I. By Emmto Damour. Paris: 
Ch. Béranger. [Price 110 Francs.] 


equation (9a), should be halved. The lines affected | Periodisches System Geschichte und Theorie. By Dr. 


should thus read ‘‘ which gives a value of C for com- 
arison with the coefficient in (8 6) equal to 0-0512. 


Evcen Rasrinowrtscx and Dr. Ertcu Tums. Stutt- 
gart. Ferdinand Enke. [Price 29 marks.] 


his is 1-725 times too large for the Whitworth thread, | Ministero de Fomento. Comision Carbonera y Siderurgica 


and 1-94 times too large for the Sellers thread.”’ Fortu- 
nately, these errors do not affect the remainder of the 
article. 


Nacional. Carbon y Fierro, No. 6. La Zona Antraci- 
fera de Huayday. By J. Batta. Lima: Comision 
Carbonera y Siderurgia Nacional. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—The market is without 
new feature of moment. Business is almost confined 
to transactions in small parcels to meet early needs, 
and there seems little likelihood of early expansion of 
|demand. Stocks of Cleveland pig are quite as large as 
| ironmasters care to carry, but are not being added to 
They are composed chiefly of steelworks iron, 
| the quantities of foundry pig stored being small. Makers’ 
a consuming departments continue to absorb the 
| bulk of the Cleveland pig output. Ironmasters report 
| a few direct sales to local and other home users who 
|have to come on the market for supplies. Second 





| particulars of creosoting plants of moderate cost, together | hands have very little to offer. They manage to dispose 
| with information regarding the best method of applying | of an occasional odd lot to a customer abroad, and are 


doing a little home and export trade in Midland iron, 

| parcels of which continue to arrive for use at Teeside 
works. Fixed prices for Cleveland pig remain: No. 1 
grade, 70s.; No. 3 g.m.b., 67s. 6d.; No. 4 foundry, 
66s. 6d.; and No. 4 forge, 66s. 


Hematite-—The situation as regards the East Coast 

hematite department is unsatisfactory and discouraging. 
Producers are hampered by heavy stocks which are still 
steadily growing, and have to contend with underselling 
by merchants, though holdings of second hands are no 
longer large. New business is not easily put through. 
Buyers are taking up supplies as deliveries fall due 
against running contracts, but are not placing orders 
| to follow on work that is being rapidly executed. Prices 
are a matter of individual bargaining and are drooping. 
Makers offer ordinary qualities at 73s., and are under- 
stood to have readily booked orders at 72s. 6d. 

Foreign Ore.—There is practically no activity in 
| foreign ore. Unloadings are not large but may increase, 
|as greater imports of Swedish ore would doubtless be 

welcome in view of the threatened strike of ore miners 
in Sweden. 

Blast-furnace Coke.—Durham blast-furnace coke is 
abundant and difficult to dispose of. Makers are pressing 
parcels on the market at the equivalent of good ordinary 
qualities at 17s, delivered here, but local consumers 

| are not disposed to buy on these terms. 


| Manufactured Iron and Steel.—There is little business 
passing in manufactured iron and steel. Customers 
are seeking price concessions, though producers protest 
that the position prohibits movement in that direction. 
| A meeting is due in a few days to consider revision of 
| fixed quotations. Common iron bars are 10/. 15s. ; 
| best bars, 11/. 58.; double best bars, 117. 15s. ; treble 
best bars, 127. 5s.; iron rivets, 11/7. 10s.; packing 
| (parallel), 8/.; packing (tapered), 10/.; steel billets 
| (soft), 62. 15s. ; steel billets (medium), 7/. 12s. 6d. ; steel 
| billets (hard), 87. 2s, 6d.; steel rivets, 11/. 5s. ; steel 
| ship plates, 8/. 15s.; steel angles, 8/. 7s. 6d. ; steel joists, 
| 81. 10s. ; heavy sections of steel rails, 82. 10s., for parcels 
| of 500 tons and over, and 9/. for smaller lots ; fish plates, 
| 127. 10s.; black sheets (No. 24 gauge), 9/. 10s.; and 
| galvanised corrugated sheets (No. 24 gauge), 117. 17s. 6d. 














NOTES FROM THE NORTH. 


Giascow, Wednesday. 


Scottish Steel Trade.—The position in the Scottish 
| steel trade has recently varied very little from week 
| to week, and makers, on the whole, are not too well 
employed. With the home consumers extremely quiet, 
and foreign buyers acting with great caution, the general 
demand is far from satisfactory and the outlook is 
not very bright at the present time. One or two of 
the local steel works are not so badly placed at the 
moment, but some of the others have great difficulty 
in keeping plant in operation owing to the scarcity of 
specifications. The quietness in the shipbuilding industry 
is one of the chief factors in the present dullness of 
trade, but it must also be realised that Australia, in 
the endeavour to encourage local manufacturers by 
certain tariffs on imported goods, will gradually purchase 
less here. The unrest in India has meantime curtailed 
the demand from that quarter, but this will most 
probably be of a temporary nature. The makers of 
galvanised sheets are suffering somewhat from the 
latter cause, and are very quiet just now. The black 
sheet makers are fairly well placed at the moment as 
the demand for the lighter gauges is quite satisfactory, 
but the heavier qualities are moving very slowly. Prices 
show no change and are as follow:—Boiler plates, 
107. 10s. per ton ; ae 4 plates, 87. 15s. per ton; sections, 
8l. 7s. 6d. per ton; black steel sheets, 4 in., 9/. per ton ; 
and galvanised corrugated sheets (No. 24 gauge), 
127. 15s. per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland 
malleable-iron trade there has been no improvement 
during the week, and plant continues to be run inter- 
mittently. The slight betterment which was noticeable 
recently was of very short duration, and conditions now 
are almost worse than ever. The re-rollers of steel 
bars are also finding business very difficult and com- 
petition very keen. The current market quotations 
are as follow :—‘‘Crown” bars, 107. 58. per ton for 
home delivery, and 9/. 15s. per ton for export; and 
re-rolled steel bars, 7/. 12s. 6d. per ton for home 
delivery and for export. 

Scottish Pig-Iron Trade——No change of any kind 
can be reported in connection with the Scottish pig-iron 
trade, and conditions are as bad as ever. The local 
demand continues poor and export orders show little 
mprovement. Amongst the Clyde import figures of 
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a week ago was a consignment of 2,600 tons of pig-iron 
from India. Quotations are maintained at the following : 
Hematite, 8ls. per ton delivered at the steel works; 
foundry iron, No. 1, 80s. 6d. per ton, and No. 3, 78s. 
per ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending 
last Saturday, June 7, was again very poor and only 
amounted to 769 tons. Of that total 710 tons went 
overseas and 59 tons coastwise. During the corre- 
sponding week of last year, the figures were 673 tons 
overseas and 14 tons coastwise, making a total shipment 
‘of 687 tons in all. 

Aberdeen Harbour Contracts.—The Works Committee 
of the Aberdeen Harbour Board have decided to recom- 
mend that the offer of Messrs. Clark and Chapman, 
contractors, Aberdeen, be accepted for the latest 
extension to Commercial Quay. The offer amounted 
to 15,2691., and was the lowest one submitted. It 
was also resolved to recommend acceptance of the 
offer of Mesrs. Alexr. Hall and Company, Limited, 
Aberdeen, for the construction of a grab hopper dredger. 
This was the lowest offer out of the five tendered, and 
it amounted to 16,1401. A grant of 50 per cent. of the 
interest on the approved expenditure for a period of 
fifteen years has been promised by the Unemployment 
Grants Committee for each work, 








NOTES FROM THE SOUTH-WEST. 
CarpIFF, Wednesday. 


The Coal Trade.—Prospects seem to be going from 
bad to worse. The possibility of production costs for 
Welsh coal being raised by ls. 6d. per ton as a result of 
the Coal Mines Bill, coupled with the acceptance by 
German miners of a reduction of 7} per cent. in their 
wages, promises more intensive competition for business. 
How this is to be successfully met by the Welsh col- 
liery owners in the face of such handicaps as minimum 
selling prices and reduced working hours in the mines, 
remains to be seen. The competition of Germany is 
not alone, for, as the result of Poland capturing the 
whole of the order of the Swedish State Railways for 
200,000 tons of locomotive coal, north-country pits will 
be endeavouring to find an outlet for the coal which 
they expected to ship to Sweden. Already the Welsh 
collieries have been forced to use their reserves in 
endeavours to bring the Welsh coal trade back to an 
economic basis, and it seems that with large stocks of 
coal on hand, and daily production in excess of require- 
ments, pit stoppages throughout the coalfield must 
become even more frequent than is the case at present. 
The position is so bad that almost any class of coal, 
both large and small, can be readily bought at minimum 
prices, and, even at these figures, the demand is insufficient 
to clear loaded trucks, so that empties cannot be returned 
to the pits in sufficient quantities to avoid temporary 
stoppages, despite the fact that many pits have been 
closed down during recent weeks. The slackness of the 
demand needs no explanation when it is pointed out 
that in France alone, stocks amount to about 6,500,000 
tons, or two million tons more than a year ago, a position 
typical of other countries and due to the mildness of the 
winter and the consequent reduction in consumption. 
Then, again, the European sg of coal has 
increased enormously, so that the dependence on foreign 
coal has diminished. In the circumstances, it is no 
wonder that foreigners will not buy unless the price 
suits them. In the past week, shipments from South 
Wales were reduced to 352,000 tons, compared with 
455,000 tons in the previous week, the drop being due 
to the Whitsun holidays, and stoppage of work at the 
collieries for three days and at the docks for two days. 
Clearances to France were, however, raised from 109,000 
tons to 119,000 tons, but to Italy lowered from 88,000 
tons to 64,000 tons, to Argentina from 64,000 tons to 
25,000 tons, to Canada from 17,000 tons to 8,000 tons, 
and to Egypt from 30,000 tons to 22,000 tons. 


Iron and Steel.—Exports of iron and steel goods last 
week amounted to 16,970 tons, compared with 25,786 
tons in the preceding six days. Shipments of tin-plates 
and terne-plates fell from 9,188 tons to 8,791 tons, and 
of black-plates and sheets from 1,533 tons to 396 tons, 
but of galvanised sheets were increased from 1,746 tons 
to 2,405 tons, and of other iron and steel goods from 
4,503 tons to 4,531 tons. 








TunGstEN OnE IN Cuaina.—The importance of the 
deposits of tungsten ore occurring in Southern China 
may be gauged from the fact that, according to a recent 
issue of The Chinese Economic Bulletin, China is credited 
with more than 50 per cent. of the tungsten production 
of the world. The main producing centres are located in 
the western portion of Kiangsi province. The presence 
of the ore, wolframite, a tungstate of iron and manganese 
(Fe Mn) WO4, was first discovered in 1916, and during 
the subsequent three years, owing to war demands, the 
output increased to over 100,000 piculs (7,410 tons) a 
year. A slump came after the conclusion of hostilities 
and continued until 1921, in which year the industry 
began to regain some of its former prosperity. Exports 
increased steadily from 35,757 piculs (2,800 tons) in 1923 
to 100,326 piculs (7,434 tons) in 1926. Since that date, 
however, the mining operations have been seriously 
interfered with by unsettled political conditions. Never- 
theless, exports totalled 6,330 tons in 1928 and 4,670 tons 
in 1929, The mines are worked by the local inhabitants 
by very primitive methods, and the bulk of the ore is 
conveyed, down the Yangtze River from the ~ of 
Kiukiang in Kiangsi, to Shanghai, the chief collecting 
centre, a distance of about 453 miles. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Operations were resumed to-day at 
most of the steel and engineering concerns in the Sheffield 
district, but in exceptional cases the holiday break is of 
longer duration than usual on account of the unsatisfac- 
tory state of order books. Generally, the position in 
the heavy steel trades leaves much to be desired. Despite 
the operation of rationalisation schemes and the introduc- 
tion of record economies, the gross demand continues to 
be considerably below capacity. In some respects, the 
local position is worse than it has been for many months 
past. Plant, however, is being maintained in the main 
in an efficient state, and works are in a position to benefit 
immediately from any improvement in the demand that 
may arise. Though stocks of iron-making and steel- 
making materials in the semi-finished departments are 
light, they are fully adequate to meet immediate require- 
ments. Forward buying is on a restricted scale, but 
distributors are not inclined to lower official rates until 
more definite pointers are seen. Current quotations are 
asfollow: Siemens acid-steel billets, 97. 10s. ; hard basic- 
steel billets, 97. 2s. 6d. to 91. 12s. 6d. ; medium hard basic, 
71. 12s. 6d. to 81. 2s. 6d.; soft basic, 61. 10s.; Lincoln- 
shire foundry pig iron, 75s.; Derbyshire foundry pig 
iron, 73s. 6d.; Derbyshire forge iron, 69s. 6d.; crown 
iron bars, 11/.; iron hoops, 12/.; steel hoops, 101. ; 
basic-steel scrap, 52s. 6d. A good deal of railway work 
has been transferred from this district to the Manchester 
area. Such plants as are operating could comfortably 
account for larger outputs. Improved business is 
reported on home account, though export orders are 
obtained only in face of exceptionally keen competition 
from the Continent. Satisfactory results are accruing 
from the substitution of steel for wood in mining enter- 
prises, railway work, for certain types of shipbuilding 
requisites, and in general building operations. There is 
a fair demand for steel, implements, and tools from the 
agricultural, automobile and mining industries. India, 
the Argentine and Australia are taking substantial 
supplies of carpenters’ and joiners’ tools. The demand 
for garden tools shows more satisfactory development 
after a quiet seasonal opening. Good business is being 
done in twist drills and cutters, engineers’ small tools, 
special materials for the resistance of rust and heat, 
magnet steel, and cold-rolled steel. 

South Yorkshire Coal Trade.—A holiday atmosphere 
pervades the market. The quiet demand prevailing 
before the stoppage left stocks at collieries, at which a 
longer holiday than usual is being taken. There is a fair 
demand for industrial fuel on inland account, though the 
weakness of the call from the textile areas is widely felt. 
The smaller grades of washed fuel are seriously affected, 
and are freely offered. Coking slacks are a slow market 
owing to the warmer weather, and only a limited amount 
of house coal is in demand. Collieries are holding large 
stocks of secondary grades. Quotations: Best branch 
hand picked 25s. to 26s.; Derbyshire best brights, 
20s. to 22s. ; Derbyshire best house, 19s. to 20s. ; screened 
house coal, 17s. to 19s. ; sereened house nuts, 15s. to 17s. ; 
Yorkshire hards, 14s. to 15s. 6d.; Derbyshire hards, 
14s. to 15s. 6d.; rough slacks, 8s. 6d. to 9s.; nutty 
slacks, 7s. to 8s.; smalls, 3s. to 5s. 








Etectriciry SupPpLy IN IRELAND—ERRATUM.—The 
concluding paragraph of the article on “ Electricity 
Supply in Ireland,” which appeared on page 731 of our 
issue of last week, should have read : ‘‘ The work described 
above was carried out by the Department of Industry 
and Commerce of the Irish Free State under the super- 
vision of Dr. P. W. Sothman, chief electrical engineer.” 





THe BrrmmncHam ExcHANGE.—The Directory for 
1930 of the members, subscribers, and representatives 
of the Birmingham Exchange has just been issued. As 
was the case with previous issues, it contains notes on 
the history and activities of the Exchange, a copy of its 
bye-laws, and a catalogue of the books and periodicals 
to be found in its reference library. The Directory 
proper contains alphabetical and classified lists of mem- 
bers and subscribers of the Exchange. The book is 
published by the authority of the Committee, and is 
obtainable from the Secretary, The Birmingham Ex- 
change, Birmingham, price 2s. 6d. net. 





PERSONAL.—The firm of Messrs. Waddell and Wilson, 
Stratford Steel Equipment Works, Hall-road, Stratford, 
London, E.15, under which name Mr. W. Waddell 
has traded for many years, will, in future, be known as 
Messrs. Waddells (Stratford Steel Equipment) Limited. 
The whole of the assets and liabilities of Messrs. Waddell 
and Wilson will be taken over by the new Company, 
and Mr. Waddell will continue personally to supervise 
the business as managing director.—Mr. F. Massingberd 
Rogers, Sir E. Hilton Young, Mr. P. Horsfall, and 
Colonel Wade H. Hayes have joined the Board of Messrs. 


The English Electric Company, Limited, Queen’s 
House, Kingsway, London, W.C.2, and, in accordance 
with the scheme for the reorganisation of the capital 


of the company, the following directors have resigned, 
namely, Sir Charles E. Ellis, Sir John A. F, Aspinall, 
and Lieut.-Col. Sir John H. Mansell. Messrs. The 
English Electric Company, Limited, also announce that 
they have entered into a comprehensive arrangement with 
Messrs. Westinghouse Electric International Company, 
New York, and Messrs. Westinghouse Electric and 
Manufacturing Company, East Pittsburgh, U.S.A., 
whereby there will be an exchange of technical informa- 
tion, between the two organisations, on steam turbines 
and electrical apparatus. The arrangement includes 
the granting of licences for the use of patents and for the 
manufacture and sale of various products. 





NOTICES OF MEETINGS. 





Puysicat Socrety.—To-night, 5 p.m., Imperial 
College of Science, South Kensington, S.W.7. ‘‘ The 
Induction of Electromotive Forces in a Moving Liquid 
by a Magnetic Field, and their Application to the Investi- 
gation of the Flow of Liquids,’ by Mr. E. J. Williams. 
‘““The Motion of a Liquid in an Enclosed Space,” by 
Mr. E. J. Williams. ‘‘ Some Notes on Wireless Methods 
of Investigating the Electrical Structure of the Upper 
Atmosphere (II),”’ by Professor E. V. Appleton. ‘A 
Simple Method of Showing the Modes of Vibration of a 
Wire,” by Professor C. R. Darling. Demonstration of 
‘““A Modified Callendar Recorder for the Automatic 
Control of a High-Temperature Oil Bath,”’ by Dr. H. R. 
Lang. 

INsTITUTE OF British FouNDRYMEN.—Annual Con- 
vention. Tuesday, June 17, to Friday, June 20. Con- 
stantine Technical College, Borough-road, Middlesbrough. 
Tuesday, June 17, 6 p.m. General Council Meeting. 
Wednesday, June 18, 9.15a.m. Annual General Meeting. 
Presidential Address by Mr. F. P. Wilson. ‘‘ Develop- 
ments in the Use of Briquetted Borings for Cupola 
Melting,” by Mr. F. J. Walls. ‘“‘ The Economic Utilisa- 
tion of British Pig-Iron Resources,” by Mr. C. H. 
Ridsdale and Mr. N. D. Ridsdale. ‘‘ The Founding of 
Bronze Gear Blanks,” by Mr. F. W. Rowe. At 12.30 p.m. 
Visit to Various Works. At7.15 p.m. Annual Banquet, 
Constitutional Hall, Stockton-on-Tees. Thursday, 
June 19, 9.15 a.m. Constantine Technical College, 
Borough-road, Middlesbrough. ‘‘ The Making of Iron 
Castings for Heating Apparatus, Stoves, and for General 
Building Purposes,’’ by Mr. H. P. Magdelenat. ‘‘ The 
Preparation of Materials for the Converter when Used 
for Steel Castings,’’ by Mr. J. Léonard. ‘*‘ The Future 
of the Side-Blown Converter in the Steel Foundry,” by 
Mr. J. Deschamps. “The Utilisation of Compressed 
Air in Steel Foundry Practice,’ by Mr. T. W. Barley. 
“The Production of Large and Medium-Sized High- 
Class Iron Castings,” by Mr. W. Scott. ‘“ Reclamation of 
Oil Sand Cores,”” by Mr. F. Hudson. ‘“* The Factor of 
Personnel with Regard to the Future of British Foundry 
Practice,” by Dr. D. H. Ingall. At 1.45 p.m., and 
Friday, June 20, 9.30 a.m. Excursions and Visits to 
Various Works. 

Royat MereorotoaicaL Socrety.—Wednesday, 
June 18, 5 p.m., 49, Cromwell-road, South Kensington, 
8.W.7. “Irregularities in the Annual Variation of 
Temperature in London,”’ by Dr. C. E. P. Brooks and 
Mr. 8. T. A. Mirrlees. ‘‘ The Climate of the First Half 
of the Eighteenth Century,”’ by Dr. C. E, P. Brooks, 








Contract.—The Great Western Railway Company 
has placed an order with Messrs. Vickers-Armstrongs 
Limited, for a 30-ton hydravlic movable coaling hoist, 
complete with high and low-level traversers for the 
North Dock at Newport, Mon. The hoist will be furnished 
with crane and anti-breakage appliances. The manu- 
facture will be carried out at Messrs. Vickers-Armstrongs’ 
Elswick Works, Newcastle-upon-Tyne. 





Imports oF Coat Into CaNnapDA.—Reports issued by 
the Canadian Bureau of Statistics at Ottawa show that, 
during 1929, 18,619,300 short tons of coal were imported 
into the Dominion. These imports were mainly derived 
from the United States, 17,656,882 tons having been 
received from that country, as against 17,036,047 tons 
in 1928. Imports from Great Britain increased from 
670,612 tons in 1928 to 844,826 tons in 1929. The 
increase in the importation from Russia, however, was 
the most marked, the figures being 6,204 tons in 1928 
and 117,404 tons in 1929. 





Navat Construction ConTracts.—We understand 
that the Admiralty have placed'contracts with Messrs. 
Vickers-Armstrong Limited, Barrow-in-Furness, for the 
machinery of H.M. cruiser Leander, the hull of which will 
be built at Devonport, and for the hull and machinery of 
two destroyers. The contract for the hull and machinery 
of a flotilla leader has been awarded to Messrs. J. Samuel 
White and Company, Limited, Cowes, Isle of Wight, and 
those for the machinery of two destroyers to Messrs R. 
and W. Hawthorn, lie and Company, Limited, 
Newcastle-on-Tyne. The hulls of the two last-mentioned 
vessels will be constructed at Portsmouth. 





BritisH WATERWORKS AssocIATION.—The nineteenth 
annual general meeting of the British Waterworks Asso- 
ciation will be held at Liverpool from July 9 to 11 next. 
The business meetings will take place in the Central 
Technical School, William Brown-street. In the morning 
of July 9 the presidential address will be given by the 
new president, and this will be followed, and continued 
in the afternoon, by the reading and discussion of three 
papers and a report, namely, “ The Value of Frequent 
Tests in the Bacteriolo ical Examination of Water, 
and their Bearing on the Interpretation of Results,”’ by 
Professor J. M. Beattie; “‘The Afforestation of Catch- 
ment Areas,” by Mr. R. L. Robinson ; “‘ Standard Charges 
for Water Supply and Revised Accountancy System in 
Waterworks Undertakings,” Mr. H. O. Stafford 
Cooke; and “‘ The Report of the Advisory Committee 
of the Ministry of Health on Compensation Water.” 
The annual dinner will be held at 7.30 p.m. on July 9 
at the Adelphi Hotel. On Thursday, July 10, and 
Saturday, July 12, visits will be paid to Mersey Tunnel 
works, the Gladstone system of docks, the new power 
station at Clarence Dock, and other — of interest 
in Liverpool and district. Friday, July 11, will be 
devoted to an all-day excursion to Oswestry and Lake 
Vyrnwy. The offices of the association are at 173, 
Rosebery-avenue, London, E,C.1, 
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THE REGISTRATION OF ENGINEERS 
IN CANADA. 


ALTHOUGH in this country no person is allowed | 
to practice in the medical, legal and certain other | 
professions until he has been duly registered by | 
the appropriate body, no such restriction, as is well | 
known, applies to engineering. In many countries 
abroad, the position is very different, and even in| 
Canada “registration institutions’’ for engineers | 
exist in all the provinces except Saskatchewan, 
while in five of them registration or membership of 
these bodies is compulsory. 

In British Columbia, where the procedure followed 
for this purpose may be taken as typical of the rest, 
an Association of Professional Engineers was established 
in 1920. The object of this body was to ensure that, 
within the shortest possible time, no person should en- 
gage in engineering work, either as a chief engineer 
(which includes consulting engineers) or assistant chief 
or assistant engineer, without first having taken a 
prescribed form of education, as laid down in the Pro- 
vincial Engineering Act of that year, and obtained 
a licence by examination. Further, no person is 
permitted to hold even a junior position, unless he is 
a student who is taking a prescribed course in prepara- 
tion for the necessary examinations. Various grades 
of registration are provided, and, in exceptional cases, 
such as registration under a similar act in other parts 
of the country or membership of learned societies, | 
the appropriate certificate is ;;ranted without examina- 
tion. Temporary licences are also granted to duly- 
qualified persons who are non-residents of the province, 
but who wish to practice for a time in British Columbia, 
on their giving satisfactory evidence of their qualifi- 
cations. 

At present, 860 engineers hold the Association's 
full licence. In addition, 145 intermediate and 219 
preliminary licences have been granted, these corre- | 
sponding roughly to the associate membership and | 
student grades in British institutions. In 1929, | 
50 per cent. of all the applicants were required to | 
obtain the licence by examination, but it may be of | 
interest to mention that University graduates are | 
exempted from the intermediate examination and, if| 
they prefer to do so, may present a thesis in lieu of | 
the final examination. | 
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boast of higher aims than the holding of meetings. 
It is the purpose and object of the Institution, 
as we see it, to encourage mechanical developments 
with a view to benefiting mankind, advancing 
civilisation, and generally adding to the amenities 
of life. This progress is largely accomplished by 
work in the mechanical engineer’s field, by trans- 
ferring to machines much of the drudgery of the 
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THE MECHANICAL ENGINEER’S 
CHARTER. 


AxsouTt a year ago we recorded the fact that a 
special meeting of the Institution of Mechanical 
Engineers was held to consider and approve 
of the application for a Royal Charter. If that 
record is referred to, and the pages are turned 
to a leading article on the subject in the same 
issue, it will be found that while there was general 
approval of the scheme, some little criticism was 
aroused by the terms of the draft Charter submitted 
to the members. This draft appeared to put the 
mechanical branch of the profession at a disadvan- 
tage as compared with others—such, for instance, 
as those represented by the Institutions of Civil 
and Electrical Engineers. In these days, when 
Royal Charters are the privilege of many professional 
bodies, it was felt that if one were asked for for the 
mechanical side, it should be at least as broad and 
satisfactory as others which had then been issued. 
It was recently announced that this longed-for 
Charter had been granted, and in the course of 
the past week it has been put in the hands of 
members. The Council of the Institution, we 
think, are greatly to be congratulated on the 
revision of material points which they have been 
successful in putting through. We believe others 
will share this opinion with us, for, compared with 
the somewhat crude composition of the draft, 
the final form of the Charter embodies matters of 
great substance. 

It may be remembered that the draft actually 
proposed as the first object of the Institution 
the holding of meetings for the reading of papers, 
whereas the encouragement of invention and 
research in mechanical engineering was only given 


often only after the inventor has struggled painfully 
against all sorts of adverse circumstances. And in 
not a few cases have such meetings proved sceptical 
of what has later turned out to be matter of great 
value. We are pleased to note, therefore, that in 
the Charter as granted, the encouragement of 
invention and research takes its rightful place as the 
first and chief object of the Institution. For a body 
which has spent so much in the past on research, 
this undoubtedly is as it should be, and many 
with us will doubtless hope that the Institution, 
having thus nailed its colours to the mast, will so 
strive to live up to its ideals that its prestige may 
ever stand higher as the years pass, and in this way 
may become universally recognised as the body of 
all others the most effective in its particular sphere. 
In another matter concerning the “ objects and 
purposes ”’ for which the Institution is now admitted 
to stand, the Council deserve further commendation. 
We find in the new Charter a clause stating that 
one of the objects is to “co-operate with Univer- 
sities, other Educational Institutions and public 
Educational Authorities for the furtherance of 
Education in Engineering Science and Praciice.” 
Here are great possibilities of influence for good. 
Very wisely, the Institution, largely on the initiative 
of Dr. Hele-Shaw, has for many years taken a 
laudable interest in education. We have from time 
to time referred to the success attending this special 
line of activity, which must appeal to all from the 
effect it will have on our industry in the future. 
The Institution is laying down a sure foundation 
upon which in the course of coming years it should 
be possible to build up a far finer industry than that 
we know to-day. Few fail to find some inspiration 
in the sight, at any healthy educational establish- 
ment, of young life preparing itself to set out upon 
its work in the world, hoping to make it better than 
it was before. Members of the Institution may 
justly share some such feeling as regards their own 
special sphere. The things we have learnt labo- 

riously, or barely come by at all, are now acquired 
in quite early years. With the Institution working 
to maintain a good standard of instruction, the 

knowledge so acquired must surely prove of value 

in the future. In this respect the Institution has 

set out its object on great lines. There is hardly a 

limit to its possible activities in matters of education 

under this Charter, and we believe in this field of 

so high importance it has the honour of occupying 

quite an unique position among bodies of its kind. 

None other, we understand, incorporates in its 

charter anything at all on these lines. 

Two other points are worth notice. At the 

meeting already referred to the point was raised as 

to whether the grant of a charter would fetter the 

Institution in any sense in the matter of alterations 

to its by-laws. We sympathise with this feeling, 

which has been responsible for some of the oppo- 

sition to such grants in the past. The progress of 

the Institution, and its continued ability to serve 

the ends of an ever-changing profession and industry 
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in the way of its adaptation to new circumstances. 
This liberty, we understand, has been secured to 
members in a way which has not hitherto been 
permitted, and there need be no fear, therefore, 
that by the grant now made the Institution will 
in time become tied by obsolete regulations. 

Finally, we must refer to a matter raised in our 
columns twelve months ago. The draft set out 
that corporate members of the Institution were to 
be permitted the over-cumbersome title of “‘ Member 
of the Chartered Institution of Mechanical Engi- 
neers,” whereas others had been granted permission 
to. use the term Chartered Civil Engineer or Char- 
tered Electrical Engineer. Now, one can pay too 
much for the dignity of a high-sounding title, and 
the one then proposed for the mechanical engineer 
appeared to us to compare very unfavourably with 
those of others. The title would have been too 
heavy and awkward, and would have been adopted 
so seldom that it would have been without real 
significance. But now the mechanical man has 
been put exactly on a par with others, and he is by 
Royal Charter entitled to call himself, if a member 
of the Institution, a Chartered Mechanical Engi- 
neer. This, we believe, will prove of value to 
the younger members, and as time goes on will 
tend to become accepted as a certain hall-mark. 
In the future, men will seek the services of a 
chartered civil or mechanical engineer as the work 
requires, and the standing of the profession, and 
of its component individuals will be enhanced. It 
remains for the Institution, now that it has so fine 
a charter, and for its members corporately and 
individually, to see that it really takes the lead it 
should in all mechanical matters, and that all 
mechanical engineers are attracted into active 
participation in its affairs, for the good of the 
profession, and for the greater good which mecha- 
nical engineering stands for in the life of our people 
and of mankind in general. 








THE ZUYDER ZEE RECLAMATION. 


Ir is remarkable how many of the great works 
of the engineer are concerned with the control of 
water, either in constraining it as a servant, or 
opposing it as an enemy. The canals joining sea 
to sea, the bridges reducing water to an ineffectual 
barrier, the dams which hold it in harness, the liners 
which traverse it, the moles and embankments 
restraining it, are all illustrations of one or other of 
these two aspects. The field covered by the 
engineer in this respect is wide both in space and 
time, for, modern as these methods of control are 
frequently assumed to be, one has not to look far 
to realise in what remote pasts they were exercised 
on a considerable scale. The Romans were masters 
of the control of water, as is sufficiently evidenced 
by the impressive Pont du Gard, which, still stand- 
ing, was built two thousand years ago as part of 
a 25-mile waterway to carry two rivers across a 
third one to the city of Nimes. This well-known 
monument of the engineering of the past has indirect 
connection with the enclosure of the Zuyder Zee, 
which forms such an impressive example of the 
work of the engineer in the control of water; for 
it is due to the work of the Roman people that the 
necessity for reclaiming this portion of the Nether- 
lands has arisen. In our issue of May 23, we com- 
menced a description, continued this week, of the 
enclosure of that historic inland water, the ‘‘ South 
Sea” of Holland. How that sea came into exist- 
ence is a story of medieval neglect of practically 
everything but large-scale homicide; how it is 
being forced to retreat is a revelation of the skill 
and patience of the Dutch engineer. The present 
works are of quite unusual interest, and we are 
glad to be able to publish a first-hand account of 
them by Mr. J. W. Thierry, who is now Professor 
of Hydraulic Engineering at Delft University, but 
was, until the beginning of this year, chief engineer 
of the reclamation works. 

The popular conception of Holland as a land of 
bright flowers, picture galleries and white-tiled 
cowsheds is apt to obscure its original condition 
and its heroic history, heroic even in its technical 
achievements. The land which the Roman legionary 
knew was one of dark forests and morasses, the 
latter only to be traversed by the long wooden 


causeways he was so skilful in making. According 
to Tacitus, in the centre of this land was a lake, 
to which he gives the name Flevo, taking the waters 
of the rivers Amstel and Yssel, and discharging them 
to the sea by a now untraceable river, called by the 
Romans, Flevum. On the instructions of Nero, it 
is stated, some kind of communication was made 
between the Yssel and a branch of the Rhine, 
with the result that the feeders of the lake were 
unduly added to. As time went on the lake thus 
grew in extent, engulfed the forests on its margin, 
and extended into wider and wider marshes, till, 
finally, it destroyed the barriers between it and the 
North Sea. Widespread inundations succeeded one 
another, the northern coast became cut up into 
islands, such as Texel, and, somewhere about the 
end of the Eleventh Century, the conquest of the 
sea over the land was complete. Later, a different 
phase opened, prosperous cities grew up on the 
banks of the now-established sea, one giving its 
name to the far-distant Cape Horn, and its further 
extension was stopped by the building of the well- 
known dykes and embankments. 

During this period the country seems to have 
been large enough to support its people, but with 
the growth of the industrial period the pressure of 





an increasing population began to be felt, and 
endeavours were made to relieve this by draining 
some of the inland waters, such as the Harlem- 
mermeer, and by some coastal reclamation. Now, 
however, population has again overtaken this 
area, and the Netherlands, with its 561 people 





per square mile, is, excepting Monaco, the second 
most densly-populated country in the world. As 
a result, a large portion of the area that the Romans | 
unwittingly doomed to disappear under water, a | 
process the fighting men and ecclesiastics of the | 
Dark Ages had not the foresight, nor probably the | 
skill, to arrest, is to be recovered. The Dutch | 
Parliament, in 1918, passed a Bill authorising the | 
construction of an embankment between North | 
Holland and Friesland for the enclosure and drain- | 
ing of about 1,430 square miles of the Zuyder Zee. | 
For reasons which are made evident in the articles | 
of the series we are publishing, a central lake is to | 
be left. This will have an area of some 422 square | 
miles. Allowing for canals, drains and embank- | 
ments, the drainage of the remaining portion will 
afford lands 859 square miles in extent available for | 
cultivation, an area which is rather larger than | 
that of Nottinghamshire, and which will increase | 
the size of the kingdom by over 6-7 per cent. 

The lack of appreciation by the general public 
of the fact that most of its material comfort, and, | 
indeed, most of the possibilities of its material | 
existence, depends on the engineer has frequently 
been pointed out, but such a work as that now! 
being carried out on the Zuyder Zee should impress | 
even those who are incapable of appreciating the | 


sea, in ridding the soil of its salt, and applying the 
immense quantities of other and fertilising materials 
needed for the various crops. Several changes must 
also follow, and the old fishermen, their occupation 
gone, will need State aid to live, while the young 
men will require training in other walks of life; 
the new railway over the enclosing embankment 
will probably bring great changes also to solitary 
Friesland. 


TRADE IN POLAND. 

Amone the countries to which the war has given 
an independent existence Poland holds a conspicu- 
ous place. It has established its economic position 
on a sound basis. Its currency is stable, its budget 
is balanced, it holds gold or equivalent cover for 
over 60 per cent. of its note circulation, and, perhaps 
more by necessity than by desire, its public debt 
is small. Nevertheless, a perusal of the report 
to the Department of Overseas Trade by Mr. R. E. 
Kimens, Commercial Secretary at H.M. Legation, 
Warsaw, on Economic Conditions in Poland in 1929 
(H.M. Stationery Office. Price 2s. 6d. net) shows that 
for the time being its economic situation, though 
fundamentally sound, is far from prosperous. The 
report draws attention to some respects in which 
British manufacturers appear hitherto to have 
placed themselves at a disadvantage with foreign 
countries in competing for Polish trade. The 
criticism is given on the strength of a ten years’ 
study of the Polish market, and evidently deserves 
consideration. Before referring to it, however, it 
may be of interest to consider broadly some of the 
circumstances which must determine the prospects 
of that market in its import trade; in particular, 
in regard to British engineering manufactures. 

Poland is a country more than three times as 
large as England, and with a somewhat smaller 
population. Its area is, in fact, about a third 
larger than that of Norway, and its population over 
ten times as great, but its imports of all kinds are 
less than double those of Norway. About two- 
thirds of its people are supported by agriculture, and 
barely over a fortieth are employed in any form of 
manufacture. It seems clear, therefore, that with 
its very low imports and relatively small proportion 
of persons engaged in manufacture, it must be 
spending much less in industrial products than 
most other countries find desirable in order to 
secure a suitable standard of living. The report 








| under notice, though not expressing this fact in 
| terms, gives very good reason why it should be so. 


In addition to suffering from the depressing economic 
conditions found in most other parts of the world, 
whereby the purchasing power of a number of 
countries has been reduced, it has felt with par- 
ticular keenness the reduction of the Russian im- 
ports, on which its industrial prosperity depended 
largely before the war, and the fall in the price of 


skill and labour involved. This aspect of the) corn. It has, indeed, been able to maintain the 
matter has not been overlooked, and during the | soundness of its economic position, not only through 
summer months the Dutch are encouraged to’ curtailing its general imports in consequence of its 
inspect the work in progress, periodical excursions | own reduced purchasing power, but also because its 
by steamer being run for this purpose. He must be | harvest, particularly of corn, has been sufficiently 
a very phlegmatic man who remains unimpressed | ample to enable it to reduce its imports of that 
by the embankment rising from the sea at a spot | commodity, and increase’ its exports. To a large 
over nine miles from either the east or west coasts, | extent, however, the country is prevented from 
and the sight of the sheet of water overlying the undertaking legitimate expenditure, owing to the 





now isolated north-west polder with its 11 miles of 
embankment and the terminal pumping stations 
working to lay bare land which has for centuries 
been covered by the sea. This land will ultimately 
be covered with almost innumerable farms, each with | 
its own symmetrical strip of ground. Hoorn, from 
which the inhabitants watched the destruction of 
a Spanish fleet, will be an inland town, and the 
ploughshare may, perhaps, strike the rusty cannon | 
and decaying timbers of De Bossu’s sunken ships. | 

The actual operations of construction are full of | 
interest for both townsmen and countrymen. 
There is the dredging from the open sea and the 
disposal along the lines of the embankment of the 
blue boulder clay on which no grass will grow, the 
alien basalt and granite protecting the great locks, 
the masses of concrete and steel which have replaced 
the timber and seaweed of the old dykes and sea 
walls, and the floating conveyors pouring sand 
behind the growing banks. Much further will, 








however, be needed to complete the victory over the 


absence of financial facilities. The interest and 
sinking funds on all foreign loans were paid regularly 
on their due date, but during the period under 
review neither the central nor the local govern- 
ments, nor the municipalities, floated any loan at 
all, either abroad or at home ; and the report implies 
clearly that this was because the necessary credits 
could not be arranged. It is believed that if Poland 
had been able to strengthen her monetary position 
by contracting state and municipal loans, and if 
industries and agriculture had found it possible to 
obtain cheap money abroad, in order to increase 
their working capital, a great deal of the present 
depression might have been avoided. As it was, 
the financial resources of the country were wholl) 
inadequate to its needs. While officially the bank 
rate had fallen by the beginning of the present year 
to 8 per cent., the private rate for discount and 
loans ranged anywhere between 13 per cent. and 
24 per cent. per annum. The State revenue, in- 
deed, from direct and indirect taxation, was fully 
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maintained, and the deposits in joint stock and 
savings banks showed a substantial increase over 
the figures of the previous year. As a whole, 
however, the public utility services, agriculture, 
and industry have been held up very largely by 
the absence of capital. 
This is by no means due to inertness on the part 
of those concerned. The railway traffic has increased, 
and is still increasing, but it is approaching the 
limit of what can be carried with the present equip- 
ment. It is estimated that during the course of 
the year the number of motor-omnibus services 
was nearly doubled, the number of other passenger 
motor vehicles increased by a fifth, and the number 
of motor lorries by two-fifths. In spite of the 
disadvantageous financial condition, good progress 
was made in the construction and further equip- 
ment of the port of Gdynia, telephone and broad- 
casting services were further developed, and a 
notable advance was made in aviation activity. 
The State flying services carried, in fact, more 
than double the number of the passengers who 
travelled during the previous year, with a regu- 
larity averaging 93-5 per cent. throughout the year. 
They included six regular services on internal 
routes taking from 2 to 3} hours, and the fare 
varied upwards from the business-like rate of 
about 25s. for the shortest of these journeys. Its 
coal industry, again, including that of Polish 
Upper Silesia, is now substantially larger than it 
was before the war, both in the home and the 
export markets, and, with the help of better prices, 
improved considerably during the year. It is 
difficult, in fact, to doubt that the country needs, 
and in no distant future will find, the means of 
obtaining a substantial increase in the amount of 
the commodities it imports from other countries, 
even when account is taken of its natural policy 
to favour its own industries. 
For the time being, however, its imports are 
relatively small, and not largely British. In 
the engineering trades the only line of imports 
of a greater value than 1,000,000/., is scrap iron, 
of which something under a fourth comes from this 
country. The imports of textile machinery were 
of the value of only about 140,000/., doubtless 


because the textile trades were exceptionally | tain four 59-ft. and two 32-8-ft. electrically-operated 
depressed, and two-thirds of these came from | sluice gates. The head-race is 300 ft. wide from bank 
Great Britain, which supplied also two-fifths of | top to bank top, except for a small section, where it 
the imports of motor cycles, which were rather less | is cut through rock. The average depth of water 
in amount, and two-thirds of those of sewing|is 32 ft. From Ardnacrusha there is a sudden 
machines, which were about twice as large. In| fall in the ground level towards Limerick, and the 
the most important other branches of machine pro- | arrangement has allowed the full drop of 100 ft., 
duction, imports from this country were negligible, | from the original outlet of Loch Derg to the estuary, 
being 1 per cent. for machine tools and agricultural | to be utilised at the power station. 
machinery, and none at all for motor vehicles other | which is 1} miles long, runs practically all the way 
than cycles, though in each of these lines the}in a rock cutting through flat country, and joins 
imports were of the value of about 600,000/. This|the River Shannon just above Limerick. The 
situation is, in fact, even worse than these figures | flow of the river is normally greatest in the winter. 
The whole scheme allows of the development of 
German imports were subjected to unfavourable|the water storage capacity in three stages. The 
duties, which have now been removed, and German | “ Partial Development,” 
competition will, therefore, become more effective. | completed, utilises Loch Derg for storage as des- 
In public works the Government are placing all|cribed above. 
the orders they can with local factories, and with| volves head works on Lough Allen and Lough 
American help have contracted with a Warsaw] Ree, and the “ Final Development” contemplates 
wagon factory for large quantities of freight and | works which will further increase the capacity of 
passenger stock. They are, however, testing British | these lakes and give considerably increased storage. 
steam rail cars of various types, and a British|The power station dam and the constructional 
company has obtained the contract for a 120-kw., | work generally has been completed to serve for the 
and a few smaller, broadcasting stations. As a| final development. This dam, which is built through- 
whole, in fact, the present engineering imports of |out on rock, closes the lower end of the head 
Poland seem to be much smaller than they must|race, and is pierced by three penstocks, 19-7 ft. 
ultimately become, but the British share of them is}in diameter, which feed three 30,000-kw. Francis 
likely to become smaller still unless means are | turbines in the power house, which is situated at the 
base of the dam. The arrangements allow of the 

Whether it is worth while to take these means | installation of three further machines in the future. 
may, perhaps, be an open question, but it is hardly | Electrically-operated sluices, controlled from a 
to be questioned that no stable trade can be}sluice house on the top of the dam, are arranged at 
obtained without them. The business has the|the top of the penstocks, which are laid at a slope 
attraction of seeming bound ultimately to increase, |of 31 deg. to the horizontal. 
and offers, therefore, the opportunity of coming|dam embodies a navigation lock at its eastern 
in on what is likely to be a rising market, at least | end, as the head and tail races are constructed to 
in volume of turnover. On the other hand, it is|carry barge traffic, and allow of communication 
conducted under geographical disadvantages, not| between Limerick and Killaloe at the south end 
indeed, greater than those of the United States,|of Loch Derg. In view of this, the bed of the 
and requires provisions of designs, service, price, | tail race has been constructed to reduce the swirl 


suggest, because during the period under notice 


taken to increase it. 


explains in detail the nature of the changes 
required in the manner of conducting the trade if 
the British share is to be increased, and in a quite 
interesting introduction describes the conditions in 
which business has to be done in the country. 








THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 

(Concluded from page 743.) 

Tue second day of the Summer Meeting of the 
Institution of Electrical Engineers, Wednesday, 
June 4, was occupied by a visit to the Shannon 
power station at Ardnacrusha, near Limerick. 
The visit was made on the invitation of the Elec- 
tricity Supply Board of the Irish Free State, and the 
party was entertained to lunch by the Board. 
We hope at an early date to publish a description 
of the Ardnacrusha power station, but in the 
meantime may say something of its leading features. 
The station is situated about three miles north of 
Limerick on a diversion from the River Shannon. 
The Shannon, which is the longest river in Ireland, 
is fed from the largest catchment area in the country. 
It is comparatively level in its upper courses, 
and has three natural storage reservoirs in Lough 
Allen, Lough Ree and Lough Derg. From the 
lower end of Lough Derg to Limerick, a distance of 
about 12 miles, the river pursues a winding course 
about 29 miles long, in the course of which it has 
a fall of 100 ft. to the tidal estuary, which penetrates 
some fifty miles inland from the Atlantic seaboard. 
Some 74 miles from the power station site head- 
works have been built across the river, and at 
a point which allows the water level in Lough 
Derg to be maintained and controlled. From this 
point a head-race has been constructed to the 
power station. The river flows to the east of these 
works in its old bed, and has not been interfered 
with beyond this point. The head-race is an en- 
tirely independent and artificial channel 74 miles 
long. Compensation water is supplied to the river 
over a weir at the head works, which contain a 
fish ladder 190 m. long. The weir and head works 
raise the level of the river above them 24:8 ft. 
above its previous average. The head works con- 


power house, two were supplied by Messrs. J. M. 
Voith and Company, of Heidenheim, and the 
third by Messrs Escher, Wyss and Company, of 
Zurich. They all run at 150 r.p.m., and are coupled 
to Siemens-Schuckert alternators generating three- 
phase current at 10,500 volts. One of the machines 
is connected direct to a transformer stepping up to 
110 kv., to feed the main transmission lines. The 
others are connected to ’bus bars, and can supply 
either 110-kv. or 38-kv. step-up transformers and 
the station transformers. A small water turbine- 
driven auxiliary house set is also provided in the 
station. 

On Thursday, June 5, the members of the Insti- 
tution party had alternative visits to choose from, 
one being to the famous brewery of Messrs. A. 
Guinness, Sons and Company, and the other to the 
Inchicore sub-station and the Fleet Street distri- 
bution station, which form part of the electrical 
distribution arrangements of the city. The Inchi- 
core station is one of the main step-down sub- 
stations of the 110-kv. transmission system of the 
country and was referred to in our article on “ Elec- 
tricity Supply in Ireland,” which appeared in our 
issue of last week. Its position is indicated in Fig. 7 
of that article. The 110-kv. incoming supply 
is transformed down in this station to 38 kv., and 
distributed by various overhead lines as indicated 
in this figure. The station, however, has also taken 
over the Dublin load from the Pigeon House steam 
station, which has been shut-down and now serves 
only as a stand-by. This station and the Dublin 
supply were originally operated by the City Cor- 
poration, but the whole has now been taken over 
by the Electricity Supply Board. Connection is 
made from the Inchicore sub-station, by 38-kv. 
underground cables, to the Fleet Street distribution 
station, which is situated in a convenient position 
in reference to the distribution network of the city. 
The Fleet-street station is equipped with three 
15,000-kv.-a. British Thomson-Houston _ trans- 
formers, which are fitted with automatic tap-chang- 
ing equipment and are installed in the open air. 
These transformers supply duplicate low-tension 
*bus bars, from which connection is made to the 
original Fleet station of the Dublin Corporation, 
situated just across the street. Switchgear of Messrs. 
Metropolitan-Vickers Electrical Company’s manu- 
facture, is installed on both sides of these trans- 
formers. The low-tension ’bus bars are normally 
sectionalised into three, one of which is fed from 
each transformer. As already explained, a short 
time ago the latter sub-station was supplied from 


credit and canvassing, which as yet do not appear | of the water as much as possible. 





to have been given. The report under notice 


Of the three 30,000-kw. Francis turbines in the 


The tail race, 


which has now been 


The ‘Further Development ”’ in- 


The power house 


the Corporation’s generating station at Pigeon 
House Fort, and that station will continue to act as a 
stand-by, the feeders between it and the city being 
normally connected at the outer end. If a trans- 
former in the Board’s Fleet-street station fails, 
therefore, the section which it is supplying will be 
fed from one of the other transformers via Pigeon 
House, until the necessary coupling switches can 
be closed. 

Another important modification of the original 
electrical arrangements in the Dublin area will be 
the early closing of the generating station of the 
Dublin United Tramways Company at Pembroke, 
and the substitution of a supply from Ardnacrusha 
for the power originally obtained from it. This 
conversion has necessitated the erection of a sub- 
station on a site adjacent to the tramways power 
station, into which three of the inter-connectors 
from Fleet-street to Pigeon House Fort are looped. 
This station is being equipped with two 3,000-kw. 
British Thomson-Houston frequency changers, 
which will enable the frequency of the supply from 
the Shannon to be converted from 50 to 25, and thus 
allow the existing tramways converting plant to 
continue to be utilised. A 1,000-kw. rotary is 
installed in the same sub-station, from which the 
neighbouring sections of the tramway will be fed, 
and there are also two other sets of the same output 
in a sub-station in another part of the city. 

In the afternoon of June 5, the party proceeded 
by special train to Belfast, and in the evening were 
entertained to dinner at the Grand Central Hotel by 
the Irish branches of 18 of the leading electrical 
manufacturing companies. Mr. A. E. McConnell 
was in the chair, and the toasts were restricted to 





“The King” and the “ Institution of Electrical 








772 


ENGINEERING. 


[JUNE 13, 1930. 








Engineers.” The latter was replied to by the 
President, Col. Sir Thomas Purves and Mr. T. J. 
Monaghan, the chairman of the Irish Centre. The 
next day was devoted to visits to the Harbour 
Power Station and Messrs. Harland and Wolff’s 
shipyard in the morning, and the York-street mills 
and the Sirocco Engineering Works of Messrs. 
Davidson and Company, Limited, in the afternoon. 
An important conversion to electric driving has 
recently been carried out at the York-street mills, 
and we hope to deal with this in some detail in 
an early issue. In the evening, the party attended 
a reception and dance given by the Lord Mayor, 
Sir W. F. Coates, Bart., in the City Hall. 








NOTES. 


ASSOCIATION FOR EpvucaTIoN IN INDUSTRY AND 
COMMERCE. 

As its name implies, the main object of the 
Association for Education in Industry and Com- 
merce is to investigate methods of education 
with a view to finding means whereby our industrial 
and commercial efficiency may be increased. The 
Association was founded in 1919, and during the 
past eleven years it has devoted its attention to, 
and subsequently issued reports on, such subjects 
as education for foremanship, training for manual 
workers in the engineering trades, education for 
management, training for higher positions in 
commerce, and the recognition of approved courses 
of study and examination successes by employers. 
The eleventh annual report of the Association, 
which has recently been published, shows that the 
year 1929-30 was a period of continued activity. 
In addition to conferences and investigations, three 
pamphlets were published by the Association. These 
comprise “ Education and Training in the Transport 
Service,” by Mr. Frank Pick; ‘‘A New Scheme 
for Training in Business Administration,” by 
Mr. R. Burbidge; and ‘ Towards Education at 
the Top,” by Sir Max J. Bonn. The Association 
also issues quarterly bulletins in which its activities 
are summarised. The opinion is expressed in-the 
annual report, however, that the bulletin might be 
used much more extensively than at present as a 
means of inter-communication between members on 
problems of training and education. It is felt, 
therefore, that contributions from the members 
would add greatly to its interest. Conferences are 
held annually, and the twelfth of the series opened 
at Liverpool on Wednesday last, June 11, ter- 
minating to-day, June 13, at Port Sunlight. The 
retiring president, Sir Max J. Bonn, occupied the 
chair during the first portion of the Conference, 
and later installed Lord Leverhulme as his successor. 
The latter delivered his presidential address on 
the morning of June 12. The addresses delivered 
at the Conference comprise, ‘“‘ Modern Tendencies 
in Industrial and Commercial Education,” by 
Dr. B. J. W. Hetherington; ‘‘ Character Deve- 
lopment Both In and Out of Works Time,” 
three distinct points of view being dealt with by 
Mr. Brian Heathcote, Dr. C. H. Northcott, and 
Mr. O. Brice Smith; and ‘“ Experience in Day 
Continuation Schools,” a series of short addresses 
by Mr. R. G. Hosking, Miss Alice Clark, Mr. H. 
Rostron, and others. The Association is composed 
of persons engaged in industry and commerce, 
and both firms and individuals are-eligible for 
membership. The honorary secretary of the 
Association is Mr. R. W. Ferguson, 36, Linden-road 
Bournville, Birmingham. 


CONVERSAZIONE OF THE INSTITUTION OF CIVIL 
ENGINEERS. 


The annual conversazione of the Institution of 
Civil Engineers was held at Great George-street, 
Westminster, on Thursday, June 5, when the guests 
were received by the President, Mr. W. W. Grierson, 
C.B.E., and Mrs. Grierson. An excellent musical 
programme was provided, and lectures were deli- 
vered by Sir Oliver Lodge, Sir Samuel Hoare and 
Canon 8. A. Alexander. Of the engineering exhibits 
on view in the library and museum, that which 
attracted the most attention was a model of the 
proposed Charing Cross Bridge and approaches. 
This was shown by Sir George Humphreys, and 
relates to the scheme which has recently been 





rejected by Parliament. The Royal Aircraft Estab- 
lishment, Air Ministry, exhibited an instrument for 
measuring torsional vibrations in aircraft engines. 
This consists essentially of two stainless-steel 
mirrors, one of which can be tilted by an actuating 
tube, while the other is fixed and forms a base circle 
of reference. The actuating tube is fitted inside the 
airscrew shaft and is secured at the engine end, 
while at the other end it is attached to the moving 
mirror by a stirrup. The movement of this tube, 
due to the torsion, deflects the beam reflected by 
the moving mirror and causes it to trace a curve 
on a photographic plate. Mr. 8. E. Thornton was 
showing a portable petrol drill, which has been 
specially designed for drilling rails in situ. It is 
capable of dealing with manganese steel. The 
engine is of the two-cylinder, two-stroke type, and 
the total weight is 50 Ib. Mr. H. J. Fereday 
showed a model of a hydraulic jack, in which the 
power required for traversing is the same, whether 
it is loaded or unloaded. This condition is 
brought about by admitting water into a recess 
in the underside and thus setting up a compensat- 
ing pressure to that of the jack on its support. 
Sir Robert Hadfield had specimens of a number 
of new alloys on view. These included one known 
as Resista M.Q., from which bullet-proof plating 
of machinable quality can be prepared. Mr. P. 
Hamilton had an interesting exhibit of Synclocks, 
which comprise a miniature Warren synchronous 
motor and are suitable for connection to any wall 
plug. This device is also made use of in the master 
frequency meter, which was described on page 804 
of our issue of December 20, 1929, and forms 
a valuable method of maintaining the constant 
mean frequency which is essential on a large inter- 
connected power system. Miss V. Holmes was 
showing an ingenious steam poppet valve gear for 
locomotives. This consists of a half-time camshaft, 
carrying a rotary cam, which operates the valve 
cams through a bell-crank lever. Reversal and 
cut-off variation are effected by rotating a disc 
which carries the fulerum of this lever. A constant 
lead can be obtained for any cut-off or, if desired, the 
lead can be varied slightly by modifying the contour 
of the rotary cam. Mr. J. L. Baird was demon- 
strating his system of television, the apparatus 
amply illustrating the recent progress that has 
been made in the results obtained. Mr. J. L. 
Hodgson was exhibiting an automatic governor 
for maintaining the gas pressure on a network 
at the correct value, and a long flow range air and 
gas flow indicator, to both of which we propose to 
refer in more detail in a later issue. 


Some ENGuIsH INSTRUMENT MAKERS OF THE 
EIGHTEENTH CENTURY. 


Mr. R. 8. Whipple illustrated his discourse on 
Some Instrument Makers of the Eighteenth Cen- 
tury, delivered at the Royal Institution on May 23, 
by numerous examples from his own extensive 
collection of historical instruments. There was 
little evidence, he said, that the craft of instrument 
making obtained any importance in Great Britain 
before the sixteenth century. Two of the profes- 
sional scientific-instrument makers of that century 
were Humphrey Cole, the maker of the astrolabe 
used by Francis Drake, and Elias Allen, the maker 
of Oughtred’s double horizontal dial. The dis- 
covery of the telescope in 1608 gave a great impetus 
to instrument making, but Newton made his own 
reflecting telescope in 1663, and Gregory’s tele- 
scope design of 1666 was only taken up profes- 
sionally by John Short, of Edinburgh, in 1730. 
Great scientific development, including that of 
the microscope, commenced in the latter half of 
the seventeenth century. The microscope described 
in Hooke’s Micrographia, of 1665, was modelled on 
the telescope of that period, and was referred to by 
Helvetius as the best constructed in England. One 
specimen was made by Christopher Cocks, of Long 
Acre, three of whose telescopes are still in exist- 
ence. Hooke’s diary of 1688 to 1693—which until 
recently was ascribed to a friend of Hooke’s, 
J. Petiver—mentions young John Marshall, later 
a great instrument maker at the Archimedes in 
Ludgate-street. Marshall’s new method of grinding 
lenses on brass tools was approved by Halley and the 
Royal Society. His double microscope was fitted 


with coarse and fine focussing adjustments, and the 
object glass, eye piece and object were all carried by 
one inclinable limb. Benjamin Martin, born in 
1704, at Worplesdon, Surrey, was a ploughboy, and 
then a teacher. A legacy enabled him to attend 
the fashionable lectures of J. T. Désaguliers, 
F.R.S., to travel and to bring out a very large 
number of elementary books on science which, 
though derided by Horne, of Magdalen College, 
Oxford, were remarkable for their clear exposition. 
He set up as an instrument maker first in Chichester, 
then in Fleet-street, London, and made orreries 
(working models of the solar system, named after 
the Earl of Orrery, the elder brother of Robert 
Boyle, for whom the first was constructed), and 
showed the transits of Venus and Mercury to 
thousands in 1769. George Adams, whom Mr. 
Whipple regards as the greatest of English instru- 
ment makers, was also born in 1704. He obtained 
a world-wide reputation, especially as a maker of 
terrestrial and celestial globes, on which he wrote 
a treatise, and on one of which, dedicated to 
George ITT, all the 10,000 stars observed by Abbé 
de la Caille at Cape Town were marked. His micro- 
scopes, the universal and the variable, fitted with 
micrometers reading to 1/10,000-in., and other 
instruments, were described in his Micrographia 
Illustrata, of 1771, and in two books of instructions, 
one of which explained the Principles of Mechaniks 
Made for His Majesty King George Lil ; this collec- 
tion is now in the Science Museum. The excellent 
descriptions and working drawings in his books were 
interspersed with comments on the beauties of 
nature, and homilies and sermons. After his death 
in 1773, the flourishing business was carried on by 
his son George, a man of culture and likewise a 
writer on natural history, who died in 1795, the 
business then being taken over by the brothers W. 
and S. Jones. 





'THICK-WALLED TUBES AND CYLIN- 


DERS UNDER HIGH PRESSURE 
AND TEMPERATURE. 


R. W. Bartny, B.Sc., Wh.Sch., A.M.I.Mech.E. 


THE rational design of tubes, pipes and cylindrical 
vessels operating at high temperature and under 
internal pressure, wherein also may occur heat 
transmission through the wall in one direction or 
the other, is a matter of importance to engineers 
responsible for the design of plant for steam power 
and chemical manufacturing purposes. 

Utilising the information available at the time 
and making what then appeared to be reasonable 
assumptions, the author,* some two or three years 
ago, investigated theoretically, amongst other 
things, the case of thick cylinders under internal 
pressure, including the effect of heat transmission. 
The only published record of this paper was the 
abstract just referred to. This, however, did not 
include the analysis given of thick cylinders. 
Investigations made subsequent to that time have 
added considerably to our knowledge of the creep 
of metals under both simple tension and compound 
stresses. While the new information has not 
confirmed all the assumptions made by the author 
when the paper was written, it leads to similar 
general expressions for the resistance to flow of 
tubes and cylinders. The author would suggest 
that these expressions provide a rational basis 
for ascertaining the stress distribution in thick 
cylinders. The experimental work done since, 
however, extends considerably the rational treat- 
ment of thick cylinders under creep conditions, 
sufficiently to provide for fairly precise design based 
upon specific creep data. ; 

The following gives a treatment of the subject 
utilising the information now available : 

Behaviour of Material_—Steel or some ferrous 
alloy will generally constitute the material to 
be employed. Very refined creep tests carried 
out by the company with which the author is 
associated show that continuous creep of steel 
occurs at stresses and temperatures well below 
what has been expected by most investigators 





* “Design of Plant for High Temperature Service,” 
by R. W. Bailey. Inst. Mech. Eng. (N.W. Branch). 
ENGINEERING, vol. cxxiv, page 44 (1927). 
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in the subject. For example, definite creep has 
been measured, in the case of a medium-carbon 
steel, at 400 deg. C. under 4 tons per sq. in. stress, 
and other experimental evidence indicates that 
creep may be expe¢ted to occur in this steel at 
an even lower stress. Tests upon low alloy steels 
reveal a similar state of affairs. Experiment 
indicates, therefore, that plastic or creep conditions 
must be expected and taken into account in 
designing pressure-containing plant for high tem- 
perature service. 

Behaviour of Thin Cylindrical Tubes.—The creep 
of metals under compound stress has been investi- 
gated by the author* by means of thin-walled 
steel tubes under torsion and tension, and thin- 
walled lead pipes under internal pressure and super- 
imposed axial loading. It was deduced that, 
neglecting the insignificant influence of the radial 
stress in the case of a tube under internal fluid pres- 
sure, a thin tube under torsion was under creep 
conditions similar to a thin tube under internal 
pressure. 
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For the sake of completeness of treatment here, 
it is desirable to refer to some of the deductions 
made by the author from his tests upon thin-walled 
tubes. 

In the first place, no creep in the axial direction 
was measured in the case of tubes undergoing 
creep due to torsion. When the principal stresses 
acting at the wall are considered, if creep is due to 
Shear, as there is much evidence to indicate that 
it is, it must be taken that the normal stress acting 
upon any plane does not influence to any measurable- 
extent the rate of creep due to shear on the plane. 
If it did there would be axial creep, for, considering 
the equal tensile and compressive principal stresses, 


and any two corresponding planes in relation to Fluid Pressure.—As the author’s experiments upon 


each of these stresses, the shear stresses on these 
planes will be equal, but the normal stresses whilst 
equal in magnitude will be of opposite kind, i.e., 
if one is tensile the other will be compressive, and, 
consequently, if they influence the rate of creep 
due to shear the respective displacements will be 
of unequal magnitude and creep will occur in the 
axial and diametral directions and in the thickness 





* Creep of Steel under Simple and Compound Stresses 
and the Use of High Initial Temperature in Steam Power 
Plant,” by R. W. Bailey. World Power Conference Sec- 
tional Meeting, Tokyo, 1929. See ENGINEERING, pages 
“65 and 327, ante. 








was the average of five tests, but only one test was 
made in torsion, consequently the exact corre- 


spondence of c and g must be regarded as accidental, 


as generally differences corresponding with those 
found in repeat tests must be expected. 
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of the tube wall. Such creep was not detected. 


stress acting in any plane has negligible influence 
upon the creep due to the shear at that plane. 
Consequently, a hydrostatic system of tensile or 
compressive stress may be superimposed upon 
any system of stress without altering the creep 
due to the latter. This artifice is extremely useful 
in converting a three dimensional system of stress 
into a two dimensional one equivalent so far as 
creep is concerned. 

As a second step, by means of this artifice, it 
was shown that the creep of a thin-walled tube 
under torsion was equivalent to a tube under 
internal fluid pressure, the correspondence of the 
two cases being as indicated by Fig. 1, a and 6b. 
Clearly, the superposition of a hydrostatic tensile 


stress = upon the system of Fig. la results in the 


system of Fig. 16. Further, it will be evident 
that the absence of change in wall thickness of 
the tube under torsion would correspond with 
the absence of axial creep of a 
tube under internal pressure. 
The latter prediction was estab- 
lished by a number of tests 
upon thin-walled lead pipes 
under internal fluid pressure. 
Considering therelation between 
the angular and diametral 
creep of the two cases, let 
r = mean radius of tubes (in.). 

a = angular creep rate per unit 
length of tube under 

torsion (radians per in. 





A soles 


“ENGINRERING™ per hour). 
¢ = creep rate in shear (radians 
per hour), 
¢ = circumferential or diametral creep rate (strain 
per hour). 


It will be found, comparing creep in the two cases 
Figs. 1 a and 6, for the equivalent stresses shown, 
that with 


Torsion under shear stress 3 » and tube under pressure 


causing circumferential stress 2, 
> or $ = c¢ . . . - (1) 

The torsional creep test, therefore, provides a 
very ready means of deducing the creep behaviour 
of a tube under internal fluid pressure, and in view 
of the difficulties of carrying out creep tests upon 
tubes under pressure at high temperatures, its 
employment is strongly urged for the purpose. 

The author’s colleague, Mr. A. M.' Roberts, has 
confirmed the connection between the two cases 
by tests upon lead. Pieces of lead pipe cut from 
the same length were tested at atmospheric tem- 
perature under the conditions of stress represented 
by equation (1) with results as follows :— 

Outside diameter of lead pipe 3-265 in. 

Wall thickness ... «a .-» 0-125 in. 

Internal water pressure ... 75 1b. per sq. in. 

Circumferential stress (2) ... 900 lb. per sq. in. 

Angular creep rate q (shear 


& radians per in. per 
stress 3) - a 
Diametral creep rate c (circum- 1-87 x 10-4 strain per 
ferential stress 7). ... sas hour 
: -4 : 
7% _ 2 from torsion test 1-87 x 10~¢ strain per 


> ae i hour 
The figure given for the pipe under pressure 


Behaviour of Thick-Walled Tubes under Internal 


thin-walled tubes referred to show that no axial 
creep occurs in the case of a tube under internal 
pressure, it appeared that, if a similar result were 
obtained in the case of thick-walled cylinders, 


treatment of the creep behaviour of thick-walled 
tubes and cylindrical vessels under internal pressure, 
and to extend the treatment as before to cover the 
case of heat transmission through the wall. 


walled lead pipe in which means were provided to 


the outside of the pipe. The following gives 


It is a working hypothesis, therefore, that the normal | particulars of the test :— 


Outside diameter of pipe 3-0 in. 
— Pa * 1-0 in. 
Len of pipe— 

—— ens <a is 5 ft. 4 in, 
Between gauge attachments 4 ft. 0 in, 
Fluid pressure ... aes wad 1,200 Ib. per 

sq. in, 
Temperature of test 19-5 deg. C. 


A microscope was employed to measure change 
in circumference and length, readings of the former 
being taken in three positions. Readings were 
read to an accuracy of + 0-0001 strain. 

No appreciable change in length was detected 
up to the point where local bulging began. The 
mean circumferential creep, and also the axial creep, 
are shown plotted in Fig. 2. 

(To be continued.) | 








THE CANADIAN PACIFIC LINER 
‘EMPRESS OF BRITAIN.”’ 


Tue quadruple-screw SS. Empress of Britain, built 
for Messrs. Canadian Pacific Steamships, Limited, by 
Messrs. John Brown and Company, Limited, Clydebank, 
was launched on Wednesday last, June 11. The 
vessel, which will be the largest unit of the Canadian 
Pacific fleet, has an overall length of 758 ft., a length, 
between perpendiculars, of 730 ft., a breadth, moulded, 
of 97 ft. 6 in., and a depth, to B deck, of 60 ft. 9 in. ; 
her gross tonnage is about 42,000. She has been 
built to the requirements of the highest class of Lloyd’s 
Register of Shipping, has a straight stem and a 
cruiser stern, and is equipped with three funnels and 
two pole masts. The tops of the latter will be about 
208 ft. above the load water line; they are stated to 
be the longest masts yet constructed at the Clydebank 
shipyard. The main propelling machinery is to con- 
sist of single-reduction geared turbines, steam being 
supplied by high-pressure water-tube boilers of 
Messrs. Yarrow’s design. The steering gear is of the 
electro-hydraulic type, and the capstans, cargo and 
boat winches, and cable-holders are ‘all electrically 
operated. 

The passenger accommodation on board the Empress 
of Britain is particularly well arranged. A feature of 
the first-class staterooms is that all of them are outside 
rooms having direct light through the ship’s side. The 
normal number of first-class passengers carried will be 
423, although, if necessary, 452 can be accommodated. 
A complement of 260 tourist third-class cabin passen- 
gers has been provided for. The accommodation has 
been based on that of the new Canadian Pacific 
Duchess type of vessel, and, should the necessity arise, 
it can be all converted for first-class passengers during 
the winter cruising season. The staterooms are large 
and airy, and are arranged for two or four persons 
each during the Atlantic season, and for one or two 
persons each when cruising. Third-class passengers, 
up to 470 in number, are accommodated in the 
forward portion of the vessel. The staterooms are 
arranged for two or four passengers each, while there 
are a few six-berthcabins. All the cooking on board the 
ship will be done electrically, no oil or coal being used. 
The vessel is to be equipped with wireless telegraphy 
and direction-finding apparatus, wireless telephony, 
submarine signalling apparatus, gyro-compass equip- 
ment, electric submerged log, echo-sounding machine, 
electric vacuum-cleaning plant, electric clocks, inter- 
communicating telephones, electric bells, alarm hooters, 
and other electrical appliances. 








DrReEcTORY OF FRENCH MrinEs.—The second edition 
of a directory and year book dealing with the mines and 
mineral resources of France. and French North Africa, 
including Morocco, and entitled Le Sous-Sol de la France, 
has recently been published by L’Office Général Minier, 
85, Rue Taitbout, Paris (9e), France. An alphabetical 
list of all mining concessions in France granted or con- 
firmed by the authorities since the introduction of the 
mining regulations of 1810, occupies the main portion of 
the volume. In each case the date of the granting of the 
concession is quoted, together with the area of the latter, 
the communes involved, the number of men employed, 
and the output of the enterprise. In many cases geo- 
logical and mineralogical notes are added. Similar lists 
for Algeria, Tunisia, and Morocco are given. An official 
section contains copies of all French regulations apper- 
taining to mines, from the basic law of 1810 up to those 
promulgated in 1929; an outline of Tunisian and Moroc- 
can laws is also included. Some space is devoted to 


it would be possible to put forward a rational prospecting and other special regulations which are in 


orce in France and in the North African colonies, while 
information regarding such matters as miners’ insurance 
and old-age pensions is also given. A complete list of 
inspectors of mines and quarries appears at the end 
of the volume. The book is illustrated by a capital series 


Accordingly, a creep test was made upon a thick- of woodcuts drawn from the 1555 edition of Agricola’s 
’ 


classical work, De Re Metallica. The volume comprises 
935 pages; it is clearly printed and generally well pro- 











measure the axial and circumferential creep of| duced. Bound in stiff paper covers, the price is 130 francs. 
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EVAPORATOR WITH CONTINUOUS-CLEANING MECHANISM. 


CONSTRUCTED 








Fic. 1. 


EVAPORATOR WITH CONTINUOUS- 
CLEANING MECHANISM. 


Tue problem of combating scale formation, difficult 
as it is in steam boilers, is, in some ways, more so in 
the apparatus known as an evaporator, in which un- 
diluted salt water has generally to be dealt with, and 
vapour as free as possible from brine-laden moisture 
has to be produced. The operation of scaling an eva- 
porator is, as every sea-going engineer knows, a tedious 
business, while the gradual falling off of evaporative 
capacity as the scale accumulates prior to the operation 
involves increasing vigilance in other directions. The 
removal of the scale as it forms during evaporation is, 
therefore, a distinct forward step in evaporator design, 
and this has been achieved by Messrs. Clarke, Chapman 
and Company, Limited, Gateshead-on-Tyne, in the 
Engisch-Clarke Chapman evaporator, which is illus- 
trated in Figs. 1 to 3 on this and the opposite 
pages. The cardinal feature of the invention is the 
substitution of a number of hollow lenticular discs 
for tubes as the evaporating surface. These discs, 
through which the heating steam is circulated, are 
slowly rotated on a vertical axis in the salt water 
being evaporated, and as the salt is deposited on their 
surfaces it is removed by fixed scrapers, and falling 
to the bottom of the chamber, is removed as sludge. 
The sectional view given in Fig. 3 shows, at the top, 
the machinery for roteting the discs. This consists 
of an electric motor, of 6 to 7 h.p. for the larger sizes 
of evaporator, which is coupled, through a flexible 
coupling, to a worm gearing with a horizontal worm 
wheel. The vertical shaft of this wheel carries a pinion 
at its lower end which meshes with a spur wheel on the 
upper part of the hollow vertical shaft to which the 
discs are attached. 

It will be seen that the disc element is suspended, 
the small bearing at the bottom of the chamber being 
merely to keep it in line. The weight is taken by a 
thrust bearing below the spur wheel and running in an 
oil bath. The worm and spur gearing also run in 
oil baths, and, being totally enclosed, are practically 
noiseless in operation. The hollow shaft is provided 
with ports in line with an annular passage connected 


BY MESSRS. CLARKE, 


CHAPMAN AND COMPANY, LIMITED, ENGINEERS, GATESHEAD-ON-TYNE. 














by a pipe with the steam-inlet branch on the side of the 
chamber, and the steam, after circulating and condensing 
in the interior of the discs, escapes through the short 
hollow lower shaft, by a branch which also forms a 
packing gland to the shaft. The upper portion of the 
shaft is packed by a deep external gland, the packing 
of which is interrupted by a metal cage in way of the 
steam ports. The discs are perforated by a ring of 
short tubes in order to ensure adequate circulation 
of the surrounding water and the escape of the vapour 
generated. The scrapers are seen in Fig. 3, at the 
left hand of the disc element. They are shaped to the 
contour of the discs, with the surface of which they 
are kept in contact, by weights at the end of short 
levers. They are therefore self-adjusting. The scale, 
as it is removed, falls to the bottom of the chamber, 
where it is directed by wing-like scrapers attached to 
the lower shaft into a funnel terminating in the sludge 
outlet. 

The vapour, as it escapes from the agitated and 
heated water, finds its way through an annular passage 
capped by a dome-shaped baffle, into the upper part 
of the chamber. The major part of the entrained 
water is separated by this baffle, and drains back to 
the lower part of the chamber through the pipe at the 
right hand of the figure, while the freed vapour passes 
through the pipes shown into the water separator 
at the left hand for further drying. This separator 
is made an independent structure to keep down the 
height of the evaporator and, as will be clear, is carried 
upon a hollow column in which the separated water 
drains, and from which it is returned to the evaporator 
chamber. The water separator is divided by two 
transverse grids, the lower one of which is inclined 
and only partially perforated as shown. The space 
between the grids is filled with Raschig rings, which 
are porcelain tubes about 1l-in. in diameter, 1 in. long, 
and } in. thick. These complete the drying of the 
vapour as it passes over them in an upward direction, 
the action being analagous to that of a filter. The 
moisture falls to the bottom of the separator through 
the short U-pipe in the left-hand lower corner, while 
the vapour, now completely dry, is passed out through 
the curved pipe at the left-hand top corner, Before 

















leaving Fig. 3, the auxiliary apparatus on the right 
hand of the evaporator may be referred to. The lower 
cylinder is a tubular heater for heating the ingoing 
salt-water feed to the evaporator by the hot brine 
which is continuously blown down from the latter, 
the temperature range being, of course, not sufficient 
to cause any deposition of salts on the contained tubes. 
Above this heater is a float control chamber with an 
attached valve for automatically regulating the 
supply of the untreated water to the evaporator. 

Having now described the general construction of 
the evaporator, a particular example, shown in Figs. 
1 and 2, may be referred to by way of further illus- 
tration. This evaporator is for a continuous duty of 
75 tons a day, and is one of two fitted to supply the 
cookers in a whaling factory. The vapour pressure 
is, in view of this special service, rather high, namely, 
65 lb. per square inch. The method by which the discs 
and scrapers are inspected is well shown in Fig. 2, as 
are also the weighted levers of the scrapers. An 
opening, of the full length of the chamber, is closed by a 
bolted door, which is swung out of the way when re- 
moved on a crane arm. A set of discs for another 
evaporator can be seen to the left of the figure, and it 
may here be mentioned that these, together with the 
steam admission shafts, are made of a special bronze 
which was chosen on account of its resistance to the 
corrosive effects of salt water. 

The separator is best seen in Fig. 1, which shows the 
completed machine, with the lagging and all the 
mountings in place. Among the latter are two long 
water gauges on the main chamber and the separator 
column, respectively, a salinometer cock with thermo- 
meter, pressure gauges, and a spring-loaded safety 
valve. The tubular feed heater, with the float chamber 
and automatic regulating valve, are conspicuous in 
the foreground. Tests on the new evaporator have 
shown that not only is the work of periodical cleaning 
the heating surfaces by hand eliminated, but a constant 
evaporative efficiency is maintained, 








AUSTRALIAN COMMERCE.—The total value of the goods 
imported into Australia during March was 10,477,444/., 
while that of the goods exported was 14,792,129/, 
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EVAPORATOR WITH CONTINUOUS CLEANER. 


MESSRS. CLARKE, CHAPMAN AND COMPANY, LIMITED, GATESHEAD-ON-TYNE. 


(For Description, see opposite Page.) 


Fig. 3. 


Vapour 
Exit 





Sludge Outlet 
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CENTRIFUGAL ORE CONCENTRA- 
TION. 


Tue application of centrifugal force for the separation 

of immiscible liquids and of solids from liquids is 
now quite common in numerous industrial processes. 
In salt, sugar, and dye works, crystals are drained by 
centrifugal action on the mother liquor and are dried 
by these means, but the centrifugal concentration 
table or drum for ore screening and grading, and parti- 
cularly for slime treatment, has not so far found 
many practical applications. Yet gravitation and 
centrifugal forces are of the same nature, and gravity 
concentrators, tables and jigs, &c., have long been 
in general use. In Centrifugal Concentration: its 
Theory, Mechanical Development and Experimental 
tesults (Technical Paper 457 of the United States 
Bureau of Mines, price 10 cents), Mr. H. A. Doerner 
examines the question why centrifugal concentrators 
are apparently neglected, though centrifugal force 
can easily be produced of hundreds of times the force 
of gravity, and gravity can only be assisted by shaking 
and vibrations. 

In all types of gravity concentrators there is a 
limit of particle size below which the recovery rapidly 
drops to zero, because the effect of gravity is insufficient 
to overcome the viscous resistance of the concentrating 
medium and any fluid motion present. Separation 
depends upon the rate of settling or rather upon the 
ratio of the settling rate to the viscosity of the medium, 
and the rate of settling V itself is influenced by many 
factors, including the shape of the particles. For 
spherical sand grains in water, Richards estimated that 
grains above 0-25 mm. diameter would settle according 
to Rittinger’s law, V =k /d (s — 1), and smaller 
particles according to Stokes law, V = k, (s — 1) d’, 
where V is the maximum velocity of fall, d is the 
diameter, and s the density of the grain, k and k, being 
constants. Without further explaining the force 
relations, Mr. Doerner states that a particle may 
follow the law of Stokes under gravity, but the law 
of Rittinger when subjected to a powerful centrifugal 
force, and, of two trains of equal settling rates under 
gravity, the denser one would settle more rapidly. 
Thus fine particles classified by gravity could be 


Feed 
Outlet 


Condensate Outlet 
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further classified by centrifugal force. After various 
experiments, he constructed a centrifugal machine, 
about 24 ft. high, consisting of a cast-iron base for 
the driving mechanism, and a bowl, 14 in. in diameter, 
carried by a spider mounted on a vertical shaft 
and rotating at 900 r.p.m. Inside the cylindrical 
steel shell of the bowl is an inner conical wall, wider 
at the top than at the bottom, consisting of two con- 
centric cones of perforated metal, the narrow space 
between which is packed with a series of cylindrical 
bands (overlapping in telescope fashion) of brass ribbons 
alternately of 22-mesh and 20-mesh screens. The 
fluid can circulate freely through the wall, past the 
band. Laminations prevent the penetration of solid 
particles. Inside the bowl, and rotating at a slightly 
different speed, but in same direction as the bowl, is a 
series of ploughs which convey the material downwards. 
The pulp and water are fed in separately above. 

The pulp spreads over the inner wall where it is ex- 
posed to the combined action of centrifugal force, 
the opposing pulsating flow of the water and the motion 
of the ploughs. The pulp is then stratified, denser 
particles being held nearest the wall; as more material 
enters, the lighter particles are carried upwards to 
an overflow, whilst the heavier pulp is delivered into 
the concentrate launder. The adjustable charac- 
teristics of this centrifugal process are the rates of 
feed and of water pulsation, speeds of rotation, depth 
of the concentrating bed, and, further, the wall slope. 
the bowl dimensions and the relative speeds of bowl and 
conveyor blades, which generally give a differential 
linear speed of 3 in. per second. This machine was 
tested in the mill of the Nevada-Massachusetts Company 
for the concentration of schletite ore (calcium tung- 
state) the slime and the tailings of which contain about 
0-75 per cent. of tungsticacid WO,. Theslime tailings, 
previously passed to waste, were passed through the 
bowl, which operated effectively after being modified in 
various ways. Most of the particles recovered ranged 
between 0-05 and 0-01 mm. in maximum dimension, 
and the smaller particles apparently could not be 
recovered in this apparatus. Whether centrifugal 
elimination of colloids from crushed ores, preliminary 
to leaching and flotation, would be practicable, will 








have to be settled by further experiments. 





LAUNCHES AND TRIAL TRIPS. 


** HENRI Estrer,’’—Single-screw passenger and cargo 
steamer for the Mediterranean service ; triple-expansion 
engine. Trial trip, May 16. Main dimensions, 263 ft. 
by 38 ft. 6 in. by 20 ft. 9 in. Built to the order of La 
Société Maritime Nationale, Paris, by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Sunderland. 


“ Evina,.’’—Single-screw oil-tank motorship ;_single- 
acting Armstrong-Sulzer Diesel engine. Trial trip, 
May 16-18. Main dimensions, length, 408 ft. ; breadth, 
54 ft. 9 in.; deadweight carrying capacity, 8,950 tons. 
Built for Messrs. Hansen Tangen Rederi A/S, Kris- 
tiansand, Norway, by Messrs. Sir W. G. Armstrong, 
Whitworth and Company (Shipbuilders), Limited, 
Walker-on-Tyne. 

“* ATTHIS.”’—Cargo steamer ; triple-expansion engines. 
Trial trip, May 21. Main dimensions, 403 ft. 6 in. by 
53 ft. 9in. by 25 ft. 8in. Built by Messrs. William Gray 
and Company, Limited, West Hartlepool, for Messrs. 
The Atlanticos Steamship Company, Limited, Athens, 
Greece. 


« PeGasus,’’—Single-screw oil-tank motorship ; four- 
cylinder, opposed-piston type Doxford Diesel engine. 
Trial trip, May 23. Main dimensions, 480 ft. by 65 ft. 
by 36 ft. 9 in. Built for the chartered service of the 
Vacuum Oil Company, New York, to the order of 
Messrs. Olson and Wright, Gothenburg, Sweden, by 
Messrs. William Doxford and Company, Limited, Pallion, 
Sunderland. 


” 


‘** GENovA.”’—Twin-screw cargo motorship;  six- 
eylinder airless-injection Harland-B. & W. engines. 
Trial trip, May 27. Main dimensions, 275 ft. by 43 ft. 
by 13 ft. Built by Messrs. Harland and Wolff, Limited, 
Govan, Glasgow, for Messrs. The Argentine Navigation 
Company (Nicolas Mihanovitch), Limited, London. 


“* EBAno,’’—Single-screw tank steamer for the carriage 
of asphalt in bulk; triple-expansion engine. Launch, 
May 27. Maindimensions, 290 ft. by 47 ft. by 19 ft. 6 in. 
Built by Messrs. Harland and Wolff, Limited, Belfast, 
for Messrs. The Ebano Oil Company, Limited, London. 


“ TANIMBAR.”’—Single-screw cargo and pilgrim motor- 
ship for the Far Eastern trade; eight-cylinder, two- 
cycle, single-acting Diesel engine supplied by Messrs. 
Sulzer Brothers, Winterthur, Switzerland. Launch, 
May 27. Main dimensions, 460 ft. by 62 ft. by 36 ft. 3 in. 
Built by Messrs. The Caledon Shipbuilding and Engineer- 
ing Company, Limited, Dundee, for Messrs. Stoomvaart 
Maatschappij ‘‘ Nederland,”” Amsterdam, Holland. 


** LUCERNA.”’—Single-screw oil-tank motorship ; Walls- 
end-Sulzer Diesel engine supplied by Messrs. The Wallsend 
Slipway and Engineering Company, Limited. Launch, 
May 27. Deadweight carrying capacity, 9,450 tons. 
Built by Messrs. Palmers Shipbuilding and Iron Com- 
pany, Limited, Jarrow, for Messrs. The ‘“ Lumina” 
Steamship Company, Limited, Liverpool. 


Citk DE Litvis.—Single-screw passenger and motor-car 
ferry steamer for service between Lévis and Quebec 
on the River St. Lawrence; triple-expansion engine 
supplied by Messrs. McKie and Baxter, Limited, Glasgow. 
Launch, May 28. Main dimensions, 144 ft. by 50 ft. by 
18 ft. Built by Messrs. Napier and Miller, Limited, Old 
Kilpatrick, for Messrs. Lévis Ferry, Limited, Quebec, 
Canada. 


“Nina BorTHEN.’’—Single-screw oil-tank motorship ; 
six-cylinder, two-stroke, single-acting Armstrong-Sulzer 
Diesel engine. Launch, May 28. Main dimensions, 
408 ft. by 54 ft. 9 in. by 32 ft. Built by Messrs. Sir 
W. G. Armstrong, Whitworth and Company (Ship- 
builders), Limited, Newcastle-upon-Tyne, for Messrs. 
Skibs A/S Motortank, Oslo, Norway. 


‘** FLYNDERBORG.’’—Cargo steamer; _ triple-expansion 
engines. Trial trip, May 28. Main dimensions, 
290 ft. 4 in., by 40 ft. by 21 ft. 4 in. Built by Messrs. 
William Gray and Company, Limited, West Hartlepool, 
to the order of Messrs. A/S. Dampskibsselskabet Danne- 
brog, Copenhagen, Denmark. 


‘““THURSTASTON’”’ and ‘‘ CLAUGHTON.’’—Twin-screw 
passenger ferry steamers for service between Woodside 
and Liverpool stages; four-cylinder triple-expansion 
engines. Launch, May 29. Main dimensions, 158 ft. 6 in. 
by 40 ft. llin. by 11 ft. 9in. Built by Messrs. Cammell 
Laird and Company, Limited, Birkenhead, to the order 
of the Corporation of Birkenhead. 


‘* BEAULIEU.’’—Single-screw oil-tank motorship ; six- 
cylinder, two-stroke, single-acting Armstrong-Sulzer 
Diesel engine. Launch, May 29. Main dimensions, 
408 ft. by 54 ft. 9 in. by 32 ft. Built to the order of 
Messrs, Biorn Biornstad and Company, Oslo, Norway, by 
Messrs. Sir W. G. Armstrong, Whitworth and Company 
(Shipbuilders), Limited, Newcastle-upon-Tyne. 
“EDWARD BLyYDEN.’’—Single-screw cargo motorship 
for the African trade; eight-cylinder, single-acting, 
airless-injection Harland-B. & W. engine. ‘Trial trip, 
May 29. Main dimensions, 370 ft. by 51 ft. 6 in, by 
33 ft. 6in. Built by Messrs. Harland and Wolff, Limited, 
Glasgow, for Messrs. The British and African Steam 
Navigation Company, Limited, Liverpool. 

*““Satvapor”’ and ‘ Superior.’”’—Steel twin-screw 
tugs. Launch, May 29. Main dimensions, 110 ft. by 
26 ft. by 10 ft. Built by Messrs. Cochrane and Sons, 
Limited, Selby, for service in the port of Buenos Aires. 





‘* SILVERTEAK.’’—Twin-screw cargo motorship; six- 
cylinder, single-acting Harland-B. & W. Diesel engines. 
Launch, May 29. Main dimensions, 455 ft. by 61 ft. 9 in. 
by 40 ft. Built by Messrs. Harland and Wolff, Limited, 
Belfast, for Messrs. Stanley and John Thompson, 
Limited (Silver Line, Limited), London, 
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LETTERS TO THE EDITOR. 
THE THICKNESS OF BOILER TUBES. 


To THE Epitor OF ENGINEERING. 


Sir,—In reply to Mr. J. G. Docherty’s letter which 
appeared in your issue of May 23, I think that the 
statement ‘‘it becomes more, not less desirable to use 
thinner tubes when the material is of poor quality” 
is somewhat contrary to the usual engineering practice. 
If Mr. Docherty believes that by using thinner tubes 
then the difficulties of corrosion due to temperature 
and pressure effects will be overcome, how does this 
statement conform with the last paragraph of his letter 
that ‘high-quality steel should be specified for the 
fire rows ?”’ 

In reply to Mr. Docherty’s questions, the average 
sulphur content of the billet is 0-035 per cent., whilst 
the difference in sulphur between the needle segre- 
gated areas, and the outside ranged from (a) segre- 
gated area, 0-043 per cent. sulphur, (6) outside, 0-020 
per cent. sulphur, whilst the centre of the billet contains 
0-025 per cent. sulphur. In the subsequent processes 
of manufacture these variations in composition of the 
billet will be found in the same relative positions in the 
finished tube. Hence the inside of the tube wall will 
have a certain thickness of fairly uniform material, 
whilst the centre of the tube wall contains the segre- 
gated areas. As corrosion of the inner surface pro- 
ceeds, and the metal becomes more exposed, the 
segregated areas become a very serious factor in the rate 
of corrosion. In practice there has, on the whole, 
been fairly satisfactory results with this type of steel, 
due to a reasonable thickness of good material on the 
inner side of the tube wall; if, by further drawing, 
this good steel is reduced in thickness, then the possi- 
bilities of increased corrosion are also enhanced. 

Yours faithfully, 
F. A. Ruppock, 

Chemical Department, Lecturer in Metallurgy. 

Royal Naval College, 

Greenwich, 8.E.10. 
June 11, 1930. 


THE INFLUENCE OF BRITISH MOTOR 
TAXATION ON PETROL-ENGINE 
DESIGN. 

To THE EpttoR oF ENGINEERING. 


Str,—In his paper on this subject, which I perused 
with considerable interest in your issue of March 7, 
Mr. Rowell states that ‘‘ the Italian tax is very com- 
plicated and not easy to justify, except on ‘ ability to 
pay ’ principles.” 

I agree quite closely with the author’s opinion for 
the formula expressing the tax in points of the horse- 
power: but the Italian formula for computing horse- 
power H from the number of cylinders N and the 
volume v of each cylinder :— 

H = 0-8782 N . y?-654 
seems to me very sound indeed, as can be shown easily 
in the following way :— 

The (metric) horse-power H of a four-stroke single- 
acting engine can be expressed by :— 


p.Nwu.n 
~ 900,000 
where 
p = mean effective pressure, in kg. /em.? 
N number of cylinders. 


v volume of each cylinder, in cub. cm. 
n speed of the engine, in revs. per minute. 


If we consider several similar engines, the mean 
effective pressure will be the same if the weight of 
drawn-in mixture is the same; and this weight 
of mixture (and also the safety against stresses due to 
inertia forces) will be the same if the speed is inversely 
proportional to linear dimensions, say, to the cubic 
root of the volume v of each cylinder :— 


nae k 
vv 
so that 
H- p.Nv.k  p.N.kvS 
900,000 /, 900,000 
and, as p is now the same in the various similar engines, 
putting :— 
p.k - 
—___ = K; 
900,000 


H = K.N.vf = K.N. y0-67 


The exponent 0-6541 of the Italian formula is 
somewhat smaller than 0-667; although this slight 
difference may be an unnecessary refinement, it can be 
justified by the fact that, as is well known by all engine 
builders, one is compelled, when increasing cylinder 





volume, to decrease slightly compression ratio to 

avoid detonation and self-ignition ; so that the horse- 

power of an engine increases indeed somewhat less 

than proportionately to N . v’-’, say, to N . v®-8541, 
That the foregoing reasoning gives accurate results, 

in spite of being based on dimensional calculations, 

can be shown experimentally in the following way :— 
From the expression :— 


H = KNvé 


can be computed the horse-power per unit cylinder 
volume P,: 


so that 
Pes v/v = K. 


In Fig. 12 of a paper, published in its issue of August, 
1929, by the ‘‘ Revue de l'Union des Ingénieurs sortis 
des Ecoles Spéciales de l'Université de Louvain,” on 
“The specific power of liquid fuel engines,” I have 
plotted the values of P, in terms of v for 99 internal- 
combustion engines of every description and make: 
as can be seen on that figure, the representative points 
of all the engines of each class are fairly well strewn 
along curves P, /v = K. 

Yours faithfully, 
A. CopPpEns, 
Professor of Louvain University. 
Université de Louvain, 
Institut de Mécanique et de Thermotechnique, 
Louvain, Belgium. 
May 27, 1930. 








DICHLOROFLUOROMETHANE AS A 
REFRIGERANT. 


To THE Epiror oF ENGINEERING. 


Sir,—Articles appearing recently in the chemical 
journals concerning Dichlorofluoromethane as a new 
refrigerant have attracted my attention, and I think 
the following may prove of some value to the refri- 
gerating world. 

For years refrigerating engineers have complained 
of the toxicity and inflammability of the refrigerants 
they have been using. I cannot help but draw your 
attention to the fact that if engineers built a machine 
which would not allow the refrigerant to escape there 
would be no more trouble. 

In practically every machine, for whatever purpose 
designed, trouble has been met with in the initial 
stages, as, for example, steam and petrol engines, 
multitubular boilers, domestic coal-gas and electrical 
installations, lightning conductors, &c. (Let us not 
forget the miniature explosions and earthquakes in 
various areas of London due to defective or worn-out 
gas installations.) All media employed should have 
their proper positions assigned to them, and be kept 
there. Even the wild animals in the Zoological 
Gardens are not allowed to roam about, and I fail to 
see why refrigerating machine builders should claim 
exemption from using proper care in confining the 
contents of the machine, and why they attach the 
blame to anything but the machine. Their complaints 
would cease if they overcame the trouble of leakage. 

I am acquainted with a means of producing intense 
cold, a fall of temperature from plus 40 deg. F. to 
minus 40 deg. F. in 10 minutes, and maintaining it 
without compressors or motive power. The cold is 
produced by existing refrigerants which are non-acid, 


| non-inflammable, and which are not allowed to escape, 


as there are no movable parts. To my mind it would 


'be preferable to test and thoroughly investigate this 
| process, instead of experimenting with a new refrigerant 





such as dichlorofluoromethane, about which there are 
at present no definite data or continuous working results 
available. 

I say this in view of similar trials which were made 
with such products as propane and butane some years 
back. As far as I remember, these substances were 
not readily available in sufficient quantities in the 
world to warrant their universal adoption. This is not 
the case with the media employed in the above- 
mentioned device. 

Yours faithfully, 
ALBERT HENNING, 
Chairman and Managing Director, 
Heptey & Co. (LEYTONSTONE), Lrp. 








THE DESIGN OF SUBMARINES. 
To THE Eprror oF ENGINEERING. 


Str,—With reference to the note on page 484 of 
your issue of April 11 last, relating to an essay in the 
Revista General de Marina, entitled Estudio critico 
del submarino en forma de trebol del Dr. Oswald Flamm 
par el Ingeniero naval Carlos Prysler y Moreno, I have 
now studied the original paper. The investigations 





concerning the centre of buoyancy are correct, but 
since the stability of a submarine depends not only on 
the centre of buoyancy but also on the centre of 
gravity the final conclusions are wrong, since the 
author has not extended his calculation to the centre 
of gravity. To mention only one point: The three 
longitudinal girders have the effect of stabilising the 
boat, because their centre of gravity lies lower than 
the centre of gravity of the hull‘of the boat. It is 
wrong, not to calculate the centre of gravity of the 
whole boat just as carefully, as Mr. Moreno has com- 
puted the centre of buoyancy. The centre of gravity 
of the whole structure of the completed boat does 
not coincide with the centre of gravity of the hull. 

I have just completed a rough comparative design 
of a submarine of the British “‘O’’ class. These boats 
have a displacement of 1,540 tons. They carry one 
4-in. gun, eight torpedo-tubes, no armour, and the 
surface speed is 15-5 knots. My design of the same 
displacement (1,554 tons, 14 tons more) carries four 
6-in. guns and six torpedo-tubes. The deck and the 
sides of the outer hull are armoured with 20-mm. 
nickel-steel, the conning tower with 30-mm. nickel- 
steel. The surface speed is 21 knots, the diving stability, 
without any ballast, corresponds to FG = 0,146 m. 
At the critical moment, when F and G coincide, 
MG = 0,720 m. If Mr. Moreno is interested in my 
designs, I will give him details. 

Yours truly, 
Prof. O. FLamm. 

Nikolassee, Liickhoffstr. 30, 

June 2, 1930. 








THE SUPERCHARGING AND COM- 
POUNDING OF AERO ENGINES. 


To THE EpiTor oF ENGINEERING. 


Sm,—In your reference to compound internal- 
combustion engines, in the article on page 738 of 
your issue of last week, you appear to have over- 
looked the engine of Sir Dugald Clerk, Patent No. 
17961 of 1904, which is of the four-stroke two-cycle 
type. 
It is remarkable how Clerk, in his experimental work, 
anticipated almost all developments, for but little has 
been done that he did not start, and later success has 
been in no small measure due to the metallurgist and 
high workshop accuracy of manufacture. 

Yours, &ce., 
Aan E. L. CHoriton, 

55, Lower Belgrave-street, S.W.1. 

June 10, 1930. 








A SIMPLE TRANSMISSION 
DYNAMOMETER. 


To tHE Eprror or ENGINEERING. 


Str,—We were interested in Mr. C. H. Clarke’s 
letter in your issue of June 6, pointing out that the 
principle used in the dynamometer under considera- 
tion, namely, the torque reaction principle, is not 
new. We trust that our article did not give the 
impression that we claim any novelty for the principle 
involved, as this surely is as old as the science of 
mechanics. Any novelty there may be, lies in the 
method of application, rather thanin the principle 
itself. 

We feel sure that those interested in testing equip- 
ment would have been grateful to your correspondent 
for a description of the special dynamometer he uses 
and for some figures showing its accuracy of measure- 
ment. The fact that he, as well as ourselves, found 
it necessary to devise a new instrument seems to 
indicate a lack of suitable ‘instruments on the market. 
We would add that we considered the arrangement he 
indicates, but came to the conclusion that the design 
we adopted was preferable, both from the point of 
view of accuracy of measurement and durability at 
high speeds. 

Yours faithfully, 
E. GIFFEN. 
C. M. WHITE. 
King’s College, Strand, W.C.2. 
June 11, 1930. 








Cumvese Imports or Macutvery.—A survey of the 
statistics issued by the Chinese Customs show that 
imports of machinery into China have steadily risen 
during the three years 1926 to 1928. The value of 
imported engines and boilers and turbines, for instance, 
has increased from 1,901,400 Haikwan Taels in 1926 
to 2,566,000 Haikwan Taels in 1928. Electrical machi- 
nery imports were valued at 831,600 Hk. Tis. in 1926 
and 1,316,000 in 1928. Corresponding figures for agri- 
cultural machinery were 511,540 Hk. Tis. and 743,364 
Hk. Tls., and for machine tools, 291,000 Hk. Tis. and 
441,500 Hk. Tls. Although China now supplies some 
of her needs in the matter of machinery, the bulk of her 
requirements must continue to be derived from abroad 
for many years to come. 
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ENGINEERING MARKETS OF THE 
WORLD.—I. 
By A. J. LiversepGe. 
Introductory. 

THE term “engineering” in these articles will 
usually comprise the following four great groups of 
commodities, corresponding to the classification 
adopted by the Board of Trade, namely :— 
I. Iron and steel and manufactures thereof. 


‘ 





Fig.l. NATIONAL EXPORTS OF MERCHANDISE. 
(DOMESTIC PRODUCTS.) 
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Il. Machinery. III. Electric apparatus (apart from 
electrical machinery which is included in Group II). 








country that while things were certainly not any 
too good, we were getting as large a share of the 
trade of the world as we ever got. The statement 
was incorrect, as everyone knew who had followed 
with any care the movements of international trade. 
The statement could not be repeated to-day ; 
that has been rendered impossible by the recent 
publication of the Report of Mr. F. L. McDougall, 
the Australian representative on the Empire 
Marketing Board, to that authority on ‘The 


Fig.2. BRITISH EXPORTS OF HOME PRODUCTS TO 
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reviewing the general trade or even the general 
exports of this country; we are concerned with 
engineering ; but it will be interesting to see, and, 
indeed, it is important that we should know, how 
engineering stands in relation to the general export 
trade of the country—what part engineering is 
playing in the great struggle which the country 
is making to maintain and, if possible, enlarge, its 
exports. A brief glance at the recent course of 
that trade may, therefore, be useful. 

The declared value of our exports of British pro- 
ducts in 1913 was 525,253,375l. ; the corresponding 
declared value for 1928 was 723,424,556l., an 
excess of 198,170,981/. over the 1913 total. Prices 
in 1928, however, according to the Index Number 
of Wholesale Prices of the British Board of Trade, 
were as 140-3 to 100 in 1913. The value, therefore, 
of our exports of home products for 1928 becomes 
only 515,626,911. when the declared value is 
corrected for inflation, and thus made comparable 
with the values of 1913. Thus, instead of our trade 
in 1928 being larger than it was in 1913, it was 
really 9,626,760/. smaller. Here there may be 
conveniently introduced a new Index Number, 
an Index Number of International Trade. If we 
represent the value of our export trade in 1913 by 
| 100, the corresponding number for 1928 will be 
| 98-1; that is to say, in 1928 we sold only 98-1 per 
| cent. of what we sold in 1913. The returns of our 
export trade for 1929 already available are pro- 
| visional, but no alterations likely to be made will 
| materially affect the figures here being set out. 
| The declared value of our exports of home products 
| for 1929 was 729,554,767/., and as the Index Number 
| of Wholesale Prices for the year was 136-5, the value, 
‘on the basis of 1913 prices, was 534,471,800/., or 
| 9,218,425]. above the 1913 total, the corresponding 
| index number of our export trade being, therefore, 
101-6. Thus, at long last, in the eleventh year 
after the Armistice, we sold abroad as much of our 
home products as we sold in 1913. How do we 
stand in this respect as compared with other coun- 
tries, especially with our chief competitors for world 
trade? As we have just stated, our index number 
of export trade for 1928 was 98-1 ; the corresponding 
number for Canada was 205-8; that is to say, 
Canada sold more than twice as much as she sold 
in 1913; the number for New Zealand was 177:7 ; 
for Japan 173-6; Denmark, 160-1; United States 
of America, 147-2; Union of South Africa, 144-1; 
Italy, 141-2; Sweden, 129-3; France, 120-2; 
Australia, 115-4; Switzerland, 107-3; Belgium, 
99-1; British India, 94-4; and Germany, 88-3. 

It is of the utmost importance that we should 
realise the significance of these remarkable figures. 
In the accompanying Fig. 1, these index numbers 
of our principal foreign competitors for world 
trade are translated into graphic form for the years 
1913, 1923-28 and, approximately, for 1929. The 
post-war curve begins in 1923, except the Ger- 
|man curve, which begins in 1924; the “ boom” 
;and the “slump” years, which immediately 
followed the Armistice, are thus omitted. In 
each graph the basal line is marked 100, and stands, 
for the value of the exports of domestic products, 
merchandise only, coin and bullion not being 
included, for 1913. Trade exceeding in value 
(always on the basis of 1913 prices) that of 1913 is 
plotted above the 100 line; and trade of less value 
below that line. 


It would be well if the picture which this chart 








/makes could be impressed upon the minds of all 
| our legislators, of all who direct our trade and 


industry, or who assume to instruct the “ people.” 
The chart shows at a glance, unmistakably, that 
while our export trade, every since the Armistice, 


Growing Dependance of British Industry upon has remained “ bound in shallows,” vainly struggling 
Empire Markets.” The importance of the report till last year, to reach the 1913 line, the corresponding 


LV. Vehicles. When the proper materials are} is emphasised by the preface contributed by Lord trade of other countries, our competitors in every 
available to enable any useful comparison to be | Passfield, the Minister for the Dominions. Mr. 
made, a fifth group will be included :—V. Non-| McDougall states that, while the volume of world 


ferrous metals and manufactures thereof. 


trade (international trade) is growing, our share, 


_ We are, at last, beginning to understand that all| which, in 1913, amounted to 13-9 per cent. of the 
1s not well with our export trade—the trade by which! whole (the estimates of the present writer put 
we live; that, in fact, if we are not actually losing| that percentage higher), our share in 1925 was 
ground, we are not making the progress that we| only 12-1 per cent., while in 1927 it had dropped 
must make if we are to keep our place ommong| to 11-4 per cent. It is certain that in 1929 our 


the great commercial nations of the world. Not 
very long ago, an eminent politician informed the | 


share was not higher than in 1927 if, indeed, it was 
not appreciably lower. We are not, of course, here 


great market of the world, has gone ahead with 
“‘Jeaps and bounds.” Even the curves of Belgium 
and of Germany, while like our own, they have 
remained below the 100 line, show greater progress 
than our’s. Both of them begin very low down; 
but the Belgium curve passed the 100 line last year ; 
while, if we take all the circumstances into considera- 
tion, the German curve is, perhaps, the most remark- 
able of the whole series. Germany’s position below 


‘the 100 line is, of course, largely due to her territorial 
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losses, as the position of France above the 100 line 
is partly accounted for by her territorial gains. 
In the figures on which the German curve is based 
no reparation payments are included. 

There is this, of course, to be said; the great 
set-back in the British curve in 1926 was due solely 
to the great labour troubles of that year; but for 





Board ; while Special Committees of the House of 
Commons, great state officials, including cabinet 
ministers, have travelled to many parts of the world, 
always, of course, at the country’s expense, to see 
if they could not help trade and industry at home. 
Notwithstanding however, all this state aid we are 
where we are, just selling about as much as we sold 


TABLE I.—British GENERAL AND ENGINEERING Exports. £000’s OmITTED. 




















importance in the national economy than it is to-day. 
The movement of the engineering percentage since 
1923 to 1928 inclusive is shown in Table I. 

Before leaving these preliminary and introduc- 
tory reflections let us glance for a moment at the 
interesting question, so far as engineering is 
concerned, raised by Mr. McDougall in the pamphlet 
to which reference has already been made, that is 
to say, the proportions now obtaining between our 
exports of engineering products to the British 


= | 1913. | 1923. | 1924. | 1925. | 1926. | 1927, | 1928. sig : 
| | | Dominions Overseas and our corresponding exports 
| 7 | ot oe ; | a ‘ to the rest of the world. Many years ago the present 

| : : eee 
Total of home products ..| 525,253 | 767,256 | 801,444 | 773,376 | 633,052 | 709,030 | 723,425 | Writer drew attention to the growing importance 
Engineering = me a ae ..| 121,336 | 173,459 172,581 182,586 | 168,528 | 186,467 | 195,519 of the British Dominions Overseas as markets for 

Perce: 7 P | 23. 22-6 5 23- 26- 26-3 27- eye . : . 

Percentage of ditto to total pe i ++ 23-1 | 22-6 21°5 | 23-6 | 6-6 6 7:0 British engineering, and predicted that the annual 





the disastrous coal and general strikes, there can 
hardly be any doubt that the British curve would 
have shown a much healthier condition. It is true, 
also, that the British curve, shallow though it is, 
represents a much larger volume of trade than any 
curve of the series except that of the United States 
of America. We are no longer the first exporting 
country of the world, as we were, easily in 1913, but 
we still hold the second place. 





In appreciating the significance of these graphs 


in 1913. In the latter year trade and industry in| 
this country went about on their own legs and | 
neither received nor solicited any crutches from the 
State. Indeed, it was notorious in those days that 
trade and industry in this country were not well 
served by government representatives abroad ; 








while on one occasion a British Secretary of State 
for Foreign Affairs actually tried to have a contract | 
for a large bridge across the Nile, fairly won in open | 


competition by a British house, diverted, for politica] | 


value of those markets, in the aggregate, to this 
country would one day exceed the corresponding 
value of the engineering markets of the whole of 
the rest of the world. The prediction was fulfilled 
in 1924, so far as home products are concerned. 
The subjects of Empire trade and Empire develop- 
ment are so much in the public mind at the moment 
that it will be worth while to show here what has 
happened in recent years so far as engineering is 
concerned. This is done in the accompanying 
Table II, and is illustrated graphically in Fig. 2. 





TABLE NO. II. BRITISH ENGINEERING EXPORTS TO BRITISH DOMINIONS AND TO FOREIGN COUNTRIES. 
; DECLARED VALUES. £000’s OMITTED. HOME PRODUCTS. 




















































































































ica ialiagiiciieeiiai a l | i| l | l 
| 1913. |Per cent.'| 1923. Per cent. | 1924. Per cent. 1925. (Per cent.|| 1926. ~*~ 1927. |Per cont, 1928. | Per cent. 
| | 1 | | | | | 1| 
= Si eats | | 
. £ | ro |} £ | 4 £ | | £ £ 
Tronand Steel and Manufactures thereof— | | iI 
To British Dominions .. — -- | 26,837 48-5 || 36,711 | 48-7 || 37,938 | 50-9 37,032 | 54-3 || 31,782 | 57-6 || 40,962 59-1 36,333 54°4 
», Foreign Countries .. ie ‘| e7'o5a | 51-5 39,445 | 51-8 || 36,596 | 49-1 || 31,147 | 45-7 || 23,279 | 42-4 || 28,422 40-9 30,456 45°6 
Total ne nee | 842010 | — |] 76,156 | — || 74534 [7 — || 68170 | — || 55,061 | — || e9,384 | — || 66,789 | — 
des ee | ail | oe | 1] 
Electrical Apparatus— | | || | | | 
To British Dominions .. bs | Seay 61-6 5,486 53-6 || 6,641 | 62-1 || 6,588 | 56-5 || 8,032 | 60-1 || 7,824 65-8 7,035 60°5 
», Foreign Countries .. * .. | 2,069 | 38-4 || 4,741 | 46-3 |} 4,040 | 37-9 || 5,018 43-5 5,334 | 39-9 4,054 34-2 4,594 39+5 
Totals _ a i | 5936 | — || toee7 | — |] 20,681 | — i apes | — 13,366 | = — 11,878 — 11,629 = 
Machinery— | | | | | | | 
To British Dominions .. Pe ..| 12,851 | 34-7 || 22,693 | 50-9 || 22,044 | 49-1 || 23,875 | 47-7 || 22,081 | 48-5 || 24,427 48-9 24,021 41-9 
» Foreign Countries .. 5.5 .. | 24,162 | 65-3 || 21,823 | 49-1 || 22,739 | 50-9 || 25,678 | 52-3 || 23,445 | 51-5 25,494 51-1 29,600 55°1 
Totals oe we we we | 87,018 | ~ — =f] 44,516 —_||_ 44888 {| — || 49,053 | — || 45,526 | — 49,921 — 53,721 — 
Vehicles— | i} | i| | | | | 
To British Dominions .. - : 6,071 58-5 || 12,5836 | 45-3 || 15,227 56-6 || 21,193 | 57-4 || 21,504 | 60-5 || 20,572 58-1 22,683 48-0 
,, Foreign Countries .. es os 5,294 46-5 15,213 54-7 || 11,698 43-4 15,748 | 42-6 || 14,039 | 39-5 | 14,842 41-9 24,574 52-0 
Totals #8 7 - ..| 11,365 | — || 27,749 | — || 26,025 — 36,041 | — || 35,548 | — || 85,414 = 47,257 = 
i <i ' | | 
Non-Ferrous Metals and Manufactures— | i} | : | | cen I | a | y 
To British Dominions . . - ..| 5,230 | 39-3 || 5,604 | 38-6 6,314 40:3 || 5,576 | 33-2 || 5,753 29-5 || 6,101 30-7 6,007 36°? 
» Foreign Countries |. es ..| 8,049 | 60-7 || 8,890 | 61-4 || 9,344 | 59-7 || 11,261 | 66-8 || 13,716 70-5 || 13,761 69-3 13,361 63-3 
Totals .. .. .. «..| 13,279 | — || 14408 | — || 15,658 — || 16837 | — || 19460 | — || 19,862 wi 16,368 aa 
| Witetaasonae | | | Ogee 
Aggregates— | \| | | | i| 
Iron and Steel, &c. .. ce ..| 64,201 | — 76,156 | — || 74,534 | — |! 68179 | — 55,061 — || 69,384 = 66,789 — 
Electrical Apparatus .. a sis BOSB:. |). — 19297 | —. || 30682 | — 11,606 | — |] 13,366 — || dEs7s — 11,629 — 
Machinery Be ie ie ol) Os | 44516 | — || 44,883 | — 49,053 | — || 45,526 — || 49,921 = 53,721 = 
Vehicles .. ie a 4 ie a 27,749 — || 26,925 — || 36941 | — || 35,543 —_ 35,414 — 47,257 — 
Non-ferrous Metals, <c. eet 5 13,279 — 14,494 — | 15,658 a 16885 | — | 19,469 | — | 19,862 — 16,368 — 
Totals | 121,884 | — |! 173,142 | — || 172,601 | — |] 182616 | — 168,965 | — || 186,459 — 195,764 o 
| | — | \| 
To British Dominions .. “ ..| 68,806 | 44-3 || 83,030 | 47-9 || 88,164 | 51-1 | 93,764 | 51:3 || 89,152 | 52-7 || 99,886 53-5 96,179 49-0 
»» Foreign Countries .. ‘ | 67,528 55-7 || 90,112 | 52-1 || 84,417 | 48-9 |} 88,852 | 48-6 || 79,813 | 47-3 || 86,573 46-5 99,585 51:0 
Totals | 121,334 | — |! 173,142 ,| — || 172,581 | — || 182616 | — 168,965 | ! 186,459 — 195,764 — 
| | ! | } | \| 











we have two or three things to remember. Since | reasons, to a French house. Only the firmness of the |It will be seen that in 1913 our exports of British 
1913 the population of this country, notwithstanding | late Lord Cromer secured the contract for the British | products under all our five groups, to the 
the losses of the Great War, has increased by at least | house, and prevented a great perversion of commer-| British Dominions, amoynted to 53,800,0001., while 
74 per cent. Had our export trade grown in the | cial justice. Nevertheless, in spite of the handicaps| our corresponding exports to foreign countries 
same proportion, it is possible that unemployment | of the time, in 1913, we were easily the first trading | totalled 67,528,0007. Thus of the total of these 
would not have been much more than normal at! nation of the world. | exports, 121,334,000/., the dominions took 44-3 per 
this moment. Again, the world has not stood still| Then, what part is engineering playing in the! cent. and foreign countries, 55-7 per cent. In 
in the years since 1913; its population has grown national effort, as represented by our exports of | 1927, the latest year for which the full particulars 
by probably 140,000,000 to 150,000,000 souls.| domestic products ? In 1913 the aggregate declared | are published, the proportions were reversed, the 
Its demand for commodities is certainly now much | value of our exports of engineering commodities of | Dominions taking 53-5 per cent. out of a total of 
larger than it was in 1913; that extra demand| home production under the five headings which | 186,459,000, and other countries 46-5 per cent. 
has been met by the countries named in Fig. 1) have already been named, was 121,335,3751.;|It will be seen from the graph in Fig. 2, that 
whose curves stand above the 100 line, and by) the total of our exports of home products was/ the curves crossed in 1924. In that year, for the 
other countries whose corresponding curves, if 525,253,375/.; hence our five groups contributed | first time, the Dominions took more engineering 
drawn, would also stand above that line, including 23-1 to the national total in that year. In 1928 the| exports from us than the whole of the rest of the 
the four great self-governing dominions of the British corresponding aggregate values were 195,518,9781.| world. The two curves diverge up to the end of 
Empire—Canada, Australia, New Zealand, and the | and 723,424,556/., and the corresponding propor-| 1927, but recross in 1928, in which year foreign 
Union of South Africa. That extra world demand | tion, therefore, was 27 per cent. The propor-| countries seem once again to have taken the larger 
has not been met in any appreciable degree by this tion dropped in 1924 to 21-5 per cent., but has | portion of our engineering exports. The complete 
country. |advanced steadily each year since. Engineering) returns for 1928 are not yet available, but it would 

Then, finally, we have to emember that, since | would, therefore, appear to be more than pulling| appear that a remarkable movement took place in 
the war, trade and industry in this country have/its weight; but it is to be feared, unfortunately,| that year. All the British curves, except that for 
received extraordinary assistance from the State ;|that the increased engineering percentage is due,| the non-ferrous metals, decline in that year, while 
we have the Trade Facilities Act; ‘ Safeguard-| not so much to gains by engineering as to losses by | the foreign curves move upwards. It is interesting 
ing”; a special department of the Board of) our other great industries. However that may be, | to note that, during the period covered by the table 
Trade for Empire Trade; the Empire Marketing| it is clear that engineering never was of greater! and chart, the Dominions have always taken the 
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greater part of our exports of electrical apparatus ; | the same “tariff walls” that we have to face our- 
while, on the other hand, foreign countries have | selves, with this important qualification ; some of 
always taken the larger share of our exports of | the “‘ walls” of our Dominions are lowered specially 
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non-ferrous metals. The latter circumstance is| for our benefit. 


probably adventitious, as these exports are taken 
largely as raw materials, more or less, by the 
importing countries; and the graph thus furnishes 
another testimony to our still unrivalled facilities 
for the distribution of industrial material through- 
out the world. 

Perhaps the most remarkable graph of the series 
is No. 4, that relating to machinery. In 1913 we 
sent nearly twice as much machinery to foreign 
countries as we sent to the Dominions; in 1923, it 
will be seen, the Dominions took a trifle more than 


foreign countries. Since then foreign countries | important market for engineering commodities of | 
have taken the larger share in every year, but never | the world, will be examined ; the market found in 


to such an extent as in 1913. 

These comparisons are, undoubtedly, interesting ; 
but they may easily mislead ; and it would be most 
unfortunate if they diverted us for a moment from 
our only true, and necessary, policy. It is highly 
creditable to the Dominions that they have, in 
these recent years, taken such large proportions of 
our exports, and we are fortunate to have such 
Dominions; but the facts do not necessarily 
teflect any credit on this country. On the con- 
trary, they may only mean that we are losing our 
hold upon important foreign markets ; and, indeed, 
we shall find later that this is the real explanation. 
The present writer would be the last to decry in 
any way, the British Dominions Overseas; he 
has seen something of them ; but it is said that one 
of the favourite sayings of Oliver Cromwell was, 
“Neglect no means.” If we change one word in 
that saying and put it, “ Neglect no markets,” we 
have a perfect motto for our engineering industries, 
and, indeed, for all our industries, and our true 
national policy set out in a phrase. 

One other word of a preliminary character may 
be permitted. We are not concerned here with 
either causes or cures; we are concerned to set 
out the facts, with as much detail as the exigencies 
of space will permit. The facts are realised hardly 
anywhere; but it is necessary that they should be 
fully realised and faced by all concerned with the 
progress of the engineering industries of this country. 
The facts will, therefore, be set out here as boldly 
as may be feasible, so that the vital movements 
which they indicate cannot be misunderstood. We 
hear, however, a great deal to-day about “ Tariff 
walls.” “* Tariff walls” are certainly a great 


Thus, so far as “tariff walls” are concerned, 
we are more favourably situated than any one of 
the other nations indicated in Fig. 1, and yet all 
those nations show a much greater progress than 
we have registered ourselves. The conclusion is 
irresistible, that we need not look for an explanation 
of our difficulties, and of the position in which we 
find ourselves to-day, in the “ tariff walls ” abroad, 
whether British or foreign; we have, first of all, 
to look at home. 

In the next article the second largest and most 








this United Kingdom of Great Britain and Northern 


wear readily without serious heating should the fins 
come into contact with the revolving shaft. The first- 
stage nozzles are formed in a bronze nozzle-plate and 
are circular in section, being finished with special tools 
to correct angle and size. The guide blades for the 
other stages are plates bent up out of Hecla ATV 
steel and cast into place. The wheels are steel forgings 
and are designed for uniform stress from hub to head. 
They are not seated directly on the shaft, but are 
shrunk on to split steel rings. These are located at the 
enas of the hub, and when the latter is suitably propor- 
tioned the tendency is for the centrifugal forces to 
make the hub nip in and tighten up on these rings. 
The blades are of stainless steel milled out of rectan- 
gular bars and solid with the spacing pieces. The foot. 
is shaped to fit into a tee groove turned in the wheels, 
and the blades are let into this groove through a gate, 
| a special blade being used to fill up this gate when the 
operation of blading is completed. The clearances 
| between the running and stationary blades is nowhere 
less than } in., and the minimum radial clearance 
between blades and casing is } in. Carbon glands are 
used for the head packings, which are arranged for 
| steam-sealing. 
| 





The turbine coupling is of the flexible double-claw 
| type and is thoroughly lubricated. The design is such 
|that by the removal of a few bolts either turbine or 
| generator can be removed without disturbance of the 

other machine. 
| The journal bearings are of cast iron lined with 
| white metal and lubricated under pressure. At the 
| high-pressure end there is a thrust block of the Michell 
| type which locates the rotor and takes any axial thrust. 
| The oil pump is of the usual gear type, driven by worm 
| gearing from the turbine shaft, but the pump teeth are 

helical instead of straight. This pump also supplies the 
| oil required for the governor relay. A hand pump for 
| priming the bearings prior to starting upis also provided. 

The main governor is of the spring-loaded centri- 
fugal type and controls the valve through the agency 
of an oil-operated relay. It is capable of maintaining 
the speed constant within 2} per cent. under a change 
of load from zero to full. Provision is also made for 
varying the turbine speed, from the normal, by 5 per 
cent. up or down whilst the machine is running. 

The emergency governor is of the eccentric ring 
type and trips a gear which closes the stop valve should 
the speed exceed a determined limit. The gear can 
also be tripped by hand, if required. 








NortTH oF ENGLAND COLLIERY GUIDE AND DIRECTORY. 
—The 1930 edition of Reid’s Handy Colliery Guide and 
Directory has recently been issued. The book, which 
is of handy pocket size, covers the counties of North- 
umberland, Durham, Yorkshire, Cumberland and 
Westmorland. In the front of the volume is to be found 
a large folding map of the Northumberland and Durham 
and the Yorkshire coalfields, showing collieries, boreholes, 
rescue stations, canals, railways and railway stations. 
The contents also include lists of the collieries, colliery 
owners, agents, managers, and engineers in the area 


Treland. 








500-KW. IMPULSE STEAM 
TURBINE. 





view of the growing demand for larger powers, Messrs. 
Greenwood and Batley are now introducing the type 
illustrated above. This is of the impulse type, and 
comprises one velocity compounded wheel followed by 
six simple impulse wheels. The unit shown has been 
designed to be operated with a pressure of 150 lb. per 
sq. in., 28 in. vacuum and moderate superheat ; 
the same type can, of course, be supplied to work 
with high-temperature steam, the only changes neces- 
sary being the substitution of steel castings for some 
of the parts where cast iron is now used and the 
replace of the bronze block by one of Monel metal. 

The turbine speed is 6,000 r.p.m., and it drives its 
generator at 1,000 r.p.m. through single-reduction 
gearing. 

The casing is built up of sections permanently bolted 
together at the circumferential joints, but split hori- 
zontally to give access to the shaft and rotor. The 
joints are scraped, no jointing material being used. At 
the exhaust end the casing is bolted to the bed-plate 
but is free to slide at the high-pressure end. The 
diaphragms are of cast iron, and the upper halves are 
secured to the top half casing so that they are lifted 
with it when the turbine is opened up. The half- 
diaphragms are provided with keys at the joint in order 








obstacle to international trade; but we have this 
to remember: All our competitors have to meet 


to secure alignment and check leakage. A special alloy 
has been used for the diaphragm packings, which will 


Messrs. GREENWOOD AND BatLey, LimIreD, of 
the Albion Works, Leeds, were amongst the first of 
our engineering firms to recognise the possibilities of | price 2s, 6d., from Messrs. Andrew Reid and Company, 
the steam turbine, and during the past twenty years | Limited, Strawberry House, Leazes Park-road, Newcastle- 
have supplied hundreds of the de Laval type for | upon-Tyne. 
driving generators, mills, ventilating fans, and many | 
other purposes. The maximum output for which this | 
type of turbine is suitable is, however, limited, and in| 1 last, the Wellington Harbour Board had been in 





covered by the book, of associations and institutions 
connected with the coal trade of Northumberland, 
Durham and Yorkshire, and of H.M. Inspectors of Mines. 
in England, Scotland and Wales. The Coal Mines Act, 
1911, is given in full, together with various statutory 
rules and orders issued since the Act came into force, 





| and the book closes with some 20 pages of statistics 


| and useful tables and formul#. The guide is obtainable, 





WELLINGTON Harsour, NEw ZEALAND.—On January 


existence for fifty years. In order to mark the occasion, 
an attractive and well-illustrated little year book, con- 
taining full information relative to the port has been 
issued as a jubilee number. This is divided into five 
main sections, respectively designated: description of 
the port, wharves and facilities, imports and exports, 
general information and statistical data. Four maps 
are given in the book, including a berthage plan and a 
harbour plan, both of which are well drawn and convey 
a good idea of the extent and general lay-out of the 
harbour. In fact, it is described, as the most favoured 
in the Dominion, on account of its large and sheltered 
area (20,000 acres), easy access, and sufficient but not 
excessive depth of water (from 6 to 14 fathoms). The 
total tonnage of goods of all classes, handled inwards 
and outwards at the port, during 1929, was 2,172,406 
tons. The principal exports are wool, dairy produce, 
frozen meat, apples, hemp, hides and tallow. Of the 
value of imports of manufactured and other goods 
into the Dominion, during 1929, Wellington received 
over 34 per cent. Work on the Thorndon reclamation 
scheme is as, This involves some 68} acres 
of land to the north of Wellington ; the concrete sea-wall 
has been built, and dredgers are now busily pumping 
ashore dredged material behind the wall. An oil berth 
with three dolphins, having a depth of water, alongside, 
of 32 ft., below low water, is also being constructed in the 
harbour for the discharge of petrol by pipe line into 
privately-owned tanks in the vicinity. Furthermore, 
preliminary work is in hand for a floating dock of about 
15,000 tons lifting power. 








SOME ALLOYS FOR USE AT HIGH 
TEMPERATURES.* 
Nicket-Curomium AND CompLex Iron-NICKEL- 

Curomium ALLOYS. 
Part I. 
Rosennain, B.A., D.Se., F.R.S., and 
C. H. M. Jenxtns, B.Sc., A.R.S.M. 


THE investigations described in the present paper were 
carried out at the National Physical Laboratory 
(Engineering and Metallurgy Departments), under the 
auspices of the Committee on the Behaviour of Materials 
at High Temperatures of the Department of Scientific 
and Industrial Research for the 


By W. 


ENGINEERING. 


with various proportions of nickel have been examined. 
The general results of the tests indicate that increased 
endurance, as regards prolonged stress at 800 deg. C., 
may be obtained by raising the chromium content in 
nickel-chromium alloys beyond 20 per cent. As far 
as the examination has been carried, the best properties 
were found in the 70/30 alloy. At a lower temperature, 
namely, 650 deg. C., alloys of lower chromium content 
showed better results. The 90/10 rolled alloy con- 
taining a small addition of carbon appeared to be 
stronger than the 80/20 alloy. At higher 
temperatures, such .as 1,000 deg. C., it 
is possible that alloys with somewhat 
higher chromium contents may be more 





Fig.5. 
NICKEL-CHROMIUM & NICKEL-CHROMIUM-CARBON 
ALLOYS. 
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containing iron, the rate of pouring and the temperature 
of the molten metal before casting are also highly 
important. The chromium-iron alloys are relatively 
easy to prepare, but it is likely that the effect of 
nitrogen will be quite marked. 

Some of the complex nickel-chromium-iron casting 
alloys containing elements such as carbon, silicon, 
tungsten, titanium, or molybdenum, possessed markedly 
improved mechanical properties. These alloys were 
developed as the result of a series of experiments 





PROLONGED STRESS TESTS AT 800°C. ON 
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acd. and later for the Metallurgy Fig.. LARGE INDUCTION VACUUM FURNACE. 

Research Board of the Department. f 

The investigation was ee Prism. 

for the purposes of studying some o To Vacuum Pump. eee 

those ie seein which appeared j= Sighting Tube. 

likely to yield materials having _— 

strength at high temperatures. It ‘ 2 7 

was desired to find, if possible, alloys Rubber Ring’ Water-Cooling Pipes 

which should satisfy, more fully than Co ew , 

those already available, the present 9 + 

and probable future requirements of & 

engineering practice for materials s 
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the mechanical tests on alloys con- 
taining 50 to 60 per cent. of chromium did not justify 


further detailed examination of this region. The results | 


of the present investigation suggest that alloys contain- 
ing 10 per cent. of chromium should be further investi- 
gated; at the outset they were not regarded as particu- 
larly important, and were not included in the programme. 


The development of complex alloys of especially | 


high strength must also be regarded as still in the 
preliminary stage, although considerable advance has 
been made. While a number of creep units were 
employed, progress in systematic work of this nature 
was necessarily slow; to hasten the investigation, 
comparisons were based on the time occupied to pro- 
duce rupture under stresses somewhat above the 
limiting creep stress. 

The nickel-chromium alloys, either with or without 
proportions of iron, are used for a variety of purposes 
in increasing quantities. The chromium content of 
these alloys ranges usually from 8 to 20 per cent., with 


very widely varying proportions of iron and nickel. | 
The difficulties encountered in melting the alloys, and | 
the hardness of the materials at the forging and rolling | 


temperatures, have generally limited the chromium 
content of the commercial products in the past to 
20 per cent. The present 
considerable further improvement can be obtained 


by extending the range of chromium content, although | 


the proportion is not likely to exceed 40 per cent. 


The detailed examination of alloys of nickel and | 
iron containing 20 to 40 per cent. of chromium was | 
therefore desirable, as it appeared probable that | 


alloys which offered considerable resistance to forging 
and rolling would also possess highresistanceto deforma- 
tion by stress at high temperatures. This deduction 
has been confirmed by ater work. It has been found 
that many alloys which show a high endurance to 
stress have also proved to be incapable of being success- 
fully worked at any temperature. The results suggest 
that in the nickel-chromium alloys there is possibly an 
optimum range of chromium content which increases 
with the temperature of use. This factor is liable to 
vary on account of the proportions of other alloying 


elements, such as carbon, silicon, &c., some of which | 
have a marked effect on the properties of the material. | 
Investigation.—A large number of | 
alloys containing as‘much as 60 per cent. of chromium | 


The Present 


* Communication from the National Physical Labora- 
tory, read before the Iron and Steel Institute, London, 
on Friday, May 2, 1930. Abridged. 


research indicates that | 


Fig.6. TENSILE TESTS AT ATMOSPHERIC 
TEMPERATURE ON NICKEL-CHROMIUM 
& NICKEL-CHROMIUM-CARBON ALLOYS. 
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suitable. It was found difficult to prepare sound 
ingots of this series in sand moulds, but some 
preliminary tests indicate that sand-cast material is 
probably stronger than chill-cast. 

A systematic survey of the properties of the rolled 
nickel-chromium-iron series was carried out upon 
alloys containing 20 to 40 per cent. of chromium, 
both with and without additions of carbon. This 
group of alloys appears suitable for use at temperatures 
such as 650 deg. C., whereas for service at 800 deg. C. 
the binary nickel-chromium group is probably prefer- 
able to the simple ternary nickel-chromium-iron alloys. 
Whereas it was found that successful deoxidation of 
| the molten metal before casting is a very important 
| factor in the preparation of nickel-chromium alloys, 


|it is probable that, in the case of the ternary alloys 


Fig.7. SHORT-TIME TENSILE TESTS AT 
800°C. ON NICKEL-CHROMIUM & 
NICKEL-CHROMIUM-CARBON ALLOYS. 
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representing isolated points in a very wide field, the 
added elements having been selected on very general 
grounds regarding their probable effects. In view 
of the progress achieved by this tentative method, 
it is likely that considerable further advance in the 
production of alloys of still higher strength at high 
temperatures under prolonged loading is possible if a 
more extensive systematic investigation be under- 
taken. The maximum load under which the alloys 
did not flow appreciably was not determined, owing 
to the lengthy nature of the tests involved, but com- 
parison was made on the basis of the stress required to 
break the alloys after a long period of time under 
load. 

One of the alloys developed during the research 
(No. 183), was found to have a life of 50 days under a 
stress of 6 tons per square inch, and of 15 days under 
8 tons per square inch, at 800 deg. C. In comparison 
with the above results, the highest value so far pub- 
lished for commercial materials is that referred to as 
alloy M. This material will not withstand stresses 
greater than 3-5 and 5 tons per square inch for similar 
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periods of 50 and 15 days, respectively. The com- 
position of alloy No. 183 is as follows :— 


Per cent. 
Chromium ae ean ee Sa 30-0 
Nickel ... ae ae Are nae 30-0 
Iron io ee este cea coe 33°5 
Tungsten ne Ae _ = 4-0 
Carbon ... ven shee waa = 1-5 
Silicon... er: aes one nea 1-0 


Part II. 
By C. H. M. Jenxtns, B.Sc., A.R.S.M.; H. J. TapsEtt, 
A.C.G.I.; C. R. Austin, Ph.D., F.I.C.; and 
W. P. Ress, M.Sc. 
Tue general results of the investigation have been 
summarised and discussed in Part I: a detailed 


alloys in the forged and rolled conditions, it was found 
necessary to develop furnaces for both melting and 
annealing these nickel-chromium alloys, on account 
of the higher temperatures and other special conditions 
which were necessary. It was considered that the 
adoption of vacuum-melting in high-frequency furnaces 
would prove to be the most suitable, especially as 
an Ajax-Northrup 25-kw. high-frequency generator 
was available in the Laboratory. It should be noticed, 
however, that although high-frequency induction 
furnaces were used in the present investigation, it is 
probable that other types of electrically-heated 
furnaces, such as are and cored induction furnaces, 
might also proved suitable on a production basis. 

In the course of this work it was observed that 


In the work with purer metals and refractories, smaller 
quantities of gas are liberated, as the conditions are 
designed to minimise reactions in the metal or attack 
upon the crucible. 

Two vacuum furnaces were constructed, the smaller 
holding 6 to 12 lb. of charge, the larger 15 to 301b. The 
latter, shown in Fig. 1, on the opposite page, was 
arranged in a framework so that the coil and vacuum 
jacket could be lifted off the lower end-plate. The with- 
drawal left the crucible standing on refractory packing 
blocks ready for removal by means of basket tongs. 
It was possible with the present design to complete 
casting in considerably less than 1 minute from the 
cessation of heating and admission of air. The coil, 
formed of a water-cooled copper pipe, surrounded a 








the maintenance of a really high vacuum is a matter 


large silica tube, the ends of which were fixed in brass 


TABLE XV.—TENSILE PROPERTIES OF ROLLED NICKEL-CHROMIUM-IRON ALLOYS WITH NO ADDED CARBON. 





















































Short-Time Tensile Tests at— | 
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“(2)” following a tensile value denotes two results agreeing within } ton: the higher value is given. The average values of several results are enclosed in brackets, thus: (90-9). In prolonged- 
B. 


test columns, figures in square brackets denote percentage elongation. 


N.B. = not broken. 


TABLE XVI.—TENSILE PROPERTIES OF ROLLED NICKEL-CHROMIUM-IRON ALLOYS WITH ADDED CARBON. 
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Short-Time Tensile Tests at— r 
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account of the experimental methods used and of 
the results obtained are given here in Part II. 
The Apparatus and Equipment Used.—In addition 


In prolonged -test columns, figures in square brackets denote perc 


of difficulty, as a large quantity of gas is usually 
evolved upon melting crude metals. In addition, 
gases are expelled from the refractories. A consider- 


ha the equipment which existed at the National|able period of time is necessary for the effective 
hysical Laboratory for producing bars of various | removal of slowly liberated gases from molten alloys. 








entage elongation. 


rings pressing on to a rubber ring seating. This form 
of protection helped to maintain the good condition of 
the apparatus in prolonged service. 

The crucibles were made of china-clay to which 
20 per cent. of powdered alumina had been added in 
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order to increase its refractoriness. The hard-bodied 
refractory containers, which are shown in Fig. 1 
surrounding the crucible, were formed of a mixture 
of 60 parts of carborundum and 40 of china-clay. 
These containers did not get hotter than a dull red 
heat during melting. Between the crucible and the 
carborundum container a packing consisting of light 
powdered alumina was placed. This prevented 
both loss of heat and loss of metal from the crucible, 
which often cracked during heating, owing to the 
expansion of the charge. At the temperature attained 
during the melting of the charge, the powdered alumina 
fritted around the crucible and acted as a more effective 
support. Owing to the corrosive nature of chromium- 
rich alloys, molten alloys containing more than 40 
per cent. of chromium could not be allowed to remain 
for a long period in the crucible, the wall thickness of 
which only slightly exceeded 4 in. Moulded pots of 
pure or crude alumina with a wall thickness of approxi- 
mately 4 in. were used to hold alloys containing 
above 50 per cent. of chromium. Melting was usually 
complete after 4 to 1 hour on a power input of 16 to 
18 kw. Before casting some of the alloys it was 
necessary to effect deoxidation by the addition of 
suitable agents. 

Before casting the molten metal into cast-iron or 
sand moulds, measurements of the temperature were 
taken by means of an optical pyrometer specially 
modified for the purpose. The control of the tem- 
perature during melting, and more especially the control 
of the pouring temperature of the nickel-chromium-iron 
alloys, were found to be of importance. A method 
was therefore devised to obtain temperatures both 
while the crucible of metal was still in the furnace, and 
after its removal from the furnace but before pouring. 
‘To ensure that suitable conditions were fulfilled when 
the temperature reading was being taken, the pyrometer 
was sighted on the bottom of a bulb-ended refractory 
tube immersed in the metal. The tube was made of 
a china-clay and alumina mixture of composition 
similar to that used for the crucibles. Fig. 1, page 780, 
gives a diagrammatic sketch of the furnace, and shows 
the method of attaching the tube so that continuous 
readings of the temperature could be taken when 
necessary. This tube, approximately 4 in. in diameter, 
was cemented into the carborundum-clay block. To 
ensure the tube remaining upright after melting had 
occurred, a connecting tube was slipped over the tube 
during the assembly of the furnace. By means of a 
right-angled prism, the rays of light from the interior 
of the heated bulb of the refractory tube were reflected 
in a horizontal direction so that the pyrometer could 
be easily sighted. 

Forging was carried out by a pneumatically-operated 
hammer forming part of the experimental rolling-mill 
equipment of the Laboratory. The hammer weighed 
100 lb. This size is stated by the makers to be equiva- 
lent to a 300-lb. steam hammer. A lighter belt-driven 
spring hammer was also used upon the smaller bars. 

The Nickel-Chromium Alloys.—The binary Ni-Cr 
alloys were examined between the limits of composition 
of 0 to 60 per cent. of chromium. Attempts were 
made to forge or roll all the alloys produced. The 
alloys containing 10 to 40 per cent. of chromium were 
produced in bar form for tests in the worked state, 
but the alloys containing 50 to 60 per cent. were 
extremely difficult to work, and it seems unlikely that 
these can be prepared in quantity in the rolled con- 
dition. A series of Ni-Cr alloys containing 0-5 per cent. 
of carbon was also prepared; in these the chromium 
content varied from 0 to 40 per cent. They were 
very much harder at the temperature of forging and 
rolling. The increased hardness at high temperatures 
was also indicated by the difference in the results 
under prolonged stress at 800 deg. C. between alloys 
containing carbon and those without. The Ni-Cr alloys 
required deoxidation and reduction by forging on lines 
which differed somewhat from those used with the 
Ni-Cr-Fe alloys, which are described in a subsequent 
section. Thorough deoxidation was more important 
in the carbonless Ni-Cr alloys than in the alloys con- 
taining either iron or additions of carbon of about 
0-5 per cent. 

Deoxidation with a 50 per cent. Ni-Mn alloy ren- 
dered the alloys somewhat more fluid before casting, 
and sounder ingots were produced. The bars, however, 
were not rendered more forgeable by the use of this 
deoxidising agent, but improvements in the castings 
were effected by proportions of manganese such as 
} to 2 per cent. on account of the increased fluidity. 
The use of manganese was not thought to be desirable, 
for in commercial materials which have been deoxidised 
by manganese additions, the percentage of material 
which is insoluble in acid sometimes reaches 1 to 2 per 
cent. by weight. This insoluble residue is largely 
chromic oxide, which does not appear to be removed 
from the metal by this deoxidant. 

Magnesium as a deoxidant offers a greater prospect 
of success; its use in the production of malleable 
nickel is recognised. The experimental work showed 





that metallic magnesium could be added to the crucible 
in the case of 80/20 and often in 70/30 alloys, but, in 
general, in the case of the 70/30 alloys and in those 
containing higher percentages of chromium it was 
found preferable to add the metal in the form of a 
50 per cent. Ni-Mg alloy. The direct introduction of 
magnesium caused a violent reaction which might 
eject the greater part of the alloy from the crucible, 
even although this was covered by a massive iron 
lid. Various percentages of magnesium up to 0-2 per 
cent. were added. The deoxidant was wrapped in 
nickel foil and held by a stout nichrome wire; the 
charge was then plunged into the alloy through a 
central hole in the cover-plate placed on the top of 
the crucible. 


The presence of a small percentage of carbon probably | 


increases the soundness and decreases the propor- 
tion of non-metallic inclusions. The hardening effect 
induced by the addition of 0-2 to 0-4 per cent. of 
carbon is thus probably outweighed, in regard to 
rolling, by the increased soundness. 

The most satisfactory. castings were obtained by 
suitably adjusting the carbon and magnesium contents. 
In general, where subsequent workability is desired, 
it is preferable to keep the carbon content low and 


increase, if necessary, the proportion of magnesium. | 


The additions generally used for the nickel-chromium 
binary alloys were as follows :— 


Chromium in — ;:Carbon Addi- aes, Magnesium ~ 


lloy. tion. Addition. 
Per cent. Per cent. Per. cent. 
20 0-04 0-06 
30 0-06 0-12 
40 0-06 0:15 


Mechanical Properties of the Material.—Tests were 
carried out on the alloys in both the chill-cast and 
rolled states. The results of the usual short-duration 
tensile tests at room temperature and at 800 deg. C., and 
of the prolonged-stress tests at 800 deg. C. on the Ni-Cr 
alloys, are shown in Figs. 5, 6 and 7, on page 780. 
In general, the comparison between chill-cast and 
rolled material shows some interesting features. At 
room temperature, the tensile strength of the rolled 
material was considerably greater than that of the 
chill-cast material, and at 800 deg. C. the values for 
the cast binary alloys in short-duration tests were 
still slightly lower than those of the rolled material. 
The results of the prolonged-stress tests on chill-cast 
material at 800 deg. C. were considerably higher than 
those on rolled material, except in the case of the 
80/20 alloy. 

Properties of the Alloys.—The tensile tests at .all 
temperatures and the life under prolonged stress 
indicate that both chill-cast and rolled nickel, as 
well as carbonless 90/10 Ni-Cr alloy, are comparatively 
weak materials, but on the addition of 0-5 per cent. 
of carbon to the 90/10 alloy the tensile strength at 
high temperatures is considerably improved. The 
chill-cast 80/20 alloy appears to be inferior to the 
chill-cast 60/40 alloy under the prolonged stress 
tests, but superior in the rolled condition. The 70/30 
alloy shows by far the longest life under a given pro- 
longed stress, the chill-cast alloy enduring the load 
without fracture from 2 to 3 times as long as the 
rolled alloy. 

The comparison of the alloys having a low carbon 
content with those having 0-5 per cent., indicates 
that the addition of carbon, although not markedly 
affecting either the hot or cold tensile tests, very 
considerably increases the resistance of the specimen 
to failure under prolonged stress. The strongest 
alloy of the chill-cast series, so far as the results at 
present indicate, appears to be the 60/40 alloy con- 
taining 0-5 per cent. of carbon, which showed an 
endurance of 7 days to 5 tons per square inch at 
800 deg. C., and 25 days to 4 tons per square inch. 

The Recrystallisation of Cold- Worked Nickel-Chromium 
Alloys.—The object of this section of the research 
was the determination of the temperature of recrystal- 
lisation of cold-worked Ni-Cr alloys of various chro- 
mium contents. It was thought that the temperature 
of recrystallisation would give some indication of the 
internal rigidity of the alloys at high temperatures, 
and, therefore, an estimate of the upper temperature 
limit of useful service. This method would not, 
of course, yield quantitative data, but might indicate 
the possible usefulness of the alloys. Three materials 
were selected for this study, which was carried out by 
means of Brinell hardness tests and microscopic 
examination; they were the binary nickel alloys con- 
taining 20, 30 and 40 per cent. of chromium. 

From the hardness tests, it appears that, after slight 
deformation, the annealed rolled material recrystallises 
at a slightly lower temperature than the cast material 
(probably in the order of 50 deg. to 100 deg. C. lower). 
It was thought that this might have been caused 
by coring in the cast alloys, but cast material which 
has been thoroughly annealed to remove coring 
appears to be little altered in its behaviour. The 
main difference between cast and rolled material 


appears to be that, on re-annealing the alloys at moder- 
ately high temperatures after slight cold-working, the 
cast materials show a marked hardening, whereas the 
rolled alloys harden only slightly, or do not harden. 

An increase in the degree of cold-working is shown, 
in the main, to accelerate the rate of recrystallisation 
at various temperatures, although slight anomalies 
may occur, arising from the application of a critical 
degree of extension. A general consideration of the 
merits of the three alloys (80/20, 70/30, and 60/40 
Ni-Cr), so far as can be inferred from the present 
investigation on hardness and recrystallisation, in- 
dicates that the 70/30 alloy appears to be the hardest 
material and also to possess the advantage that it 
| hardens in the rolled state when heated after cold- 
work. This alloy is likely to prove more satisfactory 
than the other binary Ni-Cr alloys for resistance to 
stress at higher temperatures. 

The Nickel-Chromium-Iron Alloys.—For the study 
of the alloys of nickel and chromium containing iron, 
a series of alloys of low carbon content (generally 
less than 0-05 per cent.) was first investigated, followed 
by a series of alloys containing approximately 0-5 per 
cent. of added carbon. The results of the mechanical 
tests of these two series of alloys are perhaps of a 
preliminary character, as many of the alloys were 
| prepared only on a small laboratory scale ; it is likely 
that some of the material was not as sound as could 





“=: | be obtained with further experience of the peculiarities 


of certain of the alloys, which were found to differ 
quite widely in their properties. 

The Ni-Cr-Fe alloys were also difficult to roll, and 
only small reductions of the cross-section, such as 
4 per cent., could be given without risk of cracking. 
After the bars had been reduced 30 per cent. by rolling, 
they presented no difficulties, and were then rolled at 
a higher temperature—namely, 1,150 deg. C.—without 
danger of cracking. As an example of the general 
practice followed in forging and rolling, an alloy cast 
in the form of a 1-in. round bar was forged until 
the area had been reduced 12 per cent. ; this required 
three forging operations at about 950 deg. C. and 
three intermediate reheatings to 1,150 deg. C. to effect 
softening. The alloys were then rolled at 950 deg. C.; 
during the early stages they received three inter- 
mediate reheatings at 1,150 deg. C., and twelve passes. 
In the later stages, they were more rapidly reduced, 
but the bars were reheated a further five times before 
a bar } in. in diameter was obtained. 

The Mechanical Properties of the Nickel-Chromium- 
Iron Alloys.—The alloys were tested in the form of 
test-pieces prepared from rolled bar } in. in diameter. 
Tests were not made, however, on material in either 
the cast or the heat-treated condition. The results 
of the work must, therefore, be taken as essentially 
exploratory, with a view to a future more detailed 
study of promising alloys. The tests carried out 
upon the materials were as follows: (1) Short-time 
tensile tests at air temperature, 650 deg. and 800 deg. C. 
(2) Tests under prolonged loading at 650 deg. C. 
This temperature was adopted in view of the poor 
resistance to stress at 800 deg. C., and the consequent 
difficulties in carrying out comparative tests. The 
results of the various tests are given in Tables XV 
and XVI, on page 781, and are classified in groups of 
constant chromium and decreasing nickel contents. 

A generai comparison indicates that it is difficult 
to correlate the results of either hot or cold tests with 
the probable life of a specimen under prolonged stress. 
Instances occur in which a particular alloy possesses 
a high tensile strength at high temperatures together 
with a high strength in the prolonged-stress tests. 
On the other hand, it is doubtful whether some 
materials which might have given promising results 
in short-time tests would possess a high strength 
under prolonged-stress tests. 

Nickel-Chromium-Iron Alloys of Low Carbon Content. 
—So far as tests have been carried out, the greatest 
strength at room temperature, as shown by short-time 
tensile tests, is found in the alloy containing 20 per cent. 
of nickel, 40 per cent. of chromium, and 40 per cent. 
of iron, and the least in Fe-Cr alloys containing 20 to 
30 per cent. of chromium. The Fe-Cr alloy containing 
10 per cent. of chromium, however, has relatively 
high strength. At 650 deg. C., the maximum short- 
time tensile strength is found to occur in a wide range 
of alloys, including the 70/30 Ni-Cr alloy and the 
20/40/40 Ni-Cr-Fe alloy. At 800 deg. C., the maximum 
appears to be in the region of the 20/40/40 Ni-Cr-Fe 
alloy, and the 70/30 Ni-Cr alloy appears to possess 
high strength. With regard to the results under 
prolonged-stress tests at 650 deg. C., the maximum 
values 11-4 to 13-5 tons per square inch for a life 
of 10 days were observed in the region of the 70/30 alloy, 
and high results were found in nickel-rich alloys 
near this composition, such as the 60/20/20 and the 
50/30/20 Ni-Cr-Fe alloys. Moderately high strength 
is possessed by alloys in the region of the 30/20/50 
and 20/20/60 alloys. 

(To be continued.) 
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PORTABLE BELT CONVEYOR. 


CONSTRUCTED BY MESSRS. MAVOR AND COULSON, LIMITED, ENGINEERS, GLASGOW. 





Fie. 1. 








ONGINER PING 





Fig. 2. 


PORTABLE BELT CONVEYOR. 


Tue portable belt conveyor illustrated in the 
‘accompanying Figs. 1 to 3 is one of the standard 
‘manufactures of Messrs. Mavor and Coulson, Limited, 
47, Broad Street, Glasgow, S.E., and possesses several 


features of interest, apart from its general simplicity 
‘of construction, by which rigidity is obtained without 


any sacrifice of lightness and ease in handling. As 
will be seen from Fig. 1, the jib carrying the belt 
idlers is of a wide inverted channel section, which 


Provides the necessary stiffness for support whilst 


‘conipletely protecting the return belting and the 
‘driving engine or motor. The conveyor may be made 


of eny length up to approximately 65 ft., and, as there 


:is no obstruction on the under side of the jib, it may 


be pushed close up against the side of a wagon as far 
as the wheels will permit. The belt runs on troughing 
idlers, mounted on ball bearings, and as the jib is con- 
tinuous, and not hinged, it is always kept straight and 
at an even tension. The tensioning gear is situated at 
the delivery end, and is thus kept free from dirt. 
From what has just been said it follows that the jib, 
when it is required to adjust the height of delivery, is 
raised as a whole, together with the power unit which is 
suspended from it. The raising or lowering operation is 
carried out by turning two long screws by means of a 
cross shaft fitted with bevel wheels, the screws rotating 
in fixed nuts attached to the road-wheel axle. When 
fully raised, a conveyor 65 ft. long can deliver to a 
height of 20 ft. to 23 ft., depending on the nature of 





the material being handled. 





Fie. 3. 


Loading is facilitated by the low level of the receiv- 
ing end. This, as shown in Fig. 2, is fitted with a 
long three-sided hopper, so that several men can shovel 
material on to the belt at once. This hopper is, how- 
ever, only attached by two screws having butterfly 
nuts, and is therefore readily detached, when the 
wedge-shaped receiving end may be simply pushed into 
a pile of loose material, the conveyor then becoming 
practically self-loading. The belt is 18 in. wide, and 
normally runs at 150 ft. per minute. At this speed, 
the delivery capacity is 40 tons of coal per hour, 
but is naturally somewhat greater with denser material. 
The arrangement of the drive is seen in Fig. 3, which 
figure also shows the bevel gears and screws for elevat- 
ing and lowering.” In the particular conveyor illus- 
trated, the motive power is supplied by a Petters 
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same, are packed into a stout portfolio which serves 
to protect the whole outfit. The Hilfsbuch gives the 
derivation of the formule embodied in the charts, 
but also has many useful supplementary notes and 
tables. There are 45 alignment charts which are 
capitally printed on tough paper. The field covered 
is very comprehensive, including hydraulics, the 
properties of steam, the design of boilers and their 
| accessories, electrical plant, engines, steam turbines, 
fans and ventilation. In addition to the nomographs, 
there are thirteen sheets of useful cutves. 


internal-combustion engine, but an electric motor may 
be used if desired. The engine is well protected from 
damage by its situation between the road wheels 
and below the wide jib, and this position keeps the 
centre of gravity of the machine low, thereby conducing | 
to steadiness in working. The drive is transmitted 
to the belt drum, seen in Fig. 3 behind the engine, by 
two chain and sprocket gears. 








NOTES ON NEW BOOKS. 


In government services, it is not an Uncommon | 
tendency for the administrative classes to regard the} In making deep excavations for foundations near the 
technical classes with something akin to jealousy, and | sea, such as are necessary in the construction of docks, 
to delay the grant of any advancement in status till it | locks, &c., geological characteristics may be encoun- 
is long overdue. The practice arises from prejudices | tered which provide the engineer with problems of an 
deep rooted in the human mind. It is a practice, | unusual nature and which require special investigation. 
however, strongly to be condemned, for it is lacking in | A case of this kind arose during the construction of the 
statesmanship ; it is a cause of discontent and friction, | new lock at Flushing, Holland, and, as a result of in- 
and often leads to an intolerable waste of energy which | vestigations, important information was obtained which 
might otherwise have been usefully employed on work | should be of interest to civil engineers in other parts 
of national importance. No more striking example | of the world who are engaged in this class of work. 
of the evils of such action is to be found than that | It was found that, owing to the presence of beds of clay 
afforded by the history of the Engineering Branch | and peat which are almost impervious, the ground 
of the Royal Navy, for it is no secret that it was only | water was enclosed in the confines of certain zones and 
through persistent and organised effort that naval) was subject to the pressure corresponding to the tides 
engineers secured a status commensurable with their | in the River Scheldt, although, as might be expected, 
important duties. Many able engineers devoted | weakened and with a certain amount of retardation. 
themselves to the task of raising the position of the |The maximum pressure produced in this manner is, 
Engineering Branch, and however much one deplores | however, not determined solely by ‘the high-water 
the necessity of the case, it is vastly to their credit that | level in the River Scheldt, but also by other charac- 
they persisted in their work when faced by the most | teristics of the rising tide. An account of the investiga- 
determined opposition. The engine-room artificers | tions made, together with various conclusions obtained, 
also had their long struggle for recognition, but thanks | has been published by the Government Bureau for 
to a few pioneers they now enjoy privileges which | Water Supply of Holland in the form of a bulletin, 
were all too long withheld. For thirty years, no artificer | entitled Bijdrage tot de Kennis van den Invloed van de 
could attain a higher rank than that of chief petty | Getijbeweging op de Stijghoogte van het Grondwater, 
officer, but to-day every boy entering the branch finds | by J. H. Steggewentz, who is hydrologist to the Dutch 
an avenue open leading to warrant and commissioned | Government Water Supply Bureau. (The Hague, 7, 
rank. In their long struggle, the artificers had no| Mauritsgade). The relation between the groundwater 
more capable and devoted advocate than the late | and that in the river is reduced to the form of simple 
Mr. W. Stoddart, who for fifty years worked unceasingly | formule, by which the pressure which may be expected 
in their interest. When quite a junior artificer he | during high storm tides may be calculated. 
began writing to the Press on the disabilities of his | 
class, and he continued his writing till a short time 
before his death, which took place on June 4, 1929. 
As editor of the Naval Engineering Review, and as 
secretary of the Benevolent Society—now known as the | 
Naval Engineers’ Benevolent Society—he exercised | 
great influence among his fellows and many will like | 
to read the small volume, W. Stoddart, A Biographical 
Sketch, by L. Hanbidge, recently published by the 
Westminster Press, price 2s., net. A man of wide | 
sympathies, tact and courage, Stoddart gave himself | 
unstintingly to the task before him, and to him every | 
artificer in the fleet owes something. Mr. Hanbidge | 
quotes from some of Stoddart’s letters and articles, | 
but we are informed on good authority that he has | 


fallen into error in attributing to Mr. Stoddart an | ; d : : 
article on the Engineering Br owe of The Royal Navy | all foreign countries and their possessions, and Volume 


: : : . | II with Great Britain, India, and the British Dominions, 
DI] ’ ’ ? 
which appeared in The Engineer, for April 30, 1926. | Colonies, Protectorates and Dependencies. In Volume 
| I, each town or locality has a separate section for itself, 


The Electrician Annual Tables of Electricity Supply | and the sections for towns of the same country are 
Undertakings (London: Ernest Benn, Limited, | grouped together in alphabetical order, so that there 
price 10s. net) this year includes, for the first time | 18 @ separate division for each country. The name 
since the war, a table giving particulars regarding of each town appears in heavy type, and, underneath, 
British electric railways. This occupies eight narrow | 4re given its approximate position, population, and 
columns only and is, therefore, an indication, if indica- | chief industrial and commercial characteristics. The 
tion were needed, that outside London this form of | trades carried on in that particular locality and the 
traction has not yet made much progress in this | names of the firms engaged in them are then given in 
country. The remaining tables deal, as usual, with pub- | alphabetical order. In Volume II, no separate section 
lie electricity supply undertakings, those in the British | for each town is given ; the book is divided into three 
Isles, in the Dominions and Colonies, and in foreign | ™ain portions, headed, respectively, England, Scotland, 
countries being separately classified. We notice that | and Wales (except London); London; and Ireland. 
electricity works in Ireland still appear under the first | Each of these three divisions comprises an alpha- 
of these headings and hope that this will not lead to | betical list of firms and a list of their tele- 
diplomatic complications. The British undertakings | gtaphic addresses, a directory of classified trades, 


are further sub-divided into those which supply under a | 8nd lists of exporters and importers arranged 
provisional order and those which supply under a | under the headings of the goods with which they deal. 
>, 


ower Act. This arrangement is hallowed by custom | Furthermore, the fact that it contains 20,000 place 
and can be continued for a time without confusion, but 2@mes and that all towns throughout the world, 
it would seem that, in the near future, a new and clearer Of any commercial importance, are included renders 
distinction will have to be made between undertakings | it useful as a gazetteer. The volumes are particularly 
that are generating electricity and those which are re- | Well indexed ; the first is an index to countries, towns 
ceiving itin bulk. Incidentally, this will mean some re- | and localities, next there is an index to trade headings, 
duction in the size of the publication under notice. It | nd finally, in Volume I, three lists of trade headings 
need hardly be added that the information given is well |in French, German and Spanish, together with their 
set out and, as far as can be ascertained, accurate. It | English equivalents. In addition, concise and lucid 


should prove as useful in the future as it undoubtedly | instructions for the use of the Directory are given 
has in the past. |in English, French, German, and Spanish, every en- 











The firm of Messrs. Kelly’s Directories, Limited, 
| was founded in 1799, and their claim to be the 
oldest and largest directory publishers in the world 
appears to be firmly established. The list of their 
publications is, indeed, a formidable one. A work 
which is of direct interest to engineering concerns, 
and manufacturers generally, is Kelly’s Directory 
of Merchants, Manufacturers, and Shippers of the 
World. The 1930 edition, which has recently been 
ublished, comprises, as usual, two volumes, and is 
obtainable, price 648., post free, either from the head 
office of the publishers, 186, Strand, London, W.C.2, 
or from any of their branch offices and agencies. As 
was the case with previous issues, Volume I deals with 








: : in th i york. 
A remarkable series of nomographic and other charts | oe RT ee 








| deavour being made to assist British and foreign users 
























CATALOGUES. 


Aircraft.—We have received a copy of the Hispano- 
Suiza technical bulletin, issued by Messrs. The French 
Hispano-Suiza Company, Rue du Capitaine Guynemer, 
Bois Colombes, Seine, France. 

Docks.—We have received a circular from Messrs. 
United Dry Docks, Inc., 11, Broadway, New York, giving 
particulars of their seven dock plants, the locations of 
which are shown on a map of New York Harbour. 


Earthing Rods.—A circular explaining the construction 
and method of inserting copperweld earthing rods is to 
hand from Messrs. British Insulated Cables, Limited, 
Prescot, Lancs. The standard size is 8 ft. long and 
& in, diameter. 

Switchgear.—Messrs. Mavor and Coulson, Limited, 
47, Broad-street, Mile End, Glasgow, have issued a leaf 
catalogue giving particulars of their flame-proof controllers 
with vertical air break, specially suitable for use in fiery 
coal mines. 

Thermometers.—Messrs. The Cambridge Instrument 
Company, Limited, 45, Grosvenor-place, London, S.W.1, 
have sent in a circular showing indicating and recording 
thermometers for temperatures up to 1,000 deg. F. or 
560 deg. C. 

Petrol and Paraffin Engines.—The application of their 
petrol and paraffin engines to various purposes is dealt 
with in the monthly ‘‘ News,” issued by Messrs. Petters, 
Limited, Yeovil, with notes on the firm’s activities in 
many places at home and abroad. 

Paint.—Messrs. J. H. Sankey and Son, Limited, 
Essex-wharf, Canning Town, London, E.16, have issued a 
circular describing a plastic paint known as ‘‘ Sankmar,”’ 
which they have produced for use on ceilings, walls, &c. 
Various textures and colour effects may be obtained with 
it. 

Cooling Towers.—From Messrs. The Davenport 
Engineering Company, Limited, Harris-street, Bradford, 
we have received illustrations of water-cooling towers 
constructed at Bradford, Birmingham, &c., and lists of 
others in connection with municipal and private power 
plants. 

Aluminium.—Two further booklets of useful data for 
construction work in aluminium are to hand from Messrs. 
The British Aluminium Company, Limited, Adelaide 
House, King William-street, London, E.C.4. One is for 
motor-car body-builders and the other for aircraft 
constructors. 

Motor Starting and Control Gear.—We have received 
from Messrs. Brookhirst Switchgear, Limited, Chester, a 
circular explaining three types of starting panel for 
alternating-current motors, and a leaflet indicating the 
positions of a series of controls supplied by the firm for a 
large motorship. 

Commercial Motor Vehicles.—In a recent issue of the 
A.E.C. journal, Messrs. The Associated Equipment 
Company, Limited, Southall, Middlesex, give a complete 
illustrated list of the omnibuses, coaches and _ lorries 
constructed at their works. The lorries are built for 
loads of 34, 4, 6 and 8 tons. 

Electric Furnaces.—Messrs. Electric Resistance Furnace 
Company, Limited, 17, Victoria-street, London, S.W.1, 
have sent us a copy of the first number of their house 
journal, illustrating electric furnaces for smelting steel 
and melting brass, and also containing some useful 
subject matter. 

Machine Tools and Trucks.—A catalogue illustrating 
lever shearing machines operated by hand, hydraulic 
punching, shearing, and pressing machines, also hand- 
operated, and a motor truck to carry 7} cwt., is to hand 
from Messrs. The Tangent Tool Engineering Company, 
Limited, Keynsham, near Bristol. 

Stone Crushers.—Messrs. Hadfields, Limited, Sheffield, 
have issued a new catalogue of crushing machines with 
removable sleeves or shells for the rollers. These include 
very powerful types of machines, requiring up to 80 h.p., 
for crushing granite, although smaller sizes and portable 
types are also provided. Special steels are used for the 
surfaces of the crushers. 

Tool Steel.—A substantial advance in tool-steel manu- 
facture is claimed by Messrs. Samuel Osborn and Com- 
pany, Limited, Sheffield, in a circular stating that their 
S.0.B.V. cutting alloy will take heavier cuts and feeds 
and higher speeds than the standard high-speed steels. 
The alloys will cut materials, such as chilled iron and 
manganese steel, hitherto unmachineable, and will drill 
or turn toughened high-manganese steel if the prescribed 
feeds and speeds are adhered to and the machine has 
sufficient power and rigidity. 

Boiler Auvziliaries—Messrs. G. & J. Weir, Limited, 
Cathcart, Glasgow, have issued two catalogues of interest 
to engineers engaged in the design or operation of steam- 
raising plant. One deals with turbo-feed, turbo-electric 
and electrofeeder pumps, and the other with direct-acting 
pumps for feed and general service, fuel pumps for oil-fired 
boilers, feed-water heaters, de-aerators, low-pressure 
evaporators, contraflow boiler-feed regulators, distilling 
plants, air and oil pumps, and the Hydrokineter for 
setting up circulation in boilers when raising steam. 

Marine Oil Engines.—The Saint Martin Legasse, one 
of four trawlers for French owners, is described in a 
pamphlet to hand from Messrs. Atlas Diesel Company, 
Limited, New Oxford House, Hart-street, London, 





is the distinguishing characteristic of the Htlfsbuch 
fir Betriebsberechnungen recently published at 28-50 
R.M., by Julius Springer, of Berlin. The author is Ing. 
B. M. Kororski, and his work is apparently intended 


BROMINE AND EtHyt PetrRoL.—During 1929, 


the 


bromine produced in the United States totalled 6,414,620 | p e 
»., which figure is nearly three times as much as the | are very fully described and illustrated, the matter being 


W.C.1. The engines develop a total of 770 brake horse- - 


| power in seven cylinders. The vessels and machinery 





1928 output. The increase is mainly due to the fact | a reprint from our contemporary The Motor Ship. The 
| that large quantities of bromine are employed for making | vessels, which will each earry 1,300 tons of salted fish, 
| ethylene dibromide, which is used in the manufacture of | are being built by Messrs, Cox and Company, of Fa!- 


ethyl petrol. mouth. 








to replace or supplement the familiar type of engineers 
pocket book. The Hilfsbuch, with its charts and a 
transparent and engraved celluloid strip for use with the 
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THICK-WALLED TUBES AND CYLIN- 





Considering shear strain, it follows from equa- 


DERS UNDER HIGH PRESSURE | tions (1) and (4) that : 


AND TEMPERATURE. 

R. W. Battry, A.M.I.Mech.E. 
(Continued from page 773.) 

Stress Distribution and Creep of Thick-Walled 
Cylinders under Internal Pressure.—In the following 
treatment, the suffix numbers 1 and 2 are employed 
to denote quantities at the inner and outer surface 
of the cylinder wall, respectively. 

Fig. 3 represents an element of the wall of a 
thick cylinder of internal and external radii 7, and 
r,, respectively, under internal pressure p. The 
component stresses in the circumferential, radial 
and axial directions are x, y and z, respectively, 
where 2 and z are shown as tensile stresses and y 
compressive. Adding a hydrostatic tensile stress y 
to the system represented by Fig. 3 results, for the 
reasons already given, in an equivalent two-dimen- 
sional system of stress consisting of a circumferential 
stress 7 -++ y and an axial stress y + z. 

Absence of axial creep in the case of a thick 
cylinder indicates that the elementary cylinder 
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of radius r and thickness §r behaves as if it were 
a thin tube under internal pressure — Sy. But 
there is no axial creep of a thin-walled cylinder 
when the circumferential stress is twice the axial 
stress, consequently in the case of the thick-walled 
cylinder we must have 


e2+y=2(y+2).. - « & 


Resolving radially the forces acting upon the 
element shown by Fig. 3, we obtain | 
yrOB.6l—26r.61.56B—(y+dy) (r+ i a alin, 
giving, | 

are ytrgt=o . . 3) 

A further relation between the stresses and r 
may be obtained from creep considerations. 
Let 

¢, = circumferential or diametral creep rate at inside 

of cylinder in strain per hour. 

¢, = ditto outside of cylinder. 

c = ditto at radiusr 


It may be taken that the density of the material 
during creep is constant, and consequently, 


c= (2)'= (7) : - (4) 


The creep rate c is related to the stress x + yina 
way that may be found from torsion creep tests 
upon thin tubes carried out at constant temperature 


aad at a shear stress f of 74 the result being | 








interpreted in accordance with equation (1). } 


| where 


2 2 
o=¢1 (2) = (#2) .- at 

From torsion creep tests made at constant tem- 
perature, the relation between the shear stress 
f or == and the creep in shear ¢ may be 
obtained. 

As it has not been the practice to make torsion 
creep tests, there are very little data available for 
this kind of test. There is no reason to think, 
however, that the variation of creep rate with 
temperature will be of any other general form than 
is found in the case of tensile tests. In the latter 
case, if the rate of creep is taken sufficiently high, 
the stress will approximate to what may be regarded 
as the ultimate strength as ordinarily obtained. 
On the other hand, if the rate of creep is exceedingly 
| small, the stress will approach the limiting creep 
| stress, if there is one. Incidentally, the most 
j|accurate tests known to the author have failed 


























Taking logs of equation (5) and substituting 
from equation (8) 


r 1 
loge eo = loge 9; = 2 loge —- < 7 = Sx) 





Replacing f and f, by ~" and tH, respec- 
tively, 7 
x+y — (t) + Y,) = 4n loge “4 - (9) 
Substituting from equation (9) in equation (3) 
gives 
roy - 4n loge = — (%y +4) «~ (10) 


which, upon integration, becomes 
r \2 : r 
y=2n ( loge ) — (x, + Y,) loge— +A. 
| ry 
Introducing y = y, = p, whenr = 7, 
r \2 r r 
y = 2n/( loge — ) — x, loge — + p(1— loge) (11) 
| "3 7 


Introducing in equation (11) the condition at 
the outside of the cylinder, i.e., y = y, = 0 when 
r = fr, results in 

















| to discover such a limit, and it would appear that, 2, = 2nloge 4s ae. p( — 1) - (12) 
’ 1 loge 2 
Fig 4. v; 
| Adding y, (or p) to equation (12) 
: | a, + y= 2nloge 2 + —2 (13) 
% "3 2 
© | loge r 
& from equations (11) and (12) 
~ | Ts 
g : r loge = 
= kK Graph becomes y = 2n loge = loge — + Pp - . (14) 
. SU Curved . 2 loge —? 
at Low Stresses , "1 
from equations (9) and (13) 
(2008.0) Log. Creep @. 2 + y = an loge Lt ae loge Le} + oe (15) 
“ENGINEERING oa: r rT, Ts 
loge ry 
1 
| from equations (14) and (15) 
1g.6. | as Ld a Ts 9 ad 
10 x= 4n loge =? 2 n loge + — 2n loge 7, 
s 
8 r (a — loge + ) . 
loge p -———-_ ._.. (16 
Ts log T? 
eid 
3 : 6 | "1 
S 8 | from equations (2), (14) and (16) 
& & | T) T? = Tr. 
eS 4 z= 2n loge - - 0 loge = — 2nloge — 
% | 1 1 
ay + is tea 
& iS | r P = Be Tr 
AS 2 loge s a s ied - 4 (17) 
= | 2 ? loge - 
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(2008. F) T2 “ENGINEERING” 
at working stresses at elevated temperatures, 
there will be creep. In any case, when a wide range 
of creep rate is considered it is doubtful if a simple 
relation will express the connection between 
stress and creep rate. In the case of steels at 
temperatures up to, say, 500 deg. C. and stresses 
of working magnitude, a linear relation between 
stress and log rate of creep expresses fairly well 
the results of experiment. At higher temperatures, | 


jand also at low stresses, a linear relation between | 


log stress and log rate of creep may be regarded as | 
reasonably representative. These two relations | 
expressed symbolically are, 


f= a+ blogogd . - (6) | 
logio f = @’ + b’ login > - (7) 
Case a. Employment of Equation (6). 
Considering the first form, Fig. 4 represents, for 
a given temperature, the relation between the 


shear stress f (which will be the same as >) 


and the creep rate ¢. 

Incidentally, the employment of log ¢ as abscissz 
has advantages which will become apparent when 
the case wherein creep accompanied by heat 
transmission is dealt with. 

Proceeding by means of the relation equation (6) 
and employing natural logarithms, 


f=a+nloge¢d. ° - (8) 





n = 00-4343 b, 


1 

Equations (14), (16) and (17) give the principal 
| stresses at any point in the cylinder wall, and when, 
| from torsional creep test data, » is known, the stress 
| distribution in any case may be evaluated. Generally, 
|as is indicated by the slope of the curve in Fig. 4, 0 
m decreases in magnitude as the shear stress is 
reduced, and, for some working conditions, the 
terms containing » are negligible compared with 
those containing p. Approximations for the stresses 
x, y and z, which should be used with discretion, 
may therefore be made by omitting terms containing 
n. These approximations are as follows : 

Ts 


1 — loge ry 





a (approx.) = p.- = 
. 34 
loge "1 
‘ T2 
0-4343 — logig = 
seat ot Me ae ce ran Ta ets - (18) 
S10 ry 





v2 
loge a 


y (approx.) = p. —— tee Pp. 
loge —? 
| 


r 
logio 2 





(19) 
T. 
logio ms 

1 


1 — 2 loge ~? 
P r 
2 (approx.) = >. saeeeny “eae 
2 lows %2 
Oge r 
2 
0-4343 — 2 logiy = 
te ae - (20) 
logi9 — 
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p 0 +4343 P 


x + y (approx.) = (21) 
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loge — 
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the creep rate ¢ is best expressed by a linear} From equation (38) 


The preceding approximate expressions indicate, in 
equation connecting log f and log g, as given by 





a general way, the influence of cylinder proportions 
upon the distribution and character of the stresses 
induced in thick cylinders under internal pressure 
when creep prevails. Based upon these expressions, 
Figs. 5 and 6, page 785, give the stresses x, y, z and 
x + y at the inside and outside surfaces of a cylinder 
for unit pressure p and different ratios “1, Of the 
“4s . . 2 

quantities given, x+-y is the most important, 
since the diametral creep rate C that occurs is 
determined by this quantity. Or, more precisely, a 
pure shear stress f of magnitude == results in a 
shear creep rate ¢ twice the diametral creep rate C 
and consequently, by means of data obtained 
from shear tests, the diametral creep rate C is 
related to and determined by 2 + y. Thus 

a+y 


- 


7) (for a shear stress f = 2C. (22) 

Introducing in equation (15) the appropriate 
value of r, the values of 2, + y, and x, + y, for 
the inside and outside surfaces of the cylinder 
respectively, are 


P 


%+Yy,=— - + 2nloge — (23) 
loge -” 
"s 
? To 
e+m=— — — 2nloge (24) 
3 1 
loge = 


1 
Employing approximate expressions, by neglecting 
terms containing » and putting f, and f, for 
y+ 4 a} + Ye 
6 2 ° 


_— and 

ca approx. 
2 loge ra 
"1 


fi = Se 


Or, considering conditions at the outside of the 
cylinder 


r p ‘. 
lo 2 =. “_ approx. (25) 
sai m 2f, 
and in common logarithms 
917 
logy 2 = = te P approx. (26) 
rT fa 


Yquations (25) and (26) are simple relations 
for the approximate determination of the value of 


r : eg: ° 
* for given conditions of working pressure, tem- 


perature and permissible creep rate, the procedure 
being as follows: From the results of torsion 
creep tests at the working temperature @, the 
value of the stress f, is taken for a rate of creep 
equal in magnitude to twice the permissible diametral 
creep rate C,. Introduction of f, and the working 
. . aie ote 
pressure p in equation (26) enables the ratio 7 
to be obtained. 
In cases where it is desired to take n into account, 
it follows from equation (23), which is a quadratic 


in log, “3, that 
1 


Se 


) - #1]. (27) 


An example may be given to compare the values of 
“8 obtained by the correct relation of equation (27) 


with the approximate value from equation (26). 
From tensile creep tests it seems probable, in 
the case of torsion, that, for a normalised 0-4 per cent. 
carbon steel at 400 deg. C., 6 will have the value 
of about 2-5 tons per square inch, and consequently 
n is approximately unity. Also for a diametral 
creep rate of 10-® strain per hour, i.e., ¢, = 2 x 10-® 
radians per hour, the value of f; will be about 
6 tons per square inch. Employing these quantities, 
it is required to determine a for a working pressure 
1 


of 5 tons per square inch. 
From equation (27) 
r 


Ss 


logy r, = 0 asia | c. 4 (3 _ 


ot 


* = 1-48 
"3 
From equation (26) 
Ts — 1-52. 
*y 
Case b. Employment of Equation (7). 
At the higher temperatures and low stresses, and 
in the case of some materials, it has been noted 
that the relation between the shear stress f and 





equation (7). 
Or, 


f=a’ ¢ where a’ = logy) a”, 


which, for the case of a thick cylinder, may be 


written 
zx 


ame A ” y 
9 eee g¢?. 


Substituting from equation (5) gives 








+L \2" 7, \2" 
zty=2a"9,' (%) = (x, + vy) (74) 
: (28) 
and from equation (3) 
2b’ 
d 
(+ (t) +r9¥=0 | (29) 
Integration of equation (29) gives 
att a+ A 
2 6’ r a 
Since y = 0 when r = r, 
oR ; 
a 2+ (1) ae (2 rr] (30) 
20 Nr = 
Putting y = y, = p when r = 7, gives 
2b’ 
( “1 ) +26’—1 
2 
Pw) eee: ieee (31) 
= (8) 
9 
(2 ad r fay 
i YT? 
y= pp.” eee bo’ (32) 
ae 
Ts 
—— 2b’ 25’ 
ae —1(4) + =: ) 
r 3 
2=p. a aa 
= (8) 
se | 
and from equations (2), (32) and (33) 
eae 2b’ 2b’ 
= i (2) + (21) 
Semeesee U4. CR? a 
=" ve, oa (34) 
(8) 
oe 
i 
2t+y=p. ———s (35) 


As in the previous case when f = a + 6b logy, 





x, + y, and 2 + y, are the most important quan- 
tities for design purposes. Their values are 
2 b’ 
4 +, = Pr (36) 
"1 
1 — (3) 
Ts 
2 
2b’ ( 71) 
uf | 
ve t+ ¥g=P.- ae! (37) 
— (=) 
Ts | 
Putting x, + y, = 2 f, in equation (37) gives : 
1 
(1 | pee? 38 
Ao . Sa 9) 


Usually Po’ will be appreciably less than unity, 


and when b! becomes negligible, which corresponds 
in the preceding case when b (or 7) is negligible, it 
will be found that the expression on the right- 


a 
hand of equation (38) becomes equal to [’f:, or, 
log, rt P | which is the same as the approximate 


relation equation (25). 

An example of the application of equation (38) 
may be given. 

Norton has employed the double logarithmic 
method in plotting the results of his tensile creep 
tests. For Norton’s 0:42 per cent. carbon steel 
at 1,000 deg. F., the author has deduced the value 


of b’ to be 0:0924. The value of 3 is required for a 


1 
pressure p of one ton per sq. in. the value of f, fora 
creep C, rate of 10-® strain per hour is estimated 
to be about one ton per square inch. 





- = (1 + 0-0924)5-41 = 1-61. 
The approximate relation equation (25) gives 
= = 1-65. 
\ (To be continued.) 
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CONGRESS, MADRID. 
(Continued from page 759.) 

WE deal below with three other questions dis- 
cussed at the Madrid Congress, viz., the permanent- 
' way equipment of light railways, permanent-way 
|tools and maintenance, and all-steel coaches. 





| PERMANENT-WAY EQUIPMENT OF LIGHT 

| RaiLways. 

| One of the questions (No. XVIII) discussed in 
| Section V, at a meeting on May 8, was improvements 
|in the permanent way equipment of light railways, 
|on which the reports had been prepared by Mr. 
| Ed. van Noorbeeck and Mostafa Bey Hamdi el 
|Kattan. The following are abstracts of these 
|reports. Mr. van Noorbeeck’s report described the 
|improvements that had been effected in the per- 
| manent way of European light railways. From 
this it appeared that, generally speaking, light rail- 
| ways had adopted the practice of main lines. The 
‘imitation of the latter, where conditions were not 
, comparable, and the failure to adopt certain features 
| which were in use on tramways, were, however, 
|regretted. At present the economic position of 
light railways was difficult, and all the details of 
the track should be carefully inquired into, so 
|that the costs of construction and upkeep should 
| be reduced to a minimum. Of the thirty-three 
systems dealt with in the report, eight were 
equipped with the standard gauge, seventeen 
with the metre gauge, two with both gauges, and the 
remainder with narrower gauges. The maximum 
gradient rarely exceeded 1 in 33 and the radius of 
curvature was usually not in excess of 3? chains on 
standard gauge and 1} chains on metre-gauge lines. 
The majority of the systems still used steam, though 
the employment of electric traction and even of 
petrol engines was increasing. The axle loads were 
also rising. 

There was a marked preference for laying the 
sleepers above ballast, while the best material 
for the latter was, for economic reasons, broken 
stone. Rail corrugation was only noticeable to 
a small extent, and could be remedied by employ- 
ing high grade steel. Creep could be overcome 
by using angle fish plates or stirrups, the latter 
being fixed either to the rail or to the sleepers, 
or placed against the heads of the coach screws. 
Fish plates were usually of the angle type with 
four or six bolts. Grooved or twin rails were 
employed on the inner track of small radius 
|curves. The use of sleepers was general and they 
| were mainly of oak or pine, impregnated with 
creosote. Concrete sleepers were, however, being 
increasingly employed, in spite of their cost and 
the difficulty of handling them. The most usual 
and satisfactory type comprised two blocks, 
which were connected by a small steel or ferro- 
concrete tie bar. Welding was not yet a general 
practice, though experiments had shown that it 
possessed considerable advantages. Thermit weld- 
ing had only been used on new lines, are welding 
being employed for repairs. Heat-treated cast steel 
was being adopted for the manufacture of crossings 
with satisfactory results. 

The subject of permanent-way improvements 
on the light railways of non-European countries was 
reported on by Mostafa Bey Hamdi El Kattan, of 
the Egyptian State Railways, who gave it as his 
opinion that no great improvement had taken place 
on these systems, probably owing to the fact that the 
traffic had remained almost stationary. The weight 
of the rails had, however, increased from a maximum 
of 55-6 lb. to 110-9 lb. per yd., the latter being 
used by the Wabash Railway Company in the United 
States, which could, therefore, hardly be classified 
now as a light railway, although started as a 











system of very light construction. 
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Axle loads had increased, the maximum being where sleepers and rails were renewed individually as 
21-7 tons on the South African railways, where a | required, the rolling of the ballast was not practised ; 
80-6-lb. rail was used instead of the former 44-3-lb. mechanical appliances were not therefore provided 
Few of the railways reporting used what could be for unloading and laying completely assembled 
called signalling systems, though some employed | portions of the track equipment, but only for special 
flags during the day and lamps at night, while others | parts, such as points and crossings. One admini- 
used discs as advance signals or repeaters. Only | stration pointed out, moreover, that the removal of 
three had adopted the absolute block system. There completely assembled portions of track would be 
had been no improvements in the methods of track | awkward in the face of the general use of staggered 
and rolling-stock maintenance. |joints. The reporter suggested, however, that, 

These reports were summarised in a special report @SPecially when the ballast was a foot or more deep, 
prepared by Mostafa Bey Hamdi El Kattan in its condition would be improved and maintenance 
which the conclusions from Mr. van Noorbeeck’s ©8ts reduced if it were rolled in. 
report abstracted above, were quoted. After a No outstanding innovations were reported in the 
brief discussion, these conclusions were adopted organisation of permanent way maintenance, with 
by the Section, but the opinion was expressed the object of improving its economy. Some admini- 
that account should be taken of the efforts made by |strations determined the number of workmen 
standardisation commissions with a view to bringing employed on a given length of permanent way by 
about the unification of rails and sleepers. formule, which took account of such factors as 

At a separate meeting of Section V, held on May 12, the number of lines, sidings, crossings, &c., and on 
the following subjects were proposed for discussion some systems also the intensity of traffic, the 
at the next Congress to be held in Cairo in 1933 : | intention being to reduce the labour required in the 
(1) Measures and equipment for ensuring the safety maintenance of a section to an equivalent based on 
of light railways and road users at crossings and | the labour required in maintaining the same length 
other dangerous points on the roads; study of of single line. Such formule formed merely a 
this question from the general point of view, and basis, which might be modified according to local 
from the economic point of view as affecting light requirements. In Holland, maintenance was carried 
railways. (2) Co-ordination of operation between Out on the results of periodical inspections, usually 
heavy and light railways. (3) Use of rail motor made every two years. Elsewhere, without excep- 
vehicles and loco-tractors on light railways and _ tion, it was carried out on the results of practically 
colonial railways. continuous inspection throughout the line. Holland 

also was exceptional in doing maintenance work 

PERMANENT Ways Toots AND MAINTENANCE. on a bonus system. In the United States and 

The last item on the agenda for Section I was Canada, there was a general practice of providing 
Question IV, improvements in permanent-way tools tail motor vehicles for conveying workmen to 
and in the organisation of maintenance work. Four their place of work. Where foremen were generally 
reports on the subject, of which we give abstracts promoted from platelayers, inspectors were almost 
below, were summarised by Mr. Ch. H. J. Driessen, always required to produce a diploma of general 
at a meeting held on May 12. Mr. Driessen, Divi- education. Arrangements for courses of instruction 
sional Chief, Permanent Way and Works Depart- were exceptional. 
ment of the Netherland Railways, himself reported| Mr. Mendizabal’s report was based on replies 
on America, the British Empire, Holland and | sent by less than half the administrations consulted, 
Colonies, China and Japan. Mr. D. Mendizabal, but representing over four-fifths of the mileage. 
Assistant Chief Engineer of Permanent Way | Mechanical methods in permanent way main- 
and Works, Madrid, reported-on Belgium, France, | tenance had been used chiefly in France, Belgium 
Italy, Portugal, Spain and their colonies. Mr. J.|and Italy, and generally appeared to effect an 
Hauer, Ministerial Councillor and Departmental | appreciable saving which sometimes amounted 
‘Head at the Czecho-Slovakian Ministry of Railways | to as much as 50 per cent., in addition to executing 
dealt with all countries except the above and|the work quicker and more satisfactorily. The 
Germany, and Dr.-Ing. Miiller, Director and Member use of such methods, however, had been com- 
of the Head Quarters Administration of the German paratively recent, and further data were desir- 
State Railway Company, presented a report on able. Many administrations had made attempts 
Germany. |to establish formule for regulating the number 

Mr. Driessen’s report dealt with the subject in | of maintenance men required on each section, 
separate chapters for each question, each of them but no sort of uniformity in principle or practice 
subdivided into four groups, dealing respectively could be observed. Except in the French 
with the United States and Canada, Great Britain | colonial railways, an 8-hours day was compulsory, 
and Ireland, South America, India and the British counting from the arrival of the man on the job. 
Colonies, the Dutch Colonies, China and Japan, and |The French administrations, however, were com- 
finally with Holland. The questionnaire on which the | pelled to alow walking time from the man’s home to 
report was based was answered by more than half | the job at the rate of 15 minutes for each kilo- 
the administrations to whom it was sent, repre- metre each way in excess of 5 kilometres. Most 
senting 70 per cent. of the total length of railways administrations carried out maintenance as the 
belonging to the administrations consulted. Of result of periodical general overhaul inspection at 
the countries covered by this report it was in the | intervals of from 2 to 4 years according to the 
United States and in Canada that the use of importance of the line and its traffic, and found the 
mechanical appliances in the maintenance of the results satisfactory. Only a very few administra- 
permanent way had become most extensive. In tions had maintenance work done by contract or 
these countries they were used almost universally under a bonus system. Little appeared to be done 
for loading, transporting and unloading ballast or | to facilitate the transport of men to the job, but 
unloading rails, laying rails, packing ballast and some administrations had tried carrying them on 
cleaning ballast. In Great Britain and Ireland, a mechanically-propelled trolleys, an arrangement 
comparison of the information supplied for the | which not only avoided fatigue but was useful for 
purposes of the present report with that published | assembling men in the case of an emergency. Gener- 
in the Report of the London Congress (1925) seemed ally, graphs indicating the cost and time of work did 
to show that the use of mechanical appliances was, | Not seem to have been compiled. While on most 
if anything, slightly less common than formerly. | lines men were taken on without previous experience, 
Only loading, transporting and unloading ballast was | and gang foremen chosen by promotion from them, 
done generally by means of special self-discharging | the practice varied in the requirements for district 
wagons. In South America, the British Colonies, | foremen. Some administrations, while requiring 
China, and Japan, mechanical appliances were also | evidence of technical knowledge, attached import- 
rarely employed, owing, apparently, to the relatively | ance to diplomas, and would contribute to the cost of 
low cost of labour, and in Holland they were used | studying forthem. Others organised classes at their 
only for unloading rails. Very appreciable saving | own expense, which men in the lower grades were 
had been found in the use of special appliances for | encouraged in various ways to attend. 
unloading ballast, laying rails, and packing and| Mr. Hauer’s report related only to European 
cleaning ballast, and, in addition, the work was done | countries not dealt with elsewhere, and represented 
better and the permanent way was more suitable for | the practice of only 72 per cent. of the mileage owned 


|had been sent. In respect of improvements in 
permanent-way tools, the report showed that all 
administrations had been giving special attention to 
applying them where they seemed likely to be 
economical and effective. Special attention was 
called to ballast wagons used on the Swiss Federal 
railways, whereby the ballast could be unloaded to 
an adjustable extent while the wagon or train was 
still moving. On many systems compressed air 
was used for working tamping hammers, as well as 
drills and appliances for fixing coach screws in 
sleepers, driving home rail spikes, and similar 
purposes. Considerable attention had been given 
to means for cleaning the track from weeds, and the 
report included in some detail an illustrated account 
of a train operated on the Swiss Federal and other 
railway systems, whereby a saving was effected of 
one-fourth to one-third of the cost of weeding by 
hand. It was stated, however, that still lower 
figures were obtained from a chemical method of 
cleaning. The reporter stated that he estimated the 
economies from employing mechanical appliances 
for permanent way work in suitable circumstances 
as ranging from 10 per cent. to 50 per cent. of 
the cost of doing the work by hand. 

In the account of the organisation of maintenance 
work, considerable attention was given to the manner 
in which the unit gangs could be calculated for 
given sections, and the reporter, in a summary of 
that problem, proposed a method by which a suit- 
able formula could be derived from data obtained 
systematically from experience. Among other 
measures which had been found practicable for 
economising in maintenance, one of the most 
profitable was in the use of material obtained on 
relaying main lines (assuming that the method 
of relaying at fixed intervals was adopted) for 
relaying secondary lines and stations, so obtaining, 
incidentally, an economy in the maintenance of 
these secondary lines from the heavier road pro- 
vided. Another measure, which was being dev- 
eloped considerably on the railways of Central 
Europe, was to reduce the number of rail joints 
by increasing the length of the rails. While exact 
details of what had been done were not available, 
these measures appeared to include laying tracks 
with rails 20 m. (65 ft. 73 in.) long and even more, 
or laying it with rails with welded joints in lengths 
up to 60 m. (197 ft.), and in exceptional cases still 
longer. The use of welded rails appeared to be 
confined to tunnels, stations, shunting yards, ana 
lines for slow traffic. 

Attention was being given to methods of prolonging 
the life of sleepers in view of the rising price of timber, 
and also to improving the quality and drainage of 
ballast. While with short systems the continuous 
method of maintenance was usually found sufficient, 
the method of general overhaul seemed to be pre- 
ferred for main lines equipped with heavy roads. 
Little use had been made of contract work and 
bonus systems in permanent way maintenance, but 
on a few railways the relaying of the track was let out 
to contract with very good results, and the reporter 
recommended that this practice should be studied 
further in conjunction with an exact determination 
of the number of workmen needed and a continuous 
observation of the results of work done. An 
example of such observation, carried out in remark- 
able detail, was given in a chart prepared by the 
Czecho-Slovakian State Railways, analysing the 
total time spent in the year 1927 on the various 
classes of work involved in maintenance, and 
exhibiting them both graphically and as percentages. 
This chart was based on records made daily by each 
foreman platelayer, checked and, to some extent, 
calculated by the track inspector, who rendered a 
monthly report, which again was checked by the 
Way and Works Department. This system enabled 
the department to strengthen the staff on sections 
that had been shown to require it, and when average 
figures had been obtained over a year’s working, 
it was possible to show, among other things indicated 
on the chart, the amount of time lost in the 106 
standard operations included in the return. 

An increasing tendency was noticeable not only 
to eliminate level crossings by constructing bridges 
and subways, but also to replace barriers at such 
level crossings as were retained by the use of signals, 





heavy and fast traffic. In the United States, | by the administrations to whom the questionnaire 


mainly of the optical type. Considerable information 
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was given as to the manner in which foremen and | ballast. Use was made of electrically driven rail 
higher grades were selected. On many systems! saws and rail drills. 


the preliminary qualification appeared to be high, 
and on some courses of instruction were provided. 
On the Czecho-Slovakian State Railways, for 
instance, district foremen had not only to be 
skilled workmen (masons, carpenters, &c.), and to 
hold the diploma of an elementary technical school, 
but also had to attend a 20 weeks’ course of some 
35 hours a week in schools organised by the adminis- 
tration for their training. 

Dr. Miiller’s report, while following generally the 
order of subjects adopted in the questionnaire, 
took the form of a short essay on the two questions 
under consideration. It was pointed out that, while 
from the very beginning of railways the utmost care 
had been taken to make the permanent way as safe 
and as efficient as possible, the working methods | 
and appliances had remained almost unaltered | 
until scarcely more than a few years ago. Recent | 
experience had shown, however, that, in many | 
instances, machines for laying as well as for main- | 





For inspecting the line several types of rail motor 
cars had been adopted for the service of various 
grades of inspecting officers. A permanent-way 
testing car, weighing 60 tons, had recently been pro- 
vided for the continuous and exact observation and 
measurement of the condition of the track in respect 
to safety. This car was intended to cover the 78,000 
km. (48,468 miles) of the railway’s main lines. It 
was used at a speed of 60 km. (37-3 miles) per hour, 
at which the apparatus with which it was fitted 
gave records of the deflection at the rail joints and 
of the rails, the gauge, the relative height of the 
rails, and the alignment of the track, especially on 
curves, in addition to the speeds and distance 
travelled by the car. The records were made on 
a paper roll moving 151 m. per kilometre travelled 
(94 in. per mile). The most important parts of the 
line were covered by this car twice a year and the 
others once. 

In the second section of the report, dealing with 


taining the track could be used with good economic | the economic organisation of track maintenance, it 
results, and with satisfaction both to the permanent | was explained that the increased use of mechanical 
way departments and to the workmen, provided | assistance in the renewal of maintenance of the 
that they were employed where sufficient work! permanent way called for revision of the staff 
was available to keep them continually occupied. | organisation, with a view to assuring uniform divi- 


Though the mechanising of permanent way main- 
tenance was contemplated before the war, as, for 
example, in the rail-loading apparatus first intro- 
duced on German lines in 1912, it was not till the 
war was well over that it was taken up with the 
great energy that had since been shown. Of the 
various appliances dealt with in the report, other 
than the rail-loading apparatus, the earliest was 
the tamping machine, which was first introduced in 
1921; several examples of these appliances were 
only introduced last year. 

For consolidating the foundation of the track and 
the ballast, three-wheeled motor rollers of various 
types were used, weighing from 5 tons to 7 tons; 
they were conveyed to and from the work in special 
closed wagons, one end of which was hinged and 
strengthened to serve as a ramp, for loading and 
unloading the roller. Increasing numbers of 20-ton 
self-discharging wagons were being used in per- 
manent trains for carrying ballast to the site, and 
distributing it accurately, as well as tip wagons for 
earth and spent ballast. Rail-loading appliances 
were being generally introduced, which enabled 
loading and unloading to be carried on without 
interfering with work on the adjoining track, and, 


|sional administration. Since 1920, therefore, per- 
manent-way superintendents had been appointed 
for each division, controlling divisional inspectors 
|and a special permanent-way office, subject only 
|to the regulations issued by the general head- 
|quarters of the railway. On the average, each 
|division had about 4,300 kilometres (2,670 miles) 
| of track, of which about two-thirds were main lines. 
| On main lines the track was examined at least once 
|a day, and on secondary lines every other day, 
| platelayers being employed for this work. 

Among other recent developments for increasing 
economy in track maintenance was the institution 
of a flying gang, living in a special train, and 
moving from site to site as required. Its strength— 
60 to 80 men, in charge of a man of special ability 
and energy, with 3 or 4 foremen and a clerk—was 
estimated as sufficient to deal quickly and properly 
with renewals of tracks, switches, crossings and 
ballast. This gang was maintained from March till 
the end of October, and had been found particularly 
useful in industrial districts, where labour might be 
difficult to get. In general, moreover, advantage 
was found in the provision of a large body of men, 
with relatively small changes either in the personnel 








with relatively few men, could be applied to rails|or the work of individuals, who, therefore, were 
of any length. Rails 30 m. (98 ft. 5 in.) long could, familiar with the work and worked well together. 
for instance, be handled by three or four such | Apart from the division of tracks, from the 
appliances, each worked by two men. In laying the | operating point of view, into main linesand secondary 
permanent way for steel sleepers, the surface was | lines, they were divided for the purposes of construc- 
prepared by the use of ballast boxes, which greatly | tion and maintenance into three classes. The first 
reduced the labour of laying the sleepers, and | class included those with the heaviest traffic, highest 
the same method was applied last year to laying | speeds and greatest axle loading, the international 
switch and crossing work on steel sleepers. The | and long-distance express traffic forming a special 
original type of track-laying and removing plant, | class. The second class carried average traffic, run 
which involved the use of cranes on the adjoining | usually at lower speeds, and took no account of axle 
line, was being superseded by track-laying wagons | loads. All other tracks were included in the third 
of several types which did not require the use of class. Only the first-class tracks with their special 
a neighbouring track. The tracks were assembled at | group, were renewed with new material, which was 
some convenient station, and conveyed to the site | done systematically at intervals varying with traffic 
in complete sections. | requirements, on the average every 18 years. The 
A recent method under trial was operated by | material taken out on the renewal of first-class 
means of two portable cranes running along the track | tracks, with the addition of such new materials as 
on crane rails laid outside the sleepers. The similar | sleepers and fastenings, was used for the renewal 
treatment of switches and crossings was under| and maintenance of the second-class tracks, which 








development. As the result of trials, extending 
over about two years, tests had been made with 
favourable results on small trolleys with internal- 
combustion engines. Portable generating sets were 
used to provide power for all sorts of mechanical 
appliances in permanent wey work. For mechanical 
tamping, a type of machine was largely employed in 
which the tamping was done by pneumatic tools, 
operated from a compressor driven by an internal- 
combustion engine, the plant being carried on a 
sledge lying on the top of the sleepers outside the 
rails. Such machines had been found effective and 
economical where they could be run more or less 
continuously, but were not suitable for use either on 
loose ballast or on ballast of concrete-like firmness. 
Special spraying trains, with tanks made out of old 
engine tenders, were used for destroying weeds in the 


|also took place systematically at intervals averag- 
ing about 20 years. The material from the renewal 
of the second-class tracks was employed for renew- 
ing and maintaining those of the third class. By 
this system, the weight of all classes of tracks was 
|thesame. In the design of the latest main-line track, 
the same means of fastening were provided for both 
wood and steel sleepers ; it was designed for a wheel 
|load of 12-5 tons. The usual Jength of rail for first- 
'class track was 15 metres (49 ft. 24 in.), but double 
| that length was used for the special class tracks and 
for viaducts and long bridges of stone, concrete and 
| reinforced concrete. In tunnels and on steel bridges, 
rails were welded together in lengths up to 120 
metres (394 ft.). Only wooden sleepers were used 
on the special class tracks, but on others the choice 
was determined by technical, local and economic 





considerations. Owing to the importance of a high 
standard for broken-stone ballast, a ballast testing 
centre had been arranged for the whole of the 
system, which tested, analysed, and supervised the 
breaking of the stone and the deliveries made. 

Arrangements had been made for permanent-way 
gangs to work not each on an individual area, but 
where required within the gang office district. The 
strength of the gang varied with the requirements, 
but averaged 20 men, more or less. Apart from 
current inspection, systematic overhaul was made 
every two to four years, and where necessary 
renewals were made by the flying gang. 

Wherever possible and economical, all track 
maintenance was carried out on a piece-work basis, 
on piece times laid down by the district office with 
the approval of the local labour representative, or 
in default of agreement settled by the railway divi- 
sion. Both individual and gang piecework was 
used, but not premium rates. A piecework price 
covered the rectification of any faulty work, dis- 
putes being decided by the district office after con- 
sultation with the union representative. 

Usually, eight hours per day, or 48 hours per 
week, were worked, with six hours per week over- 
time from March 1 to October 31, and in urgent 
cases more. Special allowances were made when 
men had to travel outside the limits of the standard 
area. Where traffic was not dense, trolleys were 
used for transporting workmen to and from the site 
of operation, if areas were very long and there was 
no convenient train service. These trolleys were 
mostly hand-driven by a lever or crank, operated by 
four of the ten men carried. Motor-driven trolleys 
were only considered on steep gradients. 

In view of the mechanisation of the work and other 
progress in permanent-way maintenance, higher 
qualifications were to be required in future in the 
preliminary training and education of gang fore- 
men. For the time being it was only required that 
a gang foreman should have worked in a gang for 
at least two and a-half years and possess ordinary 
knowledge, though higher qualifications and an 
apprenticeship or education lasting over three years, 
was required in gang foremen for constructional 
work. Specially efficient gang foremen were pro- 
moted to permanent-way inspectors after receiving, 
special training in their work. Attention was given. 
moreover, to the education of beginners and others 
by means of classes arranged by the management, 
and educational cars dealing with various trades, 
were at the disposal of education superintendents, 
each covering several divisions, for the benefit of 
employees working out on the line. 

No particular importance can be attached to the 
discussion on this subject and we therefore give 
only a résumé of the summaries finally adopted. 
The track work for which mechanical appliances 
should be considered are : Unloading and re-loading 
rails and permanent-way material, the mechanical 
compression of the bottom ballast, the laying of 
complete sections of track, the lubrication of the 
running side of rails on curves, and the driving of 
coach screws, and possibly the tightening of the 
nuts of fishplate bolts. Apart from cranes, pneu- 
matic and electrical appliances meet all require- 
ments, and their economic advantages are very 
great, amounting sometimes to 50 per cent. In 
the organisation for track maintenance, the chief 
innovations are the extension of maintenance by 
general revision, the reduction of the numerical 
strength of the gangs in winter, increasing the area 
covered by the gangs, and the employment of 
auto-cars for the transport of men, stores and 
mechanical equipment. The piecework system 
is but little employed, but the practice should 
receive attention from the economic point of view 
as well as from that of the workers, the fear that 
the quality of the work will suffer not being justified. 
To increase the life of the materials, heavy rails, 
special steels for rails and points, hardwood sleepers. 
heavy base plates, broken hard stone for ballast 
should be used and measures should be adopted for 
increasing the number of sleepers, lubricating 
the fishplates and the running side of rails on 
curves, and for the repair of worn parts for re-use. 

This having completed the subjects for discussion 
in the Section, the following subjects were suggested 
for the Congress to be held in Cairo in 1933 :- 
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The protection of level crossings in view of modern 
developments in road traffic ; the use of mechanical 
appliances in permanent-way maintenance and 
in track laying ; and the relationship between the 
vehicle and the track to ensure safety at high 
speeds—the latter subject to include axle weights of 
vehicles, position of centre of gravity, wheel 
arrangement, points of design intended to facilitate 
running round curves, track resistance, increase of 
gauge on curves, radius of curves, super-elevation, 
transition curves, points and crossings and check 
rails. 
ALL-STEEL CoAcHES. 

Four reports were prepared on Question VIII 
on all-steel coaches and their comparison with 
vehicles built of wood. The question formed part 


Indian Peninsula Railway, the Bombay, Baroda 
and Central India Railway, the North Western 
Railway, and the East Indian Railway. In 
Australia, the New South Wales Government Rail- 
ways were using all-steel carriages for suburban- 
electric services, and in Canada, the Canadian 
National Railways had built only all-steel carriages 
since 1914, having 841 vehicles of this class in 
service at the present time. The Japanese Govern- 
ment Railways also employed all-steel carriages 
| extensively. 

| An analysis of the methods adopted for the 
/construction of the underframe, showed that the 
centre-sill type was most common, the probable 
reason for this being that, in the United States, 
‘centre draw and buffing gear was the standard 





of the programme of Section II and was discussed | Practice, and it was therefore necessary to have a 
in that section at a meeting held on May 14. The | Strong centre girder with cross members fixed as 


following are abstracts of the four reports :— 

Report No. 1, presented by Mr. E. J. H. Lemon, | 
Carriage and Wagon Superintendent of the London, | 
Midland and Scottish Railway, covered the practice | 
in the Argentine, Brazil, Chile, China, the United 
States, Great Britain, Africa, Australasia, Canada, 
India, Ceylon, the Malay States, Mesopotamia, 
Japan, Salvadore and Uruguay, and was based 
upon replies received to a questionnaire issued by 
the reporter. Among the most important reasons 
advanced for the introduction of steel carriages were 
the necessity for making the carriages fireproof, 
especially in the case of electric stock working tunnel 
services, the reduction of injuries to passengers in 
cases of collision and derailment, the anticipated 
shortage of timber, and the expected reduction in 
the maintenance costs. On the other hand, it 
had been urged that the tare weight of a steel 
carriage would be greater than that of a corres- 
ponding wooden carriage, that rusting and corrosion 
would cause trouble, that steel carriages would be 
hotter in summer and colder in winter, owing to the 
more rapid heat transference, and that they would 
also be noisier. The problems in designing steel 
carriages had, therefore, been to keep the tare 
weight of a steel carriage approximately equal to 
that of a wooden carriage of similar capacity, to give 
sufficient protection to steel panels and steel 
members by means of paint or other rust-resisting 
materials, so that steel carriages would last at least 
as long as wooden carriages, to overcome difficulties 
due to rapid heat transmission, to prevent the 
tendency of steel carriages to “drum” by properly 
insulating the panels, and to keep the first cost down 
to a reasonable figure. 

To obtain the data required for the report a 
questionnaire was sent to 87 railway administrations, 
of which 34 provided data, 24 replied saying that 
they had no all-steel carriages, and the remainder 
did not reply. The railways of the United States 
were the first of any country to adopt steel carriages, 
the first experimental carriage having been built 
by the Pennsylvania Railroad at Altoona in 1902. 
At the present time, over 26,000 all-steel carriages 
were in service on United States railways, the number 
representing about half the total number of pas- 
senger carriages owned by the companies providing 
data in response to the questionnaire. In this 
country, the Great Western Railway had built only 
one experimental all-steel carriage, and stated that 
this was found to be considerably heavier and more 
costly than their standard vehicles. The London, 
Midland and Scottish Railway, on the other hand, 
had in service 75 semi-steel electric motor carriages 
and trailers, 66 all-steel electric motor carriages and 
trailers, as well as 235 vestibule carriages and 200 
passenger brake vans of all-steel construction. A 
further 100 all-steel vehicles were on order at the time 
the questionnaire was submitted. The London and 
North Eastern Railway had 3 kitchen cars and 119 
all-steel carriages, and the Metropolitan Railway 
had six all-steel motor carriages and 12 trailers in 
service. In the case of the London Underground 
Railways, the whole of the stock built between 1910 
and 1927 was of all-steel construction, 1,734 carriages 
of this type being in service. 

In Africa, a few all-steel carriages were in use on 
tue Gold Coast Government Railways, the Nigerian 
Nailway, the South African Railways, and the Sudan 
Government Railways, and they were employed 
to a larger extent in India, notably on the Great 





|eantilevers on which the body was built. In 


Great Britain, however, the design of the under- 
frame had generally followed that in use with wooden 


the London, Midland and Scottish Railway had 
used rolled sections of alloy steel, having a tensile 
strength of from 40 tons to 45 tons per square inch, 
for solebars, headstocks, bolsters and other parts, 
in order to reduce weight. 

In order to obtain comparative data regarding 
the rate of heat transfer in all-steel carriages and 
wooden carriages, experiments were made on eight 
vehicles of the vestibule type, four of which were 
provided with a brake compartment. One carriage 
of each type was of wood construction, the other 
three being of steel. All the vehicles were placed 
in the open, and heated by steam to a temperature 
of 25 deg. F. above the outside air, steam being 
then cut off and the fall in temperature recorded. 
The loss of heat was, in all cases, much more rapid 
in the all-steel vehicles, and the fact that, in 
addition to the air space between the inner and 
outer casings, a small amount of insulating material 
had been incorporated in the construction of some 
of the all-steel carriages was not noticeable. The 





bodies, except that the use of steel bodies had | 
enabled the members to be lightened and the truss | 


|rods to be done away with, since the body formed 


part of a beam supported by the bogie centres. 


coaches being 0-10 deg. F. per minute. 


The reason for this was, of course, that the majority of | 


the carriages used in this country were fitted with 
side buffers. The method of flooring found most 
generally satisfactory in various countries had been 
to construct the floor of dovetailed or corrugated 
galvanised-steel sheeting riveted to the underframe. | 
Various fireproof compositions were used for covering 
the floors. It was pointed out in the report that this 
method of floor construction added considerably to 
the strength of the vehicle, the flooring tending to 
hold the underframe members together in the event 
of a collision. 

A very large proportion of the main body framing 
was made up of pressings, which had the advantage 
of being light and stiff, as well as of facilitating 
the attachment of interior furnishings. With regard 
to panelling and roofing, a variety of practice 
existed. In some cases, lead-coated and galvanised 
panels or black sheets were employed, but aluminium 
panels had been used with success by the London, 
Midland and Scottish Railway. In the United 
States, the panels were attached to the main body 
framing by means of snap-headed rivets, while 
in Great Britain both snap-headed and countersunk 
rivets had been employed, the latter giving a 
better appearance and facilitating the cleaning 
of the exterior. An interesting departure from usual 
practice had been made by the London, Midland 
and Scottish Railway by using vitreous-enamelled 





steel panelling. It was, of course, necessary for the 


fall of temperature, in the case of the all-steel 
carriages, was at the rate of 0-15 deg. F. per 
minute, the corresponding figure for the wood 
It was 
pointed out that the effect of a 50 per cent. greater 


| heat loss in all-steel carriages, in the case of steam- 


heated trains, would seriously affect the reduction 
in pressure along the train, and increase the 


| difficulty of heating the rear carriages. In carriages 


electrically heated by axle-driven generators, the 


| difference in power consumption was also a matter 


of considerable economic importance. 

It was considered that the relative maintenance 
costs of all-steel and wood carriages should be 
about equal, but the former were undoubtedly the 
safer of the two in collisions, since, weight for 
weight, they had very much greater stiffness and 
strength. First costs of steel carriages were gradually 
decreasing, and costs for painting were likely to be 
less, as there was not the same tendency for paint 
to peel off from steel as from timber, especially if 
the latter were insufficiently seasoned. It was possible 
to produce a steel carriage with wood interior 
finish which would eliminate many difficulties now 
experienced with regard to oxidisation, noise and 
condensation, but a metal interior finish was not 
advisable in those countries where particularly 
humid atmospheres exist. Where steel was used for 
underframes and bodies, special care should be 
taken to use protective material, and steps should 
also be taken to ensure regular attention. 

The report for Belgium, France and their Colonies 
was drawn up by Mr. Lancrenon, of the Chemin de 


| Fer du Nord, and Mr. Vallancien, of the Central 


panelling to be drilled and fixed in position before | Railway Rolling-Stock Drawing Office, in Paris. 
the enamelling was done, and it should also be This report stated that the tendency towards the 
mentioned that hollow rivets were employed for | adoption of metal coaches had been largely realised 


fixing the panelling, the rivets being spun over a | 
lead washer to avoid damage to the enamel. | 

In regard to the painting of all-steel carriages, 
the methods adopted did not differ greatly from 
those employed with wood, except that a preliminary 
sand-blasting operation was frequently used with the 
former. A steel carriage, however, had the obvious 
advantage that it could be enamelled and stoved 
at a fairly high temperature, the operation being 
thereby speeded-up, so that the vehicle was released 
for service in a shorter time. 





in recent years, especially in France, and pointed out 
that, if the number of vehicles built of this type 
were still a relatively small proportion of the total 
rolling-stock on the Belgian and French railways, 
the reason must be attributed to the financial 
difficulties resulting from the war. After pointing 
out the advantages of metal construction, the 
report described the types of coaches in service, 
or under consideration, for the French lines, dealt 
with the methods and materials of construction 


Lacquers were also |and the interior decorations, made comparisons 


being used in the United States and other countries, | between wooden and metal coaches, and referred 


but the experience gained with their use, so far, | 


was not sufficient for a conclusion to be arrived at 
as to their effectiveness. The report suggested that 
research was desirable to determine the most suitable 
lacquer. 

Timber was largely used for the interior panelling 
and partitions of steel carriages, but, in the 
United States, the practice was to use timber only 
for packings and for the attachment of metal 
fittings. Alpax alloy was being used in some cases 
for doors, window frames, parcel racks and seat 
castings, and other aluminium alloys were also 
being employed. In the United States, aluminium 
had been used for the entire construction of the 
carriage body, with the exception of the flooring, 
roof and mouldings, and a batch of carriages 
had been constructed wholly of aluminium, with 
the exception of the wheels, axles and springs, 
journal bearings and brake shoes. In Great Britain 








to the results obtained in service. The main con- 
clusions arrived at by the reporters were as follows :— 
Considerations of safety appeared to be sufficient 
to justify metal construction for new rolling stock ; 
metal construction afforded a higher degree of 
comfort to passengers than wooden stock; it was 
advisable, in order to reduce weight, to make the 
body contribute to the strength of the whole coach 
by designing it as a box or lattice girder; rolled 
or plain sections, corrugated or pressed sheets, 
steel and malleable-iron castings, might be used in 
order to allow the principles of mass production 
to be employed ; and parts might be connected by 
riveting, oxy-acetylene or electric-arc welding, or 
spot welding. Another point in the conclusions 
arrived at was that the tare weight of metal coaches 
did not differ materially from that of wooden 
coaches of the most recent types, but equal weight 
could only be obtained by employing high-tensile 
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steels or light alloysin the former. It was also stated 
that the length of time that metal stock had been 
in service in Belgium and France was insufficient for 
definite opinions as to first costs and maintenance 
charges to be arrived at, and it was pointed out that 
there was still room for development in constructional 
methods and materials, as well as in internal details, 
such as heat insulation, floor coverings, linings and 
painting. 

The report drawn up for Germany by Mr. E. 
Dihnick, of the German State Railways, covered 
ground similar to that of Messrs. Lancrenon and 
Vallancien, but was based mainly on the experience 
of the Reichsbahn. Among the advantages claimed 
for all-metal rolling stock, it was considered likely 
that the latter would have a materially longer life 
than wooden coaches, in conjunction with lower 
maintenance costs. Stress was, however, laid on the 
advantages of the all-steel type of vehicle with 
regard to the greater safety in accidents, this 
advantage having been clearly demonstrated in 
certain accidents which had occurred in Germany 
in recent years. In the all-metal coaches for the 
Reichsbahn, the side walls of the body were designed 
to form part of the main girder, and trussing could 
thus be avoided, even in long vehicles. Standard 
rolled sections and sheets were used as far as possible, 
bars of Z section being largely employed for the body 
frame. Pressed and stamped plates were only used 
for covering purposes, and malleable-iron and steel 
castings were only employed for fittings and mount- 
ings. Light metals, the report states, had, so far, 
been little used in Germany, but Lautal rolled 
sections and silumin castings were being employed 
in the construction of some multiple-unit trains 
for the Berlin Metropolitan Railway. Riveting was 
generally employed for connections in German 
passenger coaches, but small rolled sections and 
rods were usually connected by electric welding, 
body sheeting and roof plates being joined by oxy- 
acetylene welding; experimentally, body sheets 
had been connected to the framing by spot weld- 
ing. Wood was still employed for the construction of 
partitions, floors and wall linings, plywood being 
largely used for the purpose, since it was little 
affected by climatic influences. 

In all, 10,256 steel] passenger coaches had been 
built by the German State Railways up till the 
end of last year, and the report stated that, although 
the time for observing the behaviour of the coaches 
in service was too short to form a final opinion, it 
had been sufficient to show that they compared 
favourably with wood coaches with regard to 
smooth running, noiselessness and _ insulation. 
Illustrations accompanying the report showed the 
relatively light damage sustained by steel coaches in 
collisions, the ends of the vehicles being merely 
crumpled, whereas wood coaches would probably 
have been telescoped. 

The fourth report on this subject, by Mr. Martin 
Garcia-Varo, of the Andalusian Railway Company, 
and Mr. Pablo Fraile, of the North of Spain Railway, 
covered all countries omitted from the previous 
reports. The principal railway administrations 
referred to in this report as using all-steel carriages 
were the Italian State Railways, the International 
Sleeping Car Company, the Egyptian State Railways, 
the Polish State Railways, the Netherlands Railways, 
and the North of Spain Railway. From information 
supplied by these, and some other railway organisa- 
tions, one of the conclusions arrived at in the re- 
port was that, in general, all future coaches should be 
constructed entirely of metal, owing to the safety 
afforded to passengers in case of accident. It was 
suggested that their higher cost would be offset. by 
this feature, and by the lower costs for maintenance 
and repair in comparison with wood coaches. 
It was pointed out that the types of steel coaches 
usually dealt with, in the countries covered by the 
report, could be reduced to two, in one of which the 
sides of the body were used as girders of the Vierendeel 


type, connected by the roof carlines and the cross | 


bearers of the frame, while, in the other type, a 
light body was carried ona strongframe. No decision 
as to which of these two types was preferable was 
given, it being considered that the lower weight of the 
girder type was counterbalanced by the better resist- 
ance of the other type to shocks. The use of 
standard rolled sections for the frame, pillars and 


roof carlines appeared to be general, although, for 
the latter, bent plates and, to a smaller extent, 
pressings, were alsoemployed. Cast steel was widely 
used for connecting details of the body and frame, 
and, in some cases, for the ends of the frame; 
the reporters favoured the latter practice, on account 
of its strengthening effect on the frame, although 
this was accompanied by a slight increase in weight. 

There appeared to be a difference of opinion on 
the question of using rolled sections or bent plates 
in the construction of metal coaches. Bent plates, 
it was pointed out in this report, enabled the weight 
to be reduced, since they could be used much 
thinner than rolled sections, but the latter had the 
advantages of being readily obtainable, of resisting 
‘corrosion better, on account of their greater thick- 
ness, and of giving greater rigidity in the completed 
vehicle. It was also pointed out, in connection with 
the use of bent plates, that, in many cases, the 
railway administrations would find it necessary to 
equip themselves with special plant for their replace- 
ment, which could not generally be economically 
employed. From the constructional point of view, 
the reporters considered that the use of pressings was 
desirable, but that their use was only economical 
when the number of vehicles of the same type to 
be built was relatively large; they also regarded the 
use of light alloys as unnecessary. Particular atten- 
tion, it was pointed out, must be paid to the question 
of the heat insulation of all-steel coaches, as well 
as to the heating and ventilation. 

The above four reports were summarised in a 
special report by Mr. Lancrenon who arrived at 
eight conclusions, each of which was discussed 
in detail. With the first conclusion, to the effect 
that considerations of safety were in themselves 
sufficient to justify the use of metal construction 
for coaches to be built in the future, Mr. H. N. 
Gresley was not in complete agreement. In 
England, he pointed out, metal construction 
appeared to be particularly difficult, not lending 
itself well to the construction of the type of vehicles 
with side doors for each compartment which were 
generally employed. Several speakers gave par- 
ticulars of the behaviour of steel coaches involved 
in collisions, and after considerable discussion 
the text of the first conclusion was modified to 
that given below. The discussion then turned to 
the use of light alloys in the construction of coaches. 
Mr. P. Fraile stated that aluminium was being 
employed on the North of Spain Railway, and 
that difficulties has been encountered from corrosion. 
Mr. Leroy stated that Duralumin had been used 
on the French railways without corrosion troubles, 
and other speakers mentioned difficulties which 
had arisen from the corrosion of Duralumin in 
contact with floor compounds and with wood. 
The questions of welding and the interior decorations 
of carriages were briefly discussed, and with regard 
to the relative comfort of passengers in steel and 
wood coaches, Mr. Fraile expressed the view that 
in hot countries it was not possible to obtain the 
same comfort in the former as in the latter. On 
this point, Mr. Block mentioned the fact that the 
Paris-Orleans Railway had been experimenting 
with apparatus for circulating cooled air in the 
carriages. Mr. P. Koller having asked for informa- 
tion as to the maintenance costs of steel carriages, 
Mr. Lancrenon replied that most of the railway 
administrations employing this class of rolling- 
stock had only a few years experience, and were 
not therefore in a position to give precise data. 
The maintenance costs, he added, would appear 
to be about the same for both types. In the case 
of accidents, however, the damage sustained by 
steel coaches would probably be less than would 
| be the case with wood coaches, and the length of 
service between extensive general overhauls would 
also probably be greater with the former. 

As a result of the discussion the summaries 
finally adopted were as follows :— 

(1) In those countries in which the operating 
‘conditions permit the construction of all-steel 
carriages, experience has shown that conditions 
|of safety sufficiently justify the adoption of this 
| construction for new work. 
| (2) To prevent excessive weight, it is desirable 
that the body should take part of the stresses. 
‘Coaches built on this principle are very little 


heavier than coaches with wooden bodies offering 
the same standard of comfort. 

(3) In this form of construction it is possible to 
combine rolled sections, bent and pressed flat 
plates, cast steel and malleable-iron castings. In 
every way metal construction lends itself to the 
mass production of standardised parts. In order 
to lessen the weight of metal carriages, several 
administrations have carried out trials with high- 
resistance steels and light alloys. The Congress 
recommends that the study of the use of these 
metals should be continued. 

(4) Assembly can be done by means of riveting 
oxy-acetylene welding, arc or spot welding, or by a 
combination of these methods. 

(5) The interiors can be fitted out in the same 
way as wooden vehicles. They can, however, be 
given a distinctive appearance if the metal plates 
are left visible and the interior decorations treated 
accordingly. In most cases, metal coaches can be 
fitted up so as to assure to the public a degree of 
comfort at least equal to that of vehicles with 
wooden bodies. 

(6) The methods of construction are still too 
varied, and the vehicles on numerous railways have 
been put into service too recently to allow precise 
conclusions to be formed regarding the first cost 
of construction and the repair charges. Results 
so far obtained, however, have been encouraging. 

(7) Numerous experiments have still to be 
made both as to the choice of the methods of 
construction and the materials to be used in fitting 
out the interior, such as heat insulation of the 
body sides, the floor covering interior linings, 
breakage of glass, painting, and protection of 
plates against rust. 

The programme for this Section having thus been 
completed, the questions to be discussed at the 
next Congress were considered, the following ques- 
tions being decided on:—(1) Electrification of 
railways from an economic point of view ; selection 
of sites for generating stations; choice of kind of 
current; safety precautions, &c. (2) All-metal 
rolling-stock ; carriages and wagons. Use of 
light metals and alloys. Use of autogenous welding. 
(3) Methods to be used to increase the mileage run 
by locomotives between two repairs, including 
lifting. (4) Mechanical stokers for locomotives. 
Use of pulverised coal and liquid fuel. 


(To be continued.) 








THE WELLAND SHIP CANAL— 
XII.*—(continued). 


THE regulating weirs at Locks Nos. 7 and 6 are 
quite distinct from the foregoing type, and have 
recently been subjected to considerable modification. 
It will be remembered that Lock No. 7, built in 
rock, is so close to the present canal that special 
measures had to be taken to make it possible to 
complete parts of the structure. Originally it 
was intended that this should remain a single lock, 
although provision is made both at the guard 
gates and at Lock No. 8, for duplication, should 
such prove desirable in the future. With No. 7 
as a single lock it was planned to place its pond- 
level regulating weir across the present canal, 
using this channel northwards as an escape to 
Pond No. 6 below, which in turn would flood 
some of the present canal works, while others 
would be modified to form a waste channel down 
to Pond No. 3 at the foot of the escarpment. 

It has recently been decided that allowance 
should be made for the possibility of duplicating 
Lock No. 7. It has further been decided that 
provision should be made for sufficient supplies to 
meet requirements should the filling and emptying of 
the twin Locks No. 6 and the present single Lock 
No. 7 synchronise. This rearrangement has made it 
necessary to re-cast the plans so as to take care of a 
flow of 6,970 cusecs, instead of something like 2,500 
cusecs, over Weir No. 7. Under these circumstances 
it was decided to abandon the idea of utilising the 
old channel as a raceway, and to cut a new one 
to the east, with a weir at its lower end. The new 
scheme which cancels the arrangements described 
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* The first part of Article XII appeared on page 729. 
ante. 
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Fig.433. LONGITUDINAL SECTION A-A ON CENTRE LINE OF DAM. 
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Fic. 497. Work on Dam art Sire or Lock No. 19 Ponp oF PRESENT CANAL. 
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Fie. 498. View or Ponp No. 6. Dam From East Sipe oF PRESENT CANAL. 
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in Article IV (see ENGINEERING, vol. cxxviii, page 7), 
is illustrated by the plans, Figs. 487 and 488, the 
former showing the arrangements for immediate 
service, and the latter the works as they will be 
when Lock No. 7 is duplicated, room for a future 
duplicate lock being left on the site of the present 
canal, between the new Lock No. 7 and the new 
weir channel. The new plan had the advantage 
that the work could be put in hand, while the 
present canal was still in use, whereas the earlier 
scheme involved considerable delay as the weir 
could not be built till navigation was permanently 
closed in the channel in use until now. Excavation 
work is actually decreased, and no changes will 
be required if the twin lock is built. Further, this 
lock can be constructed behind cofferdams without 
interfering with the other works in any way. 
_General drawings of Weir No. 7 are given in 
Fig. 489, on this page, and Figs. 490 and 491, 
Plate LXVI. It will consist of a structure with 
three standard Taintor gate valves, 7 ft. wide by 
15 ft. high. The bottom of the upper channel is 
at El. + 551. Some 50 ft. above the weir structure 
a 2}:1 slope commences, ending at the weir 
sill at El. + 534:5. Through, and for some distance 
beyond, the weir, the floor is level, until it runs out 
into the present Lock No. 20, which will divert 
the flow to the east and into Pond No. 6, whose 
water level is at El. + 521°5. The forebay and 
discharge channels will be lined and floored with 
concrete slab work 12 in. thick. 

The weir is built in rock, and anchored thereto 
with the type of bent bars used elsewhere on the 
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canal, the rods being bent upstream. The thick- 
ness of the floor at the weir proper is 3 ft. 3 in., 


with short walls 4 ft. thick, at both up and down- | 


stream ends, sunk 2 ft. 3 in. further into the rock. 
The end walls have a thickness across the weir at 
rock level of 13 ft. 6 in., and are stepped in towards 
the top. The valve shafts are 8 ft. 5 in. wide, 
reduced to 7 ft. at the valve opening. The inter- 
mediate piers are 4 ft. 6 in. wide between the valves, 
and 3 ft. 1 in. between the shafts above. The 
piers are finished upstream to 2 ft. 3 in. radius, and 
tapered downstream and finished with 1-ft. 6-in. 
radius. The valve shafts are set 8 ft. 6 in. back 
from the upstream face, and are 19 ft. 5 in. long. 
The intermediate piers, or party walls, were cast 
with grooves in which the rails for the side seals 
were set and concreted in, as in the intakes, &c., 
already described. The valves are standard, and 
the seals, fittings, &c., conform to the designs 
already dismissed, and further description is 
therefore unnecessary. 12-inch stop-log or bulk- 
head slots are provided above and below the valve 
chambers. The valves are operated by strut gear, 
similar to that provided for the standard intakes 
of Locks Nos. 1, 2 and 3, with the counterweight 
sheaves carried by a small steel structure, the 
counterweights themselves being guided up and 
down in pits. 

The approach to the weir is formed by a channel 
of 30-ft. bottom width, with a 28-ft. 6-in. width 
on each side of 13:1 slope. 75 ft. in front of the 
weir, the side slopes change from slab to mass 
concrete, bounded by the horizontal rock base and 


a vertical back, set 6 ft. 6 in. from the edge of the 
channel. As the weir is approached, this gradually 
develops into a gravity section wall, with the slope 
in front, running out finally at the sluice openings. 

In view of the rearrangement, at Lock No. 7, 
the plans for work in connection with Pond No. 6, 
below, have had to be modified to some extent. 
We have described, in a previous article, how this 
pond will flood out some of the locks of the present 
canal, and how the latter will be used for com- 
munication with Pond No. 3 below ; it has also been 
explained how the present canal cuts through the 
impounding dam for Pond No. 6, which cannot 
therefore be completed till the present canal is 
closed, this being arranged actually to take place on 
July 1, this year. Pending completion of the east 
end of the dam, the locks will be worked with 
reduced pondage enclosed by a bank which will 
be afterwards cleared out. In the article referred to, 
some description was given of the construction of the 
dam, which is illustrated in Figs. 492 to 495, Plate 
LXVI. Itis an irregular structure of a total length of 
nearly 3,300 ft., with crest elevation at +530-5, and 
lowest point of the core wall at about El. + 450. 
The width at the crest is 30 ft., the dam being 
constructed of specially selected material to form 
a heart of watertight embankment with 2: 1 
slope upstream, and 14:1 downstream, the latter 
side being covered with a heavy backing of rockfill, 
while an earth blanket has been placed over the 
upstream side with a 7:1 slope. The cover of 
rock on the downstream side at any point is at 
least three-quarters of the depth of that point 
below impounded water level. The upstream side 
is protected for 5 ft. above water level to 5 ft. 
below, with concrete lining. The core wall close 
to the starting point of the dam at the east wall 
of Lock No. 6, is about 56 ft. high. After some 
300 ft., however, it is reduced in height, rising to 
El. + 493 only, compared with the first section 
with top at El. + 523-5. For a considerable 
length towards the east end of the dam, the 
core wall top is again at the latter level, and the 
foot at about El. + 480. Triple lap timber sheet 
piling was employed for some distance at the east 
end. For part of this distance, this consisted of 
a line of piling running parallel with the core wall, 
but some 40 ft. in front of it upstream. Further on, 
this changed to‘a line of piling directly under the 
core wall. 

At the deepest section the core wall extended 
|from El. + 523-5 down to El. + 465, the piling 
|continuing down to rock at El. + 440. The core 
wall varied in thickness from 5 ft. to 10 ft. according 
'to height, and was parallel in the rock trench, 
| above which it tapered to 3 ft. width at the top. 
| Metal cut-offs were provided at the ends of monoliths 
| about 50 ft. long. 
| Some interesting views of this dam under con- 
struction are reproduced in Figs. 496 to 501 on 
Plate LXVII and page 792. The first of these 
shows the site in 1914, and gives a good idea of 
the core wall. Fig. 497 shows work in 1916 
proceeding at the point where the dam crosses 
the site of Lock No. 19 pond of the present canal. 
As shown in Fig. 492 this pond has been filled in, 
the dam being carried right across it. Fig. 497 
shows the line of sheet piling being driven across 
this area. Fig. 498 is a view taken from the east 
side of the present canal, at Battle Quarry. It 
shows the dam under construction, and in the 
foreground the present canal forming a temporary 
obstruction to the completion of the works. In 
the distance may be seen the large aggregate stock 
piles, and Bridge No. 6 at the site of twin Locks 
Nos. 4. Fig. 499, page 792, shows large grab 
excavators at work on the dam, and a roller 
consolidating the material as placed. It may be 
mentioned that another view showing consolidation 
in progress was given in our issue of Aug. 16, 1929 
(Fig. 127, page 204). Fig. 500 shows the junction 
of the dam core wall with the lock structure to 
the west of it, and Fig. 501 illustrates the form work 
employed for the core wall construction. 

At the extreme east end, and in fact on the east 
side of the present canal, so that work has been in 
progress on them for some time, are situated the 
weir and spillway channel. The weir embodies 
two sections, one providing four 15-ft. stop-log 
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Fic. 499. Grass AND ROLLER aT Work, IN 1914, on Dam For Ponp No. 6. 





openings and the other providing two 15-ft. by | 
11-ft. 6-in. standard Stoney sluices, and one} 
standard Taintor gate, 6 ft. wide by 15 ft. In| 
consequence, this structure lacks something of 
the symetry of design which is so noticeable a| 
feature of other works on the canal. It has, | 
however, the advantage that standard parts are | 
used throughout, thus making for cheapness in 
first cost and maintenance. The weir is shown in | 
elevation, plan and sections in Figs. 502 and 507. On | 
the left (east) of Fig. 503 are the stop-log sections, 
consisting merely of piers 3 ft. thick and 10 ft. 10 in. | 
in up- and down-stream measurement, built on | 
concrete stepped 6 ft. into the rock, the rest of 
the floor being a 12-in. concrete slab laid on and | 
anchored to rock. Normal water level of the pond | 
is at El. + 521-5; floor level of the stop-log weir | 
isat El. + 516-5. The stop-logs are of Douglas fir, | 
10 in. by 10 in. in section. The remainder of the | 
weir has a floor at much deeper level, so as to draw | 
off from the bottom of the pond. For the Taintor | 
gate, the sill level is El. + 487-5. Here again, | 
at the sluice itself, the floor slab is let into the rock | 
for a depth of 3 ft. as in Figs. 505 and 506 with a| 
5-ft. section 4 ft. wide, constituting a cut-off at the 
upper face. The remainder of the floor is 12 in. thick. | 

On the west of the structure the two Stoney | 
sluices, with sill level at El. + 482-5, are separated | 
by a pier 6 ft. wide, finished to a 3-ft. radius up 
stream and tapered downstream to a thickness | 
of 4 ft. Like the standard weirs below, the Stoney | 
sluice section has a stop-log crest. This is at| 
El. + 516-5 as for the section at the east end, | 
10 in. by 10 in. stop logs being used to raise the | 
level above this. A section at these sluices is | 
shown in Fig. 507 The general sluice arrange- | 
ments vary mainly from the lower weirs through | 
difference in height of structure. The length, from | 
upstream face to down-stream toe is 51 ft. 3 in. ;| 
the reinforcement, sluice frames and unwatering | 
stop-logs, &c., conform to the standards already | 
described. Between the Taintor gate and the Stoney | 
sluices there is a turbine installation for operating | 
the Stoney sluices in emergency, as previously ex- | 
plained ; this requires ne further description. The! 
whole structure is built ‘nto solid rock as regards | 
the foundation and east wing. The west end is 
composed of a gravity section wall 23 ft. thick at | 
the base, diminishing in steps of 3 ft. towards the | 
top. The core wall of the dam is built into this, | 
and wings extend up and down stream a considerable 
distance to act as retaining walls for the dam slopes. | 
Apron work extends up stream for a distance of | 
85 ft., at the levels already named. Down stream | 
of the toe of the sluice section, apron work extends | 
for 120 ft. 3 in. Below the weir, the east wall | 
draws in till the floor width is reduced to 80 ft., 
which width is retained for the rest of the length! Fre. 501. Core Watt ror Dam Unpsr Construction, 1914. 












































JUNE 20, 1930.] 





ENGINEERING. 





_ 793 








THE WELLAND SHIP CANAL, CANADA. 







































































































































































\ 
yy 
7 S Oe 
eee 38 Fig. 503. SECTION A-A 
S Bass — Re. \A 530-5 70K 0 
S Q° 8 ce US 7 — : Treat TY = } — 
S Ai ce liso, Miso". iso. | Bite: YY ; —_ 
S Mi Og - 15-0-— i - 15 0-- aif -15-0--—, pee ge Pete. 
s nein it } tu } z a ie =r ah 10° il 516. : 14-4 i i = 
ys t S7> 3 =r 4 ty tu “ea 
s = a, man | Salt . 
SS Rw//s eat —E 
RS hy he Hon | it 3 
Y = ! hy 2 i! ' ! ' ! Te 
S sS ry Upp} | = tit : Hi 2 
S ELSIGS B25 SY! Fiy.504. SECTION B-B. RC OR Be! a0 dale aso: Bae S 
ss * Me 120310 W200" NL Lass i | foe ee eo + 
== iw 1h q \S 4825 b 
1s D esl "i 
=| is zit 
es > Sama yti 
= * rf BBLVegesgsr=== Wi : ! - 1 : ri 
raat Nd MK = It = Whaat! 
=\\Ieq ! a a a 5 HS n 
Alle p.! aaa Ree i co ' 
Er 8 = Seer HD Fig.506.SECTION D-D. 
= ' er 4¢tedgegcopespepass$s-2fi || | | : SS > . 
ale Sse — tat PS __ SECTION E-E. er ee 
e 276-11 0% VITOR Mm > Fig.505. 1, W-s------19-F ------- > 4 mn 64 - 
10) EL4825 H \ NAW i 
1] Hee ay? 
Sify ee 
Ha KY 
3 Ht j 5 Es 
; Hepa / 2 
WHEE S 
; pirisl ru Pia 
at pe RE 3B s 
i UY ~ 7 ® 
W2Slab ‘3 Wij: f = 
8 , (4 Hes 3 
Cy hit LUT Ay!) ‘S: 
ve HEL Nand - 
© ' || EapJt. 
; amine ; 
S $ Uk: | EL510-0 ri 
P ' 7 a F 
¢ SS \ 4) / 
Xo y 
> S = Uf} 
s § E 
3 woz 
‘ S m= 
= & Anchor 
==----- 80:0----------4¢-200-4 = 
of the channel, 640 ft., on a gradient of 1-16 per We understand that great interest in the performance 
cent. The sides are sloped to 14: 1 and the depth Fia.5 of these locomotives has been taken in France, and that 
of the channel is 14 ft. 8 in., giving a total width tg. 07. 2 an agreement was concluded between the Midi and the 
5-894 Paris, Lyons and Mediterranean Railways for trials 


of 124 ft. at the top. The channel is laid with 24-in. 
slab work. Beyond the discharge of this‘raceway 
the present canal works will be utilised for carrying 
the flow down to Pond No. 3. This will involve 
placing a number of small weirs across the present 
lock structures, and alterations to existing pond 
weirs. The new weirs are to be thrown across the 
upper entrances of the locks and will be plain mass 
concrete structures, not calling for special comment. 

A few words of explanation may be given as 
to the object of providing Taintor gates in 
preference to or in addition to Stoney sluices at 
Weirs Nos. 6 and 7. In each case it is intended 
to set a Taintor gate to supply a constant flow of 
water to make good the leakage and wastage in 
Locks Nos. 1, 2 and 3 and their ponds. The other 
two Taintor valves in Weir No. 7 will be auto- 
matically operated to give the requisite variable 
supply to Pond No. 6, keeping the level of this fairly 
constant even if the two chambers of Locks Nos. 6 
should draw on it at one time. 

‘The control of the level beyond Lock No. 7 
will be dealt with in our next article. 








TESTS ON A 5,400-H.P., 1,500-VOLT 
ELECTRIC LOCOMOTIVE. 


ON page 786 of ENGINEERING, for December 13, 1929, 
we gave an account of four 5,400-h.p., 1,500-volt, 
direct-current electric locomotives, which had been 
designed by the Société Oerlikon of Paris for use on 
the Cham béry-Modane section of the Paris, Lyons 
and Mediterranean Railway. These locomotives are 
equipped with six motors of the double-armature 
type, each armature being wound for a pressure of 
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tures are connected in series, the other groupings being 
six armatures in series with the two groups in parallel, 
four armatures in series with the three groups in parallel, 
and three armatures in series with the four groups in 
parallel. In addition, either full, 70 per cent. or 55 per 
cent. excitation can be used, so that in all twelve 
economical speeds are possible. They are designed 
so as to be capable of hauling a 700-ton train at a speed 
of 90 km. (56 miles) per hour, up a gradient of 0-8 per 





450 volts. At starting, the whole of the twelve arma- 





cent., and at 110 km. (68 miles) per hour on the level. 












































































to be made on the former system. It was arranged 
that these trials should be carried out on the Bordeaux- 
Bayonne section (a distance of about 123 miles), 
with a trailing weight of some 900 tons and at a speed 
of 75 m.p.h. The maximum gradient on this section 
is 1 in 182, but there are only a few places where the 
curves are less than 2,600 ft. in radius and for the 
most part it consists of long straight stretches, one of 
which is about 30 miles in length. After being run 
light over the 674-mile section between Bordeaux and 
Morceux, at speeds up to 75 m.p.h., the test locomotive 
was attached to a 200-ton train and attained a speed 
of 59°6 m.p.h. with that load, without full parallel 
working being necessary. On the following day, a 
600-ton train was hauled and attained a maximum 
speed of 71 m.p.h. with an output of 2,900 h.p. at the 
wheel tread. The locomotive was then transferred to 
the regular service and was used for hauling such 
trains as the Sud and Pyrénées-Cote d’ Argent expresses, 
representing maximum weights hauled of about 435 
tons. With the former train the section between 
Bordeaux and Bayonne was covered in 124 minutes, 
including one regular stop of three minutes and several 
others caused by permanent way work and signals, 
and in order to make up for the time lost due to these 
causes, a speed of 75 m.p.h. had to be maintained for 
practically the whole of the journey. 

As with trains of the weights mentioned above, it 
was again unnecessary to resort to full parallel working, | 
in order to obtain the specified speed, a special train 
of 600 tons behind the locomotive was run from 
Bordeaux to Bayonne. Between Bordeaux and 
Lamothe, a distance of 26-2 miles, this train travelled 
at an average speed of 68 m.p.h. for 23 min., and it 
was seldom necessary to use the last slip on which the 
excitation is reduced to 55 per cent. of its full value. 
Only one pantograph was used at all speeds, so long 
as the current did not exceed 1,800 amps. Similar 





results were obtained with an 800-ton train. The 
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maximum output measured at the wheel tread during 
these runs was 4,550 h.p., at 1,450 volts, the speed 
being 53 m.p.h. Speeds of 75 m.p.h. were also reached 
several times and were maintained over long stretches. 

Between Morceux and Dax one of the sub-stations 
was out of action, so that the pressure on the overhead 
line fell to 700 volts and the average speed on this 
section was consequently low. It had been hoped to 
make a test with a 900-ton train at a speed of 75 m.p.h., 
but sufficient energy could not be obtained to enable 
this to be done. The locomotive was therefore never 
called upon to give its full output of 5,400 h.p. at 
1,500 eo 








LABOUR NOTES. 


Tue Amalgamated Engineering Union’s Financial 
Report for the first quarter of the current year states 
that, during the three months, the General Fund in- 
creased from 312,3511. to 319,283/., and the Superan- 
nuation Reserve Fund from 1,636,236l. to 1,636,4451. 
The five principal statutory benefits cost 137,4001., 
or 18s. 10d. per paying member. These payments, 
it is pointed out, were made directly out of the organisa- 
tion’s own funds and did not include State Unemploy- 
ment Benefit, State Health Insurance Benefit, or 
monies received from employers on behalf of members 
as compensation for accidents. 





In May, the home branch membership of the Amal- 
gamated Engineering Union increased from 195,717 to 
196,516, and the colonial branch membership decreased 
from 27,173 to 27,134. The number of members in 
receipt of sick benefit decreased from 5,653 to 5,481 and 
the number in receipt of superannuation benefit 
increased from 10,572 to 10,662. The total number of 
unemployed members increased from 17,535 to 18,440. 





Writing in the June issue of the Amalgamated 
Engineering Union’s Monthly Journal, Mr. ge 
Brownlie, who now retires from the presidency under 
the age limit, says that he leaves the office which he 
has filled for more than a fourth of his actual life with 
regret. He hopes, however, to be able to render further 
service to the Union in other spheres of activity. To 
his immediate colleagues he tenders his sincere thanks 
for the assistance they have given him during the time 
he has presided over their deliberations, and to the 
membership generally he expresses his grateful and 
deep appreciation of the confidence they have reposed | 
in him during the seventeen years he has occupied 
high office. He has unbounded confidence, he declares, 
in the ability of the organisation to carry on the great 
traditions of the men who laid the foundations of 
engineering trade unionism, and he urges the members 
to share his faith in the efficacy of the A.E.U. to 
promote and safeguard the interests of the operative 
engineer. seems 

On May 26, 1930, there were approximately 9,723,600 
insured persons, aged 16 to 64, in employment in Great 
Britain. This was 75,300 fewer than a month before, 
and 535,900 fewer than a year before. On June 2 the 
numbers of persons on the registers of employment 
exchanges in Great Britain were 1,167,900 wholly 
unemployed, 511,200 temporarily stopped, and 96,000 
normally in casual employment, making a total of 
1,775,100. This was 5,049 more than a week before, 
and 674,975 more than a year before. The total on 
June 2, 1930, comprised 1,274,900 men, 43,800 boys, 
415,000 women, and 41,400 girls. 





During May, 1930, the average numbers of persons 
on the registers of employment exchanges in Great 
Britain were 1,169,159 wholly unemployed, 479,763 
temporarily stopped, and 96,326 normally in casual 
employment, making a total of 1,745,248 of whom 
1,149,911 were men aged 21 and over, 90,223 men aged 
18 to 20, 46,625 boys aged 14 to 17, 352,543 women 
aged 21 and over, 60,258 women aged 18 to 20, and 
45,688 girls aged 14 to 17. 


On May 31, the number of unemployed workers 
in Germany in receipt of public relief was 1,889,000, 
and the estimated total number about 2,637,000. The 
larger figure is 1,290,000 more than on the correspond- 
ing date last year, and 90,000 more than two weeks ago. 








The report of the British Ministry of Labour, for 
1929, states that despite many disturbing factors, em- 
ployment was appreciably better during the year than 
in 1928. The average percentage of unemployment 
was 10-4 in 1929, as compared with 10-7 in the previous 


ment situation was the decided improvement in the | or surface work. In order to enable the workers, 
position of the coal mining industry, although the | the resolution declared, to make use of their holiday 
unemployment was still high, the numbers employed to recuperate their health, a sojourn in a healthy 
rising from 898,541 for the week ended January 5, to | country district must be assured to them by allowing 
949,379 for the week ended December 31, while the | them additional pay of 50 per cent. above the normal 
average number of unemployed persons. decreased | wages. 
from 252,364 in 1928, to 177,248 in 1929. The most | : 
unsatisfactory feature throughout the year was the} The membership of the national centres affiliated 
increased slackness in the textile industries, the number | to the International Federation of Trade Unions in 
of textile workers unemployed averaging 154,175, | 1928, was 13,516,269, as compared with 13,144,225 in 
as compared with 133,427 in 1928. |1927; there was thus an increase of 372,044, or 

| 2-8 percent. In 1928, there was an increase of member- 
| ship in the case of 15 national centres, including those 
of Canada, Czechoslovakia, Estonia, France, Germany, 
Latvia, Luxemburg, Memel, the Netherlands, Poland, 
Rumania, Sweden, Switzerland, and Yugoslavia. 








Under an award of the Court of Arbitration, which 
the German Minister of Labour has declared binding, 
the wages of the workers in the north-west metal 





industry are to be reduced by 7} per cent. About 
200,000 workers are affected. Certain minor concessions 
are made, including a small increase in the annual 
holiday to which younger workers are entitled, and a 
slight improvement in the system of family allowances. 
The obligation is also laid upon employers correspond- 
ingly to reduce iron and steel prices in order that 
Germany may be the better able to compete in the 


| There was a decrease in membership in 10 countries, 
|including Argentina, Austria, Belgium, Bulgaria, 
| Denmark, Great Britain, Hungary, Lithuania, Pales- 
tine, and South Africa. The largest increases in 
membership were shown by Roumania, with 54:3 per 
cent. ; Germany (General Federation of Trade Unions), 
with 10-2 per cent.; Latvia, with 16-8 per cent. ; 
the Netherlands, with 8-8 per cent.; Estonia, with 





world’s markets. The metal workers’ trade unions | 8-6 per cent.; Yugoslavia, with 8-5 per cent.; and 
appear, however, to be definitely and strongly opposed Luxemburg, with 8-4 per cent. In the case of Roumania, 
to the wage reduction. The matter was discussed on | the statistics of membership given referred to June 30, 
Friday last by the Labour Group at the International | 1929, so that the increase has taken place over a period 
Labour Conference and, according to the Daily Tele- | of eighteen months. 

graph’s Geneva correspondent, the German delegate | 
stated that if the award were enforced, the workers) The largest relative decline was that of South Africa, 
would strike. The delegates from all the other countries | which was 86-5 per cent. In the other cases the 
declared that the International Federation of Trade | percentage of decrease was small. The largest absolute 
Unions would support the German workers in such figure was that of Great Britain, the membership of the 





| adoption of overtime in their shops. 


action. Sch 5 

At the International Labour Conference in Geneva 
on Friday last, the Committee on Hours of Work of 
Salaried Employees decided in favour of a convention 
on the question by 59 votes to 42. The British Govern- 
ment has already stated, through Miss Bondfield, the 
Minister of Labour, that it is not yet in a position to 
give an opinion on the question. 





Mr. Findlay, the General Secretary of the United 
Pattern Makers’ Association, states in the latest 
official report of the organisation that the unemploy- 
ment figures are again steadily mounting upwards. He 
urges members to strain every effort to prevent the 
** Concentrate,” 
he says, ‘‘on shortening the hours of labour. 
47 hours per week are too long for the amount of work 
required to be done, let us agree upon 44 per week— 
11 shifts of four hours’ duration each. It will pay you 
in the long run.” The total number of men on the 
books is 947, and the total membership 11,175. 





During the period covered by the report, the Execu- 
tive Council of the United Pattern Makers’ Association 
considered a proposal by the Eccles Branch that the 
following resolution should be submitted to the Trades 
Union Congress :—‘‘ That having observed the effect 
of ‘rationalisation’ and such labour schemes as, for 
example, that of Imperial Chemical Industries, on the 
Trade Union Movement, this Congress calls upon the 
General Council to cease forthwith the joint relations 
with the Federation of British Industries and the 
Confederation of Employers’ Organisations. Further, 
we call upon the General Council to formulate a new | 
* Labour Charter’ and submit it as early as possible to | 
a ‘Special Trades Union Congress.’ A resolution to | 
send forward the resolution as requested was defeated | 
by four votes to three. 


If | 


British national centre having decreased by about 
200,000 ; the greater part of this decrease is accounted 
for by the loss in membership of the Miners’ Federation 
of Great Britain, which amounted to 125,000. The part 
played by women in the trade union movement could 
not be definitely ascertained, owing to the absence of 
| complete statistics. Out of a membership of 12,053,346, 
‘however, 10,230,713 were men, and 1,822,633, or 
15 per cent., were women. In 1928, the number of 
national trade union centres affiliated to the Inter- 
national Federation remained unaltered at 28. In 
that year the national centre in Greece, with 52,775 
;}members, became affiliated to the International 
| Federation of Trade Unions, and that of Lithuania was 
forced to withdraw on account of internal difficulties 
|in that country. 





An article by Mr. Herbert Tracy in Industrial News, 
| an organ of the Trades Union Congress General Council, 
/contains an interesting reference to the Government’s 

proposed amendment of the Trade Disputes and Trade 
| Unions Act. The terms of the new Bill are, according 
to Mr. Tracey, still being considered by the Govern- 
| ment, and, so far, there is no official confirmation of the 
| statement that it is proposed to take the second reading 
of the measure this session. ‘‘ But,”’ Mr. Tracey says, 
“the Government is fully aware that the Trades Union 
Congress regards this measure as a matter of peculiar 
urgency, and has been apprised also of the views of 
the T.U.C. regarding the scope of the amending Bill. 
It is realised that a Bill merely repealing the 1927 Act 
| would leave Trade Union law in important respects, 
jin a state of confusion. For example, the 1927 Act 
repealed Section 6 of the Trade Union Act, 1913, which 
| provided that all contributions to the political fund of 
a Trade Union shall be levied separately, and that no 
assets of a Union, other than the amount raised by 
such separate levy, may be applied to political purposes. 
The 1927 Act further altered radically Section 4 of the 
| 1913 Act dealing with the collection of the political fund, 
and repealed certain sections which must be restored 











year. Only twice in the last nine years has the per- 


centage been lower than last year, namely, 9-6 in 1927, 
| recuperative holiday, of at least one fortnight a year, the 1927 Act in the spirit and letter of the Labour 


and 10-2 in 1924, while in 1921 it reached the high 


figure of 16-6. The outstanding feature of the employ- | 


| in some form or other before the Unions can be regarded 
Several branches of the United Pattern Makers’ | as having recovered the position they occupied before 
Association on the North-East Coast suggested to the | the 1927 Act was passed.” 
Executive Council that owing to the smallness of the | 
recent vote on the question of withdrawing from the 
joint wages movement, it was desirable to take another; Moreover, Mr. Tracey adds, there are questions of 
ballot. Newcastle expressed the opinion that so | fundamental principle to be disposed of in the Govern- 
small a total vote as was cast did not constitute a; ment’s Bill. ‘‘These include,’’ he proceeds, “ the 
sufficient mandate for taking such a serious step as problem of the sympathetic strike and the so-called 
withdrawal from the joint movement, and Jarrow | revolutionary strike with a political object, against 
declared that, ‘“‘in view of the speech made by Sir! which the first clause of the 1927 Act is avowedly 
Allan Smith at the meeting held on April 4 last, we| directed. But these issues were prominent in the 
deem this [matter] to be of the greatest importance and | united campaign which the Trade Union and Labour 
of grave concern to the whole membership.” A! movement organised when the 1927 measure was 
resolution to take another vote was defeated, five | under discussion in Parliament, and they involve no 
members of the Executive Council voting against it and | real difficulty for a Labour Government whose mem- 
two for it. | bers, in the words of Mr. Ramsay Macdonald, regard 
|the original measure as ‘one of the very worst Bills 
At a congress of the International Federation of that has ever been introduced into the House of 
Miners in Cracow, a resolution was passed calling upon |Commons—it breathes hate and spitefulness in every 
the miners’ federations of all countries to take energetic ; clause.’ So far as the Trade Union movement is 
action by all available means with the object of | concerned at least, there is no responsible person who 
obtaining a legally fixed or contractually guaranteed | does not expect that the Government will deal with 











for all mine workers employed in either underground | Party’s pledges.” 
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THE ELECTRIFICATION OF THE 


YORK STREET FLAX - SPINNING 
MILLS, BELFAST. 


THE manufacture of linen from flax is one of the 
oldest of the industries indigenous to Ireland, since it 
was unquestionably carried on before the Christian era. 
It did not assume much importance, however, until the 
beginning of the eighteenth century, when Louis 
Crommelin, a native of Picardy, was appointed Over- 
seer of Royal Linen Manufacture by William III, and 
when many other valuable recruits were obtained from 
France, owing to the revocation of the Edict of Nantes. 
At this period, and for many years afterwards, the 
flax was both spun and woven by hand, but in 1828 
the firm of Andrew Mulholland and Son began to use 
steam power for these operations at their mills in 
York-street, Belfast. This concern was converted into 
the York-street Flax Spinning Company in 1862, and 
it is interesting to learn that, about fifty years ago, a 
descendant of Louis Crommelin was acting as its 
managing director. 

Steam drive was first utilised by this concern in its 
spinning mills, the original plant used for this purpose 
being a 1,000-h.p.beam engine with two cylinders each 
38-in. in diameter and with a 7-ft. stroke. This set was 
supplied with steam at 45 lb. per square inch and ran 
at 29-5r.p.m. There is no record of its makers. About 
sixty years ago, a similar engine with an output of 
500 h.p. was installed for driving the preparing mill, 
while a 630-h.p. engine for operating the machinery in 
the weaving factory was added about the same time. 
These two engines worked under the same steam con- 
ditions as the older unit, and were manufactured by 
Messrs. Hick, Hargreaves and Company, Limited, of 
Bolton. The spinning- and preparing-mill engines were 
supplied with steam from a battery of eight Lancashire 
boilers, fitted with Green’s economisers, and the boilers 
supplying the factory engine were manufactured by 
Messrs. Daniel Adamson, of Manchester, and were also 
equipped with economisers. In addition, a high- 
speed steam engine and generator were installed some 
twenty years ago for supplying light and power to 
the warehouse. This set, which was manufactured 
by Messrs. W. H. Allen, Sons, and Company, Limited, 
of Bedford, had an output of 50 h.p. at 400 r.p.m., 
and was supplied with steam at a pressure of 100 lb. 
per square inch from two Cochran boilers. The lay- 
out of the original spinning and preparing mill 
plant is shown in Fig. 1. This is of importance 
‘n connection with the operations of converting the 
factory to the electric drive, which we are about 
to describe. It may be added that the first of the 
»eam engines mentioned above drove the spinning- 
mill machinery through 896 ft. of 5-in. and 2}-in. 
Clameter shafting and spur and bevel gearing, while 
‘ie preparing mill was operated through 3,000 ft. 
similar shafting. Two second-motion shafts were 
used, which were placed in tunnels below the yard 
level and were connected to four vertical shafts each 
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of which carried six pairs of bevel wheels. These 
vertical shafts were carried on footstep bearings, which 
ran in an oil bath and were water-cooled. In the 
weaving sheds and winding rooms, driving was eftected 
through 8,376 ft. of 4-in. to 24-in. shafting, making a 
total for the whole mill of 12,272 ft., or about 24 miles. 
To allow for the necessary changes in direction, some 
83 pairs of bevel wheels were in use, together with five 
vertical shafts. The characteristics of these drives 
and the nature of the material employed in the wheels 
and shafts will be appreciated from the illustrations 
which we reproduce in Figs. 19 and 20, on page 800. 
The works themselves cover some 4} acres, practi- 
cally all of which is occupied by buildings. These 
include a seven-storey block, which is used as stores, 
a six-storey preparing mill, a five-storey spinning 
mill, a second five-storey block which houses the 
winding and finishing departments, and a weaving 
shed, which is divided into four sections. On the 
opposite side of the street, but connected with the 
other buildings by a bridge, is a four-storey ware- 
house. The relative positions of these buildings is 
shown in Fig. 5, page 796, which indicates that obvious 
advantages were likely to accrue from the change from 
ancient to modern methods of operation. As regards the 
work carried on in these mills, the flax is brought in the 
raw state, except that it has previously been retted and 
scutched, and is there subjected to all the numerous 
processes, with the exception of bleaching, which are 
necessary to convert it into fine or coarse linen products, 
or into thread. 

The method of driving the various machines required 
for these purposes which has just been described, con- 
tinued in use until 1924, when the directors of the York- 
street Flax Spinning and Weaving Company, Limited, 
decided, mainly for economic reasons, to make a drastic 
change, and entrusted their chief engineer, Mr. H. 
Weilding, with the preparation of a conversion scheme. 





This was a matter of some difficulty, as is obvious when 
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it is stated that continuity of production was essential. 
Some very ingenious expedients and careful planning 
had therefore to be adopted to render the change pos- 
sible, and on these, as well as on the ultimate success 
of the conversion, Mr. Weilding is to be congratulated. 
As a result of an examination of the alternatives, it was 
decided to use electric motors for driving the various 
existing line shafts, and to generate the necessary 
energy by a turbo-alternator, which was to be supplied 
with steam from a pulverised-fuel fired boiler. This 
turbine had also to be designed so that it would 
pass out 25,000 lb. of steam per hour at a pressure 
of from 15 lb. to 30 lb. per square inch for process 
work. The possible methods of transmission were also 
carefully investigated, with the result that, except 
for the hydraulically-operated mangles and calenders, 
group driving, with ropes between the motors and 
the original line shafts, was adopted. 

It was, further, decided that the new power 
station should be erected on the site originally occu- 
pied by the eight Lancashire boilers and beam engines, 
as shown in Fig. 1, and trial holes were first sunk 
at each corner of the area involved to ascertain whether 
the sub-soil would bear the heavier loads. As the 
chimney of the original boiler house covered the site 
proposed for the new boiler, operations began with 
the erection of a second chimney. Before this could be 
done, however, the gable wall of a building adjoining 
the engine house had to be removed, and the wall of 
the latter undermined, so that a concrete raft, on 
which the new chimney was subsequently built, could 
be laid. This raft is 30 ft. square, and extends under 
the back wall of the boiler-house building. If the 
weight of this building had been allowed to rest on 
the raft, the increased pressure on that side would 
doubtless, in time, have caused the latter to subside, 
with the result that the chimney itself would have 
been thrown out of plumb. 

To obviate this, the ends of two steel bridge 
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to be given to several motors, which were already in- 
stalled, through a temporary switchboard. 

yin the meantime, a new steel-and-brick tower, five 
storeys high, of which an illustration is given in Fig. 10, 
and a section and elevation in Figs. 7 and 8, Plate 
LXVIIT, was erected against the wall of the spinning 
mill for the purpose of housing the motors for operat- | 
ing this section of the factory. One motor is installed | 
on each floor of this tower, and transmits power through | 
ropes to the original line shafting, and thence to the | 
machines. When this stage had been reached it was | 
possible to begin the work of conversion proper. | 

To start with, the reeling room, on the top floor of 
the spinning mill, was taken in hand. The top length | 
of the original vertical shaft which ran through 
this building, and the bevel wheels on it, were cut 
away and a rope pulley, from which connection was | 
made to a 30-h.p. squirrel-cage motor running at 
575 r.p.m., was fixed to the line shafting. The motor 
itself was mounted on brackets over the door to save 
space, as shown in Fig. 8. ‘This work was carried out | 
during a week-end without interfering with the 
operation of the factory. During subsequent week- 
ends, the driving shafts and gears in the spinning rooms | 
and fluting shop were similarly removed, and the 
twelve line shafts were connected up to their 
respective motors in the new tower. As will be seen | 
from Fig. 8, the output of the motors varies from 
180 h.p. to 100 h.p., the drive in each case being of 


16. 


100-h.p. and two 45-h.p. squirrel-cage motors replaced 
the original drive shown in Fig. 21, page 800. These 
motors are all fixed just beneath the roof of the shed 
and above the looms on broad-flanged steel beams. 
To enable this to be done, a flat concrete roof was 
substituted for the usual saw-tooth design. All the 
motors are in accessible positions over one alley way, 
the shafts on the other side of the wall being extended 
through the latter for this purpose. This second section 
of the conversion was also carried through without it 
being necessary to throw a single loom out of operation. 
Finally, the preparing mill was converted in a similar 
way the arrangement of the motors and the lay-out 
of the drives in this part of the works being shown 
in Figs. 6 and 7, on Plate LXVIII. 

The lay-out of the new plant which replaces the ori- 
ginal beam engines and low-pressure boilers will be clear 
from Fig. 2. It comprises a pulverised-fuel fired boiler, 
which was supplied by Messrs. International Combus- 
tion, Limited, of Africa House, Kingsway, London, 
W.C.2. This boiler is of the Babcock and Wilcox 
three-drum type, with an integral superheater, the total 


| heating surface being 11,996 sq. ft. Its evaporative capa- 


city is 40,000 Ib. per hour, and it supplies steam at a 
pressure of 250 lb. per square inch and a temperature of 
600 deg. F. The economiser was manufactured by 
Messrs. Goodbrand, of Stalybridge, and has a heating 
surface of 3,185 sq. ft. The furnace, which is of the 
Lopulco type, is equipped with a flat suspended arch 


that they can be placed astride the wheel, to which 
they are fixed by countersunk rivets. The diaphragms 
are of cast-iron and are made in halves, so that they 
can be easily removed, while on the inner periphery 
they are fitted with labyrinth glands.* 

The alternator to which this turbine is coupled 
is rated at 2,812 kv.-a., and supplies three-phase 
current at a pressure of 500 volts and a frequency 
of 50 cycles when running at 3,000 r.p.m. It was 
manufactured by Messrs. The General Electric Com- 
pany, Limited, at Witton Works, Birmingham, and is 
of the enclosed type with a drum rotor and forced 
ventilation. The exciter is carried from the outer 
bearing, and is specially designed for operating at high 
speeds. Cooling is effected on the closed-circuit princi- 
ple, by plant of Messrs. The Premier Air Cooler and 
Engineering Company’s manufacture. 

The condenser was supplied by Messrs. Hick, Har- 
greaves and Company, Limited, of Bolton, and has 
a cooling surface of 3,100 sq. ft. It is capable of 
maintaining a vacuum of 27-75 in. when supplied 
with 152,400 gallons of circulating water per hour at 
a temperature of 78 deg. F. The extraction pump, 
Ejectair, circulating pump, and other auxiliary plant 
were also supplied by the same firm. 

In -addition to the main turbo-alternator, there is 
an auxiliary set which consists of a Hick-Hargreaves 
Diesel engine coupled to a 100-kw. General-Electric 





alternator running at 300 r.p.m. This set is used 
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the multiple-rope type, giving a speed of 350 r.p.m. 
on the spinning-room shafts. A view of one of the 
150 h.p., motors showing the rope pulley and control 
gear is given in Fig. 15, Plate LXIX. This change- 
over enabled the remaining Lancashire boilers and the 
three beam engines to be shut down and the work of 
dismantling them and of demolishing the other build- 
ings to be commenced. As soon as this had been 
completed, foundations were laid, and the erection of 
the building for housing the new boiler, which was 
already in place, was proceeded with. Subsequently, 
the turbo-alternator, which has taken the place of the 
three beam engines, was installed and a permanent 
switchboard erected. On the completion of this 
work in the new generating station, an exterior view 
of which is given in Fig. 11, Plate LX VIII, the change- 
over from the temporary 1,000-kw. set and its switch- 
board to the new plant was carried out during the 
Christmas holidays. It may be added that, during the 
interregnum period, when both the original and tem- 
porary plant were running, one of the old boilers was 
used as a de-superheater, so that steam from the new 
boiler could be employed in the beam engines. 

The new turbine set being thus made available, it 
was next possible to proceed with the conversion of the 
weaving sheds. This was effected on similar lines to 
those followed in the spinning mill. In this case, 
thirty-six line shafts were involved, but as in Nos. 2, 
3 and 4 weaving rooms less power was required than in 
the preparing mill, the 30-h.p. and 40-h.p. motors were 
carried from theroof on Hgirders, asillustrated in Fig. 13, 
Plate LXIX, so that they just cleared the tops of the 
iron fire-proof doors. As shown in Fig. 4, each weaving 
shed is divided longitudinally into two portions by a 
2-ft. 6-in. brick wall, which was originally designed 
to support a heavy second-motion shaft on each side. 
These shafts were supported in pedestals, which were 
secured to the wall by cast-iron brackets and were each 
connected through cast-iron bevel gears to twenty-eight 
line shafts. 

When the conversion was carried out, these 
shafts were arranged in four groups of four and two 
<roups of six, as shown in Figs. 3 and 4. Three 





and water screen, the latter forming part of the circula- 
tion system of the boiler. The fuel-air mixture is sup- 
plied through four 10-in. Lopulco burners, which are 
set in the arch at a slight angle to the vertical and are 
supported in channels fitted to the arch frame. 

The raw coal is first fed into a magnetic separator, 
from which it passes on to an electrically-driven vertical 
belt and bucket elevator with a capacity of 15 tons 
per hour. This conveyor, in turn, discharges its contents 
on to a horizontal conveyor, which runs over the two 
90-ton coal bunkers. From these bunkers, the raw coal 
passes through chutes into a 4-ton Lopulco steam- 
heated drier. The gas in this drier is in direct contact 
with the coal, and a special device is fitted to ensure 
that the temperature shall not exceed 300 deg. F. 
Pulverisation is effected in a four-roller Raymond mill 
with an output of 8,000 Ib. of coal per hour, which is 
connected on the output side to the powdered-fuel 
bunkers over the boilers. The coal is delivered from 
the bunkers to the burners by four 5-in. screw feeders, 
the primary air being supplied by one of two fans, 
each of which has an output of 2,500 cub. ft. of air per 
minute. The ash from the boiler is handled by a 
belt and bucket elevator, with a capacity of 10 tons per 
hour, which delivers it into a bunker. 

The main generating plant which consists of a G.E.C. 
turbo-alternator, ‘s illustrated in Fig. 12, Plate LXIX. 
The turbine is of the pass-out type, and was manufac- 
tured at the Fraser and Chalmers Engineering Works, 
Erith, Kent. It has an output of 2,250 kw. ata speed 
of 3,000 r.p.m., when supplied with steam under the 
conditions mentioned above. It is of the impulse 
multi-stage design, the first wheel being built as a 
velocity wheel with two rows of blades, while the 
remaining wheels have one row only. 

At the exhaust end of the machine, the lower 
part of the casing is bolted to the bed plate, while at 
the other end it is free to slide, so that any expansion 
is allowed for. A thrust bearing of the Michell 
type is fitted at the high-pressure end. The wheels 
are made of solid steel forgings machined all over, while 
the moving blades, which are of stainless steel, are milled 
from solid bars to the correct shape and are forked so 





for providing emergency lighting and power for short 
periods, as well as in connection with starting up 
and shutting down the mill, as is explained in more 
detail below. 

The main switchboard, which is illustrated in 
Fig. 14, Plate LXIX, is of the truck type, and was also 
constructed by Messrs. The General Electric Company, 
Limited. It comprises a cubicle containing the equip- 
ment necessary for controlling the main alternator. 
Thisincludes a 3,250-ampere triple-pole oil switch, three 
3,500-ampere single-pole isolating switches, and the 
usual current and potential transformers, instru- 
ments and fuses. The ’bus-bar coupler control equip- 
ment is also contained in a cubicle, and consists of 
a 500-ampere triple-pole non-automatic oil switch 
with six 500-ampere isolating plugs. The auxiliary 
alternator is controlled by equipment of the brush 
type, which primarily comprises a 200-ampere triple- 
pole oil switch. The various motors are also supplied 
through the same type of switchgear, six panels being 
provided which control the boiler house, spinning 
room, preparing room, factory, and factory finishing 
room, respectively. Each cubicle is provided with a 
watt-hour meter. The motors generally are of Messrs. 
The General Electric Company’s manufacture, and are 
of the squirrel-cage enclosed ventilated or pipe-ventil- 
ated type having two end-shield bearings and an 
outboard pedestal bearing with a shaft extension to 
take the rope pulley. 

The method adopted for starting up and shutting 
down the mill, mention of which has already been 
made, is of interest. The auxiliary generator is first 
run up for a few minutes before the hour of commencing 
work. This enables the motors on the condenser 
auxiliaries to be started and exciting current for the 
main alternator to be obtained from a separate motor- 
generator set. The main turbo-alternator is then 
started with all the switches controlling factory 
motors closed, and when it attains a speed of 300 
r.p.m. the plant starts up together. As soon as the 
main set reaches full speed it is synchronised with 





* See ENGINEERING, vol, cxxviii, page 793 (1929). 
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the auxiliary set by closing the ’bus-bar coupler. 
Finally, the main switch controlling the auxiliary set 
is tripped and the set itself is shut down. It is claimed 
that this procedure has the advantage in a large textile 
factory of enabling the spinning and other machinery 
to be started slowly and tuned up without loss of 
time. This is most essential, especially after the 
week-end when the machines are likely to be sticky. 
Generally from 15 minutes to 30 minutes elapse before 
the main set is running at full speed. 

We understand that the conversion of these works 
to electric driving has resulted in a great reduction 
in the cyclic variation in the shaft speeds and a 
consequent increase in production. Further, noise and 
vibration have been much reduced owing to the 
removal of the gearing, while for the same reason 
the natural illumination has been greatly increased. 
As some proof of the first of these contentions we 
reproduce three tachograph diagrams in Figs. 16 to 
18, page 797. Of these, Fig. 16 shows the conditions 
at the top of the vertical shaft in one of the preparing 
rooms before electrification had taken place. The 
speed of the line shaft was 135 r.pm., and the 
tachograph was geared up to run at approximately 
500 r.p.m. in all cases. Fig. 17 is a record taken at 
the same place after electrification, the speed of the 
shaft being 150r.p.m., while Fig. 18 is a record at the 
far end of the same shaft. 

In conclusion, we should like to express our thanks 
to Mr. Weilding for his assistance in the preparation 
of this article on an interesting conversion. 








TENDERS. 


We have received from the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1, particulars 
of tenders invited by various bodies in the British 
possessions and in foreign countries. The closing date 
of each tender is stated below. Details may be obtained 
on application to the Department at the above address, 
the reference number given being quoted in each case. 

Motor Coaches.—A company at Liberec—Reichenberg, 
Czechoslovakia, desires to receive particulars from British 
manufacturers of motor coaches. The largest saloon 
type of coach is that required. (Ref. No. A.X. 9723.) 

Fixed Electric Crane.—The supply of one 80-ton fixed 
electric crane, level-lufling type, for Congella Wharf, 
Durban Harbour. The South African Railways and 
Harbours Board ; August 11. (Ref. No. A.X. 9727.) 

Locomotive Boilers._-The supply of three locomotive 
boilers for class ‘11 "’ engines, superheated and fitted 
with copper fire-boxes. The South African Railways 


and Harbours Board; August 5. (Ref. No. A.X. 
9728.) 
Road-Making Plant.-The supply and delivery of 


earth road-making plant, including one caterpillar tractor 
and one road grader. Alternative tenders for a self- 
contained motor grader combination will also be con- 
sidered. Stores Department, City of Johannesburg, 
South Africa ; July 23. (Ref. No. A.X. 9732.) 
Filtration Plant,—The supply and installation of a new 


filtration plant. The City of Hamilton, Ontario. (Ref. 
No. A.X. 9733.) 
Pneumatic Sewage LEjectors and Accessories.—The 


supply and delivery of two duplicate pneumatic sewage 
ejectors, each 100-gallon liquid capacity, to work at a 
pressure of 25 lb. per square inch ; one to be delivered at 
EK] Arish and one to be delivered at Mankabad, together 
with accessories and spare parts. Egyptian Ministry of 
Public Works, Cairo; August 24. (Ref. No. A.X. 
9736.) 

Non-Ratchet Braces.—An inquiry has been received by 
the Department of Overseas Trade for strong well-made 
non-ratchet braces, 14-in. sweep and preferably all- 
metal, to take }-in. to l-in. auger bits having square 
tapered shanks. The braces are for boring thick hard- 
woods. (Ref. No. 3.X. 6487.) 


LAUNCHES AND TRIAL TRIPS. 


“ Joun P. PEDERSEN.’’—Single-screw oil-tank motor- 
ship; single-acting, two-stroke Wallsend-Sulzer Diesel 
engine, supplied by Messrs. Wallsend Slipway and Engi- 
neering Company, Limited. Launch, May 30. Main 
dimensions, 432 ft. by 58 ft. 6 in. by 31 ft. 3in. Built by 
Messrs. Swan, Hunter and Wigham Richardson, Limited, 
Wallsend, for Messrs. Helmer Staubo and Company, 
Oslo, Norway. 

‘““ ARNOLD BENNETT.”’—Steel screw trawler. Launch, 
May 31. Main dimensions, 140 ft. by 24 ft. 6 in. by 
13 ft. 9 in. Built for Hull owners by Messrs. Cochrane 
and Sons, Limited, Selby. 

** PENNINE.”’—Steel screw trawler. Launch, May 31. 
Main dimensions, 140 ft. by 24 ft. by 14 ft. Built by 
Messrs. Cochrane and Sons, Limited, Selby, for owners in 
the port of Hull. 

“* HARBERTON.”’—Grain and machinery-carrying and 
general-cargo steamer ; triple-expansion engines supplied 
by Messrs. George Clark, Limited, Sunderland. Trial 
trip, June 4, Main dimensions, 413 ft. by 54 ft. 6 in. 
by 27ft.4in. Built by Messrs. Short Brothers, Limited, 
Pallion, Sunderland, for Messrs. J. and C. Harrison, 
Limited, London. 

“ BELLO.”’—Single-screw oil-tank motorship; single- 
acting, two-stroke-cycle, Wallsend-Sulzer type Diesel 
engine supplied by Messrs. Wallsend Slipway and 
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Engineering Company, Limited. Trial trip, June 6. 
Main dimensions, 435 ft. by 58 ft. 6 in. by 31 ft. 3 in. 
Built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for Messrs. Berg, Torgersen 
A/S., Tonsberg, Norway. 

‘Cit DE QuEBEC.’’—Steel screw motor-ear and pas- 
senger ferry steamer for service between Quebec and 
Levis on the River St. Lawrence;  triple-expansion 
engines installed by Messrs. McKie and Baxter, Limited, 
Govan, Glasgow. Launch, June 9. Main dimensions, 
144 ft. by 50 ft. by 18 ft. Built by Messrs. Napier and 
Miller, Limited, Old Kilpatrick, for Messrs. Levis Ferry, 
Limited, Quebec, Canada. 

“Jacques ScHIAFFINO.’’—Single-screw wine-trade 
and general cargo steamer; triple-expansion engine ; 
Launch, June 10. Main dimensions, 274 ft. 9 in. by 
38 ft. 6in. by 21ft.9in. Built by Messrs. Swan, Hunter, 
and Wigham Richardson, Limited, Sunderland, to the 
order of Messrs. Société Algérienne de Navigation pour 
l'Afrique du Nord, Paris. 

‘** MoRGENEN,.’’—Single-serew oil-tank motorship ; six- 
cylinder Neptune Atlas-Polar Diesel engine. Launch, 
June 10. Main dimensions, length 456 ft., breadth 
58 ft. 9 in., deadweight carrying capacity 10,500 tons. 
built by Messrs. Swan, Hunter and Wigham Richardson, 
Limited, Newcastle-upon-Tyne, for Messrs. A/S Tank- 
transport, Tonsberg, Norway. 

‘** Kim.”’—Single-screw oil-tank motorship; _ six- 
cylinder, two-stroke, single-acting Armstrong—Sulzer 
Diesel engine. Launch, June 10. Main dimensions, 
408 ft. by 54 ft. 9 in. by 32 ft. Built by Messrs. Sir 
W. G. Armstrong, Whitworth and Company (Ship- 
builders), Limited, Walker-on-Tyne, for Mr. Sverre 
Sturlung, Bergen, Norway. 

** ConTRACTOR.’’—Single-screw cargo steamer ; triple- 
expansion engine. Launch, June 11. Main dimensions, 
418 ft. 3 in. by 54 ft. 3 in. by 32 ft. 7 in. Built by 
Messrs. Cammell Laird and Company, Limited, Birken- 
head, for Messrs. The Charente Steamship Company, 
Limited (Messrs. T. and J. Harrison), Liverpool. 








BOOKS RECEIVED. 


United States Geological Survey. Water Supply Paper 
No. 601. Surface Water Supply of the United States, 
1925. Part 1. North Atlantic Slope Drainage Basins. 
[Price 30 cents.] No. 605. 1925. Part V. Hudson 
Bay and Upper Mississippi River Basins. [Price 
25 cents.] No. 617. Upper Colorado River and its 
Utilisation. By R. FotiansBee. [Price 65 cents.] 
No. 636-C. The New England Flood of November, 1927. 
By H. B. Krynison. No. 636-D. Surface Water 
Supplu of the San Joaquin River Basin, California, 
1894-1927. By H. D. McGuasHan. [Price 10 cents. ] 
Washington : Government Printing Office. 

Die Physikalische Chemie der Kesselstembildung und 
threr Verhiitung. By Drpu.-Inc. R. StumrPer. Stutt- 
gart: Ferdinand Enke. [Price 4.80 marks.] 

Johann Wilhelm Schwedler. Sein Leben und Sein Werk. 
By Aveust Hertwic. Berlin: Wilhelm Ernst und 
Sohn. [Price 14 marks.] 

The Future of Empire Trade. By J. E. Kay. London: 
Sir Isaac Pitman and Sons, Limited. [Price 2s. net.] 

Fahrzeug-Dieselmotoren. By A. E. THIEMANN. Berlin: 
Richard Carl Schmidt und Co. [Price 22 marks. ] 

Eisenguss in Dauerformen. By Dr.-Ing. FRIEDRICH 
JaNsseN. Berlin: Julius Springer. [Price 10.50 
marks. } ; 

Ministero dei Lavori Pubblicit. Ufficio Idrografico del Po. 
Bacini del Versante Alpino ed Appenninico a Monte 
Della Scrivia, Annali Idrolugici, 1928. Parte I. Osser- 
vazioni. [Price 40 lire.] Part II. Elaborazione e Studi. 
[Price 60 lire.] Parma: Ufficio Idrografico del Po. 

Ministero det Lavori Pubblici. Ufficio Idrografico del Po. 

La Formazione dei Ghiaccit Nel Po Nell’Inverno, 1929. 

By Professor Ing. M. GranpottTr. Parma: Ufficio 

Idrografico del Po. 

Inited States Bureau of Mines. Technical Paper No. 

459. Effect of Sized Ore on Blast Furnace Operation. 
y S. P. Kryney. [Price 20 cents.] No. 461. 
Salvage of Material in the Oil Industry. By C. P. 
Bowie. [Price 20 cents.}] No. 465. Analysis of 
Maryland Coals. [Price 15 cents.] No. 467. Pro- 
duction of Explosives in the United States during the 
Calendar Year 1928. By W. W. Apams and L. S. 
Gerry. [Price 10 cents.] No. 468. Coke-Oven 
Accidents in the United States during the Calendar Year 
1928. By W. W. Apams and L, CHENOWETH. [Price 
10 cents.] Washington: Government Printing Office. 

Topographie. Leitfaden fiir das topographische Aufneh- 
men. By Dr.-INnc. P. WERKMEISTER. Berlin: Julius 
Springer. [Price 10-50 marks. ] 

Department of Overseas Trade, Economic Conditions in 
the Dominion of New Zealand, October, 1929. Report. 
By W.D. Lamsrz. London: His Majesty’s Stationery 
Office. [Price 2s. 6d. net.] 

University of Illinois. Engineering Experiment Station. 
Bulletin No. 202. Laboratory Tests of Reinforced 
Concrete Arch Ribs. By W. M. Wrtson. [Price 
55 cents.] Circular No. 20. An Electrical Method 
for the Determination of the Dewpoint of Flue Gases. 
By H. F. Jounstone. [Price 15 cents.] Urbana: 
University of Illinois. 

Modern Gas Fitting in Theory and Practice. Vol. I. 
By S. T. Puriures and G. T. Tutt. London: Ernest 
Benn, Limited. [Price 15s. net. ] 

Cottage Hospitals. By Masor S. W. Du-PtLat-Taytor, 
J. COLERIDGE, and J. J. ABRAHAM. London: Ernest 
Benn, Limited. [Price 12s. 6d. net.] 

The Universal Directory of Railway Officials, 1930. 
London: The Directory Publishing Company, Limited. 
[Price 20s. net.] 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—-There is absence of new 
feature of moment in the Cleveland pig-iron trade. 
Restricted output is still rather more than is needed, 
but stocks are now being little added to. Accumulations 
at the blast furnaces are as great as is desirable, but are 
hardly inconveniently large. Makers are still absorbing 
the bulk of the output at their own consuming works. 
They are selling a few direct parcels to local and other 
home users who have to come on the market for supplies, 
but are doing next to nothing with firms abroad. Second 
hands possess very little Cleveland pig, but report 
occasional small export business. They are also doing 
a little home and overseas trade in Midland iron. The 
fixed prices for Cleveland qualities still stand: No. 1 
grade, 70s.; No. 3 g.m.b., 67s, 6d.; No. 4 foundry, 
66s. 6d.; and No. 4 forge, 66s. 

Hematite-——The situation as regards East Coast 
hematite is very perturbing. Producers are hampered 
by heavy stocks which are being added to at a dis- 
quieting rate, and have to contend with underselling 
by second hands and the keen competition of Continental 
firms. Prices are already well below cost, but are still 
falling. Customers are taking supplies against running 
contracts fairly well, but are placing few new orders. 
Output is likely to be further curtailed in the very near 
future. Makers endeavour to fix quotations for East 
Coast brands on the basis of ordinary qualities at 72s., 
but customers claim they can readily satisfy their 
meagre needs on lower terms. 

Foreign Ore.—Business in foreign ore is virtually at a 
standstill. Consumers are overstocked and are well 
bought ahead. 

Blast-Furnace Coke.—Durham blast-furnace coke is 
very plentiful and difficult to dispose of. Sellers name 
16s. 9d. for good medium qualities delivered to works 
in this district, but local users are not disposed to pay 
more than 16s. 6d. 

Manufactured Iron and Steel.—Demand for the various 
descriptions of manufactured iron and steel is light 
and buyers are holding back until they learn the decisions 
of this week’s meetings, called to consider revision of 
fixed prices. At the time of writing, principal quotations 
stand : Common iron bars, 101. 15s. ; best bars, 11J. 5s. ; 
double best bars, 117. 15s. ; treble best bars, 12/. 5s. ; iron 
rivets, 112. 10s.; packing (parallel), 8/.; packing 
(tapered), 10/.; steel billets (soft), 67. 15s. ; steel billets 
(medium), 7/. 12s, 6d.; steel billets (hard), 8/. 2s. 6d. ; 
steel rivets, 11l. 5s.; steel ship plates, 8/. 15s.; steel 
angles, 8/. 7s. 6d.; steel joists, 87. 10s.; heavy sections 
of steel rails, 87. 10s., for parcels of 500 tons and over, 
and 9/. for smaller lots; fish plates, 12/7. 10s.; black 
sheets (No. 24 gauge), 9/. 15s.; and galvanised corru- 
gated sheets (No. 24 gauge), 117. 17s. 6d. 








LauncH oF H.M. Destroyer “ Boreas.”’—H.M.S. 
Boreas, the 49th torpedo-boat destroyer constructed by 
Messrs. Palmers Shipbuilding and Iron Company, Limited, 
for the British Admiralty, was launched at Jarrow on 
June 11. The vessel has a length of 312 ft., a beam of 
32 ft. 3 in., and a mean draught of 8 ft. 6 in., with a 
displacement of 1,330 tons. Her propelling machinery is 
capable of developing 34,000 h.p., and her armament 
includes four 4-7-in. guns and two 2-pdr. pom-pom guns. 





500-Kw. ImputsE STEAM TURBINE: ERRATUM.— 
We regret that in connection with our article on the 
above subject on page 779 of our last issue, the title of 
the illustration read ‘‘500-Kw,. De Laval Turbo-Generator 
Set.”” As will be evident from the article itself this 
machine is not a De Laval turbine, but a type of impulse 
turbine developed by Messrs. Greenwood and Batley, 
Limited, to meet conditions for which the De Laval type 
is not suitable. 





Tue Rattway YEAR Book, 1930.—The thirty-third 
annual edition of that well-known work of reference, 
The Railway Year Book, has‘recently made its appearance. 
The book contains a considerable amount of technical, 
historical and general information regarding the railways 
of the United Kingdom, India, British Africa, Australasia, 
and North and South America. European railways are 
dealt with somewhat cursorily, as are those lines not in 
British territory or owned and worked by British com- 
panies. Many interesting data and statistics are given 
in the front of the volume as well as in the body of the 
work. Full particulars are also furnished regarding all 
associations and institutions connected with railways, 
while another section constitutes a railway bibliography. 
A highly useful feature is the railway who’s who, which 
occupies 60 pages at the end of the volume. A number 
of excellent maps are included. Two of these, however, 
have not been brought up to date in every particular. 
Some considerable time ago, the northern terminus 
of the Hudson Bay Railway was changed from Port 
Nelson to Churchill, and the line to the latter place is 
now practically complete. On the Canadian railway map 
given in the book, however, the terminus is still indicated 
as being Port Nelson. Moreover, on the map of Australia, 
the south to north transcontinental railway is shown 
completed only as far as Oodnadatta, whereas the line 
was opened as far as Alice Springs, in Central Australia, 
some time ago. These are, however, minor blemishes 
which do not detract from the value of the work as a 
whole. The volume, the price of which is 5s. net, is 
published at the offices of The Railway Magazine, by 
Messrs. The Railway Publishing Company, Limited, 33, 
Tothill-street, London, S.W.1. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, WEDNESDAY. 


Iron and Steel—Depression in the local steel and 
engineering trades has become more universal and only 
in isolated instances is progress reported, The shortness 
of work has had the effect of intensifying competition, 
with the result that orders are of an oddment character, 
and only allow for a small margin of profit. The raw 
and semi-finished steel trade presents weak features. 
Many furnaces are still out of action, and the position 
will have to show considerable improvement before they 
are relighted. Despite the slackness of business, iron 
and steel quotations are still maintained at the recent 
level, but users show no inclination to purchase ahead, 
and are only buying sufficient quantities to cover im- 
mediate requirements. Quotations: Siemens acid 
billets, 92. 10s. ; hard basic billets, 91. 2s. 6d. to 91. 12s. 6d. ; 
medium-hard basic billets, 7/. 12s. 6d. to 81. 2s. 6d.; 
soft basic billets, 62. 10s.; Derbyshire foundry pig iron, 
73s. 6d.; Derbyshire forge iron, 69s, 6d.; Lincolnshire 
foundry iron, 75s. 6d.; crown iron bars, 11l.; iron 
hoops, 127.; steel hoops, 9/. 10s. to 10/.; basic-steel 
scrap, 52s, 6d. The difficulty which manufacturers 
have had in securing fresh business during the past 
few months finds reflection in the statistics relating 
to steel production of this area for April. During that 
month Sheffield produced 86,800 tons as compared with 
112,600 in March, and 99,600 tons in April last year. 
Of the April total, 35,300 tons was acid and 45,400 basic. 
A decline was also experienced in Lincolnshire, where 
the April figure was 63,100 tons, as against 76,600 tons 
in March and 65,200 tons a year ago. Lincolnshire also 
produced 72,300 tons of pigiron. The heavy engineering 
trades, in common with other sections, are experiencing 
difficulty in maintaining operations at recent capacity. 
Orders for marine forgings and castings are not so 
numerous, but a fair amount of business is being done 
in railway rolling-stock. Electrical equipment is active, 
while there is a growing call for agricultural machinery. 
Consumption of stainless steel and rustless iron continues 
on a high level. Tool-steel makers, despite keen com- 
petition from the Continent, have fairly good order 
books. 


South Yorkshire Coal Trade.—Several unsatisfactory 
features have developed in the coal trade. While the 
holiday set-down has assisted in reducing stocks at 
sidings, a considerable tonnage still remains at depéts, 
and unless a better buying movement appears, further 
short-time working at pits seems inevitable. The 
demand on export account for most classes of fuel shows 
little improvement. There has been an appreciable 
decline in the call for industrial fuel by home users. 
House coal continues to be neglected, and, here again, 
the supply is in excess of the demand. There is a 
steady run on furnace and foundry cokes, while 
gas coke is firm at 21s. to 25s. Quotations: Best 
branch handpicked 25s. to 26s. 6d. ; Derbyshire best 
brights, 20s. to 22s.; Derbyshire best house, 19s. to 
20s. ; screened house coal, 17s. to 19s.; screened house 
nuts, 15s. to 17s.; Yorkshire hards, 14s. to 15s. 6d. ; 
Derbyshire hards, 148. to 15s. 6d; rough slacks, 8s, 6d, 
to 9s.; nutty slacks, 7s. to 8s. ; smalls, 3s. to 5s. 








Iron ORE SHIPMENTS THROUGH PANAMA CANAL,— 
Shipments of Chilean iron ore through the Panama 
Canal during March, 1930, totalled 201,292 tons. Accord- 
ing to The Panama Canal Record, this total is higher 
than that for any month since the opening of the Canal. 
Practically the whole of the ore was consigned for the 
United States. 





THE ENCOURAGEMENT OF BRITISH TRADE.—The sixth 
annual Advertising Convention is to be held at Hastings 
from June 21 to 25. Fifteen sessions will be held, 
many of them taking place simultaneously. At one of 
these, which will open at 10.30 a.m. on June 24, Lord 
Riddell will preside, and Viscount Burnham will speak 
on “India and its Trade Opportunities,” while Sir 
Oswald Mosley will address the meeting on ‘‘ The British 
Economic Situation’’; Sir Harold Bowden will also 
speak. At another session, also held at 10.30 a.m. on 
June 24 and presided over by Mr. R. J. Sykes, Sir Francis 
Goodenough will speak on several questions related to 
market and business research. The Convention is being 
held under the auspices of The Advertising Association, 
Incorporated, 56-57, Fleet-street, London, E.C.4. 





British STANDARD SPECIFICATION FOR FLAME-PROOF 
SwircHEs.—The British Engineering Standards Associa- 
tion has just issued revisions of Specification No. 126, 
for flame-proof air-break switches, with or without fuses, 
and Specification No. 127, for flame-proof air-break 
circuit breakers. These specifications, which are suitable 
for use with alternating-current and direct-current 
voltages not exceeding 660 volts, have been reviewed 
by the Colliery Committees of the Association, with the 
object of making them suitable for the latest require- 
ments of the coal-mining industry in this country. 
Provisions are included dealing with design, construction, 
rating, sizes, and marking. The question of tests is 
fully dealt with, type tests being laid down for mechanical 
strength, breaking capacity, flame-proofness, and tem- 
perature rise; special dielectric and performance tests are 
also incorporated. A useful addition has been made 
to the specification by the inclusion, in the form of an 
appendix, of some notes on the problems of flame-proof 
enclosures, which have been based upon the reports of the 
Safety in Mines Research Board. Copies of the new 
specifications may be obtained from the B.E.S.A. 
Publications Department, price 28. 2d, each, post free. 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade.—The state of the Scottish steel 
trade is still far from satisfactory and no change has taken 
place since the last report. Specifications come in very 
slowly and tonnage, both on home and export account, 
is small. With the shipbuilding industry in its present 
poor state, there is not much coming'in from that quarter, 
and overseas buyers are not very prominent either. 
Another factor of importance is the tendency of Conti- 
nental makers to encroach further into the local trade 
with easier prices. At several works only a portion of the 
plant is in operation and even that is only kept running 
with difficulty. The position in the black-sheet trade 
is also unchanged. The heavier gauges are quiet, but 
for light sheets the demand continues quite good. There 
has been an expansion in the latter during recent months 
owing to the increasing use of light drums in certain 
industries, particularly in the oil trade. Galvanised 
sheets are moving very slowly and most works are 
exceedingly quiet. Prices are as follow :—Boiler plates, 
107. 10s. per ton; ship plates, 8/. 15s. per ton; sections 
8l. 7s. 6d. per ton; black steel sheets, 4 in., 91. per ton ; 
and galvanised corrugated sheets (No. 24 gauge), 127. 15s. 
per ton, all delivered at Glasgow stations. 


Malleable-Iron Trade.—In the West of Scotland malle- 
able-iron trade dullness is still all too prevalent and 
makers find it difficult to secure sufficient tonnage 
to keep plant running. Broken time is general. The 
re-rollers of steel bars report no improvement in the 
demand. Prices show no change and are quoted as 
follow :—‘‘ Crown” bars, 10/. 5s. per ton for home de- 
livery, and 9/. 15s. per ton for export; and re-rolled 
steel bars, 7/, 12s, 6d. per ton for home or export 
delivery. 

Scottish Pig-Iron Trade.—There has been no improve- 
ment in the conditions in the Scottish pig-iron trade during 
the week, and the demand falls far short of the output. 
At the present rate of sales it would seem natural to 
curtail production, and such a move is very likely in the 
near future. Shipments continue small. The current 
market quotations are as follow :—Hematite, 81s. per ton 
delivered at the steel works ; foundry iron, No. 1, 80s. 6d. 
per ton, and No. 3, 78s. per ton, both on trucks at 
makers’ yards, 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ending last 
Saturday, June 14, was only some 321 tons, Of that 
total, 296 tons went overseas, and the balance of 25 tons 
went coastwise. During the corresponding week of last 
year the figures were 434 tons foreign and 24 tons coast- 
wise, making a total shipment of 458 tons. 

Shipbuilding Contract—An order for a twin-screw 
motorship of 1,500 tons has just been secured by 
Messrs. Henry Robb, Limited, Leith, for South American 
owners. This vessel is to be 260 ft. in length, and 42 ft. 
in beam, and is to be fitted with Diesel engines of 1,000 
h.p. which will be installed by the builders. 








Contract.—Messrs. The English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C.2, 
have received an important contract from The Central 
Electricity Board for transformers for the Mid-East 
England Scheme. The contract is for 16 units totalling 
130,000 kv.-a. and these transformers are for Kirkstall, 
Harrogate, York, Huddersfield, Peterborough, Barnsley, 
Rotherham, and Doncaster. 





LauncH oF THREE “R” Crass SUBMARINES.—An 
unusual event took place at the Naval Construction 
Works of Messrs. Vickers-Armstrongs Limited, Barrow- 
in-Furness, on June 11, when the three submarines 
Regulus, Regent, and Rover, constructed for the British 
Admiralty, were launched within a few minutes of each 
other. Counting the three submarines launched on 
June 11, and including the Australian ships Oxley and 
Otway, 20 British submarines have been launched since 
the war, of which 12 have been built at Barrow. In 
addition, 3 submarines similar to the British “‘ O ” class 
have been constructed and delivered to Chile. Altogether, 
159 submarines have now been launched from the Barrow 
yard. 





INTERNATIONAL ILLUMINATION CONGRESS, 1931.—On 
page 143 of our issue of January 31 last we gave par- 
ticulars of the International Illumination Congress 
which is to take place in this country from September 2 
to 19, 1931. A more detailed programme has now been 
issued. As we stated previously, the meeting will be 
divided into two parts. The first portion consists of a 
tour, leaving London on September 3 and rear at 
Cambridge on September 13. Technical sessions will be 
held in Vinee on September 4, Edinburgh on Sep- 
tember 6, Sheffield on September 9, and Birmingham on 
September 11, the intervening days being devoted to 
travelling and visiting places of interest. The period 
to be spent in Cambridge—namely, from September 13 
to 19—will be devoted to the holding of the various 
technical committees and the plenary assembly of the 
International Commission on Illumination. The main 
headings of the subjects of international interest, for 
papers and discussions at the Congress, include factory, 
office, and home lighting; lighting for aviation, light- 
houses and buoys ; traffic-control lighting ; flood lighting ; 
museum lighting; and mine lighting. The chairman of 
the General Council of the Congress is Lieut.-Colonel 
K. Edgcumbe, and the honorary general secretary, 
Colonel C. H. S. Evans, Offices of The Illuminating 
Engineering Society, 32, Victoria-street, London, S.W.1, 
to whom all communications should be addressed. 





NOTICES OF MEETINGS. 





NortH oF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, June 21, 2.30 p.m., 
Newcastle-upon-Tyne. ‘‘ The Value of the Economiser 
in Present-Day Boiler Installations,” by Mr. G. E. 
Tansley. ‘‘The Pitman’s Yearly Bond,” by Prof. 
H. Louis. ‘‘ The Surveying of Bore-Holes,” by Mr. J. T. 
Whetton. 

Mrninc INstTITUTE oF ScoTLAND.—Saturday, June 21, 
3 p.m., Mining Laboratories, Grassmarket, Edinburgh. 
‘*Low-Temperature Carbonisation,’” by Mr. J. ° 
Skilling. ‘‘ The Use of Iron and Steel for Underground 
Support,” by Mr, J. S. Carson. ‘“‘The Detection of 
Inflammable Gases and Vapours,” by Mr. C. McLuckie. 


INSTITUTION OF MINING AND METALLURGY.—Thurs- 
day, June 26, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. Annual General Meeting. 
Presidential Address. ‘‘ Periodical Variations in the 
Price of Minerals and Metals,” by Mr. J. G. Lawn, 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—Conditions in the Welsh coal trade 
show no improvement. Inquiries are circulating for 
delivery ahead, and in some cases for shipment over next 
year, but actual business is held up by the uncertainty 
regarding the effects of the Coal Mines’ Bill when it 
becomes law, and the impossibility of colliery owners 
and exporters taking the risk of selling, except at higher 
prices, to cover the extra cost of production, which would 
result from a reduction in the working hours of the miners 
from 8 per day to 74 per day. In the meantime, the 
depression is so acute that the Marketing Association has 
decided to reduce the output allocations of the collieries 
for the September quarter with a view to bringing pro- 
duction into line with the demand. This action might 
reduce stocks, but, whether it will result in business in 
face of Germany’s policy to lower wages and reduce 
prices remains to be seen. If Welsh coal cannot find a 
market at the present minimum prices it is difficult to 
see how customers can be attracted. In the meantime 
stocks are heavy, despite the curtailment of production 
during the Whitsun holidays, and all classes of coal can be 
readily bought at schedule prices which are on the basis 
of 20s. per ton f.o.b. for best Admiralty large, and 13s. 6d. 
for best bunker smalls. Shipments foreign in the past 
week amounted to only 328,000 tons, which was 24,000 
tons less than in the previous week, exports to France 
falling from 119,000 tons to 107,000 tons, to Portugal 
from 22,000 tons to 19,000 tons, to Argentina from 25,000 
tons to 19,000 tons, and to Egypt from 22,000 tons to 
14,000 tons. 


Subsidised Grain Imports.—F or the first time for many 
years French wheat is being brought into South Wales 
and used by the millers for the making of flour. This has 
become possible as the result of last year’s enormous 
harvests and the granting of a bounty to French agri- 
culturists on exported wheat. The result is that the 
French cereal is being landed at Welsh ports at about 6s. 
per quarter cheaper than the price of English wheat. In 
the past month 400,437 cwts. of wheat were landed in 
South Wales, of which 64,664 cwts., or 16} per cent. of 
the total, came from France, 107,370 cwt. from the 
United States, 73,000 ewt. from British Columbia, 
78,920 ewt. from South America and 76,483 cwt. from 
Belgium, the latter being transhipped South American 
and Canadian wheat. 


A Record Output.—The No. 4 blast furnace at the 
Dowlais Works, Cardiff, of Guest, Keen and Baldwins, 
Limited, produced 4,000 tons of steel in the past week, 
which constitutes a record for the country. The record 
is not new to Cardiff, for previously, another of the 
Dowlais furnaces turned out 3,700 tons in a week, which 
has, however, been eclipsed on more than one occasion by 
the new furnace which was blown in six months ago. 








THe CoLtLigry YeaR Book anv DIRectory.—The 
total quantity of saleable coal raised in Great Britain 
during 1928 was 237,471,931 tons, the average net selling 
value of which was 12s. 10-14d. per ton. The average 
number of wage-earners employed during the year was 
921,260. The provisional output figure for 1929 is 
256,691,000 tons, which, as is shown in The Colliery 
Year Book and Coal Trades Directory, 1930, compures 
favourably with the totals for the past ten years, although 
it is appreciably below the 1913 total of 287 million tons. 
In addition to being a very complete directory of colliery 
undertakings, coal-marketing and exporting organisations 
and Government Departments, and associations and 
institutions connected with the extraction and subsequent 
consumption of coal, the year-book contains a vast 
amount of information on one of our principal staple 
trades. Sections are devoted, for example, to such 
subjects as Mines Regulations, Blasting in Collieries, 
Review of the Coal-Mining Industry in 1929, Review 
of the Coal Trade in 1929, Analysis of Typical British 
Coals, a list and skeleton outline of Low-Temperature 
Carbonisation Processes, Diary of Chief Events in 1929, 
and a Bibliography of Books and Periodical Literature. 
An excellent Collieries’ Who’s Who is also included. 
The book is well indexed, as, indeed, such referente 
volumes should be; it contains about 1,000 pages, is 
neatly printed and is generally nicely turned out. The 
price of the volume, which is now in its eighth year of 

ublication, is 2ls., and the publishers are Messrs. The 

ouis Cassier Company, Limited, 22, Henrietta-street, 





Covent-garden, London, W.C.2, 











800 ENGINEERING. [JUNE 20, 1930. 











THE ELECTRIFICATION OF THE YORK STREET MILLS, BELFAST. 


MR. H. WEILDING, M.I.MECH.E., CHIEF ENGINEER. 
(For Description, see Page 795.) 
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Fie. 19. OrIGINAL BEVEL GEARING AND SHAFTS. 


ENGINEERING TRAINING AND 
EDUCATION. 


Science Scholarships, 1931.—The syllabus for 1931 
of the Science Scholarships Examination, held by 
the Board of Education, will be the same as that for 
1929, with two exceptions. In the first place, in 
Group A (Engineering) the marks to be allotted to 
mathematics (higher stage) will be 100 instead of 150. 
Secondly, a separate mineralogy syllabus is no longer 
provided, and a revised geology syllabus, which includes 
mineralogy, has beenintroduced. The revised syllabus, 
printed on a small sheet of paper ready for gumming 
into the 1929 syllabus pamphlet, may be obtained 
from H.M. Stationery Office, Adastral House, Kingsway, 
London, W.C.2. 

Industrial and Commercial Administration Course.— 
A new course of stucy in industrial and commercial 
administration will be established in September next 
at Leicester College of Technology. The scheme 
provides a comprehensive course of study in the prin- 
ciples and practice of business as a whole, as distinct 
from a detailed study of any single subject or section. 
The course is intended for those who aspire to positions | 
of responsibility in the management or administration | 
of a business where a wide knowledge of the funda- | 
mental principles of commerce is essential. The} 
subject-matter of the cow’se has been divided into | 
five sections—namely, commercial principles and | 
policy, commercial administration, accountancy, com- 
mercial law, and applied economics. The subjects are 
so inter-related, however, that this division will not 
be rigidly adhered to in practice. Supplementing the 
ordinary teaching, special lectures will be given from | 
time to time by experienced men of business. The | 
course will be open to students who are 18 years of | 
age and upwards, or who possess the matriculation | 
or school-leaving certificate or similar qualitication. 
The course will extend over two years and will occupy 
four hours per week. It will be a part-time day and 








Fig. 21. SHAFTING IN WrEAvinG RooMS BEFORE CONVERSION. 


| 

| 

| InsTITUTION oF NAVAL ARCHITECTS.—The summer | devoted to visits to docks, works, and places of interest 
ses ‘ : a z | meeting of the Institution of Naval Architects will be | in Liverpool and district. The reading and discussion 
evening course. A detailed syllabus together with | held in Liverpool from July 14 to 18 next. The business | of papers will be continued on the morning of July 17. 
any further information regarding the course may be | meetings will commence on the morning of July 15, when | and further visits to vessels in the docks and to works will 
obtained on application to the principal of the Leicester | a number of papers will be read and discussed. The | be paid in the afternoon. An all-day excursion to North 
College of Technology, Leicester. afternoon of July 15 and the whole of July 16 will be | Wales by charabanc has been arranged for July 18. 
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guaranteed. 
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Advertisements intended for insertion in the 
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SUMMER MEETINGS. 


WE are now in the midst of our summer meetings, 
a type of fixture which yearly seems to become 
more and more conspicuous in a season of the 
year which was formerly regarded as comparatively 
free from engagements. The custom has grown 
upon us until now, what with institution meetings 
and special conferences, many find it essential to 
draw a line in order that the work attached to 
their positions may receive proper attention. 

So far as this country was concerned, we were 
introduced, we believe, to the summer meeting 
by the British Association for the Advancement of 
Science. In the first meeting at York in 1831, at 
which this body adopted working rules and regula- 
tions, the Rev. W. V. Harcourt, in speaking to his 
resolution to form the Association, said that it was 
proposed to meet “every year at different places 
in rotation, in order by these migratory visits to 
extend the sphere of the Association, to meet 
the convenience of distant districts in turn, and 
to animate the spirit of philosophy in all the places 
through which the meetings may move, without 
rendering them burthensome to any.” This plan 
was similar to that of the earlier German society, 
the Deutscher Naturforscher Versammlung, founded 
in 1822, whose meetings had proved most success- 
ful. 

Since these days the peripatetic habit has infected 
most of our institutions, with one notable excep- 
tion. Even in this case rumour has it that the 
question is under consideration, but, if it be in 
any way possible to circumvent the same object 
by other means, we feel that further multiplication 
should be avoided. While relatively few, prominent 
men felt they could, and ought to, attend such 
meetings. Now there are so many, leading men 
are often conspicuous from their compelled absence, 
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of the standing of the leading societies which 
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Among the bodies early taking to this form of 
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tory meetings as described by Harcourt were 
designed to meet the convenience of distant dis- 
tricts. There may be said to be no distant districts 
in this country for the Institution, since all now 
have a reasonably accessible centre, while for 
that matter a summer meeting in the south is 
no more distant to a man in the north than the 
reverse would be, or in fact certain possible fields 
abroad. 

We have spoken of the multiplication of meetings, 
and it is specially noticeable that visits abroad are 
popular nowadays. The Iron and Steel Institute 
visited Paris for the fourth time in 1921, went 
to Milan in 1923, paid its second visit to Stockholm 
in 1926; and its second to Bilbao in 1928. It 
is going to Prague this year and to the United 
States and Canada in 1932. This, for a body 
representative of one of the “depressed” indus- 
tries, is a striking record. The institution started 
with a meeting in Liége in 1873, and followed this 
up with foreign visits at frequent intervals. The 
more recent Institute of Metals went to Liége in 
1926, Dusseldorf in 1929, is due to go to Zurich in 
1931 and to Canada and the United States in 1932. 
Even the Institution of Naval Architects has, 
in recent years, been to Holland and Italy. The 
Electricals last year went to France and this year 
to Ireland. The North-East Coast, and the 
Glasgow and West of Scotland Institutions go to 
Holland this year, and the Institution of Loco- 
motive Engineers organised recently what we are 
told was a party of ‘‘ over a hundred British railway 
experts’ for a summer meeting in Switzerland. 
With all this array, the stay-at-home policy of the 
premier mechanical body is a little disappointing 
to many members, and it may not be out of place 
to inquire into the advantages of such foreign 
visits. When there were no local centres, the 
summer gathering partook more of the nature of a 
technical meeting than it does now, so that local 
centres could have the advantages of papers and 
discussion. We understand that, now this is no 
longer so necessary, the deliberate policy has been 
to reduce the technical sessions to a minimum and 
eniarge on the social side. Other institutions, as 
is known, follow this to the extreme of excluding 
all papers. It is‘thus the social side which tends 
to be accentuated, coupled with such benefits as 
are derived from visits to works. 

If we accept this position, the argument falls 
even more in favour of frequent visits abroad, and 
since, as we pointed out no longer ago than last 
week, the Institution has now to live up to a Charter 
framed upon very high ideals, this fact also should 
weigh in favour of foreign intercourse. If the 
Institution is to take its place as the leading British 
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mechanical body, and the parent which other 
notable institutions have followed, it should take 
reasonable steps to claim its position in the world. 
One way of doing this, accepted undoubtedly by 
other bodies, is to mingle with engineers abroad, 
so that it may become recognised in such circles 
that the Institution is authoritatively representative 
of the profession. It may be answered that an 
institution cannot plant itself down somewhere 
uninvited, but it is doubtful if sufficient courtesies 
would ever be refused to make a visit impossible. 
iven if a large amount of entertainment could not 
be given, it would still be possible to visit works, 
&c., and the Institution could, as usual, hold its 
own dinner, inviting some prominent local guests. 
At times, a co-operative meeting with a kindred 
institution could doubtless be arranged with a 
little tactful negotiation. All bodies have enjoyed 
such meetings before now, but those of the Institu- 
tion of Mechanical Engineers have certainly been 
more restricted than certain others. 

It should be possible thus, if the Institution moved 
in a wider circle, to attract to its ranks notable 
foreigners of kindred spirit. If the policy of the 
body were such that its standing in the eyes of 
the world became recognised, a certain number of 
distinguished foreign engineers would undoubtedly 
seek admission to its ranks. 

Such an outcome would, we contend, be desirable, 
since it would broaden the basis of knowledge 
within the Institution, and would thus serve to 
advance the object for which it exists. In the 
same way, intercourse with engineers abroad would 
undoubtedly stimulate our own people here. At 
the beginning of the war we awoke to find ourselves 
deficient in certain knowledge, having been satisfied 
that we had advanced quite as far as others. As 
a partial preventive, at least, against being again 
overtaken in the race by similar self-deception, 
our effort should be to stimulate intercourse, when 
unavoidable rivalry will take the form of competi- 
tion between friends, which itself would tend to 
restrict the possibility of more dire developments. 
If visits to works are a pleasure and source of 
enlightenment, we are certain that visits abroad 
would be all the more so. It is, of course, to keep 
our wide circle informed of the advances made 
abroad, that we find room in our pages for the 
notice of foreign developments, believing in this 
way that most progress is to be made. At a time 
like the present, when our mechanical industries are 
under a cloud, it is all the more urgent that we 
should be well informed of progress elsewhere, for 
only with such complete knowledge can we hope 
to win back to anything like our former prosperity. 

There is another aspect of the question which 
deserves consideration—the possibility of visiting 
the Empire Overseas. The British Association finds 
it possible to reach the furthest quarters of the 
globe ; the Mechanicals, as we have shown, have got 
as faras Chicago. If Chicago was possible years ago, 
certainly Canada is possible in these days of easy 
travel, as it evidently is to at least two of our 
societies, and it would be a happy turn to organise 
a visit to the great Dominion, so friendly disposed 
to us, and having so lately given definite proof of a 
wish to encourage business with us. It has been 
our consistent policy to further professional and 
business intercourse with the great Dominion, and 
such a meeting, if proposed by the Institution, 
would, needless to say, have our heartiest support. 

It stands to reason that if we were entertained 
abroad, return courtesies would have to be extended 
to our friends, but the expense of this would depend 
to some extent upon the form the meetings 
took, both abroad and at home, and it would not 
necessarily involve great responsibilities. 








THE AIR RESISTANCE OF MOTOR- 
CARS. 


A QUARTER of a century’s review of automobile 
design reveals unmistakable evidence of a gradual and 
continuous reduction of air resistance, and it is 
equally evident that this evolutionary process is un- 
likely to be completed so long as the average speed of 
motor traffic continues to increase. It derives its im- 
portance from the fact that the air resistance is, to 
a close approximation, proportional to the square of 





the relative wind speed, in contrast to other resis- 
tances which increase only with lower powers of 
the speed. For a reasonably fast car of normal 
design, air resistance is probably predominant at 
speeds above 50 m.p.h., and ultimately controls 
the maximum speed attainable. This is one aspect 
of the problem. Another, economically sounder, 
point of view regards air resistance at all speeds as 
a sheer waste of fuel consumption, to be reduced 
as far as considerations of manufacture and motoring 
convenience will permit. From the results of 
numerous tests carried out in Europe and America 
during recent years, it may be concluded that the 
air resistance to a car travelling at 50 m.p.h. is of 
the order of 110 lb. per square foot, involving an 
expenditure of over 15 h.p., which is quite large 
enough to warrant attention. 

Research has hitherto been concerned principally 
with the relative merits of different body designs. 
Experiments have been made occasionally with 
full-size cars in the open air by dynamometric or 
coasting methods, but more often in wind tunnels 
with small-scale models. Under laboratory condi- 
tions, the uncertainties introduced by the natural 
wind and extraneous resistances are avoided, and 
reliable data are obtainable with a rapidity and 
economy impossible on the full scale. The simula- 
tion of the road is, however, a matter of some 
difficulty in wind tunnels, requiring, for precision, 
a track travelling below the model car at the same 
velocity as the wind stream. To avoid the mecha- 
nical difficulties inherent in such an arrangement, 
an approximation to the true air flow underneath 
the model car is attained either by representing the 
road by a sharp-edged flat plate or by mounting in 
the wind tunnel two identical models with their 
wheels in juxtaposition so that each is equivalent 
to a mirror image of the other. Both these methods 
fall short of perfection. The skin friction of the 
plate gives a slightly erroneous velocity distribution 
under the model car. In the reflection method, the 
air velocity is not uniform over the whole plane of 
symmetry between the two models, neither, owing to 
the alternating character of the eddying wake down- 
stream of the cars, can the air flow round them be 
regarded as symmetrical except on the basis of a 
time average. Still, the errors due to these imper- 
fections are hardly likely to be so much greater 
than other unavoidable uncertainties, arising from 
scale effect and the varying conditions of full- 
scale operations, as seriously to detract from the 
reliability of quantitative data. At least adequate 
representation of the road is, however, essential in 
wind-tunnel experiments; for the constraint to 
which the air is subject during its passage between 
the car and the road creates a vertical component 
of aerodynamic force which induces a resistance 
along the wind additional to that experienced by 
the car in the absence of the road. 

In a paper on the ‘“ Wind Resistance of Auto- 
mobiles,” presented last May to the American 
Society of Automotive Engineers, Mr. Felix W. 
Pawlowski refers to a series of experiments, made 
in the wind tunnel of the University of Michigan, 
to determine the extent of this ‘“‘ ground” effect 
for a number of typical motor-car bodies. Com- 
parative tests of models with and without the 
ground effect simulated by the presence of an 
image model, showed increases of drag due to 
the ground ranging from + 15 per cent. in the 
case of a phaeton with a hood and side curtains, 
to — 5 per cent. for a closed sedan. The wide 
variation with body-shape is considered to arise 
from a vertical cross-wind force proper to the body 
alone, which, in the case of the sedan, is of opposite 
sign to that due to ground effect. It is a matter for 
regret that Mr. Pawlowski’s paper does not include 
the vertical force measurements associated with 
the various induced resistances. They would have 
brought out more clearly the force of this important 
conclusion. The induced resistance is so large as 
to suggest the desirability of reducing it by designing 
the car to produce, by its own aerodynamic charac- 
teristics, a lift force equal and opposite to that 
created by the ground constraint. In the case of a 
racing car, the suggestion obviously calls for 
investigation, and Mr. Pawlowski gives the results 
of experiments on a series of aerofoil-shaped models 
roughly representative of the horizontal body which 





constitutes the chassis of the “‘Golden Arrow” racing 
car. Variation of the chamfer at the leading and 
trailing edges revealed that an optimum shape can be 
found for which the down-wind resistance, includ- 
ing ground effect, is a minimum and the resultant 
vertical cross-wind force is presumably zero. It is 
dangerous, however, to lose sight of the fact that 
the stability of a racing car is as essential to its 
successful performance as the reduction of resistance. 
From this aspect, the existence of an aerodynamic 
component vertically downwards near the front 
wheels may be highly beneficial. Under racing 
conditions, the body is certain to oscillate appre- 
ciably, and if its horizontal position is so critical 
that a slight elevation produces a large, unstable 
lift, the front wheels may leave the ground. At 
the rear wheels, a downward component is less 
conducive to stability, but has at least the advantage 
of augmenting the adhesion of the driving wheels. 

Mr. Pawlowski’s paper is completed by an 
account of a research into the reduction of air 
resistance achieved by modifying the shape of 
a rectangular parallelopiped. Apart from the 
numerical results derived, the experiments are of 
particular interest, not only in that they emphasise 
the value of a general determination of the directions 
in which reduction of air resistance may most 
advantageously be pursued, but also because they 
dare an excellent example of the’ simplicity and 
rapidity with which aerodynamic problems may 
be studied in wind tunnels. For this sort of quali- 
tative investigation, the crudest of models, involving 
little more than a block of wood the shape of which 
can be easily modified, suffices, and the representa- 
tion of the road by a plate is adequate and obviates 
the necessity for the duplicate models of the reflec- 
tion system. The results quoted by Mr. Pawlowski 
show that the air resistance of a rectangular block, 
of about the same proportions as a motor-car body, 
may be reduced by 50 per cent. to 80 per cent. as a 
result of rounding the edges. Another type of 
modification in which the lateral faces of a parallelo- 
piped were cambered reduced the drag by 60 per 
cent. The reductions effected by relatively small 
and, from the point of view of automobile design, 
feasible departures from the rigid lines of a rectan- 
gular body are so remarkable as to recommend 
the extension of this preliminary type of research 
to include forms of edge curvature other than the 
circular arcs actually studied, and variations of the 
truncated streamline shape. Numerous other sub- 
jects for simple experiment, such as the length of 
the bonnet in relation to the remainder of the car, 
and the nature of the junction between the bonnet 
and the body, readily suggest themselves. 

A somewhat less simple, but most informative 
research, might be directed to the analysis of the 
whole drag of a car into components acting, for 
example, on the body and on the chassis, or 
appearing, respectively, as pressure over the forward 
surfaces and as suction over the rear. A tendency 
is observable, in both experiment and full-scale 
design, for attention to be devoted mainly to the 
body. Thus, the rounding and partial stream- 
lining of saloon-type bodies and the easy fairing 
of the bonnet into the body in combination with 
a raked or wind-cutter windscreen, are familiar 
features of many good modern designs. The 
shape of the radiators and wheelguards, however, 
rather suggests that the proportion of the total 
air resistance which these components may con- 
tribute is frequently under-estimated—a proportion 
which tends to predominate as the shape of the 
rest of the car is improved. In connection 
with these and similar subjects for future con- 
sideration, it is necessary to emphasise the impor- 
tance of making only such changes in exterior 
design as are supported by experiment. Aero- 
dynamics is pre-eminently a subject in which it is 
unsafe to guess. 

The prospect of any immediate radical change in 
design prompted by considerations of air resistance 
is, no doubt, remote. When speeds are limited 
rather by traffic distribution than by the capabilities 
of cars, air resistance is unlikely to be the first 
consideration with either the purchaser or the 
designer. It must occasionally happen, also, that 
modifications of design desirable for aerodynamic 
improvement tend to increase production costs, 
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to reduce the comfort of the motorist, and to detract 
from an esthetically admirable appearance. There 
is thus the more cause for satisfaction at the extent 
to which these varied interests are being gradually 
reconciled, and at the increasing attention that the 
aerodynamic problems of motor cars are attracting. 








AN HYDRAULIC PARADOX. 

As shown below, it is possible by perfectly 
sound and legitimate mathematical analysis to 
arrive at the extraordinary, but, of course, impossible 
conclusion that the mean speed of a jet of fluid may 
be decidedly greater than the mean speed of its 
constituent particles. It is, however, one thing to 
recognise the absurdity of a result, but another to 
detect the origin of the fallacy, and, in this instance, 
the paradox is curiously subtle. As indicated later, 
moreover, the anomaly in question is not without 
a practical bearing of some importance, since it 
may account, at least in part, for the difficulties 
sometimes encountered in reconciling nozzle results 
with coefficients of discharge. 

We start with the ordinary method of calculating 
the mean velocity of flow. Consider, for example, 
the discharge of a jet of, say, air from a round pipe 
of radius R, and let the velocity of flow at any point 
be given by the relation ; 

* 
C= ¥ ( 1 — ma) 

This is quite a possible distribution of velocity, 
and occurs in fact at very low speeds of flow. 

Then the mean velocity is equal to the volume 
discharged per second divided by the area of 
the cross-section, so that 


R r 
: | aerdrxv (1-7) - 


vy =2? sah 

mw R om 
So far well and good, but let us now calculate 
the mean forward velocity of the particles of the 
fluid. Thus, let » denote the number of molecules 
per cubic centimetre of the gas, and let u represent 
the forward velocity of a molecule. The random 
motions will cancel out, and the mean speed of the 

particles will be given by the expression : 





rnu 
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Now consider an annulus of radius 7 and width 
dr. The volume passing through this annulus per 
second will be 2*rdr xv _ cubic centimetres. 
Hence the number of molecules passing through this 
annulus per second will be n x 27 rdr x »v. 

But each of these particles has the velocity v. 
Hence 


“= 


R 
rTau=n 2 2 rdr v?, 
: 0 
whilst 
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22> 2ardrx v. 
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The mean value of w is therefore 
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Hence, apparently the mean velocity of the fluid 
is, in this case, distinctly greater than the mean 
velocity of its constituent particles, which, as 
Euclid says, is absurd. 

We are somewhat tempted to leave to our readers 
the detection of the flaw in the argument. There 
is, in actual fact, no error in the mathematics or 
in the legitimacy of the methods adopted for evaluat- 
ing the mean speeds. 

The anomaly arises, however, from the fact that 
there are two perfectly rational, but not neces- 
sarily consistent, methods of defining velocities 
of flow. In pipe work this is obtained by dividing 
the discharge per second by the area of the cross 
section, but in nozzle experiments the mean speed 
1s commonly, and quite legitimately, obtained by 
dividing the momentum of the fluid (as deduced 
from its reaction or its impulse) by the total mass 
discharged per second. 

_ The two definitions agree only when the velocity 
18 uniform over the whole cross section of the jet. 








In general, of course, the difference between mean 
speeds determined by the two alternatives is 
small, often negligible, but it will be evident that 
there is not necessarily any simple relationship 
between coefficients of discharge and the velocities 
measured in a nozzle tester. 








THE LATE MR. E. A. SPERRY. 


It is with great regret that we have to announce 
the death, reported from New York, on Monday 
last, of Mr. Elmer Ambrose Sperry, an engineer who 
has been responsible for most valuable original 
work in many industrial fields. 

Born at Cortland, New York, on October 12, 
1860, Mr. Sperry pursued his earlier education at 
the local normal school, where he received an 
excellent grounding in mathematics, and where he 
was permitted to work in the physical laboratory. 
During this period, he also spent what time he 
could in a local engineering shop. In 1879, he 
proceeded to Cornell, at which, however, he remained 
for only one academical year. Even before leaving 
college, Sperry had commenced experimenting on his 
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own account and devised a dynamo and an arc 
lamp which showed such promise that capital for 
developing these inventions was secured for an 
undertaking known as the Sperry Electric Company 
with workshops at Chicago which were started up 
on Sperry’s twentieth birthday. Amongst the 
more notable of his productions at this time was the 
conversion into a beacon of a 350 ft. tower belonging 
to the Chicago Board of Trade. This received a 
corona of arc lamps with an aggregate illumination 
of 40,000 candle-power, the funds required for this 
venture being obtained mainly from local sub- 
scriptions. 

In 1884, and thus when only 24 years old, Sperry 
took a prominent part in founding the American 
Institute of Electrical Engineers. He was also 
largely responsible for the formation of the National 
Electric Light Association, which orginated, some- 
what curiously, in troubles due to interference 
between electric lighting mains and telephone wires, 
which at that date relied on earth returns. The 
American Electro-Chemical Society was another 
important technical: corporation of which Sperry 
was an original “ charter member.” 

Though his dynamo was one of the first of his 
inventions to prove of commercial value, Sperry 
soon lost interest in its further development, largely 
because the efficiencies secured by known methods 











were so high that there was no room for any further 





striking advance in this regard. He turned his 
attention, therefore, to applications of electricity, 
commencing in 1888 with the production of elec- 
trically-operated coal cutters. Two years later he 
became interested in electric traction and founded 
the Sperry Electric Railway Company with the 
object of developing his ideas. The distinctive 
feature of his electric street cars was the ingenuity 
displayed in distributing the load over the extremely 
light rails then in use. His success in the traction 
field was such that, in 1894, his patents were pur- 
chased by the General Electric Company, and 
Sperry then turned his attention to the production 
of electric automobiles with a battery much lighter 
and more enduring than any previously employed 
in this service. 

Sperry was also responsible for a number of 
electro-chemical inventions, amongst which may 
be mentioned his process, still in use, for the electro- 
lytic production of caustic soda and bleach. Men- 
tion may also be made of his de-tinning process for 
recovering tin from scrap and old cans, and of his 
electrolytic white-lead process, now worked by the 
Anaconda Copper Mining Company. 

His high-intensity searchlight, now in general use 
by military and naval forces throughout the world, 
was brought out in 1918. Its intrinsic brilliancy 
was fully five-fold that of the best of its predecessors, 
and was due to the use of carbons with a mineralised 
core, the vapour from which attained some 6,000 deg. 
C., or practically that of the solar surface. The 
intensity of the light reached 900 c.p. per square 
millimetre of radiating surface. These arc lamps 
were used by Michelson in the experiments in which 
he succeeded in measuring the speed of light with 
a probable error which is estimated as less than one 
metre in 300,000. The high actinic value of the 
light has led to its extensive use in film photography. 

Sperry’s gyroscopic studies commenced in 1896, 
but took some years to develop. His gyro-com- 


|pass was first tried in a merchant ship, and 
| was later tested on an American destroyer, with 


such success that, in 1911, it was installed on the 
Delaware, the first of the American dreadnoughts. 
Following this, it was adopted for eight other 
battleships. It was then taken up by the British, 
Japanese, French, Italian and Russian navies. 
Another, but later, naval development was Sperry’s 
target bearing and turret-control system, which 
rendered it possible to hit objects invisible from the 
turrets, provided the mark could be seen from the 
fighting top. 

With the assistance of his son, Sperry experi- 
mented with the gyroscopic control of aeroplanes, 
and, as the result of trials made in France during the 
summer of 1914, his “‘ automatic pilot ” was awarded 
the Grand Prix of the French Aero Club. 

One of the most ingenious of his many applications 
of the gyroscope, has been his automatic stabilisers 
for checking the rolling of ships. Large rolls are 
a cumulative effect, and the Sperry gyroscopic stabi- 
liser quenches the roll in its initial stages, when the 
kinetic energy associated with the movement is very 
small. The device was first fitted on the U.S. 
destroyer Worden, in 1911, and proved effective, 
even in extreme weather. Moreover, the stabilised 
vessel ceased to ship water and the decks became 
dry. Amongst the largest vessels to which the 
device has as yet been applied is the Japanese 
aeroplane carrier Hosho. 

Sperry’s versatility is well illustrated by almost the 
latest of his inventions, his rail flaw detector, which 
is being developed by the Sperry Rail Service Com- 
pany of Chicago. The device, which was described 
in ENGINEERING, vol. cxxvii, page 398 (1929), de- 
pends upon the fact that flaws increase the resist- 
ance of a rail to the passage of an electric current. A 
special car fitted with generators yielding a current 
of 4,000 amperes at a potential of two volts, is hauled 
over the track to be examined. This current is passed 
into the rails by brushes, and if the rail be uniform 
the voltage drop will be uniform over the whole of 
the distance between the two brushes. Means 
are provided for observing whether this uniformity 
is attained, and any departure from this is auto- 
matically recorded in the car and also on the rail. 

In 1926, Sperry was awarded the John Fritz 
Medal, which is the highest honour the American 
Society of Mechanical Engineers can bestow, and 
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he also received in recognition of his work, decora- 
tions from the Czar of Russia and from the Emperor 
of Japan. 








THE SECOND WORLD POWER 
CONFERENCE, 

Tus great exhibition, which was held at Wembley 
in 1924, was inaugurated primarily to give the world 
an opportunity of learning more of the material 
resources and productive capabilities of the British 
Empire, and might be said to have represented 
that loosely-knit, but amazingly united, organisa- 
tion, in miniature. It is one thing, however, to 
plan an exhibition and another to ensure that those 
whom it is designed to attract will visit it. Yet 
unless the second task can be satisfactorily achieved, 
all the thought and energy that have been put into 
the former must be of no avail. It naturally followed 
that some agency for bringing foreign authorities, 
engineers and business men to the exhibition was 
required, and this was found in a Conference, at 
which, it was proposed, the subject of power in all 
its aspects scientific, industrial and commercial, 
should be discussed. The idea was completely 
successful. The invitation to participate was 
accepted by 31 countries, including our own Domi- 
nions and Colonies, and in 20 of these national 
committees were formed, by whom official delegates 
were appointed and the submission of papers 
regulated. Moreover, after a meeting lasting about 
a fortnight, a resolution was passed, the object of 
which was to establish a World Power Conference 
on a permanent basis. Since that date, sectional 
meetings have been held in Bale, London, Barce- 
lona and Tokyo, and behind the scenes a good deal 
of useful work has been done, the result of which has 
been to ensure the continuance and to increase the 
stability of what was initially a tentative and tem- 
porary structure. Further, it has led up to the 
assembly in Berlin this week of the Second Plenary 
Meeting of the World Power Conference, at which, 
once again, the whole field comprised in that 
title is to be reviewed. It was fitting that Great 
Britain, the pioneer of modern industrial civilisation, 
should have taken the lead in establishing a parlia- 
ment, where all those who are concerned in develop- 
ing the power resources of the world in the interest 
of mankind could meet, and it is perhaps equally 
fitting that the second Conference should be taking 
place under the gis of a nation which has so 
closely followed our lead. Wembley it is true has 
passed away, but it has found a worthy and vigorous 
successor. 

On this occasion, some 55 countries are represented 
and the official delegates and ordinary participants 
assembled in Berlin this week number nearly 4,000. 
Of these, about one half are from Germany itself, 
while England, with 244, has the next largest dele- 
gation, followed by Japan with 18], the United 
States with 159, and Czechoslovakia with 130. 

The proceedings opened on evening of Sunday, June 
15, when the members were received by the Honorary 
President (Dr.-Ing. Osker von Miller) and the Chair- 
man (General-DirektorC. Kéttgen), in the Reich- 
stag Building. Before the main reception, an inter- 
esting ceremony toox place in the Chamber itself, 
when the presidential insignia, a silver gavel and 
yong, were handed over by the Earl of Derby to 
Dr. von Miller. Lord Derby had been received 
earlier in the day by Dr. Briining, Chancellor of the 
Reich, when the latter expressed the hope that the 
Conference would assist in bringing the two countries 
closer together, and Lord Derby transmitted a 
message from the British Government to the effect 
that the dead, who had tallen on both sides in the 
recent hostilities, could not better be honoured 
than by all nations working towards a common 
understanding and peace. 

A welcome from the Reichstag was extended to 
the Conference by the Vice-President, Herr von 
Kardorff, after which Lord Derby expressed his 
pride that the inauguration of the organisation 
had been due to Great Britain. The First World 
Power Conference, he said, was one of the very 
first great international gatherings at which mem- 
bers of countries, which had been at war, had sat 
down together to discuss common objects to sur- 
mount common difficulties, and to help rebuild a 
shattered world. Its initiation was largely the 


work of Mr. D. N. Dunlop, and it must be a source 
of great regret that he was prevented from partici- 
pating in the meeting. Since 1924, the World 
Power Conference had grown into a great inter- 
national body, and the support that had been 
accorded to it in German official circles was indicated 
by the fact that that meeting was being held in the 
Reichstag. 

In conclusion, Lord .Derby paid a tribute to Dr. 
von Miller. It was impossible to conceive a more 
happy nomination to the presidency. Dr. Miller’s 
life work had been the establishment of the Deutsche 
Museum at Munich, which was founded in 1903, 
and completed fifteen years later. 

Dr. von Miller, in reply, said he would hardly 
have dared to accept the honour which had been 
conferred upon him had it not been that he was 
the oldest of living engineers. Fifty years ago 
he had begun to develop the then little-known 
water powers of the Alps and Carpathians, and, by 





erecting the first long distance transmission line | 
between Lauffen and Frankfort, had played a part | 
in opening up whole districts and countries to | “ 
electricity supply and the transmission of power | 
from one country to another. The power resources | 
of the world, whether coal, oil or water, were 
amongst the greatest treasures which nature 
provided for humanity, and it was one of the engi- | 
neer’s most splendid tasks so to exploit those | 
resources, and transmit and distribute them, that | 
they might operate factories and ships and supply | 
light and heat to mankind. The World Power 
Conference was a machine singularly well suited 
for this work, not only because it afforded an | 
opportunity for presenting reports on the experience | 
gained in the different countries, but because it | 
enabled participants to inspect industrial plants | 
and to become acquainted with progress that was | 
being made. In spite of the difficult political situa- | 
tion, Germany was hopeful that she would be able | 
to show members some of the remarkable advances | 
that had been made in the establishment of scientific 
institutions, in the development of power resources, 
in the extension of distribution networks, and in the 
reconstruction of factories. 

The opening meeting of the Conference was held 
in the auditorium of the State Opera House, Platz 
der Republik, on Monday morning, June 16, the 
President, Dr. Osker von Miller, being in the chair. 
The gathering was honoured by the presence of the 
Chancellor of the Reich, Dr. Briining, while, in 
addition, members of the German Government, 
and of the diplomatic Corps, the Oberburgermaster 
of Berlin, and the official delegates of the various 
countries were seated on the platform. A much- | 
appreciated novelty, so far as the English repre- 
sentatives were concerned, was the short, though 
excellent, programme of music provided by the 
Opera House orchestra. 

Dr. von Miller, in opening the meeting, read a | 
message from President von Hindenburg, in which 
he said that those present were gathered together ' 
from all parts of the world, inspired by the sole | 
idea of mastering by mutual effort the forces of 
nature, and rendering them serviceable to the 
interests and progress of mankind. When it was 
founded, the World Power Conference had _ been | 
called a Technical League of Nations ; and nothing | 
was better calculated to league together the nations 
of the earth than a mutual endeavour of this kind 


to further the common weal. Interchange of 
thought promoted mutual understanding and 


practical progress, in the sphere to which the 
conference was devoted, would lead to closer 
relations between the nations. By developing the | 
transmission of power across political frontiers, 
engineering would exercise a greater influence than | 
ever upon the life of the peoples, and would estab- | 
lish a closer connection between their economic | 
systems. As leaders in engineering, science and | 


| hold and in Agriculture,” 


economics, they would bring about an appreciative | | used. 





industrial centres, where the struggle for recovery 
had been particularly severe, and also desired to 
give them a lasting impression of what Nature 
and Art had conferred upon her in the way of 
beauty. 

Dr. Briining and the Oberburgermaster also 
tendered welcomes to the Conference on behalf of 
the Government and the City of Berlin, respectively. 
Greetings from various parts of the world, and thanks 
for their reception were added by Sir Charles 
Parsons, on behalf of England, M. Georges Magnier 
for France, M. Ludwig Tollogzo for Poland, Professor 
P. S. Ossadtschy for Russia, Mr. G. Malm for 
Scandinavia, Mr. H. J. van der Bijl for South 
Africa, Dr. Charles Camsell for Canada, M. R. M. 
Silva for South America, Professor M. Kamo for 
Japan, and Dr. A. C. Rivett for Australasia. 
Finally, Dr. C. Kéttgen, on behalf of the German 
Committee, thanked all those who had prepared 
papers and written the general reports. 

On Monday afternoon, June 16, three technical 
sessions were held, the subjects for discussion being 

Electricity in the Household and in Agriculture ”’ ; 
‘The Production and Preparation of Solid Fuels,” 
and “‘ Problems relating to Water Rights,” respec- 
tively. The papers grouped under the various 


{headings have in all cases been summarised and 


commented on in a general report. The latter 
alone is being presented at the meetings. In the 
discussions which followed, however, both the 
general report and the papers themselves were 
dealt with. We propose now to give extracts from 
such general reports and some account of the dis- 
cussions in these general accounts of the meetings. 
Abstracts of the papers themselves will be 
published in later issues. 

The general report on “ Electricity in the House- 
the subject considered in 
| Section I, was by Direktor A. Petri, the meeting 
|being presided over by Sir Archibald Page. 
Direktor Petri said that the greatest problem 
facing power supply undertakings everywhere was 
how to facilitate housework by making as wide a 
use of electricity as possible. There already existed 
many types of appliances, which enabled manual 


labour to be replaced by mechanical operations, 


while cooking had also been simplified in the same 
way. It must not be overlooked, however, that much 
still remained to be accomplished in the way of 
standardisation, reducing the first cost of the 
equipment, and in developing new apparatus, which 
would better meet domestic requirements. Care 
must be taken in the fixing of tariffs. The next 
few years would show to what extent the application 
of electricity to dairy work, the preparation of 
fodder and to plant culture was economically 
possible. If expectations in these directions were 
fulfilled, a new field for the sale of “ off-peak ” 
energy would be opened up. The further use of 
electric power for irrigation, drainage and the 
production of artificial rain was foreshadowed, as 
well as its greater employment for purposes for 
which it was already being used. It was to be 


hoped that the problems involved in the design 


of an electric cultivator would shortly be solved. 


Electric lighting was of particular value in poultry 


raising, and for stimulating of plant growth, but 
its increasing use gave rise to problems in connec- 
tion with the peak and load factor, which required 
the collaboration of all interested parties. 

The meeting of Section XII on Monday afternoon: 
June 16, dealt with Solid Fuels. The chair was 
occupied by Professor Dr. W. Swietoslawski, the 
general report being presented by Professor Dr. 
P. Rosin. The reporter pointed out that the mechani- 
sation of collieries was on the increase. In pits 
themselves the machinery employed included 
'serapers, loaders and conveyors, while in open 
workings larger and larger numbers of excavators, 
| transporters and high capacity wagons were also 
Open workings had always been general in 


co-operation between governments and the different | | the German brown coal industry, but were also 
factors of public life. The supply of light, power | being increasingly used in the United States for 
and heat, in ever new and improved forms, would | mining hard coal. 

prove an effective means of animating economic | As regards preparation the greatest problem was 
activity. It would tend to reduce unemployment, | the separation of the ash constituents from the coal. 
and thus counteract the difficulties under which | Large sums of money and considerable manual labour 
almost all the countries of the world were at present | were still being wasted in ash transport and disposal, 





labouring. Germany cordially invited them to their |in stocking clinker and in soot extraction. At 
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present the output of the furnaces was limited by the 
ash content of the fuel and by the melting point of 
that ash. Methods of estimating the influence of 
the latter during firing were, therefore important. 
The necessity for heat economy was causing the 
purchaser to issue specifications in which the price 
of the coal was regulated by its quality. The idea of 
coal standardisation was growing, but its realisation 
would depend on national and international agree- 
ments with regard to nomenclature and the best 
methods of sampling and analysis. 

In coke manufacture preliminary treatment and 
the mixture of different grades of coal had increased 
the range of “ cokability” and had improved the 
coking properties. Semi-coke was proving a useful 
diluent. Shorter periods of coking and larger 
ovens were indicative of the development that was 
taking place. Low-temperature carbonisation in 
spite of some economic failures, was of special 
interest in countries where oil was scarce. Whilst, 
in the case of German lignite, tar was the chief 
product, when hard coal was carbonised at a low 
temperature the major profit would be derived from 
the sale of smokeless fuel in lump form. There was, 
however, as yet no firm market for the latter product. 
The gas generated by low-temperature carbonisation 
demanded more attention, and where hard coal was 
being treated, the connection of the carbonisation 
plants with gas works was being considered. In the 
case of brown coal, power stations provided a market 
for the resulting coke. 

A contribution by Mr. A. Scott Turner pointed 
out that, during 1928, 18-2 million tons of bituminous 
coal, or 4 per cent. of the American output, and 
2-5 million tons of anthracite, or 3-2 per cent. of 
that output, had been mined in open workings. 
Mr. E. C. Evans mentioned that in one part of 
England coke was valued according to the content of 
its combustible matter, a standard coke being one 
containing 19-99 per cent. of ash plus moisture. 
Premiums were allowed, or penalties imposed, for 
each unit percentage above or below this figure. 
The principal disadvantage in this standardisation 
was the disregard of the physical qualities. Dr. 
M. Leroux said that as the result of low-temperature 
carbonisation tests on hard coals at temperatures 
ranging from 650 to 690 deg. C., and at pressures 
of from 1 to 6 atm. with or without hydrogen, it was 
found that increasing the pressure doubled the yield 
of the gas, and increased its calorific value from 12 to 
20 per cent. that of the coal. If the pressure were 
increased about 6 atm., the yield of gas was dimin- 
ished, but its calorific value rose still further. In 
the presence of hydrogen gaseous hydrogenation 
took place, the best value being obtained at a 
temperature of 750 deg. C. 

The third meeting, on Monday afternoon, June 16, 
assembled to consider the subject of ‘‘ Water 
Rights” (Section XXIV), Dr.-Ing. R. Haas was 
in the chair. Ina joint general report, Prasident 
P. Schlegel Berger and Oberregieaungsrat F. Wilke 
said that legislation and administration had taken 
into account the new conditions brought about by 
the more intensive utilisation of water resources for 
various purposes, with the object of protecting and 
compensating the different and often contradictory 
interests involved in the development of water 
schemes. In principle, governments had reserved 
to themselves the right to dispose of water courses 
which were of importance to the general community, 
and to make their use by private persons subject to 
State control. This control took the form of permits 
and involved the payment of fees. When the same 
water supply system belonged to several states the 
diversity of regulations often gave rise to difficulties, 
and efforts were being made to overcome these by 
treaties. In raising the necessary funds for the 
development of water powers the collaboration of all 
parties, including the State, was desirable. Agree- 
ment with the interested parties could often be 
effected, but legal measures, whereby compulsion 
could be applied, were also necessary. 

In the paper by Ing. C. Wauters the following re- 
solution was proposed: ‘“ The Second World Power 
Conference would welcome, in the interests of 
economic solidarity, the voluntary agreement of 
neighbouring states to the establishment of mixed 
technical and international commissions for investi- 


tion should be submitted to the League of Nations. 


collaboration. 

At the conclusion of the sectional meetings an 
address on “‘ Physical Space and the Ether Problem ” 
was delivered by Professor Albert Einstein. As 
might be expected, the audience was very large, 


have represented as much a tribute to an inter- 
national personality as to the intrinsic interest of his 
subject-matter. 

Speaking in German, Professor Einstein said 
that the great importance of Euclidean geometry 
was that it attempted to establish a complex of 
sentient experience by means of a logical deductive 
system. Instead of starting with physical objects, 
shapes and positional relationships were established 
from a few formal elements, such as the point, 
the straight line, and the plane. The conception 
of spatial continuity was first enunciated by 
Descartes, the founder of modern geometry, who 
described geometrical figures with the help of 
analysis, and thus extended the range of geometry 
as a science. Without the introduction of a spatial 
continuity Newton’s mechanical formule would 
have been impossible. Newtonian physics was 
characterised by space, time, and ponderable matter. 
In the Nineteenth Century it received an addition 
in the ether which was postulated as an all-pervad- 
ing medium which filled the whole of that space in 
which light waves existed. 

Newton’s theoretical structure was demolished 
by the Faraday—Maxwell theory of the electro- 
magnetic field. It was gradually recognised that 
the electromagnetic field was the basis of non- 
mechanical nature. This raised the question of the 
mechanical properties of the ether—a question 
which was answered by Lorentz laying down that 
all electromagnetic data depended on the assump- 
tion that the ether was at rest in the Descartian or 
Newtonian structure. If space and ether were 
considered as one, it followed that the Newtonian 
inertia was absolute—that is, it exerted no influence. 
The next step in the development of the concep- 
tion of space was the special relativity theory. The 
necessary outcome of the law of light distribution 
in vacuo was that space and time became welded 
into a single four-dimensional continuum. This 
four-dimensional space must be Euclidean in 
character, analogous to three-dimensional space, 
with the addition of an imaginary time co-ordinate. 
The developments which were known as the general 
theory of relativity and the single-field theory were 
based on this conception. The general theory of 
relativity would be an ideal physical theory if only 
gravitational and not electro-magnetic fields existed 
in nature. The problem of describing the electro- 
magnetic field mathematically must be solved by a 
unit field theory. 

Summing up, it might be said that space, which 
was brought to a scientific reality by Newton, had, 
during the last ten years, swallowed both the ether 
and time, and was also about to dispose of fields 
and corpuscles, so that it alone would remain the 
universal theoretical representative of reality. 
On Monday evening a reception was given by the 
German Government at the Zoologischer Garten. 


(To be continued.) 








and rivers as might be useful to the general com- | ratories, still remained unconvinced of the value of 
munity.” Mr. Wauters suggested that this resolu- | physical research laboratories. The historical ana- 


lysis of the development of wireless telegraphy and 


Professor Dr. Cerny recommended that every | telephony, to which he proceeded, was particularly 
National Committee should appoint one or more | interesting because it characterised the chief physical 
reporters to get in touch with experts and organisa- | discoveries which have rendered radio communica- 
tions who were concerned with the subject of | tion possible, but which later claims and apparatus 
water rights, in order to raise the scientific level | haverather obscured. Dr. Eccles restricted himself 
of the legislation on usufructs and water-supply | to the contributions of the physicist who, he pointed 
administration in all countries by international | out, mainly introduced principles, methods, appa- 


ratus and materials new to engineering practice and 
endeavoured to solve problems, while the engineer 
made use of the knowledge accumulated in engi- 
neering practice and incorporated it with the 
discoveries and suggestions of the physicist, to solve 


and without reflecting in any sense upon either | the practical problems with due regard to construc- 
the speaker or his hearers, this may be taken to|tion and cost. Wireless owed much to both the 


physicist and engineer and to men who were both ; 
the distinction was somewhat artificial, and if he 
had to confine himself to the work of the physicist 
on this occasion, he acknowledged that much of 
that work would have remained ineffective if it had 
not been nurtured by the engineer. 

Wireless, Dr. Eccles stated, began when electro- 
magnetic waves were controlled by a telegraph key 
at one place and recorded at another place, for 
the purpose of transmitting signals. The prepara- 
tory work for the transmitting station, 7.e., for the 
generation of waves, was done by Hertz, in 1885 to 
1888, and for the receiving station by Lodge, 1889, 
and by Minchin and Branly in 1890. Lodge observed 
that two metal knobs nearly in contact cohered 
when a spark occurred near them. Minchin investi- 
gated light-sensitive cells, and Branly the reduction 
of the resistance between oxidised metals and metal 
filings by sparks passing nearby. Lodge demon- 
strated the transmission of signals through several 
walls at the Royal Institution in 1894, using a Hertz 
oscillator with copper-plate capacity, an induction 
coil with a vibrating interrupter, a filings coherer 
with an electric trembler as a decoherer, and a 
Morse key in the primary of the coil. Popoff, in 
Russia, added an earthed vertical antenna to the 
receiving apparatus. Thus, by 1895, every item 
was ready for the attention of the engineer. Im- 
provements then came rapidly, but they were 
restricted by the damping of the waves; both the 
spark gap and the coherer were located in long 
vertical wires, and any transmitter affected any 
receiver within range. 

Although the control of the frequency of a 
straight oscillator by capacity and inductance 
was mentioned in Hertz’s papers, Lodge’s patent 
claims of 1897, that inductance prolonged and 
capacity shortened the train of oscillations produced 
by a spark, and that inductance made a receiver 
more selective, ensured a better transference of 
energy and opened up the way to syntonic tele- 
graphy, produced a revolution in thought and prac- 
tice. The spark-gap waves had been believed to 
be short, of the order of the dimensions of the spark 
balls, as in a Righi oscillator, and to run up the 
wire and pass off at the top. It was then found, 
however, that the wire behaved as a Hertz oscillator 
with a wave length of the order of the antenna 
length, and that the range of signalling was related 
to the length of the wave. Moreover, the receiving 
antenna was shown to be a continuous straight 
oscillator with its tuning coil acting as the primary 
of a high-frequency transformer, the coherer being 
in the secondary circuit, coupled directly or indi- 
rectly. Further, the transmitter antenna was made 
a more persistent oscillator by being excited by a 
short-lived spark in a side circuit; this quenched 
spark was improved by Max Wien in 1906, and 
was developed by the Telefunken engineers. 

From 1900, the aim of the search for generators 
of continuous waves of at least 100,000 cycles per 








PHYSICAL RESEARCH IN 
WIRELESS. 


Tue Institute of Physics re-elected Dr. W. H. 
Eccles, F.R.S., president for a second year, at the 
annual meeting, held on May 17, at the Institution 
of Electrical Engineers. In introducing his presi- 
dential address, Dr. Eccles expressed regret that the 
word physicist was unknown officially, and that 
many financiers, administrators and manufacturers, 





gating the complete development of such streams 





admitting the importance of chemical research labo- 


second was, originally, wireless telegraphy, since 
it was not, at that time, foreseen that Morse-code 
telegraphy by continuous waves would be superior 
to spark telegraphy. The physicist’s generator 
was found in 1900, when Duddell observed that a 
carbon are across an inductance and a capacity in 
series began to whistle when struck, the pitch of 
the note depending upon the inductance and capacity 
as in a spark circuit. Poulsen’s arcs, of 1903, 
burning in hydrogen-compound vapour between a 
copper anode and a carbon cathode, led in Germany 
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to radio-telephony transmitters of 6 kw., and later, 
in America, to arc-generators of 1,000 kw. Mean- 
while, Fessenden succeeded, in 1907, in transmitting 
the human voice across the Atlantic with the aid of 
a high-frequency alternator. This had not yet 
been done by cable. As Fessenden was handicapped 
by the want of amplifiers and sensitive detectors 
(he had only electrolytic devices), he further 
developed the heterodyne receiver for telegraphic 
signals, employing a local source of oscillations 
sufficiently near in frequency to that of the incoming 
waves to produce beats of audible frequency. That, 
Dr. Eccles said, was one of the four or five univer- 
sally important steps in the history of radio tech- 
nique. Thus syntonic wireless, which had replaced 
primitive spark telegraphy, was itself, after 1910, 
superseded by continuous-wave generation and 
heterodyne reception (except on board ship). Then 
came another sudden step, viz., the amplifying 
vacuum valve, culminating in the modern triode. 

The first vacuum tube or thermionic diode 
containing a hot filament and a separate electrode 
was made by Edison in 1889, and the thermionic 
currents were studied by Hittorf, Elster and Geitel, 
Fleming, and particularly by O. W. Richardson 
(since 1899), who mainly used in his classical research 
a straight filament co-axial with the cylindrical 
anode. Similar studies were made with photo- 
electric electrons. In order to enable the light to 
penetrate through the anode, Lenard (1902) intro- 
duced the grid anode. Varley (1903) found that he 
could accelerate the electrons provided the gas 
pressure did not exceed five microns. In the same 
year Wehnelt coated the filament with oxides to 
facilitate the emissions of electrons, and this was still 
widely utilised for rectifying alternating currents 
and in battery eliminators. Eleven months after 
Wehnelt’s patent of 1904, Fleming patented the 
combination of a diode, coil and indicator especially 
for detecting by rectification the feeble alternating 
currents of wireless receivers. Subsequently, R. von 
Lieben deflected the stream of electrons by the 
current to be amplified, and de Forest accelerated or 
decelerated them with more success by an auxiliary 
grid electrode. The last two devices were entirely 
novel, and Lieben at any rate clearly recognised 
that he had found an inertialess magnifying device, 
which he improved by arranging for electronic 
collisions in the space between the grid and anode. 
But the evacuation was not pushed sufficiently far 
then, so that de Forest found no purchaser for his 
patent of 1911 and allowed it to lapse; von Bayer’s 
similarly promising triode was never tried. The 
triode matured by 1913, when rarefaction had been 
improved by Langmuir and others. 

The technical value of the high-vacuum triode 
rested upon its ability to magnify with close fidelity 
very small and very rapid electrical changes. An 
electromotive force applied to the grid caused an 
inappreciable current flow, but liberated a magnified 
e.m.f. in the anode circuit where relatively large 
currents were possible; the input energy was 
minute, but the output was relatively enormous. 
The cascade arrangements and _ back-coupled 
circuits already in use could then be elaborated. 
The facility of adjusting the frequency of triode 
oscillators gave the heterodyne method of receiving 
continuous-wave signals predominance, and the 
development in size of triode-oscillation generators 
made them suitable for transmitting both speech 
and signals. After these steps, later developments 
in methods and apparatus appeared almost unim- 
portant. Dr. Eccles referred to two developments, 
with which he had been connected during the war 
when working at the Finsbury Technical College. 
One was the crossed valve method, used behind the 
trenches on wave-lengths »f 50 m. and less; the 
other being the generation of waves of very constant 
frequency by the aid of massive bodies sustained in 
mechanical vibration by triodes. The tuning fork 
and supersonic resonator were, for this purpose, 


Rutherford by piezo electric resonators. 

Parabolic and plane reflectors, Dr. Eccles con- 
tinued, had repeatedly been invented. The dis- 
covery that short waves could travel long distances 
was not made by either physicists or engineers, but 
was due to geophysicists. Though the early experi- 
ments were misinterpreted, all the apparatus for 





generating and receiving short waves was well 
known in every country before 1920. Their adop- 
tion, however, was slow, because apparently they 
could only be utilised during the dark hours; but 
in 1925 it was discovered that waves under 25 m. 
in length could be used successfully in daylight. 
Short-wave working was then largely adopted. 
Some of the steps in research, e.g., the development 
of the triode, had resulted in the scrapping of 
equipment, but the triode brought about the estab- 
lishment of broadcasting and thus created an 
entirely new industry. 
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Warmekraft-und Wérmearbeits-Maschinen. By PRoFEs- 
sor A, LoscHGE, Technical High School, Munich. 


Leipzig: Akademische  Verlagsgesellschaft m.b.H. 
[Price 36 marks.] 
Proressor Loschge’s volume on heat engines is 


one of the series edited by the late Professor Willy 
Wien and Professor F. Harms, under the title of 
Handbuch der Experimentalphysik, and the author 
deals mainly with the physical basis of the working 
processes of heat engines, leaving constructive 
detail and plant design to others. If the book 
thus constitutes essentially a treatise on the theory 
of the heat engine, this is to be understood in the 
full sense of the phrase, that is to say, the deductions 
are made directly with respect to the heat engine, 
and not first outlined on general grounds and then 
adapted to engines. The principles are evolved in 
the first part of the volume. The second part, 
which is devoted to Warmekraftmaschinen, dis- 
cusses steam engines, grouped as piston engines 
and turbines, boilers, internal-combustion engines, 
and, in a short section, oil engines. The Warme- 
arbeitsmaschinen of the author are machines in 
which work is consumed, and the third part dis- 
cusses, under this heading, piston and turbo com- 
pressors, injectors, steam refrigerating machines, 
and heat pumps. 

As regards thermal efficiency and efficiency tests, 
the author points out that, the complete expansion 
according to the Carnot or to the Rankine-Clausius 
cycle not being economical in practice, the Verein 
Deutscher Ingenieure adopted, in 1899, E. Meyer’s 
suggestion to conduct the standard test of a piston 
engine with incomplete expansion. In 1925, how- 
ever, the German engineers decided to refer the 
economy estimate to the ideal engine, as the Institu- 
tion of Civil Engineers had done for several decades. 
Professor Loschge acquiesces, though it might 
appear illogical to judge the work done in the 
cylinder, as measured by the indicator diagram, in 
reference to the ideal performance of the whole 
plant, including boilers and condensers. Compara- 
tively little is said about superheated-steam engines, 
apart from general considerations, and there is only 
one reference to the trials of a Schmidt engine made 
in 1921. 

Some of this information is, moreover, given under 
the heading special types of steam boilers, and not 
under superheated steam ; superheater locomotives 
are not mentioned. The references, we should point 
out, are almost exclusively to German literature ; 
we have only noticed one quotation from a French 
journal. Thus, the high opinion which Professor 
Loschge holds of the Parsons turbine, and particu- 
larly of the 50 per cent. reaction turbine, seems to 
rely on publications by Baer, Stodola, Zerkowitz, 
and himself. He also speaks well of the combined 
Curtis-Parsons turbine, the Briinner turbine for 
high-pressures, and the Zoelly turbine for large 
powers, as well as of the Ljungstrém turbine, which 
has not yet found application in Germany, in 
spite of its decidedly low steam consumption. 

The stress of the war period has drawn renewed 
attention to what the author calls heat-pumps. In 


| these plants, a solution is concentrated in a container, 
independently supplemented by Langevin and by | 


the vapours liberated pass into a compressor, and 
are compressed to raise their temperature sufficiently 
for them to act as the hot medium when circulating 
through the coil of the container ; from the coil the 
vapours flow into a heat exchanger. As long as 
the solution is dilute, the vapours will practically 
consist of the solvent, and high thermal efficiencies 





can be realised. When the vapours also contain 





part of the solute, the complex processes become 
less efficient, because more power is required for the 
compressor. Professor Loschge, however, looks for- 
ward toa development of the heat pump. Weshould 
have mentioned that the section on boilers also 
deals with fuels and heat transfer. The volume, in 
fact, contains much more material, presented in 
an instructive way, than one might expect from 
the indexes and table of contents, though not 
always in the expected place. Professors are apt 
to forget that readers of books of this kind are not 
all students who can make themselves thoroughly 
familiar with one text-book on a subject which 
will suffice for their needs. 





An Outline of Metallurgical Practice. By Carte R. 
Haywarp. London: The Library Press, Limited. 
[Price 30s. net. ] 

Tue author, who is associate professor of metallurgy 
at the Massachusetts Institute of Technology, 
states in his preface that it has been his design to 
provide a book for quick reference, giving modern 
practice in extracting and refining most of the 
metals, and general information regarding the 
sources, uses, and important alloys of the metals. 
It is also intended to assist students starting their 
metallurgical studies, the subject being covered in 
outline to permit a ready grasp of the essentials 
and to serve as a guide for thinking and further 
reading. The latter is facilitated by the lists of 
books and periodicals given at the end of each 
section, dealing with the particular metal under 
consideration. A special feature is made of the 
illustrations, which are frequently given in place of 
printed descriptions of processes and apparatus, 
attention being called to particular points by notes 
under the figures. Many of these are excellent, but 
others appear of little value except, for instance, in 
so far as they may give an idea of the area occupied 
for a certain process at an individual plant. Apart 
from this slight criticism, the book may be said 
adequately to fulfil its purpose, and will, no doubt, 
be found valuable by those for whom it has been 
prepared. 

A short general introduction deals briefly with 
the occurrence of metals and the stages by which 
they are made available for practical use, after 
which about a quarter of the book is devoted to 
copper. In this section, descriptions are given of 
processes and equipment which are also used for 
other metals, so that it is unnecessary to repeat 
them later, thus allowing the chapters on these 
metals to be shortened without loss of clarity. 
The system followed is to give the main sources of 
the metals, the production for a number of years, 
particulars of the processes of extraction, mining, 
concentration, roasting, leaching, melting and 
refining, with notes on the physical, mechanical, 
alloying, and chemical properties. Typical furnaces 
and electrolytic methods are described, and flow 
sheets are given showing the practice adopted at 
various plants, minor details and processes which are 
not now of definite interest being omitted in order 
to economise space. The scope of the book can be 
best indicated by the list of the other metals dealt 
with, which are: lead, zinc, aluminium, nickel, tin, 
mercury, antimony, arsenic, bismuth, cadmium, 
cobalt, magnesium, gold, silver, platinum, chromium, 
tungsten, manganese, vanadium, molybdenum, 
iron and steel, and non-ferrous alloys. Certain of 
these metals occur together, and their production 
in commercial form involves selective separation, 
which is clearly explained, as, for instance, in the 
extraction of silver. The chapter on iron and steel 
is fairly comprehensive, dealing naturally, as does 
the rest of the book, with American conditions, 
and covering in broad outline the production of the 
metal from the ore to its various forms as rolled 
sections, castings, &c., with the effect of different 
constituents and heat treatments, and the properties 
of alloys. A few micro-graphs are given, also 
a number of equilibrium diagrams for alloys of 
aluminium, copper, lead, nickel, &c. 





Gauges and Fine Measurements. Vols. I and II. By 
F. Rott. Edited by Sir R. T. GwLazEBROOK. 
London: Macmillan and Company, Limited. [Price, 
two volumes, 42s, net. ] 

So many methods and instruments for accurate 
measurements have been devised and developed 


in the Metrology Department of the National 
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SAFE-LOAD INDICATOR. FOR CRANES. 


CONSTRUCTED BY MESSRS. NASH SAFE-LOAD INDICATORS, LIMITED, ENGINEERS, KINGSTON-ON-THAMES. 





Physical Laboratory, and so many more have 
thoroughly been studied there, that a comprehensive 
treatise on these subjects, coming from the depart- 
ment, should be most welcome to engineers, even 
if it did not stand practically alone in this branch 
of English technical literature. The reader is, 
moreover, assured, in an introduction by Mr. J. E. 
Sears, Jun., superintendent of the Metrology Depart- 
ment, that Mr. Rolt has been in personal contact 
with all their recent developments in high-precision 
instruments. Mr. Sears regards the introduction, 
in 1908, of the Johansson block-and-slip gauge sys- 
tems as the most notable achievement in accurate 
gauge making since the time of Whitworth. The 
more general recognition in this country of the indis- 
pensability of high-precision standardisation came 
with the war, when the interchangeability of 
parts, apparently well made to gauge, was found 
to beillusory. The struggle for improved standards 
will ultimately lead to the adoption of a primary 
wave-length standard for the international unit of 
length. Particulars of the researches conducted 
by the National Physical Laboratory in this con- 
nection are not given by Mr. Rolt, though Tedding- 
ton is by no means behind in these investigations. 
He explains the principle, however, and devotes 
two chapters of the first volume to the use of 
technical interference methods for end measure- 
ments, in the development of which he has taken 
a prominent part. 

The first volume deals with standards of length, 
measuring machines and comparators, and the 
second with limit gauges, measuring instruments 
and general methods of measurement. Owing to 
Mr. Rolt’s illness, the publication of a third volume, 
on screw-thread measurement, has had to be post- 
poned. It need hardly be said that the two volumes 
are not in any way restricted to, or show any 
marked preference for Teddington and other British 
practice and experience. A glance at the two 
indexes—each volume has its own index—would 
show that not only American machines and instru- 
ments, fairly well known over here, but also less- 
known Continental devices, have received due 
consideration in their latest types. There are 
copious literature references to books or journals 
at the end of each section, and frequent cross 
references are another praiseworthy feature. Many 
of the standard devices from Teddington and other 
sources have been mentioned, if not illustrated, in 
our columns. One of the first subjects treated is 
the manufacture of Johansson gauges, as taken up 
at Teddington in 1917, and then elsewhere. Jigs 
and position gauges for the location of parts during 
machining operations are discussed in the second 
volume, together with micrometers, workshop 
instruments, electrical and optical instruments, 
the testing and setting out of angles, tests for flat- 
ness and straightness, internal measurements and 
gear measurements. A general chapter on the 





design of measuring instruments seems a little 
out of place between the measurement of fine wires 
and gear measurements. 








SAFE-LOAD INDICATOR FOR 
CRANES. 


ALTHOUGH the average crane driver is remarkably 
skilful in judging what is a safe load for his crane, 
accidents due to overloading are of sufficiently frequent 
occurrence to justify the Home Office in recommending, 
some few years ago, that ‘‘ load indicators and overload 
detectors should be used in connection with lifting 
appliances, especially jib or derrick cranes, when- 
ever reasonably practicable.” It is likely, more- 
over, that the driver, in his perfectly proper anxiety 
to avoid accident, may exercise excessive caution and 
refuse to lift loads which are really within the safe 
capacity of the crane, thereby reducing the efficiency 
of the latter; or, he may be induced to lift an excessive 
load with serious results. To determine the actual 
weight of the load it is, of course, only necessary to 
insert a spring balance or hydraulic dynamometer 
in the lifting rope near the hook, but this has the 
disadvantages of not being easily visible by the driver 
and of not making the necessary allowance for the 
radius of the jib. What is needed to reduce the pos- 
sibility of accidents to a minimum is, therefore, a 
simple and reliable device which will enable the driver 
to see at a glance whether or not a particular load 
exceeds the capacity of the crane at any radius of the 
jib, and such a device has now been placed upon the 
market of Messrs. Nash Safe-Load Indicators, Limited, 
London-road Works, Kingston-on-Thames. 

We illustrate the equipment, which can be applied to 
new or existing cranes, in Figs. 1 and 2 on this page, 
but before describing it in detail we may indicate the 
principles involved, although these are extremely 
simple. Briefly, the jib-head pulley is mounted on an 
eccentric sleeve, so that a torque is applied to the sleeve 
by the resultant of the forces on the pulley due to the 
load, and this torque is employed to compress a spring 
through the medium of an arm connected to the sleeve 
and a rod running parallel with the jib. The movement 
of the rod in compressing the spring, considerably 
magnified, is indicated by a pointer moving over a 
scale mounted near the lower end of the jib in sight of 
the driver. To allow for the radius of the jib, additional 
mechanism is provided to compress the spring, inde- 
pendently of the load as the jib is raised, and to reduce 
the compression when it is lowered, so that, as the jib 
becomes more nearly vertical and the overturning 
moment due to the load is reduced, the effect of the 
latter in compressing the spring is correspondingly 
diminished, and vice versa. 

Referring now to Fig. 1, it will be seen that the 
pulley spindle A is fitted with ball or roller bearings B, 
on which the eccentric sleeve C is mounted, while the 
pulley F is carried by other ball bearings D fitted on to 
the outer surface of the sleeve. To one end of the sleeve, 
the arm E, indicated by dotted lines in the figure, is 
screwed, and the outer end of the arm is connected by 
a pin joint to the rod G. Fig. 2 shows the indicating 
mechanism, which is contained in a box bolted on to 


Fig.3. DRIVERS VIEW OF 
SCALE & POINTER 
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box is closed by a cover, but this has been removed 
in the figure. The rod G, previously mentioned, is 
supported on roller guides and is connected through 
a stirrup to a rod J passing through a clearance hole 
in the abutment block K, which, for the time being, 
may be regarded as stationary. On the outer end of the 
rod J, a stout helical spring is fitted, the spring being 
compressed between the abutment block and a pair of 
nuts and washer fitted on to the screwed end of the 
rod J, as shown. Pivoted on to the base plate of the 
indicator box is a bent lever H, and the free end of this 
lever is formed into a pointer which moves over a 
quadrant, on the side and edge of which the words 
‘** Danger,” ‘‘ Max.” and “Safe” are cast. A _ pin 
fitted in the stirrup passes through a hole in the bent 
lever near the pivoted end, so that a small longitudinal 
movement of the rod G causes a large angular movement 
of the lever. 

With the arrangements so far described, it will be 
evident that, when a load is lifted by the crane, the 
arm E on the eccentric sleeve will be turned in an anti- 
clockwise direction, pulling the rod G towards the 
left, and moving the lever H so that its pointer comes 
to rest in either the ‘‘ Safe’? ‘“‘ Max.” or ‘“‘ Danger” 
positions, according to the magnitude of the load. 
The abutment block K, hitherto regarded as stationary, 
is, however, carried on the end of a rocker L pivoted on 
tothe base plate of the indicator box, and the other end 
of this rocker is fitted with a roller M, which bears on 
the edge of an eccentric cam N. This cam, which is 
also pivoted on to the base plate, is connected by a 
rod Q to a fixed point on the base of the crane close 
to the foot of the jib. It will be obvious that, with this 
arrangement, as the jib is luffed in, the roller M, will 
move up the edge of the cam N, and the increase in the 
radius of the latter will move the rocker L in a clock- 
wise direction and compress the spring. Assuming 
the load to have been constant during the luffing-in 
operation, the rod J will, in this way, be moved towards 
the bottom of the jib and the pointer of the lever H 
will be moved down the scale of the quadrant. Simi- 
larly, if the jib is luffed-out with the pointer on the 
‘* Max.” part of the scale, the pointer will move towards 
the part of the scale marked ‘‘ Danger” as soon as the 
safe radius for that load is exceeded, and warn the 
driver of the danger of continuing the operation. The 
cam is, of course, cut to suit the loading conditions 
specified by the crane maker, and the small pointer P 
is used, in connection with a scale R on the cover of 
the box, for checking the radius when the indicator 
equipment is being installed. It can also be modified 
for use as a radius gauge, if desired. 

We understand that about 70 sets of indicators have 
now been fitted on cranes or various types, and that 
some have been in operation satisfactorily for about a 
year. Messrs. John Mowlem and Company, Limited, 
we are informed, are employing the device on all their 
cranes, and, on Tuesday last, we were able to attend a 
demonstration of it at their premises in Purbeck-place, 
Grosvenor-road,8.W.1. It was then shown fitted on to 
anelectric locomotive crane capable of handling a load 
of 30 cwt. from a minimum radius to a radius of 14 ft., 
and a 1-ton load at a radius not exceeding 17ft. In the 
demonstration, a 1l-ton load lifted at 17 ft. radius 
brought the indicator to the ‘‘ Max.” position, and as 
this load was luffed-in, the pointer moved into the 








the side of the jib near the lower end; normally the 


‘Safety’ position. In this position, the load was 
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lowered a little and rapidly stopped by means of the 
brake, the heavy stresses involved in this operation 
being indicated by the momentary movement of the 
indicator into the ‘* Danger” position, from which it 
subsequently returned to the ‘‘ Safe’? position. On 
luffing-out the jib, the pointer reached the ‘‘ Max.” 
position at a radius of 17 ft., and moved into the 
** Danger ’’ position as this radius was exceeded by only 
a few inches. It should be pointed out, however, that 
if the crane is carrying the maximum load for which it is 
designed at the maximum permissible radius for that 
load, the pointer will remain in the ‘‘ Max.” position 
if the load is luffed in, and not move to the “ Safety ”’ 
position. Similar operations were also carried out with 
a 30-cwt. load at a 14-ft. radius, except that the lowering 
and arresting of the load by the brake was not repeated ; 
the operation of the device on a 3-ton hand-operated 
Scotch derrick was also shown. We may also mention 
that the indicator is of considerable assistance when it is 
desired merely to support a load without lifting it, as is 
frequently the case in erecting steelwork. For this 
purpose, the driver notes the position of the pointer 
when lowering the load into place, and when he is 
required to ‘take the load,” operates the hoisting 
winch so as to bring the pointer into the same position, 
without actually lifting the load. This operation was 
successfully shown in the course of the demonstration 
above referred to. 

The makers point out that any wear or weakening of 
the mechanism tends to move the pointer towards the 
** Danger ”’ position, and that since, when the crane is 
working with any load, there is always some reading 
on the indicator, the driver is at once made aware of the 
fact if any accident should put the gear out of action. 
If the tension rod should become detached or broken, 
the eccentric sleeve can only turn into the lowest 
position, lowering the load by about } in.; no failure 
of the mechanism can allow the load or the jib to 
drop through a greater distance. In conclusion, it may 
be mentioned that the pointer mechanism can be made 
to operate a visual or audible warning, or to control a 
circuit- breaker or other safety device in the event of an 
overload. A tell-tale can also be fitted, if desired, to 
show whether, and to what extent, the crane has been 
overloaded at any time. 








VARIABLE-DENSITY WIND TUNNEL 
FOR THE NATIONAL PHYSICAL 
LABORATORY. 


AN important stage in the construction of the 
variable-density wind tunnel for the National Physical 
Laboratory, Teddington, has recently been reached 
by the completion of the built-up steel cylinder which 
constitutes the outer casing of the tunnel. From several 
references to the tunnel and its equipment which 
have already appeared in our columns, our readers 
will be aware of the fact that its object is to enable 
aerodynamic tests to be made on models at values of 


vl gs is : 
Reynolds’ number, —) equal to those obtaining in 


full-size aircraft. In this expression, V is the wind 
velocity, 1 a linear dimension of the model and 
v the kinematic viscosity of the air, and it will be 
obvious that, if v is unaltered, a very high velocity will 
be required in the case of a small-scale model to make 
the value of the Reynolds’ number equal to that of the 
full-size machine. The kinematic viscosity, v, however, 
varies almost inversely as the pressure, so that by 
carrying out the test in air at a high pressure, it is 
possible to obtain the same number with a moderate 
velocity, and it is to enable this to be done that the 
variable-density tunnel has been provided. It will be 
possible with this tunnel to carry out tests at pressures 
up to about 25 atmospheres, and at this pressure a 
value of Reynolds’ number equal to the full-scale 
value could be obtained with a -},th scale model aero- 
plane and a wind velocity about half the speed of 
flight. 

A photograph of the tunnel erected at the works of 
the makers, Messrs. John Brown and Company, Limited, 
Atlas Works, Sheffield, is reproduced on this page, and 
an idea of its impressive dimensions will be obtained 
from the figure of the man stinding alongside. Actu- 
ally, the overall length is 50 ft. and the internal 
diameter 17 ft. The cylindrical portion is built up of 
four seamless hollow-rolled rings, the production of 
which is a noteworthy achievement in steel manu- 
facture. They are, we believe, the largest rolled 
rings which have been produced so far in any country, 
weighing 50 tons as rolled and measuring, in the finished 
state, 17 ft. in diameter internally, 7 ft. 6 in. in width, 
and 24 in. in thickness. The butt straps for the 
circumferential joints are constructed in six segments 
and connected by bolted flange joints, as will be 
clear from the illustration. 

tach of the hemispherical ends is formed by two steel 
castings, each pair weighing 26 tons, made at the 


Norfolk Works of Messrs. Thomas Firth and Sons, 
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Limited. One casting of each pair is in the form of a 
ring for the shoulder and the two are connected by a 
flanged joint with closely-spaced bolts. The nuts 
of these bolts, and of those connecting the butt straps, 
are cylindrical externally, hexagonal recesses being 
formed in them to enable them to be turned. As will 
be seen, a manhole, held in place by four bridges, is 
provided in the end to give access to the interior, and 
the mountings include a pressure gauge and two dead- 
weight safety valves all of which are visible in the 
figure. The method of supporting the tunnel, which 
weighs about 250 tons, in its present form, can also be 
followed from the illustration. It will be seen that 
two cast-steel brackets are fixed to each of the end 
rings, those at the rear end being bolted on to cast- 
steel pedestals and those at the front end being carried 
by rollers resting on similar pedestals. With this 
arrangement, the slight longitudinal movements 
accompanying temperature and pressure changes 
can take place without setting up additional stresses 
in the shell. The tunnel, we understand, has been 
subjected to, and successfully sustained, a hydraulic 
test pressure of 550 lb. per square inch. It will shortly 
be dismantled and transported by road to Teddington, 
where it will be erected in a special building now 
approaching completion. The auxiliary equipment, 
including the apparatus for automatically controlling 
the air speed designed by Mr. E. F. Relf and illustrated 
and described in ENGINEERING, vol. cxxvi, page 110 
(1928), will then be installed, and it is hoped that this 
work will have been completed by about the end of 
the present year. Its subsequent use by the staff 
of the Aerodynamics Division of the Laboratory 
should do much to advance the science of aerodynamics, 
and thereby to improve the design and construction 
of aircraft which so largely depend upon this science. 








LETTER TO THE EDITOR. 


THE INFLUENCE OF BRITISH MOTOR 
TAXATION ON PETROL-ENGINE 
DESIGN. 

To THE EpiTor or ENGINEERING. 
Str,—In his letter on page 776 of your issue of June 

13, Professor A. Coppens attempts to justify the 

Italian horse-power formula. I regret that I cannot 

agree with him. 





Firstly, the Italian formula is an erroneous version 
of the R.A.C., or Treasury rating. This may be seen 
at a glance in the equation deduced by Professor Cop- | 
pens, i.e., H = KNvé. This is based on similar engines, | 
so that vé may be replaced by D*, where D is the cylinder | 
diameter. All that has been said against the British | 
formula applies to the Italian, except that in the latter | 
there is complete freedom in respect of stroke-bore 
ratio. It is apparent, however, from the three-fold 
argument in my paper, that this freedom is of no impor- 
tance. 

Secondly, the exponent 0°6541, instead of %, is hard 


to justify. As I pointed out in my paper “ though 
small engines should lose more by cooling and viscosity 
than big engines, they gain in respect of combustion 
circumstances, so that over the usual range of car 
engine sizes, it is well recognised by designers that an 
engine of to-day should develop 8 h.p. or 9 h.p. per 
litre per 1,000 r.p.m.” If there is any evidence to 
justify an exponent greater or less than #, it would 
be of enormous importance in guiding design, but it 
can be asserted, without risk of error, that there is no 
evidence of interest to science or common sense that 
would justify the exponent 0-6541, with its four 
places of decimals, of which the last is unity. The 
coefficient 0-08782, purporting in its final digit an 
accuracy of 1 in 4,390, is even more absurd. 

The Italian horse-power formula assumes a constant 
piston speed, fixed by inertia stresses, and a mean- 
effective pressure decreasing as the cylinders increase. 
Thus, in a cylinder of 100 c.c. capacity, the work done 
per stroke is supposed to be 5-63 per cent. less 
than normal ; for a cylinder of 400 c.c., the difference 
is 7-25 per cent., and in a cylinder of 1,000 c.c. the work 
done is supposed to be 8-31 per cent. less than normal. 
By normal is meant the assumed performance implied 
in dimensional reasoning, and the absurdity of the 
Italian formula is manifested by the fact that this 
“normalcy ’’ is only realised in a cylinder of 1 c.c. 
capacity. 

The remainder of Professor Coppen’s letter concerns 
his own paper on ‘The Specific Power of Liquid 
Fuel Engines.”’ In that paper, he takes the dimensions 
and maximum power as claimed by makers, and in his 
Fig. 12 he plots the power per unit volume P, against 
cylinder volume v; for comparison, lines are drawn 
representing various constant values of P,wvi. He 
asserts that his plotted points “‘ are fairly well strewn ”’ 
along these lines. In spite of logarithmic plotting, 
the points are very much strewn, and this is not 
surprising. The real basis of the plotting is the R.A.C. 
formula or its volumetric equivalent quoted above. 
These formule involve an assumed mean-effective 
pressure and piston speed, which, as already emphasised 
in my paper, may be chosen at any time to suit the 
state of the art and the kind of engine used at that 
time. It is clear from the table at the end of Professor 
Coppen’s paper that no dimensional formula such as 
he uses could accurately represent the facts, because 
the mean-effective pressures vary so widely. Thus 
in water-cooled aero engines, these range from 7-98 
to 9-50 kg. per sq. cm. In air-cooled aero engines, 
the variation is from 7-65 to 8-74; in motor-cycle 
engines, from 5°50 to 9-30; and in car engines, from 
4°64 to 7:25 kg. per sq. cm. (1 kg. per sq. em. = 14-2 
Ib. per square inch). In fact, the engines listed by 
Professor Coppens are not similar engines even within 
each category. 

Yours truly, 
Chiswick, W.4. H. 8. Rowe tt. 
June 14, 1930. 

[Norr.—Our correspondent points out that the for- 
mula quoted by Professor Coppens should read H = 
0:08782Nv°-*™!, instead of H = 0°8782Nv°-*t,_Ep., E.] 
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THE SELECTION AND OPERATION 
OF PUMPING MACHINERY FOR 
WATERWORKS.* 


By F. E. F. Duruam, M.I.Mech.E. 


THovueu 56 per cent. of this country’s water under- 
takings employ some form of pumping machinery, 
and its selection and operation are of no small import- 
ance, only at infrequent intervals are papers read 
dealing with this particular section of our duties. 
There have, however, been many occasions when the 
experience obtained by others in this direction would 
have been of the greatest assistance to the author, and 
for this reason he, with the permission of the President, 
his chief, Mr. Henry E. Stilgoe, proposes to set out 
herein certain aspects of these matters, although, 
owing to extreme variations in values during recent 
years, the data available are very limited and difficult 
of comparison. Detail descriptions of the Board’s 








machinery will therefore be left to be made more | 
| 








in use, there will be for many years sufficient improve- 
ment to enable replacements on financial considerations 
alone to be made of machinery now being installed. 
Guaranteed steam consumptions with 200 lb. pressure 
and 100 deg. F. superheat of 9-8 lb. per pump horse- 
power and 9-5 lb. per indicated horse-power can 
now be obtained for reciprocating engines,.as compared 
with 7 lb. per indicated horse-power for the ideal engine 
working on the Rankine Cycle, while an increase of 
pressure to 400 lb. would only increase the efficiency 
10 per cent. 

Unlike aqueducts and reservoirs, where capital 
expenditure is almost the entire cost, machinery 
once at work entails for many years other charges 
over which our successors have no control and must 
accept as handed on by us. The magnitude of the 
sums involved is not always realised. At a pumping 
station recently installed by the Board at an estimated 
total capital cost of 180,000/. for machinery and 
buildings, including the provision of a further unit 
after an interval of 14 years, the total cost during 








Fig. 7. HIGH CLASS VERTICAL TRIPLE RECIPROCATING PUMPING ENGINE. 
STEAM CONSUMPTION AND MECHANICAL EFFICIENCY 
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of improvement, this formula, for large units, being 
+ 100 + 150 the 
oe 


——_——— _ and, for small units, 3 ee 
usage factor factor 


usa, 
usage factor per cent. being the overs continuous 
pump horse-power throughout the year multiplied 
by 100 and divided by the installed pump horse-power. 
If, in the actual plant under consideration, the working 
costs in pence per million gallons 1 ft. high is higher 
than that obtained by the formula, the possibility of 
replacement should be considered. 

In all probability, one controversial question that 
waterworks engineers will be called upon to consider 
in the near future will be to what extent they can, 
by the purchase of electric power, properly assist the 
great electricity schemes now being undertaken. 
For small plants, where automatic control would 
meet the requirements of the supply and obviate 
at least part of the relatively high percentage charges 
for labour, power purchased from a public electric 
supply authority would, in all probability, give the 
lowest overall cost. Apart from the economic problem, 





Fig.2. HIGH CLASS GEARED STEAM TURBINE & CENTRIFUGAL PUMP. 
STEAM CONSUMPTION & MECH.+ HYDR. EFFICIENCY OF PUMP. 





1200 400 600 1800 200 PHP 


600 800 1000 
Steam Pressure 200Lb.per Sg In. - Superheat 100°F. 
(eoss.8,) Vacuum 28-5ins.- Head on Pumps 200Ft. and over. 


“ENOINBERING™ 


Fig.4. COST OF HIGH CLASS VERTICAL TRIPLE RECIPROCATING ENGINES 


L CAPITAL COST & COST PER PHP. 


AT PISTON SPEED OF 250 FEET PER MINUTE. 
















< 100 
S30 
: . 
in 25 8 & 
& § 70 ~ 
S 20 = 3 
& ; & o00 & 
g s 3 
10 10 edatherties 000 
° * “thas ~~ 
: Designed PHP Fer | EY ee Pee ae 5 400 600 300. 1000. 1200 #00 PHP. 
o 160 320 480 640 800 960 120 (2086.0) 200 Feet Head & Over “memmmene 
(2086.c) Actual Continuous PHP. 80% Load Factor. .cnecensnc” 


advantageously at such of their works as may be 
visited. 

Unlike electrical power supply, where rapidly 
increasing demands provide the opportunity of installing 
larger and improved machinery at intervals of a few 
years, in most towns in Great Britain the increase in the 
consumption of water is relatively low, averaging, in 
London, about 0-9 per cent. per annum, and rarely 
permits the replacement of machinery until the normal 
completion of its life. The period depends, in the first 
instance, on the length of time in which it is unlikely 
to break down from either repeated normal or ex- 
ceptional stresses, or from general deterioration and 
loss of economy through wear of important parts not 
easily renewable; secondly, on insufficient capacity 
and unsuitable location arising from changing con- 
ditions and local migrations of population inside the 
area of supply; and finally on obsolescence arising 
from the superior efficiency of later types. 

In this direction, with fuel consumptions during 
ordinary work for long periods as low as 0-55 of a 
pound of oil per pump horse-power per hour for oil 
engines and 1-4 Ib. of coal per pump horse-power for 
steam engines, it does not appear probable that, 
unless water engineers are prepared to adopt pressures 
and temperatures much in excess of those at present 





* Paper read before the Institution of Water Engineers, 
on Wednesday, May 28, 1930. Abridged. 





the probable 40 years’ life of the plant was estimated 
to amount to over 1,000,000/., during which time 
it is unlikely any future chief engineer of the Board 
will have opportunity to do anything with regard to 
this plant but carry on. 

The Metropolitan Water Board, as the inheritor of 
the works of eight companies and three local authorities, 
has 100 pumping stations, containing nearly 300 engines 
of ages varying from 110 years to one year, and 
averaging 40 years, with an installed horse-power of 
204 per unit, operating at an average pump horse- 
power of 135, giving, in 1928-29, a load factor, i.e., 
average output per unit divided by the designed 
horse-power per unit, of 66 per cent. and a usage 
factor, i.e., average horse-power of output divided 
by the total installed horse-power, of 31 per cent., the 
steam pressure varying from 25 lb. to 250 lb. in the 
two last installations to be installed. Such small and, 
in the majority of instances, isolated units must 
perforce be relatively inefficient, yet it is only com- 
paratively slowly that existing works can, for financial 
reasons alone, be replaced by larger and more efficient 
stations with sufficient increase of overall economy 
to give an adequate return on the capital expenditure, 
though, at the moment, the Board have under construc- 
tion machinery for replacing 16 stations, and others 
are under serious consideration. 

In this direction, the following formula may be of 
use for obtaining a rapid approximation of the chances 





the possibility of interruption of supply by failure of 
the power cables, either from internal trouble or by 
injury caused by other users of the roadway, makes 
one hesitate to rely on such a source of power unless 
cables reaching the pumping station by different 
routes are available. 

At present, many of the Board’s more important 
works are some distance from the nearest trunk electric 
supply mains, but at Deptford their works are 
comparatively near to a power station of the first 
magnitude. When the machinery now being installed 
was first under consideration, a quotation of 0- 65d. 
per unit was obtained, the total estimated cost: (1927), 
inclusive of working and capital charges, for the elec- 
trical proposal being 6-25d. per million gallons i ft. 
high and 6- 15d. for the steam scheme now being carried 
out. The capital charges, in the latter case, included 
the estimated cost of sinking a new well and driving 
adits to three existing wells, the present cost for 
working expenses alone being 8-2d. per million gallons 
1 ft. high with a plant of an average age of 60 years. 
The entire capital cost of the new plant of 70 per cent. 
increased horse-power is more than covered by the 
estimated saving in working expenses. 

At times, the question may arise whether exceptionally 
favourable quotations for electric power may be 
obtained by not taking supplies during periods of peak 
loads, but where engines pump direct into service 
mains this does not appear practicable. The normal 
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period of peak load coincides very nearly with a period 
of high demand, say, shortly after 5 p.m., on winter 
evenings.. When pumping to service reservoirs 
through mains of any length, the increased friction 
head arising from the shorter period of pumping and 
the relative decrease in the capacity of the reservoir 
must be set off against any reduction in price per unit. 
In this direction, it may be taken that the total cost of 
pumping five million gallons per 24 hours through 
1 mile of 24-in. diameter main with a high-class plant is 
approximately 4s. per million, and four times that if 
the pumping rate is doubled. For pumping stations 
near a power supply and supplying a storage reservoir 
of many days’ capacity, where the operation of the 
pumping machinery could be arranged to suit the 
power station load and temporary stoppages would be 
without serious effect, it should be possible to come to 
mutually advantageous terms. 

To compete with modern steam pumping stations 
of large size with coal at rates prevalent in the London 
area, and where the maximum emergency demand may 


per hour unit is more useful for comparison with other 
power sources. The former, however, can readily be 
| converted to the latter by dividing by five. For units 
| of 200 to 500 pump horse-power with high usage factors, 
| the vertical triple-expansion slow-running reciprocating 
|engine driving reciprocating pumps direct, with a 
| consumption, per million gallons one foot high, varying 
from 9 lb. of coal of 14,500 B.Th.U. for units of 200 
p-h.p. with hand-fired boilers to 7 lb. of coal of 13,000 
| B.Th.U. for units of 1,000 p.h.p. mechanically-fired, 
| still holds a premier position. 

| Until lately, steam turbines driving centrifugal 
| pumps through gearing did not appear to offer superior 
| overall economy, except for “stand by” purposes or 
for units over 1,000 p.h.p., a size rarely required for 
waterworks purposes except in countries, such as 
America, with rapidly developing towns and high 
|consumption of water per capita. Recent improve- 
| ments, however, both in steam turbines and centrifugal 
| pumps, will probably bring the coal consumption down 
to about 7 lb. of coal per million gallons, one foot high 


for units over 1,500 p.h.p., increasing to 10 Ib. for units 


be 100 per cent. above the average, as during drought 
of 500 p.h.p., both with mechanically-fired coal of 


and frost, or when giving assistance to other than 


Fig. 5.COST OF HIGH CLASS STEAM TURBINES & CENTRIFUGAL PUMPS 
ESTIMATED TOTAL CAPITAL COST & COST PER PH.P. 
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normal areas of supply, the price of electric power | 13,000 B.Th.U. per Ib., capital 
should be in the neighbourhood of 3/. per kw. of |charges as well as fuel costs 





Head and Over. 33% Continuous Overload Capacity , 


include this item in their estimates, but when the works 
of the latter are in their own area it would be unfair to 
the higher class plant to charge payments for rates 
which would eventually be received by the representa- 
tives of the same ratepayers. 

Fuel Consumption.—In Fig. 7, the cost of coal is 
derived from the steam and coal consumption curves, 
Figs. 1, 2, and 3, with a percentage and constant for 
working conditions. Fuel oil is taken at 0-66 of a lb. 
per pump horse-power for units of 100 p.h.p. to 0-55 
of a lb. for units of 400 p.h.p. with 80 per cert. load 
factor. In recent years, owing to. abnormal changes of 
price consequent on the war, the coal and transport 
strikes, the correct apprisal of the future price of coal 
and its attendant charges has become increasingly 
difficult. Nevertheless, it is vital to make as accurate a 
guess as possible. 

During their last financial year, 1928-1929, the 
average price paid by the Board for coal guaranteed of 
14,200 B.Th.U. per Ib. was 24s. 6d. per ton or 9-5d. 
per million B.Th.U., compared with a pre-war price of 
7d. per million B.Th.U., an increase of 36 per cent. 
The average cost of coal per million gallons supplied 





Fig.6.COST OF HIGH CLASS GEARED OIL ENGINES & CENTRIFUGAL PUMPS 
ESTIMATED TOTAL CAPITAL COST & COST PER PH.P 
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Fig.7. ESTIMATED TOTAL COST OF PUMPING 
WORKING EXPENSES PLUS CAPITAL CHARGES FOR MACHINERY 

































































maximum demand and 0-34d. on unit, or the equiva- | decreasing steadily with higher 5 WITH RESERVE UNITS & BUILDIN 
lent total charge of 4d. per unit, the cost in areas where | powers. 6 UE RG RE RVG SITS BU DINGS 1-2 
the pumping station is adjacent to a coalfield being | ; The Metropolitan Water aN Actual Continuous PHF 50% Load Factor 
proportionately lower than in London. In this} Board have recently installed 55 N NS 11 
direction, it may be assumed that motor-driven centri-| machinery of the following g . = 
fugal pumps will consume about 1-1 kw. per pump | types :—Triple-expansion reci- \ <am 
horse-power at 75 per cent. load factor. | procating engines with recipro- N50 3 SSNS 10 8 
When considering the preparation of schemes for new | cating pumps; uniflow steam § \  < = 
Soa ‘ . é - : : sae : > \ . ow 
pumping stations, first thoughts may be directed to | engines driving centrifugal S45 \ =, 09 
reliability and, while modern machinery subjected in | pumps ; steam turbines driving = NY aS 
the interests of economy to much higher temperatures |conteitugal pumps; oilengines 5 NNN & 
and stresses and being more complicated, can hardly be | driving either reciprocating or %4-0 SS 8S 
regarded as equally reliable to the simple slow running | centrifugal pumps; Humphrey w SS ™ 
engines of past days, practically any type now made by | gas pumps; electrically-ope- = NS. 22,27. 3 
firms of repute may be regarded as sufficiently reliable | rated pumps ; and water tur- ‘aig AFA F j by 
if sufficient reserve plant is installed (a very important | bine driven centrifugal pumps. g Ss = | é 
consideration), and the engineers’ problem is to| In Fig. 7, the author has $3.0 Rens 06~ 
decide on the percentage of standby power and its | taken the probable life of the & Lirtgg Locating 50% F 
financial effect on his proposals. For important | following classes of machinery a. if FORT F ies tee oe, on 
a unassisted from other sources, there should | as —- or slow-running recipro- = por 200 300 400 500 600 700 800 900 1000 
»e, for slow running steam plants where one unit only is | cating engines working con- Designed PHP. per Unit 
in regular work, one unit in reserve ; where two units | tinuously, 40 years; steam = 66 Be So = aes ee ee” a 80 
are in operation, one in reserve ; and where three or | turbines as stand-bys, 40 years ; Actual Continuous PH P 80% Load Factor 
more are at work, two in reserve. For steam turbines, steam turbines working 50 per 200% Reserve tor Oil Engines & Turbines 
oil engines and electrically-operated pumps, two units | cent. of the time, 25 years ; oil (0266) 100% (Turbine) Reserve tor procating Engines exoyerrisc” 


in reserve for any size of plant, the demand for an | engines, 25 years ; electrically- 
additional unit over that required for the steam plant | operated pumps, 25 years; 


being based on the opinion that the normal slow running | Lancashire boilers hand-fired, 30 years; water-tube | throughout the Board’s area during this period rose 
steam engine will, if urgent necessity demands, still | boilers mechanically-fired, 25 years ; and buildings, 60| only 17 per cent., or from 39s. 5d. to 45s. 8d., or 21 


continue to operate, even if inefficiently, in conditions | years. The Electricity 
of adjustment and repair under which other types of | 20 years for machinery and generators, and Preece 


machinery would refuse to work at all. 


The selection of the type of machinery to be installed | 


is naturally governed by local conditions, the major 
factors being :—{1) Capital charges, depending on the 


| 22 to 25 years for boilers. 

The Board have at present in reasonably satisfactory 
operation units of the following ages: Cornish beam 
/engines, 110 years; rotatory beam engines, 75 years ; 





type of plant and reserve unis and on the rate of interest | vertical compound engines, 45 years; vertical triple 
and estimated life of the plant. This, in Fig. 7, has | engines, 43 years; Worthington triple engines, 36 
been: taken at 5 per cent. or 7-1 per cent., 5-83 per| years; Diesel engines, 16 years; steam turbines, 5 
cent., and 5-28 per cent., with repayment of the loan | years; Cornish boilers, 77 years; Lancashire boilers, 
at the end of 25 years, 40 years, and 60 years, respec-|55 years; water-tube boilers, 40 years; and have 
tively. (2) Fuel consumption per million gallons one | recently taken out of commission a Boulton and Watt 
foot high and its probable price per ton. (3) Wages.|engine after 112 years’ work. The Cornish and 
Capital Charges.—It will probably be found that, for | Lancashire boilers were, in most cases, made of Lowmoor 
very small units, automatic electrically or petrol-driven | iron for low pressures, 40 Ib. or thereabouts, and are 
pumps would be the most financially advantageous. | very easily worked. It is probable that a modern 
For units up to 200 h.p., or larger if with low usage | steel boiler, harder worked and with higher stresses, 
factors, oil-engine driven pumps with a fuel consumption | would not last more than half the time. 
of about 0-54 lb. per pump horse-power per hour or} An item which may affect the choice of plant is the 
2-7 Ib. per million gallons one foot high, would probably | higher rateable value of the more expensive classes of 
involve the lowest overall cost. Incidentally, the | machinery which, as a rule, also necessitate larger 
million gallons one foot high unit has herein been | buildings. Private companies and public authorities, 
adopted throughout, although the pump horse-power | whose works are outside their area of supply, should 


Commissioners recommend | per cent., after making allowance for the increase of 


economy of the whole supply through new machinery 
| at three stations. During this period, the “cost of 
| living ” figure rose 65 per cent. and pumping wages from 
26s. 6d. to 45s. 8d. per million, or 73 per cent. It would 
appear, therefore, that while wages are probably as high 
relatively to the price of coal as they will be for some 
years, coal prices may be expected to show a distinct 
upward tendency, and, for estimating purposes, covering 
a long period of years, not less than 5s. 6d. a ton should 
be added to the present price for Welsh large, and a 
proportionate sum on Northumberland nuts, making 
the estimated price 30s. a ton and 24s. 6d. a ton and 
10-7d. and 10d. per million B.Th.U., respectively. In 
adopting these prices for Fig. 7, additional support is 
derived from the fact that seaborne freight charges to 
London are now at an abnormally low figure, and from 
the somewhat obvious conclusion that although prices 
may rise over 100 per cent. they can only fall a fraction 
of that figure. 

The price of high-grade fuel oil, at present 70s. a ton of 
19,000 B.Th.U. gross calorific value, may be expected 
for some years to vary directly with that of coal, but as 
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WAKEFIELD. 


SINGLE-ROLL CRUSHER. | 
| 


CONSTRUCTED BY MESSRS. BRITISH JEFFREY-DIAMOND, LIMITED, 














working costs for reciprocating steam engines and 
pumps with steam turbine and standby, steam turbines 
with centrifugal pumps, and oil engines with centrifugal 
pumps. 

| (To be continued.) 


the proportion of available supplies is much less and the 
relative consumption increasing, it would appear 
probable that in later years it may show a further 
increase, and for these reasons 95s. a ton has been taken 
as the average price. : 
Wages.—For small installations at present relative 
rates, wages are probably the highest single item, and 
depend, as to the number of men employed, more on 
local conditions and personal opinion than on absolute 
engineering necessities; for instance, many public 
authorities would probably not permit, in very isolated 
positions, one attendant only on running engines. In 
Fig. 7, the staff required for continuous operation has 
been estimated to vary from 7 men for a reciprocating 
steam unit of 100 p.h.p. (i.e., two men per shift and 
one for Sundays and shift-breaking purposes), to 
15 men for a 1,000 p.h.p. unit, 7 to 12 men for steam- 
turbine plants, and 7 to 9 men for oil engines. The 
cost of stores, including lubricating oil, has been taken 
at 0-05d. per million gallons 1 ft. high for steam units | s.eder teeth, and small crushing teeth. The feeder- 
of 1,500 p.h.p., up to 0-14d. for units of 100 p-h.p., teeth break down the material before it comes in con- 
and for oil engines 0-14d. for 400 p.h.p., up to 0-17d. | tact with the latter. The machine is provided with an 
for 100 p.h.p. . | adjustable breaker plate of steel, fitted with a renewable 
Repair costs vary considerably, and the amounts | shoe where the heaviest wear occurs. The breaker plate 
on tke tops of copeioney then om Weel cotttonn |e aere st he ont oan ee 
. ° - . | and tensio: . > ss B 
In power plants or factories of large rege ene ging. | allow of the passage of the feeder teeth. The housing 
a large repairs staff, the actual time as oe ws strengthened by two large through bolts parallel 
repairs will give a correct figure, but in most waterworks, | 4) and below the roll, holding the side frames and 
| preventing chatter. 


a competent fitter must generally be constantly avail- 
able, whether occupied on actual repairs or not. For) The machine is provided with a heavy flywheel and 
The driving flywheel, of the belt 


Fig. 7, the cost has been taken as the wages of one | sale peimebenanee. 
| pattern, is not keyed to the shaft, but drives through a 


fitter for 100 p.h.p., increasing to one fitter and two 
Jabourers for 1,500 p.*.p. i ins i i i 
i : “hie calf, | Set of wooden shearing pins inserted in holes in the arms 
809 and 810, are probably self-| (the pulley. Should tramp iron or other material 


Figs. 1 to 7, on pages j 
explanatory, but may be misleading if too widely | put an undue strain on the roll, these pins would shear 


applied ; their probable accuracy at various points, how- | 
ever, can be estimated from the number of dots plotted. | 
The steam-consumption curves, Figs. 1 and 2, are based | 
on trial conditions; the positions of the full dots are 
obtained from trials made by the Board’s staff; the| 
open circles from published figures, and the crosses are |... y1,N SPECIFICATION FOR STEEL STRUCTURES.— 
the positions corrected to the equivalent of 200-Ib. | The Canadian Engineering Standards Association has 
pressure and 100 deg. superheat. Figs. 4, 5 and 6) recently published the second edition of their Standard | 
give curves of the capital cost of reciprocating steam | Specification for Steel Structures for Buildings, which is | 
engines, steam turbines with centrifugal pumps, and | designated No. A16-1930. Some radical revisions have 
oil engines with centrifugal pumps, respectively, and been made in the new edition. The chief of these is the 
include all piping within the engine house, erection, | ™!5'ng of the allowable unit stress for axial tension from 
and the services of contractor’s men during the period 
of maintenance. The dots and circles give the actual 
figures and the crosses the relative positions corrected, 
if necessary, to present prices in accordance with the 
cost-of-living index figure. The index figure is prob- 
ably slightly higher than the corresponding price for 
machinery alone, but does not differ very greatly from 
the variation in value per ton of machinery exported, 
obtained from the Board of Trade returns. In Fig. 7, 
the curves give the total estimated cost, inclusive of 
all capital charges for the machinery and buildings and | 








SINGLE-ROLL CRUSHING MACHINE. 


THE accompanying illustration shows a single-roll 
crusher constructed by Messrs. British Jeffrey-Diamond, 
Limited, of Stennard Works, Wakefield. This machine 
is intended to reduce run-of-mine coal to any size 
between 6 in. and 1} in. cube, in one operation. It is 
also suitable for other materials—such as cement, rock, 
slag, &c. The single roll of this machine is designed so 
that the crushing segments, made of close-grained 


They are attached to the cast-iron drum by bolts. The 
teeth fitted to each segment consist of a long row of 





mounted in large bronze bearings. Lubrication is 
arranged for by compression grease cups. 








| 


inch. 
increased. The column formula has also been revised, | 
and certain revisions have been made in the allowable 

unit stresses for bending, shearing, and bearing. Other 
revisions have been made to conform with the latest 
C.E.S.A. specifications for steel railway and highway 

bridges. In the appendix dealing with recommended 

live loads, the provisions for snow load on roofs and 

for wind load have also been revised. Copies of the new 

publication may be obtained, price 25 cents, from the 

secretary of the C.E.S.A., 303, Bryson Building, 178, 

Queen-street, Ottawa, Canada. 





ALLOYS FOR USE AT HIGH 
TEMPERATURES.* 
NICKEL-CHROMIUM AND CoMPLEX IRoN-NICKEL- 
Curomium ALLoys. 
By Dr. W. Rosrennatn, F.R.S., and C. H. M. JENKINS. 
(Concluded from page 782.) 
Nickel-Chromium-Iron Alloys Containing 0-5 per,cent. 
of Added Carbon.—In the short-time tests on the 


SOME 


| material containing 0-5 per cent. of carbon, the highest 


tensile strengths were found at air temperature in the 
iron-rich alloys which are affected by the y-« trans- 
formation in iron, and, in consequence, have become 


| air-hardened on cooling, but high values were also 


| appears in the 50/30/20 and the 40/30/30 alloys. 


found at air temperature in the region of the 20/40/40 
alloy, as was the case with the more or less carbonless 
alloy. The results of the tests at 650 deg. C. are, 
however, somewhat different; the greatest strength 
At 
800 deg. C., however, there is a considerable equalisation 
of the results, the highest value being 26-4 tons per 


| squareinch, and the lowest 15-2 tons per square inch, for 


a large number of ternary alloys. The relatively 
great strength of the 90/10 Ni-Cr alloy should, however, 


| be specially noted. 


In the prolonged-stress tests at 650 deg. C., the 


‘rolled 90/10 alloy is again markedly superior to the 
| 80/20 alloy, but there appear to be two notable 


maxima in the data as plotted in diagrams. The first 
is situated in the region representing alloys containing 


| 50 to 60 per cent. of iron with a chromium content of 


| possibly 10 to 20 per cent., and the second, in the 


region of 60 to 70 per cent. of nickel, 40 to 30 per cent. 
of chromium, and extending towards the 50/30/20 
Ni-Cr-Fe alloy. Further data relating to the alloys 
containing 10 per cent. of chromium are required 
before an opinion can be expressed as to the value of 


this group. 


As far as can be seen from the tests, it appears 


| that the effect of the addition of 0-5 per cent. of carbon 


| cast-iron or manganese steel, can be easily replaced. | 


is detrimental to the strength of the nickel-rich ternary 
alloys under prolonged stress, but, in the group of 
alloys containing 50 to 60 per cent. of iron, the addition 
of carbon is beneficial. The 90/10 Ni-Cr alloy seems 
to be definitely improved. Difficulties of preparation 
prevented the testing of the 70/30 and 60/40 alloys 
containing 0-5 per cent. of carbon, but it is probable 
that the resistance to prolonged stress will be better 
than that of the 80/20 alloy. Although the material 
has not been tested in the heat-treated condition, it is 
likely that this condition would chiefly affect the 
iron-rich alloys, especially where tests are carried 
out at room temperature on material liable to harden 
on cooling in air. Temperatures of testing such as 
650 deg. and 800 deg. C. are, however, relatively 
high and sufficient to bring about marked softening. 

Complex Nickel-Chromium-Iron Alloys.—The investi- 
gation of the alloys described in previous sections 
has shown that some binary Ni-Cr alloys and Ni-Cr-C 
alloys possess a greater strength at 800 deg. C. than 
the commercial nickel alloy containing 20 per cent. 
of chromium on which results have been previously 
published.+ The results of creep tests on Ni-Cr and 


| Ni-Cr-Fe alloys made it desirable to attempt the 


production on empirical lines of a few alloys which 


| might be expected to be stronger at high temperatures. 


The effect of the addition of other alloying elements,, 
such as tungsten, molybdenum, silicon, and carbon 


|to various selected Ni-Cr-Fe alloys was therefore 


and the machine would stop. The crushing roll is | 


examined. The alloys were largely investigated 
in the form of chill-cast bars 1 in. in diameter, but 
attempts were made to reduce some of these alloys 
by forging. However, the results obtained after 
forging were, so far as the few tests yet available 
indicate, very considerably below those from the 
cast alloys. The majority of the alloys produced 
during this empirical investigation possessed complex 
microstructures, and, without doubt, the distribution 
of their constituents, as well as their actual composition, 


| was of great importance in increasing the resistance 


to prolonged stress at such temperatures as 800 deg. C. 
The results of the physical tests on the alloys are 
given in Table XVIII, page 812. The composition of the 
complex alloys tested are given in Table XVII. 
Particulars of these alloys are given below, not 


| Strictly in order of development, but so arranged 


| that the stages in the development and the effect of 


additions to the alloys can be more readily understood. 


16,000 lb. (7-14 tons) to 18,000 Ib. (8-0 tons) per square | A general comparison of the properties of the alloys is 
Other unit stresses have been correspondingly | shown in Fig. 24, page 812, which indicates the life of 


the specimens under prolonged-stress tests. The effect 
of the addition of tungsten to the alloys was first 
investigated. In view of the beneficial effect of an 
increased chromium content in the binary Ni-Cr alloys, 





* Communication from the National Physical Labora- 
tory, read before the Iron and Steel Institute, London, 
on Friday, May 2, 1930. Abridged. 

+ See ENGINEERING, vol. cxx, pages 614, 648 and 746 
(1925). 








812 


ENGINEERING. 


[JUNE 20, 1930. 








an increase in the chromium content from 20 to 30 per 
cent. was thought desirable, although some of the 
alloys contained only 20 per cent. Silicon and 
carbon were also added in view of their hardening 
action. 

Alloys Containing 20 per cent. of Tungsten.—In 
alloys Nos. 157, 158 and 160, the chemical composition 
and mechanical properties of which are shown in 
Tables XVII and XVIII, an attempt was made to 
investigate the merits of the metals available to form 
a basis of the special alloys. The alloy containing 
no nickel (No. 160) was extremely brittle and unsuitable 


but which contained 1-20 per cent. of silicon and 1-09 
per cent. of manganese. 

Alloys Nos. 184 and 185, one containing 1-5 per 
cent. of silicon and the other 2-5 per cent. of manganese, 
were produced in order to determine the effect of 
these additions on the strength of the alloys. The 
two materials had otherwise approximately the same 
composition as No. 158 mentioned previously. The 
results of the prolonged stress tests, as well as the 
short-duration tensile tests at 800 deg. C., indicate 
that the addition of silicon increased the endurance 
of the alloy, whereas manganese diminished it. 





TABLE XVII.—CuemicaL ANALYSES AND PHYSICAL PROPERTIES OF SOME COMPLEX CHILL-CasT ALLOYS. 






































earliest complex alloys produced during this investiga- 
tion), did not give particularly good endurance under 
prolonged stress tests, but it is one of the few alloys 
capable of being wrought. Compared with the cast 
material, the rolled material, although exhibiting 
considerably higher strengths at atmospheric tem- 
perature and at 650 deg. C. under short-duration 
tests, gave markedly lower results in the prolonged 
stress tests at 800 deg. C. The wrought material 
would probably prove more suitable for use at lower 
temperatures, such as 600 deg. to 700 deg. C. 

| Alloy No. 183 was prepared for the purpose of 


| ig.244. PROLONGED STRESS TESTS AT 
| C.ON COMPLE X CHILL-CAST ALLOYS. 













































































| Composition. 2.0 
} oy 
sg Description. | | | eacana 
aly | wi | scr. Fe. w. C. Si. | Other Constituents. 
| Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 
| | 
ici epg icant a see aes | 
157 Ni base, high W content 49-65 | 29-3 0-26 | 19-49 | 0-99 — | SiO2 0-25, Cr203 0-05 em 
160 Fe base, high W content : - | 29-0* 50-0* | 20-0* 1-0 — | — ‘1 
158 Ni-Fe base, high W content .., 29-35 19-72 30-25 | 19-1 0-99 — | SiO2 0-11, Cr203 0-01 5 ce 
184 Ni-Fe base, high W content. | | | * &> 
: Effect of Si addition ..| 29-96 18-66 28-80 19-17 | 0-92 1-44 = e 
185 Ni-Fe base, high W content. | : ~—— 
Effect of Mn addition .| 30-0* | 20-0* | 26-0* | 20-0* | 0-79 0-02 | Mn2-5* & colkee 
204 Ni-Fe base, medium W R eae iy 
content - a .-| 30° | 30° 27-5* 10:0* | 1:5 1:09 | — ? 
139 | Ni-Fe base, low W content ) | | S %8-z 
139t | Ni-Fe base, low W content. +, 30-35 28-85 35-84 3-96 0-55 | — S 
As rolled }-in. diam. rod J | | £65 
183 | Ni-Fe base, low W content, | | 3 | ANB. 
Improved with higher C | | m4 XQ NB “783 
and Si ees ae] 80-15 | 28-55 | 35-00 | 3-79 | 1-34 1-05 N fe 
179 Ni-Fe base, containing Mo ..) 30-0* | 380-0* 35-5* | — | 0-5 0-23 Mo 4-0* = Sep 
119 | Ni-Fe base, low W content. ) | & ce 
Containing Al and Si ee | o-. | " | —_ aT 4ke ae 
119¢ | Ni-Fe base, as rolled }-in.;| 20°0* | 27-0 | 48-0% | — 0-46 | M3-0 i 
diam. rod J } | a 7NB.|-——_ 
186 Ni-Fe base, containing Ti 30-78 19-7 | 42-98 | — | 0-94 0:37 Al 2-0, Ti 5-10 S 205 WB 
231 Ni-Fe base, containing Ti 30-0* | 20-0*% | 33-5* | -- | 1-0* -— Al 4-0,* Ti 9-5 al 
187 Ni-Fe base, containing V 29-0* | 20-0* | 30-0* —- 1-0* — y 20* a 
M ft | High Ni, high Cr steel .-| 26-50 | 14-00 | 53-10 | 3:59 | 0-46 1-20 Mn 1-09, V 0-028, ig 
205 High Ni, high Cr steel. | | | Cr203 0-026 
Prepared by N.P.L. in | | | | r™ —™ 
1-in. diam. chill-cast bars ..| 27-0* | 14-0* | 52-0* | 4:0* | 0-52 1-21 | Al1-3 : _| A.B: 
a ee, ee, ee on 20 40 60 86 
* Nominal composition as prepared. t+ Wrought material. (2038.6) Time in Days for failure to occur. 
TABLE XVIII.PHYSICAL PROPERTIES OF SOME COMPLEX CHILL-CAST ALLOYS. 
a ‘one az Se ea tea T 
| Short-Time Tensile Tests at— j 
| 1] Prolonged Stress Tests at 800 deg. C. Life in Days for Failure to occur. 
: i a. a rs | Stress in Tons per square inch. 
| Reom Temperature. | 650 deg. C. | 800 deg. C. \ 
Cast No. | ———— — —— || ——— SSS SS 7 
| 1] | 
png | Elonga- | Ultimate | Elonga- U Itimate | Elonga- | | | | 
Stress. | : | Stress. : Stress. | ; 1 . ™ ° °. 
Tons per | tion. | ‘Tons per | tion. Tons per , tion. | 8 | 6 ; | 4 3-2 2-8 2-4 
er ce Be: | ar ce 
| ‘sq. in. Per cent. | sq. in. | Per cent. sq. in. | Per cent, | | | 
| } | : ee. SS Sees | ETS: EORee Pee: _ 
_ | aie - : | | | aa ~ Laan | 
57 ite si | = 93. | » Sil = =a {1 | =I | = aaa | = 
_ | | oh ae. Ta — 18 46 N.B. _ aa ~ 
160 Too brittle to test; alloy possessed no useful mechanical properties. 
|f Flaw " | | | ; l —_ _— | 4-5 [-] | _ _ _ 
1588 14 “20-2 0-7 -— fm | oe fT eel = | 2 69 N.B. | = a te 
| { Spongy core _ 29: Pe g| [3] = | uate as ca = 
- ee l | oi ic: | a 12} | 62 N.B _ ; oo _ -- 
g Spongy core | = 4 | f | — [-] [2] _ _ _ — 
185 | 21-6 ] | | 18-8 | 1:5 | at | 4h | 14 | 31 | = ay ae 
P | . | Sees ‘ } ‘f = Flaw as | rary Sa Be 7 
204 | 19-1 | — | 19-0 | 0-5 1 _ Prive ae | 4 | <a ina = 
| Q1. | ° 21.7 | ‘ | 9-15 | 9.5 — _— | Flaw Flaw — — _ 
139 | 31-0 | 2 21-7 | 3 | 20:15 | 3:5 a a | 7 | 123 | 18 Xa =n = 
s | < . 38.6 9 | Aly d 5 | ae pore =— mahi 2 : ido 
139* | 665 | 2 38-3 | 2 | (18-7 45 = = | = | a / ru 2h r 
¢ ° | 9 7 ace! 20. m | {2] Flaw | —_— | —_ —— -—— a= 
183 | 48-4 | 2 | | 30-6 | 4:5 154 50} | 68N.B. | — | = = ai 
179 | 23 | 2 Ban 17°3 2-5 {|| a = (13] S | = ice a 
| é; * , me _ [8] 9] | [3] — = 
119 26-1 <i -- | —_ 20-5 2 | ae — 10 | 21 | 554 ay zie 
119* | 58-0 - _ | — 17°8 } 18 1} — — — — | = , oat = 
33°: ‘ a | —_ | 20- { as {13] [9] =I | csc or = 
186 33 | 8 | 20-0 | (9 { one y | (91 oe > Re a ; 
e311 | 30-6 | 0-3 om | Cee Fs {| a, = j —*(210) as | = ai | = 
we, ae ’ | pa — — 1 3 6 — | = 
187 Testing | -- —- | 2289 | 2 i o — | 3 6 _ _ _ 
“e Lg _ aa ae | — [14:5] [16] [6] [2] [2] | [0-04] 
= oe Poe | ; ee fe a 1-2 6 | 2 | 1-2 =| 41 NB. 
1f Hollow \ | | | | (| — — Spongy: core | — | a et | — 
205 =|, centre + | 7 _ | _ | 12-9 | 2 <i | | | | 
27-4 J | ull a “— 7 | 45 — = | #2 
| | ! | | | 








* Wrought material. N.B. = not broken. (Test on specimen abandoned: no reasonable prospect of failure.) 


In prolonged-test columns, figures in square brackets above the number of days denote percentage elongation. 


even for the preparation of test-pieces. The Ni base 
and the Ni-Fe base alloys gave a good endurance to 
prolonged stress in the life tests. The Ni-Fe alloy, 
although having a lower chromium content, exhibited 
a strength somewhat similar to that of the Ni alloy. 
It was thought desirable to investigate the effect of 
many of the subsequent additions on alloys possessing 
a Ni-Fe base containing approximately 30 per cent. of 
nickel, but it is clearly recognised that the effects of 
additions to the Ni base alloy warrant further attention. 
The Ni and the Ni-Fe alloys gave an endurance of 
about 20 days to 5 tons per sq. in. at 800 deg. C. This 
is a slight improvement on alloy M, referred to later, 
which contained only 3-59 per cent. of tungsten and 
14 per cent. of chromium with 0-46 per cent. of carbon, 





Medium Tungsten Content.—An alloy (No. 204) 
containing 10 per cent. of tungsten with 1 per cent. of 
silicon, 1-5 per cent. of carbon, and 30 per cent. of 
chromium was prepared. The alloy appears to differ 
from those containing 20 per cent. of tungsten, pre- 
viously mentioned, and also from those with 4 per cent. 
of tungsten referred to later. It is possible that 
some of the carbon is present in the form of graphite, 
and is not retained as a complex carbide or in solid 
solution. The strength appeared to be lower than 
that of alloys containing a greater or less proportion 
of tungsten. 

Alloys Containing 4 per cent. of Tungsten.—Alloy 
No. 139, containing 30 per cent. of chromium, 30 per 
cent. of nickel, and 0-5 per cent. of carbon (one of the 





examining the effects on alloy No. 139 of an addition 
of 1 per cent. of silicon and an increase in the carbon 
content from 0-5 to 1-5 per cent. The nickel, chro- 
mium, and tungsten contents were kept constant. 
These modifications in the composition resulted in a 
very considerable improvement in the strength. Ordi- 
nary tensile tests at 800 deg. C. gave a value as high 
as 30-6 tons per square inch, and under prolonged 
stress test a stress of 8 tons per square inch was with- 
stood for 15} days. The difference between alloys 
Nos. 139 and 183 is marked. More recent determina- 
tions indicate that alloy No. 183 underwent hardening 
either during cooling or in subsequent service. _ 
Alloys Containing Molybdenum and Vanadium.— 
Alloys Nos. 179 and 187, containing, respectively, 4 per 
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cent. of molybdenum and 20 per cent. of vanadium, 
with no addition of silicon, did not behave so well 
under prolonged stress as Alloy No. 139, although they 
were similar in type, except for the special alloying 
elements, molybdenum, tungsten, and vanadium. 

Alloys Containing Aluminium and Titanium.—Alloys 
Nos. 119 and 186 contained 3 per cent. of aluminium 
and about 5 per cent. of titanium, respectively. The 
use of ferro-titanium introduced 2 per cent. of alumi- 
nium into the latter alloy. Under prolonged stress 
these alloys exhibited an endurance superior to that 
of alloy No. 139. The titanium alloy may be capable 
of further improvement by an increase in the carbon 
content and the addition of silicon. An increase in 
the proportion of titanium from 5 to 10 per cent. 
resulted in a marked fall in the various values for 
the strength. 

High Nickel-Chromium Steel.—The results of tests 
made on Alloy M, reported elsewhere,* are given in 
Tables XVII and XVIII for purposes of comparison. 
In that report, this alloy is stated to possess a creep 
limit of 2 tons per sq. in. at 800 deg. C., 6 tons per 
square inch at 700 deg. C., and 11 tons per square inch 
at 600 deg. C. Alloy No. 205, similar in composition 
to alloy M, was prepared in the Laboratory and tested. 
in the cast state. The higher results at 800 deg. C 
on alloy No. 205, as compared with alloy M, confirm 
the opinion that material in the cast state at 800 deg. C. 
exhibits a greater strength than in the forged or other- 
wise wrought condition. 

General Considerations—The general features in 
Tables XVII and XVIII call for close examination. 
Some alloys which perform well under prolonged 
stress have a low tensile strength, below 30 tons per 
square inch, at room temperature, and this strength 
falls to 20 tons per square inch at 800 deg. C., as 
indicated by the usual short-time tensile tests. Alloy 
No. 183 has a tensile strength of over 30 tons per 
square inch at 800 deg. C., and the cast material 
also possesses the highest tensile strength of any of 
the chill-cast alloys at atmospheric temperature. 
The wrought materials Nos. 139, 119 and M, have 
high strengths at atmospheric temperature, but low 
strengths (17-3 to 18-7 tons per square inch) at 800 deg. 
C. In the cases in which it was possible to determine 
the difference, it was found, in these special alloys, 
that the tensile strength (short duration) at 800 deg. C. 
was greater for cast material than for wrought material, 
whereas in the binary Ni-Cr alloys this did not always 
appear to be the case. At 650 deg. C., the rolled 
material is stronger than the cast metal under short- 
duration tests. A comparison is not possible in the 
Ni-Cr-Fe alloys, as no cast material was tested. 

The relationship of performance at 800 deg. C. 
under prolonged stress to short-time tensile strength 
is not at all certain, although some prominent points 
arise. It appears, in general, that a high strength 
at 800 deg. C. is desirable in cast material ; nevertheless 
a high tensile strength, exceeding 45 to 50 tons at 
atmospheric temperature, does not appear to be neces- 
sary. The percentage decrease in strength under 
the usual tensile test at 800 deg. C., compared with 
that at atmospheric temperature, appears to be an 
important factor, and a high ratio of tensile strength 
(short-time test) at high temperature to that at room 
temperature is probably as important as a high tensile 
strength at 800 deg. C. When an alloy possesses 
both of these properties it is likely to offer a good 
endurance to prolonged stress. 

From the general nature of the results, it is very 
probable that if these complex alloys were tested 
at 650 deg. C. or at 1,000 deg. C., they might bear a 
very different relationship to each other. The alloys 
with a high decrement in strength with rise of tem- 
perature, such as is found in the worked material, 
would appear to possess very favourable properties at 
650 deg. C., whereas alloys with a low decrement, 
such as may exist in the complex alloys containing 
aluminium and tungsten, might show very much 
more favourable results in a comparison at 1000 deg. C. 
Of the alloys described in this paper, No. 183 appears 
to possess most valuable properties at 800 deg. C. 
The slight alteration in composition between alloys 
No. 139 and No. 183 points to the importance of small 
changes in composition which may profoundly affect 
the strength of the alloy. Other complex alloys may 
be equally subject to the effects of small proportions of 
elements, such as carbon, silicon, &c. 

_ It will be seen that the present preliminary explora- 

tion of a very wide field has yielded some results of 
considerable interest and possibly of practical import- 
‘nce for special purposes. What is, perhaps, more 
‘mportant is that it serves to show the possibility of 
electing a very marked improvement in steels and 
alloys of existing types by the carefully controlled 
addition of other elements, so that considerable further 
advances in materials for use at high temperatures 
may be anticipated. 
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EXPANSION AND COMPRESSION 
STEAM GOVERNOR GEAR. 


In the article on governor gear for high-speed reci- 
procating steam engines, on page 570 ante, we referred 
to the effect on the Sankey line of altering the com- 
pression point by the governor. We are now enabled, 
by the courtesy of Messrs. W. Sisson and Company, 
Limited, Gloucester, to reproduce a diagram of com- 
parative total water curves of differently governed 
engines which illustrates our point very well. On this 
diagram, which is shown in the accompanying figure, are 
plotted three curves on a load basis extending from 
no-load to a 25 per cent. overload. The well-known 
Willans line for a throttle-governed engine is shown 
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by a chain-dotted straight line, and below it, from 
4 load upwards is a full line representing the Sankey 


curve of total water for an engine governed by automatic | 


expansion. The part of the Sankey curve at low loads is 
continued by a dotted line in its characteristic concave 
form. The full line, however, below } load, which is 


relative consumption of an engine governed auto- 
matically both as regards expansion and compression 
on the low-pressure as well as the high-pressure cylinder. 
The reversal of the curvature, which brings the mean 
line of the low load curve approximately parallel with 
the Willans line, is very striking, and is caused by the 
alteration of the compression point and the resultant 
superheating effect referred to in our article. Where a 
single plant is used for very different loads, this im- 
provement at low loads is important. Above } load 
the Sisson line coincides with the Sankey line. 








BritisH STANDARD SPECIFICATION FOR ELECTRICITY 
MerteErRs.—Although a revision of the British Standard 
Specification for electricity meters was issued as recently 
as April, 1929, a further revision has now been published 
by the British Engineering Standards Association. The 
new edition, however, differs from the 1929 edition only 
in the addition of a clause relating to standard terminal- 
connections, and a series of diagrams illustrating these 
connections. These terminal-connections are a manda- 
tory feature of the specification, and therefore constitute 
a very important addition which is of interest to both 
manufacturers and users of meters. The specified limits 
of error, which were appreciably reduced by the 1929 
edition, remain unchanged, and meters having an accuracy 
within the limits laid down by the specification would be 
classed as Grade I. if the proposals recently made by the 
International Electrotechnical Commission became effec- 
tive. Copies of the specification, designated No. 37— 
1930, may be obtained, price 2s. 2d., post free, from the 
B.E.S.A. Publications Department, 28, Victoria-street, 





London, 8.W.1. 


lettered as the Sisson line, shows the greatly superior | 


CATALOGUES. 


Machine Tools.—A folder illustrating vertical auto- 
matic turning machines for chuck and centre,work, is 
to hand from Messrs. Thomas Ryder and Son, Limited, 
Turner Bridge, Bolton. 

Shearing Machines.—Messrs. Henry Pels and Company, 
Limited, 40, Osnaburgh-street, London, N.W.1, have 
jssued a list giving particulars of presses, punches,” and 
shears in stock or in progress. 


Feeder Pillars.—We have received from Messrs. Siemens 
Brothers and Company, Limited, Woolwich, London, 
8.E.18, a list of low-tension feeder pillars constructedfof 
rolled-steel plates with cast-iron hoods. 

Gas Lighting—The current issue of the monthly 
journal of the British Commercial Gas Association, 28, 
Grosvenor-gardens, London, S.W.1, deals specially with 
the advantages of gas lighting for shops. 

Gas Heater.—A gas fire, or heater, which, it is claimed, 
| may be used without flues, is dealt with in a catalogue 
| received from Messrs. Lawson Manufacturing Co. (1926) 
| Ltd., 31, Gifford-street, Caledonian-road, London, N.1. 

Tyre for Milk Churns.—Messrs. Macinlop, Limited, 
Cambridge-street, Manchester, have sent us a circular 
illustrating a rubber cushion tyre for attachment to 
the bottom rims of the churns used for transporting milk. 


Welding.—The application of the electric and gas 
processes to the welding of structural steelwork, boilers 
| and the repair and construction of railway plant, is 
discussed in the monthly publication issued by Messrs. 
| Alloy Welding Processes, Limited, Forest-road, London, 
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Electric Light Fittings.—Some further priced lists of 
reflector fittings for industrial and domestic use, and 
floodlights for public buildings, are to hand from Messrs. 
Korting and Mathiesen Electrical, Limited, 715, 
Fulham-road, London, 8.W.6. 

Light Signs.—Messrs. Light Radiators, Limited, 

| Medway House, Old Cavendish-street, London, W.1, 
| have sent us a sheet illustrating their light-radiator 

coloured signs for vehicles and fixed positions, with 
| fittings for electric lighting at night. 

Heating.—Mr. Darcy Wentworth, 26, Victoria-street, 
| Westminster, London, S.W.1, has issued a further 
| circular describing the Linfield heater, which injects 
steam into hot-water circuits in order to accelerate the 
circulation and provide a means of control. 





| Welded Vessels.—We have received a series of illustra- 
| tions of welded vessels made by Messrs. Robert Jenkins 
| and Company, Limited, Rotherham, including large and 
| small tanks in mild and stainless steel for low and high 
| pressures, and also open pans, trays, liners, &c. 
|  Aeroplanes.—An illustrated circular of Junkers all- 
| metal light aeroplanes, in touring and elub or school 
| types, is to hand from Messrs. Trost Brothers, 104, 
| Victoria-street, London, S.W.1. A short specification 
' and a performance table are given, and prices are stated. 
| Valves—We have received from Messrs. Jenkins 
| Brothers, Limited, 6, Great Queen-street, London, W.C.2, 
'a circular illustrating valves with bronze bodies for 
| }-in. to 3-in. pipe connections, and suitable for steam 
| pressures up to 150 lb. and water pressures to 250 Ib. 
| per square inch. 
| Worm Gears.—A list of worm reducing-gear units in 
| totally-enclosed casings is to hand from Messrs. Keighley 
| Gear Cutting Company, Aireworth-road, Keighley. Two 
| standard sizes, transmitting from } h.p. to $ h.p., and 
| 1 h.p. to 2 h.p., are shown, and in each, 5 ratios ranging 
| from 7} to 1 to 30 to 1 are made. Prices are stated. 
Marine Electrical Machines.—A list of marine type 
| generators and motors is to hand from Messrs Bruce 
| Peebles and Company, Limited, Edinburgh, illustrating 
| generators of 1,000 kw. and 125 kw. capacity, motors of 
| 14 h.p. to 30 h.p., and an electro-hydraulic steering-gear 
motor. A list of ships on which the firm’s electrical 
| machines have been installed is also given. 


Heat Insulation and Packing.—We have received from 
Messrs. Celite Products Corporation (and Johns Manville 
Corporation), U.S.A., several booklets describing their 
flax, wool, asbestos and copper packings, Silocel insulation 
and firebricks and the mining and manufacture of 
asbestos. The London address of the Corporation is 
Windsor House, 46, Victoria-street, London, 8.W.1. 


Economisers.—A stop piece to prevent the loss of 
draught and the escape of sparks through economiser 
chain holes is dealt with in a circular received from 
Messrs. Power House Components, Limited, Albion 
Chambers, King-street, Nottingham. It has a cruciform 
hole to clear the chain, remains in position by its own 
weight, and is made in halves, held together by bolts. 


Bonding Lead-Sheathed Cables.—Messrs. W. T. Henley’s 
Telegraph Works Company, Limited, Holborn-Viaduct, 
London, E.C.1, have sent us a circular describing a tool 
for making soldered bonds on the lead sheathing of cables. 
The tool clamps the bonding wire to the cable and 

rovides a mould into which the solder is poured. We 
| also received from this firm a pamphlet illustrating 
the efiect of the recent South Wales floods on the electrical 
equipment, as well as a copy of their house journal. 

Air Compressors.—A catalogue of engine and air 
compressor units for such work as starting heavy gas 
and oil engines, has come to hand from Messrs. The 
Hamworthy Engineering Company, Limited, 76, Victoria- 
street, London, S.W.1. The pressures provided for are 
300 Ib. to 1,000 lb. per square inch, and the engine powers 
range from 4 b.h.p. to 11 b.h.p. Petrol and oil engines 
are employed, with single or two-stage compressors. 
Prices and shipping particulars are stated, and a specifica- 
tion covering all the principal parts is given. 
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MOTOR-CAR PARKING MACHINE. 


THE rapid increase in the number of motor cars in 
service during recent years has, in many instances, 
resulted in great difficulty being experienced in finding 
accommodation for the machines in urban areas, while 
their owners are engaged. In many industrial concerns, 
especially in the United States, a considerable number 
of the employees travel to and from their work in 
motor cars for which accommodation has to be pro- 
vided, often in localities where the space is badly 
needed for other purposes. In these circumstances, 
a device by which the space required for parking 
motor cars can be materially reduced should be of 
general interest, and such a device has recently been 
developed by Messrs. The Westinghouse Electric and 
Manufacturing Company, East Pittsburg, Pa., U.S.A. 


The particular example which we _ illustrate in | 
Figs. 1 and 2 on this page is installed at the company’s | 


works, and is capable of accommodating eight cars on 
a ground area only slightly in excess of that occupied by 
two. It consists, as shown, of a rectangular framework 
constructed of rolled-steel sections and incorporating 


mechanism similar in principle to a large vertical | 


elevator. At each end of the structure, a continuous 


chain passes round a pair of sheaves, and to these | 
chains are attached brackets, from which eight cradles | 


are suspended in such a manner that the platforms of 


the cradles always remain horizontal. The method | 


of suspending the platforms is most clearly seen in 
Fig. 2, which shows the lower part of the installation 
on a rather larger scale than that of Fig. 1. The chains 
are driven by an electric motor, the operation of which 
brings each cradle, in turn, into such a position that 
the platform it carries is on the ground level in the 
centre of the framework. In this position, the motor 
is stopped and a car is run on to the platform. On 
restarting the motor, this car is carried up and the 
next cradle brought round to the ground level, ready 
to take the next car, and so on, until all the platforms 
are occupied. A certain amount of unbalanced load 
is apparently unavoidable, but this can be reduced to 
the minimum by arranging for cars to be loaded on to 
platforms on opposite sides of the chains. 

The apparatus, it may be mentioned, can be made 
to operate automatically by coin control, if desired, 
no attendant then being required. The method of 


operating the installation at the East Pittsburg works | 


is, however, as follows :—After running his car on to 


one of the platforms, the driver pulls a lever to raise | 


the car and bring the next cradle to the ground level, | 


as already explained, and at the same time a numbered 


check is delivered to him. Later, when it is required | 


to take the car away, the driver presses a button 


numbered to correspond to the check, and this starts | 
up the motor, which continues to run until the particu- | 
lar car required is brought to the ground level, when it | 


automatically stops. 

Installations of this type could obviously be built 
into new or existing buildings, or could be erected in 
groups on any available site near a congested-traffic 
area. The latter arrangement, it is pointed out, by 
eliminating the need for parking cars in thoroughfares, 
would enable the latter to accommodate a greater 


volume of moving traffic. It is also suggested that | 


installations of the type described might be employed 
as terminal stations for motor omnibuses, or even 
tramway cars. 


MANUFACTURE OF WHITING IN CaNnaDa.—A firm in 
Toronto, Canada, is desirous of receiving, from United 
Kingdom firms, catalogues and literature dealing with 
grinding, screening, and drying machinery as used in 
the production of whiting. British manufacturers can 
obtain full particulars regarding this inquiry on applica- 
tion to the Department of Overseas Trade, 35, Old Queen- 
street, London, 8.W.1, quoting Reference No. A. X. 9550. 


THE NaTIonaL Prysitcat LABORATORY IN 1929.—The 
Report of the Executive Committee of the National 
Physical Laboratory for the year 1929, now amounting 
to 298 pages, has been published by H.M. Stationery 
Office, for the Department of Scientific and Industrial 
Research, at the price of Ills. net. The volume of 
work carried out for firms and for outside bodies has 
been greater than in any previous year, and has, in some 
departments, notably in the Tank, seriously interfered 
with research. The organ.sation of research is now 
under the control of a general research committee and of 
three other committees, for electrical units and standards, 
for high tension electrical matters, and for the metallurgi- 
cal and engineering research on materials, in addition to 
the original advisory committee for the William Froude 
National Tank. Progress has been made with the erection 
of the new physics building; the construction of the 
compressed-air chamber to contain the compressed-air 
tunnel is well advanced ; a commencement has been made 
with the erection of a special acoustics building, and the 
need of a suitable building for photometry, partly accom- 
modated recently in the high-tension building, is acknow- 
ledged. A second tank is also contemplated. One of the 
new problems taken up by the acoustics division in 
response to requests, is the study of noises, such as those 
made by motor horns, aircraft, &c. 





MOTOR-CAR PARKING MACHINE. 


























Barkhausen has been developed to measure the intensity of | This bar is made of Elinvar. Ordinary Invar is hardened 
these noises. The metrology department has obtained | by the cloud-burst method, the surface being bombarde:! 
promising results with a new vibration clock, consisting | with small hardened-steel balls dropped from a height. We 
essentially of a bar of accurately-known length which is | reserve our detailed comments on the work of the labora- 
The method of | maintained in longitudinal vibration by electrical means. | tory until after the annual inspection day, which is June 27. 
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THE MANDI HYDRO-ELECTRIC 
SCHEME ; NORTHERN INDIA. 


By C. F. Srrickranp. 


THE important scheme of the Punjab Government 
for the development of hydro-electric power in the 
Himalayas has recently been re-examined by a 
special committee, appointed at the request of the 
Punjab Legislative Council, and, despite the hostile 
criticism to which it had been submitted in certain 
quarters, has been unanimously endorsed, and is to 
to be continued to its completion. Electric light and 
power have hitherto been supplied to the towns and 
factories of North West India from small plants, 
municipal or private, which produce their current 
at a cost varying from jd. to 2d. per unit. The 
development of industry has been hampered by 
this high figure, and the Industrial Commission 
recommended the undertaking of power production 
by the agency of Government on a much larger 
scale. 

A thorough examination of the sites available in 
the nearer Himalayan ranges led to the selection of 


originally anticipated, but have now been suc- 
cessfully completed. The tunnel, which was 
next undertaken, presented new and unexpected 
obstacles. It was clearly impossible for an engi- 
neer, when preparing an estimate, to foresee the 
nature of the rock or other material in the centre 
of a 24-mile tunnel, 3,000 ft. below the crest of the 
mountain. The actual progress through a thick 
stratum of slimy clay and another of crumbling 
stone, which were encountered at a considerable 
depth, was disappointingly slow, amounting for a 
time to no more than 100 ft. per mensem. After 
passing this stage, the advance has been from 400 ft. 
to 500 ft. per mensem, as originally estimated. The 
delay, however, has been expensive, chiefly in cost 
of labour and supervision. 

The revision of the estimate, resulting from this 
misfortune and from the late delivery of certain 
machinery for construction, enhances the total to 
4,675,000/., a figure accepted by the committee of 


in fact, already arranged temporary installations for 
several towns, including the busy centre of Amritsar, 
with a view to their permanent supply at a later 
date. 

The production cost, according to the first estimate, 
was to be }d. per unit on the high-tension line and 
slightly over 4d. as delivered to the local plant. 
These figures must now, on the revised estimate, be 
raised to approximately 7d. and 3d. The Shannon 
figure for production is ;4d., and the Punjab engi- 
neers may pride themselves on a fine achievement 
if they are able, in a region of greater natural 
obstacles and far from the sources of machinery, 
finally to produce more cheaply than Messrs. Siemens- 
Schuckert, under much easier conditions. The Punjab 
project is, however, to be further developed. The 
network of lines, shown in the plan Fig. 2, will 
at first run from the foothills to Amritsar and 
Lahore, throwing off branches towards Jullundur 
and Ludhiana in the east, Lyallpur and the 





inquiry, and if no other mishap occurs, the work|Chenab canal area in the west, and Ferozpur 
should be finished in the winter of 1932-33, and|to the south. By constructing a dam on the 
current should be available in the spring of the | Uhl river and making use of an increased head of 
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a point on the Uhl River, a confluent of the Beas in 
Mandi State, 100 miles above railhead in the north of 
the Punjab. A plan of the area is given in Fig. 1. 
After consultation with Dr. H. E. Griiner, of Bale, 
Switzerland, an estimate of 3,500,000/. was drawn 
up, and construction was begun in April, 1926, 
under the supervision of Colonel Battye, R.E., Chief 
Hydro-Electric Engineer to Government. According 
to the project, the water of the Uhl will be drawn off 
at a barrage at an elevation of 6,000 ft., passed 
through a tunnel 9 ft. 3 in. in diameter and 2} miles 
long, shown in Fig. 6, page 816, in the ridge which 
here divides that river from the Beas. It will fall 
2,000 ft. to a power-house at an elevation of 4,000 ft. 
at Shanan or Jogindarnagar. From here current 
will be distributed by trunk lines to a network 
covering the Punjab, Delhi, and part of the United 
Provinces. Fig. 2 is a plan of this network. The 
spot chosen for the headworks, shown in Figs. 3 
and 4, page 816, is, however, inaccessible by road, 
the Mandi State being an imperfectly developed 
and a rugged tract of country. It was, therefore, 
necessary first to build a haulage way from the 
southern side of the range to the 8,000 ft. level, 
thence round the crest and down again to 6,000 ft. 
on the northern slope. These works, which are 
illustrated in Figs. 5 and 7, page 816, were carried 
out with considerable difficulty amid the heavy 
snows of winter and the torrential rains of the hot 
Season, at a distance of 100 miles from railhead, 
occupied 33 months in place of the 24 months 





latter year. The scheme will thus have required | water, an extension will be rendered possible by a 
64 years to construct, instead of the 4 years which | new trunk line to Simla, Ambala and the Patiala 
were estimated. Nevertheless, it has every prospect | State, and the supply available to the consumer will 
of success. The first part of the project, as above | then be about 70,000 kw. Again, it is proposed, 
described, will generate nominally 36,000 kw., and, by means of a further 3-mile channel and a fall 
after allowance for loss in transmission and for the | of 1,200 ft. to a power house at Kun, shown in 
diversity factor, the current available for distribution | Fig. 1, to bring up the capacity to 120,000 kw., and 
will be 38,250 kw., and the cost of production 1091. | feed the southern districts of the Punjab, Delhi itself, 
per kilowatt. This may be compared with the Shan- | and the western towns of the United Provinces. 
non station in Ireland, which produces 42,000 kw. The price to the consumer (factory or local plant) 
at a cost of 6,000,000/., or 142/. per kilowatt, and | will then be reduced to 0-52d. at the second and 
with the Perak River scheme in Malaya, for which | 0-44d. at the final stages. 

no final estimates are yet published, though the; The ability of North West India to absorb so 
kilowatt is likely to cost about 125/. or 1301. The | great a supply has been questioned, and one of the 
Shannon works, moreover, have also exceeded the | objections urged against the Mandi scheme before 
earlier estimate of cost (5,210,000. in December, the committee of investigation was based on such a 
1927), in consequence of difficulties, such as the sub- | doubt. It is, perhaps, relevant to mention that some 
sidence of a bank and certain miscalculations, closely | of the critics were advocates of a rival site for gene- 
resembling those of Mandi, and may be quoted to | rating hydro-electric energy, and their argument with 
show the impossibility of an exact forecast. The Pun- | regard to the inadequacy of demand would have 
jab consumers of electric power, both manufacturers equal force against every site. There is, however, 
and local authorities, have been canvassed with | no ground for alarm. The estimate as now revised 
regard to their requirements and their willingness to | provides only for the first stage of 38,250 kw., 
accept a supply over the new lines. The consumption | and reasons have been given above for believing 
in the province is, at present, 20,000 kw., and, at the |that this will be taken up. Cheap energy will 
existing rate of progress, should be 40,000 by the | lead to the growth of new industries. Cotton, 
spring of 1933. Consumers of 17,000 kw. have already | tanning, wool, paper and flour mills are operating 
promised to take current at a rate lower than that in Delhi and the Punjab; coal is known to exist 
of the small plants now in use, and there should be | in the Mandi State and in other submontane tracts, 
no lack of demand for the 38,250 kw. when available | while the field of electrical power in the develop- 
at an economic price. The hydro-electric staff have, | ment of small rural undertakings—cane-crushing, 
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water-lifting, and in certain districts, even mechani- 
cal ploughing, are almost unlimited. The meanest 
hovel in the suburbs of Srinagar, the capital of 
Kashmir, uses electric light, suspending the wires 
and bulbs precariously from crumbling beams or | 
the branch of a neighbouring tree, and the Punjabi 
peasant is not less appreciative of such comforts 
if they are placed cheaply within his reach. 

The committee of inquiry has, however, prudently 
advised that a halt be called and the whole plan 
of future expansion be reconsidered, when the 
first stage is in working order. The Back Bay 
disaster in Bombay has rendered the Indian public 
apprehensive of financial losses in engineering, and 
it is, no doubt, wise to hasten slowly. It is even 
possible that, as the rate of interest on Government 
loans is falling, a reduction in the estimates for the 
later parts of the work may be effected. Some of the 
extra cost incurred in the first section has already 
been recouped in this way. On the other hand, | 
time will show whether the earthquakes, which are 
frequent and occasional'y violent in the Kangra | 
district and the Mandi State, are a serious danger | 
to the tunnel or the power houses. It was forcibly | 
urged before the committee that the collapse of a | 
generating plant, from which the entire province | 
derived its light and power, would cause grave loss | 
to the economic life of the people. Meanwhile, 
the urban producer, perhaps also the farmer, will 
become familiar with electrical possibilities, and if 
the working of the earlier part of the scheme is 
successful, the future demand will not fail to grow. 

The Shanan power house will not be the last to 
be erected in the Himalayas; the rivers which issue 
from the steep valleys of that range offer an inex- 
haustible source of power, and will all, in turn, be 
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harnessed. The Punjab network, as now designed, 
will not cross the Jhelum river or utilise the waters 
of that great stream. There will hereafter be a 
network between the Jhelum and the Afghan 





frontier, based either on a Jhelum plant alone or 
on a combination of Jhelum and Swat river power, 
all linked up with the earlier Punjab grid and form- 
ing one interdependent net from Peshawar to Delhi. 
As recommended by the Industrial Commission, 
the task must remain in the hands of Government. 
No firm yet exists in India which can execute a 
work of this magnitude; neither is it desirable in 
that country to hand over to private control an 
undertaking of general public utility. Indian public 
opinion is insistently demanding the resumption of 
the leased railways by the State, and action is being 
taken accordingly as the leases fall in; the canals 
(with rare exceptions) belong to Government, and 
the great majority of the urban utilities (water, 
tramways, &c.) are managed and owned by the 
municipal authorities. It is inconceivable that 
India should vary this policy with regard to hydro- 
electric power, and the Mandi scheme, conferring 
benefits on a population of at least 30 millions, 
and bringing in valuable revenues to the Govern- 
ment, will confirm the opinion of those who favour 
a central and national control. 








PLATINUM METALS IN CanaDA.—Platinum is recovered 
in the treatment of the nickel-copper ores of the Sudbury 
district, and this constitutes the chief source of Canada’s 
platinum. The increased production of these ores, 
consequent upon the present extensive development 
programme, which is being carried out in the Sudbury 
area, indicates that Canada’s output of platinum metals 
is likely to increase. The 1929 production of platinum 
from Canadian mattes and residues, treated by Canadian, 
British and United States refineries, together with a 
small proportion of the metal recovered from alluvial 
sands, totalled 12,839 oz., valued at 741,790 dols. The 
1929 output of palladium, rhodium and other metals 
was 13,717 oz., worth 319,881 dols. 
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Pioneers of Electrical Communication. By Ro.tto 

APPLEYARD. London: Macmillan and Company, 

Limited. [Price 21s. net.]. 

Tue story of electrical communication carries us 
back two centuries, and to the seclusion of the 
Charterhouse in the City of London, where 
Stephen Gray experimented with silk and feathers, 
glass and ivory, grouping substances into electrics 
and non-electrics, conductors and non-conductors. 
He it was who first found that a charge of electricity 
communicated to one end of a long wire produced 
effects at the other end. For his investigations 
he received the historic Copley Medal of the Royal 
Society, his name being at the head of a long roll 
of distinguished men of science who have followed 
in his footsteps. Hawksbee, Desaguliers, Dufay, 
Boze, and Kleist were among Gray’s contemporaries, 
and through their work came the electrical machine, 
the condenser and other familiar apparatus of the 
eighteenth century. Again and again the passage 
of electricity along wires was demonstrated, and 
in the early part of last century various practical 
forms of telegraphs using frictional electricity were 
devised. But telegraphy, as we think of it to-day, 
made no important strides until after the invention 
of Volta and the work of Oersted, Ampére, Arago, 
Sturgeonand Ohm. These were the experimentalists 
who gave us the battery and by whom the funda- 
mental truths of electro-magnetism were discovered, 
and it is with them and their successors that Mr. 
Appleyard is concerned. 

Altogether there are ten sketches, beginning 
with an account of the life of Maxwell and ending 
with that of Ronalds. The other chapters are 
on Ampére, Volta, Wheatstone, Hertz, Oersted, 
Ohm, Heaviside and Chappe. It would have been 
an improvement had they been arranged in 
chronological order, while many readers would 
have appreciated a slight sketch showing how the 
work of each grew out of that of his predecessors. 
Much interesting matter is given besides that 
relating to electrical communication, but the 
outstanding events referred to are Volta’s letter 
of 1800 to Sir Joseph Banks describing the voltaic 
pile and battery ; Oersted’s discovery, in 1820, of 
electro-magnetism, ‘‘one of those lucky throws 
that come not twice in a thousand years” ; Ampére’s 
memorable papers of 1820 and 1822 ; the foundation 
of electrical formule by Ohm, “ whose life is lost 
sight of in a law” ; Wheatstone and Cooke’s patent 
of the first practical telegraph in 1837; Maxwell’s 
** Dynamical Theory of an Electro-magnetic Field,” 
of 1864; Hertz’s epoch-making demonstrations of 
twenty years later and Heaviside’s contribution 
to electrical science which were made in the ‘eighties 
and ‘nineties. . 

By the inclusion of Ronalds among the pioneers 
we are given a sketch of one who devised a telegraph 
as early as 1816, and who, for more than half a 
century, maintained touch with the advance of 
communication, while by the chapter on Claude 
Chappe (1763-1805) the author is enabled to give 
an interesting account of the modes of signalling 
in use prior to the electric telegraph. The sema- 
phores of Chappe were found all over Europe, and 
meteorologists interested in visibility and atmos- 
pheric pollution will find that, in the three years 
1839-42, the Admiralty semaphores between White- 
hall and Portsmouth were not available by reason 
of the state of the atmosphere for 323 days in 
London, 142 at Putney, and 65 at Portsmouth. 

Well-illustrated throughout, with photographs of 
the pioneers and their homes and haunts, their 
apparatus and their handwriting, skilful use has 
been made, in some instances, of correspondence. 
Mr. Appleyard’s travels took him to Lyons, Cologne, 
Munich, Bonn, Como, Rome, Paris, Amsterdam, 
and other places, and he acknowledges the friendli- 
ness which allowed a stranger to wander among the 
treasures of their laboratories, homes and libraries. 
Some of the riches he gathered are here displayed 
for us; but we are not confined to these pioneers, for 
ereat names meet us on every page. We learn that 
it was Fourier who first appreciated Ampére’s work ; 
that it was Fourier’s essay to which Ohm turned 
when studying conductivity ; while an investigation 


on the back of a bill for a copy of Love’s Old Sweet 
Song. The account of Heaviside will be found by 
some readers the freshest of all, as it is also the 
longest. Not many sketches of that great investi- 
gator have been written, and this should materially 
help to correct some conceptions that may possibly 
have been erroneous. 

If editors found Heaviside as perplexing a corre- 
spondent as others did the poet Francis Thompson, 
it was not for the want of good advice, and Hertz 
on one occasion wrote to him, “ If you would only 
take a good form, a book of yours on the theory 
of electricity would have a great success in England 
and abroad. But I fear you have some pride in 
this, not to yield to the understanding of others. 
I think this is a false pride; you certainly are not 
aware how very difficult your papers are to under- 
stand to others, and it is old wisdom that the 
many will expect you to come to them, and not 
come up to you, be your merits ever so great.” 
That was written in 1890 when Hertz was 33 
and Heaviside was 40. The latter lived thirty-five 
years longer, but he never took the advice. The 
isolation in which Heaviside lived was largely of 
his own making, but it is pleasant to read that 
there was neither destitution nor desperate poverty 
as has sometimes been asserted. 


Aufgaben aus dem Wasserbau Angewandte Hydraulik. 
By Dr.-Inc. Orro Streck. Berlin: Julius Springer. 
[Price 12 marks.] 

Ir frequently happens that an engineer mainly 

engaged upon a specialised branch of work finds it 

necessary to undertake the solution of problems in 

other branches, when he would greatly value a 

book which, not being a mere collection of data or 

purely a text-book, would show him the short-cuts 
of the specialist in these other branches. Dr. 

Streck’s book is one of this class in the branch of 

hydraulic engineering, presuming only such know- 

ledge of fundamentals as are possessed by most keen 
engineers. 

In all, the author takes 40 widely varying and 
numerically specified problems and works them out 
in detail, as would be done in practice, giving only 
the brief technical exposition necessary to freshen 
the reader’s memory of student times. 

The first section deals with hydrostatic problems, 
such as cofferdams, caissons, sluice-gates, &c., and 
is followed by practical cases of uniform flow through 
open channels, dealing very well with the “ section 
of maximum efficiency.” To show the practical 
limits of calculation, the same problem is frequently 
solved by a number of alternative methods, and the 
results are compared with each other to emphasise 
the unfortunate truth that this is not yet an exact 
science. 

In the next section, dealing with closed conduits, 
we are rather disappointed to find that the author, 
like every author of hydraulics texts we have ever 
read, omits to point out a limit, the neglect of which 
has frequently led to unsatisfactory results from pipe 
lines. Itis always stated that, if the open end of a 
uniform pipe lies H ft. below the free surface, the 


theoretical velocity of efflux is J/ 29H, whereas 
it is evident, but often forgotten, that, if the depth 
of submergence of the inlet is A ft., and the water 
barometer stands at 6 ft., it is utterly impossible 
for the velocity in the pipe running full to exceed 


/2g(h+ 6). This is a minor point sometimes, 
but at others vital. 

In dealing with pipe lines, the author goes slightly 
outside his province and briefly discusses stresses in 
pipes and anchorages, which is possibly a pity, in 
view of the greater utility of the true aims of the 
book. The section on variable flow, after evolving 
the differential equation of the free surface from the 
fundamental conception of the “ Energy-line,” 
works out a number of “ backwater” and “ drop- 
down” problems by the step-by-step method, and 
by the approximations of Riihlmann and Tolkmitt, 
and concludes by discussing the outlets of (we 
believe) the Isar plant in what we can honestly call 
the clearest and most comprehensive study of the 
type of discharge in which a syphon, basin, bell- 
mouth, and pipe-line are employed that we have yet 
had the pleasure of reading. 


are famed, the author deals also with surge chambers, 
drowned weirs, submerged orifices, rainfall and 
run-off, transport of debris, storage reservoirs, and 
water supply in general. 

Here he very wisely refers the reader to specialist 
treatises, but when one considers that his avowed 
aim is merely to show competent but specialised 
men how to apply the knowledge which they 
already possess but rarely need to use, and not to 
impart that knowledge ab initio, one is bound to 
confess that, even where his text is highly condensed, 
he has omitted none of the essentials. 

In aim and performance the book is a very 
welcome addition, and we can only repeat ouriregret 
that this branch of engineering appears in danger of 
becoming a German preserve. 





Disrupted Strata, By M. H. Happock. London: Crosby 
Lockwood and Son. [Price 16s. net.] 
Amone the many problems with which the mining 
engineer is liable to be confronted, are those con- 
nected with faulting of the seam or vein. Not 
infrequently, much valuable time is lost in searching 
for the faulted portion of a mineral deposit through 
insufficient knowledge of the natural laws governing 
the disruption of strata and inability to follow up, 
in a logical manner, those indications which are 
certain to be available in a greater or lesser degree. 
In the past, cases have been known where the 
search for a faulted portion has even led to the 
abandonment of a mine, the high expenditure on 
dead work, persistently continued on a falsely- 
reasoned theory, having exhausted the funds 
available. Although, it may be objected, such cases 
are rare, mention of them serves to emphasise the 
importance of a correct appreciation of faulting by 
those responsible for the technical side of mine 
operations. In practice, this usually comes within 
the scope of the mine surveyor. 
The author of the above work, who is Principal 
of Coalville Mining and Technical Institute, deals 
with the practical side of the subject from the 
surveyor’s point of view, purposely avoiding that 
aspect which treats with the dynamics and causes 
of faulting. The result is a conveniently-sized 
volume which deals with the problems of faulting 
in a thorough and practical manner, and should 
certainly find a place on the bookshelf of every mine 
surveyor. 
It is unfortunate that, in a subject which is already 
sufficiently intricate, the nomenclature of faulting 
should be so unsatisfactory, as it undoubtedly is. 
The author suggests, in his preface, that this is 
probably due to the common practice of “ portraying 
any kind of fault in simple end-views normal to the 
fault dip.” As this method gives no information 
regarding the strike of the fault and disrupted strata, 
such end views are often misleading. In calculating 
fault data, the strike is the most important direction 
to be obtained. 
The first chapter deals with definitions and 
primary considerations, and here it is made clear 
that three times as many dimensions are necessary 
as the usual hade, heave and throw which have 
hitherto been deemed sufficient. To the beginner, 
this will, perhaps, prove disconcerting, accompanied 
as it is with a rather long list of definitions. Yet 
these are essential to a correct appreciation of the 
actual characteristics of faults, and to enable the 
problems they involve to be solved mathematically. 
Information regarding the dip and strike of faults 
or of strata is often obtained by means of boreholes. 
The second chapter deals with this important subject, 
showing how various problems in this connection may 
be solved. Strike angles, face angles and intersec- 
tion lines assume definite aspects and magnitudes 
for each type of faulting, and hence afford important 
information in the location of dislocated portions 
of veins or seams. The author devotes a chapter 
to these features. Another chapter, which should 
be found particularly useful to the surveyor and 
mining engineer, is that entitled Locating the Dis- 
rupted Member. Other chapters are devoted to 
fundamental formule; rotational faulting; and 
to drifting or driving of headings in certain direc- 
tions with the object of connecting two or more 
points known or assumed. The presence of faulting 
on a large scale would influence not only the direc- 








by Heaviside of a Fourier’s series was found written 


With the thoroughness for which his countrymen 
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of such drifts, and thus the surveyor would have 
to deal with three dimensions for which methods of 
space analysis or spherical trigonometry may 
become necessary. 








THICK-WALLED TUBES AND CYLIN- 
DERS UNDER HIGH PRESSURE 
AND TEMPERATURE. 
By R. W. Batrey, A.M.I.Mech.E. 
(Concluded from page 786.) 

Thick Cylinder under Internal Pressure with 
Heat Transmission through the Wall.—The case of a 
thick cylinder under internal pressure and with 
heat transmission through the wall may be reduced 
to the case of uniform wall temperature by a modi- 
fication of the stress-log . creep or log . stress-log . 
creep diagram, in the way shown by the author in 
the paper already referred to. Two cases arise, 
namely, (a) the one common in engineering practice 
where heat is transmitted from the outside to the 
inside of the cylinder or tube, and the other (0) 
where the heat flow is in the reverse direction, as, 
for example, occurs in a chemical, reaction chamber 
when an exothermic reaction is involved. Both may 
be dealt with in the same manner. 

Case (a). Heat Transmission from Outside to 

Inside of Cylinder. 


Let K = coefficient of thermal conductivity of the 
metal. 

heat flow inwards across unit length of 
cylinder in unit time. 

temperature of wall at radius r. 

temperature of inside wall. 

temperature of outside wall. 


H : 


@ ‘= 
6, = 
6, = 
The differential equation for heat flow is :— 


2erk 4G? =H, 


d 
which, upon integration, gives :-— 


H 
6, —-O= Fa loge (39) 


But from equations (1) and (4) 


r 1 Cc 1 1) 
loge = ‘s loge :* 3 loge Ps 
Consequently 

2-303 H 
0, — 0 


on 
Eg 10gi9 t: 





(40) 


Equation (40) represents a linear relation between 
the temperature 6 and log ¢, and appears as a 
straight line EF in Fig. 7 at a slope y (due account 
being taken of scales) given by the relation :-— 
tan y = _~s. (41) 

4nk 

By means of the line EF, the case under con- 
sideration may be reduced to one of uniform tem- 
perature, as will now be shown. 

Referring to Fig. 7, the curves marked §,, §, 
and @,; represent the relation between f and log ¢ 
obtained by shear creep tests at the temperatures 
6 62 and §;. The ordinate G E is drawn at 
the permissible value of log ?,, where, of course, 
%, = 2C,. 

The point E corresponds with the wall tempera- 
ture 9, at the outside of the cylinder, and E F is 
drawn at the slope indicated by equation (41), a 
suitable temperature scale being chosen as shown 
at the right-hand side of the diagram. The line 


EF connects temperature with log $ and indi- 
2 


rectly with _ , thereby determining the tem- 


perature distribution through the wall of the 
cylinder. The resistance of the metal to creep, 
depends upon the temperature, and it will be 
apparent that the point I, for example, determines 
the stress f and corresponding log ¢, where the 
temperature is §,. Similarly, the point H deter- 
mines the corresponding values of f and log ¢ for 
a temperature @;. The curve GIH gives the 
relation between f and log ¢ taking into account 
the influence of temperature distribution, and it 
may be employed exactly as a relation between f 
and ¢ for constant temperature would be used in 
the case where there is no heat transmission. In 
practice, the range of log ¢ concerned in any 
problem will be such that the curvature of GIH over 





this range is negligible, and the corresponding 


value of m may be obtained and employed in the 
formule derived for the case where there is no heat 
transmission. 

The case where a linear relation between log f 
and log ¢ may be assumed is dealt with in exactly 
the same way as in Fig. 7. 

Case (b). Heat Tranemission from Inside to Outside 
of Cylinder. 

Employing the same symbols as in case (a) the 
same relations are obtained. except that H must 
be taken as negative. In effect, this change can 
be made in Fig. 7, by reversing the temperature 
scale, E, as before, representing the wall temperature 
at the outside (in this case the lowest temperature) 
and equal to, say, §;, and the other temperature 
6, and 9, being read below §,. Having made 
this change, the procedure remains as before, and 
the curve LIJ is obtained which represents the 
relation between f and log %, taking into account 
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heat transmission from the inside to the outside of 
the cylinder. It will be observed that, with heavy 
rates of heat transmission, the slope of LIJ may 
become negative, and thereby give rise to negative 
values of n for use in the expressions derived for 
the case where there is no heat transfer, when 
employed for the present case. 

As in case (a), it will be evident that the same 
procedure would be followed when the relations 
between logf and log¢ is linear. It may be 
added, however, that it is possible to show that 
the relations between log f and log¢ derived 
to meet the case of heat transmission may be ex- 
pected to be approximately linear. In the follow- 
ing, data obtained by Mr. F. H. Norton in his 
tensile-creep tests (The Creep of Steel at High 
Temperatures) is utilised in an example to illustrate 
the application of the preceding. 

Example.—An example will illustrate the case 
where there is heat flow, a linear relation being 
taken to connect log f and log ¢. Utilising as a 
basis tensile-creep test data given by Norton for 
an 0-42 and an 0:45 per cent. carbon steel, Fig. 8, 
probably represents roughly the relation between 
log f and log ¢ for the temperatures 900, 1,000, 
1,100 and 1,200 deg. F. It is required to determine 
the outside diameter of a cylinder of 20-in. bore for a 





working pressure of 2,000 lb. per square inch,‘given 
maximum metal temperature 1,100 deg. F.; 
permissible diametral creep rate at outside of 
cylinder 10-7 strain per hour; heat transmission 
through wall 20,000 B.Th.U. per foot square per 
hour at bore surface; and thermal conductivity of 
. B.Th.U. 
metal K = 6 x 10-* deg. F. inch sec. 
cases of heat flow, 7.e., in the direction towards and 
away from the cylinder axis, are to be considered. 
Case (a). Heat Transmission Towards Axis. 
H = heat transmitted per inch length of cylinder 


7X Ree 2-42 B.Th.U. per sec. 


units. The two 


~~ ‘144 X 3,600 
From equation (41) 
2-303 x 2-42 x 104 
4nx 6 

From equation (1) ¢, = 2 x 10-’. 

Referring to Fig. 8, ordinate ME is drawn at 
log ¢, and EF is inclined at y( = tan-! 738) to the 
horizontal, due account being taken of the log ¢ 
and temperature scales. The point E corresponds 
with the maximum temperature, which will occur, 
in this case, at the outside of the cylinder, i.e., at 
log ¢,. Intersection of EM with the logf x log ¢ 
line for 1,100 deg. F. marks a point G on the equiv- 
alent relation required which takes into account 
heat transmission. Similarly, projecting across 
from the temperature scale on to EF and down 
on to the log f x log ¢ lines for the same tempera- 
tures determine points I and H, and results in the 
equivalent log f x log % graph GIH. 

Referring to equation (38) the value of 5! for 
GIH is 3. The value of f, represented by point G 
is 760 lb. per square inch. Introducing p = 2,000. 


(14 2,000 x date 


= 738 deg. F. 





tan y = 


T? = 
i, 760 
or outside diameter of cylinder = 29 in., say, and 
Temperature drop through wall = 738 x 2 log 1-45 
= 238 deg. F. 
Case (b) Heat Transmission Away from Axis. 
Since the temperature of the cylinder is only 
known for the inside surface, 7.e., 1,100 deg. F., it 
is necessary to proceed by means of equation (36), 


putting 2f, = 2, -+ y,. Then 
h=p— 
2 
which gives : 1 
Sa ( “ P*) ~ 2% 
"1 fi 


Referring to Fig. 8, owing to the parallelism 
or substantially parallel character of the logf x 
log ¢ lines for different temperatures, the values 
of 61 for the derived line GIH is not affected in any 
practical case by the value of log ¢ employed to 
fix the positions of E. Similarly, the value of b' for 
JIL, which, from what has been said, will be seen 
to represent the present case, will not be affected 
by the positions of E. 

In the present case (line JIL) 5 has the value 
—2-7. As a first approximation, let it be assumed 
that ¢, = 2 x 10-7 (t.e., the permissible value of ¢,) 
in which case G represents f;, 7.e., 760 lb. per 
square inch. Introducing values 


1 
— 2,000 x 2-7)\5-a 
f= (1+ ) = 1-473. 
From equation (5) 
Cy _ oy 
Wi PL _ 1.473% = 2-17. 
C, oe 


As a small adjustment of the value of * will not 
greatly alter the ratio of C, to C,, it is now possible 
to estimate an approximate value of 4). 

Taking ¢,=2 x 10-’ x 2-17, the point I in 
Fig. 8 marks the corresponding position of f, = 890 lb. 
per square inch. 


Recalculating os : 
1 


(1+ 


Recalculation with a = 1-487 gives : = 1-438 
1 


as in the first case. 
Required outside diameter of cylinders = 29 in. 
Procedure in Experiment.—It has already been 
stated that there are very little data available upon 


1 
2,000 x = =— 1-487 
890 ; 
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oe of a under pure shear, few tests|log %, and displaced in the direction of log f by 
aving been made in torsion either upon thin-walled | b} ; 

tubular or solid cylindrical i ye Me hela, log ( 1+ =) The relation between log f1 and log 
the author hopes that he has demonstrated that | determines 6! and consequently the required 
such tests form the basis of a rational treatment relation between log f and log ¢ is provided. 

of the creep of tubes or cylinders under internal, Thus, test pieces of solid circular cross section 
pressure with or without heat transmission through | under torsion-creep tests can provide the informa- 


the wall. When the creep of metals under complex | tion that would be obtained from tubular speci- | 


stress is fully understood, it may be possible to| mens. Solid test pieces will generally be of cylin- 
base all cases upon the results of tensile-creep tests, drical form, but cases may arise, when approxima- 
which, on account of their simplicity in execution, | tion is permissible, where it is desirable to employ 
is desirable. Until this time is reached, the most | wire or rod of small cross section loaded as a spring. 
direct and reliable course appears to be via the! Conclusion.—In the foregoing, the strength and 
torsion-creep test. It is expected, therefore, that creep of thick cylinders and tubes under internal 
torsional-creep tests will become the immediate | pressure has been shown to have a rational con- 
means of dealing with the design and behaviour of | nection with creep of the material in shear, and 
these important parts, and the first question that | it has been shown that, given the requisite-creep 
arises is what form the specimen should take. |test data from torsion tests, practical cases may 
In the case of tubes of sufficiently smalldimensions, | be readily dealt with. One or two comments, 
there is no reason why the tube itself should not | however, are desirable. 
be employed as a test piece ; indeed, it is desirable Referring to the actual behaviour of tubes, 
that it should be used. A suitable delicate torsion- | Fig. 1, a and 6, page 773 ante, indicates how a tube 
meter would be attached to register the twist over | under torsicn is similar, from a creep point of view, 
a gauge length in order to eliminate errors due |to a tube under internal pressure, but an isotropic 
to possible slip or irregularities at the grip. In | material is implied. If there is marked differenc in 
the case of larger parts, it will be necessary to cut | the characteristics of the material with direction, 


test pieces, and, in view of the difficulty in preparing | the different orientation of the corresponding stress | 


accurate tubular specimens, they should be avoided | systems of Fig. 1, a and 6, in the tube wall may 
if possible. This can be done and equally good | result in a difference in the actual behaviour of 
results can be obtained from solid cylindrical | tubes under torsion and the corresponding internal 
specimens. It is necessary, however, to interpret | pressure. While the author does not suspect 
from the test results the correct relations between | that the directional differences, of material charac- 
f and ¢ as would be given by tests upon thin-walled | teristics found in good quality solid-drawn steel 
tubes. Such an interpretation is readily made. _tubes, e.g., superheater elements, are sufficient to 

The author’s tests upon thin tubes indicate that | affect to a practical extent the correspondence of 
a solid cylindrical test piece should behave as if|tubes under torsion and internal pressure, it is 
composed of a number of elementary concentric desirable for this point to be investigated by 
tubes undergoing rates of creep in shear propor- | experiment. In cases where surface treatment is 
tional to their radii. Taking a linear relation to applied, ¢.g., calorising, whereby concentric zones 
connect f and log ¢, i.e., equation (6) or (8), and | of modified metal are produced, the circumstances 
equating the applied torque T to the moment of are such that disturbance of the correspondence 
resistance gives ,of the behaviour of such tubes under torsion and 
| internal pressure is not expected. In the case of 
| castings and forgings where test pieces would be 
employed the question of difference does not arise. 


“Peedi 
T= 27 r? (a + nloge o) dr 
Reference may be made to the character of the 


0 
d = diameter of specimen. 


But creep of metals under constant stress and tem- 
are | perature. In the foregoing it is taken that, for any 

P te | particular stress and temperature, the creep rate is 

z \ |constant, and that throughout a cylinder wall 

T 2 | r [2 — ( loge 2 +- loge ” ) ] dr | Steady conditions are attained. For all practical 
0 \ 72 purposes, this will be the case after a time, but asin 


|a creep test there will be an initial period during 
| which important changes in the creep rate will 
|occur, the analysis given must be taken to apply 
| when something like steady creep rates have been 


ns 


p> ; : 
= 2 , + 1 loge - 
r| a(t n cae 7, )ar 


Integrating : | attained. 
a | Theauthor is indebted to the directors of Messrs. 
, Daria, | Metropolitan-Vickers Electrical Company, Limited, 
T=29F * a (r +n loge ~ — ny | for permission to publish the matter of this article. i] 
I 2 { 








a dleds 
13 ('2 >) (2) THE INTERNATIONAL RAILWAY 


CONGRESS, MADRID. 

i : (Concluded from page 790.) 

39% f?. Putting f in place of f, to represent a| We conclude our account of the Railway Con- 
general case in which ¢ is the shear-creep rate | tess by dealing with the reports and discussion 
corresponding, it is seen from equation (42) | 0 the question of staff training, following this by 
that |a brief summary of the proceedings at the plenary 
i = a - |and final sessions and a few notes on the visits, 
i-P tg” sete. ) | excursions and social functions. 


If the stress were uniform over the cross section at | 
a value f!, the moment of resistance would be 


The shear-creep rate ¢ is, of course, given by TRAINING oF STAFF 


d = 

3 % (see equation (1)). At a meeting held on May 12, Question XVI, 
A series of tests at the same temperature but at | covering methods followed in training staff of the 
different stresses f will give a relation between f1 and | professional, technical and ordinary working grades, 
log ¢ from which n may be determined, and there- | was discussed by Section IV. Four reports, of 
from the required relation between f and log ¢ is | which we give abstracts below, were prepared on 
obtained. this subject, and these reports were summarised 

If a linear relation between log f and log ¢ is|in a special report prepared by Mr. Barth. 
taken as represented by equation (7) it will be| The first report, covering America, the British 
found that Empire, China and Japan, by Mr. L. C. Fritch, of 
is aa bb) 12T the Chicago, Rock Island, and Pacific Railway, 
(1 ie )f + (2 3) va lO dealt, in pa sections, with the United States 
or . Great Britain and Northern Ireland, New South 
log f = log ( 1+ >) + log ft. Wales, New Zealand, India, South Africa, Nigeria, 


Japan, China (i.e., the South Manchurian Railway), 
In this case, therefore, the true line between log f | Egypt (limited to the Sudan Government railways 





and log ¢ is parallel to that between log f! and 


and steamers), and the Federated Malay States. 


Stress was laid upon the facilities for training offered 
by the companies, and sick funds and libraries were 
among the features noticed. As regards the United 
States railways, Mr. Fritch outlined the organisa- 
tions, comprising boards of directors elected by 
the shareholders, subject to the approval of the 
Interstate Commerce Commission, and, under them, 
the executive, legal, financial, accounting, operating, 
traffic and purchase departments, discussing their 
| requirements separately. The Indian railways (Cey- 
;lon, Madras, Great Indian Peninsula, East Indian, 
South Indian, North-Western, Bombay, Baroda and 
| Central India, Eastern Bengal and Bengal-Nagpur), 
supplied fuller information than others. The reports 
referred particularly to the training of apprentices. 

The report for Belgium, France, Holland, Italy, 
| Portugal, Spain and their Colonies, by Mr. Barth, 
| of the French Est Railway, reviewed replies received 
|from Belgian, French and Spanish lines. The oral 
and correspondence courses of the Ecole des Travaux 
Publics at Paris and the review on railway work 
issued every other month, since January, 1929, by 
the Paris-Lyon-Mediterranean Railway, were com- 
mended. 

The report by Mr. Mereutza, of the Roumanian 
State Railways, was intended to deal with all the 
|remaining countries (except Germany), but was 
|actually limited to Bulgaria, Denmark, Sweden, 
| Norway, Finland, Greece, Czechoslovakia, Yugo- 
| slavia, Poland, Roumania, Switzerland and Luxem- 
|burg. As regards the bulk of the employees, most 
|of these railways were obliged to take on workers 
| from outside as the need arose, after a preparatory 

period; only the higher grades were filled by 
promotion. The examination was largely restricted 
to an inspection of testimonials and to practical 
| testing, after which appointments were confirmed. 
| Psycho-technical tests were being introduced. 
Apprentices were almost certain to be appointed 
| to permanent positions, but this was not guaranteed. 
| The policy in Switzerland of subsidising schools not 
‘entirely dependent upon the railways had been 
| abandoned. 

| Dr. Ing. Bruno Schwarze, of the central adminis- 
tration of the Reichsbahn, had an easier task than 
‘his colleagues in preparing the report for Germany, 
inasmuch as the main regulations are the same for 
| the whole German railway system. There is, how 
‘ever, much diversity, and voluntary education in 
‘the schools of the Association of Reichsbahn 
technical schools is still assisted by the loan of 
class rooms and apparatus and by grants of free 
fares for students. The Reich spent, in 1928, 
about 7,000,000 marks on the training of some 
700,000 officials and men, this total being less than 
the sum paid annually for cotton waste alone. 

In the matter of pay and training, the staff was 
classified in seventeen categories. The highest 
administrators and officials, such as engineers, sur- 
veyors and chemists, must have academic training. 
The special training was provided for the middle 
class and lower classes. The examination of appli- 
icants might include psycho-analysis in the case of 
| signalmen, but not in the case of stokers. Theoretical 
| instruction was given in service schools for beginners 
/and for managers, by lectures and practical work ; 
attendance at these was@ompulsory. Railway cars 
were fitted up as travelling schools with maps, 
models, dummy apparatus, signals, &c. The central 
schools took the form of boarding schools for up to 
100 employees. Debates on traffic disorganisation, 
time-table adjustments, emergencies, &c., were 
encouraged. There was a good deal of co-operation 
with other educational organisations. 

In his special report, Mr. Barth divided the 
subject into three subheadings, viz., the selection 
of candidates, preliminary instruction, and instruc- 
tion given to men already in the service. He 
stated, in connection with the first division, that 
most administrations examined the candidates, 
and the latter, in certain cases, were required to 
produce diplomas. Psycho-technical tests had 
been adopted, with good results, by the Société des 
Transports en Commun, of Paris, and also by the 
Czechoslovakian and German State. Railways. 
With regard to instruction given before entering 
the railway service, it appeared that railways which 
had subsidised private educational institutions were 
dropping this arrangement, since it seemed better 
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that direct instruction should be given by the 
railways themselves. The training of the staff was 
of very great importance from the points of view 
of output and safety. On many systems men 
received instruction in the subjects they required to 
study at stations, depots, &c., or in schools provided 
for the purpose. Noteworthy schools of this class 
existed in France, Germany, Sweden, Denmark, 
India, Australia, &c. 

In the subsequent discussion on this question, 


Mr. Poirel submitted a proposition that the inquiry | 


should be pursued, and recommended that in 
countries where military service was obligatory, 
ex-apprentices, on the conclusion of their military 
service, should be given employment in their 
respective trades by the railways on which they had 
previously served. Mr. Barth supported this pro- 
position with the provisos that the apprentices should 
have given satisfaction, and that vacancies existed. 
Several other speakers supported this proposition, 
and Mr. Cramp referred to the necessity for giving 
adequate instruction to men who had to work 
alone. He also emphasised the need for practical 
instruction in the steps to be taken in the event 
of accidents or other emergencies. Dr. Bruno 
Schwarze referred to the successful development in 
Germany of the psycho-technical system of tests, 
mentioning that over 120,000 of these examinations 
had been made with satisfactory results, and Mr. J. 
HondI stated that these tests had been used success- 
fully in Czechoslovakia since 1923. Mr. R. Honold 
referred to the necessity for giving theoretical 
instruction as well as practical training, also express- 
ing the opinion that each employee should receive 
instruction for a certain number of hours over a 
fixed period, his attendance for such instruction 
being duly checked. Mr. W. T. Biscoe was in 
agreement with Mr. Honold, and mentioned the 
difficulties experienced with Indian native railway- 
men to whom all instructions had to be conveyed 
orally. 

After some further discussion, the following 
summary was adopted by the Section :— 

(1) Railway administrations should take particu- 
lar care to select candidates possessing the necessary 
qualifications for the posts to be filled. To this 
end, candidates should be required to pass an 


examination in general knowledge, or furnish a | 


school certificate. Special examinations, including 
psycho-technical tests, should, however, be insti- 


tuted if necessary. Several administrations have | 
made use of such tests with very satisfactory results ; | 


their extension is recommended. 


(2) Preliminary instructions should be given | 


before the selected candidates commence work. 
This instruction will, of course, vary in character 
and duration for ordinary workmen, artisans and 


clerks. Most administrations have made arrange- | 


ments of this kind, particularly as regards apprentice- 


ship. It is recommended that Administrations | 
should take care to give their manual workers at | Stamp that ‘‘ treatment ’’ should be substituted for 


least as good a training as that afforded by other | 


industries in their respective countries. It is also 
recommended that all railway administrations, in 
countries where military service is obligatory, should 


give priority to their ex-apprentices who, on the | 


termination of their military service, submit applica- 
tions for employment in any posts that may be 
vacant. 

(3) In view of the information furnished by the 
various Administrations and the trials already 


Furthermore, it is necessary to test the men from 
time to time, to see that they have assimilated the 
knowledge imparted to them, and are making good 
use of it. 

(4) It is also recommended that support should 
be given, as far as possible, to private institutions 
which provide tuition for the men, and attention is 
drawn to the methods of teaching by correspondence, 
which have been successfully adopted by some 
Administrations. 
| (5) Finally, men of particular merit should have 
|an opportunity of being tested in regard to their 
| powers of judgment and ability to command, with 
|a view to promotion to the higher grades. 
| It was finally recommended that Question XV, on 
| the Co-operation of the Staff towards Increased 
| Efficiency and Participation in the Profits, should 
be included on the agenda for the next Congress, in 
|addition to the two following questions :—The 
systematic organisation of railway work, and 
|competition between systems of combined trans- 
| portation (7.e., railways and aeroplanes, and railways 
'and motor cars) from the technical, commercial and 
| legal points of view. 








| PLENARY AND FINAL MEETINGS. 
| The general meetings, at which the findings of the 


| various sections are considered by the delegates as a 
| whole, were held on May 10, 14, and 15. At the 
| first of these, Sir Henry Fowler proposed that the 
term “‘summaries”’ should be used to designate 
| the findings arrived at by the sections, instead of 
| the term ‘‘ conclusions ”’ and, after some discussion, 
this suggestion was adopted. In most cases, the 
| sectional summaries were adopted without altera- 
ition, or with only slight verbal modifications. In 
|connection with Question XIII, Road-Transport 
| Competition, however, Sir Josiah Stamp expressed 
the view, with regard to the granting of concessions 
|to railway companies for the organisation of motor 
‘road services, that the companies should not obtain 
/ such concessions unless they were prepared to make 
juse of them. This alteration and other slight 
| modifications having been agreed upon, the amended 
/ summaries were duly adopted. We should, perhaps, 
/mention that, at a joint meeting of Sections ITI, IV, 
‘and V, held on May 9, the summaries on this 
question were also modified to some extent, but the 
alterations did not materially affect the main points 
in the abbreviated form in which they were given on 
page 709, ante. Another point raised at the plenary 
meeting held on May 10 had reference to Question 
| XV, Co-operation of Staff. Mr. Marin del Campo 


in the French text had been translated by “ staff 


remuneration ” and he wished it to be made clear 


| that the point involved not merely the remuneration 
| but also the general treatment of the staff. It was 
found, on examination, that the German text was 
sufficiently explicit, and a proposition by Sir Josiah 


| “* staff remuneration ” in the English text was agreed 
‘to. Modifications were also made in the summaries 
of Section I with regard to Question IT, Wear and 
Breakage of Rails, mentioned on page 708 ante. 
These were to the effect that rails obtained from the 


mentioned that the words traitement du personnel 


of negotiations, the Permanent Commission wished 
to propose Egypt for this. The meeting having ex- 
pressed approval of this proposition, Dr. S. Matsu- 
nawa proposed that the Congress should be held in 
Tokyo in 1936, but Mr. D. C. Coleman, of the 
Canadian Pacific Railway, asked that this question 
should be deferred, as Canada desired to receive the 
Congress in 1936. The President, after thanking 
the Japanese and Canadian delegates for their invi- 
tations, explained that a definite decision as to the 
venue for the 1936 Congress could only be made at 
the 1933 Congress, but the suggestions made by Dr. 
Matsunawa and Mr. Coleman would be carefully 
considered. Mostafa Bey Hamdy El Kattan, of the 
Egyptian State Railways, then assured the assembly 
of a cordial welcome in Cairo in 1933. : 

The last plenary session was followed by the 
closing ceremony, at which the chair was taken by 
H.R.H. the Prince of the Asturias. Sefior Don José 
Gaytan de Ayala, President of the Congress, after 
expressing thanks to His Royal Highness for his 
attendance at the meeting, briefly referred to the 
work of the Congress, which, he said, marked a 
further stage in the progress of the science of trans- 
portation. He also expressed appreciation of the 
services of the officers of the Congress, and thanked 
the Spanish Railway Companies and the Inter- 
national Sleeping Car Company for the contributions 
they had made to its success. Mr. E. Foulon, 
President of the Permanent Commission, who also 
| spoke, first thanked H.M. The King of Spain and the 
Royal Family for the interest they had shown in the 
work of the Congress, and then referred in apprecia- 
tive terms to the efforts of the Spanish Government. 
| particularly of the Minister of Public Works, to make 

the Congress the success it had been. Special 

| thanks, he said, were due to Sefior Gaytan de Ayala 
|for presiding over the Congress and to Messrs. 
Krahe and Garcia-Lomas for the part they had 
taken in its organisation. 





Visits, Excursions, &c. 


Throughout the Congress, a most attractive 
programme of visits, excursions and social events 
was provided by the Spanish Local Commission, 
who are to be congratulated on the manner in 
which these were invariably carried out. Theevents 
included a reception by the City Corporation 
of Madrid in the Retiro Park during the afternoon 
of May 6, and a pelota match at the Jai-Alai 
Frontén in the evening of the same day. On the 
following day, visits were paid to the workshops 
and stores of the Madrid, Saragossa and Alicante 
Railway Company at Villaverde Bajo, about 
4 miles from Madrid, and to the repair shops and 
depots of the Madrid Tramway Company, in 
Madrid. Another party, on the same day, attended 
the inauguration of the Railwaymen’s Orphan’s 
College by H.M. The King of Spain. In the evening 
of May 8, a concert of Spanish music was given in 
the Teatro Gran Metropolitano, and this was 
| honoured by the presence of Their Majesties, The 
| King and Queen and members of the Royal Family. 
|The concert was followed by a féte and dance. 

A particularly enjoyable event was the banquet 
given to the delegates by the Local Commission at 











carried out, it is recommended that employees | 


should be given regular and methodical instruction | 
| Rail Motor Vehicles, that the conclusion reached | Sefior Gaytan de Ayala for the manner in which the 


their respective spheres of work, and be taught to | with regard to the use of rail motor coaches with | delegates had been received, and referred to the 


carry out their work economically (i.e., obviating | 
| . . ia . . ° . 
ante) should be modified to include accumulator | international relationships and on the economic 


in regard to new regulations, new developments in 


waste of time or materials) punctually, and with 
safety to themselves, the public, the rolling stock, 


&e. The employees should be required to serve | 


probationary periods, either in technical schools, | 


or by instruction at the stations, depots, &c., using |on May 15, but other matters dealt with included the | the interval between the congresses, which would 


heads of ingots should be used in those parts of the | the Palace Hotel on the evening of May 9. After 
line which were least heavily stressed and that, in | this, the Acting President of the Congress, Senor 
addition to the development of lubricating appliances Don José Gaytan de Ayala, in a brief but felicitous 
for preventing the lateral wear of rails on curves, | speech, thanked the delegates for their attendance, 
special steel or heat-treated steel rails should be used. | and expressed his appreciation of the work of 

At the plenary session held on May 14, Mr. M. | the Association. Responding in a similar manner. 
Liebrand proposed, with regard to Question XX, | M. E. Foulon, Chairman of the Association, thanked 


steam or internal-combustion engines (see page 758 | effect of improvements in means of transport on 
vehicles, and this suggestion was adopted after some | positions of countries. He also mentioned that. 


discussion. No important alteration to the sectional in order to follow the evolution in means of 
summaries was made on the plenary session held | transport more closely, it was proposed to shorten 


instruction cars (wagons-écoles), optical lanterns, | admission of Bulgaria, Turkey, Colombia, Austria | in future be held once in three years. M. Foulon 
and the kinematograph. Good results have been | and Hungary to the Association. The election and | also referred in appreciative terms to the interest 


obtained from instructional kinematographs, and 
their use is recommended. It is strongly recom- 
mended that men who work alone should receive 


| 





re-election of a number of members to the Permanent | taken by H.M. The King of Spain in the work of the 
Commission was confirmed and the decision to hold Congress, and, after thanking the Spanish Govern- 


|future Congresses at intervals of three years was 





careful instruction, and further that practical train- | approved. The meeting then considered the ques- 
ing should be given as regards the steps to be taken | tion of the venue for the next Congress, the General 
in the event of accidents or other emergencies. Secretary, Mr. P. Ghilain, explaining that, as a result 


'ment, the railway companies, and the members of 
the Local Commission for having contributed so 
‘largely to its success, concluded by proposing the 
loyal toast, which was enthusiastically received. 
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On Saturday, May 10, the delegates visited the 
power station and car shops of the Madrid Metro- 
politan Railway. The line, the first section of which 
was opened in 1919, now runs in a north-south direc- 
tion from Tetuan to Vallecas, and in an east-west 
direction from Ventas to the Norte railway station, 
the total length at present open for traffic amounting 
to about 11 miles. The tunnels are of concrete, 
located generally just below the road surface. Three- 
phase current is supplied at 15,000 volts by three 
companies, viz., the Unién Eléctrica, the Hidréulica 
Santilla, and the Hidroeléctrica Espaiiola, this 
current being transformed in three substations into | 
direct current at 600 volts, at which pressure it is | 
supplied to overhead lines in the tunnels. Two of 
the substations are equipped with motor-generator 
sets, but in the most recently constructed substa- | 
tion, viz., that at Quevedo, three mercury-vapour 

rectifiers, two of 800-kw., and one of 2,100-kw. 

capacity, are installed. To provide against a| 
possible failure in the supply, a stand-by power | 
station has been erected in the Pacifico district, this 
station being equipped with three Diesel-engine | 
driven sets, each of 1,000-kw. capacity, generating | 
three-phase current at 15,000 volts. The company 
owns 66 motor cars and 64 trailers of all-steel con- | 
struction, the former being fitted with specially | 
designed trolley type collectors taking current from 

overhead wires supported from the top of the tunnels. 

We understand that these trolley collectors have 





proved greatly superior to the pantograph collectors | 


first employed. That the operation of the line is | 
entirely satisfactory may be gathered from the fact 
that, in 1929, the passengers carried numbered 
80,000,000 although the population of Madrid | 
is only about 1,000,000. 

On Sunday, May 11, and Tuesday May 13, 
excursions were arranged to places of interest within 
easy reach of Madrid such as Toledo, Salamanca, | 
Segovia-La Granja, El Escorial, Avila and Aranjuez, | 
and on Wednesday, May 14, the delegates were | 
received by H.M. The King at the Palace. As | 
already mentioned, the final session of the Congress, 
was held at the Senado on the morning of Thursday, | 
May 15, and on the following Friday and Saturday, 
the delegates left for Seville or Barcelona, those | 
travelling to Seville visiting Cordoba en route. At | 
Seville, the Spanish-American Exhibition was in | 
progress, while the National Exhibition was being 
held in Barcelona. At both cities, an attractive 
programme of visits and excursions was provided 
by the Local Commission, concluding on May 20 at 
Barcelona and on May 21 at Seville. 








ZUYDER ZEE RECLAMATION WORKS ; | 
MAIN ENCLOSING EMBANKMENT 
AND SLUICES. 

By J. W. Turerry. 
(Concluded from page 762.) 

ALTHOUGH the two previous articles dealt with | 
the only part of the whole of the Zuyder Zee | 
scheme completed up till the time of writing, some | 
account is nevertheless necessary of the work in | 
progress for the enclosing and subsequent draining | 
of the Zuyder Zee in order to obtain a rational | 
idea of what still remains to be done. As already | 
explained, the enclosure of the North West Polder | 
was undertaken in the open Zuyder Zee from | 
reasons of economic pressure, and the next opera- | 
tion, in order of urgency, is that of completing the | 
embankment from Wieringen to the Friesland coast, | 
thus converting a tidal sea into an inland lake. | 
The area of this tidal sea is then to be very con- | 
siderably reduced by the reclamation of three | 
polders, all much larger than that in the north-west. | 

The site of the main enclosing embankment is 
indicated in Fig. 33, page 759 ante. It extends in| 
a straight line almost to the Frisian coast, where | 
there is some divergence to obtain more suitable 
soundings. The west end of the embankment is 
situated at Den Oever, on the east end of Wieringen, 
where, in the figure, an L-shaped outline indicates 
the site of 15 sluices and a lock, for evacuating the 
surplus water of the Yssellake to the North Sea, and 
for affording a means of passing vessels between 
these two bodies of water. Off the Frisian Coast, near 
Kornwerd, a similar outline indicates the position 
of 10 sluices and a lock, together with a somewhat 





| surface. 
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smaller lock. Near the centre of the embankment, 
in the shallows of Breezand, will be seen a trident- 
shaped outline. This denotes a completed portion 
of the embankment, with projecting wings forming 
harbours of refuge both for the vessels engaged in 
construction, and for fishing craft after completion. 
The heavy plain and dotted lines indicate, respec- 
tively, completed portions of the embankment, and 
portions crossing deep channels, which have not yet 
reached the water level. This part of the account 
is illustrated by Figs. 53 to 75, on this and the 
following pages, page 830, and on Plate LXX. 
The position of the partly-constructed sluices and 
lock at Den Oever is shown in Fig. 74, page 830. 


|This is an aeroplane view taken looking south, 


but has a tendency to be misleading when first 
examined, inasmuch as the embankment round the 
L-shaped area appears to be a permanent struc- 
ture. It is, of course, really temporary, and will 
disappear when the main enclosing embankment is 
finished, but it should be realised that the area had 
to be thus enclosed and the water pumped out of 
it before any other work could be done, an opera- 
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tion of a not inconsiderable magnitude in itself. 
The main embankment will stretch from the land 
at the right, and leftwards to the other coast, 
being interrupted by the lock and sluices shown. 
The harbour in front of the village, at the right 
hand of the figure, has been constructed for the 
dredgers and other craft employed on the works. 
The small triangular portion, however, represents 
the old fishing harbour. The right-angled structure 
at the top right-hand corner of the figure shows the 
end of the embankment reaching from Medemblik, 
and its connection with Wieringen, in course of 
construction. The 15 sluices are arranged in three 
groups of five each, the relative position of the 
three groups being easily seen in this figure, as well 
as in the key plan of Fig. 53, above. 

Each group of five sluices rests upon a continuous 
raft of reinforced concrete, measuring 289 ft. by 
164 ft., with a distance between adjacent rafts of 
289 ft. The rafts are 4 ft. 7 in. thick, and are 
enclosed by steel sheet piling, the top of which is 
flush with the upper surface of the raft while the 
bottom edge is about 16 ft. 5 in. below its lower 
A view of one of these rafts under con- 
struction is shown in Fig. 75, page 830, the enclosing 
piling, which is of the Larssen type, section No. 2, 
being visible both in the foreground and the middle 
distance. In the background is seen a portion of 
the temporary enclosing dam. The disposition of 
the piling is well shown in Fig. 54, page 822, from 
which it is evident that, apart from the enclosing 
sheeting there are three transverse cut-offs under 
the raft. These are 9 ft. 10 in. deep and are provided 
not as supports to the raft, which rests directly upon 


the subsoil, but to prevent seepage and consequent 
scour, as already described when dealing with the 
lock at De Haukes. The layer of material seen on 
top of the raft in this figure consists of clinker brick, 
10 in. thick, and forms the invert of the sluices. 
The concrete of the raft is made with hydraulic 
cement, and consists of 1 part Portland cement, 
} part trass, with 14 sand and 2} gravel as aggregate. 

The sluice channels are nearly 40 ft. wide by 165 
ft. long, with a floor level 15 ft. 3 in. below N.A.P. 
As will be seen from the longitudinal section in 
Fig. 54, double sluices are employed. The inner set 
consists of a lifting steel sluice gate with sill level 
14 ft. 5 in. below N.A.P., with a pair of hinged 
greenheart gates behind them, which close auto- 
matically against the rising tide. The outer sluice 
is similar to the inner one, except that there are 
no tidal gates, and the sill is slightly lower, namely, 
14 ft. 9 in. below N.A.P., or about 13 ft. 6 in. 
below the average level of the future Yssellake. 
The sills are of a granite, and the gates travel up 
and down between reinforced concrete towers hous- 
ing the electrical operating hoists. One of these 
towers is shown in Fig. 55, page 822. The channels 
can be isolated for inspection or repairs by caissons 
at each end of a type similar to those used for 
graving docks. The dividing walls between the 
channels are of mass concrete, of 1: 2:3 mixture. 
These are 13 ft. 2 in. thick, except in the way of the 
tidal gates, the recesses for which reduce them to 
8 ft. 5 in. They are provided at both ends with a 
curved cutwater, that on the inlet side having radii 
equal to the thickness of the wall and that on the 
outlet side being struck with radii of twice the thick- 
ness. These features are seen in Fig. 58, page 822. 
The walls are faced with basalt, in order to resist 
the impact of ice during discharge in winter. As the 
Yssellake will ultimately contain fresh water and will 
not be tidal, the formation of ice will be more 
extensive than before enclosure. Granite is used on 
the cutwaters and on all projecting corners. It is 
interesting to note that the contour of the cutwaters 
was determined experimentally in order to reduce the 
formation of eddies as much as possible, and in 
addition to effecting this it has also increased the 
discharge capacity of the sluice channels. 

The sluices are crossed by two reinforced concrete 
bridges built with concrete of a mixture of 1 : 1}: 23, 
with the addition of } trass. One of these bridges is 
to carry the railway already mentioned as running 
along the Yssellake enclosing embankment. It is 
situated between the sluice gate towers and, as will 
be seen in Fig. 54, is very solidly constructed. It 
has a width of about 25 ft. 6 in. to carry two 
tracks, the sleepers of which are bedded in ballast. 
The other bridge, on the southward side of the 
towers, is of cellular construction and is situated 
over the tidal gates. It accommodates a roadway 
paved with concrete and 19 ft. 8 in. wide, on either 
side of which are a raised footpath and a bicycle 
track each 6 ft. 6 in. wide. Both rail and road 
bridges are flat, as will be evident from Figs. 56 
and 57, page 822. Photographs showing the sluices 
in various stages of construction are reproduced 
in Figs. 67, 68 69, and 70, on Plate LXX. The 
enclosing piling of the foundation is seen in the 
foreground of Fig. 67, while the distribution of 
the granite and basalt facing is also well shown. 
Fig. 70 is noticeable as showing a set of five 
sluices. This view is taken from the inlet side, 
the area in the foreground being ultimately covered 
by the Yssellake. 

Referring to Fig. 53, it will be seen that the 
connection for navigation between the Yssellake and 
the North Sea at Den Oever is by means of a lock 
situated to the south-west of the sluices. At this 
point a brief reference to the eventual state of what 
is now the Zuyder Zee may be made. The three 
polders yet to be reclaimed are those in the north 
east, the south west and the south east. The embank- 
ment enclosing the first of these will begin at the point 
south of Stavoren on the Frisian Coast at the point 
marked X in Fig. 33, page 759 ante, and will con- 
tinue in a roughly semi-circular manner to the pro- 
vince of Overyssel in the extreme east of the Zuyder 
Zee. The embankment for the south-west polder will 
start at Enkhuizen, and will run in a straight line 
in a south-westerly direction for some 13 miles. At 








this point a straight embankment will run for a 
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similar distance due east and west to Overyssel, 
a small natural portion of the land at which will form 
the termination of the Yssellake. The River Yssel, a 
branch of the Lower Rhine, here discharges near the 
town of Kampen, and the Yssellake, of about 
270,000 acres in extent, will regulate its overflow 
to the North Sea, as already mentioned. The 
south-west and south-east polders, however, though 
their main embankments join each other, are not 
otherwise connected, as they are separated by a 
wide ship canal running in a south-westerly direction 
from the point of intersection of the outer embank- 
ments to a group of three small lakes left along the 
old coast line in the south west. The largest of these, 
the Y-lake, will form a basin for the port of Amster- 
dam, the one to the south of it will receive the 
discharge of the River Eem, while that to the 
north of it, the Gouw Lake, will have on one side 
the well-known islanc of Marken, which will be 
merged in the south-west polder. The island of 
Urk will similarly lose its identity in the north-east 
polder. The old coast lines around the new. polders 
will be faced by the internal enclosing embankments 
to form catch-water areas for the original drainage 
systems. 

From the above it will be realised that Amsterdam 
will still be in communication with the northern part 
of the Zuyder Zee outside the main enclosing dam, 
and, in consequence, the lock at Den Oever has to 
be large enough to accommodate ships of fairly 
considerable size. It has accordingly been designed 
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for vessels up to 2,000 metrical tons, together with a 
tug. The total available length is 465 ft., and the 
width is 46 ft. It can, however, be divided, by an 
additional set of gates, into two compartments 
of 185 ft. and 255 ft. long, respectively, when passing 
smaller vessels. The sills are 14 ft. 5 in. below 
N.A.P., that is, 13 ft. 2 in. below the normal level 
of the Yssellake. Its general construction is shown 
in Figs. 59 to 64, Plate LXX. These need no further 
comment than the statement that the foundation 
and also the walls up to 4 ft. below N.A.P are built 
of reinforced concrete. Above this level the walls 
are made of mass concrete. The railway and road, 
mentioned in connection with the sluices are carried 
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over the lock approach on the seaward side by two 
swing ‘bridges, and the approach on the Yssellake 
side is effected through a channel having an opening 
near the end of the Medemblik-Den Oever embank- 
ment, as indicated by the dotted lines in Fig. 53. 
The other end of the main embankment will now 
be considered. This is situated on a shoal called 
the Kornwerderzand, near Kornwerd, as indicated 
in Fig. 33 ante. Two views of the construction of the 
sluice and lock pits, are given in Fig. 71, Plate LX X, 
and Fig. 73, page 823. This site is about 2} miles 
from the coast, and has now been connected to it 
by a section of the main enclosing embankment. 
As in the construction of the sluice pits at Den 
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Fic. 73. Sire oF Situice anp Locks at KORNWERDERZAND, JULY, 1927. 


Oever, the preliminary work consisted of enclosing 
the necessary space by a temporary dam and then 
draining it. Fig. 73 shows an early stage with the 
temporary dam in process of formation, while in 
Fig. 71 it has been completed, and excavation for 
the sluices and locks commenced. - In this figure, 
the’ portion in the bottom left-hand corner is the 
beginning of the main embankment on the west 
side. In line with it are seen the pits for the sluices, 
which latter are in two sets of five, and exactly 
similar to those at Den Oever, with the exception 
that here the foundation slab rests on a pile founda- 
tion, the subsoil consisting of alternate layers of 
alluvial sand, clay, and peat. The transverse area 
will. contain two locks on the south side of the 
embankment. On the north side, that is, the left- 
hand of the figure, is the approach from the North 
Sea, the water on the right-hand side being that 
of the future Yssellake. The curved portion, 
extending to the coast line in the background, is 
part o" v.e main embankment. The big lock at 
..urnwerderzand is of the same dimensions as that 
at Den Oever, which can accommodate vessels up 
to 465 ft. in length, but it has no intermediate 
gates. The smaller lock is intended for vessels not 
above 230 ft. long. It has accordingiy a width of 
29 ft. 6in., and a depth of sills of 14 ft. 5 in. 
below N.A.P. 

The photograph reproduced in Fig. 72, Plate LX X, 
shows the construction of the harbours of refuge on 
the shallows of Breezand, situated about midway 
between the Kornverderzand and Den Oever sluices. 
This necessitated the formation of a small island, 
on which has been constructed a section of the 
main embankment, 1,650 ft. long, with two pro- 
jecting arms forming the harbours, and a sand 
platform, the general outline being as shown in 
Fig. 65, Plate LXX. After the photograph was 
taken another section of 1,650 feet was completed 
before the winter set in and further work is in 
progress. As the site is 6 miles from the nearest 
of the other works, it was necessary to provide 
accommodation for the workmen and storage room 
for stone, brushwood and other materials upon it. 
The disposition of these is apparent from Fig. 72. 
The rounded end at the right-hand side of the 
figure is a section of the main embankment of the 
correct width. This will be continued to Den Oever. 
The longer ridge in the centre is a portion of the 
main embankment being continued to Kornwerd- 
erzand. Extension is now being carried on from 
both ends, 4 miles having to be completed in this 
central portion before it can be joined up to the 
lengths being built out from the main land on each 
side. The construction of the three isolated portions 
indicated in Fig. 33 ante has already been referred to. 

A section across the main bank is given in Fig. 65, 
Plate LXX. It has a core of boulder clay backed 
by sand. The outside, which has an average 
slope of 1 in 4is faced with stone pitching on rubble, 
extending to 3 ft. 5 in. above the storm-tide level on 
the seaward side. The stone employed is basalt 





from the Rhine and limestone from the Meuse. The 
thickness of the facing varies from 8 in. to 16 in, 
Above the stone facing is brick paving 6 ft. wide 
and the remainder is merely turfed. The outer 
toe, 8 ft. in width and lying at low-water level, is 
covered with a mattress of brushwood weighted 
with rip-rap. The sand at the back of the 
boulder clay core is covered with a layer of 
clay, 3 ft. 3 in, thick. The height of the crest 
of the embankment varies from 20 ft. 4 in. to 
24 ft. 8in. above N.A.P. It is 6 ft.6in. wide. A 
berm, 13 ft. 2 in. above N.A.P., so as to be out 
of the way of waves in the Yssellake during storms, 
carries the railway and road along the inner side 
of the embankment. The inner slope has a batter 
of 1 in 3, and is faced by stone pitching up to a 
height of 11 ft. 6 in. above N.A.P. Below the water 
line the slopes on both sides of the embankment 
are protected against scour from the back wash 
of the waves by mattresses of brushwood weighted 
with riprap. The depth of the sea bottom along 
the embankment averages 10 ft. below low water 
level, but in the deep channels referred to above as 
being closed by sill dams, the depth in one case is 
26 ft. and in another 40 ft. 

It should be mentioned that of the photographs 
reproduced in Figs. 71 to 74, the copyright is the 
property of Messrs. Koninklijke Luchtvaart Maat- 
schappij, and in the case of Figs. 55, 67, 68, 69 
and 70 of Mr. W. Verkerk. 








THE ROYAL SOCIETY 
CONVERSAZIONE. 


THE second annual conversazione of the Royal 
Society, generally referred to as the Ladies’ Night, 
was held at Burlington House, on Wednesday last. 
Several of the exhibits were, of course, of a biological 
or botanical character and others were referred 
to in our columns on pages 643 and 675 ante, 
when we dealt with the exhibits at the first conver- 
sazione. Of the remainder, that of Sir Robert 
Hadfield, F.R.S., was probably of most direct 
interest to engineers. His exhibit of castings and 
forgings of ‘‘ Era C.R.” high tenacity non-corrodible 
steel used in connection with the work of restoration 
of St. Paul’s Cathedral was singularly appropriate, 
since the re-opening ceremony by H.M. the King 
took place on the day of the conversazione. The 
material referred to was used in the form of cast- 
wall plates measuring 3 ft. by 1 ft. 6 in. connected 
by machined rods 3 in. or 4 in. in diameter, the 
rods being made in three parts joined by screwed 
sleeve couplings to enable them to be placed in 
position. The new material, which has a tensile 
strength of 45 tons to 50 tons per square inch, 
with a 40 per cent. elongation and a 50 per cent. 
reduction in area, takes the place of the original 
wrought-iron bars used by Sir Christopher Wren, 
many of which were found to be in a badly corroded 
condition. Sir Christopher Wren, it may be men- 
tioned, was himself a Fellow of the Royal Society. 


Sir Robert also showed an interesting exhibit to 
illustrate the difference in the effect of mechanical 
deformation on manganese steel and steel con- 
taining high percentages of nickel and chromium. 
Both these steels are non-magnetic in their ordinary 
condition, and the magnetic properties of the 
former are not affected by cold work, but a specimen 
of the nickel-chromium steel, after having been 
hammered to about two-thirds of its original 
thickness, was strongly magnetic. In both cases, 
the effect of the cold work appears to be merely 
to distort the grains, and the reason for the change 
|in magnetic properties has not yet been explained. 
| Another metallurgical exhibit was that of Prof. 
| Sir Harold Carpenter, F.R.S., who showed examples 
of single-crystal bars and also the forms assumed by 
; such bars when subjected to plastic deformation. 
A particularly interesting exhibit was a single- 
crystal sphere of copper about 2 in. in diameter, 
which was produced in the form of a bar from 
molten copper by controlled solidification from a 
| particular point, the sphere then being machined 
from the bar. The cube faces of the crystal were 
'rendered visible by etching with ammonium per- 
isulphate, but by using another reagent it would 
be possible to show the octahedral faces. 

Mr. George H. Gabb showed an interesting 
collection of hydrometers to illustrate the evolution 
of that instrument for fiscal purposes in England. 
The earliest instruments dated from early in the 
18th Century and were of turned ivory made hollow, 
and are excellent examples of hand lathe work. 
The metal hydrometer was invented by John Clarke 
in 1725, and several examples of Clarke’s instru- 
ments were included in the collection, together with 
early and modern examples of the Sike’s hydro- 
meter, which is the standard instrument at present 
in use for spirit assay by H.M. Customs. 

Messrs. The Gramophone Company, Limited, 
showed equipment for recording talking films and 
a magnetically controlled mercury-vapour relay. 
To demonstrate the latter, one of the relays was 
placed so that a permanent magnet attached to 
the extremity of a pendulum passed over the relay 
as the pendulum swung. In doing so, it permitted 
a current impulse to pass, which was utilised to 
maintain the motion of the pendulum. Another 
interesting exhibit by the company was the strobo- 
scopic examination of the vibrations of the cone 
diaphragms of moving-coil type loud speakers. 
Simple cone diaphragms, it was shown, behave as 
rigid pistons only at low frequencies of the order 
of 50 cycles per second, breaking up into charac- 
teristic nodes of one, two, or more nodal diameters 
at higher frequencies. Large cones stiffened by 
corrugations behave as rigid pistons up to about 
200 cycles per second. 

Optical apparatus for recording and reproducing 
talking films is now being manufactured by Messrs. 
R. and J. Beck, Limited, and their exhibit showed 
the principles involved by means of diagrams and 
models, together with actual parts of the apparatus. 
Both the slit, or variable density, and the graph, or 
variable-area, methods were illustrated. In the 
former, the sound record takes the form of a series 
of parallel lines resembling a complex spectrum, 
the distance between the lines representing the 
pitch and the degree of opacity of the film the 
amplitude. In the other method, there is no 
variation in the density of the deposit, the sound 
record being in the form of an irregular line on one 
side of which the film is solid black and on the 
other side quite clear. In this case, the height of 
the peaks in the line determines the amplitude 
of the sound and the distance between them 
the pitch. Both types of sound record are, of 
course, produced on the edge of the same film 
as that on which the pictures are recorded, and 
apparently only occupy a width of about } in. 

The only other exibit to which we can refer on 
this occasion is that of Messrs. Marconi’s Wireless 
Telegraph Company, Limited, who showed the 
apparatus employed for the facsimile telegraphic 
transmission of diagrams and script. Examples of 
such transmissions received in England from 
America showed the various types of signal distor- 
tion occurring in the upper regions of the atmo- 
sphere, and can thus be used for studying the 
properties of the Heaviside layer. 
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LABOUR NOTES. 


AN emergency resolution on the subject of rationalisa- 
tion, passed last week by the annual conference of the 
National Federation of Building Trades Operatives, 
demanded (1) a 40-hour working week without reduc- 
tion of the total weekly wage, (2) minimum annual 
holidays of two weeks and all statutory holidays with 
pay, (3) pensions at 60 sufficient to maintain persons 
with dependents in comfort without their having to 
struggle for a livelihood in industry, and (4) the 
raising of the age of entrants to the building industry 
to 15. The resolution expressed great concern at the 
changes that had been, and were being, effected in 
the practical working of the building industry. It 
pointed out that, while building employers were taking 
the utmost advantage of the discoveries of science and 
profiting by them, no consideration was being given 
to the effect these had of lowering the operative’s 
status, nor was there any concern for those displaced 
by the new machinery and methods. 





Writing in the Monthly Report of the Boiler Makers 
and Iron and Steel Shipbuilders’ Society, Mr. John 
Hill, the general secretary of the organisation, gives 
details of one of the schemes which a committee of the 
Trades Union Congress is considering to find employ- 
ment for shipyard and engine shop men displaced as a 
result of the Naval Treaty and disarmament. It is 
to scrap old ships. ‘‘ At present,” he says, ‘‘ most of 
our old British merchantmen are sold abroad, and 
these old ships continue in competition for the world’s 
commerce. You will readily understand that so long 
us plenty of these old ships are floating about there 
will be no demand for new ships. We estimate that 
there is about 2,000,000 tons of shipping afloat over 
twenty years old. The average difference in the price 
of a twenty-year-old ship sold for service and sold for 
scrapping is about 2/. per gross ton. Our scheme is to 
get agreement among all parties concerned for the 
formation of a pool into which shipowners and the 
Government would contribute, and out of this pool 
this difference would be paid, if we could secure agree- 
ment for compulsory breaking up of old ships. Our 
first object is to clear the market for new shipping, 
and thus give employment in British shipyards. If 
old ships were broken up, we would bring our merchant 
fleet up to date. Already we have fallen behind 
Germany, for, as you will remember, Germany had to 
build a new fleet of merchantmen to replace the German 
shipping which we took from her as part of the war 
indemnity.” 


Mr. Hill goes on to say that since the committee, | 
of which he is, of course, a member, took the question | 


up, its scheme has received widespread support. 
‘Only a few days ago,’’ he proceeds, * at an inter- 
national conference of shipowners, the chairman, who 
is a British shipowner, said:—'‘To my mind, the 
proposal which is the soundest is the elimination of 
old and inefficient tonnage, say, exceeding twenty-five 
years old. Such a step would be in line with modern 
procedure of rationalisation. The scrapping of old 
vessels would, therefore, be of great advantage to 
both the shipping and shipbuilding industries.’ ” 
Mr. Hill reckons that if the Government would make 
a contribution of 1,000,000/. per year for five years 
shipowners and shipbuilders would contribute their 
quota and the scheme would be set in operation. 
* This 1,000,000/. from Government funds would be,” 
he says, ‘a soundinvestment. It would find employ- 
ment for tens of thousands of shipbuilding and engi- 
neering workers. It would relieve the unemployment 
funds and the local rates of more than 1,000,0001. per 
year in ‘doles.’ It would give the raw material in 
scrap which is required for the prosperity of our steel 
industry, and would give an impetus to all the heavy 
industries which are now most seriously affected by 
unemployment.” 


At the end of May, 11,582 members of the Boiler 
Makers and Iron and Steel Shipbuilders’ Society were 
* signing the books,” as compared with 11,006 at the 
end of April. The number in receipt of superannuation 
benefit was 4,575, as compared with 4,619, and the 
number in receipt of sick benefit 1,362, as compared 
with 2,508. The expenses for May, which month had 
to bear five weeks’ outlays, were 10,8011. ; in April the 
total expenditure was 9,005/. 


The writer of the editorial notes in the Electrical 
Trades Union’s Journal says that members engaged in 
electricity generation and distribution in station and 
sub-station have been busy in May calculating how 
much advantage has accrued to them as a result of the 
recent wages settlement. ‘‘ Already,” he remarks, 
‘one or two murmurs have reached us that the results 
are only a tithe of what was anticipated. This is to 


results. It may be possible next month to give some 
further details, but at the moment it is wise to say 
nothing further, except that it is a positive relief 
to the officials to get a rest from the three years’ work 
which has been put into this single case. The ‘rest’ 
mentioned would be better described as a transference 
of the work to other sections in the electricity supply 
industry rather than a general cessation, as, whatever 
may have happened to those special sections, there is an 
ever-growing demand that the other sections, especially 
those employed as shift workers, shall have their wages 
reviewed for the purpose of getting some advance on 
the present rates.” 





The Ministry of Labour Gazette states that there was 
a further decline of employment during May. Among 
workpeople insured against unemployment in Great 
Britain and Northern Ireland, the percentage unem- 
ployed in all industries taken together was 15-3 at 
May 26, 1930, as compared with 14-6 at April 28, 
and 9-7 at May 27, 1929. For males alone the per- 
centage at May 26 was 15-5, and for females 15-0. 
At April 28, 1930, the corresponding percentages were 
14-9 and 13-8. It is estimated that on May 26, 1930, 
there were approximately 9,724,000 insured persons 
aged 16 to 64 in. work in Great Britain. This was 
75,000 less than a month before, and 536,000 less than 
a year before. aan 
Excluding persons normally in casual employment, 
| there were, on May 26, 1930, 1,164,468 persons on the 
registers of Employment Exchanges in Great Britain, 
who were out of a situation. This was 6,359 more 
than a month before and 384,783 more than a year 
before. The total on May 26, 1930, included 847,097 
men, 34,016 boys, 250,018 women, and 33,337 girls. 
It was made up approximately of 772,000 insured 
persons who had paid at least 30 contributions during 
the receding two years, and therefore satisfied the full 
contribution condition for the receipt of unemployment 
benefit ; 320,000 insured persons who had paid Jess 
than 30 contributions during the preceding two years ; 
and 72,350 uninsured persons. The claimants for 
benefit, numbering 1,053,016, included 190,178 men, 
4,400 boys, 42,982 women, and 2,250 girls who had 
been on the register for less than one month. At May 
26, 1930, there were registered as unemployed in Great 
Britain 321,129 men, 10,647 boys 167,351 women, and 
10,494 girls who were on short time, or were otherwise 
suspended from work on the definite understanding that 
they were shortly to return to their former employ- 
ment. The total of 509,621 was 62,377 more than a 
month before, and 236,152 more than a year before. 





At May 26, 1930, there were on the registers in Great 
| Britain 93,414 men, 179 boys, 2,340 women, and 29 
girls who normally seek a livelihood by means of jobs 
of short duration. These are mainly employed in dock, 
harbour, river and canal service. The total of 95,962 
was 2,929 more than a month before, and 16,835 more 
than a year before. iy 

A substantial increase in the numbers unemployed 
occurred during the past month in coal mining, ship- 
building and marine engineering, motor vehicle manu- 
|facture, the cotton, linen, and lace industries, textile 
| bleaching, dyeing and finishing, slate quarrying, and 
| dock and harbour service. On the other hand, there 
| was improvement in the building, public works con- 
tracting, general ironfounding, silk and artificial silk, 
| hosiery, boot and shoe, and clothing industries. 


In the industries for which statistics are regularly 
compiled by the Ministry of Labour, the changes in 
rates of wages reported to have come into operation 
during May resulted in an increase of about 43,3001. 
in the weekly full-time wages of 550,000 workpeople, 
and in a decrease of 13,600/. in those of 150,000 work- 
people. The most important change in wages during 
the month applied to railway employees, including 
those employed in railway engineering shops, whose 
earnings ceased to be subject to the deduction of 2} per 
cent., which had been in operation since 1928. Other 
workpeople whose wages were increased during the 
month included blastfurnace workers in Cumberland 
and Scotland, and workpeople employed in the tinplate 
industry in South Wales and Monmouthshire. The 
workpeople whose wages were reduced included coal 
miners in Northumberland and Warwickshire, electrical 
cable makers, and a considerable number of workpeople, 
in the wool textile industry in Yorkshire, who returned 
to work during May after having stopped work in 
April in consequence of the dispute. 


The number of trade disputes involving stoppages 
of work, reported to the Ministry of Labour as beginning 





be expected. Others are very well satistied with the 





in May was 35. 


In addition, 20 disputes which began 





before May were still in progress at the beginning of 
the month. The number of workpeople involved in 
all disputes in May (including workpeople thrown out 
of work at the establishments where the disputes 
occurred, but not themselves parties to the disputes) 
was about 87,600, and the aggregate duration of all 
disputes during May was about 1,600,000 working 
days. The principal dispute in progress was that in 
the wool textile industry in the West Riding of York- 
shire and part of Lancashire, which began in April. 





The workers’ representatives in the metal and engi- 
neering industry in Central Germany, comprising the 
districts of Halle, Magdeburg, Anhalt and Thale am 
Harz, terminated, on April 30, the working hours 
agreement under which provision was made for the 
normal weekly working time to be extended from 48 
to 52 hours. The workers demanded a 46-hour week. 
Conciliation proceedings failed to secure agreement 
between the demands of the employers and workers, 
and an arbitration award was accordingly issued towards 
the middle of May providing that the working week 
may be extended by not more than 3 hours a week. 
The award was rejected by the workers, and, so far 
as is at present known, has not been declared binding. 





Notice has been given by the workers of their inten- 
tion to terminate, at July 31 next, the general agree- 
ment regulating working conditions in undertakings 
in the Berlin metal and engineering industry. The 
demands of the workers, numbering some 180,000, 
include a claim for the reduction of the working week 
from 48 to 42 hours, with a 7-hour working day. In 
Saxony, the employers have given notice of their 
intention to terminate, on June 30, the general agree- 
ment for the metal and engineering industry, com- 
prising some 150,000 workers in the Dresden, Leipzig, 
Chemnitz, Zwickau and Bautzen districts. 





As a means of relieving unemployment among 
members of their trade union, the lath-workers in the 
city of St. Louis, Mo., U.S.A., have decided to work 
only six hoursaday. It is calculated that one additional 
man to every three now working will find employment 
as a result. Es Aeks: 

On June 16, 1930, the numbers of persons on the 
registers of Employment Exchanges in Great Britain 
were 1,173,800 wholly unemployed, 617,500 tempor- 
arily stopped, and 94,000 normally in casual employ- 
ment, making a total of 1,885,300. This was 110,193 
more than on June 2, 1930, and 762,587 more than a 
year before. The increase as compared with June 2 
was almost wholly among persons ‘temporarily 
stopped,” and included 80,000 in Lancashire and 
Cheshire, and 20,000 in the Midland Counties, arising 
in the main from extended holiday stoppages of a 
temporary nature. The total on June 16, 1930, 
comprised 1,336,300 men, 44,400 boys, 462,200 women, 
and 42,400 girls. Figures are not available in respect 
of Whit Monday, June 9, 1930, as a count was not 
taken on that day. 


Discussing the prospects of the Trade Disputes and 
Trade Unions Bill, the Industrial Review, an official 
organ of the Trades Union Congress General Council, 
says that the reassurance given by the Government 
on the subject is welcomed by trade unionists. ‘‘ The 
trade unions recognise fully,” the writer goes on to 
remark, ‘‘ the difficulties confronting the Government 
in dealing with this question, especially in view of the 
fact that as a minority Government the Parliamentary 
time-table is not wholly under the control of Ministers, 
and having regard to the hostilities which a measure 
of this kind will necessarily incur from both sections 
of the Opposition. There is now every hope that the 
Bill, in a form satisfactory to the trade union move- 
ment, is speedily to be introduced, and that the Govern- 
ment intends to make a vigorous effort to get it on the 
Statute Book at the earliest possible moment. From 
the trade union point of view, it is a matter of real 
urgency. Nobody doubts the goodwill of the Govern- 
ment, or discredits its intention to deal with the 
question in accordance with the pledges given at the 
General Election.” 


The Unemployment Grants Committee, Lord St. 
Davids in the chair, has approved for Government 
grant a number of schemes of work submitted by local 
authorities and other statutory bodies for the relief 
of unemployment. The estimated cost of the schemes 
so approved was 913,000/., to provide employment for 
approximately 3,200 men. Schemes before the com- 
mittee for approval, which are now the subject of 
inquiry, number 718, and are estimated to cost 
12,723,000/. 
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ATMOSPHERIC POLLUTION. 


For many years, the Meteorological Office organised 
systematic observation by authorities in various parts 
of the country on the amount and nature of the 
impurities deposited from the atmosphere within their 
areas. For some time past, however, it has been felt 
that, in order to obtain practical results from observa- 
tions of this kind, it was necessary both to study the 
effects and their collated results and to obtain informa- 
tion as to the presence of suspended as well as deposited 
impurities. It was therefore determined that, from 
April, 1927, the organisation of such observations should 
be undertaken by the Department of Scientific and 
Industrial Research, with the co-operation of a number 
of local authorities, and of certain supply undertakings 
and industrial concerns who, between them, were to 
contribute at least half the cost. The first report 
presented by the Department, which is the 14th of the 
entire series, has now been published.* 

For the time being, the search for accurate recording 
instruments to measure atmospheric pollution is still 
in progress, and even a representative plan of distribut- 
ing those gauges that are available over the country 
has not been instituted. At present, therefore, it is not 
possible to draw general conclusions applicable to the 
whole of the country, but attention may be drawn to 
some particular results which are interesting, if not 
gratifying. The practice in the tables of general 
deposits is to compare the figures of the year for each 
station with the average of the previous five years for 
the station in question. On this basis, the condition 
of the atmosphere of London for the year under notice 
showed a distinct falling off. Its contents in sulphates 
and tar had increased in seven out of the eight available 
stations, and for the country as a whole the stations 
for which five-year averages are available show results 
that are scarcely better. Of the 23 such stations, the 
tar is higher than the general average in 11, and the 





+ The Investigation of Atmospheric Pollution: Report 
on Observations in the year ended March 31, 1928, 
H.M, Stationery Office. [Price 3s, 6d. net.] 
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sulphates in 22. When, again, the stations are divided 
into groups according to the amounts of solid impurities 
in their respective atmospheres, very similar results 
are obtained. It appears, therefore, as the report 
remarks, that the purification of the air has not made 
such rapid advances as many people imagine. 

What curious problems may have to be solved before 
the results which have been accumulated are under- 
stood may be illustrated by referring to the exper- 
ience of London and Glasgow. In both these cities 
there was a considerable improvement in the atmo- 
sphere between the years 1915-16 and 1921-22. In 
London, the total deposit fell during that period from 
415 tons per square mile to about 300 tons, and the 
deposit of sulphates from 72 tons to 25 tons, while in 
Glasgow it fell from 422 tons of total solids to 255 tons, 
and from 92 tons of sulphates to 34 tons. From that 
date onwards, however, the fall ceased, and was indeed 
replaced in each city by aslight advance. For 1927-28, 
the London figures were 316 tons per square mile for 
total solids and 40 tons for sulphates, while for Glasgow 
they were 320 tons and 50 tons, respectively. Thereis 
at present nothing to show what can have caused this 
simultaneous variation in the atmospheres of two 
cities so far distant from each other. It is possible 
that, as the report suggests, it may be connected with 
variations in the extent to which gas and electric heaters 
have replaced coal fires, but in the absence of figures 
on the point no conclusion to this effect can be drawn. 

In addition to observations of deposited impurities, 
measurements are now being made in some stations of 
the suspended impurity, as shown by an automatic 
filter devised by the Superintendent of Observation, 
Dr. J. S. Owens. In this apparatus, a succession of 
dark spots is produced on standard filter paper at regu- 
larintervals by passing a standard volume of air through 
the paper. It is worked by a constant flow of water, 
and the only attention it requires is to change the disc on 
which the dark spots are produced, which is done once in 
24 hours. The extent of impurity is measured by the 
degree of greyness of the dark spots, which has been 
calibrated against the weight of suspended impurities 














in a given volume of atmosphere (milligrammes per 
cubic metre). The varying depth of tint can be divided 
into two standard shades, the difference between which 
can be recognised accurately. 

Another method about to be introduced is the 
microscopic examination of Dr. Owens, in which par- 
ticles of dust and smoke are caught and displayed on 
a microscope slide. At the present time, the Research 
Committee is engaged on considering revised methods 
for measuring the sulphur content of the atmosphere. 
There are present 81 deposit gauges, maintained by 
33 authorities, and, in addition, 12 automatic filters. 





THE INSTITUTION OF ELECTRICAL 
ENGINEERS. 


The annual conversazione of the Institution of 
Electrical Engineers, which was held at the Natural 
History Museum, South Kensington, on Thursday, 
June 12, was made the occasion for the presentation 
to Colonel R. E. Crompton, C.B., of a congratulatory 
address on his attainment of the age of 85. The 
wording of the address was as follows; The President 
and Council of the Institution of Electrical Engineers 
desire to convey their heartiest congratulations to its 
esteemed Past-President, Colonel Evelyn Bell Crompton, 
on the occasion of his eighty-fifth birthday on May 31, 
1930, and cordially wish him ad multos annos. His 
pioneer work in the advancement of Electrical Science 
and Engineering and their applications, which is 
universally recognised, entitles him in the fullest degree 
to the respect and admiration of Electrical Engineers. 
As a mark of appreciation of the great services rendered 
by Colonel Crompton to the Electrical Engineering 
Profession during his 50 years’ membership of the 
Institution, he was elected one of its Honorary Members 
in 1923, and was awarded its Faraday Medal in 1926.” 
Over 1,600 members and guests attended the con- 
versazione, and were received by the President, 
Colonel Sir Thomas F. Purves and Lady Purves, and the 
Council of the Institution. 
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THE LATE MR. PERCY ALLAN. 


WE regret to note the sudden death, at the age 
of 68, on May 7 last, at his home at Darlinghurst, 
N.S.W., Australia, of Mr. Percy Allan, formerly 
Chief Engineer of the New South Wales Public 
Works Department. The son of the late Mr. Maxwell 
Rennie Allan, who was Principal Under-Secretary 
for New South Wales, and a grandson of Mr. David 
Allan, who came to Australia in 1808 and subsequently, 
from 1818 to 1823, served as Deputy Commissary- 
General, Mr. Percy Allan received his general education 
at Calder House School, Sydney, and entered upon 
an engineering career in 1878 when 16 years of age. 
In that year, he was appointed a cadet in the Public 
Works Department, and, after some three years of 
preliminary training, was given a post in the drawing 
office. In 1886 he was promoted to the rank of chief 
draughtsman, and continued in that capacity until 
1893, when he was given charge of the designing of 
all highway bridges in New South Wales. During 
the next six years he was responsible for the design 
of over 450 bridges of all types, perhaps the most 
important of which were the Glebe Island and Pyrmont 
bridges, both in the neighbourhood of Sydney. 

In 1900, Mr. Allan became surpervising engineer, 
and was subsequently appointed principal assistant 
engineer, for the rivers, water supply, and drainage 
section of the Public Works Department. While in 
this capacity he superintended the completion of the 
low-level sewerage system of Sydney. From 1904 to 
1907,'Mr. Allan was engaged on various works connected 
with water conservation and artesian-well boring, and 
in April, 1908, he was appointed district engineer 
at Newcastle and president of the Hunter District 
Water Supply and Sewerage Board. During his four 
years’ tenure of office at Newcastle, he organised and 
directed the operations for the deepening of the 
harbour bar from 19 ft. to 23 ft. 6 in. In October, 
1912, Mr. Allan was recalled to Sydney to take up 
the appointment of assistant to the newly-created 
Director-General of Public Works in New South Wales. 
Some four years later, however, the position of 
Director-General was abolished, and Mr. Allan was 
appointed Chief Engineer for National and Local 
Government Works. During the next few years he 
again devoted his attention to bridge design, finally 
retiring in 1928. Mr. Allan became an associate 
member of the Institution of Civil Engineers on 
May 20, 1890, and was transferred to full membership 
on December 19, 1900. He was awarded a Telford 
Premium for his paper, ‘‘ Port Improvements at 
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Newcastle, New South Wales,” presented to the 
Institution on February 22, 1921. He was also a 
member of the American Society of Civil Engineers. 








AIR-SEPARATION COAL-PULVERIS- 
ING PLANT. 

THE pulverising plant for the unit system of pulverised 
coal firing which we illustrate by Figs. 1 to 5, on page 825 
and on this and the opposite pages, embodies several 
novel features which have been added subsequently to 
the original development of the mill itself on the Conti- 
nent. Messrs. The British ‘‘ Rema ” Manufacturing 
Company, Limited, Halifax have introduced these im- 
provements since they acquired the sole licence rights 
for the British Empire, some three years ago, the out- 
standing feature being the firm’s air-separating system, 
which eliminates the necessity for any preliminary 
drying of the fuel and provides a definite discharging 
action of the ground coal into the separating system, 
though the mill is not air swept in the accepted 
sense of the term. As the action of an exhausting 
fan creates the vacuum which gives the name to the 
system, it is perhaps only logical to commence our 
brief description by some account of this fan. The 
group of fans shown in Fig. 1 illustrates very well 
a distinctive feature in the hinging of one entire side, 
so that complete accessibility to the impeller is pro- 
vided by simply breaking the joint of the suction 
pipe and swinging out this side. This accessibility 
makes possible the changing of an impeller in the short 
time of, approximately, 15 minutes, while inspection 
or repair to a fan is a correspondingly shorter operation. 

The fan, as is evident from the figure, is driven by a 
direct-coupled motor, and is normally designed to pass 
the correct volume of air when the plant is working 
with zero resistance on the pipe leading to the mill 
inlet, and with a resistance not exceeding 14 in. of 
water at the fan outlet. The volume delivered is 
about 4 Ib. of air per Ib. of coal on full load. The 
fans, however, can be individually designed for the 
particular job, as different types of burner vary in the 
air volume required while the pressure may also range 
from 1 in. to 15 in. of water at the outlet. The con- 
structional details of the fan are more clearly shown in 
Figs. 2 and 3. The side casings are made throughout 
of cast iron, but the periphery is usually formed of 
segmental castings of semi-steel bolted to the sides 
through external flanges. This arrangement ensures 
maximum life particularly as any part wearing more 
rapidly than the others can be replaced without dis- 
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turbing less worn parts, the heaviest wear usually 
taking place near the outlet. 

The impeller consists of a driving disc, to which are 
bolted renewable rolled-steel blades of heavy section, 
a feature again conducing to long life. The driving 
plate and shrouding ring are first dynamically balanced 
during manufacture, and the complete impeller is 
again balanced after the renewable blades are fitted. 
Every subsequent set of spare blades is also balanced 
before leaving the works, so that when a new set of 
blades is fitted, the balance, possibly upset by worn 
blading, is again restored. This practical feature 
ensures smooth and vibrationless running after a 
change without the necessity for re-balancing on the 
site. In this connection, it may be noted that cases 
are on record in which fans have handled 10,000 tons 
of coal before it was necessary to re-blade the impeller, 
while the wear is so evenly distributed, that a worn 
48-in. impeller before re-blading, on being checked for 
balance on a Schenck machine, was found to be only 
3 oz. out, and ran without a tremor. The fan shaft 
is of special alloy steel supported on two roller bear- 
ings a considerable distance apart and protected from 
dust by a sleeve. 

The general arrangement of the system may now be 
described by a reference to Figs. 4 and 5. The mill 
shown in these is a shaft driven type ball mill, but it 
may be mentioned that the firm manufactures tube 
mills and ring roll mills with the vacuum separating 
system, having, in fact, constructed what is believed 
to be the largest single-unit mill of this latter type 
extant. This mill, working at Dresden, has an output 
of 20 tons of pulverised coal per hour, and is used for 
firing water-tube boilers. Beater and pinned-cage 
mills are also fitted with the system. Returning to a 
consideration of Fig. 4, it must first be premised that the 
end of the vertical pipe just showing in the upper part 
of the conical chamber above the mill is the bottom 
of the suction, or ascension, pipe of the fan. This is 
directly in line with the vertical leg of the right-angle 
air-supply pipe below it which passes under the mill, 
and the end of which is connected to a hot-air supply, 
or alternately to a mixture of hot air and waste gases, 
in cases where coal having a moisture content of about 
15 per cent. is to be handled. This supply pipe has 
two connections in its length, viz, a Venturi pipe from the 
mill, on the horizontal leg, and a coal-supply pipe from 
the feeding device on the vertical leg. The small 
triangular attachment at the bend is a pocket for 
arresting tramp iron, &c., there being no magnetic 
separator. 
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fact, in a recent installation for cement kilns we under- | TENDERS. 
stand that the liner plates of the mills, when grinding | WE have received from the Department of Overseas 
hard Northumberland coal containing ae pyrites, a | Trade, 35, Old Queen-street, in S.W.1, particulars 
estimated to last over two years with continuous night | of tenders invited by various bodies in the British 
and day operation, and that the machines will handle possessions and in foreign countries. The closing date 
coal containing up to 16 per cent. of moisture without | of each tender is stated below. Details may be obtained 
difficulty or reduction in output. | on application to the Department at the above address, 
the reference number given being quoted in each case. 
| Centrifugal Pumps.—The supply and installation of 
two electric motor-driven 24,000,000-gallon centrifugal 
: pet pumps and two 10,000,000-gallon centrifugal pumps. 
‘ Ho“sIDE.””—-Single-screw ¢ "8 >The City of Toronto Department of Works, Canada ; 
machinery supplied by Messrs. North-Eastern Marine | Jy)y 99. (Ref. No. A.X. 9754.) 
Engineering Company, Limited, Wallsend-on-Tyne. | ccisias SelineDioash Th is Se re 
Launch, June 11. Main dimensions, 350 ft. by 48 ft. | 10( x. estreoution: arity: aed and delivery of four 
by 25 ft. 6in. Built by Messrs. Cowpen Dry Docks and | *09- “ts ae ae Spxe) ‘driven orale cis eter linac 
Shipbuilding Company, two low-draught dosing syphons. Stores Departinent, 


Limited, Blyth, for Messrs. | 7: : Re i 
Burnett Steamship Company, Limited, Newcastle- | City of Johannesburg, South Africa; July 21. (Ref. 
upon-Tyne. 


| No. A.X. 9764.) 

“ Marar.”-——Twin-screw lighthouse and general service | Portal Jib Crane. —The supply and delivery of one 
steamer; triple-expansion engines. Launch, June 11. | 15-ton electrically-driven portal jib crane for South Side 
Main dimensions : length 228 ft., beam 35 ft. Built by (New Basin) South Arm Widening, Table Bay Harbour. 
Messrs. R. and W. Hawthorn, Leslie and Company, 


|The South African Railways and Harbours Board, 
Limited, Hebburn-on-Tyne, for the Government of Johannesburg ; August 1l. (Ref. No. A.X. 9765.) 
New Zealand. 


Bridgework.—The supply of structural steel bridge- 
‘“‘ FoYLEBANK.””—Twin-screw cargo motorship ; eight- | 


| work for six bridges. The South African Railways and 
cylinder, airless-injection Harland-B. and W. oil engines. | Harbours Board, Johannesburg; July 28. (Ref. No. 
Launch, June 12. Main dimensions, 425 ft. by 57 ft. | 


A.X. 9766.) 
by 38 ft. 7 in. Built by Messrs. Harland and Wolff, | Bridge Superstructures.—The supply of superstructures 
Limited, Belfast, for Messrs. Andrew Weir and Company, | for steel railway bridges. The Royal State Railways of 
if cannien. Siam, Bangkok; November 8. (Ref. No. A.X. 9769.) 

‘ LossEBANK.”’—Twin-screw cargo motorship; five-| Steam Wagons and Road Roller.—The supply of four 
cylinder Sulzer-type Diesel engines. Trial trip, June 12. | 6-ton steam wagons, four 4-ton trailers, and one 10-ton, 
Main dimensions, 440 ft. by 57 ft. by 38 ft. 7in. Built by | three-wheel, steam or oil-driven road roller. The City 
Messrs. Workman Clark (1928), Limited, Belfast, for | Council of Johannesburg, South Africa; July 19. (Ref. 
Messrs. Andrew Weir and Company, London. | No. A.X. 9773.) 

Discharge Valves and Crest Gates.—The supply and 
delivery of a discharge valve, or valves, capable of a 
discharge of 550 cusecs, for the Mahinerangi Dam; 
August 20. The supply and delivery of automatic 
crest gates to be capable of a discharge of 16,000 cusecs ; 








LAUNCHES AND TRIAL TRIPS. 


steamer ; propelling 





‘“‘ INNISFALLEN.”’—Twin-screw passenger motorship ; 
10-ceylinder, airless-injection Harland -B. & W. oil 
engines. Trial trip, June 14. Main dimensions, 320 ft. 
by 45 ft. 6 in. by 19 ft. Built by Messrs. Harland and 
Wolff, Limited, Belfast, for the City of Cork Steam Packet 








Company, Limited, Cork. September 3. The City Council of Dunedin, New 
’ Zealand. (Ref. No. A.X. 9783.) 


Single-screw oil-tank motorship ; four- 
cylinder, two-cycle, opposed-piston Barclay Curle- 
Doxford airless-injection engine. Launch, June 17. 
Main dimensions, 420 ft. by 58 ft. 6 in. by 31 ft. 3 in. 
Built by Messrs. Barclay, Curle and Company, Limited, 
Glasgow for Messrs. Rafen and Loennechen, a Norwegian 
firm. 
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The Railway Year Book, 1930. 
Publishing Company, Limited. [Price 5s. net.] 

United States Public Health Service. Reprint No. 1328. 
Experimental Studies of Natural Purification in Polluted 
Waters. II. Development of a Suitable Dilute Medium. 
By C. T. BuTTERFIELD. Washington: Government 
Printing Office. [Price 5 cents. ] 

The Law Relating to the Compulsory Taking of Land 


London: The Railway 


** Pavon.”’—Single-screw cargo steamer; _ triple- 
expansion engine supplied by Messrs. J. G. Kincaid and 
Company, Limited, Greenock. Launch, June 18. Main 
dimensions, 395 ft. by 53 ft. by 34 ft. Built by Messrs. 
Napier and Miller, Limited, Old Kilpatrick, to the order of 


La Compagnie de Navigation d’Orbigny, Paris. by Public Companies and Local Authorities. By 
* ’ . ° Y .» Ton y 7, , m4 

“ SILVERCYPRESS.”—Twin-screw cargo motorship ; THOMAS WaAGHORN, revised by E. Borrecaarp. 
six-cylinder, single-acting Harland-B. and W. Diesel Third and enlarged edition. London: Effingham 


Wilson. [Price 5s. net.] 

Engineering Materials. Vol. Il. Theory and Testing. 
By ArtTHUR W. JupGrE. London: Sir Isaac Pitman 
and Sons, Limited. [Price 21s. net.] 


engines. Trial trip, June 18. Main dimensions, 455 ft. 
by 61 ft. 9 in. by 40 ft. Built by Messrs. Harland and 
Wolff, Limited, Belfast, to the order of Messrs. Stanley 
and John Thompson, Limited, London, for the Silver Line, 





Limited. Canada, Department of Mines. Mines Branch No. 
‘*PLatTaNno.”’—Turbo-electric passenger and fruit-carry- = Abrasives. I Part IV. Artificial Abrasives and 

ing steamer ; electric propulsion equipment supplied by rene 4 WE Products and their Uses. 

Messrs. The British Thomson-Houston Company, Limited. Mi Aes nae rh Ses, Ottawa : Department 

Trial trip, June 20. Main dimensions 415 ft. by 56 ft. | { of ee ig age E ranch. ’ [Price 20 cents. ] | ‘ 

by 34 ft. Built by Messrs. Cammell Laird and Company, | * settee die turd Hinginecre Handbook. New York : 

Limited, Birkenhead, for Messrs. Elders and Fyffes, John Wiley and Sons, Inc. London: Chapman and 


| 

° . i i ri 

Limited, London. cs Hall, Limited. [EF we Soe met] . 
i Sate ; ; | Canada. Dominion Water Power and _ Reclamation 
: Fs ORDHEIM. Single-screw timber-carrying steamer ; Service. Annual Report 1927-1928. Irrigation Series 

triple-expansion engine supplied by Messrs North Eastern | Bulletin No. 7. Irrigation Practice and Water Require- 

Marine Engineering Company, Limited, Sunderland,| ments for Crops in Alberta. Ottawa: Dominion Water 

Bauer-W ach turbine installed by the builders of the! Power and Reclamation Service. 

ship. 1 rial trip June 24. Main dimensions, 384 ft. by | Aeronautical Research Committee. Reports and Memo- 

51 ft. 6 in. by 26 ft. Built by Messrs. Swan, Hunter, | randa. No. 1275. The Interference of a Wind Tunnel 








and Wigham Richardson, Limited, Sunderland, for | on a Symmetrical Body. By C. N. H. Lock. [Price 
Mr. Nils Rogenaes, Haugesund, Norway. | ls. net.) No. 1277. Stability Derivatives of the 
| Bristol Fighter. By A. 8, Hauurpay. [Price ls. net.] 

No. 1281. ‘‘ Cornering” at High Speeds. By W. C. 

PrERSONAL.—-Messrs. F. W. Bridges and Sons, Limited, JENNINGS. [Price 9d. net.] No. 1284. Pressure 
have transferred their offices from Avenue Chambers, Plotting a Streamline Body with Tractor Airscrew 
Southampton-row, to Grand Buildings, Trafalgar-square, Running. Part II. Airscrew in Rear Position By 
London, W.C.2.—-Messrs. Oxley and Company (Machi- C. N. H. Lock and F. C. JoHANSEN. [Price ls. net.] 


No. 1285. Mechanical Properties of Pure Magnesium 
and certain Magnesium Alloys in the Wrought Condition 
(continued). Mechanical Properties of ‘‘ Electron’ 
Alloy. By H. J. Tapsett, 8. L. AncHBuTT and J. W. 
JENKIN. [Price 9d. net.] No. 1289. The Determina- 
tion of the Water Resistance of Seaplanes. By H. M. 
GaRNER and L, P. Coomses, [Price 9d. net.] No. 


very), Limited, Central Works, Savile-street, Sheffield, 
have opened out an additional department for metals. 
Mr. D, E, Grant is relinquishing his position at the Elswick | 
works of Messrs. English Steel Corporation, Limited, to 
take up the appointment of managing director of Messrs. 
Dixon and Corbitt and R. 8. Newall and Company, 
Limited, Gateshead-on-Tyne.-—Messrs. Celite Products 


Corporation, Windsor House, 4+), Victoria-street, London, 1291. Some Generalised Curves for the Accelerated 
8.W.1, have changed their name, and will henceforth Motion of an Aeroplane. By H. Guavert. [Price 9d. 
trade under the style of Messrs. Johns—Manville Com- net.] No. 1293. Hzaploration of the Flow near the 


Screw proposed for the N.P.L. Compressed-Air Tunnel. 
By C.. N. H. Lock and A. R. CoLuar. [Price 9d, 
net.] No. 1294. Centre of Pressure Travel of Symmet- 
rical Sectionat Small Incidence. By F. B. BRADFIELD. 
[Price 9d. net.] No. 1295. Maximum Lift Coefficient 
of ‘*‘ Starling”’ with Clark Y.H. Wings. By R. P. 
Atston. [Price 3d. net.] No. 1301. Experimental 
Comparison between a Series of Turns of Different 
Diameter on a Gloster IV Seaplane. By J. K. Harpy. 
[Price 6d. net.] London: His Majesty’s Stationery 
Office. 

Everyday Uses of Portland Cement. Fifth edition, 
London: The Cement Marketing Company, Limited. 
[Price 10s. 6d. net. ] 

Transactions of the Institution of Water Engineers, 
Vol. XXXIV. 1929. Edited by A. T. Hopss. 
London: Offices of the Institution. 


pany, Limited.—The firm of Messrs. The Tangent Tool | 
ngineering Company, Limited, Tangent Works, Keyn- | 
sham, Bristol, has been taken over by Mr. H. E. F. 
Brecknell, who is continuing the business under the style 
of Messrs. H, Brecknell and Sons.—Mr. H. Hoover has 
joined the Philadelphia branch of Messrs. Wagner 
Electric Corporation, Saint Louis, U.S.A.—Messrs. | 
Guest, Keen and Nettlefolds, Limited, Bolt and Nut 
Section, Atlas Works, Darlaston, announce that their 
representative, Mr. C, C. Parson, will in future operate 
from their London office, 66, Cannon-street, E.C.4. 
The London office of their associated company, Messrs. 
John Garrington and Sons, Limited, is also at 66, Cannon- 
street.—Messrs. T. W. Ward, Limited, Albion Works, 
Savile-street, Sheffield, have acquired the undertaking 
and assets of Messrs. The Midland Coal, Coke and Iron 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Restricted output of Cleve- 
land pig iron continues to be in excess of current needs, 
and there seems no likelihood of early material expansion 
of demand. Ironmasters have as much Cleveland pig 
stored as they care to carry, but stocks can hardly be 
described as inconveniently large, and are increasing 
little. Makers are still taking up a large proportion of 
the production for their own consuming departments. 
A little direct business with local and other home con- 
sumers is passing, but export sales are very few and 
small. Second hands are disposing of odd parcels to 
customers abroad, and are doing a little home and export 
trade in Midland iron. Their holdings of Cleveland pig 
are light, and they have not a free hand as to the disposal 
of that commodity to home users. Ironmasters adhere 
to their fixed figures for ordinary business, but are 
understood to have made substantial price concessions 
to secure trade with firms in Scotland. Recognised 
market rates remain: No. | grade of Cleveland, 70s. ; 
No. 3 g.m.b., 67s. 6d.; No. 4 foundry, 66s. 6d.; and 
No. 4 forge, 66s. 

Hematite.—In their anxiety to keep furnaces in opera- 
tion, producers of hematite iron are now naming low rates 
at which they are prepared to book orders, but customers 
are not tempted by the offers, and fear is expressed that 
further curtailment of output will have to be made in 
the very near future. Merchants have not much iron on 
hand, but are underselling makers. Home demand is 
very quiet, and export business is difficult to arrange 
in face of the comparatively cheap Continental hematite. 
Makers offer ordinary East Coast brands at 71s. 6d., and 
have accepted less, though cost of output is well over 
75s. No. 1 quality is on sale at 72s. 

Foreign Ore.—There is no new feature in the foreign 
ore trade. Sellers realise the futility of attempting to 
renew contracts just now, and business is virtually at 
a standstill. Consumers are carrying large stocks, and are 
heavily bought abroad. 

Blast-furnace Coke.—Durham blast-furnace coke is 
plentiful, and buyers are little in evidence. For early 
delivery, good average qualities are on sale at 16s. 6d., 
but consumers cannot buy far ahead at that unprofitable 
figure. 

Manufactured Iron and Steel.—Business in manufac- 
tured iron and steel matures very slowly. Some surprise 
was expressed at the decision not to alter fixed steel 
prices. Among the principal market quotations are : 
Common iron bars, 10/. 15s. ; best bars, 117. 5s. ; double 
best bars, 117. 15s. ; treble best bars, 12/. 5s. ; iron rivets, 
1l/. 10s.; packing (parallel), 8/.; packing (tapered), 
101. ; steel billets (soft), 62. 15s. ; steel billets (medium) 
71. 12s. 6d.; steel billets (hard), 8/. 2s. 6d.; steel rivets, 
111. 5s. ; steel ship plates, 8/. 15s. ; steel angles, 8/. 7s. 6d.; 
steel joists,, 87. 10s.; heavy sections of steel rails, 87. 10s. 
for parcels of 500 tons and over, and 9/. for smaller lots ; 
fish-plates 12/7. 10s. ; black sheets (No. 24 gauge), 9/. 15s., 
and galvanised corrugated sheets (No. 24 gauge), 11/. 
17s. 6d. 











THe WorLD ENGINEERING CONGRESS, ToKkyo.-—A 
pamphlet has just reached us containing particulars 
regarding the publication of the proceedings of the 
World Engineering Congress, held at Tokyo, Japan, 
from October 29 to November 7, 1929. The proceedings, 
which will be ready in the autumn, will contain 812 
papers in English, French, German, and various other 
languages, and will comprise 16,500 pages. Two 
editions are being prepared, namely, the standard 
edition, comprising 20 volumes bound in cloth and sold 
by the set only, and the popular edition, consisting of 
39 paper-backed volumes, single volumes of which are 
obtainable. The price of the standard edition, if 
ordered on or before September 30 next, is 20/. neti per 
set; if ordered after this date, the price is 25/. net per 
set. In the case of the popular edition, the regular 
prices of the volumes vary from 8s. to 14s. If, however, 
orders are placed before September 30, a rebate of 
2s. is allowed on the price of each volume. Orders and 
correspondence should be addressed to the World 
Engineering Congress, Nihon Kogyo Club Building, 
Marunouchi, Tokyo, Japan. 

CHEMICAL ENGINEERING AND CHEMICAL CATALOGUE.—— 
Described as a catalogue of heavy and fine chemicals, 
raw material, machinery, plant and equipment applicable 
to production industries, the sixth edition of the Chemical 
Engineering and Chemical Catalogue has made its appear- 
ance. The volume is in effect a directory, and is in- 
tended for the use of engineers and works managers 
charged with the specification and purchase of the plant, 
equipment, and material utilised in the manufacture 
mainly of consumable products. The book is divided into 
five main sections, namely, a catalogue of chemical 
products ; a catalogue of plant, equipment, and chemical 
engineering ; alphabetical and classified indexes, one of 
which is in the Spanish language ; physical and chemical 
data and tables; and a list of technical and scientific 
books. A useful feature is that the division of the 
various sections is shown by thumb indentations. The 
data and tables section, we are informed, has been 
doubled, many of the tables having been specially 
compiled for the catalogue. The book contains many 
illustrations and diagrams and is free from purely 
advertising matter. In place of this, precise data and 
really useful information are furnished. The volume is 
edited by Dr. D. M. Newitt and is published by Messrs. 
Leonard Hill, Limited, 231-232, Strand, London, W.C.2. 
The annual subscription is 10s. 6d., but single copies 





Company, Limited, Apedale, Staffordshire, 


may be obtained at the price of 15s. net. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Strong exception is taken by pro- 
minent manufacturers in the local steel and engineering 
trades to the circulation of pessimistic reports. It is 
pointed out that these often bear the impress of ignorance 
of actual working conditions, and frequently appear to 
be based on conscious misrepresentation. Trade organ- 
isers stress the damage done to connections, particularly 
in foreign markets, where rivals are only too glad of the 
opportunity to exploit such reports for their own ends. 
The actual facts are that many more thousands of 
operatives are employed here than before the war, despite 
the substantial loss of armament and related work ; that 
the quality of Sheffield steel and steel products is incom- 
parably higher than at any preceding period ; and that 
Sheffield is turning out 50 per cent. more steel and pro- 
ducts thereof than in the best of pre-war years. Current 
conditions are somewhat disappointing. Buying is mainly 
of a hand-to-mouth character, and, though there are 
exceptions, the bulk of departments are working well 
within productive capacity. Further advance has been 
made with the manufacture of hollow-forged high- 
pressure steel drums for oil refining, aircraft testing, 
and steam-pressure services. In other directions work at 
rolling mills, forges, and presses is needed to maintain 
output at its recent level. There is also a good deal of 
idle capacity at open-hearth steel furnaces. Prices are 
surprisingly firm considering the unevenness of the 
demand. They are as follows: Siemens acid-steel billets, 
91. 10s. ; hard basic-steel billets, 97. 2s. 6d. to 91. 12s. 6d. ; 
medium hard basic, 7/. 12s; 6d. to 81. 2s. 6d. ; soft basic, 
61. 10s. ; Lincolnshire foundry pig iron, 75s. 6d. ; Derby- 
shire foundry pig iron, 73s. 6d.; Derbyshire forge, 69s. 
6d. ; crown iron bars, 11/.; iron hoops, 12/. ; steel hoops, 
91. 10s. to 10/.; basic-steel scrap, 50s. Large supplies 
of steel are being taken for the manufacture of electrical 
machinery and appliances. A healthier tone is shown in 
the production of axles, tyres and other railway steel. 
Heavy demands are still being made on Sheffield works 
for automobile steel. There is a fair call for agricultural 
iron and steel and garden tools. Improved business in 
harvesting machinery is anticipated from the crop pros- 
pects. Hacksaw production is being placed on a wider 
basis. Fair sales of twist drills and tutters are reported. 


South Yorkshire Coal Trade.—Business is labouring 
under the existence of heavy stocks, resulting from a 
generally quiet demand. Little movement is shown in 
house coal. Benefit may result from efforts to induce 
consumers to stock for the winter earlier than usual. 
Collieries and depots have substantial supplies for which 
there are comparatively few buyers. There are weak 
spots in the industrial demand quite apart from the 
shortage of export business. Some speculative buying is 
reported in smalls. Quotations: Best branch hand- 
picked, 25s. to 26s. 6d. ; Derbyshire best brights, 20s. to 
22s.; Derbyshire best house, 19s. to 20s.; screened 
house coal, 17s. to 19s. ; screened house nuts, 15s. to 17s.; 
Yorkshire hards, 148. to 15s. 6d. ; Derbyshire hards, 14s. 
to 15s. 6d.; rough slacks, 8s. 6d. to 9s.; nutty slacks, 
7s. to 8s.; smalls, 3s. to 5s. 








CANADA AND BritisH STEEL.—The Executive Com- 
mittee of the National Federation of Iron and Steel 
Manufacturers, at its meeting held on June 19, expressed 
high appreciation of the recent action of the Dominion 
of Canada in according increased preferences to the 
products of the British iron and steel industry. 





Directory oF Paper Makers.—The 1930, and 54th 
annual edition of that useful work, Directory of Paper 
Makers of Great Britain and Ireland, was published 
recently by Messrs. Marchant Singer and Company, 47, 
St. Mary Axe, London, E.C.3. As was the case with earlier 
issues, the book contains alphabetical lists of paper and 
millboard makers in Great Britain and Ireland and lists of 
paper enamellers and surfacers, of paper makers’ repre- 
sentatives and agents, of London wholesale stationers, 
and ofwatermarks and trade names used by paper makers 
and wholesale stationers. Alphabetical and geographical 
directories of individual paper mills are also given, several 
maps being included, and the volume closes with sections 
dealing with such matters as standard names and sizes 
of papers and boards, paper-trade customs, and paper- 
trade publications. The volume, which comprises 
upwards of 270 pages, is well printed and neatly bound, 
and the price is 5s. net, or post free in the United Kingdom, 
58. 





THe Atuminium Pavimion, Lifce ExuHIBITION.— 
The international aluminium pavilion was inaugurated 
recently at the Liége International Exhibition. The 
Bureau International de l’Aluminium, which is responsible 
for the arrangement and organisation of the pavilion, is 
receiving the co-operation of the prominent aluminium 
producers in Great Britain and the Continent, and each 
country is well represented at the various stands. The 
exterior of the building is picked out in polished or 
fluted aluminium strip, the window frames are of 
Duralumin, and the roof is composed of aluminium sheet. 
The ground floor is occupied by stands, on which the more 
massive applications of the light-metal industry are 
exhibited. There is also, on this floor, a cinema in which 
films illustrating the production and working of 
aluminium and its alloys are shown continuously. On 
the upper floor, the stands have been grouped under 
various industries, the chemical, electrical, wireless, 
mechanical, motor-car, and textile industries each 
exhibiting a representative selection of aluminium articles. 
On the roof of the pavilion is placed an all-metal aeroplane 
of Duralumin, while welding and other processes are 
demonstrated in the basement. 


NOTES FROM THE NORTH. 


Giascow, Wednesday. 

Scottish Steel Trade.—Little change has taken place 
in the Scottish steel trade during the week, but a more 
hopeful feeling prevails as the prospects of the ship- 
building industry are somewhat brighter. One or two good 
contracts have lately been secured, and there is a pro- 
bability of some more orders coming along in the near 
future. Meanwhile, the steel makers are having difficulty 
in keeping their plant running on account of the scarcity 
of specifications, both on home and export account. The 
internal trouble in India and the tariff revision in 
Australia have curtailed our overseas trade to a very 
considerable extent. These, with the general home trade 
in such a poor state, have brought outputs to a very low 
level. It is expected that business will show a better 
face after the summer holiday vacation next month. 
In the black steel sheet trade the demand for the lighter 
gauges is keeping up wonderfully well, and makers have 
quite satisfactory order books, but the heavier gauges 
are very slow all round. Galvanised sheets are in very 
poor request and makers find difficulty in securing a 
sufficient tonnage to keep plant in operation. Prices are 
nominally unchanged and are as follow :—Boiler plates, 
107. 10s. per ton; ship plates, 8/7. 15s. per ton; sections, 
81. 7s. 6d. per ton; black steel sheets, } in., 91. per ton ; 
and galvanised corrugated sheets (No. 24 gauge), 12/7. 15s. 
per ton, all delivered at Glasgow stations, 


Malleable-Iron Trade.—There is still a great scarcity of 
fresh business in the West of Scotland malleable-iron 
trade, and the works are only operating in a hand-to- 
mouth manner. The industry has been suffering very 
badly during recent months and there is little sign of 
any betterment on the horizon. The re-rollers of steel 
bars are also finding things very stiff at present as specifi- 
cations are extremely scarce. Prices are without change 
and are as follow :—‘‘ Crown” bars, 101. 5s. per ton for 
home delivery, and 9. 15s. per ton for export; and 
re-rolled steel bars are 7/. 12s. 6d. per ton for home delivery 
and for export. 


Scottish Pig-iron Trade.—A very quiet tone continues 
to prevail in the Scottish pig-iron trade and the demand 
has not improved in the slightest degree. The current 
rate of production is more than equal to all calls, and 


stocks are increasing. When the holiday season arrives | 


next month it is fully expected that the blast furnaces 
will be damped down for a lengthened period unless there 
is a considerable improvement in business. In the hope 
of. reviving the demand, prices have been reduced by 
ls. 6d per ton, and the following are now the current 
quotations :—Hematite, 79s. 6d. per ton delivered at 
the steel works; foundry iron, No. 1, 79s. per ton, and 
No. 3, 76s. 6d. per ton, both on trucks at makers’ yards. 
Forge iron is now 76s 6d, delivered at consumer’s works. 
There are at present 15 furnaces producing ordinary 
iron and 10 producing hematite. 


Scottish Pig-Iron Shipments.—The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, June 21, was one of the smallest 
on record, and only amounted to 50 tons. Of that total 
40 tons went overseas and 10 tons coastwise. During the 
corresponding week of last year the figures were 688 tons 
overseas and 48 tons coastwise, making a total shipment 
of 736 tons. 








Hypro-E.ectric PowER DEVELOPMENTS IN BRITISH 


NOTICE OF MEETING. 





INSTITUTION OF MECHANICAL ENGINEERS.—Summer 
Meeting, Monday, June 30, to Friday, July 4, The 
University, Bristol. Tuesday, July 1, 10 a.m. “ Air- 


cooled Aero-Engines ; a Review of Developments in the 
past Ten Years,”’ by Mr. A. H. R. Fedden. At 2 p.m. 
Various visits to works. Wednesday, July 2. Whole- 
day visits to works. At 7.30 p.m. Institution Dinner, 
Grand Hotel, Bristol. Thursday, July 3, and Friday, . 
July 4. Whole-day excursions and visits to works. 








NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The opposition of the House of 
Lords to the Coal Mines’ Bill has created hopes amongst 
coal market operators that the Bill will either be dropped, 
or so modified as not to increase ecsts of production 
or unnecessarily interfere with the working of the collieries. 
Operators feel that what is wanted is less restriction 
and fewer handicaps to the conduct of business so 
that they can estimate, with some degree of certainty, 
the cost of coal, and confine their attentions to the selling 
of the mineral rather than be compelled to spend time 
in studying what they can and cannot do as a result of 
the mass of restrictions which have been placed on the 
industry from time to time. Meanwhile conditions 
show no change of note, and, though shipments have 
expanded during the last week, the demand continues 
insufficient to clear current production, despite the 
fact that collieries have been compelled to work irreg- 
ularly owing to the general slackness of trade. In the 
circumstances prices remain on the basis of the schedule 
based on 20s. per ton f.o.b. for best Admiralty large, 
and 13s. 6d. for best steam smalls. For prompt loading, 
sized coals too are obtainable round the schedule, but for 
shipment ahead, tentative inquiries are more numerous, 
and business is being quietly booked up at anything 
from 3d. to 2s. per ton above the schedule. In the past 
week exports of foreign coal totalled 475,000 tons, 
which was 147,000 tons more than in the previous week, 
but still considerably below the rate of clearances in the 
first quarter of the year. 


500,000 T'ons Contract.—A contract which caused 
considerable interest during the week was that of the 
Buenos Ayres Electricity Works, which has placed an 
order with Messrs. Gueret, Llewellyn and Merrett! Limited 
of Cardiff, for 500,000 tons of sized coal, to be delivered 
at Buenos Ayres and Rosario over 1931 and 1932, and 
for 50,000 tons to be shipped to Lisbon (Portugal) over 
1931, The importance of the business is the fact that 
it was secured, in keen competition with Germany, by 
the margin of ld. perton. The order has been taken on a 
| ¢.i.f. basis, which means that the successful tenders are 
| taking a big risk with the freight. Though a half- 
| million ton contract is a substantial order, spread over 
| two years, it does not mean much as it represents only 
| 5,000 tons a week or a day’s output of a good-sized col- 
liery. 

Iron and Steel.—Shipments of iron and steel goods 
| last week amounted to 18,750 tons, which was more than 
| treble the quantity despatched in the preceding week. 
Clearances of tin-plates and terne-plates were raised 
| from 4,642 tons to 15,019 tons, of black plates and sheets, 
| from 149 tons to 1,015 tons, of galvanised sheets, from 


141 tons to 1,473 tons, and of other iron and steel goods 





| 


| 
| 
| 


Cotums1a.—The East Kootenay Power Company in- | from 300 tons to 1,243 tons. 
tends to apply to the Provincial Water Controller at | 
Victoria, British Columbia, Canada, for the right to) 
dam the Elk river at a point about 10 miles below| Moror SHow, Mman.—A report on the motor show, 











the town of Elko, and to erect a water-power plant 
having a capacity of between 15,000 and 20,000 h.p. 
The main feature of the scheme is the construction of a 
dam across the river at Phillip’s Canyon. The East 
Kootenay Power Company already operates two hydro- 
electric power plants, the one on the Elk river and the 
other on the Bull river, as well as a steam-driven plant 
at Sentinel in Southern Alberta. These plants have a 
total installed capacity of 37,200 h.p., and power is sup- 
plied to a number of collieries, to the large Sullivan 
silver-lead-zinc mine, and to a number of townships, 
including Crambrook and Fernie. 


SKILLED EMPLOYMENT AND APPRENTICESHIP ASSOCIA- 
TIoN.—As we have previously stated in our columns, 
the main object of the Skilled Employment and Appren- 
ticeship Association is to promote the welfare of boys and 
girls by encouraging and assisting them to enter skilled 
trades, and to continue this encouragement and advice 
after they have entered such trades. The 24th annual 
report of the Association shows that it is steadily 
continuing its useful work, for, during 1929, 673 boys and 
548 girls were placed in trades and occupations either as 
apprentices or as learners. It is a gratifying indication 
of the careful work of the committees that only about 
10 per cent. of the children, for whom — were found, 
proved unsuitable after trial. The East London 
Apprenticeship Fund continued its good work under 
the mgis of the Association during the year under 
review. Premiums amounting to 290/. have been 
granted in 13 cases. Those boys who have completed 
their apprenticeships during the year are doing well, 
and satisfactory reports are received of the 59 still 
on the books. Mr. H. Glanfield is now the honorary 
secretary of the Association, Mr. Horne having resigned 
the joint honorary secretaryship and Mr. F. Coston Taylor 
having finally relinquished that office after 10 years, to 
become honorary treasurer. The Association invites 
subscriptions to enable it to extend its work. The 
central office of the organisation is at 75, Denison House, 


| held in connection with the Milan Fair, from April 12 
| to 27 last, has been furnished to the Department of Over- 
| seas Trade by H.M. Vice-Consul at Milan. United 
| Kingdom firms desirous of receiving a copy of the docu- 
|ment should communicate with the Department, at 
| 35, Old Queen-street, London, 8.W.1, quoting Reference 
'No. A.X. 9665. 


Soot, AsH, AND GRIT FROM PoWER STATION CHIMNEYS. 
—The Electricity Commissioners have appointed a 
| committee, under the chairmanship of Mr. C. D. Taite, 
| and with Mr. C. S. Jenkins as secretary, to consider and 
| report upon the measures which have been taken both 
|in this and other countries, to obviate the emission of 
| soot, ash, and gritty particles from the chimneys of 
electric power stations. The Committee includes 
Messrs. M. H. Adams, J. Bruce, A. N. East, W. Innes, 
A. B. Owles, Dr. 8. L. Pearce, Messrs. T. Roles, W. C. P. 
Tapper, E. R. Wilkinson and H. K, Beale, Bailie A. 
Holmes, and Alderman W. Walker. The Committee 
held its first meeting on June 2. 


ContTrRAcTSs.—Messrs. Robert Stephenson and Com- 
pany, Limited, 25, Victoria-street, London, S.W.1, 
have received an order from the Buenos Ayres and 
Pacific Railway Company for fifteen 0-8-0 type tank 
locomotives, the approximate full weight of which being 
65 tons, and the light weight, 53 tons.—H.M. Office of 
Works has accepted the tender of Messrs. The British 
Thomson-Houston Company, Limited, Crown House, 
Aldwych, London, W.C.2, for Mazda gas-filled and 
vacuum lamps to be supplied during the period ending 
May 31, 1931.—Messrs. The British Rema Manufacturing 
Company, Limited, Halifax, are building, for the North 
Metropolitan Power Station Company, Limited, London, 
for installation in their Brimsdown power station, one 
British Rema ring-roll type pulverising mill, fitted with 
their vacuum system of classification. The plant is 
stated to be the largest of its type in this country; it 





296, Vauxhall Bridge-road, London, 8.W.1. 


will have a guaranteed output of 12 tons per hour. 
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THE RE-OPENING OF ST. PAUL’S 
CATHEDRAL. 


Sr. Paut’s CATHEDRAL has been re-opened this 
week in the presence of Their Majesties the King 
and Queen with the solemnity due to an historical 
and unprecedented occasion. For five years only the 
nave of the building has been available for public 
worship, and the whole area under the dome has 
been shut off, with the transepts and choir ex- 
tending to the east. This drastic measure was found 
necessary not for the purpose of avoiding immediate 
danger to the public, but in order to allow work which 
had been found essential to the preservation of the 
structure to be carried on without interruption. 
Those who have been associated with these works are 
to be congratulated on having at last attained the 
substantial purpose in view. The event has shown 
further that the preservative measures were planned 
with considerable foresight. Little alteration has 
been found necessary in them as the work has pro- 
gressed, disclosing the state of the building more 
completely than it could have been known when the 
plans for its amendment were made. They have been 
carried out, moreover, in less time than was ex- 
pected originally, an unusual experience in protracted 
operations under difficult and initially uncertain 
conditions. The engineering interest of the work 
does not lie in its mere size. First and last it has 
extended over 17 years and has cost less than 
400,0001.—figures not exceptional in large construc- 
tional operations. The experience gained has been 
interesting and instructive and when, in addition, the 
unique value of the Cathedral is considered, not to be 
expressed in any economic units, it may be desirable 
to call attention to the grave warning it gives as to 
what may be necessary in the future. 

When the Cathedral was built, the usual extent 
of sub-surface works and of traffic was, of course, 
incomparably smaller than it is now, and if he could 
have foreseen how they were to be developed, it is 
hardly likely that Wren would have erected so 
weighty a structure as his dome on such shallow 
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foundations. They extend, in fact, only 44 ft. below 
the level of the crypt floor, and a deep bed of sand 
and gravel separates them from the firm bed of solid 
blue London clay. Even during the 40 years over 
which the building of the Cathedral extended, settle- 

ments occurred which Wren himself had to make good, 

and in 1831 the whole edifice was threatened with 
destruction through great quantities of sand being 
pumped out from beneath it in attempting to lay a 
sewer in its immediate neighbourhood, a calamity 
which seems to have been averted only by the inter- 
vention of Rennie and Brunel. The problem which the 
structure has always presented arises from the great 
weight of the dome and its supports, amounting to 
about 70,000 tons, in relation to the outside diameter 
of about 140 ft., and to the depth and nature of the 
foundations. Signs appeared many years ago of the 
need for the utmost precaution in avoiding any 
interference with the foundations. Even in 1890 
|further burials in the Cathedral were forbidden 
absolutely in the nave part of the crypt, and allowed 
only in very exceptional cases elsewhere. Even at 
that time, however, the true situation of the structure 
was far from being appreciated accurately. As 
| recently as 1907, a special committee of eminent 
| architects reported after careful enquiry that the 
Cathedral required no large scheme of repairs. 
A very few years later, however, when the proposal 
to construct an underground tunnel near the 


' building in connection with the suggested St. Paul’s 
| Bridge was examined by Sir Francis Fox and others, 


it became apparent that substantial preservative 
operations were already necessary. 

There was a small fabric fund at St. Paul’s, barely 
adequate for current repairs, and quite insufficient 
for any emergency work on the required scale. 
Accordingly, in 1914, a public appeal for 70,0001. 
was made to provide for certain work, recommended 
- | by two distinguished architects, one of them the 
Surveyor of the Cathedral. In consequence of 
observations made in the course of this work, a 
Commission was appointed in the autumn of 1921 
to examine the building and advise what methods 
should be adopted for its preservation. This Com- 
mission included, in addition to two architects (Sir 
Aston Webb and Mr. Mervyn Macartney, the Cathe- 
dral Surveyor), three civil engineers, Mr. (now Sir) 
Basil Mott, Mr. E. F. C. Trench, and Mr. (now Sir) 
G. W. Humphreys, and on its advice in an interim 
report, an appeal for a further sum of 100,000/. was 
made for work that was evidently and immediately 
necessary. A large part of this sum was subscribed 
promptly, and during the next three years the Com- 
mission made a minute examination of the condi- 
tion of the structure under and composing the dome, 
instituting also a series of measures, including a 
system of reference points embedded in the masonry, 
by which any movement in the structure could be 
controlled more amply and accurately than had been 
possible up till then. In the light of the results 
so obtained the works now being complefed were 
planned, and a further appeal for 140,000]. was 
made to enable them to be carried out, an amount 
which was quickly raised, being considerably over- 
subscribed. In substance the measures undertaken 
were essentially of three kinds. The piers on which 
the dome is carried were consolidated by grouting 
under pressure through bore-holes, the piers being 
strengthened temporarily during the process by 
steel and timber casing, and being left per- 
manently reinforced by metal rods embedded in 
the bore-holes. The drums of the dome were 
encircled by metal hoopings, to prevent a possible 
cumulative increase in their circumference. Arrange- 
ments were made for repeating the levelling and 
similar observations of the structure at regular 
intervals, so as to keep constant account of any 
change which might occur. It was recommended also 
that precautions should be taken against the danger 
that might arise from building operations near and 
below the level of the foundations of the Cathedral. 

The observations which have been made during 
the progress of the work show that for the time 
being no movements are occurring in the founda- 


tions, and no cumulative movements in the 
structure. Small periodic movements, indeed, 
appear to occur owing to temperature changes, 


but these could neither be controlled without 
the fear of dangerous concentration of stresses on 
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some part of the surface, nor are of serious conse- 
quence so long as they are not cumulative. With 
the amendments that have now been made in the 
superstructure, there appears, in fact, to be no 
reason at all to expect further cause for anxiety 
in regard to the structure, so long as the circum- 
stances of the foundations remain unchanged. 
The weakness of the position appears to be that 
it discloses no sufficient assurance against such a 
change. The tendency of practice in commercial 
districts, such as that in which St. Paul’s is placed, 
is not only to construct higher buildings with 
more storeys but also to open out deeper base- 
ments. The construction of tunnels, such as 
those of tube railways, or of other underground 
structures, such as modern drainage and other 
subways, may under given circumstances have a 
considerable effect on the foundations of neigh- 
bouring structures, and those of the Cathedral 
would certainly be sensitive to such effects. Experi- 
ence seems to show, moreover, that increased 
volume, weight, and velocity of traffic may produce 
consequences below the surface which as yet are 
imperfectly ascertained, and certainly the effects 
of the vibrations so produced cannot be predicted 
with the accuracy that is necessary when dealing 
with an irreplaceable structure such as St. Paul’s 
Cathedral. Engineers who have had occasion to 
travel in the Dominions, and even in the United 
States, have observed the keen interest with which 
the recent fortunes of the Cathedral have been 
followed in those countries. Canon Alexander, 
the Treasurer of the Cathedral, has described its 
relation to the Empire in a singularly graphic 
phrase, having termed it ‘‘ The Parish Church of 
the Empire,” and in a preface to a second edition 
of his little work on The Safety of St. Pauls, he 
has repeated a suggestion made many years ago 
that special measures should be taken to restrict 
excavations in the area surrounding it to such 
as would be without danger to the Cathedral. 
There would be obvious objections from the 
point of view of owners to restricting the use to 
which they may turn their property. Nothing, 
however, is better settled in the law as well as the 
justice of the community than that a man may 
not use his property so as to injure that of his 
neighbour. When the neighbouring property is 
also a national and imperial possession, the maxim 
seems at least as applicable as when it is that of a 
private person. Doubtless there is a correlative 
obligation on the owner of the threatened property 
to use all reasonable means to protect it against 
injury. If further experience confirms the present 
impression of the effect which has been produced by 
the recent works, the Cathedral authorities have 
discharged that obligation. It remains now to 
define what limitations should be put on excavations 
and other operations in the neighbourhood of the 
Cathedral, to what area such restrictions should 
extend, by what technical authority they should 
be prescribed, and by what mechanism applied. 


THE ASSESSMENT OF COMPENSA- 
TION WATER. 


WHEN a community grows up on the banks of 
a river and becomes dependent upon it for many 
vital interests, and when some other party, often 
at a considerable distance, takes supplies of water 
from it, it has long been felt essential that an 
adequate flow should be left for the first com- 
munity. Any regulation of water supplies, more- 
over, should make such provision as is possible 
for preventing them from being wasted. Not 
only may waste in the form of floods become 
a nuisance or even a danger to the neighbour- 
hood, but the duty of husbanding all water 
supplies so as to avoid shortage is now well recog- 
nised. When it comes, however, to applying these 
principles, the fundamental difficulty arises of 
ascertaining how much water is available for control. 
In many parts of the country, indeed, observations 
have been made in recent years on rainfall and 
run-off from which much more accurate estimates 
of supplies can be made than were possible some 
70 years ago, when the present method of assessing 
compensation water was prescribed, and although 
these records can still be amplified, the data now 
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available appear to be sufficient to call for a 
reconsideration of the present method of assess- 
ment. This view has been taken by the Advisory 
Committee on Water set up by the Ministry of 
Health, as indeed it was stated in the final report 
of the Water Power Resources Committee in 1921, 
and the Ministry has now published a report on 
the subject by a Technical Sub-Committee of the 
Advisory Committee on Water (H.M. Stationery 
Office; Price 9d. net). The Sub-Committee, a small 
body of eminent water engineers under the chair- 
manship of Mr. Sandford Fawcett, has produced 
a series of definite recommendations, in which 
the main Committee, itself an essentially practical 
body, has expressed its concurrence. These recom- 
mendations, if they receive legislative sanction, will 
make a substantial difference in the basis on which 
water undertakers will be required to discharge 
compensation water. 

The present method is based exclusively on the 
average annual rainfall over the catchment area 
for as long a period of years as possible. A deduc- 
tion of one-fifth or one-sixth from the amount thus 
determined was made in order to arrive at the rain- 
fall that might be relied upon during a period of 
three consecutive dry years, and a flat deduction of 
a number of inches of rain, usually 14 in., was made 
from the remainder to cover the losses due to evapo- 
ration and absorption. The remainder, which was 
called the reliable or the available yield, was then 
divided between the requirements of the public water 
supply and the river in certain definite proportions, 
very commonly two to one, or sometimes three to 
one. The latter, regarded as compensation water, 
became a first charge on the storage reservoirs in 
which the water flowing from the catchment area 
might be impounded. The application of this 
method, therefore, made no provision for the very 
varied requirements of different rivers as regards 
compensation allowance, these varying naturally 
with the industrial uses to which the river may be 
put, and made no allowance at all for the consider- 
able extent to which river interests may be benefited 
by the construction of large impounding reservoirs 
on their head stream. For purposes of power or trade, 
the value of a natural river of variable flow is, obvi- 
ously, increased to the extent to which its available 
flow is regularised, and impounding reservoirs not 
only provide this advantage, but also to a consider- 
able extent conserve the flood waters which run off 
rapidly from the catchment area in times of heavy 
rain. This reduces the serious damage to property 
which may occur from time to time with the river 
left in its natural condition. The power derivable 
by the control of the flow from the reservoir and, 
for example, delivering it to industries during 
working hours, enables the supply to be used with 
greater economy. To some extent, indeed, flood 
waters from upland areas may produce scour in 
the channel of an estuary, with beneficial results 
to its sanitary purification, but, on the other hand, 
the quantity of head water impounded at the level 
necessary for gravitation supplies will usually be 
small compared with the volume of flood water in 
a river at or near its estuary derived from other 
parts of the river basin, and such advantage as may 
be ascribed to scour effect is likely to be more than 
offset by the increased flow in dry periods which 
results from the discharge of compensation water. 

The Sub-Committee has had the opportunity of 
working not only on records of rainfall much more 
extensive and accurate than those which were 
available when the present practice was adopted, 
but also of obtaining confidentially, from various 
parts of the country, records of continuous gaugings 
of the daily flows of a number of the more important 
rivers used for water-supply purposes, extending 
over periods of some 4 to 19 years. Their investiga- 
tion of these records reveal certain obvious defects 
in the present method. In many cases the deduc- 
tion made for the loss due to evaporation and 
absorption, now taken as a flat rule-of-thumb 
allowance, is found to be inadequate. It makes, 
moreover, no allowance at all for the widely varying 
character of the flows in the different streams. A 
mountain stream, for instance, carrying the water 
from a steep impervious area, with a high annual 
rainfall, will in its natural state pass down the bulk 
of its total annual flow in short periods of heavy 
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flood, and yield a low dry-weather flow of little use to 


the riparian owner, whereas its value is considerably 
increased when it is fed regularly with compensa- 
tion water from a reservoir. On the other hand, 
a stream fed from a less steep gathering ground on 
a more pervious foundation, possibly also supplied 
from springs, and with a lower average rainfall, 
will have a more regular rate of flow. In con- 
firmation of the view of the Water Power Resources 
Committee, the present report is definitely in favour 
of assessing compensation water with due regard 
to the nature of such variations. It is held to be 
eminently desirable also that account should be 
taken of the extent to which riparian owners lower 
down the stream make use of the river water for 
industrial or other purposes. 

After much investigation into other possible 
alternatives, the Committee recommends that the 
basis of estimated rainfall over three dry years, 
calculated by deducting 20 per cent. from the long- 
period average rainfall, should be retained, the 
records now available being in its opinion, reason- 
ably accurate for the purpose. In place, however, 
of a flat-rate reduction for evaporation and absorp- 
tion, it is proposed to use the difference between 
the rainfall and the run-off as ascertained by stream 
gaugings corrected for three dry-year periods. It 
has found, in fact, that there is a sufficiently close 
relationship between rainfall and run-off, and 
consequently between rainfall and loss, to enable 
a suitable formula for the loss to be constructed. 
To define the character of the flow in such a form 
as will yield the most serviceable distinction for 
the purpose in view, it proposes the use of a 
characteristic consisting of the ratio between the 
average daily flow on the days when the flow did 
not exceed the mean of the whole gauging period 
and the mean daily flow during that period. This 
figure, estimated for a three-consecutive-dry-year 
period, after correcting for loss by evaporation or 
absorption, is to be the “ assessable ” flow on which 
Parliament should base the amount of the compen- 
sation water. This amount finally is to be cor- 
rected by a “user” factor, which will apply a 
coefficient varying from 0-35 to 0-70, according to 
the extent to which the stream is classed as indus- 
trial. It is contemplated that in appropriate cases, 
such, for example, as when the water is used as 
a source of power, a money compensation might 
be arranged instead of compensation water; and 
that in other instances, such, for instance, as the 
supply of compensation water for fishery purposes, 
it may be of mutual advantage that the compensa- 
tion water should be supplied at special seasons of 
the year instead of continuously. In all cases 
water undertakers empowered to abstract supplies 
from rivers should be required to maintain stream 
gauges giving accurate measurements of the flood 
as well as of the dry-weather flows, and to keep 
continuous records of their readings. On a point 
not included in the reference to the Sub-Committee 
the Advisory Committee is, further, of opinion that 
the allowance of compensation water should take 
account of the extent to which the requirements 
of the river are satisfied by any tributaries that 
are not impounded. It is proposed that general 
legislation should define the principles on which 
compensation water is to be assessed, and that 
Parliament should apply them to future private 
bills. Should the water undertakers find ground for 
claiming a revision of the amount of compensation 
water awarded, either before or after the passing of 
the contemplated Act, it is held that they should be 
allowed at any time after the lapse of three years 
from the date of an award, to make application 
to the Minister, who may make an order modifying 
the award in accordance with the principles laid 
down in the general legislation. 

There can be little doubt that the general effect 
of these modifications will be to produce assessments 
fairer to the parties and, a matter of still more 
consequence, to promote the control of flood water 
and the economical use of supplies. It may be ques- 
tionable, however, whether, even if the Minister is 
accepted as the proper authority for deciding on 
modifications, the right of appeal should not be 
extended to other interested parties besides the 
water undertakers. Without underrating the impor- 
tance and costliness of water supplies, it is clear 
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that cases may arise in which change of circum- 
stances may produce an urgent demand for an 
increased river flow, which may be of no less general 
public importance than the provision of a water 
supply. Increase of population, for example, or 
even a rapid growth of a particular industry, may 
create a situation in which the public interest may 
need an increase in the amount of compensation 
water. The present suggestion that riparian com- 
munities should be treated in closer accordance 
with their existing circumstances than has been 
usual is perfectly fair, and should be in the public 
interest. It seems, however, that when such 
restrictions are imposed on them, provision should 
be made for such alterations as may be expedient 
if the circumstances on which their rating was 
determined should alter. The question is certainly 
a difficult one, but ought not to be lost sight of. 








NOTES. 
THE FarApAyY CENTENARY CELEBRATIONS, 1931. 


Tue diary of Michael Faraday shows that the 
first experiment which led to the discovery of 
electro-magnetic induction, was made by him on 
August 29, 1831. This date constitutes, therefore, 
the starting point of the utilisation of electric power 
for the purposes of man, and August 29, 1931, marks 
the centenary of what is undoubtedly the greatest 
event in the history of electrical engineering. The 
Royal Institution, in which Faraday spent practi- 
cally the whole of his active life, is taking a leading 
part in the organisation of the centenary cele- 
brations of Faraday’s discovery, and has joined 
forces with the Institution of Electrical Engineers in 
drawing up the arrangements for a great com- 
memorative meeting to be held in 1931. Two 
conferences on the subject have been held, the first 
at the Royal Institution on February 5, and the 
second at the Institution of Electrical Engineers on 
April 17. In each case a large number of technical 
institutions and societies were invited to send repre- 
sentatives. As the result of these conferences 
two committees were formed, one by the Royal 
Institution, and the other by the Institution of 
Electrical Engineers, and these have acted jointly 
in the preparation of a draft programme. As now 
arranged, the meeting will open on the afternoon of 
Monday, September 21, 1931, when a reception of 
foreign and other delegates will be held at the 
Royal Institution. In the evening a commemorative 
meeting will be held in the Queen’s Hall, at which 
discourses will be given on Faraday’s work. On the 
morning of September 22 an electrical conference will 
commence, of the members of the Institution of 
Electrical Engineers, and those of all other associa- 
tions connected with the electrical industry. An 
important feature of the celebrations will be the 
Faraday Exhibition, held in the Roya] Albert Hall, 
which will be open to the public for about 10 days, 
namely from September 23 to October 3. This will 
contain reproductions and illustrations of Faraday’s 
actual_ experiments and a display of historic 
apparatus. In addition, the development of electri- 
cal and chemical science and industry in all branches 
which have their origin in Faraday’s work will be 
shown by means of special exhibits. 


THE ENGINEERING SECTION OF THE BRITISH 
ASSOCIATION. 


The British Association is holding its annual 
meeting this year in Bristol from Wednesday, 
September 3, to Wednesday, September 10, inclusive, 
under the presidency of Professor F. O. Bower, 
D.Se., F.R.S., the sectional proceedings commencing 
on September 4. Sir Ernest W. Moir, Bart., is 
this year President of Section G (Engineering), 
and the other officers of that section are as follows : 
Vice-Presidents, Professor F.C. Lea, Mr. T. A. Peace, 
Mr. H. Faraday Proctor, Professor Andrew Robert- 
son, and Mr. W. A. Stanier ; Recorder, Mr. J. S. 
Wilson, 49-50, Parliament-street, London, S.W.1. ; 
Secretary, Mr. S. J. Davis; and Local Secretary, 
Professor A. J. S. Pippard. The meetings will 
be held in the main buildings of the University. 
two papers on internal-combustion engines _ will 
se read on Thursday, September 4, one on “ The 
influence of Turbulence upon Highest Useful 
Compression Ratios,” by Messrs. T. F. Hurley 
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and R. Cook, and the other on ‘‘Some Recent | addition, there was a system of signalling lights, 
Progress in Air-Cooled Aero-Engine Development,” | which indicated to the speaker that the microphone 
by Mr. C. F. Abell. On Friday, September 5,| was energised and that the time allotted to him 
Sir Ernest Moir will deliver his presidential address, | had expired. 
and this will be followed by a joint discussion} The success of such an arrangement must 
with Section I (Physiology) on ‘‘ Air-Pressure obviously depend on the restraint of the speakers 
Variations Encountered in Engineering Works; and the skill of the interpreters in about equal 
and Their Physiological Effects.”” The discussion | proportions. The former must speak clearly and 
will take place in the meeting room of Section G.}slowly, if the time lag between him and _ his 
The meeting, on Monday, September 8, will be | interpreter is not to be excessive. The latter 
devoted to the question of airship construction, | must be able to appreciate the meaning of what 
papers on this subject being contributed by is being said without delay, and to translate it 
Lieut.-Col. V. C. Richmond, who will deal with | intelligibly and concisely. On the whole, it may 
“The Development of Rigid Airship Construction,” | be said that the system worked well and, as the 
and by Mr. B. N. Wallis, who will describe | large majority of the speakers were German or 
the design and construction of the airship R 100. ; used that language, British participants were able 
On Monday afternoon a series of kinematograph | to follow the proceedings with an ease that might 
films of the airships R 100, R 101 and of the Graf | not otherwise have been possible. 
Zeppelin will be shown in the Great Hall of the; Three technical sessions were held on the 
Merchant Venturers’ Technical College. Three| morning of Tuesday, June 16. In Section II, 
papers on the economical production of power will} which was presided over by Mr. Robert Sibley, 
be dealt with on Tuesday, September 9. One of the subject for discussion was “ Electricity in 
them, entitled “The Use of High Pressures andj Crafts and Industry,” the General Report being 
Temperatures in the Generation of Power,” is by| presented by Dr.-Ing. R. Bingel. In the electro- 
Mr. George A. Orrok of New York. Of the other | chemical industry, it was stated, the endeavours 
two papers, one is by Sir Henry Fowler on “The | that were being made to increase the output and 
Question of Fuel Consumption in Locomotive-|to obtain a lower specific power consumption 
Practice,” and the other by Messrs. A. Lennox Stan- | could be illustrated by calling attention to the 
ton and Theodore Stevens on “ Obscured Funda- | introduction of large cells for water electrolysis. 
mentals in the Development of Integrated Elec- | and by the increase in the current intensity of 
tricity Supply.” The final meeting on Wednesday, | the furnaces used in the aluminium and carbide 
September 10, will be devoted to the subject of | industries. Direct-current intensities up to 40,000 
structural work and to the reports of various | amperes were being employed!in separate furnaces, 
committees. Mr. J. S, Wilson will read a paper| The output of direct-current generators could not 
on “Structural Steel Design and Regulations,” | exceed 20,000 kw., owing to transport difficulties. 
and Mr. J. Stuart Lewis one on “ Standardisation|The maximum output of three-phase furnace 
of Design for Structural Steelwork.” Another transformers was 32,000 kv.-a., the current exceeding 
paper will be read by Professor Cyril Batho. The | 100,000 amperes, though there were no insuperable 
committee reports taken will be those on Electrical | technical difficulties to an increase above these 
Terms and Definitions, Earth Pressures, and Stresses | figures. 
in Overhead Materials. The works to be visited! New developments in the use of electricity 
during the course of the meeting include the Portis- | were the production of spongy iron by gas reduction, 
head Power Station, Avonmouth Docks, the Bristol | and. ciment fondu. The arc furnace was being 
Aeroplane and Engine Works at Filton, Messrs.| increasingly employed for the manufacture of 
Stothert & Pitt’s works at Bath, the Swindon | high-grade steel alloys and grey cast iron, Induction 
locomotive works, the works of the Bristol Water- | furnaces predominated for the melting of copper 
works Company at Chelvey, Cheddar and Blagdon, | alloys, while the use of high-frequency furnaces 
Messrs. Petters Oil Engine Works and the Westland | was becoming more general. Resistance furnaces 
Aircraft Works at Yeovil, and the works of Messrs. | were being largely adopted for the heat treatment 
R. A. Lister and Company at Dursley. Advance | of metals, while equipment in which a protective 
proofs of the papers will as usual in this Section | gas was used to prevent the formation of scale and 
be available at the meeting. Further information| to enable copper-hydrogen soldering to be per- 
may be contained from the Secretary of the British | formed was coming into use. 
Association, Burlington House, London, W.1. Any increase in the power demands for electro- 
chemical and electro-thermal purposes pre-supposed 
a very low charge for current, since both the base 
load and the load factor were increased. In turn, 
CONFERENCE, these improvements would tend to a reduction in the 
: = cost and assist in increasing the use of electricity in 
(Continued from page 805.) ‘these industries. As regards electric welding, arc 


Brrore continuing our account of the proceedings | was generally preferred to resistance welding and 
at the World Power Conference in Berlin, which | was making good progress. The aim must be to 
concluded on Wednesday, June 25, it may be | improve the efficiency of the seam and to render it 
interesting to say a few words regarding the | independent of the accidents which would occasion- 
arrangements which were made for interpreting | ally occur in hand operation. Everyone interested 
the remarks of the various speakers who took | should endeavour to extend the use of the new 
part in the discussions into the three official | methods of lighting, so that their effect on work of 
languages—German, English and French. In each | the most different descriptions could be ascertained 
of the three halls in which the meetings were held, | with the ultimate idea of increasing the quality and 
the speaker’s rostrum was equipped with a micro- | quantity of the output. 
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telephone sets on an interpreters’ table. The latter | 
instruments were combined with a microphone, 
which was fitted with a soft-rubber mouthpiece, 
so that the interpreters were able to carry out 
their duties without disturbing either the speaker 
or the audience. Each seat in the auditorium 
was also equipped with a head set and change-over 
and volume-control switches, so that any of the 
three languages, including that which, the speaker 
himself was employing, could be heard. The entire 
installation was provided by Messrs. Siemens und 
Halske A.-G., of Berlin. 

A further useful, though not altogether necessary, 
refinement was the provision of illuminated panels 
behind the chairman, on which the names of the 








languages which were being transmitted were 
exhibited, while the subject under discussion was 
illustrated symbolically in the same way. In 





phone, which was connected to a number of head| Considerable progressive development could be 


recorded in the use of electrical precipitation plants, 
whether for the recovery of material, for purifying 
useful gases, or for dealing with smoke and waste 
gases. The generation of the high-tension direct- 
current necessary for this equipment was being 
effected by hot-cathode valves, and more recently 
by copper-oxide rectifiers in place of the ordinary 
mechanical rectifier. 

In the application of electricity to power, the 
efficiency of the motor itself was not the primary 
consideration, as an improvement in the quality of 
the product or an increase in its quantity depended 
mainly on the reliability, accessibility and simplicity 
of the drive. Since the early days, the movement 
had been from the central drive to the group drive 
and then to the individual drive by single motors. 
The extended application of the last method to the 
most varied types of machines had resulted in the 








production of open, protected, enclosed and built- 
in motors, as well as to the use of roller bearings, to 
combinations of motors and lay shafts, and to 
constant and variable-speed units. There had also 
been developments in the starting and regulating 
equipment, in the protective devices, and in remote 
and automatic control systems. The sub-division 
of the power transmission on the machines them- 
selves, and the distribution of the load between 
several motors mounted on the working shaft or 
tool, had been greatly assisted by the application of 
sound electrical principles in the design of the 
individual motors. It had led to the direct coupling 
of the motors to the machines as, for instance, on 
spinning frames and centrifuges, where speeds of 
from 10,000 to 30,000 r.p.m. were required. It had 
also necessitated an investigation into the internal 
mechanical transmission on machines where the 
accurate automatic control of the individual parts 
in relation to one another was essential. For 
instance, on paper-making machines the use of the 
multi-motor drive had overcome the drawbacks of 
mechanical transmission and had resulted in an 
increase both in the quality and quantity of the 
product. Similar problems occurred on rolling 
mills, where an automatic, rapid and accurate con- 
trol of the individually-driven rolls was essential. 
Endeavours were, in fact, being made to eliminate 
gearing as the final intermediate mechanical drive. 
This necessitated separate synchronous drives for 
the top and bottom rolls. 

A lengthy discussion took piace on this report, in 
which it was pointed out by more than one speaker 
that there were considerable openings for electric 
heating among small power consumers and that its 
use on such equipment as soldering irons would 
favourably affect the efficiency of the various 
processes. Mr. Mértzsch said that in Germany the 
number of large electric ranges in use had increased 
from 25 to 250 in five years, and that heat storage 
formed a load profitable both to the undertaking and 
the consumer. Referring to electrical precipitation 
for gas cleaning, Mr. Schmidt said that more than 
1,000 equipments working on the Lodge-Cottrell prin- 
ciple were in use in the United States, the aggregate 
capacity of which was 100,000,000 cub. m. of gas 
per hour. The largest installation could deal with 
5,000,000 cub. m. per hour. Dr. H. Lund referred 
to the increasing use of the double-wound squirrel- 
cage motor in Germany. It had almost entirely 
replaced the slip-ring motor, owing to the ease 
with which it could be started without disturbing 
the network. More than 20,000 such motors were 
in use. 

Section [X also met on Tuesday morning to 
consider the question of ‘‘ Fuel, Power and Heat 
Economies in Individual Countries,” the chair 
being taken by M. Carlos Cecchi. The General 
Reporter was Professor Dr.-Ing. W. Pauer, who 
said that, in spite of the rapidly increasing demand 
for power, there was generally speaking no shortage 
of supply. The most difficult problem was, in | 
fact, to increase the consumption, so that the plant 
installed could be employed up to its capacity 
and be operated economically. Water power was 
only of supreme importance in countries without 
other fuel resources, and where it existed side by 
side with fuel the limits to its utilisation were 
economic and not technical. The economical trans- 
mission of power by coal gas, oil and electricity over 
long distances had increased the area which could 
be supplied from a single source, and this area 
frequently overstepped political boundaries. The 
progress made within the boundaries of single 
states might be nullified by the opening up of 
new sources of power, and it was this circumstance | 
which was compelling international co-operation. | 
At present, hardly a single state was independent 
in the power sense. id 

While the supply of solid fuels seemed to be 
assured for an indeterminate period, the increasing 
demand for liquid fuel compelled a consideration of 
the not too distant future when its production 
would begin to decline. The conversion of solid 
into liquid fuels was, therefore, a most important 
problem, especially having regard to the important 
part played by fuel supplies in the trade balance 
of many states. 
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spicuous characteristic was the centralisation of 
supply. This had been stimulated by the develop- 
ment of electrical enginering, which had enabled 
distant sources of energy, like water power and 
low-grade fuels, to be converted on the site and 
transmitted in a form acceptable to the consumer. 
Heat transmission was also making great progress 
in districts where the power demand was large, 
but it must be emphasised that central supplies 
of every kind were only economically possible when 
the area supplied had a certain minimum load 
factor. Measures which would be successful in 
thickly-populated districts were doomed to failure 
where the population was sparse. In addition 
to the solution of technical difficulties, the planning 
of power systems required the clear delineation 
of those economic limitations which hampered the 
execution of technically possible schemes. 

A meeting of Section XXXII, also on Tuesday 
morning, June 17, dealt with ‘‘ Research Work,” 
Direktor R. J. Jensen being in the chair. The 
general report was presented by Professor Dr.-Ing. 
Féttinger, who said that, notwithstanding the wide 
variety of subjects on which research was being 
undertaken, a common tendency was recognisable. 
The fierce competition between nations, the dawning 
realisation that indigenous resources of raw materials 
must be economised, and the increase in speed 
were all heading in an ever-increasing degree to the 
utilisation of more scientific means of technical 
research. Both State and industry recognised that 
expansive and difficult experiments should not 
be abandoned after the first useful results had 
been obtained only to be built up again at a con- 
siderable expenditure of time and labour to deal 
with the next problem. Organised research work 
had, in fact, become the essence and backbone of 
all human endeavour towards rationalisation and 
improvement. The chemical, optical and electri- 
cal industries owed their present positions to 
research, and since the war it had been justified 
in other directions of which the steam investigations 
of Callendar and the American work on internal- 
combustion engines were examples. In particular, 
it might be said that a close contact between the 
different branches of research would be in the 
interest of the whole community. 

At the conclusion of the sectional meetings on 
Tuesday morning, the second of the General 
Addresses was delivered by Professor Dr. D. 
Serruys, who took ‘“‘ The New Forms of Rationalisa- 
tion” as his subject. Speaking in French, Dr. 
Serruys said that the fact that the most efficient 
utilisation of power resources was the principal 
object of the Conference was an overwhelming 
proof of the dawn of a new faith to which all those 
who thought and worked might adhere. It had 
taken centuries to make industrialists recognise 
that discussions on the price of coal were useful 
and even necessary. It was not less important to 
avoid waste of that commodity. 

Rationalisation might be said to have started 
with Taylorism, though the latter had been mainly 
concerned with the scientific side of the workshop 
and factory problem. It aimed at the avoidance 
of superfluous movements and at effecting the 
correct spacing of the necessary pauses in a working 
process. An analogous development must take 
place on the economic side. The requirements of 
a market at any moment must be foreseen, and the 
purchasing power and requirements of the con- 
sumer correctly estimated. A production programme, 
as simple as possible, must be built up on the 
foundation thus obtained, and, finally, finance and 
economics must be welded together to form a 
harmonious whole. 

In Latin countries, the outlook was preponderat- 
ingly individualistic, and they had shown themselves 
more antogonistic to co-operation than the Germans, 
though recently they had reduced their short- 
comings in this respect.’ France and Italy were 
fully organised on a syndalistic basis, while in 
England a tendency in the same direction could be 
noted, though here again individualism was an 
obstacle. Primarily this co-operation had taken 
the form of control followed by the organisation of 
work. But when the Steel Pact had brought about 
the regulation of output in different countries, 





As regards individual countries, the most con- 
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petition, but had enabled a yearly programme of 
production to be prepared. 

It was hoped that the development and inter- 
connection of European water resources would 
lead to a saving of the very large sums which were 
now spent in purchasing food from non-European 
countries. Unity, however, was necessary to make 
these natural forces fully serviceable for the good 
of mankind. : 

On Tuesday afternoon, June 17, there was a 
meeting of Section XXIII, at which the subject 
“World Problems of Power Supply Economics ” 
was discussed. The chair was taken by Mr. C. H. 
Merz, and, in the course of his general report, 
Dipl.-Ing. F. zur Nedden stated that a careful 
study of the power obtainable by such methods as 
utilising the difference between the temperatures 
of the air and of the water below the ice in the 
Arctic regions, driving turbines with hydrocarbons 
of low boiling point, and the exploitation of waste 
heat from geysers, showed that though techni- 
cally possible, they were not economically prac- 
ticable. An exact economical comparison between 
water and thermal power led to the conclusion that 
capital cost and load factor were determining 
considerations. Messrs. Stuevold-Hansen, J. Kinck 
and A. Norstrand had suggested the erection of an 
overhead line, approximately 620 miles long and 
working at 380 kv., to give a supply from South-East 
Norway to Denmark and Germany. This line 
would be capable of transmitting 750,000 kw., 
and it would be possible to supply the town of 
Lubeck from it at a cost of ,4l. 15s. per kw.-year. 
The total cost, including the power station, would 
be 35,000,000/. In an alternative scheme, from 
Sweden, the use of a submarine cable working at 
110 kv., was proposed. The capital cost of the 
station worked out at 22/. 10s. per kw., and it was 
estimated that current could be supplied at less 
than 0-2d. per kw.-h. in competition with current 
produced locally in ordinary steam stations costing 
141. to 151. per kw., provided that the capital charges 
in Norway and Germany did not exceed 5 per cent. 
and 8 per cent., respectively, and that the base load 
lasted 6,500 working hours. The overwhelming 
importance of interest rates and of load factor was, 
therefore, obvious. 

The fundamental requirements of electro-econo- 
mics were to increase the load factor, thereby 
decreasing the amount of capital changes borne 
by each unit generated, and to reduce the capital 
per kilowatt installed. The increasing range of 
power transmission was only possible by the use of 
higher tensions, pressures and velocities, thus 
increasing the danger to workers. Safety methods 
organised on systematic lines were therefore 
necessary. 

Section XX XIII met on Tuesday afternoon and 
dealt with ‘ Standardisation Problems and the 
Rationalisation of Statistics,’ Mr. J. H. Damme 
being in the chair. In the course of his general 
report, Dr. Leisse stated that two methods of 
making power statistics of the greatest possible 
use had been proposed: the purely mathematical 
method and the graphical method. A more or less 
fundamental question was whether statistics should 
be compiled in such a general way that the ordinary 
person could follow them, or whether strictly 
scientific methods should be employed. The 
reliability of statistics concerning power depended 
on the accuracy with which the collection of the 
data was carried out. Standardisation of method 
was desirable if definite and clear comparisons were 
to be made. 

Reporting on “Standardisation,” Dr.-Ing. Neuhaus 
said that all industrialised countries now accepted 
the fact that standardisation was necesssary, and 
very nearly all had National Standard Committees 
which were organised on similar lines. The great 
question was when to introduce standardisation for 
a certain product or process. 

On the same afternoon, Section XXXIV dealt 
with the subject of “Education.” The chairman 
was Ing. R. Reich, and the General Report was 
presented by Professor U. Lohse. The latter 
pointed out that, in regard to engineering education, 
two essentially opposite views were held. One 
postulated that the technical college should provide 
the student with a general training in technical 
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principles, that further instructions in special 
branches should be left to the period during which 
the engineer was engaged in his profession, and 
that the necessary knowledge should be gained by 
self-instruction. The other considered that the 
student should specialise from the beginning. 
Great importance was now attached to the study 
of human economics in view of the increasing 
mechanisation of industry and the tendency to- 
wards rationalisation. It was recognised that 
successful training was impossible unless the student 
obtained a knowledge of engineering materials and 
processes by actually working in the shop, though 
opinions varied as to the time that should be 
devoted to practical work and when that work 
should be carried out. 

That sound technical training might be obtained 
in many ways was admitted, the sole question being 
which was the quickest and best. The question 
could only be satisfactorily answered by inter- 
national collaboration and exchange of experiences. 
With the increasing ramifications of power econo- 
mics in different countries, the establishment of 
fundamental rules for the training of engineers and 
technicians would appear to be an urgent necessity. 
It would not only affect the development and 
improvement of power production, but would benefit 
the community at large, which was economically 
interested in such a development either as a pro- 
ducer or a consumer of energy. 

On Wednesday morning, June 18, a meeting of 
Section III was held under the chairmanship of 
Direktor N. Traaholt, to consider the question of 
“‘Three-Dimensional Load Models and Current 
Tariffs.” The General Reporter was Direktor H. 
Henney, who pointed out that the papers submitted 
showed the importance that was attached in all 
countries to the improvement of power factor, 
and the introduction of such tariffs as would make 
it possible for the consumer to employ electrical 
energy for a variety of purposes. The allocation 
of fixed charges could only be affected by the use 
of a three-dimensional load diagram (load moun- 
tain), which indicated both the costs of generation 
and the value of the energy to the consumer. It 
was evident that tariffs must be of many forms and 
grades. This, however, meant complicated measur- 
ing instruments and increased installation costs. 
It also made it difficult for the consumer to calcu- 
late his indebtedness. Generally, opinion was 
in favour of the use of one meter only, though this 
was not always possible. 

Section IV also held a meeting on Wednesday 
morning, June 18, under the chairmanship of 
Sir David Milne Watson. The subject for dis- 
cussion was “Economic Problems of High-Tem- 
perature Distillation,’ and the General Reporter 
was Dipl.-Ing. B. Ludwig. The latter pointed out 
that many problems in high-temperature gasifica- 
tion still remained to be solved, though there 
existed a feeling that the end of development along 
this particular line was in sight. A proof of this 
was that all gas-producing equipment had become 
very similar, both in principle and operation. 
At present, therefore, attention was being mainly 
directed to the refinement of the methods used 
and the development of the efficiency and reliability 
¢ of the plant. 

Examining the routine’ of high-temperature 
gasification, it would be found that the coal was 
chosen so as to ensure a high gas yield and good 
coke. In refining and purifying the gas, it had 
been found most expedient to use the least possible 
amount of water for cooling and to employ auto- 
matic regulation. The removal of tar by electro- 
static methods was increasing. This process also 
facilitated the recovery of the ammonia and benzole. 
As regards ammonia recovery, purification with 
ferric hydroxide was still being used in the majority 
of cases, but wet cleaning was beginning to be 
successfully adopted, especially in the United 
States. In Germany, the processes in which 
ferrocyanide was used in connection with electro- 
lysis were still in the experimental stage. Pro- 
ducer plants were continually being improved. 
Although there was little difference in their 
efficiencies, the mechanical producer had marked 
advantages over the static, as it enabled the grates 
to be kept clean, manual labour to be eliminated 





and a gas with a constant calorific value to be used 
for heating. In addition, coke breeze could be 
advantageously utilised. The output of the pro- 
ducers per unit of grate area had been considerably 
increased. 

Water-gas plants were being continually improved 
by the introduction of mechanical stokers and 
charging equipment, while the output of the indi- 
vidual units had been increased. It appeared that 
water gas was destined to become the chief source 
of heat in some countries, Recovery of the waste 
heat was usual, and was recognised as being neces- 
sary. It should be the aim of the gas engineer 
to increase the flexibility of his plant, to render it 
adaptable to heavy load fluctuations, and to pro- 
duce a cheaper gas from a cheaper fuel. , 

The meeting of Section XXVII, on Wednesday 
morning, June 18, was presided over by the Hon. 
Sir Charles A. Parsons, the subject for discussion 
being ‘‘ Power Supply on Ships.” The General 
Reporter was Ministerialrat W. Landahn, who 
pointed out that the limits to the economical use 
of power on ships were constantly changing, though 
it might generally be assumed that economy was 
a maximum when the desired object was attained 
with a minimum expenditure of labour, money and 
material. The efforts to reduce this minimum 
still further were particularly marked in marine 
engineering. In this connection, the Diesel engine 
had played an important part, and 55 per cent. of 
the ships under construction were equipped with 
that form of prime mover. : 

As regards operation by steam, though the 
economy of employing pressures up to 35 atmos- 
pheres and temperatures up to 400 deg. C. was 
recognised, pressures above 60 atmospheres had 
not yet been practically tried out. If high-pressure 
steam were to be used successfully on smaller 
vessels, the most suitable type of prime mover 
seemed to be a combination of the reciprocating 
engine and exhaust turbine. The employment of 
high-pressure steam opened the road to many 
methods of increasing the overall efficiency of the 
plant. These included the pre-heating of the feed 
water and the air, automatic and mechanical 
furnaces and high-speed turbines. Other equip- 
ments could be rendered more economical by the 
substitution of mechanical stoking for hand firing, 
and by the conversion of reciprocating engines to 
the Bauer-Wach system. The rapid advance that 
had been made in steam technology was amply 
illustrated by the fact that in modernising such 
vessels as the Albert Ballin, of the Hamburg- 
Amerika Line, it had been possible to install 
machinery of double the capacity, and with only a 
slightly greater weight, in the same space. It might 
be expected that, in future, the minimum consump- 
tion of fuel oil on multi-propeller vessels equipped 
with steam plant would be 0-23 kg. per horse-power 
hour, giving an efficiency of 27-5 per cent. 

Outstanding points in the development of the 
Diesel engine were the solid injection of the fuel, 
the use of high speeds, the double-acting two-stroke 
cycle, supercharging, and light construction. The 
chief requirements were lower fuel consumption, 
greater reliability and output, and a reduction in 
weight and space. Though the employment of 
mechanical gearing permitted a wide choice of 
propeller and engine speeds and a variety of lay- 
outs, it was essential that the compact high-speed 
units, which had recently been installed in war- 
ships, should be capable of developing power on a 
single shaft. If, in addition, hydraulic couplings 
were used, great reliability was obtained and tor- 
sional vibrations were damped out. In the interests 
of heat economy, efforts must be made to utilise 
the waste heat to a greater extent: than had been 
customary, and to discover means of increasing the 
outlet temperature of the cooling water ‘without 
decreasing the reliability. In future,:there would 
be no difference between land and marine engines, 
and the fuel consumption of large units might be 
of the order of 0-165 kg. per horse-power hour, 
corresponding to an efficiency of 38-3 per cent. 
It would be incorrect to assume, however, that 
only motor ships would be built in future, as in this 
connection the purpose for which the vessel was 
intended was a ruling factor. 

As regards the electrical drive turbo-electric 





and Diesel-electric units were in successful operation 
but prices and weights must be reduced. Electricity 
was used to a preponderating extent for driving the 
auxiliaries on motorships, and was being increasingly 
employed for the same purpose on steam ships, par- 
ticularly now that motors had been designed which 
fulfilled the difficult conditions present on the 
winches and steering gear. The great advantages 
of the electric drive were centralised generating 
plant and economic transmission of power. A 
future problem was the automatic regulation and 
remote control of the machinery, though, in certain 
special cases, even that problem might be considered 
as solved. The auxiliary units had a great effect 
on the overall efficiency, and their importance would 
be recognised when it was pointed out that their out- 
put was from 15 per cent. to 20 per cent. of that of 
the main prime movers. These units should therefore 
be considered as forming a part of the whole, and 
not as a separate installation. As the work involved 
on marine installations was particularly strenuous, 
every new advance in the design of the machinery 
should be considered from the labour-saving aspect. 

A meeting of Section V was held on Wednesday 
afternoon, June 18, to consider the subject of 
“Gas Markets.” The chair was occupied by 
Director Dr. Schiitte. In the course of his general 
report, Dr.-Ing. K. Lempelius remarked that the 
impression conveyed by the papers was that the 
development of the gas industry was being carried 
out with the greatest zeal. The markets for all 
kinds of gas were increasing, the characteristic 
feature of this expansion being the enormous exten- 
sion of long-distance transmission. An intercon- 
nected network of pipes stretched from the Gulf 
of Mexico to the Great Lakes and almost to the 
Atlantic Coast. The protection of this network 
from corrosion was an important problem, which 
was being scientifically and practically investigated. 

Attempts were being made to increase the economy 
in consumption by investigations into the best 
composition of the gas and the most useful pipe- 
line pressure. This pressure was then reduced in 
accordance with the requirements of the individual 
consumer, so as to give the best flame. 

The subject of ‘‘ Individual Problems of Power 
Supply in Different Countries,” was considered by 
Section XXII, on Wednesday afternoon, June 18. 
The chair was taken by Mr. Terenzio S. Lodispoto, 
the general reporter being Dr.-Ing. R. Adolph. 
The papers that had been collected under this 
heading were largely statistical, and, in commenting 
on them, the general reporter remarked that, 
though the demand for electricity had increased 
in all countries, there was no indication of saturation. 
Generation was being concentrated in large units, 
so that the average central station capacity was 
increasing. Steam was the chief motive power in 
large generating units, Diesel engines being used 
to deal with the peak load in sparsely populated 
districts and near oil fields. All countries which 
possessed water power were developing it. 

The construction of transmission systems in 
accordance with a uniform national scheme was 
taking place in most countries, but no definite 
conclusion could be drawn as to the limit up to 
which the extension of power stations and the inter- 
connection of transmitting systems offered economic 
advantages. The large capacity of such inter- 
connected plants necessitated the employment of 
special measures for maintaining electrical stability 
This was provided for by the construction of suitable 
generators and exciters. The rupturing capacity 
and operating speed of switchgear were increasing. 

At a meeting of Section XXXI on Wednesday 
afternoon, June 18, the subject discussed was 
“Mechanical Transmission of Power on Vehicles 
and in Workshops.” The chair was occupied by 
Mr. A. E. L. Chorlton, the general reporter being 
Professor Dr.-Ing. Kammerer. The latter, in 
dealing with the transmission of power on vehicles, 
said that, up to 100 h.p., sliding gears with a friction 
clutch and a universal joint had proved simplest, 
and though hydraulic transmission had been 
employed, it was too heavy for such lower powers. 
Between 100 h.p. and 200 h.p., change-speed gears 
in continual engagement with friction clutches for 
each speed had proved most suitable. On the 
Hungarian railways, multiple-plate clutches, operated 
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by compressed air, were used, the weight being 
12 kg. per horse-power. Electrical transmission 
weighed 30 kg. per horse-power. Between 200 h.p 
and 300 h.p., hydraulic transmission was the most 
reliable and economical. Its weight was from 10 kg. 
to 20 kg. per horse-power. On locomotives with 
outputs up to 1,200 h.p. there were three competi- 
tive forms of transmission: the electrical, which 
weighed 30 kg. per horse-power and had the advan- 
tage that shocks and vibration due to the connecting 
rods were avoided ; the supercharged engine with 
two speed gears, which weighed 20 kg. per horse- 
power and was cheaper than the electrical equip- 
ment, although its operation was difficult, as 
the tractive effort could only be varied in steps ; 
and a Diesel engine driving an air compressor could 
also be used. The air was compressed to about 
7 atm., after superheating by the exhaust gases 
to a temperature of from 200 deg. to 300 deg. C., 
and was used to drive the locomotive. The 2,400-h.p. 
locomotive for the Canadian National Railways 
was equipped with two high-speed Diesel engines, 
which supplied current to eight motors. 

As regards the transmission of energy in work- 
shops, the tendency was towards simplification. 
This was evident from the efforts that were being 
made to avoid the use of multi-unit drives. For, 
instance, in a radial drilling machine the power was 
no longer transmitted through the column and 
arm, but the motor was connected directly to the 
drill spindle. On spinning frames it was becoming 
usual to drive each spindle from its own motor. 
Countershaft-driven gears were being replaced by 
stepped pinions and adjustable speed motors. In 
shops, each shaft was driven by its own motor. 
The simplification of the shafting allowed higher 
speeds to be used. The ease with which the direct- 
current motor could be regulated, and with which 
alternating current could be converted into direct 
current was responsible for the increasing use of 
direct current in all workshops. 

In the course of the discussion, Mr. J. Geiger called 
attention to the Diesel compressed-air locomotive 
which was now being tested on the German State 
Railways,* and said that it had been found reliable 
in operation and free from ice troubles, owing to the 
temperature of the exhaust always being from 
100 deg. to 150 deg. C. No dirt or oil collected in 
the compressor or air pipes, and no trouble had 
been experienced with the valves. Compared with 
an electric locomotive it was easier to handle: 
These views were confirmed by Mr. A. Meyer, who 
said that this unit weighed only 15 kg. per horse- 
power, as compared with 60 kg. per horse-power for 
the steam locomotive. Professor G. Lomonossoff 
said that some further information regarding the 
Canadian National Railway locomotive described by 
Mr. Chorlton was desirable, including the mileage run 
and on what kind of service it was being used. The 
rumours that had been spread regarding its failure 
had created the impression that it was impossible to 
use Diesel engines for railway work. They were, how- 
ever, experiencing the usual infantile troubles, the 
solution of which was a special locomotive type of 
Diesel engine. This must be light, simple and 
reliable ; especially the latter. So far, the Diesel 
engines used in Russia had been too heavy and those 
in Canada too light. The troubles with the latter 
might also be ascribed to the number of cylinders; 
This not only meant more parts to go wrong, but 
was undesirable for mechanical reasons. A Diesel 
engine for a locomotive should not have more than 
six cylinders and should run at about 800 r.p.m. 
Its design might well be a matter for international 
consideration. The chairman, at the suggestion 
of the audience, replied to Professor Lomonossoft’s 
question by saying that the trouble on the Canadian 
locomotive had been due to a faulty casting. It was 
not necessary to make locomotive engines very heavy, 
The engines on the airship R 101 weighed 4 kg. per 
horse-power and ran at 950 r.p.m.; tests showed 
that they would be quite suitable for railway work. 

At the conclusion of the sectional meetings on 
Wednesday afternoon, the third of the general 
addresses was delivered in the main Opera House. 
The proceedings opened with a speech by Mr. A. 
Sackett, the American Ambassador to Germany, 
in which he remarked that material development 


* See ENGINEERING, vol. cxxviii, page 748 (1929). 
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could only be effected by the greater use of elec- 
tricity. This meant a reduction in the price of 
the latter. He knew of no other industry in which 
the selling price of the commodity was 15 times 
the cost of its production, but in most of the large 
towns in the United States the price of electricity 
per kilowatt-hour for domestic purposes was 6 cents, 
while the cost of its generation, he stated,was from 
0-3 cent to 0-4 cent. 

A lecture on ‘‘ The Place of Minerals in a Power 

Sustained World” was then delivered by Dr. H. 
Foster Bain, in which he said that in the modern 
world minerals had replaced the human slavery, on 
which the civilisation of the ancients had been based. 
Coal might, in fact, be described as the mainspring of 
civilisation and electricity as coal at work. If we 
had cause. for gratitude that fuel was available for 
our use, we should be no less thankful for the many 
other minerals supplied to us. The quantity con- 
sumed of such materials as coal and iron ore was enor- 
mous, and the quantity per capita of the population 
had increased rapidly during the last forty years. 
Warnings had, therefore, not unnaturally been issued. 
that there was danger of exhaustion. But if it were 
remembered that our geological explorations had 
heretofore been confined in the main to the surface, 
or the first thousand feet or so below, it was pos- 
sible to take a more hopeful view. Granted that 
metals were present at lower depths in considerable 
quantity, the problem of future reserves rested on 
. technology and economics. 
A short talking film, showing Mr. T. A. Edison 
seated in his garden and giving a description of the 
“* Birth of the Incandescent Lamp ”’ was also shown. 
In the evening, the Weltkraftfest was held in the 
Sportpalast in the Leipzigerstrasse, Berlin. This 
is a very large hall. Its area must at least equal 
that of the large hall at the London Olympia, and 
it possesses the additional advantage that it is en- 
tirely surrounded by a stepped terrace and three 
galleries. The guests numbered nearly 4,000. In 
accordance with German custom, the speeches were 
delivered and the entertainments performed between 
the courses, while the proceedings were directed not 
by a chairman but by a Master of Ceremonies, who 
had a squad of trumpeters at his disposal. 

The evening began with a speech of welcome 
delivered by Mr. Arthur Schréder, a leading German 
actor, after which a dancing display was given by 400 
girls from the Berlin schools. Another item was an 
attempt to. link Berlin, London, New York and 
San Francisco by wireless, and, having done so, to 
listen to speeches by Mr. T. Sloan, President of 
National Electric Light Association of America, and 
Mr. Owen Young in the last-named city, by Dr. von 
Miller and Dr. C. Koettgen in Berlin, and by Lord 
Derby and Senatore Marconi in London. This was 
successfully carried out. 


(To be continued.) 











NATIONAL FEDERATION OF IRON AND STEEL Mano: 
FACTURERS,—-At the annual general meeting of the 
National Federation of Iron and Steel Manufacturers, 
held on May 15, the Hon. Roland Kitson was elected 
President of the Federation for 1931, and Messrs. W. 
Simons and J. Henderson were elected additional vice- 
presidents. 

INTERNATIONAL CONGRESS FOR CONCRETE, LIRGE.— 
The first International Congress for Concrete and Rein- 
forced Concrete is to be held at Liége from September 1 
to 6 next. The Chairman of the British Organising 
Committee, which comprises representatives of various 
Government Departments and British technical institu, 
tions, is Mr, J. Mitchell Moncrieff. The papers submitted 
by this Committee, and accepted by the Congress, com- 
prise ‘‘ Stresses in Dams,” by Mr. 8. D.;Carothers; ‘* A 
Study of Plain and Reinforced Concrete Retaining Walls,”’ 
by Mr. E. 8S. Andrews; ‘* Reinforced Concrete in Great 
Britain,” by Mr, A. K. Dodds; ‘* Reinforced Concrete in 
Engineering: Representative .Examples of British 
Practice,” by Mr. M. Gerard; ‘‘ Work of the Building 
Research Station on Small Movements in Concrete,”’ 
by Dr. W. H..Glanville ; ‘‘ The Effect of Temperature on 
Flat Arches Constructed of Reinforced Concrete,” by 
Mr. C. S. Gray; ‘‘ Temperature and Cement,” by Dr. 
O. Faber ; ‘“‘ The Architecture of Concrete,’’ by Professor 
B. Pite ; ** The Composition, Mixing, Methods of Appli- 
cation of Concrete and Reinforced Concrete as used 
in the Yards and the Control of Same,’’ by Mr. T. R. 
Grigson ; “‘ Some Notes on the Composition, Mixing and 
Application of Concrete in Engineering Works,’’ by Mr. 
C. J. Jackaman; and “ Pieces in Concrete Piles,’”’ by 
Mr. M, J. C. McCarthy. Further particulars may be ob- 
tained from the secretary of the Institution of Structural 





Engineers, 10, Upper Belgrave-street, London, S.W.1. 





THE WHITE STAR MOTOR LINER 
‘* BRITANNIC.”’ 


THE motorship Britannic, which leaves Liverpool 
to-morrow on her maiden voyage to New York, is 
the third White Star liner to bear that name. The 
first Britannic, built in 1874 by the builders of the 
present vessel, Messrs. Harland and Wolff, Limited, of 
Belfast, had a gross tonnage of 5,004, a length of 
455 ft., a breadth of 45 ft., and a depth of 33 ft. 9 in. ; 
and these figures, if compared with those given below 
for the new vessel, are evidence of the progress in 
shipbuilding in the period of fifty-six years that have 
elapsed since the first Britannic was put into service. 
The second Britannic, built as a hospital ship during 
the war, was sunk by enemy action in the Augean Sea 
in 1916. 

The new Britannic, of which a photograph is repro- 
duced in Fig. 1 on page 837, is notable in that she is 
the first motorship in the White Star fleet and the 
largest British vessel of that type. As will be seen, 
she is built with what is now the usual straight stem 
and cruiser stern, and is equipped with two low, large- 
sized funnels, one of which is a dummy and contains 
a smoking room for the engineers. Her principal 
dimensions are: Length between perpendiculars, 
680 ft., moulded breadth, 82 ft., and moulded depth, 
43 ft. 9 in., while her gross tonnage is 26,943. The 
hull is divided into 13 watertight compartments, 
and the double bottom, which is continuous, is arranged 
to carry fresh water, water ballast, and fuel oil. Accom- 
modation, of a particularly comfortable character, is 
provided for a total of 1,550 passengers of the cabin, 
tourist, and third classes. Notable features of the 
accommodation are the provision of a swimming pool 
and tennis courts in the cabin class, and elevators and 
children’s play-rooms in all classes. 

The cabin-class dining saloon, which is on C deck, 
is in the Louis XIV style, and the central portion 
extends through two decks. The other public rooms 
in the cabin-class accommodation are on the prome- 
nade deck. The forward portion of this is glass- 
enclosed, and on each side promenades 352 ft. in length 
are provided. Right forward is a card room, and aft 
of this is the forward staircase and entrance, which 
are followed by a spacious lounge decorated in the late 
Eighteenth-Century English style. In the centre of 
the lounge is a resilient parquet floor for dancing, and 
around the walls, chairs and settees are provided in a 
series of alcoves. On the port side, a long gallery 
furnished with settees, writing tables, &c., extends to 
the smoking room. The after staircase leads from 
this gallery, and opposite it, on the starboard side, is 
located the children’s playroom and the drawing-room, 
the latter being decorated in the old Colonial style 
with a colour scheme of white and green. The smoking 
room is a reconstruction of a Tudor room in an Eliza- 
bethan mansion, with oak linen-fold panelling and 
heavy adzed beams, and aft of this is a verandah café 
communicating with the smoking room through a 
revolving door. In a separate structure at the extreme 
after end of the promenade deck is a well-equipped 
gymnasium. 

A number of suite rooms are arranged on A deck, 
each suite having a lobby connecting the various 
rooms, and other cabin-elass accommodation is pro- 
vided on both A and B decks in the form of single or 
two-berth cabins. In all cases, lavatory basins with 
hot and cold running water are provided. Con- 
siderations of space prevent us from describing the 
tourist and third-class public rooms and accommoda- 
tion, but they appear to be more spacious than is 
usual, and to have been carefully designed to render 
them comfortable and attractive in all respects. 

The Britannic is propelled by two sets of 10-cylinder 
double-acting, four-cycle Diesel engines of the Harland- 
B. and W. type, each set being designed to develop 
10,000 shaft horse-power at 102 r.p.m., which would 
give the vessel a speed of about 17} knots. A view 
of the starboard engine, taken from the inboard side, 
is reproduced in Fig. 2 on page 837, the illustration 
showing the engine undergoing brake trials in the 
makers’ works. The engines, we believe, are the 
largest marine Diesel units so far constructed, and the 
fact that men are standing on the various platforms 
shown in Fig. 2, will enable an idea of their dimensions 
to be obtained. Actually the cylinders have a bore of 
840 mm. (33 in.), and the piston stroke is 1,600 mm. 
(63 in.). Following the usual Harland-B. and W. 
practice, the pistons are oil-cooled and the jackets are 
cooled with fresh water, the latter being circulated 
through a heat interchanger cooled by sea water. 
Injection air is supplied by four independent twin- 
cylinder compressors, each of which is driven by a 
four-cylinder trunk-type Diesel engine of 850 b.h.p. 
These compressors, which also supply air to four 
reservoirs for manceuvring purposes, are located in an 
auxiliary engine-room forward of the main engine- 
room, each compressor being placed in line with an 
electric generating set, as shown in Fig. 3. The 
compressor cylinders, it will be noted, were not in place 
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when the photograph from which this illustration was 
prepared was taken. The four electric-generating sets 
are each of 500-kw. capacity, producing direct current 
at 220 volts, and are driven by six-cylinder trunk-type 
Diesel engines, which, like those of the compressors, 
are of Messrs. Harland and Wolff's construction. A 
Diesel-engine driven generator of 75-kw. capacity is 
also provided above the margin line to supply light 
and power for all essential services in emergency. 
Four main-engine exhaust-gas fired boilers of the 
Clarkson type are provided to supply steam for 
domestic purposes at sea. Another Clarkson boiler, 
heated by the gases from the generator engines, and 
two single-ended cylindrical boilers, oil-fired with 
Todd burners, are available for the same duty either 
at sea or in port. 

The extensive electrical power requirements arise 
from the fact that the whole of the engine-room 
auxiliaries and deck machinery are electrically operated, 
electricity being also used for cooking, heating, and 
ventilation throughout the ship. Ventilation is pro- 
vided by 79 electrically driven pressure fans ranging 
from 10 in. to 55 in. in diameter, about half the number 
being fitted with steam-heating elements over which 
the air is passed for warming the vessel. The tempera- 
ture is automatically controlled by thermostats in 
the apartments to which the air is supplied. In 
addition, numerous electrical heaters are distributed 
throughout the accommodation, The deck machinery 
includes twelve 3-ton ind four 5-ton cargo winches 
operated by Laurence Scott| motors, two warping 
winches by Messrs. Clarke, Chapman and Company, 
Limited, and four capstans by Messrs. Napier Brothers, 
Limited. The steering gear is of the Hastie electro- 
hydraulic type. 

A Hall’s CO, refrigerating plant is installed for 
cooling five ’tween-decks spaces. Two horizontal twin 
compressors direct-coupled to electric motors are pro- 


vided, together with the usual condensers, evaporators, | 


and brine pumps. The cargo and provision chambers, 
which are fitted up for the carriage of fruit, fish, meat, 
&c., are insulated with granulated cork held in position 
by wood sheathing. An ice-making tank is provided, 
and there are a number of wine and water coolers 
operated by independent Frigidaire units to avoid the 
necessity for running brine pipes through the accom- 
modation. With regard to the navigating appliances, 


we may mention that the equipment includes a gyro 
compass, submarine signalling, and wireless direction- 
finding apparatus. The lifeboats are handled by 
20 sets of quadrant-type davits with electric control. 
In connection with the wireless equipment, it may be 
of interest to mention that, during the trials, provision 
was made for constant communication to be main- 
tained between the ship and Messrs. Harland and 
Wolff's offices in Belfast, by means of wireless telephony, 
the necessary apparatus having been installed by 
Messrs. The Marconi International Marine Communica- 
tion Company, Limited. We understand that the 
arrangements proved so satisfactory to the builders 
that they are likely to be employed in future trials. 

In conclusion, we may mention that we were present 
during a trial run of the Britannic in the Irish Sea 
and North Channel, of about 26 hours’ duration, on 
Sunday and Monday last, during which time the vessel 
behaved admirably, although the weather conditions 
did not test her sea-going qualities. There can be no 
doubt that she will find favour with that large section 
of the public to whom speed is not a primary con- 
sideration. Her owners and builders are to be con- 
gratulated on the ship. 








LETTERS TO THE EDITOR. 
THE DESIGN OF SUBMARINES. 


To Tue Eprror or ENGINEERING. 


Str,—In reply to Professor O, Flamm’s letter, 
which appeared in your issue of June 13, in connection 
with an article entitled ‘‘ Estudio critico del submarino 
en forma de trebol del Dr. Oswald Flamm,” of which 
| I am the author, and which was published in the 

Revista General de Marina, Dr. Flamm appears to have 
| misunderstood the above mentioned ‘‘ Estudio critico ”’ 
| in view of the fact that I have also extended my calcu- 
| lations to the centre of gravity of the submarine, as may 
| be appreciated on pages 11-18 of the booklet in which 
this study has been reproduced. 

Naturally, the calculations of the centre of gravity 
which I develop are based upon similar principles as 
| those which are generally followed to demonstrate on 
| a circular shaped submarine that the centre of gravity 
| coincides with the centre of buoyancy. That is to say, 





ELECTRIC-GENERATING AND COMPRESSOR SETs. 


none of the strengthening members of the boat nor 
even the structure of tanks, motors, torpedo tubes, 
guns, storage batteries, &c., are taken into considera- 
tion. 

These items can be modified so extensively as to 
make the centre of gravity move vertically to the 
desired position in each particular case, but that result 
does not modify the starting conditions of coincidence 
of the centre of gravity with the centre of buoyancy on 
a submerged condition of the submarine. 

I very much appreciate Professor O. Flamm’s kind 
offer to give me details should I be interested in his 
designs, and I would only be too glad to receive any 
such information which he could send me to my address 
as below. For his complete information, I am sending 
him direct a copy of the pamphlet which was published 
in the Revista General de Marina. 

Yours faithfully, 
CaRLos PREYSLER. 
Sociedad Espatiola de Construccion Naval, 
Sagasta 25, Madrid, Spain. 
June 23, 1930. 








THE SUPERCHARGING AND COM- 
POUNDING OF AERO-ENGINES. 


To THE Eprror OF ENGINEERING. 


Srr,—In the course of an article on ‘ The Super- 
Charging and Compounding of Aero-Engines,” in your 
issue of the 6th inst., I note the statement that “it is 
admitted, however, that the application of the sleeve 
valve to air-cooled engines is likely to be impeded by 
difficulties in connection with the cooling of the cylinder 
head.” 

It may interest your readers to know that there is a 
4-cylinder sleeve valve air-cooled engine in existence, in 
which no difficulty whatever is experienced in keeping 
the cylinder head, and all other parts of the engine at 
satisfactory working temperatures. 

The system, in which, by the way, I have no financial 
interest, is known to me as the Morgan-Jones. — 
mention it only because in your article some doubt is 
thrown on the possibility of a successful solution. 

Yours faithfully, 
G. W. Watson. 
June 19, 1930. 





50, Pall Mall, London, S.W.1. 
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THE SELECTION AND OPERATION 
OF PUMPING MACHINERY FOR 
WATERWORKS.* 

By F. E. F. Dunnam, M.I.Mech.E. 
(Concluded from page 811.) 

Havine from the consideration of factors such as the 
foregoing decided on the nature of the machinery to 
be installed, or, should circumstances permit, having 
allowed manufacturers to tender for the types they 
can most economically supply, the drafting of the 
specification will probably be the next consideration. 
In the closed type of specification, where accompanied 
by general arrangement drawings, the main features 
and some details are closely specified, and the minimum 
dimensions and qualities of the materials of the principal 
parts stated, as is in general the practice of the Board 
in the case of reciprocating steam engines, induce close 
comparative tendering, but makers of steam turbines 
and oil engines have not been required to depart from 
their standard productions. Blanks in the specification 
for tenders to be filled with the dimensions of the 
principal parts have been provided, and attempts made 
to bring the various offers on to a comparative basis 
on receipt of the tenders. 

The normal design of the standard triple-expansion 
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in other directions, an open-type specification was | continuous full operation, but actual results so far 


issued with satisfactory results, keen tenders being 
received from British, Dutch, Swiss and Italian firms. 


TaBLe I.—Littleton Pumping Machinery, 1924. 

4 units, 2,330 P.H.P. Total capacity, 300 million gallons 
per day against 37 ft. head. Estimated average quan- 
tity, 75 million gallons per 24 hours. Original esti- 
mated total costs from the basic data provided in the 
specification. 





Total Estimated Costs 
| | Capital and Working 
| Guarantee | inclusive of Buildings. 











Lowest 
Type. Machinery Ib. A 
Tender. | D& P.B-p- Per 
| per hour. | Per million 
; annum. gallons 
| 1 foot high. 
| ’ 5 
| £ £ 
Uniflow ..| 56,865 1.90 27,200 3 
Diesel (trunk) ..| 79,650 0.53 | 27,600 6.40 
Semi-Diesel ..| 75,784 0.55 | 27,700 6.42 
Turbine --| 69,300 | 1.64 | 28,200 6.55 
Humphrey pump} 89,500 | 1-00 | 28,500 6-62 


} | 

With the fall in prices since 1924, the estimated cost would be 
6,000/. per annum less, and the cost per million gallons 1 foot high, 
about 1-4d. less. Average estimated continuous pump horse- 
power—590. Estimated usage factor 25 per cent. 


TABLE II.—DistrisutTion or 26s, 2d. RECEIVED FoR PuMPING ONE MILLION GALLONS ONE HuNDRED FEET 
Hicu. (BasED oN Watton PumpiNne StTarTIon.) 
No. 1. Triple-expansion engine and pumps with turbine standby. 
No. 2. Two turbines with centrifugal pumps, one as standby. 
Designed horsepower—2 of 800. Actual continuous horse-power—700.* 
Head—138 ft. Million gallons per 24 hours—24. 


Usage factor 44 per cent. 























—— Item | No. 1 | No. 2. 
’ | Good e. &@ 
( First unit .. ae i See Ey 
Capital No. 1—10/8 ) Turbine standby .. | 2 0 11 3.4 
charges No. 2—7/2 Boilers ae a ne Ye 3 | zs 110 
Buildings, including roads, &c. .. 4 4.3 $3 
Wages .. es ap ‘< 5 | 7 § 2s 
Stores 6 ; O 4 0 4 
Repairs .. 7 ee : 
! | 
Lost in :— | 
cr Lost grate, unconsumed coal + 8 | @ 0 2 
No.1. 1/6 heating products of combustion .. 9 0 6 0 9 
ta — —_— air .. se ss 10 ; 0 4 0 7 
urning hydrogen to stean 11 i; @ 8s 0 4 
Coal No.2, 2/4 Lost by :— 
No.1. 6/8 3 Boiler radiation ae ah 12 | 0 4 0 6 
| 
No.2. 9/9 Usefully employed in heating feed economiser . . we sie se 13 — _— 
Used. No. 1, 3d., No. 2, 4d. | 
No.1. 4/9 | 
Usefully employed superheating steam No. 1, 4d., No. 2, 7d... a 14 | —_ 
No. 2. 7/5 | 
Usefully employed generating steam No. 14/2, No.26/6 .. cel 15 —_— ~_ 
Steam No.1. 4/9 Lost to condenser and by radiation . . aes a ia me 16 3 6 5 11 
Received from ‘No. a 6S /5 Lost in mechanical and hydraulic friction .. di aa vel 17 01 0 4 
Boilers *=- “9 | Useful expenditure, i.e., energy transferred to water pumped . | 18 1 2 1 2 
| 
' 
26 2 26 2 





= 3-14 pence per million gallons 1 foot. 


{*= cost inclusive of capital :— 


== 0-63 pence per pump horse-power per hour. 


* At this pump horse-power the total costs are the same for both units, above this power the reciprocating engine 
costs would be the lower. 


pumping engine with the crankshafts strong enough to 
take for a short period, but in the event of a burst 
main, the full power capable of being developed by the 
steam in the cylinders, although normally working at 20 
per cent. cut-off, permits high overloads and any normal 
Triple will, in an emergency, develop up to 50 per cent. 
overload, made up of 25 per cent. overload per revolu- 
tion and 25 per cent. increase of speed. W<°th oil 
engines and steam turbines, however, in view of the 
use of standard designs and the general practice of 
manufacturers in competitive tendering to allow 10 per 
cent. overload capacity, the purchaser should not expect 
to get more than he has definitely asked for. For 
waterworks purposes, therefore, it is desirable, having 
regard to the severe nature of pumping operations 
compared with electrical working, and the advantage 
at some future date of being able to pump to a higher 
head than that originally contemplated, to specify for, 
and actually to run, machinery of this class for a con- 
siderable period at 33 per cent. overload. 

In 1922, the pumping machinery at Littleton for 
supplying the Queen Mary reservoir was under con- 
sideration. The estimated usage factor was only 
25 per cent., the pumping capacity having to be 
sufficient to take advantage of periods when the flow 
of the Thames was both quantitatively and qualita- 
tively suitable, and, delivering to a reservoir of 6,750 
million gallons capacity, continuous operation was not 
absolutely necessary. With the object of securing the 
lowest overall charges and enabling tenders for Hum- 
phrey gas pumps to be made, while securing competition 





* Paper read before the Institution of Water Engineers, 
on Wednesday, May 28, 1930. Abridged. 








TABLE 1V.—Relative Efficiencies (Hand Firing) 
Including Economiser. 


me 





aS Efficiency. 
Per cent. 
14 to 15 per cent. volatile Admiralty Welsh large... 0 
Under 14 and over 15 per cent. volatile Admiralty 
Welsh large .. “ ‘in a “s wa 69 
14 to 15 per cent. volatile Admiralty Welsh nuts .. 69 
Under 14 and over 15 per cent. volatile Admiralty 
Welsh nuts... + rr - anal 68 
Under 16 per cent. volatile large and nuts 68 
- ‘i a hrough | 64 
- fe » small es 61 
16 to 29 per cent. volatile large and nuts | 68 
9 9 » through 67 
a vi » small << | 64 
30 to 35 per cent. » large and nuts } 67 
” ” ,», through S ..| 65 
- pee small - ae ‘ ‘| 62 
36 to 40 per cent. , large and nuts | 64 
* “ pa through 62 
pa a is small ae 60 
41 to 45 per cent. large and nuts | 62 
re o through | 60 
” ” » small wa | 58 
46 per cent. and over,, _ large and nuts | 60 
ss me , through | 58 
a a a small me al 56 
Coke large a a al 67 
Patent fuel ns ve “e ar es oa 63 





The most advantageous offers of each type received 


are set out in Table I. The lowest tender, both in- 


actual price, and in estimated yearly cost (calculated 
according to the data provided in the specification), 
that of Messrs. Worthington-Simpson, Limited, was 


accepted. The machinery has not yet been long in| 














obtained are given in Tables VII and VIII. 

In both classes of specification it is necessary to 
state the amount of liquidated damages to be retained 
should the guaranteed steam or fuel consumption be 
exceeded. Better guarantees are obtained when the 
tenderer is allowed to fix the steam or fuel consump- 
tion, and the damage figure stated by the purchaser in 
his specification is not oppressively high. If tenders 
are being invited for one unit only, which is to be in 
continuous operation, the damage figure, if of sufficient 
amount to yield the income required to pay the whole 
of the annual loss due to any excess steam or fuel 
consumption, is likely to be such as to intimidate 
tenderers and prevent them guaranteeing as good a 
figure as they would otherwise have done. On the trial 
they may get the better figure, but the important part 
played by the consumption guarantees in awarding 
the contract is likely to be based on very indefinite 
data, if tenderers are not guaranteeing within several 
points of what they expect. As an illustration, the 
“damage” figure on a 1,500-p.h.p. steam turbine and 
pump to work continuously and costing 15,000/., 
should be about 1,000/. for every tenth of a pound of 
steam per pump horse-power, and would amount to 
the whole cost of the contract if the guarantee were 


| exceeded by a pound and a half. If, however, a spare 


unit is quoted for at the same time, the ‘‘ damage” 
figure would properly be reduced by one-half. Should 
the figure specified be lower than the correct one, it is 
necessary when considering tenders to consider the 
guarantees ; firstly, as if the accepted tendered should 
fail to obtain the required figure, in which case the 
specified ‘“‘damages’’ would be deducted from the 
amount of the contract, and secondly, as if he obtained 
it, when the capitalised value of his guarantee must 
be compared with the other tenders. 

As considerable sums may be in dispute as a result 
of a misapprehension of the exact meaning of the 
clauses in the specification dealing with this matter, 
it is most desirable to avoid the slightest ambiguity. 
Up till the present, the Board’s practice has been to 
require the economy of steam turbines and reciprocating 
engines to be guaranteed in terms of the pounds of 
steam per pump horse-power per hour, and of boilers 
when mechanically fired, on the overall efficiency of 
the boiler, grate, superheater and economiser, &c., 
when fired with bituminous nuts having a gross calorific 
value of not less than 12,000 B.Th.U. per lb. For 
hand-fired Lancashire boilers, as neither the stoker 
nor the coal is supplied permanently by the contract, 
and as these provide variables many times greater 
than can be made by any variation in the design of 
the boiler, in this instance the dimensions and details 
would be specified and no guarantee required. 

For oil engines, the guarantee asked for is the total 
gross heat supplied to the engine per pump horse-power 
per hour, with oil having a gross calorific value of not 
less than 18,500 B.Th.U. per lb., and in addition a 
statement of the lubricating oil used per 1,000 hours 
is required. The preceding guarantees are on the 
gross calorific value of the fuel, and it is important to 
make this point clear, as it is not uncommon for tenders 
to be made on the net calorific value, a difference of 
some 3 per cent. to 4 per cent., owing to the hydrogen in 
the fuel, when determining its calorific value in the 
calorimeter, being reduced to water instead of passing 
away as steam in either the chimney or engine exhaust 
gases. In each case the permissible variations on the 
trial in the quantity, head, steam pressure and super- 
heat, &c., and its duration should be stated. For oil 
engines, steam engines and turbines with guaranteed 
oil or steam consumptions, any period over five hours 
is sufficient, depending on the method of arriving at 
the quantity pumped. For boiler guarantees, 12 hours 
should be the minimum for consumptions over 20 lb. 
of coal per square foot of grate surface per hour, and 
24 hours for consumptions much below that rate. The 
possibilities of error are much lessened if the result 
of the observations are worked out and tabulated 
each hour; any discrepancies can then be immediately 
detected and an estimate formed of the probable 
percentage accuracy of the results obtained. With a 
competent team, consistent results can be obtained 
hour by hour, and the question of whether the guarantee 
has been obtained or not can be practically settled 
within half an hour of the end of the trial. It is most 
inconvenient to have to wade through a sea of figures 
days after a trial to account for some apparent dis- 
crepancy, or more serious still, to have to repeat the 
whole trial, particularly in cases where coal-consump- 
tion guarantees are made, or where the measurement 
of the water pumped presents difficulties necessitating 
a prolonged trial to enable the requisite amount of 
accuracy to be secured. In important and detailed 
trials the number of individual readings may be very 
large, and on the 24-hour trials, on each of the four 
engines and boilers at Littleton, the number exceeded 
33,000. Table VII gives the principal results of trials 
on modern plant carried out by the Board’s staff. 
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(1) a reciprocating engine with a steam turbine and 
centrifugal pump stand-by and (2) a turbine and 
centrifugal pump with a similar unit in reserve. Under 
the conditions stated with coal at 19s. 6d. a ton of 
12,700 B.Th.U. per pound, the cost inclusive of 
capital charges for each combination is the same per 
million gallons pumped 100 ft. high; an increase in 
either the cost of coal or the usage factor would be in 
favour of the reciprocating unit; conversely, a fall 
would favour the steam turbines. On similar lines, 
the capital cost of a gravitation supply derived from 
an upland storage reservoir, excluding distribution 
mains, filtration and local storage charges in each case, 
must, to compete financially, not exceed 254,0001. for 
24,000,000 gallons daily supply delivered at 138 ft. 
head. Thus :— 
Per million gallons 
100 ft. high. 
8 . 


Capital charges on 254,000/. at 5 per cent. repay- 


ment in 100 years... : 21 2 
Wages, &e. ... she 5 0 
26 2 


Similarly, for electrically operated pumps the charge 
for current should not exceed 3/. per kilowatt for a 
maximum demand of 1,400 kw., plus 0-34d. per unit. 


Per million gallons 
100 ft. high. 
s. d, 


Equivalent to 0-51d. per unit (750 kw.) ... a) 

Capital charges eee see aes ae Er@ 

Wages, repairs, stores, &c. ... 3 5 
26 2) 


On an examination of the Table it will be seen that, 
by a coincidence, decreasing the capital charges 3s. 6d. 
increases the cost of coal a similar amount. Item 5.— 
The wages are, in fact, the same for the reciprocating 
and turbine sets, but for turbines alone the staff would 
be one man per shift less. Item 7.—Repairs costs are 
at present simply a percentage allocation of the whole 
of the station repairs and emergency staff, and include 
ordinary overhauls of boilers, &c. Sufficient actual 
repairs have not yet been made to arrive at compara- 
tive cost figures. Items 9 and 10.—Good stoking, 
10-6 CO,, no CO, only slight improvement possible. 
Item 11.—Cannot be avoided. Item 12.—Largely 
an estimate. Item 13.—Not good, but could only be 
improved by further expenditure. Items 16, 17, 18.— 
Steam received from boilers. Coal being at the lowest 
price for some years, the comparison favours the 
turbine and about balances the somewhat unfair 
allocation of wages. Item 16.—The principal loss, 
inherent in all steam units, and could only be slightly 
improved at probably unremunerative cost by a better 
vacuum and larger low-pressure cylinders for recipro- 
cating unit and by higher vacuum and further improve- 
ments in design with higher pressure and superheat 
forturbines. Item 17.—Cannot be bettered for recipro- 
cating units, but is being improved for centrifugal 
pumps. It should be noted that, although the actual 
heat value of the friction loss is very small—ld. and 
4d. respectively—after allowing for its proportion of 
capital, wages, and engine and boiler-house losses, it 
has cost 7d. and 2s. 6d. respectively, in the same 


culty, and to ensure that the quality contracted for 
is maintained, the Board has, since 1911, with the 
exception of a short interval during the war, bought 
approximately 180,000 tons per annum on a calorific 
basis, the price varying with the calorific value of the 
fuel supplied. 

Apart, however, from the above-mentioned reasons, 
the conditions under which the Board’s works are 
operated are such that in order to make reasonable 
comparisons of their efficiency it would be necessary 
to carry out the laboratory work, and determine the 
calorific value of the coal, even if it were not purchased 
on such a basis. The difficulty and expense of accur- 
ately sampling small consignments of coal would 
probably render the system unremunerative to the 
majority of water undertakings, but the author would 
strongly recommend the calorific determination of at 
least monthly samples of the coal deliveries, for the 
purposes of comparison and throwing light on any 
variations in the efficiency of the plant. 

Comparisons of coals of different classes and size, 
however, cannot properly be made on a calorific basis 
alone; for example, 1,000 B.Th.U. contained in a 
Welsh nut coal are of more value than in a Welsh 
small owing to the greater ease of obtaining more 
efficient combustion (higher CO, and less loss of ash 
through the grate, &c.). The B.Th.U. guaranteed per 
pound of coal, therefore, should be corrected by the 
expected efficiency of the coal, i.e., the percentage of 
heat expected to be usefully employed. These ex- 
pected efficiencies vary from 70 per cent. to 56 per 
cent. for hand firing under the normal conditions of 
working of the Board’s boilers, and have been deter- 
mined from the results of 300 actual boiler trials on 150 
| different named coals. They are set out in Table IV. 

Generally the coals submitted can be compared on 
the basis outlined, but occasionally they are either 
too low in volatile to burn sufficiently freely with the 
draught available, or are too high in volatile to burn 
without objectionable smoke under the conditions 
prevailing at some stations. A few are entirely 
unsatisfactory by reason of the low fusing temperature 
of the ash. The basis of comparison, the estimated 
cost of evaporating 1,000 gallons of water from and at 
212 deg. F., is calculated on the laboratory slide rule, 
11 ft. long. The name of each coal is written on a 
celluloid tablet and dropped into a slot in its correct 
position on the slide rule. It may be of general interest, 
as illustrating the extraordinary differences in coal 
values, to note that the following maxima and minima 
in the calorific value and constituents of coals delivered 
to the Board have been recorded :— 


Maxima. Minima. 
B.TRU.'6@ ..<. 15,400 5,050 
Ash ... 49 per cent. 1 per cent. 
Moisture 21 ~ 1 9 
Volatile 56 3 


While discussing the quality and calorific value of 
| coal supplies, it may be worth noting that, from 
| tests made at one of the Board’s pumping stations 
some years since the depreciation in calorific value 
of coal in store appeared to be chiefly during the first 
two or three months, and amounted to from 2 to 3 per 
cent. In addition, there was a loss in furnace efficiency 
| through increased friability by weathering, but no 





way as the ls. 2d. value of useful work cost 26s. 2d.| apparent heating took place in any class of coal in 


Item 18.—The amount usefully expended, i.e., if we 


| stacks under 7 ft. 6 in. in height. 


From the economic 


regard the whole expenditure as paid for in heat units | viewpoint it would appear desirable to defer replacing 
contained in coal at 19s. 6d. per ton of 12,700 B.Th.U. | reserve stock, in the absence of actual heating or 
per pound, then the energy equivalent to 1s. 2d. worth | serious deterioration in size, for as long a period as 


of heat is transferred to the water pumped. 


| reasonably possible, and the majority of coals stored in 


The economical buying of suitable coal is probably | low piles should be safe to store for two or three years 
the most important single factor affecting the financial | at least. 


economy of a pumping station. Purchasers at liberty | 


Stores.—The Board purchase their stores by a 


to do so may find dealing with selected firms, and | stores department, under the control of the chief 


consulting them as to the coal most suitable for their | 
requirements, a satisfactory method, the desire on the | 
part of the contractor to retain a remunerative customer | 
being sufficient to place his experience and resources | 
fully at the purchaser’s disposal. Such procedure by 
public authorities is rarely possible, and purchase 
by public tender is the general rule. Where pumping 
stations are near to a particular coalfield the varieties 
of coal economically available would, owing to the 
cost of carriage from more distant coalfields, be so 
small in number as to permit of more or less con- 
tinuous trial being made of all those competing. 

The situation of London, however, almost equi- 
distant from coalfields producing coals varying con- 
siderably in their characteristics, offers so wide a 
choice that if purchases were confined to the com- 
paratively few varieties that could within a reasonably 
limited period be tested in the boilers under actual 
working conditions, the selection would be unneces- 
sarily restricted. The buying of specific coals on their 
name value alone is not always satisfactory, the 
reported evaporative value of the same coal from 
different stations of the Board at the same time, and 
from the same station at different times, having 





varied as much as 20 per cent. To obviate this diffi- 


engineer, strictly competitive prices being obtained, 
and revision of the lists of contractors, eliminating 
those who do not quote with keenness. Of the cotton 
waste, 75 per cent. is reissued after passing through a 
cleaning plant, and lubricating oil is reclaimed and 
sold. It is difficult with prices varying as they have 
done of late to make an estimate, but it would appear 
that during the past few years the cost of stores has, 
after correction for the probable variation in price, 
fallen about 8 per cent. per million gallons pumped 
1 ft. high. 

As previously stated, the pumping stations inherited 
by the Board, containing with recent additions nearly 
300 engines of an average age of 40 years, totalling 
50,000 h.p., with an average continuous output of 
approximately 15,000 p.h.p., and an average pump 
horse-power per unit while at work of but 135 and 
usage factor 31 per cent., resemble in this respect 
rather a conglomeration of small waterworks than 
what might be expected in a town of London’s magni- 
tude, and the economic results cannot be expected to 
compare favourably with those obtained where it has 
been found possible to concentrate the whole of the 
pumping equipment for a large city in one or two 


active policy pursued by the Board and its Chief Engi- 
neer, new machinery, wherever the condition of the 
plant demands or is economically possible, is rapidly 
being installed, and contracts for cver 16,000 p.h.p. 
in units of high efficiency have either been completed 
or entered into since 1922, particulars of the economic 
results of some of which are set out in Tables VII 
and VIII. 

Despite many drawbacks incidental to isolated 
pumping stations, the author feels that the average 
coal consumption throughout the Board’s works in 
the last financial year of 3-19 lb. per p.h.p. per hour 
inclusive of jackets of standing engines, banking 
boilers and all other losses, compares not unfavourably 
with the consumption of coal per unit generated in the 
electricity stations of the United Kingdom, ranging in 
the year ending March, 1929, from 1-73 lb. for stations 
of over 30,000 h.p. average continuous output to 11-7 Ib. 
for stations of 30 h.p. average output. The corre- 
sponding average figure in the Board’s stations for 
the years 1919-1922 was 3-54, the improvement since 
then of 10 per cent. being partly due to higher calorific 
value and partly to the superior economy of three new 
engines. Continuous records are kept of the operation 
of the machinery. 

In conclusion, the author would like to place on record 
his thanks to Mr. H. E. Stilgoe, Chief Engineer, for per- 
mission to include the tables and figures given, and also 
to the staff of his section for assistance in their prepara- 
tion. These may be found useful on occasion, but their 
accuracy could be improved so as to render them 
extremely valuable if other members would supply any 
available similar information. 








AUTOMATIC GAS-PRESSURE 
CONTROLLER. 


In many towns the mains used for gas distribution 
are so small as to render the maintenance of a uniform 
pressure at the more remote parts of the network 
difficult. This disadvantage can, of course, be over- 
come by laying new and larger mains or, more 
economically, by supplying gas at high pressure to 
strategic points. When the latter course is adopted, 
it is obvious that the maintenance of the correct 
feeding pressure is important, and this can be effected 
by selecting places on the outer edge of the network 
and controlling the pressure at the feeding points, 
so that the pressure at those places remains constant. 
This procedure, however, has the disadvantages that 





| Fig.1. 


















































2103.A. 
there is a time-lag between the feeding and observa- 
tion positions, and that some electrical connection 
between the two is necessary. Moreover, it has been 
found that the correct value of the pressure in the 
network is ensured if a given known value is main- 
tained at the feeding point. This latter pressure is 
determined by experience and, we understand, is the 
same for the same hour of the same day each year, 
while it does not vary for several weeks at a time, even 
during the summer and winter solstices, or when sudden 
changes, such as storms or fog, occur in the meteoro- 
logical conditions. The only exception to this rule 
is that the pressure variations on Sundays are not 
the same as those on week days. 

Working on these lines, Mr. J. L. Hodgson has 





stations. Since the war, however, as a result of the 


designed a governor, which has been introduced 
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by Messrs. George Kent, Limited, of Luton, the object 
of which is to vary the feeding pressure in accordance 
with a pre-determined time schedule. The governor is 
shown diagrammatically in Fig. 1. It consists of a 
pressure regulator and control pillar. In the latter is 
a cam a, shaped according to the pressure required, 
and rotated by clockwork once every twenty-four hours. 
The cam operates a contact arm, the outer end d of 
which floats between two contacts 6 and c, making con- 
tact with one or other of them if the pressure indicated 
by the cam is not the same as that which actually 
exists at the bottom outlet of the pressure regulator k. 
When such a difference in pressure occurs, the motor j 
is started and the weight A is moved either to the right 
or to the left along tne beam by which it 1s carried, thus 
loading the regulator bell 1 to the pressure indicated by 
the cam. The governor also comprises a water U-tube f 
containing two floats, which are arranged so that they 
compensate for any change in water level over a range 
of about 2 in. This is effected by connecting one of 
the floats to the rod carrying the contacts 6 and c, 
thus altering the position of the latter relative to the 
contacts. The tube fis also connected by a pipe g to the 
feeding point m, so that the supply pressure is indicated 
on the scale e by a poirter on the other end of the 
contact rod. 

The pressure regulatcr, which is arranged for 
mounting in a pit in the roadway, is shown in detail 
in Figs. 2 and 3, and a photograph of it is reproduced 
in Fig. 5, on the opposite page. Referring to Fig. 2, it will 
be seen that it consists of a butterfly valve n, the 
spindle of which carries the crank arm o. This arm is 
connected to a vertical rod, which, in turn, is screwed 
into the cover of the water-sealed bell 1. The underside 
of this bell is connected to the supply main, so that 
it is exposed to the outlet pressure. When the upward 
thrust on the bell due to this pressure exceeds the load- 
ing as determined by the weight A in Fig. 3, the former 
rises and closes the admission valve, so that the pressure 
is maintained at the required value. The controller is 
provided with a safety device. This consists of a 
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to the admission valve. When 
the back pressure rises beyond 
the safe limit, this' bucket is rapidly filled with water 
through a horizontal slot and the weir box ¢, so that 
the gas is cut-off. 

As will also be seen from Fig. 3, the motor j is con- 
nected to the weight / through a gear box, sprocket and 
chain u. The gears are totally enclosed and run in 
oil, so that they are unaffected by the damp atmos- 
phere in the pit, while the gear box itself forms a 
balance weight at the end of the arm. As the motor 
has only to move the loading weight h, the input 
required is as low as 13 watts, and it is supplied by 
nickel-iron accumulators, which do not require changing 
more than once a fortnight. The stops vj, and v, in 
Fig. 2 are provided to operate a switch, which opens 
the motor circuit if the bell passes beyond its limit 
positions in either direction. Similar switches are 
provided to cut out the motor if the weight moves too 
far to either to the right or left. As shown in Fig. 1, the 
motor is provided with two supply Jeads and a common 
return. Only one side of the circuit is therefore broken 
when these switches operate, the result being that, 
after the conditions which have caused the disturbance 
have been removed, the motor is ready to be started 
up again, 

Details of the cam and contact arms are given in 
Fig. 4, and these parts can also be seen in Fig. 6, on 
the opposite page. As already explained, the shape of 
the cam a is determined by the pressures which it is 
required to maintain at different times of the day, as 
indicated on the dial. Actually there are two cams on 
the same axis, one for week days and one for Sundays, 
and two pairs of contacts which are operated by one or 
other of the two cams. The change-over from one 
cam to the other is made automatically by a switch, 
the timing of which can be adjusted by the dial w. 
A pressure recorder is also fitted. The outlet pressure 
is introduced to the upper side of the right-hand float in 
Fig. 1, the movement of the float being transmitted 
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| through the beam 2, to the contact arm. These floats 


weighted arm p, which carries a bucket and is attached | are so arranged that the lowering of the water level 








LIMITED, ENGINEERS, LUTON. 








“ENGINEERING” 


by 1} in. due to evaporation, will not affect the accuracy 
of the scale indication. A guage y, Fig. 4, and an 
adjustable link are provided to enable the reading of 
the pointer z to be correctly set. 








THE AIRPORT AT ST. HUBERT, 
MONTREAL, QUEBEC. 


Tur Department of Public Works of Canada is now 
engaged on the completion of what is expected to be 
when finished, one of the best equipped airports on 
the North American Continent. The site chosen is at 
St. Hubert, Que., about 10 miles from Montreal, the 
aerodrome being approached by road through Lon- 
gueuil, on the Chambly Road, or by the Canadian 
National Railway line to St. Hubert station, which 
adjoins the airport. The aerodrome is being laid out 
on a site of 975 acres, and additional land is available 
for further expansion. The original site is very level, 
and sufficiently removed from adjacent hills to provide 
manceuvring space for large dirigibles using the mooring 
mast, now approaching completion, in anticipation of 
the arrival of the British airship R100. The illustra- 
tion which we give on page 844 shows part of the 
site and the mooring mast. 

The layout, as planned, consists of three runways 
radiating from the central point at angles of 120 
degrees, to suit all directions of wind. These runways 
are 150 ft. in width, and from 1,800 ft. to 2,000 ft. 
in length. A taxiway 100 ft. wide connects the outer 
ends of runways Nos. 2 and 3, and will eventually 
encircle the whole field to connect with the terminus 
of runway No.1. The angle between Nos. 1 and 2 
runways forms a space for the dirigible mooring mast 
and its surrounding anchors. The hangars, garages, shops 
and demonstration buildings are distributed along the 
taxiway.. In the construction of these runways and 
taxiways the asphalt emulsion known as Colas has 
been used; this is now manufactured in Canada by 
Messrs. Flinkote Roads, Limited 
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AUTOMATIC GAS-PRESSURE CONTROLLER. 


CONSTRUCTED BY 


(For Description, see Page 841.) 


MESSRS. GEORGE KENT AND COMPANY, LIMITED, ENGINEERS, LUTON. 



































Fie. 5. Pressure REGULATOR. 


The site of the air base was selected in 1927 by 
representatives of the Air Ministry in London and the 
Dominion Department of National Defence, and is 
situated on the south shore of the St. Lawrence River, 
in open country free from smoke and other flying 
hazards. Routes lead into Montreal over both the 
Victoria Bridge and the new Montreal Harbour (South 
Shore) Bridge. The Department of National Defence 
has established radio and meteorological services. 

A paper read by Mr. R. de B. Corriveau, of the Depart- 
ment of Public Works, Ottawa, before the Engineering 
Institute of Canada, in February last, gave particulars 
of the mooring mast, etc. We reproduce from this the 
following: The mooring tower itself is a self-contained 
steel structure anchored to concrete footings. At the 
base of the tower is a two-storey building, cruciform in 
shape, to house the mooring winches, heating plant, 
&c., and to provide lobby entrance, retiring rooms and 
offices. Fairleads for side cables to yaw winches are 
located 250 ft. from the centre of the tower. There 
are 24 concrete blocks, spaced at 15-deg. intervals, on 
the circumference of a circle of 750-ft. radius. These 
are for anchoring the 25-ton snatch blocks through 
which the yaw cables pass from nose of ship to fair- 
leads. The tower is an octagonal structure, 171 ft. 
high, surmounted by a steel plate turret 25 ft. in 
diameter, from the top of which projects a telescopic 
mooring arm to which the nose of the airship is to be 
attached. The total height of the tower to the top 
of the mooring arm is 205 ft., and the arm can be 
extended 74 ft. This telescopic arm, weighing 15 
tons, is mounted on gimbal bearings and counter- 
weighted, through a system of cables and pulleys, to 
swing 30 deg. from the vertical and in any position of 
the compass. It is operated by compressed air. When 
the ship’s nose is cupped, the arm is contracted, 
brought back to its vertical position and locked so as 
to permit the ship to swing with the wind. The tower 
itself consists of eight posts on a base 69 ft. 2 in. 
in diameter, tapering to a diameter of 25 ft. 8% in. 
at the passenger platform level, 171 ft. The posts are 
braced diagonally between levels of horizontal bracing, 
which occur at intervals of 28 ft. 4 in. In addition 
to this regular system of horizontal bracing, there is 
a heavy network of joists 19 ft. above ground, to 
support the reinforced concrete floor, and another 
29 ft. above ground for the reinforced concrete roof of 
the building at the base of the tower. There are 
horizontal struts supporting the searchlight platform, 
and heavy girders covered with checkered plate floors 
at the elevator landing and passenger platform. 
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the centre of the tower, there is an elevator and stair 
shaft 16 ft. square. Four columns are placed at the 
corners of the elevator and stair shaft, from ground to 
roof of base building, to support the floor and roof loads. 
The searchlight platform, 142 ft. 6 in. above ground 
level, is equipped with searchlights which are used to 
spot the anchorages on the ground, and generally to 
facilitate airship moorings at night. 

A movable platform landing stage is provided on the 
passenger platform, connecting over the guard rail 
with the airship’s gangway. Passengers descend a 
stairway inside the turret to the elevator landing, 
14 ft. 2 in. below, and then proceed by elevator to the 
lobby on the ground floor, 156 ft. 10 in. below. 

The low-pressure steam-heating plant installed on 
the ground floor was designed to heat the two-storey 
building to a temperature of 70 deg., and the enclosed 
and insulated elevator-stair shaft to a temperature of 
50 deg. F. in severe weather. Cast-iron radiators are 
installed in the lobby, machinery house and rest 
rooms, as well as in the mooring head. In the elevator 
shaft, special fin-type radiators had to be used to fit 
the confined space. The heating plant is fired with oil. 

The contract for the manufacture and erection of 
the steel tower was awarded to Messrs. Canadian 
Vickers, Limited, of Montreal, the tower containing 
nearly 290 tons of steel, and the mooring head 87 tons 
of steel and equipment. The mooring arm, 26 ft. long 
with gimbal bearing, the whole weighing about 17 tons, 
was hoisted up the elevator well before the erection of 
the stairway. 

In the design of the airship mooring tower the con- 
tractors provided for a pull at the tower head of 
90,000 Ib. with a factor of safety against uplift of 
1-325. The Canadian Engineering Standards Associa- 
tion Standard Specification for Steel Structures for 
Buildings No. Al6, 1924, was used. The calculated 
deflection at top of tower, due to 30 lb. per square foot 
wind pressure and pull of airship, is 0-995 in. 

In this connection, it may be recalled that the 
Cardington mast when tested by applying a pull of 
67,200 lb. at the top, deflected 1} in. and went back to 
the vertical. The R 101 exerted a maximum pull of 
33,600 lb. when riding a gale at the top of the Cardington 
mast. This dirigible has been reported to have veered 
over 90 deg. in less than one minute, without any 
serious strain to ship or mast at Cardington. 

In connection with the swinging arm, there is a 
vertical two-stage air compressor direct coupled to a 
motor at ground level. The compressor charges the 


In | air receiver at base of tower to a pressure of 400 Ib. 
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per square inch. ‘The air from this receiver is reduced 
down to 150 lb. per square inch and is supplied at that 
pressure to the receiver on the passenger platform by a 
2-in. diameter flanged pipe line. Air at 150 lb. per 
square inch is used for the locking cylinder, top and 
bottom, and for bringing in the ram against the 
resistance of the ship and the centreing gear. The air 
is further reduced to 25 lb. per square inch pressure 
for the recoil receiver, which is slung underneath the 
passenger platform. This airis used for pushing out the 
ram and holding it out until the bucket or cone on the 
nose of the ship enters the cup on the swinging arm. 
A recoil gauge graduated in tons is fitted in the control 
cabinet to show the pressure under the piston in the 
cylinder of the swinging arm when the ram is hauled 
down by the main haul winch against the pressure of 
25 Ib. to the square inch. The 400 lb. per square inch 
and 150 lb. per square inch air receivers are fitted with 
lock-up safety valves. The 25-lb. per square inch 
recoil receiver and the reducing valves are fitted with 
adjustable relief valves. 

Each of the eight tower posts rests upon a concrete 
base 11 ft. by 13 ft. 6 in. by 9 ft. 6 in. deep. The base 
building consists of 12-in. tile walls, with stucco ex- 
terior, tile partitions and plaster finish inside, reinforced 
concrete floor and roof finished with copper flashings, 
metal doors and window sash, chimney, with all neces- 
sary plumbing and lavatory fixtures. 

All machinery in the tower is electrically operated. 
The power cable is carried underground a distance of 
2,100 ft. Two transformers step down the supply 
from 2,200 volts to 550 for machinery, and another 
transformer to 110 volts for lighting. There is a motor 
generator set for charging the airship batteries,, The 
tower is flood lighted below the passenger platform. 
The electrical installation was carried out under the 
regulations of the Quebec Inspection Bureau. 

To develop an adequate water supply for the airport, 
an arrangement was made with the Canadian National 
Railway to use St. Lawrence river water from the twin 
railway tank at Southwark, 2} miles from St. Lambert, 
where there is a hydrant pressure of 25 lb. An 8-in. 
main was laid along the C.N.R. right of way, a dis- 
tance of two miles to the pump house on the airport 
property. The distribution pipes are 8 in. in diameter 
for high-pressure raw water to the mooring tower, one 
mile distant, and 6 in. for high-pressure raw water to 
serve hydrants, hangars, &c., located in another direc- 
tion. To distribute domestic water, 4-in. pipe was laid 
in the same trenches as the high-pressure pipes. 

To deliver petrol or Diesel oil to the fuel tanks of the 
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airship, the Aqua flotation system has been adopted. 
The installation includes a 10,000 gallons pressure 
storage tank placed underground and connected to the 
domestic water service. Water enters the tank under 
pressure and displaces the petrol, which is forced up 
the tower through a 2-in. pipe. There are automatic 
valves with an auxiliary tank installed at the base of 
the tower to prevent the water rising above the ground 
level and to control the petrol supply. A sump pit 
and electric pump are provided to drain the water 
from the storage tank to field under-drains when the 
petrol is being stored into the tank. The storage 
tank is equipped with a spray blending header, so 
that water under pressure can be used for blending 
fuel oil to any desired degree. 

The Airship R 100 requires 5,000,000 cub. ft. of 
hydrogen for her gas-bags. It is estimated that one- 
tenth of this supply will have to be replenished after 
a transatlantic trip. To meet this demand, a Silicol 
hydrogen plant of 40,000 cubic ft. per hour capacity 
and a gas holder of 50,000 cubic ft. have been provided 
at St. Hubert. There are two generating units, each 
of 20,000 cub. ft. capacity, installed in a special 
building alongside the gas holder, 2,500 ft. away from 
the mooring tower, both being connected to a 12-inch 
low-pressure hydrogen main. Ferro-silicon and caustic 
soda are used to generate the hydrogen. The gas 
holder works under a pressure of 5 in. water-gauge. 
At the top of the tower, pressure is reduced through 
a regulator valve tc 30-mm. water gauge, and the 
gas is metered before it reaches the airship’s supply 
pipes in the mooring head. As the plants can operate 
above their rated capacity, provision has been made 
to meter up to 60,000 cub. ft. of hydrogen per hour. 
All connections are electrically welded. 


THE END 
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At the base of the tower, on the ground floor of the 
machinery house, there are three variable-speed electro- 
hydraulic winches. Two of these are for the yaw 
cables and one for the main haul cable. These winches 
are of the spur-gear type, driven by electric motor 
through Waterbury hydraulic transmission gear, and 
are capable of handling a load of 33,600 Ib. at 50 ft. 
per minute and a light line at 150 ft. per minute. 
When the airship’s cone is being drawn into the cup 
of the mooring arm the speed of the winches will be 
reduced to a minimum, as for inching heavy loads. 
The motors are alternating-current, 85-h.p., constant- 
speed machines, on 550-volt, three-phase, 60-cycles 
supply, running at 430 r.p.m. 

The drums are designed to hold 5,000 ft. of ?-in. 
diameter special mooring cable coiled in five layers. 
This is to provide for the larger airships of the future. 
For mooring the 5,000,000-cub. ft. airships 2,000 ft. 
of cable have been provided for the main haul winch, 
and 3,000 ft. each for the yaw winches. There is an 
automatic spooling device on each drum, and the 
main haul cable is guided by a fleeting sheave, 40 in. 
in diameter and set 25 ft. away from the main winch. 

The base plates of the winches provide for future 
installation of p2trol engine auxiliary power. The 
drums are arranged to be disconnected from the 
transmission and act as free drums controlled by an 
operator at the mooring platform. 

A Klaxon annunciator system is provided for the 
drum release at the main haul cable winch and yaw cable 
winches. The winches are further controlled from the 
operating platform by Selsyn servo-motor remote- 
control apparatus, consisting of transmitter servo- 
motors at remote-control stands, electrically connected 
to receiver servo-motors mounted above the hydraulic 
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transmission of each winch. There is also a cable- 
tension meter for indicating the pull of the main cable. 

To prepare for mooring, the main haul cable is let 
down to the ground through the mooring arm and 
hauled to leeward 800 ft. The yaw cables are led 
through the fair leads and snatch blocks on either side, 
some of which can be seen in the view reproduced. 
The airship approaches slowly up wind and is 
brought down gradually to 900 ft., paying out its 
main cable through the mooring cone from a winch in 
the bow. The speed of the ship is eased off a little 
more, and the two cables are connected by snatch- 
coupling, the ground crew signalling to the ship and tower 
head. Ballast is dropped from the bow and the main 
cable is then tautened. The ship is next adjusted for 
trim and equilibrium, and signals to the tower that she 
is ready to be hauled down. The yaw guys are paid out 
from the ship’s bow winches and connected up by snatch 
couplings to the yaw-winch cables from the tower. 
The guys are hauled taut, and the main winch then 
continues to haul until the ship’s cone engages in the 
mooring arm cup. The telescopic arm is next con- 
tracted, centralised, and locked. The ship cables are 
then run off the tower winches and reeled up on the 
bow winches. When ready to cast off, the ship slips 
a pendant through the mooring arm. 

In carrying out the construction of the mooring 
tower and providing the services connected therewith, 
the Department of Public Works of Canada has received 
the active co-operation of the Department of National 
Defence, which is the Governmental body entrusted 
by the Dominion Government with the development 
not only of military, but also of civil aviation. Active 
help and advice was received also from the officials of 
the Air Ministry in London. 
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DESIGNERS and BUILDERS 
of 
all classes of HANDLING MACHINERY. 
Atlantic House, 


45-50, Holborn Viaduct, 
London, E.C.1. 
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Spencer Moulton & Co., 
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WILTS. 


Telegrams: 
Telephone : 


(4° 


Railway Dept. : 


2, Central Buildings, 
WESTMINSTER, 8.W.1. 








THE GLASGOW w ROLLING Stock AND PLANT WORKS. 


H2:: Nelson & Co., Ltd., 
BuildersofRAILWAYCARRIAGES, WAGONS 
ELECTRIC CARS, AND EVERY OTHER DESCRIPTION 
or RAILWAY and TRAMWAY ROLLING STOCK. 
Makers of WHEELS and AXLES, RAILWAY PLANT, 
Foreinas, SMITH WORK, IRON & BRAss CASTINGS. 
PRESSED STEEL WORK OF ALL KINDS. Od 3382 
Reg. Office and Chief Works: Motherwell. London 
Office: 32, Great St. Helen’s, Bishopsgate, E.C.3._ 
Patent 


Gee’ 8 Hydro Pneumatic Ash Ejector. 
Great saving of labour. No noise. xd dust. No 
dirt. Ashes discharged 20 ft. clear of vessel.— Apply 
F.J. TREWENT & PROCTOR, LtD., Naval Archi- 
tects and Surveyors, 43, Billiter Bldgs., Billiter St., 
London, E.C. Od 4835 


GOLD MEDAL—INVENTIONS EXHIBITION-AWARDED 


[puckhams: Patent Suspended 
WEIGHING MACHINES—-EAST FERRY 
ROAD ENGINEERING WORKS COMPANY, Ltp., 
Lonpon, E.—Hydraulic Cranes, Grain Flevators,&c. 
See illus. Advt. last week, page 73. 5435 
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GEORGE RUSSELL & CO., LTD., 
Motherwell. 
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LONDON: 758, Queen Victoria St., E.C.4. 
Works: YEOVIL, England. 3903 
i\dward Rushton, ‘Son 


AND KENYON. 


Al esiisiiaaiais VALUERS, and FIRE LOSS 
ASSESSORS OF MILLS, WORKS and 
MACHINERY OF ALL KINDS. 


13, NORFOLK STREET, MANCHESTER. 
&, Nos.: 8895 City and 8896 City. (Estab. 1855). 


ivlegrams: ‘ Rushtons, Auctioneers, Manchester.”’ 
and 21, Richmond Terrace, Blackburn. 5703 


S8.T.C.. TUBES 


Large Stocks of all sizes, 
in Gas, Steam or Water. 








THE SCOTTISH TUBE CO., LTD., 
34, ROBERTSON STREET, GLASGOW. 
See last week’s advertisement, page 28, 


5333 


& CO., LTD, 
GLASGOW. 


Vy ARROW 


PASSENGER AND CARGO STEAMERS 


SHALLOW DRAFT VESSELS, 
6557 


(‘ampbells & Heer, [4 
Gear Cutting 


Worm Wheels cut up to 13 ft. diam 
Bevel and Mitre Wheels planed up to 6 ft. 6 in, diam. 
Spur Wheels cut up to 12 ft. 6 in. diam. 


DOLPHIN FOUNDRY, LEEDS, 5392 
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RACK CUTTING, 
GEAR CUTTING. 


Prompt Delivery — Any Pitch. 
Cut on Full Automatic "\echines. 


GQmith, Baker & ‘Wilson, 


LATHE MAKERS, 
HALIFAX. 


team Hammers (with or 

without guides). Hand-worked or self-acting 

TOOLS for SHIPBUILDERS ae Se 
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DAVIS & PRIMROSE, Lim1TED, LEITH, EDINBURGH, 
Fo Your Repairs or any 
SPECIAL MACHINERY, try 
THOMAS HUNT & SONS, 

Albion Ironworks, 


Bridge Road bag — 8.W.11. 
Eat. 1 5750 


pie Glasgow Railway 


gineering Company, 
Kingm GLASGOW. 
London is Victoria Street, 8.W. 


NUFACTURERS 
RAILWAY CATIIAGE, WAGON & TRAMWAY 
HEELS & AXLES, 
CARRIAGE 4 & WAGON IRON WORK, also 
CAST STEEL AXLE BOXES. 5702 


BOERS, TANKS & AIR 


RECEIVERS 

Receivers, New, 11ft. long by 5ft. 80 Ibs. W.P. 
Lancashire Boiler, 30ft. by 7ft. 80 lbs. W.P. 
Cornish Blr. (1915) 24 ft. by 6ft.6in. 801lbs. W.P. 
Tanks ye Shells) b. = uw > Extra heavy 


H. & T. ‘DANKS Grerheierox) Ltd. 


Boilermakers and Buginee, Hetherton, Dudley. 


TEED ces PRoturbo Miz. (‘. 








LIMITED, 
WOLVERHAMPTON. 
Single and Multi Stage Centrifugal Pumps for all 
purposes. 
Patent “Non-Clogg” Sewage Pumps. Steam 
Turbines. Electrical Machinery. 5756 
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High-class Machine-cut 
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STEWARTS 4x2 LLOYDS L™. 


GLASGOW. BIRMINGHAM. LONDON. 
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IRON & STEEL 


TUBES & FITTINGS 


AND 


STEEL PLATES. 


See Advertisement, Page 57, June 20. 
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PETERBOROUGH. 


STEAM ENGINES AND TURBINES, 
GAS AND OIL ENGINES 
AIR COMPRESSORS. 
REFRIGERATING PLANT. 


See Advertisement, Page 47, June 13. 


Richard Rowbotham Limited, 


Ancoats, MANCHESTER, having winders 
facilities for the Manufacture of specialities in Cast 
Iron, Brass, or other Metals, Light Grey Castings 
suitable for machining, also Electro-Plating in Silver, 
Copper, etc., are OPEN to CONSIDER SUITABLE 
UNDERTAKINGS, and invite trade enquiries. 
Estimates Free. Keenest prices quoted. 5853 
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a Sale in Cawnpore, India, 
ENGINEERING WORKS, comprising Foundry 
with three Cupolas, fully equipped Machine Shop of 
two bays covered by travelling cranes, Fitting Shop, 
Smithy with steam hammers and battery of Drop 
Stamps, Structural Shop and ample yard accommo- 
dation, offices and stores. Served by broad-gauge 
Railway Siding connecting with all principal Railway 
systems in Northern India. Suitable for Agricultural 
or other Engineering firm, and conveniently situated 
for newly opened Canal areas in the United Provinces 
and Punjab.—Full particulars on application to 
THE BRITISH INDIA CORPORATION La 
Post Box No. 77, Conga India. F8 


[ihos. W: W2 L 


\ J olute Spring Coiling Machine 

to coil springs up to 1}in. square section. 
, No. 60 HEALD Internal Grinder, with planetary 
head 








B.S.A. CENTRELESS GRINDER, for work 
about 1 in. dia. by 64 in. long. 
BLANCHARD Type VERTICAL SURFACE 


GRINDER, range 23 in. by 12 in. high under head, 
magnetic chuck 19} in. dia., 220 volts D.C. 

1924 MAKE 6-WHEEL 12 in. LOCOMOTIVES 
Casetere) copper firebox; brass tubes; 160 lbs. 


Ten Patent ‘‘ TEMPERLEY ” TRANSPORTERS 
to lift 30 cwts., with beam about 56 ft. 6 in. long ; 
wire ropes and. blocks 

One Good Second-hand BABCOCK & WILCOX 
WATER-TUBE BOILER, of 4356 feet of heating 
surface, re-insurable at a ‘working pressure of 150 
lbs. per square inch, with chain-grate stoker, etc. 

Eight LANCASHIRE BOILERS, 30 ft. by 8 ft. 
re-insure 150 lbs. pressure. 

One CAST IRON TANK, about 20 ft. wide by 
4ft. deep, plates about 1 in. thick, capacity about 
10,000 gallons, rust joints. 

33 Nearly New “ Holt” Caterpillar TRACTORS, 
75 H.P., 24 in. track, 20 ft. long by 8 ft. 8 in. wide 
overall, Canopies if required. Overhauled by 
competent mechanics. 


Ask for ‘‘ ALBION ” Machinery Catalogue. 


ALBION WORKS, 3938 SHEFFIELD. 
W AYGOOD O TIS 
L IFTS 

5612 


54 & 55, FETTER Lanz, LONDON, E.C.4. 
and Principal Provincial Cities and Abroad, 





Fane & FRASER, 


L 
BROMLEY-BY-BOW, LONDON, E.3. 
*Phone: East 0066-0710. 


tills, ixers and ater 


MAINS, Etc., RIVETTED anD WELDED. 
‘Ruparrs or ALL KINDS UNDERTAKEN. 5268 


Jorn Belany, [_jmited, 


MILLWALL, LONDON, E, 1216 
GENERAL CONSTRUCTIONAL ENGINEERS. 


Boilers, Tanks & Mooring Buoys 


STILLS, PETROL TANKS, AIR REOEIVERS, STEEL 

CHIMNEYS, RIVETTED STEAM AND VENTILATING 

PIPES, HopPERs, SPECIAL WoRK, REPAIRS OF 
ALL KINDS. 





he raser & Clon, td. 
Jom F FOR S ‘ 
Riveted Steel Plate Work. 


Steam Jacketed Pans, Water and Gas Mains 
Steel Chimneys, Tanks, Stills, Creosoting Plant. 


Millwall, London, £E.14. 


ngineers, iad t We Get 
TOGETHER ?—All we ask is the chance to 
prove that you can earn £300, £400, £500 per year 
andmore, Other men are doing it, ‘and you can do 
the same. We have an unrivalled and world-wide 
organisation waiting to help: you, whether you be 
novice or expert. If you wish for something more 
than a “ bread-and- bitter” job, you owe it to your- 
self to investigate our Service. Our handbook, 
“ENGINEERING OPPORTUNITIES,”’ has pointed 
the way to better things to over 20, 000 of your 
fellows. It contains details of A.M.I. Mech.E., 
eT Re » A.MLILE.E., A.M.LA.E. , A.M.LStruct.E., 
C. & G , G. P.O., etc., Exams., and outlines Home- 
Study. "Courses in all branches of Electrical, 
Mechanical, Motor and Wireless Engineering. Ina 
brilliant article, Professor A. M. Low shows clearly 
the chances you are missing. The Book and our 
Advice are quite free. We guarantee “‘NO PASS— 
NO FEE.” Don’t miss this opportunity—send a 
postcard—NOW (State Branch, Post or i 
BRITISH INSTITUTE OF ENGINEERING 
TECHNOLOGY, 23, ieeeieenats House, 29, be 
— Londen, W.l 


J. * B, Hus 0p, 


ENGINEERS, DARTFORD, KENT. 
REFRIGERATION FOR BOTH 


Lanp & MARINE Purposss. 


London Office: 10, St. SwrrHin’s Lanz, E.C.4, 
Te el. : ; Dartford 201, Mansion House 7336, 


or Sale, New High-grade 


“ Marshall ” VERTICAL ont ou 

74-10 B.H.P. and 100 Ibs. steam; designed for 
instructional a pe and equipped with appliances 
for determining physical and thermal working results, 
Engineering Colleges or Technical Schools requiring 
such an engine should communicate’ with 
semaiaieiacaieiit Baginesss,  Gatasherengh. F 868 


Marine and General Hasina 

ING BUSINESS FOR SALE BY PRIVATE 

BARGAIN, 

The Subscriber is prepared to receive OFFERS as 
a GOING CONCERN for the OLD-ESTABLISHED 
BUSINESS (including Goodwill, Ground, Buildings, 
Plant, Machinery, Drawings. Patterns, Stock, etc.) 
of CAMPBELL & CALDERWOOD, LTD., 
liquidation MURRAY STREET, PAISLEY, 

The Works include Machine- “Shop about 260ft, 
long by 70ft. wide, Pattern-Shop, Smithy, Stores, 
and Commodious Offices. 

For Cards to View the Works, apply to the 
Subscriber or Messrs. T. & W. Walker & Laird, 
Writers, 9, Gilmour Street, Paisle 

JOHN M. TAYLOR, C.A., Liquidator, 
176, Bath Street, Glasgow. 


18th June, 1930. F 901 


Marryat-Scort 
Lirts 


MARBRYAT & SCOTT, LTD., 5074 
574 & 40, Hatton GARDEN, LONDON, E.C. 
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ihe Manchester Steam Users’ 


ASSOCIATION 

For the preveution of Steam Boiler Explosions and 
for the attainment of Economy in the application of 
Steam, 20, QUAY STREET, DBANSGATE, MANCHESTER. 

Chief Engineer: Mr. TELFORD PETRIE, 

D.8c., M.Inst.C.E., etc. 

Founded 1854 by SIR WILLIAM FAIRBURN. 
Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages 
and Liabilities paid in case of Explosions. Engines 
— Boilers a during construction. 5749 





Preparation for Examinations 
—Mr. A. J. ANIDO, B.Sc., A.C.G.L, specialises 
in the personal preparation of Candidates for all the 
examinations held by the Institutions of Civil, 
Mechanical and Electrical Engineers, Evening and 
Correspondence work arranged.—60, Chancery oe 
WC. Telephone: Holborn 5776. K 109 


M.1.C.H., A.M.I.M.E., B.Sc. 


* (Eng.), etc.—Full Postal Tuition. Individual 
attention. Low Fees. Over 40 Graduate Tutors, 
mostly with First-Class hons.—OXFORD COR 
SOLLMES, 19, h Hestmese Road, ound. 


MANCHESTER MUNICIPAL 


fislines” of Technology 


PRINCIPAL : 
B. MOUAT JONES, , DS.0., 


UNIVERSITY “OF 7 MANC HESTER 
(FACULTY OF TECHNOLOGY). 

DEGREE COURSES IN TECHNOLOGY. 

The Prospectus gives particulars of the courses 
leading to the Manchester University Degrees 
(B.Se.Tech., M.Se.Tech., and Ph.D.) and Certifi- 
cates in the Faculty of Technology, in the following 
Departments :—~ 
MECHANICAL ENGINEERING 
(Prof. DrmpsteR Smith, M.B.E., 


M.I.M.E.) 

ELECTRICAL ENGINEERING 

(PRoF. MILES WALKER, M.A., D.Sc., M.I.E.E.) 

MUNICIPAL ENGINEERING 

(G. 8. GoLreMAN, D.Sc.Eng., A.M.Inst.C.E., A.M. 
Inst.M. & Cy. E., F.R.San. i. ). 

APPLIED C HEMISTRY, including General 
Chemical Technology, Metallurgy and Assaying, 
Fermentation Processes (including Brewing), Elec- 
tro-Chemistry, Photography, Colouring Matters, 
Foodstuffs and Fuels. 

(Prof. JAMES KENNER, D.Sc., Ph.D., F.R.S.) 

TEXTILE CHEMISTRY (Bleaching, Dyeing, 
Printing and Finishing), Paper Manufacture. 

(F. SCHOLEFIELD, M.Sc., F.I.C.). 

TEXTILE TECHNOLOGY 

(Prof. W. E. Morton, M.Se.Tech. 

INDUSTRIAL ADMINISTRA‘ TION (Post-Graduate 
Certificate Course) 

(J. A. Bowtr, M.A., D.Litt.). 

Prospectus will be forwarded free on application 
to the REGISTRAR, College of Technology, 

Manchester. F 796 


M.A.(Oxon). 


M.Se.Tech., 


. T 
H eriot-Watt College, 
EDINBURGH. 
DEPARTMENTS OF MECHANICAL 
ENGINEERING AND ELECTRICAL 
ENGINEERING, 
MECHANICAL ENGINELERING— 
Professor A. R. Te O.B.E., B.Se., 
M.1.Mech.E., A.M.1.¢ 
ELECTRICAL E NGINE: 1D RING - 
Professor F. G. BAILY, M.A., M.I.E.. 
FULL TIME DAY DIPLOMA COURSES, 
leading to professional recognition. 
Classes commence 14th October, Full particulars 
from the College. 
J. CAMERON SMAIL, 0O.B.E., 
Principal. 
F915 


Northampton Polytechnic 
INSTITUTE. 


St. John Street, London, E.C.1. 


Full-time Courses in 
ENGINEERING 
are provided as follows : 
MECHANICAL 
CIVIL 
AERONAUTICAL 
ELECTRICAL AND 
ELECTRICAL COMMUNICATION, 
Students are able to qualify for the Polytechnic 
Diploma and (if Matriculated) the Engineering 
Degree of London University. 
Entrance Examination, Wednesday, 
1930 


For Prospectus apply t 
THE PRINCIPAL, 


16th July, 


i 941 


(Vorrespo ndence (Yourses 


PREP ah ATION 


FOR THE 
[{)xamunations 
OF THE 
INST. OF CIVIL 


ENGINEERS, 
INST. OF MECHANICAL EN S. 
INST. OF STRUCTURAL ENGRS., 
UNIVERSITY OF LONDON, &c. 


ARE PERSONALLY CONDUCTED BY 


m y cane 
Mr. Trevor W. omy oe 
B.Sc., Honours, Engineering, London U _ rsity, 
.C.E., A.M.1.Struct.E., M.t 
mo harte red Civil E ngine er, oy 
For full mre en and advice, apply to :-— 
36, DALE STREET, LIVERPOOL. 
LONDON OFFICE :—65, CHANCERY LANE, W.C.2. . 
574 








1929 Examination Results. 


The T.1.G.B. maintains tts 
Splendid Exam. Success Record, 


AT ALL THE 1929 OS eee o EXAM- 
INATIONS _ Pa M.Inst.C.E., .I.Mech.E., 
A.M.LE.E., ,— THE CANDIDATES WHO 
WERE “TRAIN ED BY THE T.1.G.B. OBTAINED 

A PASS PERCENTAGE OF OVER 90%. 


The T.I.G.B’s policy of furnishing the highest 
possible standard of Tutorial Service has brought 
about a large increase in enrolments both from 
bona-fide exam. candidates and from other keen 
students. T.1.G.B. TRAINING IS _ BEING 
CHOSEN BECAUSE IT IS OBVIOUSLY PRO- 
DUCTIVE OF SATISFACTION AND SUCCESS. 
Therefore, whatever your aim may be—a Recognised 
Professional Qualification, or the Special Technical 
Knowledge needed in a responsible post—you can 
select the appropriate T.I.G.B. course with complete 
confidence, The T.1.G.L. guarantees Training until 
Successful. 

WRITE TO-DAY for FREE copy of ‘ The 
Engineer’s Guide to Success,” 124 pages, containing 
the widest selection of home-study engineering 
courses in the world, and mention the branch, post 
or qualification that interests you, to 


THE TECHNOLOGICAL INSTITUTE OF 
GREAT BRITAIN. 
(Established 1917.) 


78, TEMPLE BAR HOUSE, LONDON, E.C.4. 








TENDERS. 


INDIA STORE 
Lambeth, 


THE DIRECTOR-GENERAL, 
DEPARTMENT, Belvedere oad, 
London, 8.1.1, invites 


iY ['enders for :— 


» 2 
3 R AIL MOTOR COACHES, 2 ft. 6in. gauge, 
(A) Steam Driven, or 
(B) Petrol Driven. 
Tenders due 18th July, 1930. 
Forms of Tender available from the above at a fee 
of 5s. which will not be returned, F 937 





ROYAL STATE RAILWAY OF SIAM, 


NOTICE. 
ealed Tenders for the Supply 
: of SUPERSTRUCTURES of STEEL RAIL- 
WAY BRIDGES for B.E. 2473 will be received by 
the Superintendent of Stores, Royal State Kailways 
of Siam, until 14 o’clock on 8th November, 1930. 


Blank Tender Forms, General Conditions and 
Specifications can be obtained from Messrs. 
SANDBERG, 40, Grosvenor Gardens, London, 


§.W.1, upon payment of £2 per set, which will not 
be refunded. 
Right is reserved to reject any or all Tenders. 
F930 


INDIA 


BOMBAY, BARODA AND CENTRAL 
RR: 


AILWAY COMPANY. 


The Directors are prepared to receive up to 
Noon on Wednesday, 16th July :— 


[[‘enders for the Supply of :— 


1, BOILERS FOR LOCOMOTIVES. 
2. SIGNALLING CABLES 
WHEELS AND AXLES FOR WAGONS. 
‘Tenders must be made on forms, copies of which,” 
with Specification, can be obtained at these offices 
on payment of £1 each for Nos. 1 and 2, and 10s. 
each for No. 3 (which will not be returned). 
The Directors do not bind themselves to accept 
the lowest or any Tender. 
8. G. S. YOUNG, 


Secretary. 
Offices: The White Mansion, 
91, Petty France, 
Westminster, 5.W.1. 
23rd June, 1930. 


WIRING, 


THE COMMISSIONERS OF HIS MAJESTY’S 
WORKS, etce., are prepared to receive 


‘ [tenders before Eleven 
‘ a.m. on Friday, 11th July, 1930, 
for ELECTRIC WIRING at the Research 
Laboratory, Princes Risborough, Bucks. 
Drawings, Specification and a copy of the 
Conditions and Form of Contract, Bills of Quan- 
tities and Forms for Tender may be obtained from 
the CONTRACTS BRANCH, H.M. Office of Works, 
king Charles Street, London, S8.W.1, on payment 
of One Guinea. (Cheques payable to the Commis- 
sioners, H.M. Office of Works.) The sums so paid 
will be returned to those persons who send in 
Tenders in conformity with the conditions. F 925 


RAILWAYS. 


4-WHEELED COVERED WAGONS 
(Metre Gauge). 
The Consulting Engineers to the Mysore Railways 
(Messrs. RENDEL, PALMER & TRITTON, 55, 
Broadway, Westminster, 8.W.1), invite 


[['enders for :— 


60 COVERED WAGONS. 
Specifications and Tender Forms can be obtained 
from their oflice on payment of 5s. (which will not 
be returned). 

Tenders must be submitted pot 
Wednesday, 


later than 
F 906 


16th July, 1930. 








HUMBER CONSERVANCY BOARD. 
TO SHIPBUILDERS. 
CONSTRUCTION OF | STEEL LIGHT FLOAT. 


[lenders are . Invited for the 


CONSTRUCTION and DELIVERY of a 
STEEL LIGHT FLOAT of the following dimen- 
sions :—Length (overall) 40 feet; breadth 16 feet; 
depth (moulded) 5 feet 9 inches; fitted with lantern 
and flashing apparatus, mechanical bell apparatus, 
and electric fog horn. 

A copy of the Specification and Contract Drawing 
may be obtained from the undersigned on payment 
of £1 1s., which will be returned on receipt of a 
bona-fide Tender. 

Sealed Tenders, endorsed “ Light Float,’’ must be 
delivered to the undersigned not later than Monday, 
the 21st July, 1930. 

Tenders must specify a time for the completion of 
the work. 

The Board do not bind themselves to accept the 
lowest or any Tender. 

ALFRED W. FRANKLIN, 

Hul Secretary. 

Oatd June, 1930. F 904 














APPOINTMENTS OPEN. 


Harbour Engineer. 


Wanted PRACTICAL ENGINEER, age about 40, 
experienced construction reinforced concrete jetties 
with direct native labour, and maintenance of works 
plant and equipment, for Harbour in Venezuela. 


Must have had similar harbour experience and be 
accustomed to making of underwater inspections. 
Knowledge Spanish and good medical record essential 


Progressive position after probationary period of 
twelve months, 


Full particulars training, experience, salary 
required and copies testimonials.—Address, I’ 936, 
Offices of ENGINEERING. 


CUMBERLAND hon ICAL COLLEGE, 
WORKING: ON. 


anted, in September, 


GRADUATE for Mathematics and Engin- 
eering Drawing in the Junior Technical School, and 
Electrical Engineering and Mathematics in Evening 
Classes. 

Burnham Technical Scale. 
Apply immediately to PRINCIPAL. F 867 


CHESTERFIELD TECHNICAL COLLEGE. 


A Ppointment of Additional 
LECTURER IN ENGINEERING, Appli- 
cations are invited from experienced teachers for 
the above-mentioned full-time teaching post. 
Further particulars and a Form of Application, 
which must be returned to the Principal by 
Saturday, 5th July, can be obtained upon applica- 
tion to the Principal, Chesterfield Technical College, 
Infirmary Road, Chestertield. 
P. G. FEEK, 


Director of Education. 
County Education Office, 
St. Mary’s Gate, 
Derby. F852 


CROWN AGENTS FOR THE COLONIES. 


COLONIAL GOVE RN MEN’ T APPOINTMENTS. 


RAPP 


. for the following POST. 

M/2255.—ASSISTANT E NGINKER REQUIRED 
by the GOVE RNMENT OF HONG KONG for 
three years’ service and possible permanency. 
Salary £460, rising to £500 a year by annual 
increments of £20 and then, in the event of the 
appointment being made permanent, by further 
annual increments of £20 to £700 2 year, and 
thereafter by annual increments of £25 to £1000 
a year, payable locally in dollars under a 
compensation scheme at present in force at a 
favourable rate of exchange. Free passages. Candi- 
dates, unmarried, age 24 to 30, must have passed 
Sections A and B of the examinations to qualify 
for the A.M.I.C.E. Diploma, or hold professional 
qualifications recognised by the Institution of 
Civil Engineers as exempting from these examina- 
tions. Must be good Draughtsmen, well up in 
levelling land and marine surveying and sounding, 
and must have had some experience in design 
and construction of Port works generally. 

M/2065.—ASSISTANT ENGINEER REQUIRED 
by the GOVERNMENT OF TANGANYIKA 
TERRITORY for Roads Construction for a tour 
of 20 to 30 months’ service. Salary £480 to £600 
a year, according to experience and qualifications. 
Outfit allowance of £30 on first appointment. 
Free quarters and passages and liberal leave on 
full salary. Candidates, 28-35 years of age, must 
have had be nie of Railway or Road contracting 
Engineer’s work abroad. Must be able to undertake 
the construction of earth and gravelled roads, 
including earth-works, steel, reinforced concrete 
and timber bridges and auxiliary works. Preferably 
should have had experience of survey and location 
works, and preferably should be Associate Members 
of the Institution of Civil Engineers. 

Apply at once by letter, stating age, whether 
married or single, and full particulars of qualifi- 
cations and experience, to THE CROWN AGENTS 
FOR THE COLONIES, 4, Millbank, London, 
8.W.1, quoting the reference number against the 


plications from 


Qualified So a are invited 








appointment for which application is made. 
F 938 


THE UNIVERSITY OF LEEDS. 
DEPARTMENT OF _AGRICULTURE. 


the POSITION of ASSISTANT LECTU 
(Agricultural Engineering). A sound trainin 
engineering essential. Salary £350. Further 
ticulars can be obtained from the REGISTR 
The University, Leeds, by whom applications 
be received up to 12th July, 1930. k 


INDIAN INSTITUTE OF SCIENCE, BANGALU 
CHAIR OF ELECTRICAL TECHNOLOGY 


the PROFESSORSHIP OF ELECTRI: 
TECHNOLOGY in the Indian Institute of Scie: 
Bangalore. Experience in teaching and rese: 
work an essential qualification. Salary Rs. 1: 
50-1500s. per month with an overseas allowance: of 
Rs. 500s. per month (together about £1500, rising 
to £1700 p.a.), free quarters, a retiring allowance: oj 
10 per cent. of the total salary and an allowance 
towards first passage. The appointment will 
made for six years in the first instance.—Applic:- 
tions should be addressed to Dr. M. O. FORSTI:h 
F.R.S., c/o Messrs. JEREMIAH LYON & Co., Lid, 
4, Corbet Court, London, E.C.3, before 28th July. 
F $03 








KENT EDUCATION COMMITTEE. 
ERITH TECHNICAL COLLEGE 


R equired in September, a 
FULL-TIME ASSISTANT MASTER jor 
Engineering. Graduate with Works Experience 
preferred, who is able to take a leading part in the 
College Choral or Orchestral Work. 
Apply at once, stating qualifications, experience, 
age, etc., and enclosing copies of testimonials, to 
the Principal, Erith Technical College, Belvedere, 


Kent. 
E. SALTER DAVIES, 
Director of Education. 
F 929 


actory Manager for Perma- 
NENT POST IN GREAT BRITAIN. 

Age 30-36. Education B.Sc. standard. At least 
four years’ experience in Managerial work with a 
progressive Manufacturing Company is necessary. 
Present salary should approximate £1000 per year. 
Candidates, in replying, should give details of past 
experience, etc., and be in a position to supply 
highest personal references.—Address, ¥ 926, Ottices 
of eiahaneianceodiel 





M achine Shop Manager 


REQUIRED for firm in Sheffield District ; 
must have experience in jig design and production 
lay-out and must be an expert on internal and 
external grinding; management experience essen- 
tial. State age, experience and salary.—Address, 
F 866 , Offices of ENGINEERING. 


ead of a Large Ironworks 

in the Midlands, REQUIRES ASSISTANT. 
Public School man and University Graduate pre- 
ferred, Age 30-40. Thorough practical knowledge 
of Foundry and Constructional Steel Plate work. 
Tact, initiative, and good standing in the Industry 
essential. Salary £800 p.a.—Applications, which 
will be regarded as confidential, F931, Offices 
of RNGINSESING. 


( : earing. -Alnmeileaiaeil Man 

REQUIRED to take charge of department 
engaged in the technical design and sale of cut 
gearing of all kinds. Applicants should have thieo- 
retical and practical knowledge of gearing — 
with proved sales ability—Apply, SALES MANA- 
oan. Lenedunnd aeaeee, LTD., Coventry. wt 909 


\ J Janted by Large haan 


Manufacturers in South Midlands, 
DEMONSTRATOR, Extensive executive Machine 
Shop Experience essential. Some Tool Room ex- 
perience desirable. Salary according to experience 
and ability. 

Address, giving full details of experience and salary 
expected, and state age, F873, Offices ol 
ENGINEERING. 











PB! Bearings and Trans- 

MISSION.—SALES REPRESENTATIVE 
REQUIRED for Bristol and West, for high-cliss 
bearings and transmission equipment. Good posi- 
tion for energetic man having the right conne:! 
—Address, stating age, experience and quiii!ica- 
asian F 932, Offices of ENGINEERING. 





K stimator.—Reliable Miticn \- 
TOR ENGINEER REQUIRED to tik 

charge of estimate office by London firm mauiiic- 

turing brewery and chemical plant, steaim 8, 

mixers, condensers, etc. Permanent and prog 

position to suitable man. State fully age, exp 

and scsi 933, Offices of ENGINEERING. 


W anted by aie Enginee:: ng 
Firm = in N. Midlands, PR 5 
ENGINEER, thoroughly conversant with li 
mass production shop practice, lay- ! 
development of new products, prepari ation of 
estimates of cutting and handling tim, i 
following up manufacture. State age, ex! 
and salary required. Applications confide: 
Address, F 920, Offices of ENGINEERING. 














APP plications are Invited F r 


Applications are Invited fy 
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[niversity Graduate, young, | 
' and preferably with some shops experience 
R.:.QUIRED as assistant engineer to London firm 
of Mechanical Engineers. Full details, experience and 
e (ucation.—Address, F 940, Offices of ENGINEERING. 





i,‘ngineering Assistant, with 
A special experience in reinforced concrete 
d-signing work, REQUIRED for a few months. 
$: ute salary required, age, and experience.—Address, 
with copies of three recent testimonials, F 919, 
Ovices of ENGINEERING. 


\ ssista nt in Engineering 
4 Dept. REQUIRED in Eastern Office of 
large British concern. Organized selling experience 
on Engineering lines essentiai. First-class educa- 
tion, age not over 27, single—Address, with full 
particulars, F 946, Offices of ENGINERRING. 


Janted, Experienced 
W P 


Draughtsman, must have wide experience of 
Pipework Lay-outs, Steam Pipe Ranges, etc., used to 
taking own working particulars on site, and laying 
down same for estimating purposes and other works 
requirements. Permanency to suitable man. State 
experience, age, and salary required. — Address, 
F 800, Offices of ENGINEERING. 


| )raughtsman Required, Light 

Steel Structural work, competent take 
charge small Office, experience Railway Signals 
desirable, State salary required and when avail- 
able.—Address, F 902, Offices of ENGINEERING. 


enior and Junior Tool 
DRAUGHTSMEN, with knowledge of all 
types of Jigs, Tools and Gauges used in production 
of high-grade telegraph instruments (similar to 
Typewriters and Calculating Machines).—Write, 
stating age, experience and salary required, to 
CREED & CO., Lrp., Telegraph Engineers, East 
Croydon, F 900 


raughtsman.— An _ LExperi- 
ENCED MECHANICAL DRAUGHTSMAN, 
with a sound knowledge of chemical plant design, 
including steam pans, stills, condensers, mixers, etc., 
able to take charge and work with juniors, RE- 
QUIRED by a London firm. Permanent position, 
State fully age, experience and salary.—Address, 
F 935, Offices of ENGINEERING. 


[ taughtsman (Temporary) 
with knowledge of Modern Building Con- 
struction WANTED at once for work in London 
by large firm of Contractors.—Write, stating age, 
experience and salary required, to BOX 748, c/o 
Dawsons, 31, Craven Street, W.C.2, 





] taughtsman Required, for 
: Engineering Works in Sumatra; age 22-25, 
experienced in structural design and Factory layout. 

Write, stating experience to BOX 882, c/o JuDDs, 
17, Gresham Street, London, E.C.2. F 905 


[)r2ughtsman. —An Experi- 
enced Mechanical Draughtsman with a 
sound knowledge of brewery works, able to take 
responsibility for complete contract and work with 
juniors, Required by London firm, Permanent 
position. State fully age, experience and salary.— 
Advress, F 934, Offices of ENGINEERING. 


| yraughtsman Required, able 
to settle dimensions at site, make works 
Is; used to London work. 

H. YOUNG & CO., LTD., 


Thornycroft House, 
Smith Square, 8.W.1. 


F 939 








SITUATIONS WANTED. 


@® & a 

\\ orks Manager, long ex- 
¥ perience light and medium engineering, 
i iments, statistical machinery and similar; also 
€ rical products. First-class organiser of pro- 
1on.—Address, F 665, Offices of ENGINEERING. 


( :ommercial or General 
Manager or Assistant, age 33, for last 5 years 
al Manager to well-known Machine Tool Makers. 


i ical (workshop and drawing oflice) besides 
t ‘al training. Fully acquainted, and actual 
¢ tice in, application latest advertising, estima- 


clling, manufacturing and costing methods. 
rate organizer. Personally responsible for 
ished world-wide sales organization. Advertiser 
sing French and German perfectly) has 
ually negotiated large contracts in almostevery 
‘an country.—Address, F847, Offices of 
NEERING. 
jarme Engineer, sailed as 
~. Chief for eleven years, eight with large 
vessels, DESIRES SHORE EMPLOYMENT 
perintendent, works maint e or construc. 
/xperience with British and Continental types 
vy oil, and semi-Diesel engines. Wide experi- 
' auxiliary machinery and plant.—Address, 
Offices of ENGINEERING. 





\'orks Electrical, Mechanical 
_ and General Engineer, with experience 
POWER STATION, Large Water and Oil 
-ng plant, Sub-stations, Mains, Motors, 

‘gear, etc. Home or Abroad; M.I.Pet.Tech., 
1u.1.E.E.—8t, JOSEPH, Wentloog Road, 
cy, Nr. Cardiff. F 878 





}yngineer, age 43, qualified 

chief for steam, Sulzer or B. & W. Desires 
Engagement, ashore preferred. Free August.— 
Address, F 896, Offices of ENGINEERING. 


Fiagineer and Works Manager, 
4d very experienced in reduction of operating 
expense and labour costs, whilst maintaining and 
increasing production.—Address, F 668, Offices of 
ENGINEERING. 





° ; ° 

ngineer, 20 years experience 

y general and mech. Engineering, design, 

layout, erection plant, equipment particularly for 

liquids. Good commercial experience.—Address, 
F 948, Offices of ENGINEERING. 


° 9 ° 
Mechanical Engineer (233), 
I Desires Progressive Situation; Five years’ 
apprenticeship, fitting, turning machining, with sub- 
sequent Marine Engineering experience. Good theo- 
retical knowledge. Passed City and Guilds of 
London Institute Final Exam., Div. II, in Mech. 
Eng., 1928.—Advertiser, c/o 6, Lyndock Place, 
Woolston, Southampton, Hants. F 921 


ngineer, Disengaged, 30 
Bd gears’ shop and D.O. experience, 8 years 
works manager. Steam Cranes, Excavators, Gen- 
eral Engineering. — Address, F 922, Offices of 
ENGINEERING. 








WANTED, &c. 


Id-Established London Lift 


Engineer DESIRES to MEET a Country 
Engineering FIRM with Foundry and Machine 
Shop, to take up Lift manufacture.— Address, F 911, 
Offices of ENGINEERING. 





a 1 e 
Boller Control.— Combustion 

Engineer of many years practical experience, 
having developed a new and simplified system 
(Patented), WISHES to CORRESPOND with 
PRINCIPALS of Companies having Facilities for 
Manufacture and Sales Organisation. — Address, 
F 923, Offices of ENGINEERING. 


AGENCIES. 
Prumace & Smoke Consuming 
Manufacturers DESIRE to ARRANGE 
TERMS with Firms already regularly calling upon 
Steam Users, London, Bristol, Swansea, 


Birmingham, Stoke-on Trent districts.—Address, 
F 912, Offices of ENGINEERING. 


“ ° 
G tructural Engineer (Concrete 
hk Specialist), M.Sc., M.J.Struct.E., Chartered 
Mechanical Engineer, DESIRES TO REPRESENT 
FIRM in technical capacity. Any suitable area 
with Manchester as centre. Part time arrange- 
ment.—Address, F 910, Offices of ENGINEERING. 


No. 205632, “‘ Improvements in Transport Units 
for Transporting Liquids in Vehicles.” 


[the Owners of the above 

Patent are DESIROUS of ARRANGING 
by LICENCE or otherwise on reasonable terms for 
the manufacture and commercial development of the 
invention.—For particulars address in first instance 
to HERBERT HADDAN & CO., 31 & 32, Bedford 
Street, Strand, London, W.C.2. F 927 


No. 253731, “ Improvements in Steam Boilers.” 


the Owner of the above 

Patent is DESTROUS of ARRANGING by 
LICENCE or otherwise on reasorable terms.—For 
particulars address in the first instance to 
HERBERT HADDAN «& CO., 31 & 32, Bedford 
Street, Strand, London, W.C.2. ¥F 928 


the Proprietors of Patent No. 
246027, for ‘‘ Sheave Block,”” are DESIROUS of 
MAKING SUITABLE ARRANGEMENTS 

by way of licence or otherwise on reasonable terms 
for the purpose of exploiting the invention and 
ensuring its development and practical working in 
England.—For further particulars, apply to 

RAYNER & CO., F 943 

5, Chancery Lane, London, W.C.2. 


Vhe Proprietor of Patent 
No. 277441, for ‘“‘ Improvements in Washer 
Feeders,” is DESIROUS of MAKING SUITABLE 
ARRANGEMENTS by way of licence or otherwise 
on reasonable terms for the purpose of exploiting 
the invention and ensuring its development and 
practical working in England.—For further particu- 
lars apply to RAYNER & CO., 5, Chancery Lane, 
London, W.C.2. F 945 
he Proprietor of Patent 
No. 186151, for ‘: Tool Handles,” is DESIR- 

OUS of MAKING SUITABLE ARRANGEMENTS 
by way of licence or otherwise on reasonable 
terms for the purpose of exploiting the invention 
and ensuring its development and _ practical 
working in England. —For further particulars 
apply to RAYNER & CO., 5, Chancery Lane, 
London, W.C.2, F 044 





ube Proprietors of British 


Patents Nos. 202319, 219708, 267117, 
154609, 213602, 277657 and 214647, relating to 
cycle hubs, are DESIROUS of NEGOTIATING for 
the GRANT of LICKNCE to work thereunder.—For 
particulars apply to 8S. SOKAL, Chartered Patent 
Agent, 1, Gt. James St., Bedford Row, London, 
W.C.1. F 850 





he Proprietor of British 
Patent No. 257201, for ‘Improvements 
relating to Slicing Machines,” DESIRES to ENTER 
into ARRANGEMENTS by way of licence or other- 
wise on reasonable terms for the purpose of exploit- 
ing the invention and ensuring its full development 
and practical working in this country.—All 
communications should be addressed to H. D. 
FITZPATRICK & CO., 94, Hope Street, o 
F918 


i o Boiler Makers, etc.— 
LANCASHIRE BOILER REQUIRED, 
28-30 ft. long by 7 it. 6 in. diameter—-say 100 Ibs. 
guaranteed steam pressure, delivered Dover. 
Also CORNISH BOILER, 17-18 ft. long by 
5 ft. 6 in. to 6 ft. diameter—say 100 Ibs. steam 
pressure, delivered railway or quay, Waterford. 
Quotations will be received for new or second- 
hand Boilers, but if second-hand offered, maker’s 
name and age of the boiler should be stated. 
Address particulars, F 899, Offices of ENGINEERING. 


See also front page. 








WORK WANTED. 


])esigns: Drawings and Trac- 
ings Prepared by competent Draughtsmen. 
Efficient confidential service, moderate charges.— 
E. WILLSHERE, A.M.1.Mech.E., 513, City Road, 
Birmingham. EF 942 








PATENT AGENTS. 


ings Patent Agency Lid. 
(Director, B. T. King, C.I.M.E., Registered 

Patent Agent, G.B., U.S., and Canada). Advice 
handbook and consultations on Patents and Trade 
Marks free.—146a, Queen Victoria Street, London, 
E.C.4. 43 years’ refs. "Phone: Central 0682. 1709 





HERBERT 


THREESHAPER BARGAINS. 


GOULD & EBERHARDT 16 in. Crank, cone 
pulley, with box table, swivel head, 12 in. 
vice and countershaft. (As purchased) £95 
CINCINNATI 24 in. Crank, cone pulley, power 
down feed, with box table, vice and 
countershaft. (Overhauled) £180 
STOCKBRIDGE 24 in. Heavy Duty Crank, 
single pulley gear box drive, swivel head, 
with swivel vice and table support. 
(New) £315 


BORING MACHINES. 


SONDERMAN & STIER Vertical, single 
pulley gear box drive, Max. swing 314 in. 

(As purchased) £400 
RICHARDS 3 ft. 0 in. Vertical, single pulley 
drive through gear box, Max. swing 36 in. 

(As New) £650 
UNION 2 in. Horizontal, single pulley, with 
travelling spindle and rotating table; 

travelofspindle16in. (Reconditioned) £285 
MOLINE No. 2D ‘Hole Hog” Vertical 
Cylinder, single pulley, with countershaft 
and four heads, adjustable to 2.11/16 in. 

minimum centre distance. 
(As purchased) £325 


(OFFERED SUBJECT TO PRIOR SALE.) 
(Less 24% for cash, carriage forward.) 


1500 MACHINE TOOLS IN STOCK AT COVENTRY. 
ASK FOR A COPY OF “THE MACHINE TOOL 
BUYERS’ GUIDE No. 34.” 5795 


ALFRED HERBERT LTD. COVENTRY. 


Telephone: Telegrams: 
Coventry 8781 (10 lines). “* Lathe, Coventry.” 


See also front page, 





AUCTION SALES, 


Wieatley Kk Prices Co. 
(ESTABLISHED 1850) 


SPECIALISE IN 


Valuations 
AND 
Sales by Auction 
OF 
Engineering Works and Plant. 
LONDON: 46, WATLING STREET, E.C.4. 


MANCHESTER: 16, ALBERT SQUARE. 5563 
NEWCASTLE-ON-TYNE: 26, COLLINGWOOD STREET. 








FOR SALE. 


Permmutit Water Softener, 7ft. 


: diameter, capacity approximately 7500 gals. 
of Town water per hour, re-generation every 4 hours, 
—Address, F 947, Offices of ENGINEERING. 





“S@®’” 


1,000 cu. ft. Motor-driven ‘‘ Sentinel” AIR COM- 
PRESSOR, series 18B., size 8, 2-stage, with 
intercooler, etc.; Motor 200-h.p., 400v., 3p. 
50c., with Starter. 


TWO VERTICAL 3-THROW HYDRAULIC 
PUMPS by Musgrave, with gun-metal rams 
3 in. dia. by 12 in. stroke; gun-metal stuffing 
boxes; fast and loose pulley drive through 
spur gearing; nearly new—built to Admiralty 
Specification. 


FULL PARTICULARS AND LOW PRICES 
FROM :— 


Gro. CoHEN Sons & Co., Ltp., 


600, COMMERCIAL ROAD EAST, 
LONDON, E.14. 5296 


Telephone: East 6060. Telegrams: Coborn, London, 





PATENTS FOR. SALE. 


rpthe Proprietors of British 
Patent No. 197882 are PREPARED to SELL 
the PATENT or to license British Manufacturers to 
work thereunder. It relates to cistern wagons for 
water or other liquids.—Address, BOULT, WADE 
AND TENNANT, 112, Hatton Garden, London, 
E.C.1. F 907 





usiness Opportunity. 


Chartered Mechanical Engineer has FOR 
DISPOSAL, on reasonable terms, his 
PATENT RIGHTS 
in a valuable Invention, which is fully 
established as a practical and commercial 
success. Would make a profitable side-line 
for any Engineering firm.—Address, 5897, 
Offices of ENGINEERING. ° 


"be Proprietors of British 

Patent No. 224941 are prepared to SELL 
the PATENT, or to license British Manufacturers 
to work thereunder. It relates to the manufacture 
of wrought iron.—Address, BOULT, WADE AND 


TENNANT, 112, Hatton Garden, London, E.C.1. 
F 908 


he Proprietors of British 
Patent No. 294390 are PREPARED to SELL 

the PATENT, or tolicense British Manufacturers to 
work thereunder. It relates to a method and means 
for manufacturing cork ribbon.—Address, BOULT, 
WADE & TENNANT, 112, Hatton Garden, London, 
E.C.1. F 916 








MISCELLANEOUS. 


Qervice Office in Bristol To 


LET with or without use typists and ’phone. 
Central heating and electric lighting. Messages 
taken for traveller working the territory. Central 
and roomy.—Write, GLOVERS ADVERTISING, 
51, Queen Square, Bristol. F 917 
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Adams’ and Grandison’s Sight Feed 











Price lists on 


P]jes) & request. 


J. H. HEATHMAN, JEW”, 
PARSONS GREEN, 


LUBRICATORS. 
KEROSENE INJECTORS 


for Steam Turbines: 


STEAM KETTLES. 
KNOWSLEY CAST METAL Co., Ld. 





FULHAM, LONDON, 
S.W.6 


Proprietors 
The Steam Cylinder = Co., Ld. 


24-32, Lower Moss Lane, :: #MAMCHESTER. 
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CONTROL OF TEMPERATURE, QUANTITY 
AND DIRECTION OF AIR SUPPLY. 


HIS illustration is a close-up view of Thermotank Limited’s latest louvre, the 
“Thermo-Reg”’ Patent Hot and Cold Punkah Louvre. 


In order to give individual passengers the power to regulate the temperature of 
their own cabins to suit their personal requirements, we have designed and 
developed this new and unique system, which fully controls the temperature, 
quantity and direction of the air supply to each separate cabin. A considerable range 
of cabins can thus be supplied by a single and simply operated Thermotank Unit. 


It will be seen that this louvre, which incorporates our now well-known Punkah 
Louvre, can, by an easy circular movement, be set to the exact condition required, 
the Punkah directing the air current as desired. 


FANS of every description. 


THERMOTANK LIMITED, 


GOVAN, GLASGOW, S.W.1 


Schemes submitted on application for all 


classes of Ventilation, Heating and Cooling. 


5498 
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pr DRAWN 7 
TUBES IN COPPER, 
BRASS AND ALL 

NON-FERROUS ALLOYS 


ENGLAND, 


T. ms : ‘‘ Tubes, 


Leeds.” 


Fagen ae clegrams 
LONDON OFFICE: 53, Mew Broad Street, E.C.2. 
Contractors to the Admiralty and all Government Departments 
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GUNVE TOR ELEVATOR fF 








ie: BULL BRIDGE WORKS, wee 
“Comer, .  Acerington, Lancashire. No. 278. 


CONTRACTORS TO H.M. GOVERNMENT. 


SPIRAL CONVEYORS, BUCKET ELEVATORS, Etc. 














Up to the Largest 
Dimensions and Capabilities. 


Grand Prise at London Exhibition, 1909. 

Gold Medal, Japan-British Exhibition, 1941. 

Bow and Stern Well Centre and Side Ladder Bucket, Barge Loading and Hopper-Dredgers, Suction Dredgers, Cutter Dredgers, Trailing Dredgers, Reclamation 

Dredgers, Grab Dredgers, Hydraulic and Mechanical Agitators, Discharge Pipes and Pontoons, Hopper Barges, Sewage Steamers, Caissons, Tugs, Ferries, 
P, 





addie and Screw Steamers. Delivered Complete or Shipped in Sections. 








~ Wee > ee 


Twin-Screw Grab Hopper Dredger, ‘ No. 35."! 


Spare Gear and Renewals Supplied. 


FERGUSON BROTHERS (ort Glasgow), LTD 


SHIPBUILDERS AND ENCINEERS 
@N WAR OFFICE AND ADMIRALTY LISTS. NEWARK WORKS, 


PFProRT GLASGow . Tele. Address: DREDGER, PORT GLASGOW. 


~ 1 \ TWIST DRILL SHARPENERS 


FOR PARTICULARS 











HERBERT HUNT & SONS, OLD TRAFFORD, MANCHESTER. 
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Telegraphic Address :— 
“SIMONS RENFREW.” 
“SIMONISM, LONDON.” 








Marine Dredge Plant 


OF ALL DESCRIPTIONS AND UP 
TO THE HIGHEST CAPACITY. 


Constructors of 
HOPPER AND BARGE- 
LOADING BUCKET DREDGERS. 
BARGE-LOADING 
RECLAMATION & 
**SIMONS” 
CUTTER SUCTION DREDGERS 








Proprietors of 
ALFRED WATKINS’ BRITISH 
PATENT for ROTARY SPUDS 


W. SIMONS 


and CO.. LTD. 


Codes :— 
9 4 ABC (5th Edition). 
SCOTT’S (10th Edition). 
BENTLEY’S, 





~ SIMONS 


PATENT 
CUTTER 


HOPPER 
RENFREW 


REDGERS «NRE 


Lonpon Orrice: 83, Victoria Sr.° 


TRAILING SUCTION HOPPER 
DREDGERS. 


GOLD AND TIN RECOVERY 
DREDGERS 
HOPPER BARGES. 
FERRY STEAMERS. 
REPLACE PARTS for EXISTING 
DREDGERS. 
INVENTORS AND FIRST 
CONSTRUCTORS OF 
‘*HOPPER” DREDGERS AND 
ELEVATING DECK 
FERRY STEAMERS. 


BUILDERS OF DIPPER AND 
DRAG LINE DREDGERS OF 
LATEST TYPE. 


3138 





















A few pressings of various types executed by us. 


DISHED and 
FLANGED ENDS 


of any size or type 
up to one inch thick. 


We are equipped with the latest 
type of hydraulic presses for the 
manufacture of dished and 
flanged ends of any diameter. 


Shell-drilling machines of the 
most up-to-date pattern are used 
for drilling flanged ends and 
segmental plates in position after 
pressing. 

Let us quote you for your require- 
ments in dished and flanged ends 
or for pressings of any size or 
type you may require. 


We are specialists in steel plate work either 
hydraulically rivetted or electrically welded. 


G:A Harvey: KC wna 7. 


.- WOOLWICH RD... LONDON  : 


Telephone : 
Greenwich 0020 








meas 
‘* Cheaper, Char, London.” 
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CENTRIFUCAL 





D & HIGH SPEED ENGINES 
SEE OUR LARGE ADV? in 
LAST WEEK'S ISSUE) 
ORYSDALE & COLT? Yoxer. 


GLASGOW, WwW. 











THE 
PLENTY-STILL 
OIL ENGINES L"°. 


NEWBURY 5367 
HEAVY O1L ENGINES 5 to 900 B.H.P. 
(AP on a RENE J 











AMSLER 





TESTING MACHINES) 


Send for catalogues to British Agents :— 


T. 6. HOWDEN & CO., a7 


5 & 7, Fleet Street, Birmingham. 


SCRIVEN 


FOR 
MACHINE TOOLS 


SCRIVEN & Co., 
Yerk Street Ironworks, Leeds. 


A.W. P. 


ELECTRIC ARC WELDING. 











PLANTS, Portable or Stationary 
ELECTRODES for Mild Steel, 
Cast Iron, High Tensile Steel, 
Copper, Brass and _ Bronze. 


ALLOY WELDING PROCESSES, LIMITED, 
Perry Lane Works, Forest Road, London, E.17. 
Tel. Nos.: Walthamstow 2366-7-8. 

Write for Bulletin No. 31 A. 5850 














BOLTS, 
STUDS, 
NUTS. -- 





BRIGHT WoRK 
A 
SPECIALITY. 


§, Marspew & Son, Ltd. 


LONDON ROAD, 
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~ Chas. M. Higgins & Co. Inc. 
16, Farringdon Ave., London, E.C.4. 


4 


7 Where Other 
a J Packings 
"Fade Away 


under the extreme temperatures of 
high pressure superheated steam 
and compressed air 


“PALMETTO?.<«.. 


REG. U.S PAT.OF FICE 














for Rods. 
Twist 
for Valves. 


stands up and gives long satisfactory service 
because it is all asbestos of the very highest 
grade and carries such an amount of graphite 
grease lubricant that it does not harden in service. 


Why not let us send you working samples 
to test out under your own conditions ? 


W. F. JOHNSON & CO., Agents, 
14, Farringdon Road, London, E.C. 


Send for this A.B.C. Chart of 
Packings to hang up for refer- 
ence. It shows what packing 
to use for specific purposes, 









| GREENE, TWEED 
& CO., 
Sole Manufacturers. 








S, Smith & Son, css Ltd. 


Latest Type of CHRONOGRAPH, 
For BENCH, POCKET or LABORATORY 
in Dust Proof Nickel Cases, 








Records in With Start, 
Minutes, Stop and 
Seconds and Fly-back 
Fifths of Seconds. Action. 





inp 






5 


1335 
AS 









Re tr 9.8 
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The “Laboratory”? Chronograph. Fine 


quality 15-Jewel Movement. on-Mag- 
netic capement. Strong, Sound and 
Robust Oonstruction. rd Enamel 


Dial, 2 in. diameter. Aocurately Calibra- 
ted. Extra Large Figures. ontinuous 
Motion as in an ordinary watch. 


Price: £4 4s. 
With Split Seconds as Illustration, £5 5s. 
Note the Split Secend Dust-Proof Plunger 
With our certificate of warranty, 


est Stock of CHRONOGRAPH WATCHES 
the World. From &2 2s. to £250: 





** Guide to the Purchase of a Watch,’’ 
1930 Edition of our Catalogue Free on 
pplication. 


$. SMITH & SON, as 17 


Established 1851. 





HOLDERS OF & ROYAL WARRANTS. 
Watch & Chronometer makers to the Admiralty 
and Indian Government. 


6, Grand Buildings, 
TRAFALGAR SQUARE, W.C. 








WHISTLES. 
GAUGES. 


SAFETY 
VALVES. 


TEMPERATURE CONTROLS. 
REDUCING VALVE8, PRESSURE REGULATORS. 


Croshy Valve & Engineering Co., Ltd. 
41-42, FOLEY STREET, LONDON, W.1. 


Ch ace 


OA OF TIGHT BELTS 
v3 OVER. 
enables belts to run slack without slip. 
Tuomas & Bisuop Lrp., 37, TABERNACLE Sr., E.C. 


PRATOHITTY BROS., 
Engineers, Cariisie. 












































BENNS PATENT 
SINGLE OR DOUBLE ACTING. ROPE,BELT OR MOTOR DRIVEN? 








or Gearing ||) 
in all its 
Branches. 


a 


Steam Engines 
Indicated and 
Reported upon. 







Steam Cylinders 

and Air Pumps 

Bored out in 
their places, 










f4 iS 5262 








‘ 


~{ 


S.S.STOTT & Co 





ROBERT STEPHENSON & CO., 


LOCOMOTIVE BUILDERS, DARLINGTON, LTD. 
London Office :—25, Victoria St., Westminster, 


LOCOMOTIVES ‘sia"services., 


Telegrams—Rocket, Darlington. Altiscope, London. 
—_ Tel.—2700 Darlington ; 650 Victoria. 
B O Sth Edition, Engineering Stan 
ing Telegraph. 130 





IRON PLATE WORK, 
TANKS, &c. 
GALVANIZING 


Send your enquiries te: 5504 


ARKINSTALL Bros., Ltd. 


COVENTRY STREET, BIRMINGHAM, Eng. 











MANCHESTER. 
Telegrams— Belephone— 
| Beat, ManemEEE. eeivenmrmames? LLANESIDE FOUNDRY, HASLINGDEN. 
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A WORD 
STEAM. USERS 


About Steam Meters .. . 


. have you ever considered the effect of 
complete steam metering? It is rather fascinat- 
ing to work out the strategic metering points on 
your lines and fo realise that when the meters 
are installed the plant is entirely under control. 





But actual results tell the story best: how a 
large soap works cut the fuel cost by 25%: 
how a margarine factory cut out 11 boilers 
maintaining the same standard of production: 
how a steel works save £100 per month on 
each steam hammer. And so on; the cases 
are innumerable and every steam user can 
save much in fuel by the intelligent use of 
Steam Meters. 

Kent Steam Meters are built for use under se- 
vere industrial conditions: they will withstand 
the hard knocks in spite of their guaranteed 
accuracy and responsiveness. Different pat- 
fems are available —Indicators, Diagram 
Meters, Counter Meters or combinations of 
these three. Also Telerecordersfor transmitting 
flow records to a convenient disfant point. 


GEORGE KENT LIMITED 
BISCOT RD. WORKS, LUTON, ENGLAND 


London Office: 199, High Holborn, W.C.1. 


Calcutta Office: 1, Old Post Office Street. 5082 


Agents and Representatives throughout the World. 


























Between a “ Marshall ’? 2,000 B.H.P. 
Rod Mill Engine and, say, a 20 B.H.P. 
Class “‘SMP,”’ there is little or no 
difference—from the viewpoint of 
utility, and it is THE UTILITY 
THAT COUNTS. The “ Marshall ”’ 
advt. in ‘‘Engineering,” June 13, 
page 7, featured the latest horizon- 
tal “SMP”; the VERTICAL of the 
same series is here shown. Steam 
still serves and 


POWER USERS 


are well advised to instal these 
1A ultra-modern steam 
0) engines, both for 
: small main and 
auxiliary drives 
by belt or rope. 







( Y ( \| 


= Ask for Lists 
and Prices. 


/ MARSHALL, 
Sonsg Co.Lrp. 


ENGINEERS 


GAINSBORO’ 


LONDON & BIRMINGHAM. 
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ALFRED BEEBEE 
WEDNESBURY. 


ENGINEERS’ HIGH-CLASS BRIGHT 





BOLTS, STUDS, SET PINS, HEX 
NUTS, WASHERS, TAPER PINS, etc. 


Manufactured only from 100% British Material. 








All Threads Guaranteed and Tested by 
Wickman Gauges set to 3696 


Fine Limits. 





Telegrams: ‘Beebee, Fallings Heath, Wednesbury.” 
Telephone: Darlaston 181-182. 
Code: Marconi. 





























THOM PSON —— wiLston LTD. 


Se). ive), | 


OFFICE 


PHONE .— 
HOLBORN 2368 


E 65 w : 
” c Sy — aS) 
Benefit by “TB.” manu- oe Salpheh ae “ FERROWELD 


ESTRAND L ONDON 


facturing resources and 
experience in the 
production of Chemical Plant to your own special require- 
ments in 
WELDED OR RIVETTED 
STEEL CONSTRUCTION 


Stainless Steel Equipment a speciality. Send us your 
specifications and let us quote you. 






















“BROWETT-LINDLEY ” 
PRODUCTIONS 


CHEAP POWER. 


MANUFACTURERS OF 1000 K.W. Steam Engine & Alternator. 
STEAM ENGINES UP TO 2000 B.H.P. 


(BACK PRESSURE ENGINES ASPECIALITY.) 











OIL ENGINES—5 TO 600 B.H.P. 





AIR AND GAS COMPRESSORS —At rxrESTi cs, 





CONDENSING PLANTS AND 
KINETIC EJECTORS. 








GAS ENGINES, 30 TO 600 B.H.P. 





Salient Features of our Engines are: Suitable for Any Drive, 
Perfect Governing, Forced Lubrication, Maximum Economy, 
Reliability and High-class Workmanship. 


SEE OUR NEW “SANDON” DIESEL FOR SMALL POWERS. 








KEEN PRICES QUOTED FOR 
COMPLETE INSTALLATIONS, NEW DEVELOPMENTS, MACHINING, 
ALSO REPAIRS TO ANY MAKE OF PLANT. 


Send your enquiries to: 
BROWETT LINDLEY 
& CO., LTD., 

SANDON WORKS, PATRICROFT, 


MANCHESTER. 


Tel.2 ECCLES 510. Telegrams : SANDON, PATRICROFT. 





‘4 LONDON OFFICE : 5819 
14 B.H.P. Sandon Diesel. AMBERLEY HOUSE, NORFOLK STREET, STRAND, W.C. 2. 























ms 








Smedley Brothers L* 2:2" 


REVOLVING or 
STATIONARY PANS. 
PERFORATED or 
SOLID BOTTOMS 
Over or Underdriven 


| Mixers 


AND 


Edge Runner Grinding Mills 


i" a of all kinds for all purposes 
to drive by Belt or 
combined with 
Steam, Oil 
or 
Petrol Engine 
or 
Blectric Motor. 
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CLAYTON 


VERTICAL 
CROSS TUBE 














BOILERS 


CONSTRUCTED OF BEST 
SIEMENS-MARTIN MILD 
STEEL. 

BRITISH MANUFACTURE. 


Designed for eficiency 
combined with long service. 














MAKERS TO ADMIRALTY, WAR OFFICE, 

CROWN AGENTS, RAILWAY COMPANIES, 

PUBLIC WORKS CONTRACTORS, CRANE 
MAKERS, Etc. 


Send us Your Enquiries. 
Full Particulars on application. 


CLAYTON. SON & CO-L?- 





Established 1864. 


City Boiler Works, Moor End, Hunslet, 

















“DOBBIE-MSINNES' 


IN DICATORS 


ALL ENGINES AND SPEEDS. 





ILLUSTRATION of the 
NEW ‘DOBBIE -McINNES” 


DIESEL 


ENGINE INDICATOR 
MARK V 


WITH FRICTIONLESS DRUM 


DUPLEX PRESSURE SPRINGS 
WHICH ARE EASILY CHANGED 


INTERCHANGEABLE CYLINDERS 
IMPROVED PISTON 
and 


QUICK ACTING 
HEAT RESISTING 
The “ Hopkinson”’ Optical Indicator 3-WAY VALVE 

an 


The “‘Farnboro”’ Electric Indicator pogsic mciINNES & CLYDE LTD. 
for AIRCRAFT ENGINES. 57, BOTHWELL STREET, GLASGOW. 








5537 





Also Makers or 

















— 





JOHN OAKEY & SONS, LTD., 
GENUINE EMERY, EMERY WHEELS, 
EMERY CLOTH, For all Purposes. 

GLASS & FLINT PAPERS 








Wires : 5, ’ 
“GAS, LEEDS.” LEEDS LONDON, Swi. BLACKLEAD, ETC. 1900 
WELLINGTON MILLS, WESTMINSTER BRIDGE RD., LONDON, 8.E.1 
— VALOR 


< ASS > 


REDUCES 
MAINTENANCE 
COSTS 
OF FLOORS. 


SURFASTAL is assembled as a 
unit construction Steel Mesh Mat 
over the surface, and is filled with 
Ashphalt or Granolithic as a sup- 
porting medium. The wear of the 
surface is limited to the wear of the 
steel under the action of traffic. 


UNAFFECTED BY IMPACT 
BLOWS. 


Write for illustrated Descriptive Booklet. 


S528 25 2525 25252: Né 


SSeS 5525 ~£NZN > 





“Surfastal’’ used in a 
Brewery yard at Stockholm. 





“Surfastal”’ used at Glovers 
Cable Works. 


used in a 


“Surfastal’’ 
Ship’s Hold. 


THE STEEL-MESH oO 
ROAD SURFACE CO., LTD., 


PARK ST., BIRMINGHAM. 
London Office: 
68, Victoria Street, S.W.1. 





StoraGe Equipment 
Lubricating Oils 





HREE 150-gallon tanks fitted with adjustable self-measuring 


pumps, barrel cradle and dash for indoor storage. 


These can also be supplied in 50, 100, 200, 250, and 300-gallon 
sizes fitted with quart pumps, semi-rotary, or gear oil pumps 
as alternatives. 

We are manufacturers of all types of outdoor Storage Equip- 
ment, comprising a Sliding-door Cabinet of 55 gallons capacity, 
barrel covers, drum, shelters, portable outfits, etc., fitted with 
pumps as above or customers’ own pumps where desired. We 
are in a position to give prompt delivery of standard models, and 
are prepared to quote customers’ own design and finish where 
desired. Write to-day for List 6/V 53 and prices. 


THE VALOR CO., LTD., 
VALOR WORKS, Bromford, Erdington, 


LONDON : 120, Victoria Street, S,W.1. 9490 
| Ae 





12 ENGINEERING. 


[JUNE 27, 1930. 








CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 

MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes, 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet the requirements of 
Home and Colonial Railways. 

TYRES.—Locomotive Carriage and Wagon, to all 
requirements. 

SPECIAL STEEL ofall kinds for constructive purposes. 


THE a 


STEEL COMPANYo SCOTLAND 


37, RENFIELD STREET, LIMITED. 
GLASGOW. 









TELEGRAPH 
ADDRESS 


66 oe 
STEEL” &: ascow. 


8314 











F. WIGGINS & SONS. 

Telephone: Royal 8029. 
| FOR INSULATION, s:ch? Udon. 
Jon, 108 & 104, Minerien, LOMDOM. 





























Let us quote YOU! 


Whatever your needs may be in the follow- 
ing ‘McKechnie’ specialities, let us quote 
you. You can be assured of a competitive 
price, an experience second to none, and a 
sincerity of service which will give you the 
utmost satisfaction. 


Extruded Rods and Sections 


to customers’ specifications and designs in 
high-speed screwing Brass, Naval Brass, 
Manganese Bronze, Forgeable Alloys and 
High Strength Bronzes. 


Non-Ferrous Metal Ingots 


to customers’ specifications in Gunmetal, 
Phosphor Bronze, Manganese and Aluminium 
Bronzes, Brass, Type, White and Anti- 
friction Metals. 


Chill Cast Bars 


FOR BUSHES AND BEARINGS 
in Phosphor Bronze and Gunmetal. Solid 
Bars from #in. dia. and Cored from lin. dia. 


Solid Metal Pressings 


in Brass and Bronze to any design. 


McKECHNIE BROTHERS, LTD. 


Manufacturers of Extruded Brass and Bronze Rods and 
Sections and Non-Ferrous Ingots. 

Rotton Park Street, BIRMINGHAM. 
Telephones : Telegrams : 
Edgbaston 0380 (6 lines). McKechnie, Birmingham. 
CODES : Lieber’s 5-letter, Marconi, A.B.C. 5th and 
6th Editions, Bentley and Private. 
Branches in London, Manchester, Leeds, and 


Newcastle-on-Tyne. 











































ALSO 


SPECIALISTS 









Chimneys 











BOILER & ECONOMISER 


Settings 





Boiler Houses 





Head Offices and Works : 


NETHERTON, DUDLEY, WORCS. 





LONDON OFFICE : 329, High Holborn, W.C.1. 















Stub © steering 
axle after 
test, showing 
granules 
formed along 
the line of the 
crack. 


Telephone : 
Temple Bar 1088 (2 lines). 














Crack Detection 


by the 


A. Stub steering 
axle _ before 
test. 











Electro Magnetic 
Process. 


Telegrams : 


THE E. & E. ELECTRO MAGNETIC CRACK 
DETECTOR (PATENTED), PROVIDES A 
POSITIVE MEANS OF SYSTEMATIC 
INSPECTION FOR INCIPIENT CRACKS, 
AND IS THE ONLY CERTAIN 
PROCESS FOR REVEALING CRACKS IN 
ANY IRON OR STEEL PARTS. 


Write To-day for Descriptive Literature. 


FQuipMENT & FNGINEERING [5 [22 


2 & 3, NorFo.k STREET, STRAND.W.C.2 
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Keep on the move 


; — 
AULIC Lens 
4x MAINERY 

eN 
















and keep it 
moving fast. 

Machines made from 

Customers own designs 


Have no_ hold- 
ups when goods 
are going from 

Enquiries for Hydraulic Machines for 

all purposes are welcomed, and we 

are always pleased to produce special 


one shop to an- 
other, keep them 
designs to meet Customers’ particular 


on the g0, swiftly 
and silently. 
Displace the ex- 
pensive and inef- 
ficient truck men 





requirements. ; ith 
For all types of Hydraulic Machinery with conveyors 
remember and elevators, 





but be sure they 
are the best— 
SPENCERS 


Spencer (Melksham) Limited 
Melksham 
Wilts. 


FIELDING & PLATT, Ltd. 


ATLAS WORKS, GLOUCESTER. 























Hydraulic Plate Cr — aT Press 
for plates 12 ft. Qin. x 4 ft. Oin. x 
3/16 in. thick 
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tates == SHIPS’ SIDELIGHTS 
Hs" aND SALOON WINDOWS 


are fitted in some of the finest and largest 
vessels afloat. 


ie 


SUSANNA aneananantanananean 


THIS 
Mechanical forced fee 
GREASE LUBRICATOR 
will MEASURE and DELIVER 
GREASE LIKE OIL — 





q 


Contractors to the 
Admiralty and 
Principal Shipbuild- 
ing and Shipping 
Companies at home 
and overseas. 


WOR 
ey 


Trade Mark of 
Robert Bosch, A.G. 


% 
4 ‘ 
y ¢ - 
7% 
x] 
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GLASGOW : 222, Bothwell St., C.2. 











ein 
‘ ein 
Ele tet and ton: ie 
J : A. STEVENS, Ltd. a No. 40G Illustrated Sidelight Catalogue post free. 
Teshnien) detate wit be 21, Upper Rathbone Place, ENGINEERING DEPARTMENT. 
pc ar nese London, W.1. a CARON Company CARRON, STIRLINGSHIRE. 
ei 
hi 





SRSA S SNS SN SSN ST SAS SS Soe ono 
c 








14 ENGINEERING. 





[JUNE 27, 1930. 





The spiral 














TT flutes of these taps are 
milled with a left-hand spiral. 
The point is ground to give a 
shearing cut. The chips are pushed 
ahead of the tap instead of passing 
up into the flutes. The flutes are 
left shallow, insuring the maximum 
of strength. The shear of the 
threads actually cutting is estab- 
lished by the spiral of the groove. 
This simplifies subsequent grind- 
ings. They are especially success- 
ful in tough, dense material, but 
they will also give satisfactory 
results in all tapping operations. 
Shear Cut Taps are furnished 
in Plug style only, }in. to lin. 
for Whitworth threads. Can be 
supplied in high speed or carbon 
steel. Try these taps on your next 
difficult tapping job. Prices and 
particulars on application. 


Sole Agents for the British Isles : 


Fredk. POLLARD & Co., Ltd., 
“* Corona” Machine Tool Works, 


LEICESTER. 


=| Phone: No. 27534-5. 























EXPAMET 


a] 


EXPANDED METAL 


Metropolitan Electric Supp! 
“* EXPAMET 





For Openwork Flooring, 
Gangways, Platforms, 
etc. 





y, Co., Ltd., Generating Station, Willesden. 
* OPENWORK GANGWAYS. 





“‘ Expamet ”’ Expanded Steel is particularly serviceable for openwork flooring, 


gangways and the like, and is cheaper than chequer plates ; it affords 
to the feet, allows of the free 
sight; it has been adopted 


a grip 


assage of air, etc., and does not obstruct the 
y Shipbuilders, Electricity and Gas Works, 
Stationary Engine Makers and others. 





WRITE FOR ILLUSTRATED LITERATURE. 
THE EXPANDED METAL CO,, LTD., 


Patentees and Manufacturers of Expanded Metal. 


Burwood House, Caxton Street, London, S.W.1. 


Works: West Hartlepool, 





Established over 35 years, 
6913 




















eee 
VISCO-BETH 


DUST COLLECTOR 


prob- 





investigate your dust 
Whether you wish to ensure 
freedom from explosion and fire, or 


collect dust from your —— 
because it 1s valuable, or 


t is injurious to the health 
our “ Visco-Beth 


Collector will solve 


Let us 
lem. 


process 
because ! 
of your workers, 
Automatic Dust 
your difficulty. 


Particulars with pleasure. 

















‘BROOMWADE’ 
Air Compressors 





“* Broomwade”’ 
Air Compres- 
sors are made 
in fixed and 
portable types 
to suit all 
duties. 


every duty — fixed or portable — any type of 


drive, 


Information and advice readily given — over 25 
years’ specialised experience is at your service. 


‘** Broomwade ’’—British made. 





Renowned throughout the 
world for high efficiency and 
absolute reliability, 
‘‘Broomwade’”’ Air Com- 
pressors are designed and 
built to give TROUBLE- 
FREE SERVICE. 


There is a ‘‘ Broomwade”’ 
Compressor to exactly suit 





& WADE LTD., HIGH WYCOMBE. 
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ALSO 
oy” 
ALLOY 
AND 


pp | 





WROUGHT 





Telephone: pa 
gat ALLOYS “ | | 
(Private Branch Exchange). | 
Telegrams : 
“Booth, Birmingham.” TO AN Y 


Lisbers 5 Letter Code SPECIFICATION. 


Bentley's Code, 
A.B.C. 5th & 6th Editions. 





























LIGHT | 








JAMES BOOTH 
ECOMPANY (915) LIMITED 
ARGYLE ST. WORKS: NECHELLS. 


BIRMINGHAM 











Make joints like this Jeakproof 


and “i one thing less to worry about! 


THERE are no leaks—and never will be—in pipe joints 

laid up with Smooth-On No. 3, because the metallic 
body in Smooth-On is permanently impassable under 
any pressure or temperature and with any fluid. 
Smooth-On No. 3 adheres well to the threads, fills every 
minute void from the start, and its volume never decreases, 
because the metallic body can’t shrink, dry out, 
shrivel or crack. 

















Get it in | or 5-lb, grey-labelled cans, from 
any supply house 

Write for the free Smocth-On Handbook, 
which will post you well on the theory of 
Smooth-On, when and how to use each of the 
seven kinds, and what results to expect. 


Distributed by : 
WALTER P. NOTCUTT, LTD., 
8, White Street, Moorfields, London, E.C., 


and carried in stock by leading dealers and 
supply houses. 





Made by Smooth-On Mfg. Co., 
Jersey City, N.J., U.S.A. 3-14 









































Mechanical Draft means cheaper steam. The 
Musgrave system, by improving combustion, 
gives a substantial increase in evaporation 
with a saving both in quantity and cost of 
fuel. 

More efficient than chimneys the Musgrave 
System costs less to instal. It 
abolishes the smoke nuisance and 
will enable you to use low grade fuel. 











Write for Catalogue 
C 4/14, or ’Phone 
our nearest Branch 
for personal inter- 
view and advice. 





Telephones : 
BELFAST 4161-2-3. 
LONDON, Holborn 

0886. 


MANCHESTER 


City 1838. 
CARDIFF 2236. 


Agents for India : 


Messrs. Keymer, Bag- 
shawe & 


f & Co., 
Bh is 5, Mangoe Lane, Calcutta, 


USGRAVESS 


_ENGINEERS - BELFAST 


LONDON: CARDIFF-MANCHESTER |= 
GLASGOW- BIRMINGHAM 


7001 














PENMAN & CO., LTD, 


FT CALEDONIAN IRON WORKS, GLASGOW, S.E.F) | 
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JOHN SPENCER, L” 
WEDNESBURY 
IRON & STEEL 


TUBES] Bpeckneit, WILLS AND COMPANY, LTD, 


s STEEL (Late BRECKNELL, MUNRO and ROGERS, Ltd.) 
UTramgeany D) Suisse :: oo: ENGINEERS, ::  :: 


DRAWN SUP FL — OVER 
Sa — 


UARANTEF JACOB STREET, BRISTOL. 


a8 ALWAYS IN 
warm “USASPEAD” STORES STOCK 
2388 ' 7 Baron St Angel, N.1 
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Telephone No.: 9344, 





Telegrams: “ Brecknell, Phone, Bristol.” 


ENTWISLE & GASS | MAKERS OF PANTOGRAPHS 








FOSTER BROTHERS, Limited, 
TUBES & FITTINGS, 


Main Steam Pipe Installations, 042 
WEDNESEBEUNR YD. 















































ENGINEERS, BOLTON. LTD. EVERY AND 
HYDRAULIC PLANT mn FORM OF 
Centrifugal Pumps. High Speed Pumps. FITTINGS 
—— ECTOR 
DANIEL ADAMSON & Co., Ltd. AND wera 
DUKINFIELD. ous FOR 
Tashe-Gnertng Unit, Turbe-Blgwer|||| 1 
Boilers, ee = es: — STANDARDS MAIN 
Power Equipments, Sewage Lifts. SUITABLE LINE 
ge oe ae FOR 
PATTERNMAKING TRANWAYS - 
THE BEDFORD AND INDUSTRIAL 
PATTERNMAKING Co. RAILLESS 
AMPTHILL RD., ppibeyst VEHICLES. CONCERNS. 








——— 


| M.F.M.FURNACES||| ——— 


GAS, OIL, COAL or COKE FIRED. 


The MANCHESTER FURNACES Ltd. 
Aston New Road, MANCHESTER. 




















FOR GIN G S| Manchester Office :—94, Market Street. 
ENGINEERS. Telephone No.: 6192 Central. Telegrams: “ Bremuners, Manc.” 


HOSKING BROS., LTD. 8348 














Leve Lane, Sumner Street, Southwark. 
"Phone: Hop 2725. 4866 


























UPw ARDS oF 


Telegraphic Address: BRAKE, MANCHESTER. 200 Oooo Telephone: CENTRAL No. 613 
5 : 


GRESHAM’S PATENT 


INJECTORS 


OF ALL CLASSES NOW IN USE 
GRESHAM & CRAVEN, LTD., 


HEAD OFFICE AND WORKS: 


ORDSALL LANE, SALFORD, MANCHESTER. 
LONDON OFFICE + - = - = = «+« «= +=  +« += 40, WOOD STREET, WESTMINSTER, S.W.1. 


GLASGOW: OFFICE: Wm. LESTER & SONS, 11, WEST REGENT STREET. NEWCASTLE-ON-TYNE OFFICE: FRED CRIPWELL, 18, BIGG MARKET. 
BELFAST OFFICE: R. PATTERSON & SONS, 13 & 15, BRIDGE STREET. 


OVERSEAS AGENTS: 


FRANCE, BELGIUM, SPAIN AND PORTUGAL: Walter Strapp, 15, Rue de Madrid, Paris. HOLLAND: Th. H. M. De Grijs, 311, Rijswijkscheweg, The Hague. ITALY: Giovanni Checchetti, 

Piazza Sicilia, 1, Milan. AUSTRALIA: Adams & Co., 521-523, Collins St., Melbourne. INDIA: Heatly & Gresham, Ltd., 204, Hornby Rd., Bombay ; 9, Popham’s Broadway, Madras ; 6, Waterloo St., 

Calcutta; 9, Egerton Rd., Lahore. SOUTH AMERICA: Evans, Thornton & Co., 465, Calle Defensa, Buenos Ayres. POLAND, ROUMANIA, AND THE NEW STATES: British Engineers 

and Traders Syndicate, Ltd., Australia House, Strand, London, W.C. 2. SOUTH AFRICA: Jenkins & Co., 12-14, Greenmarket Square, Cape Town; 352, Smith Street, Durban ; Ginsberg 
Chambers, Johannesburg. 


58°) 
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The BIRMINGHAM BATTERY & METAL CS 
: SELLY Oak, BIRMINGH <a 


_— rll CU eae 
SEAM 


R BZ ea aa 
~ LOCO TUBES, CONDENSER TUBES, PLATES, FERRULES, &c 


TELEGRAMS: BATTERY, SELLY OAK. TELEPHONE: 151 .(3 LINES) SELLY OA¥ 








]) 





Cut Grinding Times inHalf! 





MAYERESCHMinT p 


How? 


Remove more 
material per hour and in proportion 
to weight of grinding wheel—on the 
Mayer & Schmidt High Speed Snagging 
Grinder. Built for wheel speeds of 
150 linear feet per second. 


Model B.B.M. 600. 


Carries Wheels 24 in. by 4in. 


Sole British Empire Representatives : 


DOWDING & DICKINSON, 


GREYCOAT STREET, WESTMINSTER, S.W.1.. 


Telephone : Victoria 1071-2. Telegrams : Gordowdool, Sowest, London 












hia i 


ae as 
a 1 * * 







Suchis the title of one of our d 
pamphlets on RWoff-Locomobiles’ 





HINENFABRIK BUCKAU R WOLF AG MAGDEBURG 





London Office: THE LOCOMOBILE ENGINEERING Co., Ltd., 








Decisive 
advantages 
for ALL 
INDUSTRIAL 
APPLICATIONS. 







Usk 
ee D 
THE POWER-GAS CORPORATION, 


LIMITED. 5673 
(MOND, LYMN & RAMBUSH PATENTS) 


Parkfield Works, Stockton-on-Tees. 





TOOLROOM SERVICE 
ARNOTT & HARRISON (1928) | LIMITED, 


ENGINEERS, 
22, HYTHE ROAD, WILLESDEN, N.W.10. 
*Phone: Willesden 4000. 
Specialists in the Design and Manufacture of 
Press Tools, Jigs, Fixtures, Bakelite Moulds, Gauges 
and Special Purpose Machines. Jig and Precision 
Boring on Société Genevoise Machine. Also all 
classes of Wood and Metal Patterns. 








The Motherwell Bridge & Engineering Co., Ltd. 
Engineers & Contractors, 
Bridges, Roofs, Piers, Tanks, Dock Gates, 
Hydraulic Pressed Flooring, etc. 
Tel. Nos, 


Crvetierwas” MOTHERWELL, N.B. “0S 
London Office : 82, Victoria St., London, S.W.1. 


Grams: “‘ Mobricolim, Sowest, London.” Tel.: 4183 Victoria, 
See illustrated advt. last and next week. 5675 








The MACFARLANE ENGINEERING 


0., LTD. 
Netherlee Road, Cathcart. 6564 


DYNAMOS and MOTORS 


‘Phone: Langside 555. ’Grams: Power, Cathcart. 


THE 


CLEVELAND 
BRIDGE ano 
ENGINEERING CO. Lt. 


Specialists in the Design, Manufacture, 
and Erection of Bridges, Girders, 
Roofs, Warcheuses, and all classes of 
Iron and Steel Constructional Work. 
Heap Orrice AND Works— 


DARiIING TON. 




































CONCRETE 
MIXERS. 





og stTe* 
are the—CHEAPEST, QUICKEST, 


MOST EFFICIENT 
MIXERS on the market. 









Write for full particulars NOW! 5606 
EEE 


ROAD, QUARRY, BUILDERS 
and CONTRACTORS’ PLANT. 


GOODWIN, BARSBY & Co., Ltd., 
LEICESTER. 
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HIGH SPEED LAPPING 
































E are finishing twelve 

piston rings on_ both 
sides in one minute on this 
Norton Lapping Machine. 


Twelve rings are lapped at 
once. Accuracy is within 


(000! in. and finish is 


excellent. 





Norton Lapping Machines 
have made lapping a real 
production process. They 
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“| are made for flat work, cylin- ! 
: drical work and for crank- | 
|| shafts. 3 
: May be seen in operation in 

. our Demonstration Bay. 

IMMEDIATE DELIVERY 

ASSESS ALFRED HERBERT LTD. COVENTRY Dooooooooooooooo 

W. G. BAGNALL, L?2» STAFFORD, ENGLAND. 





London Office: 32, Victoria Street. Telephone: No. 1882 Victoria. BUILDERS OF LOCOMOTIVES 

weighing from 3 to 50 tons, for any gauge 

of highest-class workmanship and material 
at competitive prices. 












MAKERS OF 
Sugar CaneWagons, 
Tipping Trucks, ; . ss 
Turntables, f ut 2 ih TATE ae a  —— —— ——— 
Switches, &c. ‘ = 
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Herbert Auto-Lathes in the 
works of Messrs. Rolls-Royce 
Ltd., Derby. 


machining a_ Rolls-Royce 

Flywheel. Material Steel 

Stamping. _Ist operation, 
38 minutes. 


WHERE THE BEST CAR IN THE WORLD IS MADE 


HERE are few shops in this country which produce Auto-Lathes because they maintain satisfactorily all that is 
| work of such quality and accuracy as_ that required in the machining of parts for the world’s best car. 
demanded for Rolls-Royce Cars. We supply machines complete with tools, fixtures, air or 
Many of the components are produced on Herbert hand-operated chucks, and give guarantees of production. 
HERBERT AUTO-LATHES ARE MADE IN THREE SIZES :— 
No. 3——9 in. swing. No. 5——184 in. swing. No. 50——33 in. swing. 


IMMEDIATE DELIVERY 
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WRITE FOR CATALOGUE No. 37. 
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BEDFORD 9945 STERLING FOUNDRY SPECIALTIES LIMITED STERFLASK,” BEDFORD 
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DESIGNS 
SUPERVISED BY 
ME ROYCE 











OF | 
‘s 











Min 


PHOTO NO. 750, 0¢ TON GOLIATH CRANE FOR PILKINGTON BROS., ST. HELENS. —821, 25- 
3 bt ceuagean a oveincea TON GOLIATH CRANE WITH 2-TON JIB FOR SOUTHERN RLY., EASTLEIGH.—810, STEEL 

os Sle RETR FRAMED BUILDING WITH 5 CRANES.—090, D.C.GENERATORS UP TO 500 kw.—666, 50-TON 
. - ere = OVERHEAD CRANE FOR STEELWORKS,—708, 20-TON OVERHEAD CRANE SHEWING 5-TON 
AUXILIARY LIFT AND ELECTRIC LIFTING MAGNET.— 775 COMPLETE ELECTRICALLY DRIVEN 
TRANSPORTERS OR RUNWAY INSTALLATIONS.—795, ALL STEEL CONSTRUCTION MILL 
TYPE MoTORS.—818 STEEL FRAMED BUILDING WITH 40-TON OVERHEAD CRANE. 
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/ROYCE LTD 
y TRAFFORD PARK, 
MANCHESTER, 





5800 
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Handle Your Loads Quickly & Ecaily 


with the 


LITTLE GIANT 


GEARED WIRE 
ROPE HOIST 


The C.P. Air Hoist is made in 6 sizes, with the following 
capacities : 
5 ewt., 10 cwt., | ton, 14 tons, 2 tons, 3 tons. 


Smooth and positive control is ensured by balanced type 
Control Valve. 


The Brake Drum is mounted on the end of the crankshaft, 
which projects through into the gearbox. 


Vibrationless Motor. 
Little headroom required because of compact design. 
High lifting speed. 
Saves Time, Space and Energy. 


The CONSOLIDATED PNEUMATIC TOOL Co., Ltd. 


EGYPTIAN HOUSE, 170, PICCADILLY, LONDON, W.1. 


Telegrams : “* Caulking, Piccy, London.” Telephone : Gerrard 9215 (4 lines), 




























Write for 
S.P. 136 
(2nd Edn.) 





































WORKS : FRASERBURGH, ABERDEENSHIRE. BRANCHES ALL OVER THE WORLD. 
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Convenient Power Factor Control 
by B.H. 


HE importance of Power Factor correction to the user 

of electric power lies in the possibility which it offers 

of effecting an appreciable reduction in his power 
charges. The ordinary A.C. induction motor, particularly 
if small in size or not fully loaded, has an inherently bad 
Power Factor, resulting in the circulation of a current larger 
than that corresponding to the useful load. In an industrial 
installation consisting of many small induction motors, 20° 
or 25% of the total consumption may be idle or “ wattless ” 
current. 
The inherently bad power factor of the ordinary induction 
motor installation may, however, be counterbalanced by the 
use of Synchronous Motors having a “leading” Power 
Factor. They should be preferably (I) of large size to 
minimise the additional capital cost of providing the 











INDUCTION SYNCHRONOUS 

MOTOR. MOTOR. Vector Diagram. 
SAO See — iia 
faporTioNal) SAVING ! 
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o9Lio - 
Example of saving effected by use of Synchronous Motor. 








necessary D.C. excitation, (2) in service concurrently with 
the induction motor load, and (3) connected to the mains 
reasonably near that load. Synchronous motors can now be 
designed for high starting torque, and can be economically 
used for most drives for which large induction motors are 
suitable, such as centrifugal or ram pumps, cement or 
similar mills, beaters, fans, motor generators and heavy line 
shafting. 


The diagram shows the saving effected at a works taking a 
load of 570 KVA at ‘84 power factor and requiring an 
additional motor of 150 H.P., 3-phase, 400 volts. An 
induction motor would have brought the total works load up 
to 695 KVA at ‘85 power factor. By installing a synchron- 
ous motor giving 335 KVA at °39 leading power factor the 
total load required was only 605 KVA at unity power factor. 
The saving effected by the use of a synchronous motor was 
consequently nearly 70° of the total additional load which 
would have been required by the induction motor, with a 
further saving in cables and main switchgear proportional 
to the actual reduction in the total current, i.e. from 1,000 
to 870 amps. The voltage regulation of the supply would 
also be improved because of the reduced inductive drop in 
transformers. 


Brookhirst Control Gear enables synchron- 

ous motors to be operated as conveniently 

and safely by unskilled labour as induction 
*s motors. The features which make this 
. possible are :— 


1. A. self-contained ironclad unit is 
supplied for motors up to 1,000 H.P. 
and for voltages up to 6,600. 

2. Asingle handle controls all starting 
operations; closing main circuit 
breaker, cutting out starter resist- 
ances gradually, and finally synchron- 
ising motor. 

3. Metallic resistances (cast-iron grid 
type) eliminate skilled attention for 
installation or maintenance. 

4. An isolating switch can be provided, 
interlocked with covers and oil tank, 
so as‘ to prevent accidental contact 
with “live” parts, while facilitating 
safe inspection of all working parts. 






5. Power factor regulation is effected by one handle 


which adjusts the motor excitation, so as to keep the 
current at a minimum value, or the power factor at a 
predetermined figure. 


6. To dispense with the services of an operator, or to 


compensate for frequent power factor fluctuations, the 
exciter regulator may be motor-driven and controlled by 
a Power Factor Relay, thus giving fully automatic control. 


Please send me further particulars of control gear for synchronous induction motors. 
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BROOKHIRST 





SWITCHGEAR 


CHESTER. 

















WERF GUSTO 


FIRMA A. F. SMULDERS, 
Engineers and Shipbuilders, 


SCHIEDAM (HOLLAND), 


Cranes, Dredging Materials, Coalhandling Plants, Oil Tankers. 
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NVESTIGATIONS of the Industrial Fatigue 
| Research Board show that marked seasonal vari- 


ations in output occur, output being greatest in 
winter, least in summer, and intermediate in spring 
and autumn. 





ie 


In the case of Mill-men in the Tinplate Industry the 
difference in output between a cold day in winter and 
a hot day in summer has been calculated at 30%. 


It has also been definitely established that seasonal 
variation is most marked in ill-ventilated shops. 


AKE sure that your Workshops, Foundries, 
Furnace Shops, Engine Rooms, etc., are well 
ventilated by installing 





VENTILATING 
FANS 









freith Blackman 







Op” 


a 


7 


James Keith & Blackman Co,, Ltd., Head Office, 27, Farringdon Ave., London, E.C.4. 
Telephones : Central 7091 to 7097. Telegrams: ‘‘ James Keith, Phone, London.”’ 


There are hundreds 
Tz thousands of 


Blackman Propel- 
ler Fans in use, 
fitted with electric 
motor, as _illus- 
trated, or arranged 
for belt driving, 
See our Catalogue 
VI--free on request. 






































Telephone : EAST 1141, 


THE 





DOUBLE ACTING 





DOUBLE ACTING 


Pump 


PISTON TYPE 





Pearn & C? [7 





Telegrams : “ FUMPS,” Manchester. 


ANCH LANCHESTER, 


QUADRUPLE ACTING 


LONDON; 49, Queen Victoria Street, E.C. 4. 
Telegrams: “ Forcepump,” Cannon. 
Telephone: Central 9557. 
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THE FLAT 
‘TURRET 


functions as one separate tool carrier on the 


J & L HARTNESS 
FLAT TURRET LATHE 


Made possible by the J & L cross-sliding headstock, 
this outstanding feature accounts for the definite 
superiority of J & L tooling on chuck work. The 
J&L flat turret gives single member tool control. It has 
a clear approach to the chuck without cross slide 
interference. It can operate “ close-up ” to the chuck. 
It permits the use of ordinary lathe type tools. It 
clamps tools rigidly between flat faces (not bracketed to 
the side). It mounts tools without overhang. It 
provides the very simplest method of setting. It accommo- 
dates more multiple tools. It takes tools for multiple 
facing as well as multiple turning. It secures extraordinary 
cutting power for all tools. In short, it enables an ideal 
tool system for chucking work. Ask for particulars 
of its remarkable productive capacity. 


JONES & LAMSON MACHINE CoO., 
19, WATER LANE, LONDON, E.C.A. 






































Foolproof — Requires no Skill — Grinds Accurately 
in less time — Cuts out Filing and Hand Finishing. 
No Clamping Necessary. 


This Table Surface Grinder enables flat surfaces to be ground by hand, without 
skill and in perfect safety. 

Every moving part, with the exception of the actual grinding face of the cup 
wheel, is entirely enclosed. 

Many jobs now being laboriously filed or ground on the ordinary wheel by hand, 
may be surfaced more accurately, and in less time. A flat surface is obtained by 
passing the work across the table; rectangular work may be up to the standard 
guide bar for faces at 90°. Special guide bars for any angle can be supplied. A 
special guard collects the grinding dust, which may be connected to an existing 
dust-main or an auxiliary fan if desired. 

The machine is made for either A.C. or D.C. supply, and in two sizes, with 
14in. and 20 in. diameter grinding wheel. 


AND THE SMALL SHOPS CAN AFFORD _ ONE. 


Full particulars and prices gladly sent on request :— 


SNOW Z Co. Lip. 


SHEFFIELD. 

































Pat. applied for. 
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“Broadbent” 


ELECTRIC CAPSTANS 


THE CHEAPEST & QUICKEST 
METHOD OF HAULING TRUCKS 





One Capstan and a few Fairleads 
will serve a very wide area 








A1TON CAPSTAN WILL : 
HAUL A LOAD OF 56 : 
TONS AT 150 FEET PER : 
MINUTE AT A COST OF : 








5 PENCE PER HOUR : 
FOR POWER = 











Electric Capstan and Fairleads 
Shunting Trucks on a Railway Siding. 


STANDARD SIZES FROM 3} TON TO 16 TONS PULL ON ROPE 
TO HAUL AT ANY SPEED WITH D.C. OR A.C. MOTOR 


Catalogue Shewing Applications and Data—Free on Application 


Thomas Broadbent & Sons, Ltd. : . 








1581 4 Lines) HUD D ERSF IELD "Faerame: Electric Capstan and Fairleads 


Established 1864 Drawing Bogies in and Uut of Core Stove in a Foundry. 

















FUEL COSTS Reduced 


from 9/8 to 2/- per ton 
of STEEL ROLLED 


The Reheating Furnace illustrated above is the result of many years’ research, the aim being to produce a 
Coal-Fired Furnace, smokeless in operation, with low fuel consumption expressed in terms of the weight 


of steel heated. 


The particular furnace shown is of the In-and-Out type, but the principle is equally applicable to 
Continuous Billet Furnaces or to other heating processes. 


In one works where these furnaces are installed the fuel consumption has been reduced in the In-and-Out 
type furnaces heating special steel from 9/8d. per ton to 2/- per ton. The fuel used is washed fines, and 
the costs include all coal used for stand-by purposes and in bringing the furnace up to temperature. 
No steam is required, as the steam for the saturation of the air passing through the grate is obtained 
by the vaporisation of water injected into the hot air from the recuperator. Although the furnace is coal- 
fired the regenerative principle and the character of the flame in the furnace is practically the same 
as in modern gas-fired furnaces. The furnace is practically smokeless. 


Details of the test and the original research are most interesting. This data we have had printed and 
will gladly post you a copy. 


OWSONs MASO 








We invite your enquiries : 5906 


ALMA WORKS, 
LEVENSHULME, 





GAS PLANT CO.LTD. MANCHESTER. 
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ACKING 


THAT PACKS 


With MINIMUM FRICTION & MAXIMUM DURABILITY. 


The United States Metallic Packing is the most extensively used and the 
most successful Packing in the World for all types of Steam Engines. 




















( OVER 500,000 SUPPLIED. 
F ACTS FITTED ON OVER 500 VESSELS FOR THE BRITISH ADMIRALTY. 


ALSO USED BY UNITED STATES, FRENCH, DUTCH, JAPANESE, SPANISH, 
&c., NAVIES. 


WHICH ( ADOPTED BY CUNARD, ROYAL MAIL, OCEAN, ELLERMAN, UNION CASTLE, 
ELDER DEMPSTER, ORIENT, HOUSTON, HARRISON, ANCHOR, ALLAN, 





SPE AK AMERICAN, &c., LINES. . 
AT WORK AT PRINCIPAL ELECTRICITY STATIONS, COLLIERIES, IRON 
DUPLEX PACKING, q WORKS, TEXTILE, &c., CONCERNS, 


The United States Metallic Packing Co., Ltd., 


Soho Works, Allerton Road, Bradford, Yorks.. 


Telegrams—METALLIC, BRADFORD. Telephone Nos. 4705 and 4706. 


LONDON—116, Fenchurch Street, E.C. 3. LIVERPOOL—4632, Royal Liver Buildings. BOLTON—Knowsley Buildings. 
SWANSEA—Pembroke Buildings. GLASGOW—52, St. Enoch Square. NEWCASTLE-ON-TYNE—2, Collingwood Street 


And at Belfast, Hull, Bristol, Portsmouth, Leith, Birmingham, Sheffield, Nottingham, Cardiff, etc. 
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“RHODES” 


GUILLOTINE SHEARS 
, OVER 450 MODELS. 
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ae re = RHODES” High-speed Shears, No, 429. 
< : ; ‘ ba hedy Lo Undercrank type. Cuts mild steel] plates 
ts ot ae ee 6ft. long and up to Zin thick. Fitted with 
et “5 PRE en, or a al Automatic Hold-down apparatus. Safety 

i Clutch control. Made in 10 sizes. 

Our Shearing Machines are not only technically perfect 
in design, but are of massive proportions and rigidly built. 
As the result of over 106 years’ experience a number of 
important features are embodied in their construction, 
making them pre-eminent. They are extremely durable 
and accurate, ensure a long life to the blades, and are 


absolutely safe in operation. 


Our range of models includes machines for shearing 
plates from 12 inches up to 25ft. wide, and of any gauge 
up to 4 inches thick (cold). 


Write to-day for our latest catalogue. 


JOSEPH RHODES AND SONS, LIMITED, 


ESTABLISHED 1824. 


>. a ee ’ ot 

GROVE a eT ee ee 
Sah ; 3 acd ik Sia oaaae 

IRONWORKS, WAKEFIELD, ENGLAND. ee : 5 ee 
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‘* RHODES” High-speed Shears, No. 194. Overhead type. Cuts mild steel plates 10ft. 

London Offices : Jong and up to din. thick with ‘ease. Arranged with gap of 12m. Fitted eith Auto: 
matic Hold-down apparatus, Safety Clutch control. Weight 20 tons, 


Norfolk House, Laurence Pountney Hill, E.C.4. bed 
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The MILLETHERM (PATENT) 
-HEATER-CONDENSER 


will give you a HIGH EFFICIENCY 
and ECONOMY iN HEAT 





TRANSFERENCE 

















REFERENCE, 
WATER INLET. 
WATER OUTLET. 
STEAM INLET. 
STEAM OUTLET OR DRAIN. 
HAND-OPERATED BYE-PASS, 
BLOW-DOWN COCK. 
RELIEF VALVE (WATER). 





THE ILLUSTRATION SHOWS THE STANDARD FORM OF 
HEATER, COMPLETE WITH HAND-OPERATED BYE- ner’ en, 
PASS, THE BODY BEING CUT AWAY TO DISCLOSE THE 

INTERNAL TUBES AND FLOATING HEADER. 
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TWO INTERMEDIATE SHAFTS. 
FORGED,HEAT TREATED,MACHINED 
COMPLETE & DESPATCHED IN FIVE DAYS. 


LEFBMEA RERSAEUIL GOAN 
syyete SENSES 
Le ORO HTD 


Air * Comp pre 


EXPAT SEES ae 


1, 
aes 


eSs0, SOrs 














If you have a Compressed Air Problem to solve, 
let us know, and we will send one of our experts to 
consult and advise you—this without any obligation 
on you. 


Being Specialists in this line, we have always in 
stock or in progress Machines of all sizes and types 
from which we can supply to meet any requirement. 


No. 16 Air Catalogue free on application. 
We are also the Makers of the 
A 


‘*Sentinel’’ Ash Hoists 
‘*Sentinel’’ Air Hoists 
‘‘Sentinel’’ Steering Gears 
‘* Sentinel ’’ Capstans, Etc. 





4962 


SVT ADAP AIDE LL LOL OL TSI. PRIA nS AFD AAO TN, LOE Re 9 NIE A A LILA ILS 


DAA Ez MacLELLAN. LTD. 


_Sentinel Works =: ‘ GLASGOW | 


PTE RON 








Valves are made at Sentinel Valve Works, Worcester. 
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TAY LOR & CHALLEN PRESSES 


— PRESS 1210 — 


Clipping Brake Drums for Motor Vehicles. 
Also used for heavy hlanking, bending and 
forming, also for clipping and “ sizing’’ drop 
forgings, etc. 


IN GREAT VARIETY. ARE USED IN 
THE MASS PRODUCTION OF 
MANUFACTURED ARTICLES. 
TOGGLE DRAWING, SINGLE CRANK, 
DOUBLE CRANK,NOTCHING 
FOR ELECTRICAL TRADES, 
ROLLER FEED, 
TURNTABLE FEED, 

HOPPER FEED, 
COINING, 
CARTRIDGE. 


TAYLOR & CHALLEN, 


ENGINEERS & MAKERS, 


Derwent Foundry, Works & Showrooms, 


CONSTITUTION HILL, BIRMINGHAM. 






















































Telegrams: Telephone 
DERWENT, BIRMINGHAM. CENTRAL 0376. 
Lonoon Orrice :- ST, STEPHEN'S HOUSE, VICTORIA EMBANKMENT, S.W.1. _Terecrams: “TAYCHAL, PARL,’’ LONDON, TerepHone: VICTORIA 3513. 














——— o BENZ 


LIGHT WEIGHT - HIGH SPEED 


DIESEL 


OIL ENGINES 
Ws 






300 B.H.P. ENGINE AT 1000 R.P.M. 
— FOR — 


LOCOMOTIVES, RAILCARS, CRANES, 
EXCAVATORS, COMPRESSOR SETS, 
PUMPING PLANT, WATERCRAFT, 
> LIGHTING & POWER SETS, Etc, Etc, 


J. & H. McLAREN, 


a GREAT 
Cables : DO RANGE OF sizgs, 


“massa tet” LEEDS, ENGLAND. Ee 
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“MADE BY THE 


DARLINGION «Of 
FORGE LTD 


VICEROYoF INDIA 


| 


‘ 
















ee: 3 FORGED STEEL 
| es BOILER AND 
SUPERHEATER DRUMS 


ay (YARROW BOILERS ) 








FORGED STEEL 
THRUST SHAFTS 
4 INTERMEDIATE 
SHAFTS & PROPELLER 
SHAFTS (weight of latter 22 tons) 
MANGANESE BRONZE 


amas PROPELLER BLADES 
(weight 3%2 Fons each) 
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THINGS CALLED DEAR 


“They ought to cost less,’ we hear 


you say. “You claim that Parkinson A.C. 
Motors are made in the largest and best 
equipped factory of its kind, and that you 
manufacture a third of all the industrial A.C. 
motors made in this country. Yet your motors 
are not cheap.” 


No, Parkinson Motors are not cheap—in the 
popular meaning of the word. If worth alone 
determined their price they ought to cost 
more. They are designed without regard to 
any considerations but those of technical and 
practical merit; only the unique manufacturing 
resources ot the Guiseley Works make possible 
their production at a price comparable with 
that of ordinary motors. 


Motors that combine fine electrical performance 
with outstanding mechanical construction, and 











are backed by service of a kind never before 
associated with electrical plant, may seem dear 
when in price alone they are compared with 
the cheapest motors made. Yet the hundreds 
of thousands sold prove that many believe, 
with Ruskin, that “‘lhose things called dear 
are, when justly estimated, the cheapest; they 
are attended with much less profit to the Artist 
than those which everybody calls cheap.””» —— 


CROMPTON PARKINSON 


LOtfice Guiseley. toeds LIMITED wore Gus 





eley 


& Chelmsford 
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NN AINIO NE WAKONTO)'S 


LIP RING PATTERN. PROTECTED 
TYPE. WITH THIRD BEARIN 
DEDPLATE SLIDE RAILS N 
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Reasons why 







Yi 


Macinlop Belts are those sound 
logical reasons which are the 
basis of all good engineering practice. 
The service which a belt will give is 
governed by: 
(a) Its design. 
ib) The materials of which 
it is built. 
(c) Its manufacture. 
(d) Its usage. 
To each of these four factors 
Macinlop Ltd., have brought to bear 
their extensive technical facilities, and 
by planning in advance the service 
which their belts will give, are able to 
offer an unrivalled degree of satis- 
faction and economy to all belt users. 


r ' SHE reasons for the supremacy of 





Laboratory Experimenta! Department. 


(a) DESIGN & RESEARCH 


Long before existing Macinlop Belts 
were offered for sale, laboratory re- 
search had been carried out by 
Macinlop Technicians to produce a 
long-service, trouble-free belt which 
would operate efficiently under all 
kinds of adverse conditions. Specifi- 
cations and qualities were established 
and extensively tested. When the 
tests proved that the belt approxi- 
mated 100% efficiency in the direc- 
tions required, manufacturing speci- 
fications and processes were finally 
adopted. 








x 








Belt Press 30' long by 6' wide in which Macinlop Belts 
are stretched, pressed and cured. 


(b) RAW MATERIALS 


Two main materials make up a belt— 
cotton fabric and rubber, and in their 
sources of supply for both these 
materials Macinlop Ltd: are placed in 
a unique position. Cotton fabrics 
made to specifications specially drawn 
up to meet the conditions occasioned 
by belt service are produced in the 
Dunlop Cotton Mills, Rochdale, the 
largest self-contained cotton mills in 
the world. The rubber is manu- 
factured by the most modern pro- 
cesses to specifications laid down by 
rubber chemists. By drawing sup- 
plies of fabric and rubber from 
integral parts of the organisation, 
Macinlop Ltd., can offer consistently 
high service qualities in their belts. 


(c) MANUFACTURE 


The production of Macinlop Belting 
is carried on in the light of the most 
advanced knowledge of rubber 
chemistry. The plant and processes 
in use have been selected with only 
one object in view—that of producing 
the finest possible belt for service 
under its own special conditions. 














(d) APPLICATION 


The application of a belt is as large 
a factor in its usefulness as its manu- 
facture, and while the responsibilities 
of many suppliers are confined to 
production, Macinlop Ltd. supply a 
special service to advise on the best 
application and use of a belt. You 
are invited to consult the Macinlop 
Technical Engineering Service for 
advice on any aspect of transmission 
of power by belts or on conveying 
plant problems. 





a “The Transmission 
ro Belt Handbook” is a 
| -TRanseatssto™ 72-page technical 
| BE rooK publication dealing 


with belt drives. A 
copy will be sent 
free of charge to any 
interested enquirer, 


MACINLOP LTD. 





| on sending in his appli- 
| os cation on official 
notepaper. 


MACINLOP LTD., 
Cambridge Street, 
MANCHESTER. 
Branches at London, Glasgow, Birming- 
ham, Cardiff, Grimsby, Edinburgh, Leeds, 


Liverpool, Newcastle, Nottingham, South- 
ampton, Dublin, Belfast, Cork. 
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How much is it worth to you to be 
able to place your orders for Valves 
with the sure confidence that the result 
will be “right”—not sometimes good 
and sometimes “‘good enough ”—but 
always equally good without flaw or 
failure. 


The uniform quality of ‘ Blake- 
borough” Valves may be attributed in 
no small measure to the long association 
of our craftsmen with each other and 
with their jobs—as a matter of fact over 
27 per cent. of our employees have been 
with us for 20 years and upwards. 





We believe it is this uniform quality 
too—a quality as high as skilled crafts- 
men can make it—which accounts for 
the remarkably rapid growth of our 
business. 


It is built on confidence. Our confi- 
dence in the ability of our craftsmen to 
produce “ better valves,” and the confi- 
dence of those whom we serve that 
they can rely upon us—always. 
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Sn Ie 


in nthe engine-ton! 
_MONEL 


CUSNLES 


DURABILITY 
STRENGTH 


The latest addition to the fleet of 
the Canadian Pacific Steamship 
Coy., T.S.S. 


“Empress of Japan 


emphasises the increased adoption 
of Monel Metal. 

































General View of Con- 
trol Platform showing 
two'fof the Turbine 
Casings. 

5 Miles of Monel Metal 
have been used for 


blades in the H.P. 


stages, 
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In the most vital parts of the 
engine room where steam pres- 
sures and superheats are at the 
maximum, the high strength and 
toughness of Monel Metal ensure 
safety and durability. 


Attractive silvery Monel Metal 
plays its part in sculleries, pantries 
and galleys, where this bright, 
easily cleaned metal is used for 
coverings for work and service 
tables, sinks, etc. 





5583 


Mo NEL- WEIR. LimneD. 


CATHCART - = = GLASGOW 
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EIR 


STILLING 





4 














FORTY YEARS’ specialisation in Heat Exchange problems 
enables us to furnish Evaporating and Distilling Plants suitable 
for the most widely varying conditions, and ensuring the best 
attainable efficiency. 


Weir Evaporating and Distilling Plants have been supplied for 
Marine use, Power Stations, Floating Whaling Depot Ships, 
Process Plants, etc. 


Illustrated is a Weir Evaporating Plant designed 
to work single, double or triple effet. Capacity 
150 tons of fresh water per 20 hours, when sup- 
plied with 8,000 lb. steam; pressure to first 
evaporator 27 lb. per sq. inch. Supplied complete 
with feed pump, combined circulating, fresh 
water and brine pump for a Floating Whaling 
Factory. 


Literature and full particulars on request. 
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Etched section 
of three. start 
worm, drop 
stamped, with 
onlyasixteenth 
of an inch 
machining 
allowance. 


Telegrams and 
Cablegrams: 
“STEELCORPO, 
SHEFFIELD.” 





DROP 
STAMPINGS 


ROYAL AIR FORCE 
FLYING DISPLAY, 
JUNE 28— 
HENDON. 

















! difficulty of machining three and 
four-start worms of this type 

will appreciate the saving effected by 
the use of Drop Forgings with a 
minimum of material to be removed. 


In addition to this obvious economic 
gain, if the etched sections on either 
side of the picture of the three-start 
worm are examined, it will be seen 
that in the one on the left, which is 
a drop forging, the grain flow follows 
the contour of the threads. 


Compare this with the very much 
less desirable grain flow shown in 
the specimen on the right, machined 
from the solid forging. 





English Steel Corporation £ta. 


INCORPORATING THE SUEEZL & ALLIED GuSiNESSES FORMERLY CARRIED ON BY VICKERS ARMSTRONGS LIMITED 
AT SHEFFIELD @ OPENSMAW amo CAGAMELL LAIRD & Co. LIMITED at SHEFFIELD a PENISTONE. 


VICKERS WORKS SHEFFIELD 


VICKERS HOUSE - BROADWAY: LONDON : S.W.1. 








HOSE who have experienced the 





























Etched section 
of three . start 
worm, ma. 
chined from 
solid forging. 


Telephone : 
ATTERCLIFFE 
41071. 
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Machines That Pay Dividends 


On the assembly line, air-operated tools speed the 
work. Extra dividends are made possible only by the 
most modern and efficient equipment. Here good air 
compressors, and good tools are profitable investments. 


The new Ingersoll-Rand XRB, XCB, and XRE Com- 
pressors are more rugged, more compact, and more 
economical than ever before. They will help earn 
more dividends. There is a size for every need. 


Ingersoll-Rand Compressors and Air Tools are help- 
ing make profits on many of the most highly organized 
_ and efficient assembly lines in the world. 


INGERSOLL-RAND COMPANY LTD., 
165, Queen Victoria Street, London. 


Offices and Agents the World over carry stocks. 





Left: One of the new XCB Compressors. These 
machines are totally enclosed, and are fitted with 
Automatic Clearance Control and short belt drive. 


| Ingersoll-Rand 
































Up-to-date arrangements for 
transhipping bulk goods are 


DEMAG- 
Loading Bridges 
with Tipping Grab 


made by us in various types. 


They distinguish themselves by their 
high output and many-sided applic- 
ability for wharf and _ store-yard 
service, not hitherto attained by any 
kind of plant. With tipping crabs it 
is possible to carry out all kinds of 
transhipping work and to empty 
trucks into vessels as well as on the 
yard. The trucks can be taken from 
the different tracks, enabling the coal 
to be mixed without any difficulty 
whatever. 


DEMAG Aktiengeselischaft, 


DUISBURG, 
British Agents: 


MAURICE WARLOW & CO., | 


12, Vietorla Street, LONDON, 8.W.1, 


Telephones 
Victoria 2612/3 
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F ollowing the sale of the Freehold to Shell-Mex, Limited. 


HOTEL CECIL 


STRAND, W.C.2. 


THE ELABORATE 
ELECTRICAL FITTINGS, 
TRADE PLANT, MACHINERY 
FIXTURES, etc. 


ELECTRICAL FITTINGS 


Silver, oxidised, brass and ormolu wall brackets, electroliers ; alabaster bowls ; 


EIGHT PAINTED PLASTER FOUNTAINS WITH CRYSTAL SPRAYS 


‘Two overdoor recesses, each fitted with four silver bowl units on stands; lay lights; large French 
ormolu lantern with bevelled glass panels ; massive brass electrolier with crystal bowl and lustre chains ; 
brass and corona pendants ; large and small crystal bowl ditto ; 


TEN MASSIVE BRASS ELECTROLIERS WITH LUSTRE CHAIN BOWLS 


twelve ditto with crystal bowls, each fitted with eight torchlights ; four painted and gilt electric lanterns, each ' 

fitted with centre light and four drop pendants, enamelled glass panels; main fuse switch-boards, and installa- 

tion of luminous bell system. 50ft. fire hose complete with hydrants, branches, buckets, pistol extinguishers, 
hand pumps and systems throughout the building. 


SIX WAYGOOD-OTIS HYDRAULIC PASSENGER LIFTs 


with mahogany cars ; two ditto luggage elevators ; seven ditto service lifts ; a ‘‘ Medway ’’ electric luggage 

trolley, on rails, 163 ft. long, complete with equipment and motor ; rope and handle control hand lifts, and an 

electric service lift by R. A. Evans. Two carton-pierre shop fronts with plate-glass windows and tambour 

shutters ; a mahogany and white enamelled enclosure with glass panels ; a mahogany bow-front counter with 

opalite top to American Bar and the stage with domed top, mirror backs, and marble shelf with cupboard 

under. The equipment of the hairdressing and manicure saloons, cloakrooms, post office, soda fountains, and 
cocktail bars. Telephone by Stirling, complete with throat transmitter and relay. 


THE PLANT AND MACHINERY 


comprising—electric refrigerators by LEO SUNDERLAND & MANNESMAN;; plate burnishers; plate 
washing machines; generating sets ; turbine sets; circuit breakers; control panels; boilers ; steam and 
electric pumps; hand guillotine; hydraulic accumulators; central ‘heating plant; well compressors ; 
ventilating motors; vacuum cleaning plant; electric mincing machine; printing machine; an electric 
‘*Rope-Way’’ coal conveyor by the British Ropeway Co., 250 ft. long ; a dough mixer by Hobart with 
motor attached by Asea; an ice-crushing machine by W. M. Still & Sons, and four coal chamber doors with 
Special lock fittings by H. J. West & Co. About 509 white glazed-ware lavatory basins with nickel-plated 
fittings, opalite splash backs each fitted plate-glass shelves and nickel-plated fittings, slop hoppers and sinks ; 
white glazed W.C. pedestal latrines, etc.; white glazed base body baths; rough edged tapers and shower 
baths ; nickel plated bathroom fittings ; frameless mirrors ; plate glass shelves; brass and nickel plated 
hot-water towel rails; roller blinds; brass and other cornice poles; portiere rods; curtain laths, etc. 
About 900 Radiators of various sizes by the Central Heating Co., and LAUNDRY EQUIPMENT consisting of 
cascade washers, hydros, calender, shirt and collar machine, drying plant, etc., which 


MESSRS. KNIGHT, FRANK & RUTLEY, 


will SELL by AUCTION, on the premises as above, on Monday, 14th JULY, 1930, and FOUR FOLLOWING 
DAYS at 11 a.m. until 1 p.m., and from 2 p.m. onwards each day. ON VIEW. (by catalogue only, price 1/- 
each), Wednesday prior and three following days from 10 a.m. to 5 p.m. each day. 





Catalogues may behad of the Auctioneers at their Offices, 


20, HANOVER SQUARE, LONDON, W.1. vou 


























THOS. FIRTH & SONS, LTD. 























TOOL STEEL 
PURPOSE 


NORFOLK WORKS, SHEFFIELD. 
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EVERYTHING 


FOR THE 


BOILER HOUSE 














“BABCOCK™ 


WATER TUBE BOILERS 


For all Land and Marine Purposes and for Power Production, Process Work 
and large Central Heating Plants. All pressures up to 1,500 lbs. per square inch. 


FURNACE EQUIPMENTS 


Of every description, including Hand Firing, Mechanical Stoking, Pulverised 
Fuel Burning, Gas and Oil Firing, Waste Heat and Refuse Fuels. Bailey 


water-cooled Furnace Walls. 


COAL AND ASH PLANTS 


Conveying Machinery of all kinds ; Gravity Bucket Conveyors, Belt Conveyors, 
Electric Cranes, Transporters, Telphers, for handling all classes of material. 


STRUCTURAL STEELWORK 


Steel Frame Buildings, Steel Coal and Ash Bunkers, Steel Chimneys and 
Structural Steel Work, Interlock Steel Flooring, Steel Press Work. 


PIPEWORK & ACCESSORIES 


High and Low Pressure Steam P.pes, Feed, Blow Down and Exhaust Pipes. 
High and Low Pressure Steam Valves; Calorized Diamond Soot Blowers. 











i SIXTEEN BABCOCK & Me poy 3 WATER TUBE BOILERS 








(C T.M. Type) are installed at the North Tees Power House 
H o the Newensleupon:-Tyne Electric Supply Company 
: Ltd. Be pressure of 475 lbs. per square highest ; le at 
3 steam pressure of any power house in Great Britain. | in W. alae 
1— he 








Way = 3 
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BABCOCK & WILCOX 


LIMITED 
BABCOCK HOUSE, FARRINGDON STREET, LONDON, E.C.4. 
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EVAPORATING AND 
DEAERATING PLANT 
AT BILLINGHAM. 


ree whole of the Evaporating and Deaerating Plant Units 
comprising what is the largest Distillation Plant in the 
World at the new Billingham Super Power Station of 
Messrs. Synthetic Ammonia & Nitrates Limited, was manu- 
factured and supplied by Vickers-Armstrongs Limited, 
Barrow-in-Furness, The plant consists of 3 quadruple and 
3 sextuple effect Evaporating Plants, together with Raw 
Water Heaters and Deaerators, and Main Process 
Condensate Deaerators, etc. 


y er. a The Evaporators, numbering 36 in all, 
Dees P a Bay — a : installed at Billingham are of the Horizontal 
a tiiin. m sho x, were -”” . . . 

Quadruple effect pe i (.¥ * , Straight Tube type, and have been designed 
in course of erection. ~~... , fee for the production of large outputs, utilising 


Low Pressure Steam for evaporating purposes. 


The Deaerators ensure that the whole of 
the raw water make-up after Distillation, 
together with the condensate from the Con- 
densing Turbines, is passed into the Feed 
Line to the Boiler Feed Pumps entirely free 
from air and gases detrimental to the opera- 
tion of the High Pressure Boiler Plant. 


The normal output of the 


complete Evaporator Plant as a 
Evaporator Se 

Shells built up Unit is over 6,000 tons per day, 
of Mild Steel 

Plate in course but a heavy overload can be 
of construction P a , 

at Barrow - in- carried and maintained without 


Furness. 
difficulty. 


VICKERS-ARMSTRONGS LIMITED have special- 
ised in the manufacture of Large Surface Condensing Plants, 
Evaporating, Deaerating, Feed Heating Plant, and Power 
Station Auxiliaries, for a considerable number of years, and 
their Plant has been installed in most of the London Power 
Stations and in others both in this Country and Abroad. 


One of six Main Process 
Condensate Deaerators at 
Billingham. 


VICKERS-ARMSTRONGS LIMITED will be 
pleased to send detailed particulars of their 


Power Station Plant in response t sen 
A Vickers Horizontal Straight Tube type to Works or Head Office: és  enquirses t 
Evaporator of similar design to those . 


installed at Billingham. 
Works: 


BARROW-IN-FURNESS 






Head Office: 


WAAVICKERS HOUSE, BROADWAY, 
LONDON, S.W.1. 









ROYAL AIR FORCE DISPLAY — HENDON, JUNE 28th. 
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_ | UNIFORM 
oe) | EMPERATURE 
EA aE CONDITIONS 


are, above all, the aim of the furnace user. 
Until recently, furnace conditions were entirely 
controlled by hand, but reliable instruments 
are now available which do this automatically. 
These regulators will maintain the temperature 
that you require for your work, day and night. 


cee 


~~ LIST No. 150-G GIVES FULL DETAILS. EQNBON& Head Ontce._ HERO SEE NOR PLACE 
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THOS. FIRTH & SONS LTD., SHEFFIELD. 


8E< OUR DISPLAYED ADVERTISEMENT ON PAGES 40 & 41. 5600 








Originators of the 


“Faxman ECONOMIC BOILER 


for Steam or Hot Water Installations. 


Its advantages are fully dealt with in Publication G.951. 








May we send you a copy? 5901 
Davey, Paxman & Co., Ltd. (Assoc. Firm of A.G.E. Lid.) 
Established 1865. 
33-36, Aldwych House, London, W.C. 2. Works : Colchester. 














HADFIELD'S PORTRAIT GALLERY 
OF 
ENGINEERS axp METALLURGISTS 





HADFIELDS ~3si#ae- HIGH SPEED STEEL 


men Mino uo mLArWe 


| 
| will machine materials of EXCEPTIONAL 
| 
| 





HARDNESS AND TOUGHNESS 


Specially useful for turning Railway 
Wheel Tyres, both new 
and worn. 



















Manufacturers of 


STEEL CASTINGS AND FORGINGS 


of every description. 


THO “as ane "ALVA Ti ; 
“SEES | HADFIELDS CC fates Sscss | 


No. 62 Portrait. ARBA OF WORKS OVER 200 ACRES. BUILDINGS COVER 61 ACRES. No. 845 
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We have com- 
petent technical 
staffs available 
in London, Bir- 
mingham and 
Darlaston for 
the preparation 
of designs and 
estimates which 


With the march 
of progress, steel 
has come to play 











a prominent part 
in buildings of 
| large dimen- 





sions. We, as 
specialists in the 





design and 


RIVATIOUUYVUV AUDIO 


are always 


AT YOUR 
SERVICE. 


manufacture of 
steel buildings, 
can be of service 








to you. 





























RUBERY. OWEN 8 C. 
se —) SOUTH STAFFS. 


PIPE INSULATION 


to suit specific requirements 





























l 


HE utmost value from pipe insulation, In both in- 
sulating properties and longevity of use with 
efficiency, can only be obtained by the selection of a 
material suited to specific requirements, This seems 
obvious, but it is only too frequently overlooked. An in- 
sulating material that is admirable for a certain tem- 
perature, or for pipes In non-exposed positions, may be 
far from the most efficient and economical if required 
for a higher or lower temperature range, or on pipes in 
exposed positions, pipes subject to vibration, or to 
knocks from workers or moving equipment, 





5901 


td.) 





The wide range of Johns-Manville pipe insulating 
products provides a selection to suit such varied require- 
ments adequately, whilst the experience of their En- 
Anti-Sweat, Sectional. gineers is at the service of enquirers-—without any 


en, coarse and fine corruga- i obligation—to determine the type most appropriate for 


SOME J-M PIPE 
INSULATING PRODUCTS 


U 





given conditions. 








7 Asbestos-Sponge Felted. 
Built-Up Brine and Ammonia. 
Si Geen tein, Uiiien Write for a Johns-Manville Engineer to call, or for 
and Plastic. further particulars. 
Rock Cork Lagging. 
Rock Wool (Banroc), Sectional. 
Superex, Sectional and Blocks. JOHNS-MANVILLE COMPANY, LTD. 
(Formerly CELITE PRODUCTS CORPORATION) 


Zero, Sectional. 
Windsor House, Victoria Street, London, S.W.1. 


Johns=Manville Industrial Insulation 


For all temperatures from 400° F. below zero to the highest industrial ranges. 
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mb Zelgelm oLohia-exelahZ-10 
direct current 


fel ol -Mel-Val-ael role 


14000 kw, 540 Volts, 250 r.p.m. 





ALLGEMEINE ELEKTRICITATS-GESELLSCHAFT 


Representative s.: 
Great Britain | India | South Africa | Chino 


AEG Engineering Co. (S.A.) 
(Proprietary) Ltd. 





AEG India Electric Co. Ltd. AEG Chino Electric Co. 


Sprott Road 


pa ag by ars 84 Morshall Street 


Bombay | Johannesburg 


5481 


AEG Electric Company Ltd. 


13) Victoria Street 
Westminster 


london SW! 





33 Kiangse Road 








Shanghoi 











930. 
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‘Tallis’ 
Leather Belting 
98 | Stretchless & Straight Running 








Range and Thirds are generally used 
when making Oak - tanned Leather Belting. 


Tullis Only Use the Centre 


where fibres are tight and 
unaffected by the breathing 
of the animal 


* 
SOOOHOOSSHHSSSSHSSHSOOHHOSSOHOSSSSHOSSSOOSOHSOSOSHSSSEOSOSOSOSESSOSOSOSSSOSSHSHSEOSOHHSHSESOHHSSOESOSSEOTOOS 


John Tallis eSonJtd 
or a 0 ad 18 & on ~ rae IDGETON, 
GLASGOW.’’ ee ey. - 


St. Ann’s Works, Tullis St., GLASGOW, S.E. 
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ASSOCIATED BRITISH MACHINE TOOL MAKERS L- 





17, GROSVENOR GARDENS. 


LONDON, S.W.!. 








TEN OUTSTANDING POINTS ot the latest 


“ASQUITH”’ ena tiiel Driven S.C.1 Type Radial. 





7. 
8. 
9. 


10. 


ALL CONTROLS on the spindle slide, and arranged 


for ease and rapidity of operation. 


Driving motor mounted directly on the spindle slide 
—a neat and compact arrangement. 


Drive from motor to spindle through all spur gearing. 
No bevel gears. 


Start, stop and reverse to spindle, also elevating and 
lowering of arm, all effected by the operation of a 
single Patented Master Switch. 


No loose keys on the spindle slide. 
shafts all solid splined. 


Push Button on slide mechanically locks and unlocks 
slide and arm, also simultaneously controls the self- 
acting feed to spindle. 


Minimum number of handwheels and levers. 
Sockets, drills, etc., automatically ejected from spindle. 


Gears of nickel chrome steel case hardened and 
accurately ground for smooth running. 


No time wasted with oil can. 


Gears and 


Pump lubrication, 


WILLIAM ASQUITH, LIMITED, 


HALIFAX, ENGLAND. 








TELEPHONE: HALIFAX 61258-9. 


TeLeGrams: “ Dritt, HALIFAX.” 























MACHINES AVAILABLE FOR IMMEDIATE STOCK 
DELIVERY 


include the following :— 
“Light”? Type Radials ; 
Electrically Driven Girder Radials; Box Body Vertical 
Drilling. Machines ; Portable Universal Radials. Also 
Patent Universal Tilting Tables. 
Offered strictly subject to prior sale. . 
Write at once for full details and prices 


‘“‘Medium”’ and latest pattern 








‘BUTLER’ 


THE MACHINE 


is the BUTLER 26 in. stroke 
Traverse Head Shaper. These 
machines are built in four sizes : 

14 in., 20in., 26 in. and 32 in: 
stroke, and they embody 
numerous features of operation 
and control to maintain 
consistently an unequalled out- 
put of accurate work. 


THE CUT. 


The illustration shows, true to 
scale, a typical chip from 
the machine. This cut was 
fin. deep by 1; in. feed in mild 
steel, the metal being removed 
at the rate of 10°3 cubic inches, 
or 3 lbs. weight per minute. 


THE BUTLER MACHINE TOOL Co., Ltd., 
VICTORIA IRONWORKS, HALIFAX, ENGLAND. 


CHUELUCUUULDAEUOUEREPOEDEUGAADOSDOOEAUROEPAADASEULLGDOUDEDERELDURAUEROESAETOLUINUGOSUSUCLOELOUESUUGEREUSUOHLCUODGGUULICOUSOROOOUOEEOEOAUOCHOOOGOOOGUELOCOEUCOUOAEOROOUOCOOESUUEOOSOOGUNOEUOOUEUOEAEGOAGONOUONURORSEOUEOEOIUOOEIULUUEUONOUOQUEYEQOEEOLIOQDUESUGSNDEQQEUQUNEUOSGUOSGQUENN0Q0DORREROSDMOEUEGONQUONOUOUSNN00IN 









































— Sa ss all 


26in. stroke Double Headed 
Shaper with bed 10 ft. long. 


















Phone : 
Wires : “ 


3711. 
Butler.”” 














‘ranged 


e slide 


earing. 








ALIFAX.” 
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ECONOMIC BOI LERS 








A leteee of Economic Boilers installed for heating the Commodore Theatre, Hammer- 
smith. Each Boiler is a single flue, self-contained type 6 ft. by 12 ft. Supplied 
| through Messrs. J. Jeffreys and Co., Ltd., Barrons Place, Waterloo Road, S.E.\, 
Heating and Ventilating Engineers. 





OUTSTANDING ADVANTAGES 
OF ROBEY ECONOMIC BOILERS 
LARGE STEAMING CAPACITY IN MINIMUM 


SPACE .nccccccccsceee RAPID STEAM 
GENERATION...LARGE EFFECTIVE 


HEATING SURFACE..... .---- HIGH 

EVAPORATIVE DUTY..ECONOMY os 

OF FUEL. ........... Robey & Co., Ltd., are , a 
installing large numbers of Economic Boilers to ; 

meet the demand in many industries, and will gladly ine ee Ge nik. Facies cee 
arrange for prospective purchasers to inspect some at the London United Laundries, Fulham, and is the fifth Robey 


installation for the same management. 


of these under actual working conditions. 













OIL ENGINES, STEAM ENGINES, 
WINDING ENGINES, BOILERS, 
VALVES, HEATERS, AIR COM- 
PRESSORS, STEAM WAGONS & 
TRACTORS, ROAD MAKING 


Or LINCOLN 


ROBEY & CO., LTD., GLOBE WORKS, LINCOLN. 


LONDON OFFICES : 91, QUEEN VICTORIA STREET, E.C.4. 
Cables : Robey, Lincoln, England. Codes: A.B.C., A 1, Bentley's, Marconi. 


BRANCHES AND AGENCIES THROUGHOUT THE WORLD. 


MACHINERY, ROAD ROLLERS, 
QUARRY PLANT, LAUNDRY 
EQUIPMENT, COMPLETE SISAL 
FACTORY PLANT. 
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PUMPING MACHINERY 


_RECIPROCATING & CENTRIFUGAL | 











C7 O;7?P 


WATERWORKS, DRAINAGE & IRRIGATION. 















































TRIPLE EXPANSION ENGINES AND PUMPS. CAPACITY 4,000,000 GALLONS PER DAY 











DESIGNS AND ESTIMATES FOR PUMPING PLANT OF ANY 
CAPACITY and for ANY SERVICE will be gladly submitted, with 


Performance Guarantees for Steam or Fuel which will be realised in 


CONSTANT DAILY SERVICE. 





BLAST FURNACE AND STEEL WORKS PLANT, 
MILL AND WINDING ENGINES, UNIFLOW ENGINES, ETC., ETC. 


4 WY 
THE LILLESHALL CO.LTD 


WORKS ~ LONDON OFFICE 


OAKENGATES, Shropshire ¢ 25 Victoria St, S.W1. 
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A rust resisting malleable steel 
for cold-pressing, deep-stamping, 
etc. 


AXILVRY Stainless Steel is a rust-resisting material containing percentages of chrome, nickel and copper. It can be 

supplied in various conditions according to the purpose required—e.g., in the softened condition where great ductility 

is required, or in the high tensile condition where mechanical strength for various working parts is essential. In 
addition it is non-magnetic and resists corrosion to a very great extent. It can be supplied in bars, sheets, plates, sections, 
tubes, wire, forgings, drop forgings, and castings. It is chiefly intended for deep-stamping and cold pressing, as its great 
ductility and malleable character render it very suitable for these purposes. It can also be hot pressed where circumstances 
demand this. | Maxilvry steel can be annealed or softened after cold working, riveted cold where the size is not too great, 
and hot riveted above this point. It can be soft soldered, hard soldered and brazed. Edgar Allen & Co., Ltd., will be 
glad to give advice on the correct procedure to be adopted in the manipulation of Maxilvry Steel. 


Edgar Allen’s 


Maxilvry Steel 


the patent malleable stainless steel 





can be welded by most of the best known methods, though the smith’s hearth is not suitable for welding this material. It 
can be tinned by hot dipping and is machinable without great difficulty, on the assumption that proper equipment and 
suitable cuts, feeds and speeds are employed. The form of the tools used is also of importance. 


One great advantage of Maxilvury is its ability to take a very high polish, and this renders it suitable for a wide range of orna- 


mental and useful articles. 


The mechanical properties of Maxilvry Steel vary according to the form in which it is supplied and to its condition. In 
the standard softened condition it gives a maximum stress of 40 tons per square inch, 68°5°% elongation on 2 inch; 











15°6 tons per square inch yield point, reduction of area 71°6%, and Brinell hardness 149. / 
In the above characteristics this material approximates closely to the quality of stainless material known as Imperial Ps 
stainless iron, and it need scarcely be said that its rust-resisting properties are of a very high order. It not only resists to / 
an even greater degree than stainless steel the action of sea-water, but also offers resistance to the acids in the atmosphere / 
of even the most smoke-begrimed industrial city, and to a large number of other acids. These properties render it / 
specially suitable for parts of marine engines and pumps, for sheeting exposed to the atmosphere, for chemical plant, Fs To 
engine parts, pump valves, stills, pumps, acid-mixing tanks, etc. Edgar Allen & Co., Ltd., will be glad to advise on / Edgar 
the use of Maxilvry Steel for any part or purpose. / Allen & 
4 ~-@o. Led., 
-—t --— fe Imperial 
¢ : Ms : / Steel Works, 
Post the request form to obtain specific information. / Sheffield. 
/ 
a / 





Z Please advise me _ if 


. Edgar Allen & Co. Lt d. arte Steel is suitable 





ieee Me co aaa 
Imperial Steel Works | ee 
/ RNG iio dinestasinatsarenxiggubillpiens<csnenebion 
° 
Sheffield f Bleiniscconstetcese  lepe in 
Pa Position COIR is cc cctisnicccapigteentg -<sswneden 
Zz ROUGE 0.000 ditgncisigiarennepnatinanaie ti aaetgn cages 
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CONDENSING 
PLANT... «ct 


FOR SUPER POWER STATIONS 








The above illustrates a recent installation of 
Twin Shell Surface Condensing Plant having 
Twin Circulating Pumps, one driven by Electric 
Motor and one by a small Steam Turbine of 
our own manufacture. 


The contract also includes a complete Feed 
Heating System for the 20,000 K.W. Turbine - 
with which it operates. 


K, HARGREAVES 


& CO.LTD. $OHO IRON WORKS 


BOLTON. 
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BRITISH INSULATED CABLES L'® 
PRESCOT {@* ENGLAND 














_| PRESCOT WELDERS 


Resistance Welding Machines are 
now used for all kinds of jobbing 
work, and in every engineering 
repair shop there are a_ large 
number of odd jobs which can 
be welded economically on a 


PRESCODOr 
RESISTANCE WELDER 


and its cost is soon recovered. 


The illustration shows a No. 97 
Prescot Butt Welder, which will 
weld mild steel up to | sq. in. 
section. With current at Id. per 
unit, it costs ‘175 pence to weld 
the maximum section. 


Further particulars will be sent on 
application. 





) BRITISH INSULATED CABLES LTD 


CABLE MAKERS AND ELECTRICAL ENGINEERS 





PRESCOT, Lancs. 


TELEPHONE NO. :— PRESCOT 171 
London Office: SURREY HOUSE, EMBANKMENT, W.C. 2. Tele. Nos. :—TEMPLE BAR 4793, 4, 5 & 6 
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FOSTER “VALVES OF PRECISION” 


WHICH DO WORK UNATTEMPTED WITH ANY OTHER DESIGN. 
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figagaate. 





uA 





FOSTER CLASS *“U"* 
REDUCING VALVE. 








FOSTER CLASS “*G" REDUCING VALVE. on 
Air Water Pressures, 
ow patent.) fig. 1770.—CLASS “ W" STANDARD REDUCING VALVE. Steeae SS 
Most compact. ingle Seat. Works any way “Water Drawn—off or not.” 
up. Dead - tight. Self - contained. Closest Adapts itself instantly to all demands. ng Ag gy 
Regulation. For the highest pressures and 
superheat. 



















. 


THE “FOSTER 4-DUTY BOILER 
STOP VALVE ’— 
EMERGENCY AND ISOLATING. 


1.—AN AUTOMATIC BOILER ISOLATING VALVE. 
2.—AUTOMATIC CLOSURE IF PIPE BURSTS, 


3.—CLOSED IN AN INSTANT FROM DISTANT 
POINTS. 


4.—A HAND STOP VALVE. 














Fig. 1929.—FOSTER CLASS “Z’*’ HYDRAULIC 
REDUCING VALVE. 






For initial Hydraulic and Air Pressures of 3000 Ibs. FOSTER CLASS “Y’’ REDUCING VALVE. 
, For Reducing Initial Pressures of 3500-2000 ibs. 
FOSTER CLASS “ ¥*’ REDUCING VALVE to 250 ibs. 
For High Pressure Gases. 
MIANUEACSTURED BEY 5351 








Srn WW. EX. Bariey « Co. Ib. 
See) iS Z) 


AT THE ALBION WORKS, SALFORD, MANCHESTER. 











il 


Wl 
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20,000 K.W., 3,000 r.p.m., Parsons Single Cylinder Duplex Exhaust Steam 
Turbine and Alternator. 


One of two 6,000 K.W. Taxhunes each ey Td through speed reducing gearing to 
three 2,000 K.W. Parsons 


@ = 

; ZA 
PARSONS 

N 

S 


C. Generators in line. 





250 K.W. Parsons Uniplane Generating Set. Pasgene aabine Driven Centrifugal Air Compressor. 
ity 20, 


24,000 cubic feet of free air per minute. 


STEAM TURBINES AND ELECTRICAL INSTALLATIONS 
OF ALL SIZES AND OF EVERY  £DESCRIPTION. 


CONTRACTORS FOR COMPLETE 
POWER STATION EQUIPMENT. 


PARSONS 


& COMPANY LIP 


HEATON WORKS, NEWCASTLE-on-TYNE. 
London Office: 56, Victoria Street, Westminster, S.W.1. 


PULL TULL TULUM SL 


HNN. LULL LH el 


LP.S. No. 318. 
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WELDINGS Illustration of 12 Cylinder 350 B.HLP. 
| MARINE ENGINE CRANK CASE. 














We Specialise in the design and 
manufacture of 
welded mild _ steel parts for 
machinery. 


No Pattern Making. 
Less Machining Costs. 





Lower Handling Charges. 


Any Design. 
Any SERVICE, 
Any Weight. 





Make use of our experience. 


THE STEEL BARREL C° L™ 


Telegrams: Barrels, Uxbridge, MIDDLESEX. vrei iss. 


CROSSLEY OIL. ENGINES 


effect Cy \V/lace 
Tama’ ialaliale mevey—e— 


of £215 


Wherever a Crossley Heavy-Oil Engine has been 
installed the result has been a definitely calculable 
economy. 

CROSSLEY BROTHERS, LTD., 
OPENSHAW, MANCHESTER. 
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Herr COMPRESSORS 


AND DRY VACUUM PUMPS 


TE illustration shows one of three 

Cempressors, each with a capacity 
of 1600 cu. ft. of free gas per minute, 
supplied to large chemical works abroad. 
These machines are of the double-acting 
crosshead type, with forced lubrication, 
and low lift plate valves. 


This type of Compressor is made as a 


- Single-stage machine for pressures up to 


40 Ibs. per sq. inch and capacities up to 
10,060 cu. ft. per minute. The two-stage 
type, with intercooler, is made for cap- 
acities from 400 to 5,000 cu. ft. per 
minute, with pressures up to 120 Ibs. per 
sq. inch, or higher if required. 








6715 





REAVELL .... 





Telegrams: Noe. 
“ Reavel!l’’ & COe, LTD. 2124, 
Ipswich. 2125. 


IPSWICH SS — 
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Troublefree o 
far from home/ 





E asked a visitor from New "Zealand 
how he liked the Northwest and how 
he handled repairs. 
“Repairs,” said he, “why in the three years 
that we have had Northwests there has never 


yp? 


been a single repair! 
—and this is typical of Northwest machines! 
With reasonable care they give trouble-free 
service far from home. 
Ask our agent to tell you about the exclusive 
features of the Northwest. 

NORTHWEST ENGINEERING COMPANY 


The world’s largest exclusive builders of petrol, oil burning 
and electric powered excavators, cranes and draglines 
GRANVILLE HOUSE, ARUNDEL ST. 3, LONDON W. C. 2, ENGLAND 
United States: 1756 Steger Building, 28 E. Jackson Blvd., Chicago, Ill., U.S.A. 
Cable Address ‘‘NORTHWEST” All codes used 


GENERAL SALES AGENTS 

AUSTRALIA: Australian Machinery Co., Ltd. LATVIA: Ringolds Kalnings, Liela Pils iela 23, Riga 

37:-373 Adelaide St., Brisbane, Queensland NEW ZEALAND: Gough, Gough & Hamer, Ltd. 
CHINA: The Asiatic American Co. 236 Tuam: St., Christchurch 

Y 48 Stanley Street, Hongkong POLSKA: *“‘POLTHAP” Panska 83, Warszawa 

EGYPTE: Robert'H. Khayatt , PUERTO RICO: West India Machinery & Sposizc 

21 Rue Soliman Pasha, Caire Tetuan St. No. 7 , on 
JARAN: Asano Bussan Co. SCOTLAND: Reid & Rennie 

Tokyo Kaijo Bldg., Marunouchi, Tokyo 56 St. Vincent St., Glasgow 


Asano Bussan Co. SOUTH AFRICA: Thos. pol & fom. (S. A.) Ltd 
Yamaguchi Bank Bidg., Osaka 365 Smith 





operation 





The NORTHWEST 





Street, eeken E 6—27 Gray 










and DRAGLINES 


al Oil and Electric Powered 


NO ORT HWEST 
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The advantages of electrification can 

now be obtained reliably at a fraction 

of the cost by the Armstrong-Sulzer ; 
Diesel Electric System, on either main 

lime, branch line or suburban traffic. a hid 





Over 15,000 H.P. of Sulzer traction 


type Diesel engines are in service 

° ° ° 3 
or building—representing 18 years 
experience. 


es i te: Gn OA Be 
ee @ Ly hth 
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B 


ARMSTRONG WHITWORTH 


SIR Ww. G. ARMSTRONG WHITWORTH & co. (Engineers), Ltd. 
London Office: Park House, Great Smith Street, Westminster, S.W. 1. 





OU eek 





Works : Newcastle-upon-Tyne. 


ere a aaa — ibis hag: race ries stig ee eee " SERRATE oecenes ese: ena : 2 
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Excellent machina bility 
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High tensile 
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MALLEABLE CASTINGS COMPANY LTD., 


DERBY. 
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SOME 
RECENT ORDERS 


The Yorkshire Electric Power Co. 
Thornhill Power Station 


Sixth Repeat 


West Gloucestershire Power Co. Ltd. 
Lydney Power Station 


Third Repeat 


Torquay Corporation Electric Supply 
Newton Abbot Power Station 


Third Repeat 


Hastings Corporation Electric Supply 


Broomgrove Power Station 
Third Repeat 


Evidence of Satisfaction 
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POWER PLANT. 


FOR ALL CONDITIONS. 
| STEAM ENGINES AND STEAM TURBINES 


Operating Condensing or Exhausting to 


HEATING SYSTEM. 





CONDENSING PLANTS 
Surface and Jet Types. 





400 Kwt. High Efficiency Diesel Ou.l Engine. 


PARAFFIN ENGINES. 








AIR AND GAS a 
COMPRESSORS. 7500 Kwi., oe Pressure 





HIGH EFFICIENCY DIESEL OIL ENGINES. | 250 Kwt. Pass-out Steam Engine. 


BELLISS & MORCOM, LTD. 


Telegrams: “BELLIS, BIRMINGHAM.” BIRMINGHAM, ENGLAND. __ London office: 25, vicrorta st., s.w.1. 



































RA.Portable Conveyors | 
18" & 24" Belts-18'0'to 51-0" Centres 
A for Handling Coal,Sand, Gravel — 
& all Granular Materials. 
Electric or Petrol Drive. _ 


































-Ritchie-Atas Engineering Co, Atlas Works Tad GlasgnW5 
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ENGINES 





THE 
TANGYE 
LATEST TYPE 


LOW COMPRESSION 








ENGINE 


IS A CONSIDERABLE 
ADVANCE IN OIL ENGINE 
DESIGN. 


POWER MAINTENANCE 
CHARGES REDUCED TO A 
MINIMUM. 

















TANGYES L™ - BIRMINGHAM. 


























lita PORES. 








STOTHERT & PITT U7? 


ee ee 





BATH - ENGLAND | 








SPECIALISTS IN 
HARBOUR PLANT 











SPECIAL STEAM CRANES 
BLOCK NIPPERS : CRABS: SKIPS: Et 
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The Best—and British Throughout 


Heap’s 
Patent Screwing. Machines 
with Tangential Dies 


64 











are the last word in Screwing Machines. They are designed from beginn ng to 
end as high-class Machine Tools, and embody features not found in any other 
make of Screwing Machine. 

The Die Head is of our own Patented design. 

All parts which are liable to wear are of Hardened Steel. The end thrust of the 
Dies is taken on the four-throw Cam, and when the Die Head is closed it is as 
rigid as a solid Die. This enables us to guarantee the Head to screw perfectly 
parallel and uniform threads. 

Responsible representatives of firms interested are invited to visit our Works to 
inspect the Machines in construction and completed, and test them in actual use. 





5112 


J oshua Heap & Co., Ltd., Ashton-under-Lyne, England. 

















CONSTANT SPEED AT HIGH PRESSURE—VOLUME OF DELIVERY 
INSTANTLY CONTROLLABLE—WITH 


The HELE-SHAW BEACHAM VARIABLE STROKE PUMP 


Hele-Shaw Beacham Variable Stroke Pumps are being used for Machine 
Tool feeds and speeds for operating Cranes and Lifts, Coke Oven Doors, 
Water-tight Door systems on board ship; as Brake Pumps on Cranes 
and other purposes where reliability with positive action and large 
ranges of speed are required. 

Hydraulic Motors, similar to the Pumps, but with a fixed stroke, are also 
made in several sizes, and form a complete transmission unit when 
supplied in conjunction with the pumps. 

Standard sizes include pumps with deliveries from 0-27 gall. per minute 
to 580 galls. per minute at full power, and with working pressures from 
600 Ibs. per square inch in the larger sizes to 1200 lbs. per square inch 


in the case of the smallest pump. 


THE ROTARY PISTON OIL PUMP 


Designed to meet the demand for an efficient pump capable of 

delivering oil in large volumes, at reasonable pressures, and 
———sttst—<“‘C;SC ~~ #éUwith small leakage loss. 

— — Specially suitable for dealing with fuel oils and transformer 

we \ Hele-Shaw Beac..am Pump with Auto- oils in bulk, and with the various oils used in the manufacture 
matic stroke | control, driven by of soap and margarine. 

“Greenbat” Electric Motor. : : 
Let us send you full details ; write for Catalogue No. 4249. 


GREENWOODxBATLEY L- 


ALBION WORKS + LEEDS 
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4 . BROWN, LEN OX & Co. (London), 


LIMITED, 
POPLAR, LONDON, E.14. 
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Contractors to the Admiralty since 1808. 
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Rivetted Tanks of every description. 

Speciality :—Patent Pressed Steel Sectional Tanks in 
multiple units of 3 ft., 4 ft. and 4 ft. 10 in. with round 
or square corners. Bolted joints. 

Mooring, Beacon and Light Buoys, Submarine Telegraph 

Buoys. 


Coal Bunkers, Hoppers, Chutes, Steel Chimneys, 
Supporting Towers for Tanks, &c., &c. 


Telegrams: LENOX, MILLWALL, 
Telephone: East 700 (Two Lines). 












































COVENTRY 
CHAINS 


for Industrial Transmissions 


Chain Gearing offers 
high maintained efficiency. 





Elimination of slip. 
Smooth and even running. 
Low maintenance costs. 


Simplicity of installation. 


Chain Drives from STOCK 


We can supply Roller Chain 

Drives (1-75 H.P.) from Stock 

from any of our Depots. 
List No. 1110. 








5727 


Bori dt i 1 heel i ks. 
‘Tho whest abows: shove te taeubed for three Duplex THE COVENTRY CHAIN Co. Ltd. 
Chains, and will be cut with six sets of 111 teeth. COVENTRY ENGLAND. 
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The Firm with Smart Service. 


PACKINGS for every purpose. 
ENGINEERS’ SMALL TOOLS. 
VALVES, W.I. TUBING and 


FITTINGS. 
PULLEYS, SHAFTING, 


BELTING. 
IVY-GRIP BELT DRESSING. 


ALEXANDER KENYON 
& CO., LTD. 


Engineers’ Stores, Tools, 
Victoria Bridge, MANCHESTER. 




















STRONG BOLTS 





‘Newall Hitensile 


Heat- Treated Steel 

Bolts are ‘*‘ Twice as 

Strong’’asOrdinary 
Bright Bolts. 


A. P. NEWALL & CO. 


LIMITED, 
POSSIL PARK, GLASGOW, N. 


4912 




















FFRIGERATING 
REPRE RY 


Mi INSULATION OF 
COLD SPACES. 











THE 
'Liverpoo. Rerrigeration 


N (Assoclated with H.J. WEST & Co.Ltd.) Co.Ltd: 


—_— oO > 
- Oa > f= 











FE (COLONIAL HOUSE, LIVERPOOL: 








SIMON- CARVES 
MULTIPLE DRUM 


Simon-Carves Water-Wall Combustion Chamber 
under construction. 


SIMON -CARVES LTD. 


20, MOUNT STREET, MANCHESTER. 


-Simon-Carves 





CIRCULATION 


The circulation in the 
Boiler 
is less restricted than 
in any other type of 
boiler, thus giving 
improved heat trans- 
ference and longer life 
to the - boiler tubes 
even with poor feed 
water and extreme 
fluctuations of load. A 
perfectly balanced duty 
is obtained over the 
whole of the heating 
surface, eliminating all 
risk of priming. 


4871 




















cae Te 


WEIGHBRIDGES 


EXCLUSIVE FEATURES : 
Patent Oil Bath Knife Edge System for 


the elimination of all rust and corrosion 
to knife edges and bearings—the vital parts. 


=* Longer Service. 








Increased Efficiency. 
Guaranteed Interchangeable Components. 


Considerably Reduced Maintenance Charges. 


Wittig if ee ILLUSTRATED PARTICULARS ON REQUEST. 
MAKERS OF ANY TYPE OF WEIGHING APPARATUS. . 113 
ASHWORTH, SON & Co., Ltd., Midland Iron Works, DEWSBURY, England. 


Leadon Olfice: wu rT] 





11, QUEEN VICTORIA STREET, E.C.4. 
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Put an Oil Engine 
on that job ... 











WORTHINGTON 
Ss. 10) 


PUMPS 
Centrifugal, Steam 
and Power 


COMPRESSORS 
VACUUM PUMPS 
SEWAGE PUMPS 
PUMPING ENGINES 
OIL ENGINES 
for Marine and Land Service 
GAS ENGINES 
CONDENSERS 
COOLING TOWERS 
FEED WATER HEATERS 
EVAPORATORS 
vans 


Literature on request. 








An oil engine is an economical and 
convenient means of providing power in 
whatever form required, e.g., mechanical 
drives, pumping, electric generators, 
etc. .! a 


The Worthington two-cycle solid injection 
cross-head type vertical oil engine is a 
fully proved and high-class engine 
which will give you simplicity, reliability 
and economy. 


Standard units from 60 BHP. to 





MACHINE. VICES 


Ground Jaws 


PIDGEN BROS, 
Helmet Row, Old Street, London, EC.1. 


SOMETHING NEW 


Other SIHI 
Specialtties 

















Centrifagal 
Vacuum 

Pump 
(List 1) 


Centrifugal 
Air 





Com pressor 
(LIST K) 
A SELF-PRIMING CENTRIFUGAL PUMP, 


Embodies the SIMPLICITY of the Centrifugal with 
the CERTAINTY of Positive Displacement Types. 


NO FOOT-VALVE REQUIRED (LIST H) 


THE SIHI SELF-PRIMING PUMP CO. 


Standish Road, Fallowfield, MANCHESTER 


























MACHINE CUT GEARS 


SPUR. BEVEL. SPIRAL. 
WORM. RACK, : 


COMPLETE GEARS 
or 
CUTTING YOUR BLANES. 





RODGERS BROS. LTD., 
BAKER ST., BRIXTON RD., S.W.3. 








Tuuzpuonz:; RELIANCE 2851 (2 vines). 








TURNED AND PRESSED 
PARTS IN ALL METALS. 


540 BHP. 


WORTHINGTON-SIMPSON LTD. 


QUEEN’S HOUSE, KINGSWAY, LONDON, W.C.2. 
Tels. : Holborn 4271 (5 lines), Cables & Teleg.: Pumping ,Westcent, London, 


Worthington organisation and experience 
are entirely at your disposal to give 
you further information as to how a 


WORKS: - . NEWARK-ON-TRENT. Worthington Diesel Engine can serve 





CHa 1 f 


for 
ion 


Branch Offices or Representatives in the Principal Cities of the World. you best. 


W.S.64. 



































LOBNIT Z: renrrew’ SCOTLAND 
rer evens, (eel pnesanns 
ROCKCUTTERS. f° ri jm : 
CUTTER TRAILING ALL SIZES = }” to 1’ CABLES. 
SUCTION SUCTION 
DREDGERS. DREDGERS. HYDRAULIC JACKS. 
paint PATENT : 
DREDGERS. HOPPER M. i in 
BARGES “to kif me 
GOLD, TIN Sct ROCK. lift from 
& PLATINUM 
D RS. tons. 
—_— PATENT ROCK Prices and | 
MARINE DREDGERS. sme 
SLIPWAYS. onal. 
5892 
5735 
Codes : Let us quote for your requirements. 
Cable Address : A.B.C.5th & 6th Editions To DEPT. A. 
LOBNITZ, RENFREW. ‘TWIN SCREW HOPPER BUCKET DREDGER, “ Peluse,” built for the Suez Canal Co, BENTLEY'S & Co. 
SCOTLAND Dimensions : 296 ft. Oin. by 41 ft. in. by 20 ft. = oo Dredging Deg b con. WESTERN UNION. ROS COURTNEY LTD. 
Capacity of Buckets: 30 cubic feet. opper Capaci ROAD, N, Nd. 
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GENERAL ENGINEERING 


MACHINES MADE TO 
SPECIFICATION _ for 
all Trades. 


PRESS TOOLS. GAUGES. 


MACHINING FOR THE 
TRADE. 


EXPERIMENTAL WORK. 


€.H.C. ENGINEERING Co. Lt». 


RIVERSIDE WORKS, 
126, WALLIS ROAD, 
HACKNEY WICK, E.9. 6401 
Telephone: Tel ms: 


Kast 3141, Enginogram, Hackwick, London, 
Bentleys’ Second Phrase Code, 





See our Advertisement in last and 
next issue 


Machine Cut Cear Wheels 
THE REID GEAR CO. 


LINWOOD, acar PAISLEY. 


CLIFTON ¢ BAIRD, L*- 
Mictal Sawing Machine Specialists. 




















The “R&S” 
PATENT LUBRICATOR 
LUBRICATES 
REVOLVING & RECIPROCATING 
BEARINGS. 





HUNT'S PATENT No. 207903. 


CANNOT LEAK. 


Needs no attention beyond filling. 
Saves 50% to 75% of oil. 


Amount of oil admitted to bearings 
is definitely controlled. 


Equally efficient at any speed and 


with any oil. 
Write for Descriptive Leafiet and 


full particulars ..... 


ROTHERHAM & SONS «7. 


COVENTRY. 


BOOTH CRANES 
and TRUCKS 


are based on 


SOUND ENGINEERING DESIGN 





ne Zt 
7 
sal 


3 : (aS AN] K® 
ds / Ls se b sy , 
A Xi 














Erection of Booth Cantilever Crane on Gantry 100 ft. high at Messrs. Swan, Hunter & Wigham Richardson Limited 
GIVE SAFETY AND SATISFACTION IN SERVICE 


JOSEPH BOOTH & BROS., LIMITED 


UNION CRANE WORKS 
RODLEY, LEEDS 


ENGLAND. 5768 


ROLLING MILLS FOR ALL METALS 


Cold Strip and Sheet Rolling Mills, Four- 
high Mills, Cluster Mills, for all metals. 


High and Low Carbon Steel, Staybrite- 
Steel, Nickel, Nickel-Silver, Copper, Brass, 
Aluminium, etc. 























Complete installations for rolling Lead Foil, 
Tin Foil, Aluminium Foil. 


Forged and hardened Steel Rolls, and all 
Auxiliary Machinery for Rolling Mills. 








Sole agent for Great Britain :— 
J. L. BROOKLAND, 
Waterloo House, Waterloo Street, 
BIRMINGHAM. 


*Phone: Midland 4242. 5821 
’Grams: “ Brookland, Birmingham.” 











HEAD OFFICES: WORKS: 
SCHMITZ & CO., WALZMASCHINENFABRIK 

Fabrique de Laminoirs, AUGUST SCHMITZ, G.m.b.H. 

THOUNE, Switzerland. DUSSELDORF, Germany. 














Prone : Grams : 
4154. Rotherham, Coventry. 
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MILLS & 
FORGES. 


Makers of Iron and 
Steel Hoops and Bars, 
Steel Wire Rods, Cold 
Rolled Hoops and 
Cable Armour Tape. 


ral © 


ee | 





WE WILL BEAT 
YOUR FOUNDRY BY 
ELECTRIC WELDING ° 


E have undertaken complete jobs by the electric welding 


process for the sum our clients’ own foundries would have 


expended on patterns alone. 
We are equipped to undertake the 
welded STEEL TANKS, TRANSFORMER TANKS, CHEMICAL 
VESSELS, JACKETED PANS, STEEL TIPPING BODIES for motor 
vehicles, and every description of welded steel platework. 
Electric welding reduces the cumbersome and often doubtful casting 
by the use of rolled steel plates and sections, producing a light, 
accurate and much stronger job which will not crack or break due 
to accidents, and at a most economical figure. 

xpensive patterns and cores are eliminated. There are no wasters 
and no blow holes or other defects to show up in machining. We 
guarantee our electrically welded work to withstand any working 
conditions or tests which are applied to iron or steel castings. 
Let us show you how electric welding will help you to better results 
at lower cost. 
Skilled men available for outside contracts. 


manufacture of electrically 


Quick deliveries. 


‘PEARSON; KNOWLES 
COAL AND IRON CO ITD ° 


WARRINGTON, 


ENGLAND. 















BRIDGES 


BUILDINGS 


S 


Ww: i-w 
STEEL 


WIRE RODS 


COLLIERY 
PLANT. 


WHEELS 
AXLES 
Ww: 1-W 


(RONE- STEEL 


HOOPS 


STEEL 
CHIMNEYS 


BLAST 
FURNACES 





M.C.7. 














“The 
LANCASTER” 
STEAM TRAP 


39 Years’ Test 








Letter from customer. 


Please quote us per 
return for three new 
values for steam traps 
supplied June, 1890 ; also 
repair old one, and put 
same in thorough work- 
ing order. 








Our reply. 4785 


On examining the trap 

. supplied 39 years ago, 
we find it in good order, 

except that the valve and 

seat have worn slightly. 

Our charge for the repair 

will be 5/- and for the 

three new valves 8/- each. 


LANCASTER 
AND 
TONGE LTD. 


PENDLETON, MANCHESTER. 
Telephone ; Pendleton 794. Telegrams: “Pistons” M/C. 


























BROADWAY 
Telephone : VICTORIA 6845 (5 lines). 








Ug 


» | 


by) UMM 
Ys 


LONDON, S.W.1. 


Write for Booklet ‘‘ G/B.’’ Telegrams : 



















PNEUMATIC CONVEYANCE & EXTRACTION «: (1929) Ltd. 


WESTMINSTER 
““ PNEUCONEX,” “PHONE, LONDON. 








MECHANS' LIMITED, 
Engineers & Contractors, 
SCOTSTOUN IRONWORKS, GLASGOW. 
LONDON OFFICE: 

10, Princes Street, Westminster, S.W.1 


See Illustrated Advertisement sqpnng, 
June 13. 5317 








THOMAS SMITH & SONS (RODLEY), LTD., Nr.LEEDS. 


“COMBINATION” 
SCRAPER AND WIRE BRUSH. 

















Two Boiler Cleaning Tools in one. 


Send now for full particulars. 
GREEN & BOULDING Ltd., 














162a,. Dalston Lane, LONDON, E.8. 
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a 
85/, OF WEAR 


As much as 85% of wear 
REVE NTE on the moving parts of 
ETD <- air-using machinery can be 
a err | prevented by the exclusion 
; of dust at the intake. 


Protectomotor Air Filters 
are effective for this 
purpose, passing only one- 
| tenth of 1% of the dust to 
which they are exposed. 


| There are types for every 
industrial application,and, 
owing to the increased de- 
mand for Protectomotors, 
| prices have now been sub- 
| stantially reduced. 














TYPE D. 250. 
For use with gas and oil engines and air compressors 
requiring 250-300 C.F.M 
Hanging and upright types for larger installations. 


OUR 


AIR FILTERS 


Full descriptive literature from: 


C. G. VOKES, LTD., 


95-97, Lower Richmond Road, Putney, 
LONDON, S.W.15. 
Telegrams : 
“ Vokesacess, Put, London.” 














STANDARD TYPE. 


Specially designed for use with 
small air compressors, motor 


Telephone : z 
cars, etc. Saves bills...“ he 


Putney 5851-2. 


—<— 








BETTER HEATING 
oe eee LST. 


a ae: 











HE TRANE 
System of 
UNIT Heating 
costs a_ great 
deal less to in- 
stall and main- 
tain, and does 
its work more 
satisfactorily 
and economic- 
ally than ordin- 
ary radiators. 


One TRANE 
Unit does the 
work of from 5 
to 15 ordinary 
radiators. 


TRANE Unit 
Heaters circu- 
late heated air, 
which can be 
projected in the 
required direc- 
tion and is 
instantly con- 
trollable, 

‘Dain Trae 


TRANE (NIT ~ 
HEATERS 


can be installed to operate from existing heating plant, 
or old heating systems can be modernised without 
inconvenience or excessive costs. Heating costs are ap- 
preciably reduced, and uniform comfortable heating is 
assured. Full particulars and estimates on application. 


BRITISH TRANE Co. Ltd. 


Clerkenwell 6864 
- i 26, Rosebery Avenue, London, E.C.1. 


TKANL Untis are 
suspended near the 
ceiling,and heated air 
ts forced down to the 
floor level—just where 
st ts needed. 



























TUT OS 














Horizontal Drilling, Tapping, & Boring Machines. 
Spindles 2”, 24”, 3”, 34”, 4”, 5", 6” Dia. 


G. « A. HARVEY, Lro. 


ALBION WORKS 











Telegrams: GOVAN, 
“@ANDAH.” GLASGOW. 
res i RTA 





16 TS 
OMS aLTe? | 


are Belts, Nuts, 
Screws, Studs, etc., 
in mild, high- 
tensile, nickel, 
nickel-chrome or 
stainless steel to 
any standard, and 
over seventy years 
manufacturing ex- 
perience are behind 
our products. 

Send us your en- 
quiries and ensure 
satisfaction. We 
quote keen prices 
and give prompt 
delivery. 


























ALL KINDS, 
BLACK OR 
BRIGHT. 


Telephone: 
Leeds 20104-5., 


Telegrome: 
Menages, Leeds. 








| F 








ay +st Wis f 


e 


é 
e 


JUNE 27, 1930.] 


ENGINEERING. 


[SUPPLEMENT page XX VII] 71 




















right 
Steel 


HALESOWEN STEEL CO., LTD. 


HALESOWEN, NR. BIRMINGHAM. 














—— 





“MOSS SYSTEM” See our Leaflet No. 17. 
Machine Cut Double Helical Gearing of every description 
for efficient and silent drives, 


COMPLETE DOUBLE HELICAL GEAR UNITS. 


THE MOSS GEAR CO., LTD., | 
Crown Works - - _-  TYBURN, BIRMINGHAM. 


Telephone: Erdington 1561. 5283 
Scottish Agents: 
E. Simmons & Co., 
164, Howard Street, GLASGOW. 


Canadian Agents: 
A. W. Callard & Co., Ltd., 
890, St. Antoine Street, MONTREAL. 








CERETTI & TANFANI C* L**- 


53, Victoria Street, Westminster, London, S.W.1. 














C.T.V176 














AERIAL ROP EWAYS a 


MONOCABLE — BICABLE — TRICABLE — FOR THE 
TRANSPORT OF MATERIAL AND PASSENGERS, 
CABLEWAYS, CRANES, FUNICULAR RAILWAYS, 
TELPHERAGE PLANTS, TELPHERS—ELEVATORS. 


2500 MILES OF PLANTS BUILT UP TO DATE. 





Two Grand Prix—Barcelona 1929. 5627 














LZ aoe : 
A Patent No. 
Spies ME LIOS 
HIGH PRESSURE CENTRAL GREASER. 


Fitted as 
STANDARD to 


KRATOS 
WIRE 
DRAWING 
MACHINES. 


Suitable for all 
Classes of 
ROLLING 
MILLS, 
MINING, 
CEMENT and 
b PAPER- 
MAKING 
MACHINES. 


Automatic 
Positive Feed 
to each 
Bearing. 















Grease tank 


















Position of piston 
when sucking 


bre N 4 ig ea 
—= Gaz y a ZZ To parls 
Z 


requiring lubrication 


4886 
Driving lever 





Worm 


™ JOHNSON METAL Co., Ltd., 
ROYAL MAIL HOUSE, MIANCHESTER. 





Tel.: 
Central 1595-6. 
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"THE respective ial of every trade have been 
carefully studied, and an extensive range of meshes 
and gauges in all metals is always maintained in stock 
to meet urgent demands. Enquiries are welcomed 
for Woven Wire to user's own specification. Accuracy 
of weave and mesh and uniformity of gauge guaranteed. 
Samples and quotations on application. 


Re JOHNSON CLAPHAM 
Works : € MORRIS JACEM HOUSE, 
NEWTON HEATH, TRAFFORD PARK, 


MANCHESTER. MANCHESTER. 


LONDON: 
23, LEADENHALL STREET, _ 3. 
HH eS SH 
ebssiaeesssesesssssiss 


Sesesecncess s2ecees| 
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WALKER’S 


““COPANDAS” 


JOINTS 
FOR DIESEL TYPE 
ENGINES 


are better than 
the ordinary copper 
and asbestos joints. 


The filling is of a special Asbestos material, 
stronger and much more durable than Asbestos 
Millboard. ‘“COPANDAS”’ Joints have been 
thoroughly tested with outstanding results. Can 
be supplied to any design or thickness and with 
a sheathing of either copper, brass, aluminium, 
lead, etc. Give ““COPANDAS” Joints a trial 
and prove their superiority. 


We are _ Specialists 
in the design and 
manufacture of 
Packings and Jointings 


5298 


ENQUIRIES INVITED 


JAMES WALKER & CO., LTD., 
“LION” WORKS, WOKING, SURREY. 
Telephone: WOKING 1040. Telegrams: “‘ LIONCELLE™ 
LONDON OFFICE : 96 Leadenhall St., E.C.3, 
























Will; 





you make 
an experiment? 


Are you one of the many manufacturers who 
have discovered the very decided advantages 
gained by the use of COOLEDGE Water-soluble 
Cutting oil? If not, you are invited to make a 
carefully recorded test to prove for yourself the 
possibility of effecting tool economy and increase 
output by adopting COOLEDGE. 
find that this scientifically blended coolant gives 
longer tool life, higher cutting speeds, heavier 
cuts and a mirror-like fini 
slides and working parts of machines is avoided. 
COOLEDGE mixes readily with water. 
only necessary to pour the required amount into 
5655 water and stir. 





Gumming up of 


Send for Free Trial Sample. 


FLETCHER MILLER, LTD., 


Alma Mills, 





DUKINFIELD, MANCHESTER 











You will 


It is 














Telephone : 


Telegrams ; 
Vono, Tipton. 





Tipton 441 (4 lines). 


vol N NO | ecuerens 


VICES 


DEPENDABLE 





THE VONO CoY., 


FOUNDRY, 


DUDLEY PORT, 


DUPORT 


AND 


DURABLE. 


STAFFS. 





London Office: 
21-24, Cockspur Street, 
Pall Mall, 8.W.1. 


Telephone : 
Regent 6336. 


5830 
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Built Big 


A Half-yard Crane 


that’s 














PH 





MODEL 300-A, half-yard, is built heavy and strong. It 
has many features the same as the larger P & H 
models. As acrane or dragline, it weighs 41,000 lbs.—as a 
shovel, 47,200 Ibs. 

Years of hard service are built into the P & H Model 300-A. 
Unit-cast steel frames, with engine mounted directly upon 
the revolving base instead of on structural sills, make for 
rigidity and permanence of alignment. Large diameter 
alloy steel shafts and wide-faced cut steel gears give 
added strength. 

Fast line and swing speeds make the Model 300-A a big 
producer. It hoists at 155 feet per minute, and swings at 
54 r.p.m. Power clutch control insures easy operation. 
Steering brakes mean quick and accurate manceuvring. 
And the ready convertibility of the Model 300-A doubles 
its usefulness. It can be quickly changed to shovel, drag- 
line, clamshell, trench hoe, skimmer scoop, pile driver or 
crane. No change of drums is necessary to any of these 
adaptations. 

The 300-A is a comprehensive excavating and material- 
handling unit all by itself. It will pay handsome dividends 
on a comparatively small investment, 

Write our nearest agent for illustrated booklet No. 136, 
which describes Model 300-A in detail. 


Harnischfeger Corporation 


Established 1884. 
3835 National Ave., Milwaukee, Wis., U.S.A. 


DISTRIBUTORS : 


AUSTRALIA—Gibson Battle, Pty. Ltd., CEYLON—Walker, Sons & Company, P.O. 
84, William Street, Melbourne. Box 166, Colombo. 

Waugh & Josephson, Ltd., 102- 124, Melbourne ENGLAND—Cowan Hulbert, Ltd., New 
Street, South Brisbane, Queensland. Oxford House, Hart Street, London, W.C.1. 
Waugh & Josephson, Ltd., Unwins-Bridge NEW ZEALAND—Equipment Limited, 
Road, St. Peters, Sydney, New South Wales. Equipment Bidgs., 25, Panama St., Wellington. 
BRITISH HONDURAS—Belize Estates & TRINIDAD & TOBAGO— Massy Limited, 
Produce Co., Ltd., Belize. 35, Marine Square, Port-of-Spain, Trinidad. 


MODEL 300-A- 
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FIXING 


Without Reaming 
r Tapping. 


GROOVED PINS. 


The new machine tool element 
of innumerable uses. Mills’ 
Grooved Pins are now being used 
by many leading Manufacturers, 
engineers and machine tool 
makers, to replace set pins, dow- 
els, taper pins, etc. No tapping 
or reaming isneccessary. Simply 
drill a hole and hammer in a 
Grooved Pin. A vibration-proof 
fixing is assured. Why not 
investigate the possibilities of 
Mills’ Grooved Pins for your 
production ? May we send you 
suggestions for use which will 
undoubtedly reduce your 
working costs ? 


GROOVED STUDS. 


A time and _labour-saving 
method of fixing name plates, 
cover and instruction plates, 
etc. Drill a hole, drive home 
the Stud, and the fixing will 
remain firm and rigid. Mills’ 
Grooved Studs ensure an abso- 
lute minimum of tool wear and 
breakages. Pamphlet giving 
sizes and prices on request. 


5617 










GROOVED 
STUD. 


Type 
GSI. 
































With parallel grooves 
3: fulllength. Cham- 


psd _— for easy 





, With tapered 
ms grooves extending 
half length of pin. 


Centre grooved pin. 
Grooves extend 














half length. 





With turned , , 
7 notches in un- on om . , 
grooved portion. 






















Patent LLS | 
PINS €STUDS 


Exors. of JAMES MILLS, LTD., Bredbury, Nr. Stockport. 
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TECALEMIT ||| tow instaccation costs 
Lz “LU BRICATION FOR ALL 4 Z g For the same evaporation Send for 
von lish ZZ The F Dry Back Boile 
- =INDUSTRIAL MACHINERY — aaa Catalogue. 
J cea Yy, aaa te (a) is smaller than the Lan- 
? £2 ; Lj (Ly Z cashire Type, 
Y . , 4 (b) requires no economiser, 
(c) occupies less space, 
(d) costs less to install, and 
(e) possesses several construc- 
tional features ensuring less 
| working costs. 
>) on” 





TECALEMIT 

positive feed 
central lubrication 
pumps afford a clean 
and efficient means of 


he 


lubricating any type 
of machine or plant. 
Pumps are capable of 
feeding from 8 to 50 
bearings, dependent 
upon the size of the 
pump and the condi- 
tions of operation of 
the machine to _ be 
lubricated. Advice and 
particulars on this and 
all other methods of 
high pressure lubrica- 
tion is given by our 
technical staff. 


TECALEMIT 


LTD. 


Lubrication Experts, 
MITRE HOUSE - SCRUBBS LANE, 













fosTi 
AND SONSI 
SOHO FOUNDRY PRESTON 
SUCCESSORS TO 


*Phones and Telegrams: *Phones and Telegrams: 


fae PRESTON 19 and 96. BLACKBURN 4224. 
YAS & FUSTER, PRESTON. YATES, BLACKBURN. 
BLACKBURN London Office: 134, FLEET STREET, E.C.4. 














FORGED STEEL 
RINGS & BLANKS. 





sive Crane Chains, Slings, Ete. 


im NethertonIron. ™ 


N.HINGLEY & SONS LTD. 





WILLESDEN, N.W.10. 




















| Netherton lron Works,DUDLEY. 
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BEARING w ump 


THE VITAL NEED FOR 


PERFECT LUBRICATION 
YOU NATURALLY 


“ STAUFFERS 
LUBRICANT” 


Reg. Trade Mark. 


== 


The New “ Tell-Tale,” 
made almost entirely 
from steel or GM 
Pressings. 


This Celebrated hiiehine Grease 
when applied by means of our equally 


well-known London Made Stauffer 
LUBRICATORS 


makes an Ideal Combination. 


TRIER BROS., L!? 


36, VICTORIA STREET, 
bee sae 





















CopBs : 
A.B.C., 5th and 6th (5-letter) Eds., 
Bentley’s, Broomhall’s, Lieber’s, 
Western Union (5-letter). 


Telegrams : 
WERFCONRAD, HAARLEM. 


ENGINEERS anp SHIPBUILDERS, 


HAARLEM, HOLLAND. 


BUILDERS OF 


DREDGING PLANT 


OF ALL DESCRIPTIONS. 





5639 
100 Ton Self-Propelling Floating Crane. 


ALSO 


GOLD AND TIN DREDGERS 
FLOATING CRANES 
COAL BUNKERING VESSELS 


London Agents: MARINE WORKS, LTD., Moorgate Hall, 153, Moorgate, E.C.2. 
Telephone: Metropolitan 0425. Telegrams ; Dredgeraft, Ave, London. 





























GWYINNES: Ree || 


FOR ALL SERVICES 








GWYNNES PUMPS LTD 


HAMMERSMITH HAMMERSMITH WORKS 
LONDON & LINCOLN 
Telephone: RIVERSIDE 1910. Telephone: LINCOLN 18. 


Telegrams: Gwynne, London. Telegrams: Gwynnes, Lincoln. 











Ai meat N 


: Psd 





“TRUCK-IT” 


the new word in Industry 


How do you carry your materials and goods ? 
Are these handling costs as low as they should be ? 


Twenty Railways and more than a hundred Major 
Industries have installed the Lister Auto-Truck 
to speed-up transit and reduce handling charges. 


Models are available for all trade requirements 
from £95. 


Demonstrations on your job by appointment. 


R.A.LISTER & CO.LTD. giergenairs GLOS. 
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1/ \y ‘ ih 


i“ 


yaeeny, Y 


ae 
TM my 


Wty 


I 


ty 
a 
} | 


eet lnee ) 





M, 
LZ, 
Fj 


fi 
al 
1, 


4 
LL Py 
4, 


Y 
/ 


r 
i 


uipment «Carbon Co.Ltd., 


107, 109 & 111, New Oxford Street, 








The leading Specialists 
in Tubular Constructions 





This separately-tired high tempera- 
ture Superheater element was 
designed and manufactured at our 
Millwall Works. 

When you require Steel Tubular 
constructions, whether simple or 
complex, ask us to quote. State 
your requirements and designs and 
estimates will be submitted without 
charge. 


LE BAS TUBE CO., LTD., 


Dock House, Billiter Street, London, E.C.3, 


Works: CroLops IRON WORKS, MILLWALL, E.14. 
GLASGOW: 9, Howard Street. MANCHESTER: 16, Deansgate. 
BELFAST: 45, Rosemary Street. 


3474 
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Two 1-Ton “‘ Reform" Automatic Grain 
Weighers built by us jor the Port of London 
Authority, under test at our Works. 


“REFORM” AUTOMATIC WEIGHERS 


weigh, deliver and record all classes of materials with 
consistent accuracy. Machines are strongly constructed 
and can be relied upon to give continuous and accurate 
service under exacting conditions. 

All operations are simple mechanical movements, entirely 
dispensing with springs and complicated mechanism. 


Automatic feed control, residue weighing mechanism, 
ticket printing and check counters fitted if desired. 


APPROVED BY THE BOARD OF TRADE. 








HENRY SIMON, LTD., MANCHESTER. 
Please address enquiries: 
Automatic Weighing Dept., Cheadle Heath, Stockport. 


5629 
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18In. and 10in. MERCHANT MILLS. 


“DAVY” MODERN ROLLING MILLS 


i i Is, etc. 
for cogging, plates, sections, rails, bars, sheets, tyres, wheels, 
FORGING PRESSES ; STEELWORKS MACHINERY ; STEAM BOILERS. 
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i DONKI KIN 7 

BLOWERS, GAS COMPRESSORS 
EXHAUSTERS wstiitve: | 
Jae Lndusteial Ieerposes 


For Gas Works, for Chemical, White Lead, Soap 
and Oil Works, for Pumping Gas, Forcing Air 
through Liquor, &c., for Agitating or Mixing, &c. 


Can be arranged for denies by Belt, Steam Engine, Gas 
Engine, or Electric Motor. 
ADVANTAGES AND FEATURES; 
Absence of all Valves. 
Simplicity of construction 
and small number of 
working parts. 
Working parts 
enclosed. 
Good efficiency. 
Working. 


entirely 


E 


Silent 


| 


-| 
PT LL! 


mmray) 
° 
~ 





THE BRYAN DONKIN CO., LTD., 
zs, CHESTERFIELD.. £2g6nd 
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SELLERS 


Locomotive Boiler Washer, 
Filler and Fire Extinguisher 


A simple, effective apparatus 
for Round House installation, 
designed to wash and fill loco- 
motive boilers with hot water, 
or for preliminary fire service. 
Alwaysready forimmediate use. *” 


William Sellers & Co., Incorporated 


Injector Dept. Philadelphia, U.S. A. 



























— 
BELTI 


She Great PowerSaver- 
WENTY-SIX years ago the 18-inch wide Camel Hair 
Belt shown below was put into operation, and has been 

driving every working day since. 
It drives from a 5 ft. 6 in. diameter pulley to a 9-ft. 
pulley, the belt speed is 2763 f.p.m., and it is transmitting 
105 h.p. These facts demonstrate the durability of Camel 
Hair Belting. BUT if you add to the above that Camel 
Hair Belting has a co-efficient of friction of “386 to °592, 
and the loss of speed through creep or slip is only 
1125 per cent., and the average breaking load per 
square inch of section is 6320 lbs.—you can then 


formulate an idea of the full value of Camel Hair 
Belting as a power transmitter. 





























These facts should interest and appeal to every 
engineer, because they enable him to base his 
calculations with the certainty of realization. 


Full particulars and Belt Data concerning 
Camel Hair Belting to be had on application. 


a} vantors & 
Sole Makers 


a OY — a OR ee Oh te ae 
&BUSH HOUSE, LONDON. W.C.2. 





F REDDAWAY: Co Lp, 
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nigh grace —- | IRONFOUNDERS & POWER TRANSMISSION SPECIALISTS 


Machine Moulded 


IRON CASTINGS 
of Every Description for GENERAL ENGINEERS. 


Machine Moulded Repetition Work a Speciality. 
Enquiries Solicited. 


SMITH & GRACE, LTD. 


Engineers and /ronfounders, 
BEARINGS. 


THRAPSTON, NorTHANTS. 
Hangers, Wall Brackets, Standards, Wall 


LONDON: 35, Queen Victoria St., E.C.4. | “Thrapston” 4-Way ApsusTaBLE Boxes. Turned Steel Shafting, Collars. 
HANGERS. SMITH’S GRIP COUPLINGS. 
ESTABLISHED 1!850. And all Accessories for POWER TRANSMISSION. 


PECKETT’S gm 
LOCOMOTIVES — 


or aL SIZES AND GAUGES 


PARTICULARS ON APPLICATION. 


PECKETT « SONS Lr. “ 


Telegraphic Address: “PECKETT, BRISTOL.” 


BRISTOI London Representatives: FERGUSON & PALMER, 9, Victoria St., Westminster, 8.W.1. 














BUSH OPEN 





PULLEYS OF EVERY DESCRIPTION. 
SMITH’S Swivel Adjustable SELF-OILING 












































"HARDENS IN [4 BRAND. ‘LAIR OR WATER 


Siow ell & (Oh bes STEEL Oe Sheffield. 








SRT | 


ANDREW BARCLAY, SONS & CO., LTD., 


CALEDONIA WORKS, 


KILMARNOCK. 


All types of 
LOCOMOTIVES. 


IMMEDIATE DELIVERY OF 


STANDARD ENGINES. 


TELEGRAMS :—‘‘ BARCLAYSON, KILMARNOCK.” 


London Agents: Joun Caw.ey & Co., 53, Victoria Street, S.W.1. 
Telephone : Victoria 1852, 532 
53 
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ROLLING MILLS 


PLANT OF EVERY DESCRIPTION FOR THE 
STEEL and NON-FERROUS TRADES. 
CHILLED and GRAIN ROLLS. 








BRIGHTSIDE—BRITISH—BEST. 





THE 


BRIGHTSIDE FOUNDRY & ENGINEERING 
CO., LTD. 


SHEFFIELD. 






































HUTT UU UU 





Modern Progress 


"THE universal adoption of Modern Oil Power is only a question of time, as the amazing 
economy effected by it is altogether too great to be ignored. 


We suggest that you examine right away the claims put forward by the makers of the Gardner 
Heavy Oil Engine and so make a prompt start towards participating in its benefits. 


The Gardner HF Heavy Oil Engine is a power unit which is in line with the most advanced 
engineering practice of the present day. 


In operation it represents the greatest degree of economy and reliability. 











It is appreciated by thousands of power users in all parts of the world as the means whereby they 
have been able to reduce their power bill to a comparatively absurd figure, which, in many cases, 
has made all the difference between a profit and a loss. 

nace _ 


HEAVY OIL ENGINES L. GARDNER & SONS, LTD., PATRICROFT, Manchester. si 


MADE IN MANY SIZES—7 to 224 B.H.P. London Office - - 115: Queen Victoria Street, E.C.4. 
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momma“ —viawr DRILLING SPECIALISTS. 


¢, 


N S 
Cc ¥ 
NEERING woe 


HANDLING 
LUBA A aol 
EQUIPMENT 




















Flange Drilling and Countersinking Machine. 





We manufacture a full range of Drilling 
Machines, including all types for the manufacture 
of Railway Locomotive and Carriage work. 





SEND FOR CATALOGUE, 


Telephone : 1673 Halifax. Codes: Marconi International, 
Telegrams: KAW Halifax. Bentley’s A.B.C. 6th Edn. 


KITCHEN & WADE 


HALIFAX, ENGLAND. 4509 


TUBITOGNE ..-s0esax cx 


STEEL PIPELINES AND ACCESSORIES. 


600 HYDRO ELECTRIC PLANTS SUPPLIED 
OVER 3,000,000 H.P. 
Riveted Pipes for low pressure. Steel Welded Pipes for medium 

















The plant illustrated is one for handling a particularly hard 
and abrasive iron ore on the Spanish Morocco coast. The 
duty is arduous and continuous, so that a high efficiency 
and exceptional robustness are demanded of the handling 
equipment. 

















A typical Fraser & Chalmers-Robins installation. Sonico Plant of the Soc. Gen. Elettrica Adamello—Milano—I pipeline an 
RASER «. CHALMERS ENGINEERING WORKS OF Se gi od ad eee 
FR ER CHA Ge Accessories, Valves of every description, Special Safety 
Apparatus, Automatic Closing and Regulating Apparatus, 
‘ ERITH. ~ KENT ian Sluice Gates, etc. 


* LONDON OFFICE: MAGNET HOUSE, KINGSWAY, W.C2 Steel Welded Pipes for Water Supply Lines, with Spigot 
Associated with ROBINS CONVEYING BELT CO. of U/S.A. and Socket Joint, Boring-well Tubes. 
































onal, 
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ROAD 


BRITISH TIMKEN, LTD — 


TELEPHONE: EAST 1321. 


MAKING 


The jars and jolts which so often 
have to be met in this service 
are easily supported by the 
inclusion of TIMKEN TAPERED 
ROLLER BEARINGS in the design, 
for they are fully capable of taking 
both radial and thrust loads in 


conjunction and in addition in 


Enquiries are Invited 
for Information and 
Particulars. 


CHESTON ROAD — 


CONCRETE MIXERS, ROLLERS, 
SCRAPERS, ROCK CRUSHERS, 
GRADERS, SHOVELS, DREDGES, 
EXCAVATORS and PAVERS, etc. 
The enclosures exclude all dirt 
and other abrasive substances 
and retain lubricant for a long 


period. 


wD ROEI 


Beary 


iy 
Pia 


MACHINERY 


od 4 





we 
ny iron 
P72 sSk 1o 


TRADE MARK meee] 


4 





ASTON — 


‘Veen hee | 


BIRMINGHAM 


TeLteGrams: BRITIMKEN, PHONE, BIRMINGHAM. : 

















LONDON OFFICE—Anpzy Hovss, 2, VICTORIA STREET, WESTMINSTER, S.W.1. 
AUSTRALIA—192, Clarence Street (P.O. Box 2680 EE), SYDNEY. 


A NEW PULVERISER 


Type JN” 


(Smith-Hayes Patent) 


A machine which works on a 


different principle. 


The material is broken down or 
triturated by the action of the 
gulleted discs instead of being 


ground or crushed. 


The resultant product is remarkable 
for its regularity and evenness. 


The machine has a high capacity 
and a comparatively low speed. 


The power consumption is small. 
Almost any material can be dealt 


with. 


THOS. ROBINSON & SON, Lid., Engineers, ROCHDALE 


INDIA—24, Park Street, CALCUTTA. 
SOUTH AFRICA—®, Liberal Life Buildings, Burg Street, Caps Town. 
Reunert & Lenz, Ltd., Netherlands Bank Buildings, JOHANNESBURG: 


5893 
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HYD 


RAULIC 
LEATHERS. 


RAMS, PUMPS, BUCKETS, 


FROM 


FINEST PROCURABLE ENGLISH HIDES. 


Send for lilustrated list. 


ROSE, DOWNS & THOMPSON, LTD., 
HULL. 


ESTABLISHED 1777. 




















WHITECROSS| 


SPECIAL COATED ELECTRODES 
FOR ARC WELDING 
Types a Qualities 
r all purposes 
THE WHITEGROSS WARRINGTON 
LIMITED 


ENGLAND 











BLEICHERT\§ 


TRANSPORT PLANT 
See our IJMustrated Advertisement in issue o 
June 13, page 60. 
TRANSPORTING MACHINERY & EN- 
GINEERINGCo. Ltd. 76, Victoria Street, 
WESTMINSTER-LONDON,S.W1. 








LJUNGSTROM 
@) PREHEATERS \) 











‘| = 





-~ 





| 


SA EVAN 


NE WEL 


SEA 8. S78 Wt © Oo OY Srey At Ort e) ay Cet OES eee Woes. @. ee 


DING 








LIMITED. 


KIRKCALDY, N.B. 


See our large Advertisement, monthly. 5496 








THE 


ANDERSTON FOUNDRY 
Oo. Ltp. 
100, CHEAPSIDE ST., GLASGOW. 


And at MIDDLESBRO’. 


Makers of— 


STATIONARY STEAM ENGINES, 
DRY VACUUM PUMPS, 

AIR COMPRESSORS, 

WIRE WEAVING MACHINERY, 
TEXTILE MACHINERY. 








and GENERAL ENGINEERS. 


Telegraphic Address ‘AFCO GLASGow.” 









WILSON BOILERMAKERS. LT 
LILYBANK works, GL : 





ms aut cturers 
nufacture 

of COMPLETE 
EQUIPMENTS. 
on up-to-date lines. 


Ask us to send you 
Full information 








LowerHurst St. Birmingham. 





AF. CONDENSER 
TUBES 


are installed in the three Atlantic 


Record Breakers 


AE Cooler Pipes are fitted in the winner of the “‘ Schneider Trophy.” 


LE. Super -Nickel Tubes are the best 
for difficult conditions. 


Sole Makers: 


ALLEN EVERITT & SONS, 


(**Imperial Chemical Industries Limited,’’ and ‘:1.C.I. Metals Limited.’’) 


SMETHWICK, BIRMINGHAM, 


whose services are at your disposal. 








LTD. 


6381 








Specialities. 


STEEL&IRONFORGINGS ~~ ii 


CRANKSHAFTS 
FINISHED 
; ~ Sm a 4 
. +’ yas be * % ) ® 
” ; " pe . 8) ; *e ; Ne TUNNEL 
oars J E 4 ~~ N SHAFTING 


COMPLETE. 
\ ‘ ROUGH TURNED 
¥ C AND FINISHED 
COMPLETE WITH 


BOLTS & NUTS. 


eS >... 


QUICK DELIVERY 
OF PROPELLER 
SHAFTS FINISHED 
COMPLETE WITH 
GUN METAL 
LINERS. 


MARINE AND 
LAND ENGINE 
FORGINGS. 


-IFE FORGE COMPANY UT calpy SCOTLAND 












i 


jlities. 
4D SOLID 
SHAFTS 


SHED 
‘LETE. 


INEL 
TING 
TURNED 
INISHED 
TE WITH 
& NUTS. 


DELIVERY 
)PELLER 
FINISHED 
TE WITH 
METAL 
ERS. 


NE AND 
ENGINE 
SINGS. 


» 2 No. 2716+ 


rams : 


Wirkcalay” 


4999 
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LATEST 
EDITION 
OF 


‘SPEED UP. 





If not, we shall be pleased to send you a copy 
of this booklet in which our chief products— 
Compressors, Hoists and Haulages, Rock 
Drills, Drill Sharpeners, Pneumatic Tools, 
etc.—are illustrated and briefly described. 


BROS. LTD. 





CAMBORNE - ENGLAND. 
London Office ~- Broad Streot House, E.C.2. 


O meres 





HUMPHREYS 


PATENT 


MAGNETIC 
CHUCKS 





We make different 
types to suit 
different require- 
ments, 


DEMAGNETIZERS 


Weshall be pleased 
to send you our 
complete cata- 
logue on request. 
WRITE NOW, our 
30 years’ experi- 
ence is at your 





service. 
J. H. HUMPHREYS & SONS, 
OLDHAM. 


Telegrams : “HUMPHREYS, OLDHAM * 














JOHN GRIEVE & CO., 


MOTHERWELL, 
CRANE MAKERS. 


See last and next week’s advertisement. 4014 











MICHELL BEARINGS, LD., 


BNGINEERS and MANUFACTURERS of 
Michell Thrust & Journal Bearings. 


Registered Office and Works: ‘ 5604 











South Benwell, Newcastle-on-Tyne. 











COLLIERY ENGINEERING 


WE ARE MAKERS OF ALL KINDS OF 
COLLIERY PLANT, AND 
SPECIALITIES HAULING GEARS, WINDING 
ENGINES AND BRICK PLANTS FOR 
USING PIT SHALE. 
EVERY DESCRIPTION CARRIED OUT IN 
OURZMODERN ENGINEERING SHOPS BY 
HIGHLY SKILLED MECHANICS. 


BRADLEY & CRAVEN, Ltd. 


WAKEFIELD. 


INCLUDE IN OUR 


REPAIR WORK OF 





6325 
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AILAS 


EXTRA 





HIGH SPEED STEEL 








T is well known that no one 

High Speed Steel is equally 
suitable for all purposes, and 
consequently, that the utility 
of any tool steel varies with 
the class and state of material 
being machined — in other 
words, the work it is asked 
to do. 


By unceasing research in 
their own up-to-date labora- 
tories, Messrs. John Brown & 
Co., Ltd., have evolved — 


amongst others—two particu- 


larly noteworthy steels — 
‘Atlas (Extra)’’ will give an 
extraordinary good perfor- 
mance on tough materials such 
as hard alloy steels when 
handled in powerful speedy 
lathes. For the very highest 
duty, such as the re-turning of 
skidded railway tyres and the 
high tensile steel, ‘ Atlas 
Super-Extra” High Speed 
Steel is recommended. 

5634 


JOHN BROWN & C®. Lt. 


ATLAS WORKS 


- 


SHEFFIELD. 


ad - 

















DRUMMOND 
LATHES 


FOR 


ALL-ROUND 
UTILITY 


Write for Catalogues. 


DRUMMOND’ BROS. LTD. 
Engle Works, Guildford. 
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SUGDEN’S PATENT STANDARD 
AND SECTIONAL SUPERHEATERS 


For all Types of Bollers. 





WROUGHT STEEL THROUGHOUT, 
THOUSANDS IN USE. 





Main advantages: 
SIMPLICITY OF DESIGN 
Hi and 
' READY ACCESSIBILITY to all parts. 






Write for Illustrated Circular, 


| T. SUGDEN, Ltd. 
P 180, FLEET STREET, 
LONDON, E.C. 


Telegrams: TUBULARITY, FLEET, LONDON, 
Telephone: Holborn 4231. . 
72 


Representatives in all principal towns. 


STANDARD SUPERHEATER 
as supplied to Lancashire Boiler. 








ELECTRIC 


steam CRANES 


LEVEL LUFFIN@ HARBOUR CRANES. 
LOCOMOTIVE CRANES. MOBILE BATTERY CRANES. 


EXCAVATORS 





JOHN H. WILSON & Co. (1) Ltd. 
BIRKENHEAD. 


LONDON OFFICE 15 VICTORIA ST. S.W.1. 














MANY 
PUMPING 
PROBLEMS 


have been 
solved by 
the use of 








= 





A number of types for all 
kinds of work are available 
— for pumping spirit, 
water, vacuum, and air. 


If you have a pumping problem 
to solve, perhaps our illustrate 


booklet P.P. 6 can assist you. 





—— 5585 


The tank shown in the Steam 
Wagon has a Westinghouse Air 
Compressor permanently mo: inte 
ed to it. Steam for operating 
the Compressor is taken from 
the wagon boiler. 





By courtesy of Messrs. F. W. Berk & Co., Lid., Stratford. 


The Westinghouse Brake & Saxby Signal Co., Ltd., CGnDoN. 


ad, 
82, York Ros “ 
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MERRYWEATHERS’ Patent 
Water-Tube “Safety ” BOILERS. 


& HP. ro 250 H 





For COAL, WOOD, or OIL FUEL. 


The Ideal Boiler for 
EMERGENCIES 
and for all cases where 
Lightness, Portability, 
and Small Bulk are 
essential. 








A large user of Merryweather Boilers 
in the East says they are easily 
worked and kept in order by Native 
labour. The Boilers were used under 
te very severe conditions, on bad water, 
and for long periods, 








nent 
MERRYWEATHER. LONDON. Ss 


This Illustration speaks for the Lightness and 
Portability of Merryweather Boilers. 


MERRYWEATHER & SONS, Ltd., Sing” 2) See 


With which is now incorporated SHAND, MASON &C 5536 








Estimates Si | SUBMITTED. 











= KINGHORN’S 


PATENT 


METALLIC VALVES 


FOR PUMPS OF 
BVERY DESCRIPTION 


THE 

METALLIC VALVE CO., LTD. 
661, ROYAL LIVER BUILDING, 

LIVERPOOL. 








UUUEEDODDEUOUOEADOUEOESUAOHAOOOOOINEEE 





Totally Enclosed CO, REFRIGERATING 
MACHINERY. 


SILENCE and 
CLEANLINESS, 
and of course 
AUTOMATIC 
REGULATION. 


4418 






























AUTOMATIC WEIGHERS 


Our Specialities for 40 Years. 


2, o o 
yy . ~~ 


RICHARD SIMON & SONS 


LIMITED, 
Phoenix Works, 


NOTTINGHAM. 


4897 





Also Manufacturers of ;— 


DRYING MACHINERY. 









































ELECTRICAL GEAR 


PENSTOCKS & 
SLUICE VALVES 


HE operating Gear is a self- 

contained unit of the enclosed 

type and can be supplied to 

suit either rising or non-rising 
type main spindle. It consists of 
a suitable motor, driving, 
through variable-torque centri- 
fugal coupling and spur train, a 
worm gear, which rotates either 
a non-rising screwed spindle or 
anut. A screwed extension of 
either actuates a visible roller 
tappet which operates the travel 
Limit Switches mounted on the 
graduated indicator tube. These 
are adjustableand self re-setting, 
All gearing is machine cut and 
adequate means of lubrication 
are provided, as well as pro- 
vision for hand operation when 
necessary. 


The Control Gear is of the 
automatic Contactor type, suit- 
able for either local or remote 
control at any number of points 
by separate three-way push-but- 
ton switches. Itcan be arranged 
for either floor or wall mounting. 


Non-Automatic Gear for local 
control can be supplied as an 
alternative. 


HAM BAKER 


& Oo., Ltd. 
LANGLEY GREEN, Nr. 
BIRMINGHAM. 


Lenden Office: 70, Victoria Street, Westminster. 


























5630 








HENRY J. COLES, LTD. 
DERBY. 


STEAM CRANES 


on Rail Wheels, 
Road Wheels or 
Caterpillars, 
also 

Diesel, Semi-Diesel, 
Petrol and Heavy Oils, 
Electric, Diesel-Electric, 
Petrol - 





Electric. 





MOBILE CRANES 





5640 




























Latest ‘ Allsteel”” Crane 
as recently supplied to 
several Railway Companies. 
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ESTABLISHED 1875 LERs 


CRADLEY BOILER CO., LTD., 
Cradley Heath, Staffs. 


Manufacturers of High Class Vertical and 

Horizontal Boilers, Feed Water Heaters, 

Calorifiers, Autoclaves, Superheaters, 
Rivetted and Welded Tanks. 


LARGE STOCK OF VERTICAL BOILERS. 


as) 5 "Phone ¢ Cradley Heath 403. "Grams : “ Boller” Cradley Heath. 




















THE BRITISH SPECIALISTS. (ONADMIRALTY WAR DEPT. AND COLONIAL LISTS) 


HYDRAULIC LEATHERS © 


LEATHERS COMPANY LIMITED ALTRINCHAM. 








Heenan Electrodynamometers 


Quickly repay first cost by savings in electric power 
and labour. 


oly select the shortest safe period of 
time for running - in. 


|| Measure power with scientific accuracy. 


| Raise production of all engines to a uniform standard 
of excellence. 


Please ask for free copy of descriptive leaflet 97. re 
Heenan & Froude Ltd. - Worcester England. 
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CRAVEN BROS. 


(MANCHESTER) LTD. 
| REDDISH, 8TOCKPORT. 5710 
MACHINE TOOLS & CRANES 
: See our Advertisement, page 23, June 20. 
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SHEET METAL 
WORKING MACHINERY 
R. S. THACKER & Co., Ltd., 


107, NEWINGTON CAUSEWAY, 
Telephone - Hop 5419. LONDON, S.&.1. 





ysed 
jatl¥. eel Cc. 
eguit” “gtee x 
S otk» gration: orders 
owe ‘ sample 





-MELDRUMS 
~ Of TIMPERLEY 

for ACID RESIST- 

—, ING METAL for 

Beg Art Silk, Chemical 
and Dye Works 











RaRRY.HENRY s C OK 


Conveyors. 


See page 74, June 20. 


West North Street, ABERDEEN. 


HAMWORTHY 


OIL ENGINES 
PUMPS and AIR COMPRESSORS 
THE HAMWORTHY ENGINEFRING CO,, Ltd, 
Works :—PooLz, Dorset. 


76, Victoria Street, LONDON. 
118, Queen Street, GLASGOW. 





Branches 











BELLISS & MORCOM 


BIRMINGHAM, Limited. 
Steam Engines, Turbines, Compressers. 
Condensing Plants, Oil Engines, 

Pneumatic Hose Couplings. 5645 





“ENGINEERING” 
DIRECTORY. 


FIRST 





ISSUED 1885. 


NEW EDITION IS NOW READY. 


Compiled entirely from the advertisement columns of ‘* ENGINEERING,” 
and is sent gratuitously to the principal employers and shippers of 
machinery at home and abroad. 


It contains the Registered Telegraphic Address, Key 
to same Telegraphic Codes and Telephone Nos. of 
our Advertisers, also Trade Names of Articles Advertised. 


Also a Glossary of the [Equivalents in French, Spanish, 
Italian and German for the use of our Foreign Friends. 











Supplied gratis on application to the Publisher. 


“ENGINEERING,”’ 


35—36, Bedford Street, Strand, London, W.C. 2. 























BRIQUETTE MACHINERY 


FOR 


Coal, Coke, Ores, etc. 
Write: Herbert Alexander & Co., Ltd., 
Charmouth Street, Leeds. 


%, 
% 








Yl, 


Va 


G.m.b.H. 
Stift Keppel-Allenbach, °° 
 Siegen/ Westphalia, Germany 


igs up to 20 cwts. weight to every 
shape and dimension. 
Shafts, rough, rougl-machined, 
d and ground with maximum 
accuracy. 
necting Rods, Seamless Forged Rings 
up to 40” dia. 
} Crane and Ladle Hooks. 
S\-pressure Fittings for Chemical 
Industry. 
S%-pressure Valves for any pressure 
temperature. 











PURE 
WATER 
BY THE 


83, Kingsway, LONDON, 5828 


CLYNE ENGINEERING CO.,L™ 


: ‘*MopBERNIZE.” Tele. No. 4070 Crry. 
WATER COOLERS, CONDENSING 
PLANTS, VACUUM PUMPS 
AND COMPRESSORS, 

STEAM TRAPS, eto, 041451 
94 Market St., MancHEsTEeR:. 


DAWSON & DOWNIE, 


CLYDEBANK. LTD. 


PUMPS 


FOR LAND and MARINE PLANTS 
SEE ILLUSTRATED ADVT. PAGE 68, June 20, 


GEARS. 


ALL TYPES CUT. 


MOTOR GEAR & ENG. CO., LTD. 
CHADWELL HEATH, ESSEX. 5361 


TELEPHONE : TELEGRAMS : 
SEVEN — MOTOGEAR 
2400. 











$151 














E. 
CHADWELL HEATH. 





Repetition 


HENRV WATLWORK & CO.. Ltd.. MANCH®STER. 


RicHanDs’ 
Patent Steam Engine Indicator. 
Engineering Instrument 

Manufacturers. 


HANNAN and 
, BUCHANAN, 
75, Robertson 8t., GLASGOW, 


ALSO MAKERS OF— 
Bourdon’s Patent Pressure 
Vacuum & Compound Gauges. 
Buchanan’s Improved Engine 

fm Counter for Marine Engines, 
m Sali ters, Ther ters, 
Lever Clocks, &c. 





RICHARD'S INDICATOR, 











TEXTILE & BALATA BELTING MANUFACTURERS. 


SATISFACTION 
GUARANTEED. 


QUALITY anv PRICE 
RIGHT. 


BALATA BELTING. 


All widths and plies up to 50 inches wide for 


DRIVING AND CONVEYING. 


; SEWN COTTON BELTING. 
SOLID WOVEN HAIR AND COTTON BELTING. 


HENRY A. COLE & CO., LTD., 
King Street, LIVERPOOL. 


5081 





&:CO-LTp 


PUMPS 


FOR ALL PURPOSES. 


99, Queen Victoria Street, 
LONDON, E.C.4. 








NEW “THOMPSON” 


BOILERS 


EX STOCK | 








MOST MODERN “DISH-END” TYPE 
WITH CORRUGATED SECTIONS. 
Shop Neo. 
1—30 ft. x 9 ft. 3in. x 200 Ibs. W.P. 6948. 
in. < 160 lbs. W.P. 6848/9. 
lbs. W.P, 6976/1. 
. W.P. 6983/4. 


SEESEPE 
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All the above Boilers are built fre 
“ Siemens Martin” Acid Steel. 
SUPERHEATER AND PIPEWORK 
INSTALLATIONS. 
Repairs to all types of Boilers by first-class men. 














JOHN THOMPSON 


(WOLVERHAMPTON) LTD., 4486 


a ‘ "mie 
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EXPANSION BOLTS 








“DIAMOND” & ‘“KEYSTONE.”’ 


Illustrated Lists and Particulars on application to the 
SOLE AGENTS— 
5304 


HE. LURE, Ln. 


12 & 14, Brazennose Street, Manchester, Eng. 


























ONLY ONE 
STEAM VALVE. os 


MINIMUM WORKING 











RIVER ENGINE WORKS, PRESTON. 
































MACHINE TOOLS. 


PUNCHER SLOTTING MACHINES 
For Cranks, Buckles, &c. 


GEAR GENERATORS 


For Tramway Gears, &c. 


GEAR HOBBING MACHINES 
For Turbine Gears. 


LOCOMOTIVE MACHINE TOOLS. 2178 
WM. MUIR & C°-: LT2- MANCHESTER. 









































RWHITE - 


Lngineers 


WIDNES 


LANCS., 


AERIAL 


Ly WA in CROSSINGS 








EXTRUDED BARS 
“DELTA” BRAND 


BRONZE, YELLOW METAL, BRASS, RED METAL, NAVAL BRASS, COPPER, &C. 


THE DELTA METAL C0., LTD., xasr onBEktAce Ebon, sx0 


And at BIRMINGHAM. 















RevicF VaLves 


im ig} | HESE VALVES are designed 
‘om the most modern principles 
jand are reliable, accurate, 
sensitive and easily adjusted, 
they open and close promptly 
@)|; with a minimum of margin and 

Z4\ will not stick. 


The springs are coppered to 
WJ avoid corrosion, and the valves 
are suitable for Pumps, Feed 
Water Heaters, Hydraulic 
Lifts, Hot Water Boilers, etc. 








THEY ARE MADE IN ALL SIZES AND 
PROMPT DELIVERIES CAN BE GIVEN 


BRITISH STEAM SPECIALTIES L™ 
BEDFORD STREET, LEICESTER. 


PURE 
FEED isa necessity 

WATER high pressure jobs. 
The Crockatt Simplex Patent 


Electric Salinometer! 


\ shows the smallest trace of Salt P=" 
and indicates at once any condenser \ 
leakage or evaporator priming. 


DSS 1 








































: Ado;zted by British and Foreign Navies, leading 
Steamship Companies and Power Stations. 


W. CROCKATT & SONS, Ltd., 


65, DARNLEY STREET, GLASGOW. 
2-3, Eldon Street, LONDON, E.C.2. 


You read it 
as you would 
a Steam Gauge 























21 UU 
LIFTING TACKLE «x. 


HAND WINCHES, PULLEY BLOCKS, 
FRICTION HOISTS, JACKS, PILE DRIVERS 


eset 








For BUILDERS, 
ERECTORS, 
ENGINEERS and 
CONTRACTORS. 





i TAAAATaATTE 





~ 





ed descriptive Price List free on application, fem™ 1 


1691 


© Iilustrat 
s7 rn 


RICHARD C. GIBBINS & CO. 
BERKLEY STREFT 
BIRMINGHAM 


‘Make Light of Heavy Jobs” 


SAVES LABOUR LIFTING | 
<a 
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LEROY’S COMPOSITION 


FOR COATING BOILERS, STEAM PIPES, &c. 
Prevents the radiation of heat, saves taal, and increases the power of Steam. 
It is reckoned the cost of the covering is saved in about six months. 
ALSO — 
'| Asbestos Composition, Asbestos Mattresses, Asbestos Rope, 
| Silicate Cotton, Plastic and Sectional Magnesia Coverings. 


IF. LEROY & CO., | Rig 20, Gray St., Commercial Rd., London, 


Established 1865, 5397 [E.1. 




















TMlustration showing 

Hendry No. 7 by 20in. 

Belt reinforced by No. 

2 by 12in. on back, trans- 

mitting 300 indicated H.P. 

from @ 250 H.P. Bumstead 

& Chandler Steam Engine. 
Engine Pulley 30in. bu 330 
RPM. Driven Pulley 168 in, 


Sole Manufacturers: 


JAMES HENDRY, LTD. 


Head Office & Works: 


Main Street, Bridgeton, 
GLASGOW. 


BRANCHES IN— 
LONDON: 16, Union Court, Old 
Broad Street, E.C.2. 
BIRMINGHAM: Empire 
Great Charles Street. 
MANCHESTER: 3, Palmerston 
Avenue, Whalley Range. 
And JOHANNESBUFG. 


House, 











ptive Price List free on application. 
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GRAF TON & CO. 


CONTRACTORS TO H.M. GOVERNMENT 
CYCLOPS WORKS 


BEDFORD. 


Wn 


> 






Telegrams— 
Grafton, Bedford. 


VUNNANRAN Ae na RR 
WEA 


epee 


LER MEDAL Inventions Exhibition London, 7, 1885. GOL GOLD MEDAL “Paris, 1900 
YPAND PRIX and GOLD MEDAL, Franco- British Exhibition, London, 1908. 


co Illustrated descri 


*» THORNTON -:. 








Largest Manufac- 
turers of High Grade 
Drawing Instruments 
in the British Empire. 


Also Manufacturers 
of Surveying Instru- 
ments, Slide Rules, & 
Drawing Materials. 


Many Awards for 
excellence in Quality 
and Design. 








Catalogues, Series 


7, Post Free. 
Contractors to 


A. G. THORNTON, Ltd., H.M. Government. 


PARAGON WORKS, KING STREET WEST, 
MANCHESTER. 














HIGH SPEED COILING MACHINES 
FOR ALL PURPOSES 


SEND AIAN 


Samples and egeeenennnrent 
Sr cification VUPRPCOCOUU RDO DUECEDEEED EEE EPP ELEEEELE TEEPE EEEEP ECD EEEUEED EO LLP PEPE DEPP CUED EEE EPe EEE 





Bulletin 308 





British Representative :— 


FREDK. A. PERRY 


63, Queen Victoria Street, London, E.C.4 





eVVV VV" 


Worcester, Mass., U.S.A. 














MADE IN 
VARIOUS SEND US 
SIZES AND YOUR 
PRESSURES 
70 SUIT PRESSING 
YOUR ENQUIRIES ! 
REQUIREMENTS 


HYDRAULIC EQUIPMENT 


R ECONOMICAL PRODUCTION. 


We are ea of Presses, Pumps, 
and Accumulators for all Purposes. 
Photo. No. 199. 











Double Daylight Press, Fitted with Steam-Heated Plates, 
Specially Designed for the Manufacture of Asbestos Sheets, 
Three-ply Wood, Safety Glass and Similar Materials, 





HOLLINGS & GUEST, L” 


Thimble Mill Lane, Birmingham. 


Telegrams: ‘‘ Plungers, Birmingham.” Telephone: East 0490, 
Sole Agent for Scotland: D. LANDALE FREW, 45, Hope Street, GLASGOW. 


London Representative: H.C. AMOS, M.I.Mech.E., 22, Martin Lane, Cannon Street, 
LONDON, E.C.4, . 5871 





GRAND PRIX, Buenos Aires Exhibition, 1910. 560 
























[SUPPLEMENT page XLVI] ENGINEER 





ING. 


[JUNE 27, 1930. 











Production and Precision 


The positive direct motor drive of the 
Pratt and Whitney 14” Vertical Sur- 


face Grinder, operating through special 


quality of the work, due to the smooth 
drive, is exceptionally high, a mirror 
finish to extremely close limits being 


readily obtainable. 

We also make a larger 22” wheel 
machine for railway and other work. 
Write for complete information. 


spiral bevel gearing, gives a 40% increase 
in power for production over the former 
belted spindle model. 

But what is also important is that the 


Pratt & Whitney Co. 


Division of 
Niles-Bement-Pond Co. 


General Office: 111 Broadway, New York, U.S.A. London Office: 25 Victoria St., S.W.1 


Agents for Pratt & Whitney in Great Britain BUCK & HICKMAN, LTD., 2-6 Whitechapel Rd., London, E. 1 
P&W 14” Vertical iter Grinder . 

















Lancaster St., 
@ SHEFFIELD. 


GREAVES ETCHELLS 
for STEEL. 


w ATSONS (METALLURGISTS) LIMITE 


5337 











LELECTRIC FURNACES. _ ("None ROTATING. 

















BBS 
Sw 


STAINLESS 


Trade Mark. 


BS 
S Ww 


STAINLES> 


Trade Mark, 


STAINLESS STEEL and IRON, 


BROWN 'BAYLEY’S STEEL WORKS LTD. “SHEFFIELD. 




















Use Reamers of Repute! 


PRATT & WHITNEY REAMERS. 


are recognised everywhere to repre- 
sent the highest standards of 
efficiency. In design, in accuracy 
and in ability to produce super- 
excellent finish they are unequalled. 
Pratt & Whitney Reamers are the 
kind you need to get the results 
you want. 


No. 411. 
sland Reamer. 





We carry big stocks in all standard sizes. 
Send for list — TO-DAY. 


price 


Fluted Shell Reamer Adjustable Blade Shell Reamer. 

















Correctly designed, the ‘‘ V ”’-shaped recess 1n the jaws 
is particularly well adapted to fittings: Use this new 
Tongs and you do not have to carry separate tongs for 
pipe and fittings. 


“Vulcan Superior” is the handiest part of 
a pipefitter’s outfit. And it gives double 
service. Easily reversible jaws make it 
last twice as long without losing efficiency. 
Everybody who handles pipe should have 
the ‘“‘ Vulcan Superior” Pipe and Fittings 
Tongs. 


Write for literature giving complete details. 


J. H. WILLIAMS & CO. 
*¢ The Wrench People.’’ 


London Representative : 
BENJ. WHITTAKER, LTD., 
Victoria House, Vernon Pi., 
Southampton Row, London, W.C.1. 


Jcint —_ Distributors for _— Britain : 
BUCK & HICKMAN, LT 
2-6, Whitechapel Road, Lon ay "ELL. 


\WILLIAM 


VULCAN 
SUPERIOR 
PIPE ano FITTINGS TONGS 


Soe this 


meee 
NEW 


— PipeTongs 


———e 


General Offices: 
Buffalo, N.Y., 
S.A 


“V" recess in 
the jaws assttres 
@u'chand positive 

grip on fittings, 
Six sizes ¢ to 
12 inches. 


Export Office : 
114 Liberty St., 
New York. 
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